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Preface
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 19981 and 20022.
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 Tromsø,
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 2009’3 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
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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, AMAP would like to
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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 Report1 and its update
Arctic Pollution 20022 were published in 1997 and
2002, respectively. Three further reports have been
published on specific topics: the Arctic Climate Impact
Assessment3 (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 Haze4
(2006) and Arctic Oil and Gas5 (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. These initiatives
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
AMAP, 2002. Arctic Pollution 2002. Arctic Monitoring and Assessment Programme, Oslo. xii+112 pp
3
ACIA, 2004. Impacts of a Warming Arctic. Arctic Climate Impact Assessment. Cambridge University Press. 139 pp
4
AMAP, 2006. Arctic Pollution 2006: Acidification and Arctic haze. Arctic Monitoring and Assessment Programme, Oslo. xii+112 pp
5
AMAP, 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.
P5. 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 DecaBDEs), 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
have been banned/restricted in Europe, parts of North
America. They are no longer produced in Russia
and use there is very limited. Penta-BDE and OctaBDEs are under consideration for inclusion under the
international Conventions regulating POPs; DecaBDEs are now restricted in the EU.
HBCD is ubiquitous in the Arctic. It undergoes longrange 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
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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.
Calculations based 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
P9. 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 sleddogs and captive Arctic foxes show effects on hormone,
immune and reproductive systems.
P10. 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
H1. In light of current studies, many indigenous
populations in the Arctic region have poorer health
than national averages. While socioeconomic conditions

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 storebought 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 a number 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.
H5. 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.
H6. 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.
H7. Reliable interpretation of information on trends
and inter-regional differences is critically dependent
on an ability to compare data from different studies and
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.

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:

Communication

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

H9. 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.
H10. Risk communication must be carried out with
great care and respect for culture at a communitylevel. 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

• 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. Progress has been made in improving 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.

R4. Some risk reduction has been achieved through
significant joint Russian-international action. This
includes a regulatory framework for handling the cleanup 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
R7. Previous AMAP assessments documented fallout
from past nuclear weapons tests, the 1986 Chernobyl
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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
R9. 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.
R10. Changes in permafrost, erosion, precipitation and
extreme weather events may also affect infrastructure
related to nuclear activities.

Protecting the environment
R11. 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)

Recommendations for actions to promote 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, H9)
• 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:
• 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)
• Implement additional actions to address continued
concerns, especially the storage facilities at Andreeva Bay
and Gremikha, and the Lepse storage vessel (R3)
• 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)
• Increase 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 address 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, R9, R10)
- Detect health threats related to climate change and
contaminants (H8)
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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, R7)

Research
• 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, H8)
• 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
• 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). (P8)

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 assurance/quality control on an
ongoing basis. Only data that have been approved by this

group should be used in AMAP human health assessments.
(H7)
• 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. (H2, H4)
• Conduct further studies combining dietary assessments with
contaminant and nutrient analyses in the traditional foods
as consumed. (H2)
• Continue and expand monitoring for emerging POPs
in human tissues and traditional food items, including
development of analytical methods (H6)(H7)
• 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.g.,
neonatal vs. post-neonatal death rates in Russia).(H2)

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, sociocultural conditions, and diet. (H1, H2, H3)
• 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)(H2)(H3)
• 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. (H9)

Recommendations to address gaps in
knowledge concerning radioactivity:
Monitoring
• Improve coverage and implementation of monitoring of
radioactivity in the Arctic to meet AMAP objectives and/
or to highlight specific regional needs. (R7)
• 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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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 aims to provide timely scientific advice 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 (AMAP, 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 αρκτικός (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:
• the area north of the treeline (the northern limit of
upright tree growth); and
• locations at high latitude where the average daily
summer temperature does not rise above 10 °C.
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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.
• 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).

80N

70N

60N

Arctic Circle
10 ˚C July isotherm
Treeline
Marine
AMAP area

Southern boundaries of
the High Arctic and the
subarctic delineated on
the basis of vegetation
High Arctic
subarctic

Figure 1·1. Definitions of the Arctic region. Source: AMAP (1998).
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Figure 1·2. 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, KhantyMansiysk 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 1.3)
include the Inuit and Iñupiat, 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 (AMAP, 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
significant reduction in mortality from infectious 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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1.4. 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; AMAP, 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 to lifestyle choices and genetic endowment
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 (AMAP, 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 Phase I

The first AMAP human health assessment 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

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.
• 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

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 childbearing age and especially those that are pregnant.
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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 that are based on regional and local
needs and aim to strike a balance between benefits
from traditional foods and potential negative effects
from exposure to contaminants.
• To advise Arctic peoples to continue to eat traditional
foods and to breastfeed their children, taking
dietary recommendations into account.
• 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

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 Arctic animals, 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 presented 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
the latest information on trends in exposure, to discuss
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 contaminant impacts on human health
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 Øyvind Odland

Summary

2.2. Global influences

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.

2.2.1. Climate change

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.

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 warming in the Arctic is 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 900 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 mostwarmed Arctic regions (ACIA, 2005).
2.2.1.1.1. Arctic climate processes
The record of climate change in the Arctic and subArctic 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 highpressure 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).
With a strong positive AO index, there is strong cyclonic
wind circulation in the Icelandic Low and warm, wet air is
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 800 000 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 AustralianIndonesian regions, this causes changes in the wind fields
that result in periods of anomolously warm surface waters
in the eastern Pacific Ocean (‘El Niño’ events) and periods
of cold-water upwelling along the South American coast
(El Niña conditions). El Niño events have now been
combined with the Southern Oscillation to become El
Niño–Southern Oscillation, or ENSO, events. For the
most part, these weather responses take place in the midlatitudes 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).
2.2.1.4. 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
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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 photodegradation 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
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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).
2.2.1.6. 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
The Stockholm Convention on Persistent Organic 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
listed

Chemicals proposed for
addition (see footnote page 14)

Aldrin a
Chlordane a
Dieldrin a
Endrin a
Heptachlor a
HCB a, b
Mirex a
Toxaphene a

PentaBDE b, d
Chlordecone a, d
HBB b, d
Lindane a, d
PFOS b, d
OctaBDE b, d
PeCB b, d
SCCP b, e

DDT a

α-HCH a, d

PCB

β-HCH a, d

b

PCDD
PCDF c

c

Endosulfan a, e
HBCDD b, e

HCB: hexachlorobenzene; DDT: dichloro-diphenyl-trichloroethane;
PCB: polychlorinated biphenyls; PCDD: polychlorinated dibenzop-dioxin; PCDF: polychlorinated dibenzo-furan; PentaBDE:
pentabromodiphenyl ether; HBB: hexabromobiphenyl; PFOS:
perfluorooctane sulfonate; OctaBDE: octabromodiphenyl ether; PeCB:
pentaclorobenzene; SCCP: short-chained chlorinated paraffins; α-HCH:
alpha-hexachlorocyclohexane; β-HCH: beta-hexachlorocyclohexane;
HBCDD: hexabromocyclododecane.
a
pesticide; b industrial chemical; c industrial by-product; d considered a
POP and risk management evaluation complete; e 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 Annexes1. One
of the three remaining substances (hexabromocyclododecane) 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 midTable 2·2. Chemicals and metals listed under the Annexes to
the UNECE Protocols on POPs (UNECE, 2008a) and Metals.
Source: UNECE (2008b).
Chemicals currently listed

Metals currently listed

Aldrin
Chlordane a, b
Chlordecone a, b
DDT a, b
Dieldrin a, b
Endrin a, b
Heptachlor a, b
HBB b, c
HCB a, b, c, d
HCH a, e
Mirex a, b
PAH d, f
PCB b, c
PCDD d, f
PCDF d, f
Toxaphene a, b

Cadmium
Lead
Mercury

a, b

DDT: dichloro-diphenyl-trichloroethane; HBB: hexabromobiphenyl;
HCB: hexaclorobenzene; HCH: hexaclorocyclohexane; PAH:
polyaromatic hydrocarbons; PCB: polychlorinated biphenyls;
PCDD: polychlorinated dibenzo-p-dioxin; PCDF: polychlorinated
dibenzo-furan.
pesticide; b no production or use permitted; c industrial chemical; d limits
on emissions; e restrictions on use; f industrial by-product.

a

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
awaiting assignment

Chemicals nominated for
review

HCBD
OctaBDE
PCNs
PentaBDE
PeCB
PFOS
SCCP

Dicofol
Endosulfan
PCP
Trifluralin

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)
agreement managed 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, PCDF, HCB

Best practices and waste management

Environmental
monitoring and
assessment

Consistent, compatible, comparable
environmental and health monitoring 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

α-HCH

Substance not in use in North America

β-HCH

Substance not in use in North America

NARAP: North American Regional Action Plan
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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 trinational 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.

2.3.1.3. 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 Uummannaq 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-ironsilicate 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.
2.3.1.4. Russian Federation

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).

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 Russia has been the most important 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 can be related to industrialization. Environmental and
human health studies have been undertaken following
concern for the effects of the smelting operations in these
areas (see also Chapter 8).

2.3.1.2. Canada

2.3.2. Oil and gas activities

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).

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 wastes in 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 Arctic warming, the active
layer of the permafrost is now 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
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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 the lack
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). Public understanding and 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 public has 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,
Arctic Canada and Russia. Information for other countries
is not available. Significant PCB contamination at DEWline 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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the region is 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.
2.3.4.1. 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
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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.
2.3.4.2. 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 breastfeeding, 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 Arctic regions 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 research 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 as the 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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Chapter 3

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 traditional 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 is 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 diet and 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
been reports 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. In terms 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 contaminants and metals in 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 diet in 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
β-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 (Somniosus
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 9.
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):
• Traditional food is a 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 benefits 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 I
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,

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 Arctic have
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 (i.e., 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 Iñupiat (age 17 to 92 years) was assessed using a

24
quantitative food frequency questionnaire (Howard et al.,
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 B12, 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 people in 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 B12 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 threeday food records were collected from 548 Yup’ik Inuit
(age 14 to 95 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. Twentyeight 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, zinc, 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 3·1. 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,
(min – max))

25.9
(15 – 45)

25.9
(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
previously breastfed

54 (78%)

41 (80%)

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
Uummannaq 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

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 Tasiilaq
in the east and Uummannaq, 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. Thirtyfive 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 using 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 parathyroidhormone (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 Sámi, 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 Sámi 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 Sámi
and Norwegian municipalities in Norway (Brustad et
al., 2008a). A cross-sectional cluster analysis was carried
out on 3024 Sámi 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 Sámi consumed diets
consisting of reindeer and blood products or ate a
modern diet. Coastal Sámi 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).
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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 (~70 kg), mainly polar cod
(Boreogadus saida), smelt and salmon, while reindeer meat
(~70 kg) and fish (~90 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

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 Nižny 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.

Terrestrial
mammals

Marine
mammals
(227.5)

b

Inland Chukchi Kanchalan (2001-2002)
Local vegetables
Fresh-milk

Mushrooms

(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 3·2. 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)
[0, 6.1, 35.8]
30.1 (22.4)
[0.3, 29.8, 74.5]
1.4 (4.9)
[0, 0, 28.3]
4.3 (10.0)
[0, 1.2, 50.4]
3.5 (2.9)
[0, 0, 10.8]

27.1 (34.8)
[0, 16.9, 225.0]
34.2 (24.5)
[0, 35.1, 113.9]
5.2 (18.1)
[0, 0, 114.4]
1.4 (2.4)
[0, 0, 13.5]
14.9 (24.5)
[0, 4.7, 106.7]

9.4 (12.2)
[0.2, 4.3, 50.4]
30.9 (28.3)
[0, 16.6, 94.9]
0.0 (0.1)
[0, 0, 0.7]
0.2 (0.4)
[0, 0, 1.2]
7.9 (14.8)
[0, 3.0, 84.3]

21.3 (31.6)
[0, 5.9, 01.3]
26.8 (31.6)
[1.4,17.0, 75.2]
1.1 (0.2)
[0, 0, 0.7]
1.1 (0.3)
[0, 0, 1.2]
8.1 (21.3)
[0, 2.4, 92.4]

4.0 (6.1)
[0, 0, 30.5]

1.9 (2.5)
[0, 0, 10.0]

3.8 (4.4)
[0, 2.0, 18.1]

2.1 (2.2)
[0,1.8, 7.2]

Land mammal meat
Marine mammal meat
Marine mammal fat
Bird meat
All plant

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 nonindigenous 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).
3.1.4. 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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40

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).
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3.1.5. Health implications associated with

Traditional food consumption, %
60
Follow-up study

50
Baseline

changes in dietary habits

20
10
0

Low

Medium

High

Figure 3·2. Self-reported level of traditional food consumption (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 Walker et al., 2003, 2006). This decrease 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
Qaqortoq) by 1950 whereas the proportion of traditional
food in the villages remained high until the late 1970s.
Among the adult population, the present country

A decrease in traditional food in the diet may have
negative health consequences through the corresponding 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).

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 climatic living 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 3.3, 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

Yup’ik

Alaska Native

Eskimo

Yukon-Kuskokwim delta

Anchorage

Northwest

Boys
Girls

Inuit, 16 – 18 years

With TF
Without TF

Yukon, adults

Pregnant women

North Finland

Yupik and coastal
Chukchi

Tundra Chukchi

Indigenous

Siberia and
northeast

Northeast

Yamalo-Nenets

Men
Women

Adults

Adults

Boys

2272
2177

1710 – 1807 c

1800
1800

1172

1583

2052
1947

2261
2058

2170
1857

2490
1841

1817
2088

20
18

14

26

16

16 – 18

14
14

15

17

31
19

31
20

34
18

21
16

18
18

13

16

15
14

16

14
17

24
22

Protein

51
52

58

48

56

48 – 51

47
49

59

49

37
41

35
41

35
47

45
56

55
51

58

56

49
48

52

51
44

41
43

Carbohydrate

28
29

28

26

27

30 – 36

37
36

28

35

32
40

34
39

30
36

33
29

26
31

31

30

37
39

31

37
39

35
36

Fat

-

-

-

-

13 – 16

15
15

12

14

11
14

12
14

9
12

-

-

11

11

13
12

11

-

25
44

Saturated
fat

-

-

-

-

7–9

-

32

17

9
11

9
12

12
17

10
19

11
13

19

18

-

-

-

-

Sucrose

-

-

-

-

0.1 – 0.2

1.5
0.8

-

-

-

-

-

-

-

-

-

-

0.7

-

-

Alcohol

Ionova and Aglabyan, 2005
(from Kozlov et al., 2007)

Litovka, 2001 (from Kozlov et
al., 2007)

Vorobjev, 2005

Soininen et al., 2005

Krachler et al., 2005

Deutch et al., 2007b

Kuhnlein and Receveur, 2007

Berti et al., 1999

Kuhnlein and Receveur, 2007

Nobmann et al., 2005

Nobmann and Lanier, 2001

Bersamin et al., 2006

Risica et al., 2005

Source

- : not studied; a With traditional food in the diet (with TF) and without traditional food in the diet (Without TF); b on days when traditional food was consumed; c estimated values for two different methods.

Nenets, 14 – 17 years

Siberia

Russia

Adults

Inuit, adults
Male
Female

With TF
Without TF

Dene/Métis, adults

Inuit, adults

With TF
Without TF

Inuit, adults

North Sweden

South

Greenland
Northwest

Yukon and NWT

Boys
Girls

Inut, 10 – 15 years

1993

Baffin

2043

With TF

3100
2360

1804

2460
2586

2273
1899

Energy intake,
kcal

Without TF

Children b

Men
Women

Women

Age 14 – 19
Age 20 –39

Men
Women

Strata a

Dene/Yukon

Canada

Alaska Native

Population

Bering Strait

Alaska

Location

Table 3·3. Mean dietary proportion (%) of energy from protein, carbohydrates, fats, and alcohol.
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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 0.5 g by the International
Society for the Study of Fatty Acids and Lipids (Leblanc et
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 (0.5%) (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
3.3, 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
et al., 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 suboptimal 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 twothirds 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 DeneMetís and Yukon children (Nakano et al., 2005b), who
obtained more than 90% 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
(Martinčik 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
et al., 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)D3 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 Nordic recommended intake levels
for people younger than 50 years are higher (7.5 to 10
µg/d) than the U.S. recommendations (5 µg/d). In terms
of serum concentrations of 25(OH)D3, 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 80 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-Metís 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-Metís 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 25(OH)D3 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 µg/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).
In Norway, where one 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 population in Norway that is 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 90-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 rich source 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 proportion 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 nonnegligible 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; Gorbačov 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; Korčina, 2006; Lugovaja and Maksimov, 2007;
Gorbačov 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; Korčina,
2006; Kubasov et al., 2007; Gorbačov 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

36
non-fatty fish (90-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 B12, 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 B12
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 B12 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 B12 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 (Korčina, 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-B12 intake.
In western 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 Sámi and non-Sámi communities
in northern Norway found distinct differences in diet
between Inland Sámi, Coastal Sámi, 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 assessment has focused on several persistent organic
pollutants (POPs), such as dichloro-phenyl-trichloroethane (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 countries have not 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 β-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.

Non-dietary factors influencing human exposures to
contaminants were addressed in Chapter 2.
3.3.1. 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 (ΣPCB, ΣDDT, ΣHCH, ΣCHL
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 higher levels
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
Dietary surveys in 1999 to 2002 by the Alaskan Department
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 µg/L, while in
people that consumed large amounts of fish the level
could be higher than 4.2 µg/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
subsistent in Alaska and Chukotka have 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 0.3 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
ΣPCB, ΣDDT, ΣHCH and ΣCHL in ringed seal, beluga,
polar bear, and some types of fish (e.g., turbot). Levels
of both organochlorines and Hg, measured by stable
15
isotope ratios of nitrogen (δ 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 communities 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 Métis 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 Qikiqtarjuaq, 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 μg/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 (µg/d) and percentage of the study
populations exceeding the TDI values in parentheses.
Study group and sampling year

PCB aroclor 1260

TDI , µg/d

DDT

Chlordanes

Mercury

Source

60

1200

3

12.2

Canada

Whitehorse (1998). Average Canadian
diet analysed for organochlorine
compounds (no traditional foods
included)

-

0.36 (0)

0.06 (0)

-

Greenland b (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)

Narsaq (southwest) (2006). 90 dayportions.,

5.4 (0)

1.8 (0)

1.3 (10)

8.6 (20)

Greenland (W)

Dietary survey (1995) combined with
organochlorine compounds and
heavy metal levels in animals. Spring
and autumn, respectively.

23.0c
22.9c

32.0
25.4

17.8
14.7

41.6
41.6

Johansen et
al., 2004b

Sweden

Four cities, 4000 persons (1998). Market basket, dioxin PCDD, PBDEs.

0.62 (0)

0.52 (0)

0.12 (0)

-

Darnerud
et al., 2006

Finland

Four cities, 4000 persons (1998).
Market basket, dioxin PCDD, PBDEs.

1.2 (0)

-

-

-

Kiviranta
et al., 2004

a

Rawn et al.,
2004

Deutch et
al., 2006
Deutch et
al., 2007a

- :not available; a based on a TDI in µg/kg body weight/day (PCB = 1.0, DDT = 20, chlordanes = 0.05); b the three sample years represent different compositions
and percentages of local food; c 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. Dichlorodiphenyl-dichloro-ethylene (DDE), dieldrin, and HCB,
now rarely used as pesticides, were detected in marine
composites of cod and haddock. ΣCHL and ΣHCHs
were below reporting limits in shellfish and marine
fish. The measured ΣDDT in composites of freshwater
fish was 1.67 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 agespecific 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 organochlorine 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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Local food, contaminant and nutrient content of diet
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n-3 fatty
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Uummannaq (1976)
n = 180

Uummannaq (2004)
n = 90

Narsaq (2006)
n = 90

Figure 3·3. Local food percentage, contaminant and
nutrient content measured in duplicate meal portions from
Uummannaq, Greenland in 1976 and 2004 and Narsaq,
Greenland in 2006.

environments. Based on studies by Dietz et al. (1990),
a MeHg intake of 38 μg/d per person was calculated
by Johansen et al. (2004b) in autumn and 54 μg/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 μg/kg body weight per
day and the U.S. EPA Reference dose of 0.1 μg/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 90 meals
sampled in Uummannaq in 2004 and Narsaq (south)
in 2006 under similar conditions. Eleven pesticides,

Mean daily intake, µg/d
40

30

3.3.3.2. Dietary survey and calculation of 		
exposure from animal data
ΣToxaphene
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ΣDDT
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10

0

No fish
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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 8.5 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 3.3). 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 contaminant exposure 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, presents a very low contaminant load. The intake
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.

Fish
Fish
Fish
No marine Dry whale Dry whale
mammals
Blubber
Seafood consumed

Fish
Seal meat
Blubber

Figure 3·4. Daily intake of POPs in 90 daily food portions as a
function of seafood types present in the diet.

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 that a 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 < 0.0001) 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 CB153 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 =
0.54, 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 < 0.001) 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.
3.3.4. Faroe Islands
3.3.4.1. 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 10 000
among a population of 50 000. Nevertheless, humans that
eat fulmars and their eggs are exposed to noteworthy
PCB levels in addition to exposure from pilot whales
(Fängström 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
Ålesund, 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 (TWI)
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 3.3.7.1.
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 marketbasket 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, ΣPCB, and
ΣDDTs. The total TEQ had decreased by 48%, ΣPCBs by
41%, and ΣDDTs 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
3.3.7.1. Organochlorines in the total diet
A Finnish food-basket study, based on the average
consumption figures from four major cities (nonArctic), 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 WHOTEQs, PCB-TEQs, and PCDDF-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

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 µg/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

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
organochlorines among the study population (Sandanger
et al., 2003) were correlated with data obtained in a
dietary survey (Dudarev et al., 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 ΣPCB and ΣDDTs 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,
β-HCH plasma levels were higher than in any of the

Table 3·5. Russian Food Safety Limits (RFSLs) 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,
mg/kg

Allowable daily intake,
mg/kg body weight per day

HCHs

Fish, meat of marine mammals
Fish liver
Meat and poultry

0.2
1.0
0.1

0.01 (adults); 0.005 (children)

DDTs

Fish, meat of marine mammals

0.2

0.005 (adults); 0.0025 (children)

Fish liver
Meat and poultry

3.0
0.1

HCB

Cereals

0.01

0.0006

PCBs

Fish, meat of marine mammals
Fish liver
Fat of marine mammals

2.0
5.0
3.0

not established

Lead

Meat and poultry

0.5

not established

Liver of mammals and birds
Kidneys of mammals and birds
Fish, fish liver, meat of marine mammals

0.6
1.0
1.0

Cadmium

Meat and poultry
Liver of mammals and birds
Kidneys of mammals and birds
Fish, meat of marine mammals
Fish liver

0.05
0.3
1.0
0.2 – 0.6
0.7

not established

Total Mercury

Meat and poultry
Liver of mammals and birds
Kidneys of mammals and birds
Fish, fish liver, meat of marine mammals

0.0
0.1
0.2
0.3 – 0.6

not established
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Table 3·6. Studies concerning single food items and contaminants.
Study

Food items

Source

Alaska

Comprehensive study of POPs in Arctic local food items

Canada

Comprehensive study of Arctic local food items and their
POPs and heavy metal levels
Selected single food items, but no human consumption
data, POPs levels
Selected single food items, POPs levels

Marine biota and store-bought
food items
Marine biota

Hoekstra et al., 2005;
O’Hara et al., 2005
Braune et al., 2005

Six species of waterfowl

Olafsdottir et al., 2001

Fulmars and eggs

Fängstrom et al., 2005a,b

Seagull eggs

Pusch et al., 2005

Marine biota, terrestrial biota
and store-bought food

Dudarev et al., 2005;
AMAP 2004b

Iceland
Faroe
Islands
Norway
Russia

Selected single food items, correlations between specific
food items and POPs levels in breast milk
Comprehensive study of heavy metal and POPs levels in
Arctic local food items

native populations from Greenland, Canada, and the
Faroe Islands, for both men and women. The β-HCH
levels in men were 4 times higher than the highest
levels reported for East Greenland. The sum of the selfreported consumption of blubber from seal, walrus,
and whale was an indicator of plasma concentrations of
ΣPCB, 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.

3.3.9. Summary
Ideally, total exposure based on total diet measurements 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 plasma levels 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.
3.4. 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.
3.4.1. 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 communities (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
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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.
3.4.2. 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; Møller et al., 2005) and
Scandinavia (Kapel, 1997). A recent dissertation by
Møller (2007) reported two small human outbreaks
of trichinosis in Greenland in 2001/02. Risk factors
associated with seropositivity of Trichinella included:
age (+40 years), high intake of traditional food and polar
bear meat, and living in hunting areas (Møller, 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 samplecollection 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 foodborne 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 recommendations 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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Chapter 4

Analytical Quality Assurance and Quality Control
Kristín Ólafsdóttir, 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 temporal trends and spatial distributions in exposure levels,
the uncertainties resulting from variations in laboratory 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 ErlangenNuremberg). 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 meaningful 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.
It is recommended 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.
4.1. 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.
4.1.1. 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, appropriate 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 sample under specified experimental conditions. ‘Repeatability’ 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.

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
β-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 50. 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 using 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 BDE99) 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.

No. of participants
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Figure 4·2. 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 time is illustrated 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 yearend 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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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 intraand 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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Figure 4·4. Performance trends for individual analytes: CB138.
Data from all participants are plotted.
RSZs
5
4

Toxaphenes

3

PCBs
OC Pesticides

2

Acceptable range

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 overor 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 0-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.
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Figure 4·5. An individual participant’s performance using RSZs.
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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).
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Figure 4·6. Individual PCB congener performance over time.
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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 determination improved
between 2004 and 2007 (Figure 4.7). 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 lipidadjusted 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 0.5 mL. Extracting, drying, and weighing
the lipids from such a tiny sample volume requires
great technical proficiency and is thus very operatordependent.
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 (<0.1 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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Figure 4·7. Lipid analysis performance over time. Data from all
participants are plotted.
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Figure 4·8. A comparison of lipid results for two laboratories.
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Figure 4·9. Comparison of total lipid results obtained from
gravimetric and enzymatic methods.
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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.

Calculated by other equations
14
12
10

4.2.2.6. Comparing enzymatic lipid results

8

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 × (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 = 2.27 × TC + 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 = 0.9 + 1.3 × (TC + TG) (Rylander)

(4.4)

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 = 1.33 × TG + 1.12 × TC + 1.48 (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 (r2 = 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 90%), 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,
≥90%

Good,
70-90%

Acceptable,
Need
60-70%
improvement,
<60%

2002-1

24

36

12

2002-2

21

49

14

28
16

2003-1

38

24

10

29

2003-2

32

32

14

23
20

2003-3

35

35

10

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.

15

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 withincountry 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)
• 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 4·2. Observed bias and variability in AMAP Ring Test: 2002 to 2007.
Laboratory
Code
2003

PCB congeners
CB28

CB118

Slight negative bias (<10%).

2003: −10%; 2004-5: −15%;
2006-7: −10%.

CB138
2002 to 2003: variable (+ or −)
2004 to 2007: −20%.

2004

OK

OK

2008

OK

OK

OK

2014

Variable: many missing data points.

OK

OK (three high spikes, >60% over target).

2015

Many missing data points (all
PCBs).

Generally OK

High spikes

2017

2002, 2004: five low values
(−20−30%). 2006-7: +10–20%.

OK

OK

2019

Participated only in 2002: variable
results for all analytes.

See CB28

See CB28

2023

OK, three high spikes and some
variability.

OK

OK

2024

Participated only twice, first round
each of 2002 and 2003: limited
number of analytes: data not
useable.

See CB28

See CB28

2028

Participated 2002 to 2005: very
variable, some >06% over target,
others <60% below.

Laboratory
Code
2003

Very variable, generally
high (seven >60% above).

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

OK but some high spikes.

Organochlorine pesticides
DDE
−20% but variable.

2004

OK

2008

OK

2014

OK

2015

Many missing data points
(all organochlorines).
Generally OK

2017

OK

2019

See CB28

2023

OK

2024

See CB28

2028

Variable

DDT

HCB

HCH

2002: very high (+60% and more);
2003-4: OK; 2005: −20%; 2006-7: very
variable (+ and −); Data not useable for
this analyte.
OK

−15%.

OK

OK

OK

2002-3: −10%; 2004-2005 (first
round): OK; 2005(second round) to
2007: −20%.
OK

OK

OK
Insufficient
data.

2002-2005 (first round): OK; 2005
(second round) to 2007: −20%.
OK

OK

OK

OK

OK

See CB28

See CB28

See CB28

2002: very variable; 2003: OK; 2004
(first two rounds): −20%; 2004 (last
round) to 2005 (second round):
+15%; 2005 (third) to 2006: +20–30%;
2007 (round two) ~ −10%.
See CB28

~ −10%

OK

See CB28

See CB28

Few data
points, high.

Variable

OK but four high spikes 2002 – 2005.
(>60%)

Variable 2002-4, generally high
(+20–60% above) 2005-6: variable.
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PCB congeners
CB153

CB170

Variable but OK

2002 first two rounds: OK; 2002 last round to 2003 second round:
−40%; 2003 third round to 2004 first round: OK; 2004 second round to
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

CB180
Generally follows CB170 but
with reduced amplitude.

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

−20% but variable.

OK

+10 %, some variability.

Organochlorine pesticides
trans-Nnonachlor

Toxaphenes

Oxychlordane

Parlars 26 and 50

−25 to −30%.

OK

OK

OK

Insufficient data.

OK

OK

OK

2002-2004 no data;
2005-2007: OK.

OK, but many
missing data
points.

2002: OK; 2003: low, −20%; 2004: high (+60%);
2004 (third round) to 2005: no data; 2006 (one
round): >60% above target; 2007(round 2): OK.

Lipid
OK

2006-7 only: +10%.
2004-2005: +20%;
2006-7: OK.

Many missing data points.
2006-7: high by 20−30%.

No data

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
OK for 2nd round 2007).

2004-2006 (round two)
−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.
4.4. 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 gives no 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

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
0.3%. 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.
4.5. 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
• 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.

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 ErlangenNuremberg (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/paqe). 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

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
paramount importance, 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

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
A.1. Preparation of proficiency testing material
Proficiency test materials (PTMs) are prepared inhouse 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.
A.2. 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
the median absolute deviation (MAD), a robust estimator
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:

(

n

)

Score(%) = 100 ∑p /2n
i
i=1

where p represents the participant’s score (0,1, or 2) for
each result submitted.
A.4. 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:
n

RSZ = ∑Zi/√n
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

SSZ = ∑Zi

2

i=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 the 95% confidence
limit with n degrees of freedom.
In order to avoid undue emphasis on an isolated
poor result, z-scores greater than +3 or less than -3 are
assigned values of +3 and -3 respectively.
RSZ* range

Rating

RSZ ≤ 2

Good

2 >RSZ≤ 3

Satisfactory

3 > RSZ ≤ 4

Questionable

RSZ ≥ 4

Unsatisfactory

* Absolute value of RSZ.
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Summary
This assessment is the third AMAP assessment of human
health in Arctic regions but is the first to contain initial
trend data for some organochlorines and metals. The
assessment also incorporates the first comparison of all
Russian Arctic regions as part of a circumpolar human
health assessment.
Concentrations of environmental contaminants
that are linked to marine mammal consumption
continue to be elevated in Inuit regions of Greenland
and Canada compared to other populations in the
circumpolar region. The new data for the Chukchi and
Inuit peoples of the coastal Chukotka region in Arctic
Russia indicate that concentrations of polychlorinated
biphenyls (PCBs) and oxychlordane are similar to
concentrations among Inuit from Greenland and Arctic
Canada. New data from Arctic Russia also indicate
that dichlorodiphenyldichloroethylene (DDE) and
dichlorodiphenyltrichloroethane (DDT) are elevated in
both indigenous and non-indigenous populations.
Initial data are available for Arctic Canada, Greenland,
Iceland, Sweden, Finland and Russia to assess the change
in contaminant concentrations over time. Many of these
data indicate that concentrations of contaminants such
as PCBs, oxychlordane, and mercury (Hg) are decreasing
in a broad range of Arctic populations.
Guidelines are available for concentrations of PCBs,
Hg, and lead (Pb) in blood. Inuit from the high Arctic
that consume marine mammals continue to have higher
proportions of the population that exceed these guideline
values. In parallel with the decreases in the concentrations
of PCBs and Hg in Arctic mothers, the proportion of
mothers exceeding these guidelines is also decreasing.
In addition to the legacy POPs monitored in the
Arctic, a growing number of compounds are being
detected in humans from the Arctic regions of the world.
Some of these compounds are fairly ‘new’ compounds
whereas others have been around for decades but
have only recently been detected due to advances in
analytical techniques. The main compounds addressed
in this chapter (see section 5.2) are the brominated
flame retardants and the perfluorinated compounds, in
particular the polybrominated diphenylethers (PBDEs),
perflourooctane sulfonate (PFOS), and perflourooctanoic
acid (PFOA). Until recently, there were few data available
on human concentrations of these compounds.
5.1. Concentrations and trends of 		

legacy contaminants

The data presented in this chapter were supplied by
biomonitoring studies undertaken in different parts of
the circumpolar region. The focus is on maternal blood

concentrations of several legacy POPs and metals;
although data for both men and women living in the
Arctic are also provided.
Exposure to environmental contaminants from a
traditional diet is a potential risk to human health,
especially for the developing fetus and young children
due to their physiological and anatomical immaturity
and rapid development. The greater sensitivity of the
developing fetus is one of the main reasons that many of
the data presented in this assessment concern contaminant
concentrations in mothers. Biomonitoring studies are an
important part of the process involved in determining the
extent of potential risks.
The studies describe three key aspects of human tissue
concentrations of environmental contaminants. First,
they provide an update on the spatial pattern of human
exposure to environmental contaminants in the Arctic.
Second, they provide data to assess trends in human
exposure over time, indicating whether contaminant
concentrations are decreasing, remaining the same, or
increasing. Third, the data collected provide important
information on dietary habits and offer important insights
into the relationship between contaminant exposure,
traditional food consumption, and other lifestyle factors.
Comparison of the new data against those of the second
AMAP assessment (AMAP, 2003) allows for a greater
understanding of trends in human tissue concentrations
of environmental contaminants and their ongoing
causative factors.
Comparable methods were used in all studies to ensure
that conclusions about spatial distributions or temporal
trends were not just the result of methodological or
analytical variability. The quality assurance/quality control
(QA/QC) program in which the human health analytical
laboratories participated is described in Chapter 4. The QA/
QC program ensures that the data can be compared from
one study to another and from one time period to another.
Any analysis has a level of uncertainty and the usual
analytical precision for contaminants in this assessment
is plus or minus 20% to 25%. Differences between regions/
countries or time periods that are smaller than 25% are
not discussed. The data for persistent organic pollutants
(POPs) are expressed on a lipid weight basis (µg/kg lipid
in plasma) because POPs accumulate in lipids, and lipid
levels in plasma increase throughout pregnancy and vary
in response to meals. The data for metals, which do not
accumulate in lipids, are expressed on a whole blood basis
(µg/L in whole blood). For comparative purposes, the data
for POPs are also presented on a wet weight basis (µg/L
plasma) in Appendix 5.1.
This chapter focuses on trend analyses for several legacy
POPs which are found at higher concentrations in some
Arctic populations (e.g., DDE, a metabolite of DDT) and
several other POPs for which people have often exceeded
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tolerable daily intakes (e.g., the chlordane metabolite
oxychlordane, toxaphene, and PCBs). Trend analyses are
undertaken for metals, such as Hg and Pb, which are also
found at higher concentrations in Arctic populations than
non-Arctic populations (AMAP, 1998, 2003).
Initial data are available to assess changes in
contaminant concentrations over time for several
Arctic countries but the strength of these data varies
considerably. Many of the data sets are only based on
two population samples separated by five to ten years,
in which case it is only possible to indicate increasing
or decreasing concentrations rather than a trend.
Nevertheless, it is very encouraging to see that the results
are very similar to trends for mothers from Disko Bay
(Greenland) and Nunavik (Canada) where more frequent
sampling was available over a similar time period.
5.1.1. Alaska, United States
Regional tribal health system authorities have collected
and archived blood samples from Alaska Native mothers
for a number of years. Contaminant concentrations have
been measured in some of these samples since the late
1990s. This assessment is the first to include a full set
of organochlorine and metal data for Yupik mothers
from the Yukon-Kuskokwim Delta and Iñupiat (Inuit)
mothers from the north slope of Arctic Alaska. The data
allow comparisons between contaminant concentrations
in these two groups, and some initial data for the Yupik
mothers enable a first examination of increases or
decreases in contaminant concentrations.

5.1.1.1. Organochlorines
Table 5.1 presents the mean concentrations of
organochlorines in maternal blood for Alaska Natives.
The Iñupiat and the Yupik are indigenous groups that
live in different regions of Alaska and so have different
traditional diets and possibly different contaminant
exposure patterns. Care must be taken when comparing
contaminant concentrations between Iñupiat and Yupik
mothers because the sampling timeframes do not always
overlap. However, for the 1999 – 2003 period, data are
available for both groups, although the contaminant
patterns look quite different. Concentrations of many
organochlorines, such as oxychlordane, DDE and CB153,
are lower among Iñupiat mothers than Yupik mothers (21,
68, 8.6 µg/kg serum lipid, and 29, 135, 17 µg/kg serum lipid,
respectively, Table 5.1). This is likely to be due to dietary
differences between the two groups. The Iñupiat diet
consists predominantly of land mammals, followed by
whale, and then lesser amounts of fish (mostly freshwater
species). The main marine mammal is the bowhead whale
(Balaena mysticetus), which feeds at a low trophic level. In
comparison, dietary surveys by participants indicate that
the Yupik rely less on land mammals and more heavily
on Pacific salmon (Oncorhynchus spp.), seals, and sea lions,
which feed at higher levels of the food chain (Berner, J.,
pers. comm., 2008).
Fewer Iñupiat mothers were included in the study
(Table 5.1) and the difference between two time points
is less; therefore, comments on changes in contaminant
concentration are limited to Yupik mothers. Among the

Table 5·1. Concentrations of POPs in maternal blood (µg/kg serum lipid) from Alaska, by region and ethnic group. Data show
geometric mean (and range) for specified period of sampling.
North Slope Arctic Coast

Oxychlordane
Trans-nonachlor
p,p′-DDT

Yukon-Kuskokwim River Delta Region

Iñupiat
1997
25.5 a
n = 20 b

Iñupiat
1999 – 2003
25 a
n = 43 b

Yupik
1999 – 2003
26 a
n = 106 b

Yupik
2004 – 2006
26.4 a
n = 206 b

9.9
11

21
3.8

29
5.3

12 (1.5 – 234)
21 (1.75 – 310)

3.7

5.2

6.4

3.4 (1.15 – 23)

p,p′-DDE

118

68

135

DDE:DDT

29

13

21

HCB

28

6.7

14

124 (3.1 – 777)
22 (2.35 – 188)

β-HCH d

7.9

7.0

Mirex

1.5

8.8

Parlar 26

na

1.1 c

2.0 c

3.2 (1.1 – 27.4)

Parlar 50

na

0.8 c

1.4 c

2.7 (1.0 – 20.3)

6.7
24

7.7 (1.1 – 138)
3.3 (1.1 – 36)

Toxaphene

PCBs
CB118

na

CB138

12

CB153

19

CB180

6.8

na

na

5.6 (0.4 – 78)

13 e

35 e

14 (0.2 – 221) e

17

24 (0.75 – 416.5)

na

10 (0.35 – 192)

8.6
na

na: Not available.
a
Average age of group sampled; b number of individuals sampled; c results performed on a total of 24 pooled specimens; 12 from the Arctic Coast
and 12 from the Yukon-Kuskokwim River Delta; d information that was received as this assessment was about to go to press indicated that an error in the standard for β-HCH would cause these values to be approximately 35% higher than the actual value; e sum of CB138 + CB158.
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Yupik mothers, the concentrations of oxychlordane,
DDE, and CB138 decreased between 1999 – 2003 and
2004 – 2006, while concentrations of other contaminants,
such as hexachlorobenzene (HCB), β-HCH, and
toxaphene, increased. Yupik mothers also showed an
unexpected inverse relationship between changes in
oxychlordane and trans-nonachlor concentrations;
both components of the pesticide chlordane, with one
increasing and the other decreasing. Further data will
be needed to see if this relationship continues. No
statistical comparison of these two time points was
available for this assessment.

Table 5·2. Concentrations of metals in maternal blood (µg/L
whole blood) from Alaska by region and ethnic group. Data
show geometric means for specified period of sampling.
Source: Berner, J., pers. comm. (2008).

5.1.1.2. Metals

a

North Slope Arctic
Coast

Total Hg
Pb
Cd

Table 5.2 presents the mean concentrations of metals
in maternal blood for Alaska Natives. Similar to the
ethnic patterns for organochlorines, concentrations
of Hg and Pb were lower among the Iñupiat mothers
than the Yupik mothers in 1999 – 2003. Again, the
lower concentrations among Iñupiat mothers is likely
to be due to dietary differences (i.e., the predominant
consumption of land mammals and Bowhead whale
by the Iñupiat compared to the greater consumption
of Pacific salmon, seals, and sea lions by the Yupik).
Another possible factor is the seasonal timing of blood
collection among Yupik mothers. Alaska Native peoples’
consumption of fish and seal varies seasonally and this
would affect Hg concentrations in blood; however, this
factor has not yet been analyzed.
Only two time points for metals in maternal blood
are available for Yupik mothers. The concentrations
of Hg, Pb and cadmium (Cd) among Yupik mothers
decreased between 1999 – 2003 and 2004 – 2006, from
5.0, 18, and 0.44 µg/L whole blood to 3.4, 17, and 0.39
µg/L whole blood, respectively, although the small
changes in Pb and Cd concentrations are unlikely to
be significant. Statistical analyses of these differences
were not available for this assessment.
5.1.2. Canada
5.1.2.1. Inuvik region, Northwest Territories
5.1.2.1.1. Exposure assessment in the Inuvik region
This section presents the results of a biomonitoring study
that took place in the Inuvik region of the Northwest
Territories (NWT). This was a follow-up study to
assess changing concentrations of human exposure
to environmental contaminants using maternal blood
and hair as biomarkers of exposure. The baseline study
was completed in 1999 and the follow-up study was
completed in 2006. People in the Inuvik region were
included in the follow-up study because this region
had the lowest concentrations of contaminants among
Inuit regions in the baseline study. Follow-up within
the Inuvik region provides a useful comparison to
follow-up in regions which had higher contaminant
concentrations, such as Baffin and Nunavik.
There were 89 participants enrolled in the study
with 76 contributing blood samples for follow-up (52

Yukon-Kuskokwim River
Delta Region

Iñupiat
1999 – 2003
Mean age = 25 a
n = 43 b
1.1

Yupik
1999 – 2003
Mean age = 26 a
n = 106 b
5.0

11

18

0.57

0.44

Yupik
2004 – 2006
Mean age = 25
n = 75 b
3.4
17
0.39

Mean age of group sampled; b number of individuals sampled.

Inuit women, 17 Métis/Dene women, and 7 Caucasian
women). Samples were collected in the late third
trimester or immediately after birth. The samples were
analyzed for a similar range of POPs and metals as
for the baseline study as well as vitamins and various
nutrients. Dietary information for the mothers is also
available and was presented in Chapter 3. A brief
overview of some health effects of the traditional
contaminants that are a priority for trend monitoring
is given in Box 5.1.
5.1.2.1.2. Tissue concentrations of environmental contaminants
by ethnic group in the Inuvik region
Table 5.3 presents the concentrations of CB153 in
maternal blood for each ethnic group. In the follow-up
study (2005–2006), mean concentrations of CB153 were
three- to four-fold higher in Inuit mothers than in DeneMétis or Caucasian mothers (17, 5.9 and 4.3 µg/kg lipid
in plasma, respectively). A similar pattern occurs for
CB138 and CB180 as well as for the total PCBs measured
as Aroclor 1260 (data not displayed). It is useful to
summarize the data as Aroclor 1260 because this allows
comparisons with data from older studies where PCBs
were quantified by packed column techniques and also
allows comparisons with the only PCB blood guidelines,
which are expressed on an Aroclor basis.
Toxaphene Parlars 26 and 50 were measured in the
follow-up study (2005–2006) and the results for Parlar 50
are shown in Table 5.3. The mean concentration of Parlar
50 in maternal blood was six- and eight-fold higher in
Inuit mothers than in Dene-Métis and Caucasian mothers
(2.9 vs 0.46 and 0.36 µg/kg lipid in plasma, respectively).
The mean concentration of oxychlordane in maternal
blood among Inuit mothers was five- to six-fold higher
than in Dene-Métis and Caucasian mothers (8.7 vs 1.6 and
1.3 µg/kg lipid, respectively (Table 5.3). A similar pattern
is seen for trans-nonachlor although the concentrations
are higher (data not presented).
The concentrations of DDE are the highest of all the
POPs shown in Table 5.3. The mean concentration during
the follow-up study (2005 – 2006) was highest in the Inuit
mothers and almost two-fold higher than in the DeneMétis and Caucasian mothers (76 vs 35 or 38 µg/kg lipid
in plasma, respectively).
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Box 5·1. Background information on environmental contaminants
Metals
Metals are elements that occur naturally in rock or soils, but may also be released into the environment through industrial
activities. Some metals are essential for life processes, but excessive exposure to other metals can produce harmful effects.
Lead occurs naturally in the environment. However, anthropogenic activities such as mining and smelting increase the release
of Pb. The use of leaded fuels was the primary source of Pb in the air. The concentration of Pb in the air has declined significantly
since the introduction of unleaded gasoline in 1975. Previous work has shown that indigenous mothers may have higher
exposures to Pb through the use of lead shot in hunting game birds (Dewailly et al., 2000b), although exposures are decreasing
with the declining use of lead shot.
Mercury is present in air, water, and soil from both natural sources and as a result of human activity. Hg is naturally higher in
the Canadian Shield and is emitted from power generation facilities and municipal/industrial incineration, and is also found in
the manufacture of electrical transformers and historically in heavy duty paints. Hg can occur locally from discharges associated
with the gold extraction process or waste dumps.
Persistent Organic Pollutants
Most POPs are manufactured chemicals and do not occur naturally. POPs do not easily degrade and accumulate in the fatty
tissue of animals.
Polychlorinated biphenyls (PCBs) are a group of man-made, industrial organochlorine chemicals (there are 209 structurally
similar compounds which only differ in the number and placement of the chlorine atoms). Because they do not conduct electricity,
PCBs were used from the 1930s in electrical transformers as insulators and for a variety of industrial and consumer applications.
They do not break down easily in the environment. Use of PCBs was banned in Canada in the 1970s.
Toxaphene is an organochlorine that is a complex mixture of chlorinated camphenes and was used as a pesticide in the past. It
has never been licensed for use in Canada (minor non-licensed usage noted) but was used extensively in the southern United
States on cotton, and was banned in the United States in 1982.
Chlordane is a mixture of over 120 structurally-related organochlorine compounds, and was introduced as a broad spectrum
insecticide in the 1940s and widely used in North America. Although chlordane is no longer registered in either Canada or the
United States, various chlordane-related contaminants, distinct from the original mixture, persist in the environment (U.S. EPA,
1999).
Together, trans-nonachlor and oxychlordane made up 76% to 78% of chlordane-related residues in ringed seal (Phoca hispida)
blubber samples collected from the NWT in 1991, and 83% of chlordane-related residues in walrus (Odobenus rosmarus) blubber
samples collected from Greenland in 1989 (Addison and Smith, 1998; Muir et al., 2000). The pattern of chlordane-related
residue accumulation in humans parallels that seen in the highest levels of the Arctic marine food chain. Trans-nonachlor and
oxychlordane make up more than 90% of the total chlordane contaminants measured in breast milk from both northern and
southern Canadians, with combined residues in the late 1990s more than four-fold higher in the Arctic samples (Newsome and
Ryan, 1999).
DDE is the principle metabolite of DDT, which is an insecticide that has been heavily used worldwide for agricultural and
disease vector control purposes. DDT was banned in Canada for most uses during the 1970s, and Canada has been working for
a global restriction on its use through the Stockholm Convention.

Total Hg concentrations in maternal blood during the
most recent sampling period (2005 – 2006) ranged from
0.10 to 14 µg/L. Mean Hg concentrations in Inuit mothers
were more than four-fold higher, and in Dene-Métis
mothers almost three-fold higher, than in Caucasian
mothers (1.1, 0.7 and 0.22 µg/L, respectively) (Table 5.3).
Maternal blood Pb concentrations during the most
recent sampling period (2005 – 2006) ranged from 4.4
to 56 µg/L. Mean blood Pb concentrations in Inuit and
Dene-Métis mothers were similar (13 µg/L) and almost
twice as high as for Caucasian mothers (Table 5.3).
5.1.2.1.3. Dietary exposure to contaminants in the Inuvik region
The dietary survey undertaken with this monitoring
study is described in Chapter 3. Based on the amount

of food consumed and the concentration of each
contaminant in a food item, estimated intake levels for
selected contaminants were calculated for all foods and
expressed in micrograms per person per day. In general,
the dietary studies indicate that the participants increased
their country food consumption, although the amount
and type of food varied considerably by community and
population. These intake levels were then correlated
with maternal blood concentrations of contaminants.
The results are shown in Table 5.4 for Inuit and DeneMétis mothers. Caucasian mothers were not included
because too few enrolled in the study and most did not
eat much country food. There were moderate to strong
correlations (all of which were significant) between food
intake and contaminant concentrations measured in
the blood for a broad range of contaminants, including
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Table 5.3. Contaminant concentrations (µg/kg plasma lipids for POPs, µg/L whole blood for metals) in Dene-Métis, Inuit and
Caucasian mothers from the Inuvik region, NWT, Canada. Data show geometric mean (and range) for specified period of sampling.
Source: baseline study (Tofflemire, 2000), follow-up study (Armstrong et al., 2007).
Dene- Métis

Baseline
study
1998 – 1999

Follow-up
study
2005 – 2006

24 (18 – 35) a

24 (16 – 36) a

n = 42 b, c
n = 41 b, d

n = 17 b, c
n = 18 b, d

Oxychlordane

4.4
(1.0 – 25)

1.6
(0.29 – 5.0)

p,p’-DDE

64
(23 – 222)

Toxaphene,
parlar 50

Significant
difference,
p < 0.05

Inuit

Significant
difference,
p < 0.05

Baseline
study
1998

23 (15 – 37) a 26 (17 – 38) a
n = 52 b

SD g

18
(2.4 – 108)

8.7
(0.29 – 117)

35
(13 – 141)

SD e

125
(44 – 491)

1.7
(0.96 – 7.9)

0.46
(0.29 – 2.2)

SD g

CB153

16
(3.2 – 130)

5.9
(0.59 – 34)

Total Hg

1.1
(0.1 – 6.0)

Pb

35
(5.0 – 112)

Significant
difference,
p < 0.05

Follow-up
study
2005

Baseline
study
1998

Follow-up
study
2005

n = 31 b

Caucasian

31 (19 – 45) a 3 (23 – 40) a
n = 21 b

n = 6b

SD f

4.1
(1.9 – 8.7)

1.3
(0.59 – 3.4)

SD f

76
(5.3 – 867)

SD f

64
(26 – 189)

38
(18 – 111)

ns h

6.8
(0.77 – 53)

2.9
(0.29 – 75)

SD f

1.1
(0.83 – 1.4)

0.36
(0.29 – 1.1)

SD f

SD f

30
(6.5 – 105)

17
(0.59 – 152)

SD f

12
(3.5 – 32)

4.3
(2.0 – 9.0)

SD f

0.7
(0.1 – 4.4)

ns h

2.1
(0.6 – 24)

1.1
(0.1 – 14)

SD f

0.65
(0.1 – 2.3)

0.22
(0.1 – 0.9)

SD e

13
(4.8 – 35)

SD g

19
(2.1 – 101)

13
(4.4 – 56)

ns h

13
(2.1 – 37)

6.9
(4.6 – 10)

SD f

a
Arithmetic mean age and range of group sampled; b number of individuals sampled.; c organochlorines; d metals; e SD (p = < 0.05 – 0.01); f SD (p =
<0.01 – 0.001); g SD (p = 0.001 – <0.0001); h not significant (p > 0.05).

PCBs, DDE, toxaphenes, HCHs, chlordanes, Pb and Hg.
Only for Cd was the correlation between dietary intake
and maternal contaminant concentration low and nonsignificant. This indicates that diet is not a significant
source of Cd in this study. Other studies in Arctic Canada
have indicated that cigarette smoking is a much more
significant source of Cd (Butler Walker et al., 2006).
Separate analyses indicated that dietary sources of
Pb were mostly from terrestrial mammal meat and bird
meat. The main food sources for exposure to Hg, based on
this survey, were fish and marine mammal fat. As would
be expected it was marine mammal fat that supplied the
greatest amount of exposure to contaminants such as
PCBs (Armstrong et al., 2007).
5.1.2.1.4. Comparisons between the baseline study 		
and the follow-up study
Great care must be taken when comparing contaminant
concentrations measured during the baseline study (1998
– 1999) and the follow-up study (2005 – 2006). These are
not random population samples and due to the limited
birth rate in the north, any mother from a region could
volunteer to be included. Chapter 3 provides the basic
demographic information. The age of the mothers and
parity are similar for the two studies but the different
ethnic proportions in the two studies indicate that results
can only be interpreted on an ethnic-specific basis. The
proportion of mothers from each community also varied
between the studies but could not be adjusted for due to
small numbers. It should also be noted that the number

of women who smoked increased over the seven years
(52% to 67%) (Armstrong et al., 2007).
5.1.2.1.5. Changes in dietary exposure to contaminants
Initial dietary analyses were provided by Armstrong et
al. (2007) and allow some general comments on exposure
in this assessment, but Armstrong and co-workers
recommended that more detailed analyses should be
Table 5·4. Dietary intake versus body burden for Inuit and
Dene-Métis mothers in the Inuvik region, Canada. Spearman
correlation coefficients (p values).
Estimated dietary exposure

n

Measured body
burden

Chlordane

73

0.49 (0.000)

HCB

75

0.46 (0.000)

Mirex

75

0.41 (0.000)

PCBs

75

0.45 (0.000)

Toxaphenes

75

0.57 (0.000)

Dichlorodiphenyltrichloroethane

75

0.27 (0.02)

HCHs

75

0.55 (0.000)

Hg

74

0.55 (0.000)

Cd

75

0.03 (ns)

Pb

76

0.30 (0.008)

As

76

0.35 (0.002)

Hg blood:hair

74

0.763 (0.000)

n: Number of individuals sampled.
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undertaken. Estimated exposure concentrations for
selected contaminants were expressed in micrograms
per person per day for the two ethnic groups in relation
to specific foods. This made it possible to approximate
the daily exposure to certain contaminants from
different foods. The analyses indicated that Cd intake
from the diet was very similar in the two studies. Lead
consumption was actually higher in the follow-up study
due to an increase in the consumption of birds. Mercury
intake was higher in the follow-up study in both Inuit
and Dene-Métis populations, primarily due to the
increase in fish consumption. In contrast, the intake
of various POPs was similar in the two studies for the
Dene-Métis, while the Inuit had a marked decrease in
POPs intake mostly related to a decreased consumption
of marine mammal fat (Armstrong et al., 2007).
It is important not to over-interpret these data because
the concentrations of contaminants were not actually
measured in the dietary survey, and average values from
other regions were often used. Also, it was not possible
to perfectly match the communities in the two studies.
5.1.2.1.6. Changes in contaminant concentrations in 		
the Inuvik region and dietary implications
Data on concentrations of several contaminants in
maternal blood for the baseline study (1998 – 1999) and
follow-up study (2005 – 2006) are shown in Table 5.3.
Trend analyses and significant differences (p < 0.05) are
also presented.
Among the organochlorines it is clear that the
mean concentrations of all contaminants decreased
significantly in all ethnic groups over this period (1998 to
2006). Inuit mothers showed the greatest absolute decrease
for pesticides such as p,p’-DDE and oxychlordane (125 to
76 µg/kg lipid and 18 to 8.7 µg/kg lipid, respectively).
The absolute change in concentrations of contaminants
such as p,p’-DDE was less among Dene-Métis and
Caucasian mothers (64 to 35 µg/kg lipid and 64 to 38 µg/
kg lipid, respectively). PCB concentrations also decreased
significantly especially among Inuit mothers, with the most
marked decrease in CB138 and CB153.
Among the metals, Pb showed the greatest change
in concentration over the period 1998 to 2006 and the
greatest decrease was seen among Dene-Métis mothers
(35 to 13 µg/L whole blood). In regions where hunting
of traditional foods is common, researchers were able to
use Pb isotope signatures to link a decline in maternal
body burdens to reduced use of lead shot (Dewailly et
al., 2000b). Although this decrease in maternal blood
concentrations in the Inuvik region may be related to
less use of Pb shot in the hunting of game birds and
waterfowl, there are no data to validate this conclusion
for this region. Mercury concentrations also decreased
significantly over this period among all ethnic groups,
with the greatest magnitude of change in Inuit mothers
(2.1 to 1.1 µg/L whole blood).
The decrease in maternal blood concentrations
of various organochlorines is supported by dietary
information which indicates that fewer marine
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mammals are being consumed by Inuit mothers
while greater quantities of other less-contaminated
foods such as fish and caribou/moose, are being
consumed. This is encouraging because much of the
risk communication information, released after the
previous AMAP assessment in 2003, indicated that
mothers should continue to eat their traditional foods,
but should consume traditional foods with lower
contaminant concentrations if they were concerned
about contaminants. For other contaminants, the
trend data in maternal blood is not fully supported
by the dietary contaminant exposure information
from the region. The dietary exposure information
indicates that exposure to Hg and Pb has increased
while the contaminant concentrations in these
mothers have significantly decreased. Armstrong et
al. (2007) indicated that this may be due to relying on
regional averages for contaminant concentrations in
various species and not having actually measured the
contaminant concentrations in the diets as consumed.
This is a challenge that all dietary/contaminant studies
face: limited budgets, a large number of contaminants,
and a wide range of food items.
5.1.2.2. Nunavik
5.1.2.2.1. Temporal trends in maternal concentrations 		
of POPs and metals
Over the past fifteen years, several studies in Nunavik
have monitored the exposure of Inuit mothers to POPs
and heavy metals. The aims of the studies were to
compare current exposure concentrations to POPs with
past concentrations and to assess exposure to emerging
POPs. Maternal blood concentrations of contaminants
have been studied due to concern about possible effects
on infant and newborn development.
A series of nine studies have focused on contaminants
in mothers from Nunavik. These studies included
pregnant women in the 1992 Quebec Inuit Health
Survey, Infant Development Studies led by Muckle
and colleagues between 1996 and 2001, plus more
recent surveys that focused on trend monitoring in
Nunavik mothers (2004 – 2007). Eleven to 53 mothers
were recruited each year and the average age ranged
was from 24 to 27 years (Table 5.5). Measurements of the
legacy POPs, emerging POPs, and heavy metals (which
include 14 PCB congeners, 11 chlorinated pesticides,
total and methyl mercury, Pb, and selenium) were
carried out on all samples. Exposure assessment data
from past and present studies were integrated into a
functional database for this assessment. Dietary data
were not available for this assessment.
Table 5.5 and Figure 5.1 summarize the time trend data
for the legacy POPs and the metals. A temporal trend
analysis of plasma concentrations of organochlorines
in pregnant women was performed using multiple
regression
modeling
with
the
contaminant
concentrations (log) as dependant variables, and year
of sampling as the main independent variable. The data
were adjusted for age and region of sampling (Hudson
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Table 5·5. Trends in contaminant concentrations (µg/kg plasma lipids for POPs, µg/L whole blood for metals) in pregnant Inuit
women from Nunavik, Québec, Canada. Data show geometric mean (and range) for specified period of sampling. Source: 1992
(Santé Québec, 1994), 1996 – 2001 (Dallaire et al., 2003), 2004 (Dewailly et al., 2007a,b), 2007 (Pereg et al., 2008).
1992
24 a
(18 – 35) a
n = 11 b

1996
24 a
(17 – 34) a
n = 25 b

1997
25 a
(15 – 41) a
n = 53 b

1998
25 a
15 – 37) a
n = 46 b, c
n = 27 b, d

1999
26 a
(17 – 36) a
n = 26 b, c
n = 16 b, d

2000
26 a
(17 – 39) a
n = 36 b, c
n = 29 b, d

2001
27 a
(17 – 39) a
n =20 b, c
n 19 b, d

2004
27 a
(18 – 42) a
n = 29 b, c
n = 31 b, d

77
(32 – 244)

41
(6.1 – 177)

48
(8.6 – 390)

34
(7.0 – 342)

47
(15 – 138)

40
(7.5 – 207)

36
(8.2 – 130)

35
22
(7.1 – 230) (< DL – 182)

636
287
(292 – 1567) (71 – 1022)
172
105
(71 – 287)
(19 – 409)
Total Hg
12
13
(3.6 – 33)
(4.2 – 29)
Pb
41
48
(8.3 – 172)
(17 – 141)

369
(59 – 1444)
125
(23 – 612)
11
(3.8 – 44)
56
(10 – 259)

266
(67 – 2269)
83
(27 – 709)
7.2
(3.2 – 27)
54
(27 – 131)

287
(142 – 901)
115
(29 – 473)
8.5
(2.6 – 31)
53
(19 – 112)

274
(64 – 1328)
97
(15 – 499)
9.0
(1.8 – 38)
44
(10 – 137)

226
(54 – 1685)
82
(16 – 417)
9.9
(1.6 – 33)
33
(5.2 – 129)

231
(55 – 933)
72
(16 – 253)
7.6
(1.2 – 30)
19
(5.8 – 85)

Oxychlordane
p,p’DDE
CB153

2007
24 a
(18 – 37) a
n = na
n = 42 b, d

150
(30 – 718)
40
(4.5 – 218)
4.0
(0.7 – 24)
16
(6.6 – 77)

Significant
difference, p <
0.05 e, f
0.004
< 0.0001
< 0.0001
< 0.0001
< 0.0001

a
Arithmetic mean age and range of group sampled; b number of individuals sampled; c organochlorines; d metals; e special analysis, Pereg, D. pers.
comm. (2007); f using anova adjusted for age and region (Hudson or Ungava), regression adjusted for age and region (Hudson or Ungava) and
smoking status (smoker, ex-smoker, non-smoker).

vs. Ungava) because there were significant effects of these
two parameters. All three models explained between
16% and 30% of the variance observed in contaminant
concentrations (Pereg, D., pers. comm., 2007).
The concentrations of PCBs decreased significantly in
maternal blood in Nunavik over the period 1992 to 2007
with CB153 the congener showing the greatest change
(172 to 40 µg/kg plasma lipid). The chlordane derivative
oxychlordane also decreased significantly over this
period. p,p’-DDE had the highest concentration of all the
POPs (636 µg/kg plasma lipids in 1992) and decreased to
150 µg/kg plasma lipids in 2007.
The concentration of Pb in maternal blood in Nunavik
decreased over the period 1992 to 2007 from 41 to 16 µg/L
whole blood. This decrease was statistically significant
even though the maximum concentration of 56 µg/L
whole blood occurred in 1997. The concentration of total
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80
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Hg also decreased significantly over this period, from 12
µg/L whole blood in 1992 to 4.0 µg/L whole blood in 2007.
5.1.2.2.2. Concentrations of legacy POPs and metals		
in adults from Nunavik in 1992 and 2004
In 1992, a major health survey was undertaken in Nunavik
to assess the health of the population. A wide range of
health measures were assessed, blood samples taken, and
dietary questionnaires given (Santé Québec, 1994). Some
of the major endpoints of this survey included that: twothirds of Inuit smoked daily; traditional foods remained
‘good’ for consumption despite the presence of PCBs; and
that the most frequent health problems reported were
ear infections, lung disease, and mental illness. Some of
the environmental contaminant and dietary data were
reported in the first and second CACAR reports (Jensen

p,p’DDE in blood, µg/kg lipid
700
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Figure 5·1. Temporal trends of POPs and metals in maternal blood samples from Nunavik, Canada.

Nunavik
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et al., 1997; Van Oostdam et al., 2003). A major follow-up
health survey was undertaken in Nunavik in 2004 to
reassess health status and identify risk factors of chronic
disease. Concentrations of contaminants in blood were
measured and levels of country food consumption
were established for the population. Initial results for
legacy and emerging POPs and metals were reported
by Dewailly et al. (2007a,b) but detailed dietary analyses
were not available for this assessment.
Contaminants were analyzed at the Laboratoire de
toxicology of the Institut national de santé publique du
Québec utilizing a new method known as Automated
Solid Phase Extraction (ASPE). This method allows
measurement of 86 contaminants in a single analysis.
Thus, all legacy POPs as well as a wide range of emerging
POPs could be measured in a single sample. This
section reports on legacy POPs only, data on emerging
POPs are reported in section 5.2. In 2004, blood samples
were obtained from 917 men and women 18 years of age
and older with a participation rate of 69% (Dewailly et
al., 2007a,b). Special analyses were undertaken for this
assessment (Dewailly et al., 2007a) and the results are
shown in Table 5.6. 498 women and 408 men agreed to
contribute blood samples for the 2004 follow-up study.
It is very encouraging to see the similar age ranges in
both sampling periods (18 to 73 or 74 years) and the
similar mean ages (35, 36, or 37 years) in all four groups.
In-depth analyses of the data show the expected agedependent increase in POPs concentrations in both
men and women (Dewailly et al., 2007a,b).
Concentrations of POPs in Inuvik adults have
declined significantly (Table 5.6). Previous monitoring
in the Arctic and elsewhere found that CBs 138, 153,
and 180 were the most abundant congeners in blood.
CB153 concentrations declined significantly in men and
women in Nunavik between 1992 and 2004 (340 to 189
µg/kg plasma lipids and 263 to 158 µg/kg plasma lipids,
respectively). Concentrations of p,p’-DDE showed the
greatest absolute decrease, from 1195 to 461 µg/kg

plasma lipids for men and 1001 to 467 µg/kg plasma
lipids for women. Concentrations of the chlordane
component oxychlordane also declined significantly in
women and men.
It is interesting to note that in adults from Nunavik,
concentrations of legacy POPs were much higher (10%
to 20%) in men than women in 1992. This changed in
2004 with concentrations of oxychlordane, p,p’-DDE
and CB138 similar between men and women and only
CBs 153 and 180 still 10% to 20% higher in men (data not
presented, see Dewailly et al., 2007a,b).
Concentrations of all metals declined in Nunavik
adults over the period 1992 to 2004. The greatest change
was seen for Pb where concentrations decreased from
96 to 46 µg/L whole blood for men and from 78 to 34
µg/L whole blood for women. Concentrations of Hg
also declined significantly in both men and women but
at a slower rate than for Pb.
5.1.2.3. Qikiqtaaluk (Baffin) region of the 			
Nunavut Territory
5.1.2.3.1. Monitoring temporal trends in environmental 		
contaminants
The Qikiqtaaluk (Baffin) region in Nunavut Territory
recently completed a multi-year study which assessed
temporal trends in human exposure to selected
environmental contaminants using maternal blood and
hair as biomarkers. The study was conducted as a followup to a previous study which took place in 1997. The
region was identified as a monitoring priority due to the
historically high concentrations of many contaminants
compared to other regions of Arctic Canada that
conducted baseline assessments during 1994 to 1999.
The current project in the Baffin region aims: (1)
to update spatial patterns of maternal exposure; (2) to
provide data to assess trends in maternal exposure
over time, whether concentrations of different classes
of contaminants are increasing, decreasing, or remain

Table 5·6. Contaminant concentrations (µg/kg plasma lipids for POPs, µg/L whole blood for metals) in Inuit women and men from
Nunavik, Quebec, Canada. Data show geometric mean (and range) for specified period of sampling. Source: 1992 (Santé Québec,
1994), 1994 (Dewailly et al., 2007a,b).

Oxychlordane
p,p’-DDE
CB153
Total Hg
Pb

Inuit women
1992
35 a
(18 – 73) a
n = 282 b
115
(5.0 – 1957)
1001
(97 – 14597)
263
(27 – 2452)
16
(2.0 – 112)
78
(8.3 – 472)

Inuit women
2004
37 a
(18 – 74) a
n = 498 b
66
(2.3 – 2692)
467
(27 – 8306)
158
(5.7 – 5805)
12
(0.20 – 164)
34
(5.8 – 311)

Significant
difference,
p < 0.05 c

p < 0.0001
p < 0.0001
p < 0.0001

Inuit men
1992
36 a
(18 – 74) a
n = 210 b
138
(1.9 – 2849)
1195
(115 – 11330)
340
(14 – 2865)

Inuit men
2004
37 a
(18 – 74) a
n = 408 b
66
(0.93 – 1608)
461
(13 – 8306)
189
(6.3 – 3428)

14
(0.8 – 97)

9.2
(0.08 – 241)

Significant
difference,
p < 0.05 c

p < 0.0001
p < 0.0001
p < 0.0001

p < 0.0001
na

na: Not available.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled; c Dewailly et al. (2007a).

p < 0.0001
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Table 5.7. Contaminant concentrations (µg/kg plasma lipids for
POPs, µg/L whole blood for metals) in Inuit mothers from the
Baffin Region, Nunavut Territory, Canada. Data show geometric
mean (and range) for specified period of sampling. Source:
baseline study (Butler-Walker et al., 2003, 2006), follow-up study
(Potyrala, M., unpubl., 2008).

Oxychlordane
p,p’-DDE
Toxaphene,
parlar 50
CB153
Total Hg
Pb
a

Baseline
study
1997
24 (15 – 39) a
n = 30 b

Follow-up
study
2005 – 2007
24 (15 – 39) a
n = 99 b

69
(12 – 264)
248
(70 – 719)
15
(3.9 – 73)
121
(33 – 355)
6.7
(0.10 – 34)
42
(5.0 – 120)

26
(4.8 – 216)
128
(17 – 672)
8.6
(0.93 – 97)
42
(6.2 – 276)
4.0
(0.52 – 28)
14
(4.1 – 71)

Significant difference,
p < 0.05
< 0.0001
< 0.0001
0.0008
< 0.0001
0.0152
< 0.0001

Arithmetic mean age and range of group sampled; number of individuals sampled.
b

unchanged; and (3) to collect information on maternal
dietary habits and to describe relationships between
contaminant exposure, frequency of consumption
of country foods, and selected lifestyle factors. Inuit
women in their ninth month of pregnancy were invited
to participate and were asked a series of dietary and
lifestyle questions. Blood and hair samples were collected
and analyzed.
The study population consisted of 100 pregnant
Inuit women recruited between December 2005 and
January 2007. Blood samples were collected in the late
third trimester and concentrations were evaluated for
legacy POPs, polybrominated diphenylethers (PBDEs),
metals, vitamins, and nutrients (selenium and fatty
acids). Hg exposure per trimester was measured from
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hair samples. Information on country food consumption
patterns, and demographic and lifestyle characteristics
were also collected. Only the initial demographic and
contaminant concentrations dataset were available for
this assessment (Table 5.7) and more in-depth analyses
must await the availability of the full dataset and dietary
data. It is encouraging to see that the mean age and range
of the mothers at the two time points are very similar.
As for the mothers from the Inuvik region, the
concentrations of all organochlorines decreased significantly between 1997 and 2007 for Inuit mothers from
the Baffin region of Nunavut (Table 5.7). The greatest
decrease in organochlorine pesticide concentrations is
seen for p,p’-DDE and oxychlordane (248 to 128 and 69
to 26 µg/kg lipid). PCB concentrations also decreased
significantly over this period with the greatest decrease
in CB153.
Among the metals (Table 5.7), blood concentrations of
Hg and Pb decreased markedly between 1997 and 2007.
The greatest absolute change was for Pb which decreased
from a mean of 42 to 14 µg/L whole blood. Total Hg
decreased from a mean of 6.7 to 4.0 µg/L whole blood.
5.1.3. Greenland
5.1.3.1. Maternal blood – trend monitoring
Deutch and Hansen collected samples from pregnant
women during 1994 to 2006 in the Disko Bay area of
Greenland as part of the ongoing circumpolar mother
infant health study. A total of 223 mother/infant pairs
were included in the study with only live born and single
birth babies included in the study population. Lifestyle,
anthropometric factors, and dietary survey data were
analyzed along with blood and plasma concentrations of
lipids, fatty acid profiles, heavy metals, and organochlorine
compounds (Deutch and Hansen, 2000).
Concentrations of all organochlorines declined
signifi-cantly in pregnant women from the Disko Bay
area between 1994 and 2006 (Table 5.8, Figure 5.2). For
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Figure 5·2. Temporal trends of POPs and metals in maternal blood samples from Nuuk and Disko Bay, Greenland.
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Table 5·8. Trends in contaminant concentrations (µg/kg plasma lipids for POPs, µg/L whole blood for metals) in pregnant Inuit women
from Disko Bay, Greenland. Data show geometric mean (and range) for specified period of sampling. The statistical analysis was a
linear regression using log variables adjusted for age. Source: Deutch and Hansen (2000), Deutch et al. (2007a), Deutch unpubl. data.
1994
25 a
(20 – 35) a
n = 10 b
61
(8.0 – 289)

1995
27 a
(20 – 35) a
n = 94 b
63
(2.7 – 417)

1996
27 a
(20 – 35) a
n = 63 b
55
(2.0 – 241)

1997
25 a
(20 – 35) a
n = 12 b
58
(4.0 – 190)

1999
26 a
(22 – 34) a
n = 21 b
40
(1.9 – 148)

2006
27 a
(20 – 35) a
n = 20 b
20
(3.8 – 67)

p,p’-DDE

477
(63 – 2217)

408
(61 – 2023)

431
(61 – 1246)

453
(142 – 2023)

269
(75 – 692)

178
(34 – 481)

p < 0.0001

CB153

143
(36 – 918)

193
(40 – 596)

169
(40 – 563)

204
(72 – 596)

118
(43 – 372)

69
(22 – 224)

p < 0.0001

Total Hg

14
(1.9 – 76)

14
(2.0 – 75)

11
(5.0 – 29)

na

13
(2.0 – 58)

12
(3.5 – 33)

ns

Pb

26
(8.9 – 389)

37
(15 – 389)

32
(9.0 – 98)

na

50
(25 – 135)

13
(2.8 – 48)

p < 0.0001

Oxychlordane

Significant
difference,
p < 0.05
p < 0.0001

na: Not available, ns: not significant.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled.

example, oxychlordane and CB 153 concentrations
decreased from 61 to 20 µg/kg lipids and 143 to 69
µg/kg plasma lipids, respectively, over this period.
Concentrations of Hg in this population did not
decrease over this period, although there was a
significant decrease in Pb concentrations. Because
there are regional differences in traditional food
consumption (Deutch et al., 2007a) the decrease in
contaminant concentrations in pregnant women
from the Disko Bay area may be due, in part, to
an increase in the consumption of traditional food
from the marine ecosystem that contains lower
concentrations of some environmental contaminants
(Deutch et al., 2007a).
A second trend assessment for contaminants
in maternal blood is available for Inuit mothers

from the Nuuk region of Greenland (1999 – 2005)
(Figure 5.2). Concentrations of all contaminants are
markedly lower in mothers from Nuuk (Table 5.9)
than in mothers from the Disko Bay area (Table 5.8)
as exemplified by oxychlordane concentrations in
1999 (18 and 40 µg/kg plasma lipid, respectively)
(Bjerregaard et al., 2007). As well as having lower
concentrations of organochlorines, there are only
small and variable annual changes resulting in no
significant decreases for Nuuk mothers. One reason
for the lower concentrations of organochlorines in the
capital Nuuk is likely to be a higher consumption of
marine mammals in the more remote region of Disko
Bay. Concentrations of Pb show a declining trend in
both Nuuk and Disko Bay.

Table 5·9. Trends in contaminant concentrations (µg/kg plasma lipids for POPs, µg/L whole blood for metals) in pregnant Inuit
women from Nuuk, Greenland. Data show geometric mean (and range) for specified period of sampling. Trend analysis based on
linear regression analysis with adjustment for age. Trends and statistics calculated from log transformed concentrations. Source:
based on Bjerregaard, P., pers. com. (2007).

Oxychlordane
p,p’-DDE
CB153
Total Hg
Pb

1999
28 a
(19 – 45) a
n = 20 d

2000
27 a, b
(16 – 36) a, b
27 a, c
(17 – 35) a, c
n = 38 d, b
n =24 d, c

2001
27 a
(15 – 43) a
n = 50 d, b
n = 46 d, c

2002
29 a, b
(18 – 42) a, b
30 a, c
(18 – 42) a, c
n = 37 d, b
n = 36 d, c

2003
28 a
(19 – 44) a
n = 28 d, b
n = 31 d, c

2004
26 a
(18 – 37) a
n = 24 d, b
n = 28 d, c

2005
27 a
(19 – 36) a
n = 10

18
(1.9 – 98)
228
(59 – 1023)
111
(29 – 425)
3.0
(0.5 – 14)
35
(25 – 57)

32
(1.3 – 234)
275
(32 – 1206)
122
(19 – 595)
4.8
(0.5 – 13)
19
(5.2 – 77)

28
(1.8 – 305)
261
(59 – 1913)
101
(29 – 792)
4.1
(0.8 – 18)
14
(5.2 – 52)

41
(2.1 – 294)
346
(45 – 2300)
152
(29 – 910)
4.7
(0.4 – 22)
15
(5.9 – 81)

27
(2.7 – 500)
274
(59 – 2700)
115
(30 – 1200)
3.8
(0.9 – 14)
11
(4.5 – 25)

19
(2.8 – 77)
156
(40 – 740)
78
(23 – 270)
2.5
(0.2 – 11)
9.0
(3.9 – 18)

21
(3.3 – 120)
156
(43 – 690)
79
(25 – 400)
3.2
(0.7 – 20)
13
(5.9 – 57)

ns: Not significant.
a
Arithmetic mean age and range of group sampled; b organochlorines; c metals; d number of individuals sampled.

Significant
difference,
p < 0.05

ns
ns
ns
ns
p < 0.001
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Table 5·10. Concentrations of POPs (µg/kg plasma lipids) in Inuit men from Greenland. Data show geometric mean (and range) for
specified period of sampling. Source: Deutch et al. (2004, 2007a), Deutch, B., pers. comm. (2007).

Oxychlordane
Transnonachlor
p,p’-DDT
p,p’-DDE
DDE:DDT
HCB
β-HCH
Mirex
Total Toxaphene
parlar 26
parlar 50
PCBs
Aroclor
1260
CB118
CB138
CB153
CB180
Σ14 PCBs

Sisimiut
2002 – 2003
30.5 b
(20 – 50) b
n = 51 c

Qaanaaq
2003
33.7 b
(20 – 50) b
n = 41 c

Nuuk
2005
44.1 b
(30 – 50) b
n = 19 c

Quegertarsuaq
2006
35.3 b
(20 – 50) b
n = 35 c

Narsaq
2006
38.5 b
(20 – 50) b
n = 28 c

All Greenland a
1999 – 2006
34.6 b
(19 – 50) b
n = 314 c

57
(3.0 – 344)
128
(9.0 – 946)
5.2
(1.0 – 70)
404
(85 – 2496)
78
(16 – 360)
81
(23 – 364)
10
(1.5 – 68)
10
(1.7 – 62)
52
(8.0 – 470)
16
(1.6 – 204)
26
(1.6 – 280)

397
(90 – 3089)
621
(101 – 4470)
34
(1.4 – 359)
970
(243 – 7197)
28
(6.2 – 277)
234
(50 – 1690)
51
(11 – 265)
37
(78 – 274)
208
(24 – 1723)
79
(8.1 – 742)
120
(12 – 977)

178
(25 – 573)
406
(69 – 1221)
17
(1.4 – 72)
898
(232 – 2352)
51
(19 – 170)
201
(40 – 647)
23
(1.4 – 65)
30
(7.0 – 121)
200
(31 – 560)
41
(6.2 – 119)
79
(13 – 221)

107
(13 – 446)
238
(33 – 892)
12
(2.4 – 74)
720
(159 – 2285)
60
(23 – 260)
164
(29 – 646)
13
(1.4 – 43)
14
(3.1 – 62)
108
(9.6 – 444)
40
(3.7 – 152)
68
(5.9 – 292)

98
(13 – 492)
213
(34 – 881)
11
(3.0 – 38)
774
(118 – 2812)
71
(26 – 375)
113
(27 – 403)
12
(3.5 – 41)
18
(3.0 – 88)
89
(14 – 375)
34
(4.6 – 156)
55
(10 – 219)

198
(3.0 – 3089)
334
(9.0 – 4490)
16
(1.0 – 359)
NA

1651
(339 – 8848)
23
(1.9 – 250)
89
(19 – 509)
226
(45 – 1249)
102
(25 – 479)
597
(132 – 3311)

5867
(1875 – 20438)
88
(14 – 520)
292
(92 – 866)
832
(269 – 3169)
388
(106 – 1512)
2152
(617 – 7452)

4093
(1315 – 12083)
73
(13 – 221)
226
(68 – 680)
562
(178 – 16669)
305
(107 – 875)
1531
(490 – 4360)

2296
(571 – 6153)
47
(8.4 – 140)
127
(8.5 – 415)
300
(71 – 738)
162
(34 – 500)
880
(201 – 2115)

3006
(772 – 10164)
35
(5.0 – 130)
185
(52 – 574)
391
(98 – 1360)
197
(41 – 754)
1070
(256 – 3613)

4385
(339 – 59958)
65
(1.9 – 541)
260
(8.5 – 2635)
574
(45 – 16669)
307
(25 – 8257)
1635
(132 – 26558)

47
(6.2 – 375)
169
(23 – 1690)
27
(1.4 – 384)
30
(1.7 – 338)
131
(4.1 – 1724)
50
(1.6 – 742)
75
(1.6 – 977)

The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannaq 1999, Tassiilaq 2000, Sisimiut 2002 – 2003, Qaannaq 2003, Nuuk 2005,
Quegertarsuaq 2006 and Narsaq 2006; b arithmetic mean age and range of group sampled; c number of individuals sampled.

a

5.1.3.2. Men and women of reproductive age 		
blood monitoring
Deutch and Hansen also collected samples from men
and women of reproductive age (20 to 50 years). These
individuals had a much higher participation rate than the
maternal groups previously discussed and the sample
could be drawn from a broader range of communities.
This allowed a group of approximately 600 men and
women of reproductive age to be collected between
1999 and 2006 from eight Greenland districts. The five
districts presented here were not included in the 2003
AMAP assessment (Deutch and Hansen, 2000).
Concentrations of various organochlorine compounds in blood for men and women from five regions
of Greenland are presented in Tables 5.10 and 5.11. A
few general observations can be made in relation to this

large amount of data. Geometric mean concentrations
of p,p’-DDE are the highest of all the POPs measured,
ranging from 404 to 970 µg/kg plasma lipids in men
and 250 to 596 µg/kg plasma lipids in women. The
PCB congener CB153 was found at concentrations
approaching those for DDE and was followed by
CBs 180 and 138 and the chlordane metabolite, transnonachlor. Concentrations of almost all contaminants
are higher in men and women from Qaanaaq than
all other communities and this is probably due to the
higher intake of traditional food there (Deutch et al.,
2007a). In comparing the results for all eight districts for
men and women (see the final column in Tables 5.10 and
5.11) it is clear that men have higher concentrations of
contaminants (trans-nonachlor, HCB, mirex, toxaphene
and all four PCB congeners). The small difference in
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Table 5·11. Concentrations of POPs (µg/kg plasma lipids) in Inuit women of reproductive age from Greenland. Data show geometric
mean (and range) for specified period of sampling. Source: Deutch et al. (2004, 2007a), Deutch, B., pers. comm. (2007).
Sisimiut
2002 – 2003
33 (20 – 50) b
n = 42 c

Qaanaaq
2003
33 (20 – 50) b
n = 34 c

Nuuk
2005
36 (30 – 50) b
n = 45 c

Quegertarsuaq
2006
34 (20 – 50) b
n = 44 c

Narsaq
2006
35 (20 – 50) b
n = 42 c

All Greenland a
1999 – 2006
33 (18 – 50) b
n = 299 c

35 (2.0 – 290)
77 (7.7 – 564)

164 (5.4 – 1249)
278 (19 – 1530)

25 (4.0 – 250)
62 (9.3 – 471)

45 (3.8 – 403)
100 (11 – 687)

69 (7.0 – 670)
144 (18 – 1158)

82 (20 – 2132)
149 (7.7 – 1530)

3.8 (1.3 – 56)

21 (1.7 – 131)

4.3 (1.1 – 24)

7.2 (2.7 – 48)

12 (3.0 – 143)

13 (1.1 – 359)

p,p’-DDE

250 (37 – 1453)

581 (28 – 3296)

283 (51 – 1617)

364 (34 – 2388)

596 (54 – 3148)

553 (28 – 3296)

DDE:DDT

65 (13 – 270)

28 (8.5 – 120)

66 (9.5 – 280)

51 (10 – 270)

50 (5.2 – 410)

42 (5.2 – 410)

HCB

68 (11 – 308)

152 (13 – 639)

52 (22 – 265)

99 (12 – 984)

95 (19 – 342)

102 (11 – 984)

β-HCH

7.1 (1.4 – 33)

29 (1.8 – 139)

4.1 (1.1 – 38)

7.1 (1.0 – 66)

10 (1.7 – 42)

14 (0.8 – 291)

Mirex

5.6 (1.4 – 24)

18 (1.8 – 99)

4.7 (1.0 – 49)

5.9 (1.0 – 63)

12 (1.0 – 77)

12 (0.8 – 234)

Total Toxaphene
parlar 26

40 (6.8 – 218)

110 (9.2 – 614)

41 (5.5 – 200)

55 (5.3 – 391)

70 (5.0 – 707)

76 (5.0 – 941)

13 (1.4 – 87)

40 (1.8 – 247)

8.9 (1.3 – 40)

20 (2.0 – 137)

27 (2.0 – 280)

26 (1.3 – 373)

parlar 50

18 (1.4 – 126)

61 (1.8 – 362)

16 (1.8 – 81)

35 (3.3 – 254)

43 (3.0 – 427)

40 (1.4 – 528)

950 (168 – 3824)

2819 (222 – 15858)

970 (272 – 6764)

CB118

21 (3.1 – 114)

58 (3.0 – 263)

20 (2.2 – 119)

28 (3.0 – 258)

36 (5.7 – 204)

43 (2.2 – 575)

CB138

54 (11 – 277)

155 (13 – 700)

59 (20 – 350)

69 (9.0 – 417)

146 (18 – 204)

139 (9.5 – 2125)

CB153

128 (20 – 354)

385 (30 – 2350)

126 (33 – 926)

144 (22 – 896)

286 (31 – 1463)

283 (20 – 4870)

CB180

54 (8.4 – 201)

171 (21 – 1268)

63 (13 – 500)

73 (8.0 – 583)

132 (15 – 605)

140 (8.0 – 3594)

353 (67 – 1384)

1043 (99 – 5980)

358 (97 – 2427)

430 (58 – 2500)

807 (93 – 3571)

825 (58 – 13242)

Oxychlordane
Transnonachlor
p,p’-DDT

PCBs
Aroclor 1260

Σ14 PCBs

1117 (184 – 10609) 2259 (253 – 10609) 2213 (168 – 36380)

The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannaq 1999, Tassiilaq 2000, Sisimiut 2002 – 2003, Qaannaq 2003, Nuuk 2005,
Quegertarsuaq 2006 and Narsaq 2006; b arithmetic mean age and range of group sampled; c number of individuals sampled.

a

average age between the men and women sampled is
unlikely to explain the higher concentrations in men.
It is more likely that the ability of women to lose these
contaminants through pregnancy and breast feeding,
as well as dietary differences, are the major explanatory
factors.
By comparing organochlorine concentrations in
men by age class (Table 5.12) it is apparent that the
concentrations of these contaminants increase twoto three-fold with each age class (35-38, 42-50, 51-77
years), which indicates age-related bioaccumulation
of organochlorine compounds. Further data analysis
showed that age, gender, and district or n-3 fatty
acid intake (a surrogate for marine mammal intake)
are the strongest predictors for higher human body
burdens of organochlorines or heavy metals. Smoking

has also been found to correlate with contaminant
concentrations (Deutch and Hansen, 2000; Deutch et
al., 2007a).
A summary of total Hg, Se, Pb, and Cd concentrations
in blood for women and men in various Greenland
communities (Tables 5.13 and 5.14) shows markedly
higher concentrations of Hg in men and women
from Qaanaaq, which is thought to be due to the
higher intake of traditional food there and possibly
the higher concentrations of Hg in marine mammals
from northwestern Greenland (Deutch et al., 2007a).
On average, concentrations of total Hg in men exceed
those in women (20 vs 13 µg/L whole blood – all eight
regions). Lead is also higher among men than women
(43 vs 27 µg/L whole blood – all eight regions), although
Nuuk and Qaanaaq both have higher concentrations.
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Table 5·12. Concentrations of POPs (µg/kg plasma lipids) in Inuit men from Nuuk, Greenland by age class. Data show geometric
range mean (and range) for 2005. Source: Deutch et al. (2007a), Deutch, B., pers. comm. (2007).

Age class
36 ( 35 – 38) a
n = 3b

46 (42 – 50) a
n = 16 b

61 (51 – 77) a
n = 31 b

All ages
55 ( 35 – 77) a
n = 50 b

98 (85 – 111)
199 (171 – 231)

193 (25 – 575)
449 (69 – 1220)

446 (125 – 1724)
934 (338 – 3793)

302 (25 – 1724)
657 (68 – 3793)

p,p’-DDT

14 (13 – 16)

18 (1.4 – 72)

31 (10 – 106)

25 (1.4 – 106)

p,p’-DDE

760 (442 – 1304)

919 (232 – 2352)

1818 (437 – 10344)

1351 (232 – 10344)

DDE:DDT

55 (28 – 104)

51 (19 – 170)

58 (28 – 101)

55 (19 – 170)

HCB

114 (81 – 159)

218 (40 – 647)

405 (146 – 1149)

302 (40 – 1149)

β-HCH

12 (9.7 – 16)

25 (1.4 – 65)

49 (22 – 149)

36 (1.4 – 149)

Mirex

20 (13 – 30)

32 (7.0 – 120)

88 (19 – 321)

56 (7.0 – 321)

Total Toxaphene

103 (100 – 106)

219 (31 – 560)

347 (134 – 1413)

274 (31 – 1413)

parlar 26

21 (20 – 22)

46 (6.2 – 119)

77 (31 – 310)

59 (6.2 – 310)

parlar 50

41 (40 – 42)

87 (13 – 220)

135 (50 – 551)

107 (13 – 551)

3083 (2429 – 3983)

4262 (1315 – 12083)

9163 (3728 – 27586)

6527 (1315 – 27586)

CB118

57 (34 – 94)

76 (13 – 220)

170 (63 – 540)

119 (12 – 540)

CB138

177 (135 – 232)

234 (68 – 680)

463 (203 – 1264)

342 (68 – 1264)

CB153

422 (342 – 521)

585 (178 – 1666)

1290 (491 – 4022)

909 (178 – 4022)

CB180

208 (157 – 275)

322 (106 – 875)

823 (260 – 2643)

542 (106 – 2644)

1600 (490 – 4361)

3594 (1396 – 11112)

2509 (490 – 11112)

Oxychlordane
Trans-nonachlor

PCBs
Aroclor 1260

Σ14 PCBs
a

1123 (875 – 1442)

Arithmetic mean age and range of group sampled; number of individuals sampled.
b

Table 5·13. Concentrations of metals (µg/L whole blood) in Inuit women of reproductive age, Greenland. Data show geometric mean
(and range) for specified period of sampling. Source: Deutch et al. (2004, 2007a), Deutch, B., pers. comm. (2007).
Sisimiut
2002 – 2003
32 (20 – 50) b
n = 42 c

Qaanaaq
2003
32 (20 – 50) b
n = 36 c

Nuuk
2005
36 (20 – 50) b
n = 45 c

Quegertarsuaq
2006
34 (20 – 50) b
n = 44 c

Narsaq
2006
35 (20 – 50) b
n = 42 c

All Greenland a
1999 – 2006
33 (18 – 50) b
n = 299 c

Total Hg

8.2 (1.2 – 33)

50 (5.7 – 164)

2.2 (0.5 – 10)

18 (3.5 – 65)

13 (4.1 – 60)

13 (0.5 – 164)

Se

158 (69 – 363)

502 (120 – 1910)

124 (58 – 428)

213 (86 – 798)

140 (85 – 409)

196 (58 – 1910)

Pb
Cd

30.2 (8.0 – 118)
0.8 (0 – 5.3)

41 (18 – 164)
1.7 (0 – 11)

16 (5.0 – 101)
0.8 (0 – 2.5)

16 (2.8 – 84)
0.8 (0 – 2)

18 (2.0 – 404)
1.1 (0 – 6.4)

26.8 (2.1 – 404)
1.1 (0 – 11)

The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannaq 1999, Tassiilaq 2000, Sisimiut 2002 – 2003, Qaannaq 2003, Nuuk 2005,
Quegertarsuaq 2006 and Narsaq 2006; b arithmetic mean age and range of group sampled; c number of individuals sampled.

a

Table 5·14. Concentrations of metals (µg/L whole blood) in Inuit men, Greenland. Data show geometric mean (and range) for specified
period of sampling. Source: Deutch et al. (2004, 2007a), Deutch, B., pers. comm. (2007).
Sisimiut
2002 – 2003
31 (20 – 50) b
n = 52 c

Qaanaaq
2003
34 (20 – 50) b
n = 43 c

Nuuk
2005
44 (20 – 50) b
n = 19 c

Quegertarsuaq
2006
35 (20 – 50) b
n = 35 c

Narsaq
2006
39 (20 – 50) b
n = 29 c

All Greenland a
1999 – 2006
35 (18 – 50) b
n = 314 c

6.5 (1.4 – 23)

54 (2.3 – 240)

16 (3.0 – 52)

22 (3.5 – 79)

10 (3.0 – 25)

20 (1.4 – 240)

Se

141 (59 – 1457)

468 (73 – 1379)

274 (95 – 1241)

255 (86 – 2258)

132 (72 – 397)

219 (59 – 2258)

Pb
Cd

39 (12 – 267)
1.2 (0 – 7.6)

50 (14 – 231)
1.4 (0 – 7.5)

52 (16 – 127)
1.4 (0.4 – 6.2)

23 (9.3 – 102)
0.7 (0 – 3.5)

20 (3.6 – 20)
0.8 (0 – 5.4)

43 (3.6 – 380)
1.4 (0 – 7.6)

Total Hg

a
The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannaq 1999, Tassiilaq 2000, Sisimiut 2002 – 2003, Qaannaq 2003, Nuuk 2005, Quegertarsuaq 2006 and Narsaq 2006; b arithmetic mean age and range of group sampled; c number of individuals sampled.
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5.1.4. Iceland

For mothers from all regions of Iceland the
concentrations of p,p’-DDE and CB153 decreased
significantly between 1995 and 2004 (Table 5.15). The
concentration of oxychlordane is low and has not
changed significantly.
Breaking down the data for 2004 by the city of the
mothers’ residence, there does not appear to be any one
city for which concentrations are consistently higher
than in any other (Table 5.16). The trend assessment in
Table 5.15 was also carried out only for Reykjavik, the
only city sampled in 1995, and a similar temporal trend
was found for this city alone (data not shown). A recent
food intake survey from 2002 revealed a reduction in
fish consumption (about 30%) between 1990 and 2002
(Steingrímsdóttir et al., 2003). This was especially evident
among young adults, and seems to be the most likely

Concentrations of POPs in maternal plasma from
Iceland have been monitored in three studies (1995,
1999, and 2004). Results from the first two studies were
reported in earlier AMAP assessments (AMAP, 1998,
2003). A similar suite of contaminants were measured
in all three studies and all samples were collected
from pregnant women during their third trimester
(Olafsdottir, K., pers. comm., 2007). The mean age of
the mothers and the parity did not change significantly
over this period. In 1995, all sampling was conducted
in Reykjavik. In the follow-up studies, sampling was
conducted in other areas, especially coastal villages
where seafood consumption was likely to be above
average. Concentrations of metals in these maternal
blood samples are not available.

Table 5·15. Concentrations of POPs (µg/kg plasma lipids) in Icelandic mothers. Data show geometric mean (and range) for specified period
of sampling. Lipid normalization of data based on average lipid concentrations from 1995. Source: Olafsdottir, K., pers. comm. (2007).
Reykjavik
1995
30 (18 – 41) a
n = 40 b, p = 1.9 c

All Iceland
1999
28.7 (20 – 42) a
n = 39 b, p = 1.9 c

All Iceland
2004
30.3 (20 – 40) a
n = 40 b, p = 1.8 c

SD d

Oxychlordane

6.7 (2.6 – 30)

4.7 (1.3 – 22)

6.5 (1.3 – 22)

ns

p,p’-DDE

113 (42 – 514)

100 (33 – 306)

54 (19 – 226)

p < 0.0001

CB153

68 (26 – 158)

60 (24 – 143)

40 (19 – 98)

p < 0.0001

ns: Not significant.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled; c parity; d significant differences using Kruskal-Wallis Test
(Nonparametric ANOVA) between 1995 and 2004.

Table 5·16. Concentrations of POPs (µg/kg plasma lipids) in maternal blood from Icelandic mothers, by region. Lipid normalization of
data based on average lipid concentrations from 1995. Data show geometric mean for 2004. Source: Olafsdottir, K., pers. comm. (2007).
Reykjavik
2004
31 (20 – 40) a
n = 20 b, p = 1.5 c

Akureyri
2004
31 (22 – 39) a
n = 10 b, p = 2.4 c

Vestmannaeyjar
2004
29 (22 – 39) a
n = 10 b, p = 1.8 c

All regions
2004
30 (20 – 40) a
n = 40 b, p = 1.8 c

Oxychlordane
Trans-nonachlor

5.6
7.2

11
8.9

5.1
6.9

6.4
7.6

p,p’-DDT

2.7

4.0

2.6

3.0

p,p’-DDE

59

53

51

56

DDE:DDT

22

13

33

20

HCB

28

26

29

28

β-HCH

9.1

12

5.3

8.7

Toxaphene
parlar 26

1.4

2.0

1.7

1.6

parlar 50

2.3

3.7

3.8

2.8

PCBs
Aroclor 1260

330

328

CB118

10

12

CB138

23

24

24

23

CB153

41

40

43

41

CB180

22

25

24

23

127

135

132

130

Σ14 PCBs
a

Arithmetic mean age and range of group sampled; b number of individuals sampled; c parity.

347
9.9

333
11
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explanation for the lower contaminant concentrations
in the mothers. Older women were more likely to eat
more fish meals per week than the younger women, and
women from Vestmannaeyjar had a higher consumption
of fish and seabirds than women from the mainland;
however, this was not significantly reflected in plasma
concentrations of organochlorines.
5.1.5. Norway
Concentrations of POPs measured in maternal plasma
from northern Norway (Kirkenes and Bodø) in 1996
and 2004 suggest that contaminant concentrations in
maternal blood are relatively low and declining (Table
5.17). The people in both communities have a similar
exposure to organochlorines due to similarities in
their diet (Odland, J., pers. comm., 2008). Researchers
found that a comparable amount of store-bought
food and ocean and river run fish is consumed in
both communities.
Owing to only two sampling points, possible
community differences, and a limited recent sample size
it is not possible to draw firm conclusions concerning
trends, however, a large maternal blood contaminant
monitoring program is underway in northern Norway
that will soon allow better conclusions on changes in the
concentrations of these contaminants over time.
Table 5·17. Concentrations of POPs (µg/kg plasma lipids) in
maternal plasma from northern Norway. Data show geometric
mean (and range) for specified period of sampling. Source:
Kirkenes (AMAP, 1998), Bodø (SPFO, 2005).
Kirkenes 1996
29 (19 – 44) a
n = 66 b

Bodø 2004
30 (20 – 35) a
n = 10 b

Oxychlordane

3.9 (1.6 – 11)

2.6 (1.0 – 6.1)

p,p’-DDE

79 (19 – 436)

67 (26 – 175)

CB153

52 (25 – 130)

23 (10 – 50)

Arithmetic mean age and range of group sampled; number of
individuals sampled.
a

b

5.1.6. Sweden
Studies examining the concentrations of contaminants
in maternal blood were undertaken in the Kiruna
region of Arctic Sweden in 1996 and 2007. The samples
consisted of consecutive pregnant women coming for
a prenatal visit to the maternity ward in Kiruna. The
pregnancy was their first, they were aged between 22
and 33 years, and they had lived in the Kiruna area
for more than 20 years. The mothers were of Sami and
Swedish ethnicity. Because there are no dietary or other
social or environmental differences between these two
groups, ethnicity has no impact on environmental
contaminant exposure in the Kiruna region (Messner,
T., pers. comm., 2008).
Contaminant concentrations were mostly low to
moderate in 1996 and CB153, DDE, Pb and total Hg

Table 5·18. Contaminant concentrations (µg/kg plasma lipids for
POPs, µg/L whole blood for metals) in pregnant women from the
Kiruna region in northern Sweden. Data show geometric mean
(and range) for specified period of sampling. Source: POPs 1996
(Van Oostdam et al., 2004), metals 1996 (Dewailly, E., pers. comm.,
2007), POPs and metals 2007 (Messner, T., pers. comm., 2008).
Sweden 1996
29 (22 – 33) a
n = 40 b
n=23 c

Sweden 2007
27 (22 – 33) a
n = 25 b
n=23 c

1.9 (0.83 – 4.0)

nd

p,p’-DDE

84 (34 – 444)

34 (11 – 119)

p < 0.001

CB153

69 (29 – 161)

27 (11 – 62)

p < 0.001

1.3 (0.60 – 6.2)

0.7 (0.2 – 3.4)

p = 0.003

18 (10 – 35)

8.0 (5 – 35)

p < 0.001

Oxychlordane

Total Hg
Pb

Significant
difference,
p< 0.05

nd: Not detected.
a
Arithmetic mean age and range of group sampled; b number of
individuals sampled for organochlorines; c number of individuals
sampled for metals.

decreased significantly between 1996 and 2007 (Table
5.18), for example concentrations of DDE and Hg
decreased from 84 to 34 µg/kg plasma lipids and 1.3
to 0.7 µg/L whole blood, respectively. Other studies in
Sweden have also found decreasing concentrations of
various POPs in breast milk and have indicated that
this may be due to dietary advice to women indicating
that they should limit their consumption of various fish
species (FSB, 2007).
5.1.7. Finland
New data for maternal blood concentrations of
organochlorine pesticides and metals are not
available for Finland. Instead, this section presents the
concentrations of organochlorine pesticides in breast
milk from primipara (first-time) mothers from southern
(non-Arctic), central (non-Arctic), and northern (Arctic)
Finland. The breast milk studies took place between
1987 and 2005, making trend analyses and regional
comparisons possible. Analyses for dioxins, furans
and PCBs were undertaken on the earlier samples, and
analyses of the more recent samples also included DDT
and DDE.
The concentration of CB153 in breast milk from
primipara mothers from both southern and central
Finland decreased markedly between 1987 and 2005
(Table 5.19). In southern Finland, there was about a
three-fold decrease in CB153 (from 113 µg/kg lipids to
30 µg/kg lipids) and in central Finland about a fourfold decrease (from 93 µg/kg lipids to 21 µg/kg lipids).
A statistical analysis of the trend was not possible
because the more recent data (2000 and 2005) were
only available as a single analysis of pooled samples.
Because the mothers were all primipara and similar in
age, these factors should not affect the trend. It can also
be seen that concentrations of CB153 are slightly higher
in southern Finland than in central Finland.
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Table 5·19. Trends in CB153 concentrations (µg/kg lipids) in breast milk from primipara mothers in southern (non-Arctic) and (nonArctic) central Finland. Data show arithmetic mean (and range) for specified period of sampling. Source: 1987 (Vartiainen et al.,
1997), 1993 – 1994, 2000, 2005 (Kiviranta, H., pers. comm., 2007).
Southern Finland

CB153
a

Central Finland

1987
26.9 (20-37) a
n = 47 b

1993-1994
27.9 (19-36) a
n = 14 b

2000
29 (22-35) a
n = 23 b

2005
28.7 (20-39) a
n = 35 b

1987
25.4 (19-34) a
n = 37 b

1993-1994
27 (18-39) a
n = 28 b

2000
29.5 (22-36) a
n = 12 b

2005
27.3 (19-40) a
n = 31 b

113 (48-373)

85 (24-148)

40 c

30 c

93 (39-209)

52 (18-110)

34 c

21 c

Arithmetic mean age and range of group sampled; b number of individuals sampled; c pooled samples.

In 2005, data for DDT, DDE, other organochlorines, and
PCBs in breast milk of primipara mothers from southern,
central, and northern (Arctic) Finland became available
(Table 5.20). Concentrations of organochlorine pesticides
in breast milk were consistently higher in women from
southern Finland (non-Arctic) relative to those from
central Finland (non-Arctic) and northern Finland (Arctic).
The analyses were on a composite basis so only mean
concentrations were available. The highest concentrations
of DDT, DDE, and PCBs were seen in southern Finland
and lower and more similar concentrations were seen in
central and northern Finland.
Table 5·20. Concentrations of POPs (µg/kg lipids) in pooled breast
milks from primipara mothers in southern (non-Arctic), central
(non-Arctic), and northern (Arctic) Finland. Data show geometric
mean for 2005. Source: Kiviranta, H., pers. comm. (2007).
Southern
Central
Northern
Finland
Finland
Finland
2005
2005
2005
28.7 (20 – 39) a 27.3 (19 – 40) a 26.3 (21 – 41) a
n = 35 b
n = 31 b
n = 11 b
Oxychlordane
Trans-nonachlor

1.5
3.3

0.5
2.2

1.1
2.8

p,p’-DDT

3.1

1.7

2.4

p,p’-DDE

56

40

36

DDE:DDT

18

18

15

HCB

2.8

2.4

2.9

β-HCH

5.4

2.8

3.9

< 0.5

< 0.5

< 0.5

parlar 26

1.1

< 0.5

< 0.5

parlar 50

2.3

1.0

1.3

Mirex
Toxaphene

PCBs
Aroclor 1260 c
CB118

240
6.7

173
3.6

165
3.1

CB138

16

12

11

CB153

30

21

20

CB180

14

11

11

Σ14 PCBs

88

63

60

a
Arithmetic mean age and range of group sampled; b number of
individuals sampled; c Aroclor 1260 quantified as 5.2 (CB138 + CB153),
CB28, CB52, CB99, CB101, CB105, CB118, CB128, CB138, CB153,
CB156, CB170, CB180, CB183, and CB187.

There was no clear explanation for the differences
observed in organochlorine pesticide concentrations
in breast milk between the southern and the central
and northern parts of Finland (Kiviranta, H., pers.
comm., 2007). The difference may be related to higher
contaminant concentrations in the fish consumed by the
women. People living in southern Finland commonly
consume Baltic Sea fish that have higher concentrations
of organochlorine pesticides than the inland lake fish
and ocean fish consumed in central and northern Finland
(Kiviranta, H., pers. comm., 2007). Also, the mothers
from the southern parts of Finland are slightly older
than those in the central and northern parts of Finland.
5.1.8. Russia
The Russian Federation undertook a research project
entitled the Persistent Toxic Substance, Food Security
and Indigenous Peoples of the Russian North, 2001 –
2004 (AMAP, 2004b). This project was only possible due
to the support of the North-West Public Health Research
Centre (NWPHRC), AMAP, the Global Environment
Facility (GEF), and the Russian Arctic Indigenous
Peoples Organization (RAIPON). Data published in
the first report on this project (AMAP, 2004b) were
mainly blood data from one of the four participating
laboratories and so represented only a section of the
populations investigated. Additional data from four
main Arctic regions, and from Kamchatka and the
Commander Islands, were available for the present
assessment. The first report (AMAP, 2004b) included
data for 220 pregnant women and 240 other adults (men
and women) whereas this assessment presents data for
346 pregnant women and 360 other adults. Additional
samples came from archived samples collected during
2001 to 2003 by the same sampling program.
The five regions covered in this assessment include
the Kola Peninsula (Murmansk Oblast), the Pechora
River Basin (Nenetskiy Autonomous Okrug), the Taymir
Peninsula (Taymyrskiy AO), the Chukotka Peninsula
(Chukotskiy AO), the Kamchatka Peninsula, and the
Commander Islands (Kamchatskaya Oblast). There are
more than 120 settlements of indigenous peoples within
the study area. Ethnic groups within these settlements
(containing a relatively small overall number of
residents) represent almost two-thirds of the overall
ethnic composition of indigenous peoples of the Russian
Arctic. Blood samples were collected for contaminant
analyses and all participants answered dietary and
lifestyle questionnaires.
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5.1.8.1. Organochlorines
Concentrations of organochlorines in blood for pregnant
women from the Chukotka Peninsula coastal region
were higher than in the other regions (Table 5.21). For
example, concentrations of oxychlordane were more
than 30-fold higher, concentrations of HCB three- to
eight-fold higher, and concentrations of β-HCH twoto six-fold higher. The highest concentrations of PCBs
were also found in pregnant women from the Chukotka
Peninsula coastal region.
Table 5.21 also shows that the concentrations of DDT
(48 µg/kg plasma lipids) and DDE (452 µg/kg plasma
lipids) in pregnant ethnic Russian women from the
Norilsk area were elevated relative to those in pregnant
women from other areas. However, concentrations
of DDE are generally high in all communities. High
concentrations of the parent compound DDT is often
associated with recent use of this pesticide. In Russia,
household/environmental use of insecticides, secondhand use of waste technical containers and barrels
for souring plants and vegetables, home-made alcohol
fermentation, and water storage are possible sources for

a number of these contaminants. Additional information
about the contamination of food during processing in
the household environment is given in Chapter 3.
Concentrations of organochlorines in the blood of
the general indigenous northern population of women
(Table 5.22) show a very similar pattern to that for
pregnant women (Table 5.21). The highest concentrations
of contaminants were commonly found in women and
men from the Chukotka Peninsula coastal area (Tables
5.22 and 5.23), with concentrations greatest in Chukchi
and Inuit men. This ‘Chukotka Peninsula pattern’ of
contaminants in all groups studied (pregnant women,
and women and men from the general population) is
likely to be due to marine mammal consumption, but
also to the widespread practices in Chukotka of homeproducing alcohol in waste barrels, specific methods
of food conservation (ground pits – due to soil/ground
water contamination), and retail accessibility to Chineseproduced insecticides (Dudarev, A., pers. comm., 2008).
Men often have higher concentrations of
bioaccumulative-lipophilic contaminants as they may
consume more contaminated foods, and do not have the

Table 5·21. Concentrations of POPs (µg/kg plasma lipids) in pregnant women by area and ethnicity in Russia. Data show geometric
mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al. (2003),
Dudarev et al. (2003), Konoplev et al. (2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Pechora
River Basin

Taymir
Peninsula

Norilsk

Kamchatka

Coastal

Inland

Chukchi & Inuit

Chukchi

Saami, Nenets
& Komi

Nenets

Dolgan

Ethnic
Russian

Koryak &
Even

26 (15 – 41) a
n = 68 b

25 (18 – 40) a
n = 58 b

22 (18 – 32) a
n = 16 b

23 (16 – 38) a
n = 38 b

27 (16 – 42) a
n = 69 b

27 (16 – 37) a
n = 59 b

21 (15 – 39) a
n = 8b

41
(0.98 – 550)

1.8
(0.98 – 24)

1.3
(0.98 – 4.6)

1.6
(0.95 – 8.4)

2.0
(0.98 – 15)

1.1
(0.98 – 7.2)

3.7
(0.98 – 11)

Transnonachlor

64
(7.1 – 531)

6.5
(2.1 – 37)

4.1
(2.1 – 18)

4.7
(2.1 – 44)

12
(2.1 – 63)

3.4
(2.1 – 15)

16
(4.6 – 75)

p,p’-DDT

32
(8.6 – 171)

30
(8.6 – 146)

35
(8.6 – 114)

38
(8.6 – 264)

30
(8.6 – 121)

48
(12 – 895)

16
(8.6 – 48)

p,p’-DDE

323
(106 – 997)

202
(10 – 907)

294
(110 – 937)

227
(8.6 – 777)

214
(30 – 1093)

452
(113 – 2806)

249
(147 – 350)

HCB

183
(46 – 863)

74
(20 – 389)

49
(21 – 233)

81
(21 – 297)

82
(10 – 300)

37
(11 – 176)

41
(27 – 78)

β-HCH

237
(47 – 1086)

95
(13 – 354)

23
(2.9 – 246)

47
(2.9 – 161)

93
(2.9 – 433)

149
(2.9 – 816)

69
(43 – 150)

1092
(217 – 4271)
40
(9.0 – 125)
50
(10 – 213)
49
(13 – 168)
159
(27 – 687)
33
(8.0 – 148)

239
(63 – 1209)
11
(4.3 – 104)
24
(4.3 – 200)
16
(7.1 – 103)
29
(5.0 – 140)
8.9
(2.9 – 42)

357
(63 – 776)
13
(4.3 – 29)
25
(4.3 – 86)
31
(7.1 – 81)
37
(5.0 – 71)
13
(2.9 – 40)

459
(63 – 2191)
11
(4.3 – 33)
17
(4.3 – 43)
22
(7.1 – 80)
64
(5.0 – 341)
25
(3.0 – 186)

451
(111 – 1746)
18
(4.3 – 51)
32
(4.3 – 122)
29
(7.1 – 106)
57
(14 – 230)
20
(2.9 – 80)

334
(63 – 1472)
20
(4.3 – 70)
31
(8.6 – 194)
23
(7.1 – 83)
40
(5.0 – 200)
11
(2.9 – 51)

293
(125 – 464)
11
(4.3 – 27)
23
(8.7 – 36)
15
(7.1 – 28)
41
(17 – 74)
12
(6.7 – 17)

Oxychlordane

PCBs
Aroclor
1260
CB99
CB118
CB138
CB153
CB180
a

Kola
Peninsula

Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Table 5·22. Concentrations of POPs (µg/kg plasma lipids) in women (general population) by region and ethnicity in Russia. Data
show geometric mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger
et al. (2003), Dudarev et al. (2003), Konoplev et al., 2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Kola Peninsula

Pechora River
Basin

Taymir
Peninsula

Commander
Islands

Nenets

Dolgan

Aleuts

37 (18 – 65) a
n = 31 b

44 (20 – 72) a
n = 40 b

34 (18 – 46) a
n = 49 b

Coastal

Inland

Lovosero

Krasnoschelye

Chukchi &
Inuit
38 (21 – 69) a
n = 26 b

Chukchi
37 (19 – 81) a
n = 28 b

Saami, Nenets
and Komi
47 (26 – 76) a
n = 17 b

Saami, Nenets
and Komi
44 (18 – 78) a
n = 47 b

Oxychlordane

35
(3.0 – 305)

4.3
(0.8 – 71)

1.7
(0.8 – 7.6)

–c

1.6
(0.8 – 9.9)

5.1
(0.8 – 33)

2.0
(0.8 – 27)

Transnonachlor

145
(18 – 965)

19
(2.5 – 244)

15
(6.8 – 44)

6.2
(2.5 – 103)

7.2
(2.5 – 46)

15
(2.5 – 138)

27
(5.7 – 241)

p,p’-DDT

29
(10 – 116)

18
(10 – 80)

60
(25 – 169)

71
(19 – 682)

66
(10 – 530)

34
(10 – 93)

34
(10 – 217)

p,p’-DDE

350
(77 – 1128)

187
(50 – 415)

484
(62 – 1517)

411
(14 – 7547)

349
(39 – 1969)

200
(11 – 763)

389
(8.3 – 4805)

HCB

115
(14 – 570)

125
(41 – 429)

126
(65 – 193)

94
(8.7 – 290)

134
(44 – 376)

215
(8.5 – 593)

70
(27 – 718)

β-HCH d

285
(36 – 1363)

29
(3.3 – 259)

163
(15 – 693)

125
(3.3 – 636)

96
(24 – 612)

176
(21 – 649)

103
(29 – 454)

790
(144 – 4709)
53
(7.7 – 207)
73
(12 – 306)
122
(23 – 697)
300
(52 – 1819)
77
(12 – 625)

106
(40 – 495)
11
(5.0 – 46)
25
(5.0 – 93)
18
(8.3 – 64)
38
(13 – 201)
12
(3.3 – 56)

230
(106 – 620)
17
(5.0 – 32)
44
(19 – 118)
41
(17 – 137)
80
(31 – 194)
38
(20 – 107)

240
(32 – 777)
43
(5.0 – 665)
49
(5.0 – 222)
52
(8.3 – 171)
74
(8.5 – 286)
23
(3.3 – 117)

197
(27 – 1757)
22
(5.0 – 1468)
32
(5.0 – 933)
37
(8.3 – 475)
66
(5.8 – 464)
18
(3.3 – 185)

176
(36 – 558)
13
(5.0 – 86)
28
(5.0 – 138)
34
(8.3 – 121)
59
(11 – 208)
16
(3.3 – 81)

251
(81 – 1602)
25
(5.0 – 193)
37
(5.0 – 298)
48
(13 – 301)
85
(27 – 555)
28
(3.3 – 175)

PCBs
Aroclor
1260
CB99
CB118
CB138
CB153
CB180

Arithmetic mean age and range of group sampled; b number of individuals sampled; c thirty samples were missing from Krasnoschelye; d ten samples for
β-HCH were missing from one lab, all in the same area (Kanchalan), thus will give an artificially low estimate.

a

ability to excrete contaminants through lipid transfer
during pregnancy or breast feeding of infants. DDE
concentrations are much higher in men, as expected, and
a number of regions also have high concentrations of DDE
(Chukotka Inland, Kola Peninsula, Taymir Peninsula).
Markedly higher concentrations of DDE were also found
in the Aleuts from the Commander Islands.
5.1.8.2. Metals
Table 5.24 presents the concentrations of Hg, Pb and
Cd in maternal blood by region in Russia. The highest
concentration of Hg in blood for pregnant women was
seen among the Dolgani from the Taymir Peninsula and
the lowest concentration was seen in ethnic Russians
from Norilsk (1.8 vs 0.8 µg/L whole blood). The highest
concentration of Pb was seen in pregnant women from
the Taymir Peninsula and the lowest seen in ethnic
Russians from Norilsk (49 vs 20 µg/L whole blood).
For Cd, the highest concentrations are among coastal

Chukchi and Inuit (1.0 µg/L whole blood) and the
lowest in Saami/Komi from the Kola Peninsula (0.3 µg/L
whole blood). Nevertheless, the overall results (Table
5.24) indicate that concentrations of Hg, Pb, and Cd in
pregnant women from Russia are relatively low.
Table 5.25, which shows the concentrations of Hg,
Pb and Cd in the blood of women by region in Russia,
indicates that contaminant concentrations are higher
in women’s blood from the Chukotka Peninsula than
in maternal blood samples from this region. The table
shows that the concentrations of Hg, Pb and Cd were
higher among people from the coastal part of the
Chukotka Peninsula (7.7, 85 and 2.4 µg/L whole blood,
respectivlely) were higher than from the inland part
(5.7, 46, and 0.82 µg/L whole blood, respectively). Higher
exposure to Hg in coastal Chukotka is likely to result
from the higher marine mammal consumption in this
region. Also, the concentrations of Hg, Pb and Cd are
higher among women from the Chukotka Peninsula
and Lovosero regions than among women from the
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Table 5·23. Concentrations of POPs (µg/kg plasma lipids) in men (general population), by region and ethnicity in Russia. Data show
geometric mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al.
(2003), Dudarev et al. (2003), Konoplev et al. (2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Pechora River
Basin

Taymir
Peninsula

Commander
Islands

Coastal

Inland

Lovosero

Krasnoschelye

Chukchi &
Inuit

Chukchi

Saami, Nenets
and Komi

Saami, Nenets
and Komi

Nenets

Dolgan

Aleuts

35 (19 – 68) a
n = 24 b

32 (19 – 54) a
n = 14 b

44 (18 – 77) a
n = 4b

44 (18 – 77) a
n = 15 b

25 (18 – 62) a
n = 13 b

39 (18 – 69) a
n = 12 b

39 (18 – 58) a
n = 40 b

Oxychlordane

91
(0.77 – 534)

3.8
(0.77 – 22)

1.9
(0.77 – 7.7)

1.5
(0.77 – 6.8)

2.1
(0.77 – 24)

3.3
(0.77 – 67)

NAc

Transnonachlor

321
(2.7 – 1267)

23
(8.0 – 10)

29
(15 – 47)

15
(2.7 – 51)

14
(2.7 – 61)

25
(2.7 – 66)

36
(2.7 – 228)

p,p’-DDT

36
(11 – 133)

25
(11 – 43)

105
(50 – 340)

47
(25 – 106)

53
(11 – 114)

32
(11 – 92)

37
(11 – 1265)

p,p’-DDE

637
(243 – 1516)

299
(192 – 580)

872
(345 – 3047)

37
(77 – 1272)

302
(19 – 1871)

322
(165 – 755)

533
(121 – 1807)

HCB

170
(3.6 – 610)

112
(63 – 259)

176
(113 – 231)

122
(36 – 362)

151
(61 – 424)

260
(104 – 1094)

44
(3.6 – 132)

β-HCH

392
(3.6 – 1162)

81
(3.6 – 875)

164
(74 – 297)

122
(49 – 292)

89
(48 – 224)

181
(86 – 340)

25
(3.6 – 359)

1751
(337 – 6014)
113
(30 – 247)
136
(25 – 298)
304
(65 – 960)
807
(149 – 2863)
237
(47 – 934)

147
(101 – 229)
22
(13 – 34)
44
(17 – 82)
32
(24 – 49)
61
(37 – 107)
19
(8.9 – 48)

569
(472 – 725)
32
(24 – 36)
77
(31 – 135)
107
(82 – 155)
251
(219 – 360)
116
(85 – 191)

300
(103 – 787)
19
(5.5 – 55)
36
(13 – 80)
61
(23 – 219)
127
(39 – 310)
69
(15 – 182)

220
(58 – 865)
21
(5.5 – 227)
23
(11 – 60)
45
(9.1 – 185)
93
(28 – 365)
40
(9.1 – 270)

265
(135 – 603)
18
(5.5 – 43)
35
(11 – 113)
57
(32 – 119)
111
(54 – 264)
42
(12 – 122)

176
(24 – 915)
6.3
(5.5 – 91)
8.0
(5.5 – 73)
47
(9.1 – 249)
54
(6.4 – 397)
27
(3.6 – 379)

PCBs
Aroclor
1260
CB99
CB118
CB138
CB153
CB180
a

Kola Peninsula

Arithmetic mean age and range of group sampled; b number of individuals sampled; c not available.

Table 5·24. Concentrations of metals (µg/L whole blood) in pregnant women by region and ethnicity in Russia. Data show geometric
mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007; 2008).
Chukotka Peninsula

Total Hg
Pb
Cd
a

Kola
Peninsula

Pechora
River Basin

Taymir
Peninsula

Norilsk

Kamchatka

Coastal

Inland

Chukchi &
Inuit

Chukchi

Saami, Nenets
and Komi

Nenets

Dolgan

Ethnic
Russians

Koryak &
Even

26 (15 – 41) a
n = 68 b

25 (18 – 40) a
n = 58 b

20 (18 – 23) a
n = 7b

23 (16 – 38) a
n = 38 b

27 (16 – 42) a
n = 69 b

27 (19 – 35) a
n = 10 b

21 (15 – 39) a
n = 89 b

1.3
(0.50 – 6.2)
47
(18 – 227)
1.0
(0.19 – 4.7)

1.4
(0.50 – 7.7)
33
(13 – 92)
0.72
(0.10 – 2.5)

0.89
(0.50 – 2.4)
28
(17 – 52)
0.27
(0.05 – 1.3)

0.93
(0.50 – 5.6)
32
(2.5 – 92)
0.41
(0.05 – 2.8)

1.8
(0.50 – 20)
49
(14 – 224)
0.69
(0.05 – 2.9)

0.83
(0.50 – 3.0)
20
(10 – 37)
0.60
(0.21 – 1.2)

1.1
(1.0 – 2.8)
25
(11 – 53)
0.78
(0.43 – 1.3)

Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Table 5·25. Concentrations of metals (µg/L whole blood) in women’s blood by region and ethnicity in Russia. Data show geometric
mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007).
Chukotka Peninsula

Total Hg
Pb
Cd
a

Kola Peninsula

Pechora River
Basin

Taymir
Peninsula

Commander
Islands

Coastal

Inland

Lovosero

Krasnoschelye

Chukchi &
Inuit

Chukchi

Saami, Nenets
and Komi

Saami, Nenets
and Komi

Nenets

Dolgan

Aleuts

38 (21 – 69) a
n = 26 b

36 (19 – 81) a
n = 18 b

42 (26 – 69) a
n = 11 b

44 (18 – 78) a
n = 47 b

32 (18 – 65) a
n = 23 b

41 (20 – 72) a
n = 28 b

34 (18 – 46) a
n = 49 b

7.7
(2.4 – 23)
85
(41 – 166)
2.4
(0.67 – 9.2)

5.7
(1.0 – 29)
46
(16 – 81)
0.82
(0.18 – 2.1)

7.3
(1.3 – 29)
31
(14 – 165)
0.49
(0.11 – 1.2)

3.3
(1.0 – 8.2)
38
(12 – 343)
1.0
(0.05 – 4.9)

1.7
(0.52 – 4.6)
45
(17 – 184)
0.78
(0.05 – 3.0)

2.2
(0.53 – 6.1)
64
(22 – 123)
0.55
(0.04 – 2.4)

1.3
(1.0 – 8.7)
42
(16 – 158)
0.62
(0.10 – 6.3)

Arithmetic mean age and range of group sampled; b number of individuals sampled.

Kola Peninsula, the Pechora River Basin, the Taymir
Peninsula, and the Commander Island regions. The
higher concentrations of metals in older women from
the coastal Chukotka region are in contrast to the lower
concentrations seen in the Chukotka mothers (Table
5.24), possibly indicating a greater traditional food
consumption by older women.
Concentrations of metals in men’s blood from the
same regions (Table 5.26) show a similar regional pattern
to that for women, with concentrations highest in the
Chukotka region. It is also apparent that concentrations
of Hg, and Pb in men from the coastal part of the
Chukotka region (10 and 129 µg/L whole blood,
respectively) are slightly higher than in women from
this region (7.7 and 85 µg/L whole blood, respectively).
5.1.8.3. Breast milk
Table 5.27 presents the concentrations of various
organochlorine contaminants in the breast milk of
mothers from the Arkhangelsk, Murmansk, and
Chukotka regions of Russia. Concentrations of breast
milk contaminants in the Arctic Russian regions of

Arkhangelsk and Murmansk are available for two
periods separated by five to nine years. The Chukotka
data are only available for the period 2001 to 2002. Care
must be taken in interpreting these data because sample
size is limited in some regions.
Concentrations of oxychlordane in breast milk
samples (Figure 5.3) were about eight-fold higher in
indigenous (Inuit and Chukchi) Chukotka mothers
(41 µg/kg lipids) than ethnic Russian mothers in the
Arkhangelsk (4.9 µg/kg lipids) or Murmansk (5.2 µg/kg
lipids) regions. Although concentrations were lower in
the Arkhangelsk and Murmansk regions they declined
significantly over this period. Concentrations of p,p’DDE (Figure 5.4) show a different pattern with higher
concentrations seen in the ethnic Russian mothers (710
and 748 µg/kg lipids) than in the indigenous mothers
from Chukotka (225 µg/kg lipids). This pattern of higher
oxychlordane concentrations in Chukotka mothers and
higher p,p’-DDE concentrations in ethnic Russians is also
seen in the maternal blood data (Table 5.21). As was the
case for the maternal blood data, consumption of marine
mammals is likely to be the source of oxychlordane,
and commercial foods or local pesticide use may be the

Table 5·26. Concentrations of metals (µg/L whole blood) in men’s blood by region and ethnicity in Russia. Data show geometric
mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007).
Chukotka Peninsula

Total Hg
Pb
Cd
a

Coastal

Inland

Chukchi &
Inuit
35 (19 – 68) a
n = 24 b

Chukchi
29 (19 – 42) a
n = 12 b

10
(3.6 – 26)
129
(73 – 332)
2.6
(1.4 – 6.2)

6.5
(0.50 – 15)
97
(32 – 196)
1.5
(0.05 – 4.6)

Kola Peninsula
Lovosero

Krasnoschelye

Saami, Nenets Saami, Nenets
and Komi
and Komi
40 (24 – 53) a
55 (45 – 77) a
n = 9b
n = 4b
6.6
(0.50 – 22)
58
(21 – 117)
0.60
(0.18 – 1.2)

5.4
(3.0 – 12)
72
(42 – 102)
0.89
(0.38 – 1.7)

Arithmetic mean age and range of group sampled; b number of individuals sampled.

Pechora River
Basin

Taymir
Peninsula

Commander
Islands

Nenets

Dolgan

Aleuts

33 (18 – 62) a
n = 9b

39 (18 – 69) a
n = 12 b

39 (18 – 58) a
n = 40 b

2.4
(1.0 – 4.4)
53
(29 – 85)
0.67
(0.32 – 1.6)

2.9
(1.0 – 7.5)
80
(27 – 189)
0.65
(0.05 – 2.7)

0.72
(0.01 – 226)
47
(13 – 121)
1.6
(0.01 – 8.6)
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Table 5·27. Regional variation and trends in contaminant concentrations (µg/kg lipid) in human breast milk from mothers in Chukotka,
Arkhangelsk and Murmansk, Russia. Data show geometric mean (and range) for specified period of sampling. Source: Arkhangelsk
1996 (Polder et al., 2003), Arkhangelsk 2000 – 2002 (Polder et al., 2008), Murmansk 1993 (Polder et al., 1998), Murmansk 2000 – 2002 (Polder
et al., 2008), Chukotka 2001 – 2002 (Anda et al., 2007b).
Arkhangelsk
Ethnic Russian

Oxychlordane
p,p’-DDE
CB153

1996
22 (17 – 30) a
n = 40 b

2000 – 2002
22 (17 – 27) a
n = 23 b

6.3
(nd – 19)
1114
(352 – 3824)
72
(28 – 213)

4.9
(2 – 10)
710
(216 – 1735)
49
(20 – 112)
5.0
(5.0 – 22)

Toxaphene
parlar 50

na

Murmansk
Ethnic Russian
SD e

p < 0.001
p < 0.05
ns
na

1993
23 (18 – 30) a
n = 8b

2000 – 2002
21 (17 – 32) a
n = 14 b

17 d
(na – na)
1251
(817 – 2816)
116
(66 – 318)

5.2
(na – na)
748
(428 – 1473)
82
(49 – 183)
7.3
(na – na)

na

Chukotka
Indigenous
SD e

p < 0.0001
p < 0.002
p < 0.001
na

2001 – 2002
24 (21 – 30) a
n = 48 c
41
(2 – 1070)
225
(62 – 812)
82
(15 – 1252)
9.0
(> 0.5 – 112)

na: Not available; nd: not detected; ns: not significant.
a
Arithmetic mean age and range of group sampled; b number of primipara mothers sampled; c number of primipara and multipara mothers sampled;
d
n = 3 in 1993 for oxychlordane; e significant difference.

Finland, Murmansk, 1993; Arkhangelsk, 1996

Finland, 2005; Russia, 2000-2002

Oxychlordane concentration, μg/kg lipid
45
40
35
30
25
20
15
10
5
0
Southern
Finland

Central
Finland

Northern Murmansk Arkhangelsk Chukotka
Finland
Russia
Russia
Russia

Figure 5·3. Oxychlordane concentrations in breast milk from
various regions of Finland and northern Russia.

DDE concentration, μg/kg lipid
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Figure 5·4. DDE concentrations in breast milk from various
regions of Finland and northern Russia.
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Figure 5·5.
concentrations in breast milk from
113PCB
85 (CB153)
40
various regions of Finland and northern Russia.
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reason for the increased p,p’-DDE concentrations. The
decline in p,p’-DDE and oxychlordane concentrations
may indicate that commercial foodstuffs in Russia have
lower concentrations of these contaminants or that there
is less use of these compounds for local pest control.
The concentration of CB153 in the breast milk of
Russian mothers (Figure 5.5) does not follow the pattern
seen in maternal blood or for oxychlordane in breast
milk, where higher concentrations were seen in coastal
Chukotka mothers. Significant declines in CB153 were
seen in both Arkhangelsk (72 to 49 µg/kg lipids) and
Murmansk (116 to 82 µg/kg lipids) in maternal breast
milk and Chukotka mothers had similar concentrations
to those in Murmansk. However, the sample size is
limited so the data should not be over-interpreted as
they may simply represent the range of variability in
small sub-samples of a population.
5.1.9. Inter-country comparisons and 			

temporal trends in the Arctic

The sampling of human tissue (blood and breast
milk) for contaminants has taken place in a number
of circumpolar countries since the early 1990s (see
Figure 5.6). These data sets provide an opportunity to
assess temporal trends and additional inter-country
comparisons of organochlorines and heavy metals in
pregnant women and in some cases, in adults (both
men and women).
This analysis is based on the various population
samples available for each country. The population
sampled and the time periods covered for each
country differ, but overall comparisons can be made.
Some countries have two sampling time points,
while others have several. The pattern of declining
concentrations in countries that have two data points
are similar to trends seen among mothers from parts
of Arctic Canada and Greenland where more frequent
population sampling took place over a similar period.
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The similar patterns strengthen the overall findings
presented in this section.
5.1.9.1. Maternal blood and breast milk comparisons
AMAP has generally used blood as the medium of choice
for evaluating human exposure, although in some cases
breast milk has been used where maternal blood data
were not available.
The United Nations Environment Programme,
in developing a global POPs monitoring program to
support the effectiveness evaluation of the Stockholm
Convention, identified blood, milk, and adipose tissue
as essential indicators for human exposure evaluation
(UNEP, 2003).
Although breast milk is useful in specific instances,
notably when evaluating perinatal health risks, it
suffers from several limitations which make it less than
ideal for population exposure monitoring. Because
concentrations in breast milk can only be determined
after the birth, in utero exposure is not addressed. Also,
because not all environmental contaminants are found
in breast milk, child exposure from other sources may
go unnoticed. In some cultures, women are unwilling
to provide breast milk, but will provide blood samples.
Blood monitoring has a number of advantages
over breast milk in evaluating population exposure.
Blood is universally available from all members of a
population; men, women and children all of whom
are exposed to contaminants through diet (during and
after breast-feeding in the case of infants and children)
or from their immediate environment. Blood is easy
to collect using standard techniques known to local
health care workers (little training required) and cross
contamination is rare. Blood concentrations accurately
reflect the body burden of most contaminants, whether
lipophilic, protein-bound, or ionic. For weakly
lipophilic compounds, concentrations are much higher
in blood than in milk. As an example, perfluorooctane
sulfonate (PFOS) serum concentrations were found to
be 100-fold greater than breast milk concentrations
in paired maternal-newborn samples (Karrman et
al., 2007a). For lipophilic compounds, which include
most POPs, blood concentrations expressed on a lipid
basis are well-correlated with concentrations in other
compartments such as stored fat and breast milk.
Blood concentrations obtained from pregnant women
enable public health action, if required, during the
pregnancy when the fetus is very susceptible to
damage. Occupational and environmental exposure
guidelines based on blood concentrations exist for
many compounds.
Concerns that have been expressed regarding
transmission of infectious diseases through handling of
blood are not warranted. Blood samples are drawn and
processed safely by thousands of health workers daily.
Issues related to blood handling have been addressed by
health practitioners worldwide through the use of universal
precautions and appropriate transportation and storage
protocols. Measurement of contaminant concentrations
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in blood can be performed with accuracy and adequate
sensitivity. Previous studies have shown a very high
correlation between maternal blood concentrations
of organochlorines and breast milk concentrations in
individual mothers, but these are separate population
samples and it is very encouraging that they lead to very
similar conclusions on regional concentrations and trends
(Ayotte et al., 2003; Anda et al., 2007b).
In conclusion, blood and breast milk are both
useful and complementary media for monitoring
environmental contaminants. With regard to blood, the
focus on QA/QC related to the AMAP human health
monitoring has been highly successful and has made
inter-regional and time-trend evaluations meaningful
for Arctic residents, scientists, and policy makers and
as a component of the Stockholm Convention efforts to
evaluate effectiveness.
5.1.9.1.1. Persistent organic pollutants
The results of recent biomonitoring studies reported
in this chapter suggest that the concentrations of
certain POPs (e.g., oxychlordane, DDE) are two- to tenfold higher among Inuit living in eastern parts of the
Canadian Arctic (Baffin and Nunavik) and Greenland
compared to other populations in the Arctic (Norway,
Sweden, Iceland, Dene-Métis from Inuvik Canada, see
Figures 5.7 to 5.10), as was seen in previous assessments
(AMAP, 1998, 2003). There are several cases where
various organochlorines are similarly elevated in
specific regions of Russia. For oxychlordane and CB153,
the highest concentrations were found in maternal blood
of Inuit and Chukchi living in the Chukotka Peninsula
coastal region. These concentrations were slightly
higher than the more recent concentrations among Inuit
mothers from Arctic Canada and Greenland but not
as high as some of those seen in the 1990s from these
regions. Data for organochlorines in Inuit men are also
available for Canada, Greenland, and Russia (Tables 5.7,
5.10, 5.23). The highest concentrations of oxychlordane
and CB153 were seen in Qaanaaq, Greenland. These
varying inter-country comparisons indicate the need for
further time trend and regional monitoring. In Russia,
the DDE concentrations in maternal blood were elevated
in non-indigenous (ethnic Russian) and indigenous
populations. The highest DDE concentration (452 µg/
kg plasma lipids) was found among pregnant ethnic
Russian women in the Norilsk area (Figure 5.7). This
elevation of DDE in the Russian population is likely to
be due to the use of DDT in the commercial Russian
food supply or its use for residential or environmental
pest control.
As shown in Figures 5.7 to 5.10, the data sets suggest
that concentrations of legacy POPs have decreased in
many populations compared to the data presented in
the two previous AMAP assessments (AMAP, 1998,
2003). Notable decreases occurred in concentrations
of oxychlordane, DDE and CB153 in maternal blood
of Inuit living in parts of the eastern Canadian Arctic
(Baffin and Nunavik) and Disko Bay in Greenland.
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Figure 5·6. Locations and
ethnicity of populations
included in AMAP human
health studies.
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Figure 5·7. DDE (p,p’-DDE)
concentrations in blood of
mothers, pregnant women and
women of child-bearing age in
the circumpolar countries.
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There are exceptions to the overall decreases in
POPs concentrations in maternal blood samples in
the circumpolar region. In Nuuk, Greenland, where
only intermediate concentrations of contaminants
were found in mothers during the 1990s, due to lower
marine mammal consumption, annual changes are
variable and there has been no significant decline in the
concentrations of oxychlordane, DDE, and CB153. People
living in Nuuk have always had greater access to storebought food and may not have changed their marine
food consumption as much as other communities where
people relied more heavily on traditional marine foods.
Dietary studies help to interpret trends in POPs
concentrations in human populations. Unfortunately,
dietary studies were not carried out in parallel with
many of the contaminant trend assessments. Initial
dietary trend analyses have been assessed in the
Inuvik region of Canada and Disko Bay in Greenland
and provide support for the changes in maternal
contaminant concentrations. In the Inuvik region,
Inuit mothers were eating more fish (which have lower

concentrations of contaminants, see sections 5.1.2 and
3.1.4 for further details) and less marine mammal fats
(which have higher concentrations of contaminants). In
Greenland, mothers are also eating smaller amounts
of the more highly contaminated marine mammals,
which supports the declining trends observed in
maternal contaminant concentrations (see section 5.1.3
for further details).
The more moderate decrease in organochlorine
concentrations in Norway, Sweden, Iceland, and Finland
is likely to be due to the banning and/or restriction of
many of these compounds in these regions during the
1970s, and the resulting decline in the concentrations
of these contaminants in the commercial/store-bought
food chain. In Russia, the results of this assessment
suggest that exposure to several organochlorines could
be associated with household or environmental use
of insecticides, possible use in the commercial food
supply, or contamination during food processing.
The breast milk studies carried out in Finland and
Russia complement the data in the maternal blood

Figure 5·9. Toxaphene (parlar-50)
concentrations in blood of
mothers, pregnant women and
women of child-bearing age in
the circumpolar countries.
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Figure 5·10. Oxychlordane
concentrations in blood of
mothers, pregnant women and
women of child-bearing age in
the circumpolar countries.
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studies (see sections 5.1.7 and 5.1.8 for details). Breast milk
studies are available for southern and central Finland and
the Murmansk, Arkhangelsk, and Chukotka regions in
Russia. As shown in Figures 5.3 to 5.5, for the cases where
two time points were available in Finland and Russia,
there was a decrease in concentrations of oxychlordane,
DDE, and CB153 as was seen elsewhere in the Arctic in
maternal blood. Also, the highest concentrations of DDE
and oxychlordane occur in Russian mothers as was seen
in the maternal blood comparisons.
5.1.9.1.2. Metals
The highest concentrations of total Hg tend to be among
Inuit mothers living in the Baffin and Nunavik regions
of Arctic Canada and Greenland (Figure 5.11). These
concentrations are linked to their high consumption of
marine mammals. As was seen in previous assessments,
Inuit women of child bearing age that consume marine
mammals have Hg concentrations that are three- to
ten-fold higher than in other populations in the Arctic

that consume market foods (AMAP, 1998, 2003). The
significant decline in maternal Hg concentrations in these
populations with the highest exposure concentrations
is encouraging. Also, it is interesting that the Russian
populations with elevated concentrations of various
organochlorines do not show elevated concentrations
of Hg. This indicates the need for follow-up monitoring
studies closely linked with dietary studies to examine
these differences in exposure to contaminants.
Concentrations of Pb in indigenous Arctic
populations tend to be slightly elevated, but are
declining in most populations (Figure 5.12). This
change was noted in the previous AMAP assessments
(AMAP, 1998, 2003). However, recent monitoring
of maternal blood in Russia has found moderately
elevated concentrations of Pb (Figure 5.12), although
the source is not known. Continued use of lead shot
for hunting among indigenous peoples remains a
significant source of Pb exposure in Arctic Canada
and may be a significant source in other circumpolar
countries.

Figure 5·11. Total mercury
concentrations in blood of
mothers, pregnant women and
women of child-bearing age in
the circumpolar countries.
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5.1.10. Contaminant tissue concentrations

and guidelines

This section compares tissue concentrations of PCBs (as
Aroclor 1260), Hg, and Pb within different regions of the
Arctic against the established guidelines shown in Table
5.28. Background information on how these guidelines
were developed is available in the previous AMAP
assessment (AMAP, 2003). The percentage of mothers
and women of reproductive age exceeding the blood
guidelines in regions of Canada, Greenland, Iceland,
and Russia is summarized in Table 5.29.
5.1.10.1. PCB tissue concentrations and guidelines
Few biological guidelines have been developed for PCBs
(AMAP, 2003). The Health Canada (1986) PCB guideline

suggests that the Level of Concern (LoC) is reached when
concentrations are greater than 5 µg/L (as Aroclor 1260)
in maternal blood. The Level of Action (LoA) occurs at
concentrations greater than 100 µg/L in human blood.
Blood guideline exceedances for PCBs (as Aroclor
1260) (see Figure 5.13) are summarized for mothers from
the Inuvik region (NWT), Nunavut, and the Nunavik
region (northern Quebec) in Canada (Table 5.29). The
recent results of biomonitoring studies (i.e., since 2003)
conducted in the Inuvik region indicate that 7% of the
Inuit mothers’ blood samples exceeded the 5 µg/L LoC
while none of those from Dene-Métis and Caucasian
mothers exceeded this value. In Nunavut, 24% of the
Inuit mothers’ blood samples exceeded the 5 µg/L
LoC, and in Nunavik this increased to 52%. None of
the blood samples exceeded the 100 µg/L LoA in any

Table 5·28. Guidelines for selected contaminants, women of childbearing age.
Level of Concern

Level of Action

5 µg/L
5.8 µg/L

100 µg/L

PCBs (as Aroclor 1260)
Hg (blood) based on US EPA
evaluation
Hg (blood) health

20 µg/ L (increasing
risk range)
Not available

Pb

80

Health Canada, 1986
No formal guideline developed in the United States.
Based on NRC (2000) re-evaluation of Hg. Benchmark dose level of 58 µg/L and 10-fold safety factor

100 µg/L
Health Canada, 1984
(at risk range)
100 µg/L
Health Canada, 1994
(level of intervention)

PCBs (measured as Aroclor) in blood, % of samples exceeding limits
100

Source

Canada

% of samples 5-100 μg /L

Greenland

Nunavut
Baffin Inuit

Iceland

% of samples> 100 μg /L
(only exceeded in Qaanaaq)
Russia

Alaska

Nunavik
Inuit

60

40

20

0

0

0

not
available

0

0

0
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available
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Figure 5·13. Exceedance of blood guideline values for PCB (measured as Aroclor) in mothers and women of child-bearing age in
different populations around the Arctic (comparable data were not available from Norway, Sweden and Finland).
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Table 5·29. Blood Guideline Exceedance (percentage of samples from mothers and women of reproductive age).
Mercury (total)
Country
Region/ Ethnicity
Alaska, USA
Inuit-Yupik
Canada a
Nunavut/ Baffin
Inuit
NWT Inuvik/ Inuit
Inuvik/ Dene/Metis

Inuvik/ NonAboriginal
Nunavik/ Inuit

Greenlandb
Sisimiut/ Inuit
Qaanaaq/ Inuit
Nuuk/ Inuit
Quegertarsuaq/ Inuit
Narsaq/ Inuit
All 8 regions
Nuuk/ Inuit
Icelandb
Reykjavik
Akureyri
Vestmannaeyjar
All Iceland
Norway
Sweden
Finland
Russia a
Chuktoka Peninsula
coastal/ Chukchi
and Inuit
Chuktoka Peninsula
inland/ Chukchi
Kola Peninsula /
Saami
Kola Peninsula /
Komi
Pechora River Basin/
Nenets
Taymir Peninsula /
Dolgan
Norilsk-Ethnic Russians

n

Year

% of samples
exceeding 5.8
µg/L

Lead

% of samples
exceeding 20
µg/L

% of samples
exceeding 100
µg/L

% of samples
exceeding >5
µg/L

% of samples
exceeding 100
μg/L

na

na

na

75

2003 – 2006

19

31

1997

68

9.7

9.7

73

0

100
31
52
42

2005 – 2007
1998 – 1999
2005 – 2006
1998 – 1999

32
16
5.6
2.4

2.0
3.2
0
0

0
3.2
0
4.8

24
16
7.4
2.4

0
0
0
0

17
21

2005 – 2006
1998 – 1999

0
0

0
0

0
0

0
0

0
0

6
11
25
53
27
16
29
19
31
42

2005 – 2006
1992
1996
1997
1998
1999
2000
2001
2004
2007

0
55
76
72
52
56
59
47
61
31

0
36
20
19
3.7
13
17
26
7
2.4

0
9.1
8
13
19
13
10
5.3
0
0

0
91
68
72
44
58
57
55
52
na

0
0
0
0
0
0
0
0
0
na

2002-2003
2003
2005
2006
2006
1999 – 2006
1999 – 2005

64
97
20
98
86
76
30

12
94
0
43
19
35.3
1

2.4
3.2
2.2
0
2.4
3.3
0

55
91
57
68
80
72
na

0
3
0
0
0
7.7
na

20
10
10
40

2004
2004
2004
2004

na
na
na
na
na
na
na

na
na
na
na
na
na
na

0
0
10
2.5
na
na
na

0
0
0
0
na
na
na

68

2001 – 2003

1.5

0

7.4

76

0

58

2001 – 2003

6.9

0

0

9

0

2

2001 – 2003

0

0

0

0

0

5

2001 – 2003

0

0

0

9.1

0

38

2001 – 2003

0

0

0

26

0

69

2001 – 2003

12

0

13

23

0

10

2001 – 2003

0

0

0

42
34c
44, 45
44, 45
42
297d
195

na

PCBs as Aroclor 1260

na
na
na
na
na
na
na

6.8

0

na = not available; a mothers; b women of reproductive age; c in Qaanaaq n = 34 for PCB exceedance, n = 36 for mercury exceedance and n = 31 for
lead exceedance; d for all eight Greenland regions n = 297 for PCB exceedance, n =300 for mercury exceedance and n =295 for lead exceedance.
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of the Canadian mothers. The percentages of Inuit
from Nunavut and Nunavik that exceeded the 5 µg/L
PCB guideline are the highest of all the groups, which
corresponds to the elevated concentrations of PCBs in
these two populations.
By comparing the concentrations of PCBs from
the recent biomonitoring studies to those of the
older biomonitoring studies, insight into changes
in contaminant concentrations can be gained.
Table 5.29 indicates that the percentage of samples
exceeding the LoC for PCBs is markedly higher in
Inuit populations of the Inuvik, Baffin, and Nunavik
regions and decreased markedly between the 1990s
and 2006. Overall, these results indicate that there
is a decreasing proportion of mothers exceeding
the 5 µg/L LoC for PCBs and the results support the
overall decreasing concentrations of PCBs among
these mothers (see section 5.1.2 for more details).
In Greenland, Inuit women of reproductive age in
Sisimuit, Qaanaaq, Nuuk, Quegertarsuaq, and Narsaq
exceeded the 5 µg/L LoC for PCBs by 55%, 91%, 57%,
68%, and 80%, respectively. Data compiled from eight
Greenlandic regions studied between 1999 and 2005,
indicated that 72% of women exceeded the 5 µg/L
guideline. Despite the high proportion of the populations
exceeding the LoC, only 3% of women in Qaanaaq
had blood PCB concentrations exceeding the 100 µg/L
guideline and 8% overall in the eight Greenlandic
regions studied. PCB exceedances in Greenland are
most closely comparable to exceedance levels found in
Inuit mothers in Nunavik, Canada (Table 5.29).
Results from a recent Icelandic study indicate
that only 10% of women (of reproductive age) in
Vestmanaeyjar exceeded the 5 µg/L LoC for PCBs, and
none exceeded this level in the other regions. None of
the women sampled exceeded the 100 µg/L LoA. In
the previous AMAP assessment (AMAP, 2003), the
percentage exceedance of the 5 µg/L LoC ranged from
22% to 50% in the four Icelandic regions of Reykjavik,
Vestmannaeyjar, Olafsvik and Saudarkrokur (AMAP,
2003, section 9.3.2). The lower proportion of samples
from the 2004 biomonitoring study which exceeded the
PCB 5 µg/L guideline supports the trend for decreasing
concentrations of PCBs in Iceland (section 5.1.4).
In Russia, all regions except that of the Saami on
the Kola Peninsula had a proportion of the women
with PCB concentrations above the 5 µg/L LoC. Of
these, the percentage of mothers exceeding the 5 µg/L
guideline in Russia was lowest for ethnic Russians
in Norilsk at 7%, followed closely by Chukchi living
inland on the Chukotka Peninsula at 9% and Komi
from the Kola Peninsula also at 9%. The Nentsi from
the Pechora River Basin region and the Dolgani from
the Taymir Peninsula were similar at 26% and 23% of
mothers exceeding the LoC, respectively. The highest
percentage exceedance among all mothers in Russia
was found to be for Chukchi and Inuit mothers from
the coastal Chukotka region at 76%, which is the group
with the highest concentrations of PCBs. None of the
women in Russia exceeded the 100 µg/L LoA.
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5.1.10.2. Metal tissue concentrations and guidelines
This section compares blood guideline exceedance for
Hg (total) and Pb in women of reproductive age. Data
from Canada, Greenland, and Russia show that the
proportion of women exceeding LoCs for metals are
generally lower than the percentage exceedance of the
PCB LoC. Regional comparisons between countries and
between indigenous and non-indigenous groups are
limited because recent data for metals were not available
for Iceland, Norway, and Finland.
5.1.10.2.1. Mercury
The blood guideline established by Health Canada for
Hg considers concentrations below 20 µg/L in human
blood to be within an acceptable range (Health Canada,
1984). Mercury concentrations between 20 and 100
µg/L have been determined by health officials to be
at ‘increasing risk’, and Hg concentrations that exceed
100 µg/L in blood are considered to be ‘at risk’. The U.S.
National Research Council re-evaluated the Hg risk
assessment (NRC, 2000). The NRC report developed a
Bench Mark Dose level of 58 µg/L for Hg and suggested
that a ten-fold uncertainty factor be applied in the
development of a Tolerable Daily Intake (NRC, 2000).
Based on this evaluation an informal blood guideline
value for Hg of 5.8 µg/L in blood has been developed
(see AMAP, 2003, section 9.3.1 for further details about
Hg guidelines). Information on exceedance of the
guidelines for maternal blood in the Arctic region is
presented in Figure 5.14.
The recent contaminant monitoring among mothers
from the Inuvik region, Nunavut, and Nunavik,
indicates that only 2% of Inuit mothers from Nunavut
and Nunavik were in the Health Canada ‘increasing
risk range’ of 20 to 100 µg/L (Table 5.29). None of the
Inuit, Dene-Métis or Caucasian mothers from the
Inuvik region exceeded the 100 µg/L at risk guideline.
The percentage of mothers that exceeded the 5.8 µg/L
guideline value for Hg was 6% for Inuit from the
Inuvik region, 32% for Inuit from Nunavut, and 31%
for Inuit from Nunavik. In parallel with the decrease
in Hg concentrations in maternal blood in many Arctic
populations, the proportion of Inuit mothers from the
recent biomonitoring studies that exceeded the Health
Canada 20 µg/L ‘increasing risk’ guideline and the 5.8
µg/L value has decreased markedly relative to earlier
biomonitoring studies reported by AMAP (2003).
In Greenland, a high proportion of women of
reproductive age exceeded the Hg blood guidelines.
In particular, women sampled in 2003 in Qaanaaq
had a high level of exceedance, with 97% exceeding
the 5.8 µg/L guideline, and 94% exceeding the 20 µg/L
guideline. In comparison, 64% of women in Sisimiut
exceeded 5.8 µg/ L and 12% exceeded 20 µg/L. In 2006,
98% of women in Quegertarsuaq exceeded 5.8 µg/L and
43% exceeded 20 µg/L, while 86% and 19% of women in
Narsaq exceeded the 5.8 µg/L and 20 µg/L guidelines,
respectively. For all eight Greenlandic regions, the
guideline of 5.8 µg/L was exceeded by 76% of women
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Figure 5·14. Exceedance of blood guideline values for (total) mercury and lead in mothers and women of child-bearing age in
different populations around the Arctic (comparable data were not available from Norway, Sweden and Finland).

and the Health Canada guideline of 20 µg/L was
exceeded by 35% of all women. Women in Nuuk in 2005
exhibited the lowest level of exceedance with only 20%
exceeding the lower guideline and none exceeding the
upper guideline. In a separate study which pooled data
for the years 1999 to 2005 for Nuuk, comparable results
found that 30% and 1% of women were above the 5.8
µg/L and 20 µg/L guidelines, respectively.
In Russia, none of the mothers exceeded the 20 µg/L
guideline for Hg. The region with the highest exceedance
of the 5.8 µg/L guideline was the Taymir Peninsula,
yet only 12% of the Dolgani mothers exceeded this
guideline. Chukchi and Inuit mothers on the Chuktoka
Peninsula coastal and inland regions exceeded the 5.8
µg/L guideline by 2% and 7%, respectively. As Russian
mothers had lower concentrations of Hg, the proportion
exceeding various guidelines is lower. The Inuvik
region of Canada, which also had lower concentrations
of Hg, is the only area where the population’s Hg
exceedances are similar to those of Russia.

5.1.10.2.2. Lead
For Pb, the Canadian and U.S. blood Level of
Intervention is 100 µg/L (Health Canada, 1994).
In Canada, none of the mothers from the Inuvik
region, Nunavut, or Nunavik exceeded the 100
µg/L guideline (Table 5.29). When comparing these
results to previous biomonitoring studies reported
by AMAP (AMAP, 2003), a large proportion of the
population did not exceed this guideline (88% to 97%)
in the 1990s, but there is a consistent decline in all
populations studied in Arctic Canada. Information
on exceedance of the guidelines for maternal blood
in the Arctic region is presented in Figure 5.14.
A small proportion of women in all regions of
Greenland exceeded this guideline concentration for
Pb. The percentage exceedances of the 100 µg/L LoA
in Sisimiut, Qaanaaq, Nuuk, and Narsaq were 2.4%,
3.2%, 2.2% and 2.4%, respectively. In Quegertarsuaq,
none of the women had concentrations above the
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guideline. None of the women sampled in Nuuk
exceeded the guideline.
The percentage of Russian mothers exceeding the
100 µg/L LoC on the Chuktoka Peninsula coastal
region and the Taymir Peninsula at 7% and 13%,
respectively, were relatively high compared to those of
Greenland and Canada. However, none of the mothers
in the other Russian regions exceeded the guideline.
5.1.11. Conclusions
Several important conclusions can be drawn from the
information that has been presented in this section on
the concentrations of organochlorine chemicals and
certain metals in pregnant women and mothers, as
well as in adults (both men and women) living in the
circumpolar region.
Inuit populations of Greenland, Canada, and the
United States continue to have higher concentrations
of legacy contaminants, similar to what was seen in
the previous assessments (AMAP, 1998, 2003). These
concentrations are linked to the consumption of marine
mammals. In addition, this assessment incorporates
new regional sampling from Russia, and again the Inuit
or coastal populations that consume marine mammals
have the highest concentrations of contaminants. Also,
the patterns of DDT and DDE concentrations in some
parts of Russia (with greater proportions of DDT) suggest
that human exposures to pesticides are associated with
local sources of contamination (e.g., soil contamination
during food processing) and use of pesticides on the
commercial food supply (see AMAP, 2003).
A series of biomonitoring studies have taken place
in the Arctic which allow an initial assessment of
changes in contaminant concentrations. The recent
data presented in this assessment suggest that
concentrations of contaminants such as DDE, PCBs,
oxychlordane, Hg, and Pb are decreasing in many
Arctic populations. The decrease may be related to
lower concentrations of organochlorine chemicals in
the environment as well as to dietary changes. Limited
dietary data from Arctic Canada and Greenland
suggest that changes are taking place in the traditional
diet of Inuit mothers. Consumption of traditional
food species that have higher concentrations of
contaminants (e.g., marine mammals) is decreasing,
while consumption of other species with lower
concentrations of contaminants (e.g., fish and caribou)
is increasing. This would result in an overall decrease
in dietary exposure to contaminants. However,
decreasing consumption of these traditional foods is
not a positive indicator for human health as there are
positive cardiovascular and neurobehavioral benefits
to the consumption of these foods.
Both blood and breast milk can be used for
monitoring contaminant concentrations. The preference
for blood monitoring in the Arctic is based on a need for
information on both males and females, multiple age
groups (children, adolescents, adults, senior citizens)
and both POPs and metals. Several studies and data
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provided in previous AMAP assessments indicate that
contaminant concentrations in blood and breast milk
are well correlated and inter-comparable.
The results presented in this chapter illustrate the
need for continued monitoring of organochlorines
and metal concentrations in human populations in the
Arctic, especially for mothers or women of reproductive
age and children. These data are important to allow a
more complete assessment of trends in contaminant
concentrations in a broader range of Arctic populations.
The issue of decreasing contaminant exposure and
decreasing traditional food consumption is very
important in a number of circumpolar countries and is
specifically addressed in Chapter 9.
5.2. Emerging contaminants of concern 		

for humans in Arctic regions

In addition to the legacy POPs discussed in section 5.1,
a growing number of compounds are being detected
in humans from the Arctic regions of the world. Some
of these are fairly ‘new’ compounds whereas others
have been around for decades but have only recently
been detected due to advances in analytical techniques.
The main compounds addressed in this section are the
brominated flame retardants and the perfluorinated
compounds, in particular the polybrominated
diphenylethers (PBDEs), perflourooctane sulfonate
(PFOS), and perflourooctanoic acid (PFOA). Until
recently, there were few data available on human
concentrations of these compounds.
Concentrations of PBDEs in the Arctic are
low in general, with the exception of Alaska
where concentrations are much higher. Reported
concentrations in Alaska are comparable to, or
even higher than, those that have been reported
in the U.S. general population. Concentrations in
the Canadian Arctic were considerably lower than
in Alaska, but higher than in the European Arctic.
BDE47 was the predominant PBDE congener.
Other brominated flame retardants investigated
were
tetrabromobisphenol
A
(TBBPA)
and
hexabromocyclodecane (HBCD), which showed low
exposures based on limited data. Concentrations of
PFOS were generally high throughout the Arctic,
and comparable to concentrations reported in several
other heavily populated areas. There were minor
inter-country differences, but comparisons were
limited by small sample sizes. Concentrations of
PFOA were much lower than concentrations of PFOS
but were elevated compared to the legacy POPs,
and were clearly distributed throughout the Arctic.
Limited data from Nunavik (Canada) showed an
increase in ΣPBDE concentrations and a decrease
in PFOS concentrations. There is, however, a clear
need for ongoing monitoring of these compounds.
Several other compounds of concern, such as shortchain chlorinated paraffins (SCCPs), parabenes and
siloxanes plus metabolites of PCBs, should also be
screened at regular intervals.
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5.2.1. Brominated flame retardants
PBDEs, polybrominated biphenyls (PBBs), TBBPA
and HBCD are some of the predominant brominated
flame retardants. The PBBs are no longer in production
due to a voluntary phase-out by producers. It is well
known that the physical properties of PBDEs encourage
long-range transport and accumulation, and this is
supported by measured concentrations of PBDEs in air
and biological samples from remote areas of the Arctic.
This is the first AMAP assessment presenting human
plasma data on PBDEs.
The PBDEs consist of three technical mixtures: the
penta-, octa-, and decaBDEs, each varying in degree
of bromination and application. Of these technical
mixtures, the penta and octa formulations were banned
in 2004 by the European Union and are soon to be
banned by the United States and Canada (Vonderheide
et al., 2008). Great Lakes Chemicals ceased production
of the penta and octa mixtures in North America
at the end of 2004 (de Wit et al., 2006). Therefore,
decabrominated diphenylether (decaBDE) accounts for
most of the PBDE produced, with an annual production
of 56 000 tonnes (www.bsef.com). TBBPA is dominating
the global production of brominated flame retardants
together with decaBDE and HBCD (Law et al., 2006).
Some applications of TBBPA as a flame retardant are
bound in the product, and the environmental release
is thus expected to be considerably less than for the
PBDEs which are simply mixed in the final product.
In humans, the predominant brominated flame
retardants are the PBDEs. The highest human
concentrations are reported in North America,
particularly in the United States, where concentrations
are up to one order of magnitude higher than in other
parts of the world (Sjodin et al., 2008). In the United States,
concentrations of PBDEs still seem to be increasing,
whereas human concentrations have been reported to
be leveling off or declining since 1998/99 in Norway and
Sweden (Meironytè-Guvenius, 2002; Lind et al., 2003;
Schecter et al., 2005; Thomsen et al., 2007).
In environmental biological samples, including
humans, the lower brominated congeners (BDE47 and/or
BDE99) predominate, although BDE209 is also observed
and seems to be of increasing importance. BDE153 has a
longer half life and with the phase-out of the penta and
octa mix, a shift towards BDE153 dominating human
samples is expected. With a longer half life, BDE153 is
also expected to persist for longer in the environment
and might be expected to be related more to the food
chain than the other PBDEs (Thomsen et al., 2002;
Thuresson et al., 2006b; Sandanger et al., 2007). BDE153 is
also present in both the penta and octa mix, as opposed
to BDE47 which is primarily in the penta mix.
PBDEs are being found in concentrations
approximately one order of magnitude lower than
for PCBs. Exceptions are observed in North America,
where concentrations of PBDEs are reported to be
comparable to those for PCBs (Sandanger et al., 2007).
In general, potential exposure routes for PBDEs and

other brominated flame retardants are more complex
than exposures routes to legacy POPs for which food is
the main contributor. In industrialized or westernized
countries, there are indications that food and indoor
dust/air are the predominant pathways; however,
conclusive data are lacking. In remote communities with
fewer consumer products, exposure through the food
chain is more likely to be the main route of exposure. In
relation to the different exposure scenarios, differences
in the congener pattern are expected due to differences
in half lives and bioaccumulation factors.
For other brominated flame retardants such as TBBPA
and HBCD, there are few biomonitoring data. There are
many analytical challenges related to these compounds,
and there is therefore a lack of data. However, the few
data that do exist indicate that concentrations of these
compounds are also increasing in the Arctic. Considering
the large quantities of the compounds that are produced
globally, this is of great concern. Production has increased
with the phasing-out of the penta- and octaBDEs, and
there are currently no limitations on their production or
use. In southern Norwegian archived samples, no time
trend was observed for TBBPA, and it was concluded that
the short half life of this compound could explain the
lack of accumulation with time (Thomsen et al., 2007).
5.2.2. Perfluorinated compounds
The chemical properties of the perfluorinated
compounds, and their production and use were
described in previous AMAP assessments (AMAP,
2003, 2004); however, due to analytical challenges, the
perfluorinated compounds have received less attention
than deserved (Hekster et al. 2003). The analytical
methodology has, however, improved considerably
over the last few years, and so the amount of data on
human concentrations has increased considerably, with
a focus on PFOS and PFOA.
PFOS and PFOA seem to be retained in the human
body and to resist metabolic breakdown. Half lives
for PFOS and PFOA are reported to be in the range of
four to eight years, with PFOS having the longer half
life (Olsen et al., 2005, 2007a). Due to their widespread
use and bioaccumulative properties (Martin et al., 2003;
Powley et al., 2008), PFOS and PFOA are detected in
blood/serum/plasma samples of the general population
worldwide, as well as in umbilical cord blood (Inoue et
al., 2004; Karrman et al., 2006a,b; Calafat et al., 2007). A
short review of the possible toxic effects of perfluorinated
compounds is presented in Chapter 8, section 8.3.2.1.2.
POPs bioaccumulate and increase with age, but PFOS
and PFOA are present at similar concentrations in all
age groups (Olsen et al., 2003, 2004; Calafat et al., 2007),
although some very recent data indicate an increase
with age in women (Rylander, C., pers. comm., 2008).
Significantly lower concentrations have been reported
for women compared to men (Harada et al., 2004; Calafat
et al., 2007; Fromme et al., 2007b). PFOS and PFOA
concentrations have been reported to have increased
from 1974 to 1989 and from 1977 to 2003 in southern
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industrial countries (Harada et al., 2004; Olsen et al.,
2005). However, more recent data from the United States
provide strong evidence of concentrations having
started to decline since the phase-out in 2000. A study
on blood from American Red Cross donors showed
that PFOS and PFOA concentrations were significantly
lower (60% and 25%, respectively) in 2006 compared
to 2000/2001 (Olsen et al., 2008). Calafat et al. (2007)
also reported a significant decline when comparing
1999/2000 samples with 2003/2004 samples from the U.S.
population (Calafat et al., 2007).
Both food and indoor dust seem to be important
sources of potential human exposure, even though it
was recently concluded that the main exposure route
was through the diet (Fromme et al., 2008).
Long-range transport to the Arctic and the potential
precursors is a complex process and not discussed here.
Wet weight concentrations of perfluorinated
compounds in human plasma are high compared to
those of legacy POPs; however, in contrast to POPs,
perfluorinated compounds are not associated with
lipids and so are not stored in body fat. Concentrations
of perfluorinated compounds are therefore only
reported on a wet weight basis.
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5.2.4. Short-chain chlorinated paraffins
The properties, production, and use of SCCPs have
been described in previous reports. There are still
few data on these compounds, primarily due to
analytical difficulties. In contrast to most other
xenobiotic compounds, the high number of SCCP
congeners poses a substantial analytical challenge.
No congener-specific analysis exists because the
individual components are not resolved, resulting
in major difficulties in the quantification of SCCPs.
A high degree of variability has also been reported
in the quantification, depending on the analytical
technique used.
SCCPs appear to illicit fewer acute and chronic toxic
effects than PCBs, but knowledge is very limited.
Owing to concerns about their possible environmental impact, use of SCCPs has been declining,
although a proper screening of human samples from
the Arctic is still needed to assess the current status of
contamination.
5.2.5. Pharmaceutical and personal 			

care products

5.2.5.1. Cyclic siloxanes
5.2.3. Halogenated phenolic compounds
5.2.3.1. Pentachlorophenol
Pentachlorophenol (PCP) has been known as an
environmental contaminant for many years, with
its chemical properties and use described in a
previous AMAP assessment (AMAP, 2003). Despite
PCP being recognized as a globally distributed
contaminant, there have been few human studies
on this compound. However, in the few studies
that have been undertaken, PCP is one of the major
halogenated phenolic compounds in human plasma
(Sandau et al., 2002; Guvenius et al., 2003). PCP is an
important environmental chemical due to its toxicity,
contamination by dioxins, and ubiquitous distribution
in the environment (Schulz and Butte, 2007).
5.2.3.2. Hydroxylated PCBs
PCBs are biotransformed by the cytochrome P-450
monooxygenases, and in most of the known metabolic
pathways the formation of the hydroxylated PCBs
(OH-PCBs) is the initial step. The OH-PCBs can also
be formed by direct hydroxylation of the parent PCBs,
and have been found to be the main metabolites
excreted in feces and/or urine (Letcher et al., 1999;
Guvenius et al., 2002).
A number of OH-PCBs have been identified in
human plasma, and as many as 38 different OH-PCB
congeners were reported in a study by Hovander et al.
(2002). Concentrations of OH-PCBs are generally one
order of magnitude lower than for the parent PCBs
(Bergman et al., 1994; Sandau et al., 2000, 2002), even
though concentrations comparable to the PCBs have
been reported (Klasson-Wehler et al., 1997).

Cyclic siloxanes have widespread use in a variety of
applications including fermentation processes, instant
coffee production, paper coatings and sizing, diet soft
drinks, waste yeast tanks, food washing solutions,
adhesives, textiles, deasphalting, boiler treatments,
detergents, cleaning solutions, surfactants, cosmetic
products, and polishes. Examples of such compounds
are hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, and
dodecamethylcyclohexasiloxane. In personal care
products, the siloxane/cyclosiloxane content can be as
high as 40% to 60% by weight (Luu and Hutter, 2001).
Octamethylcyclotetrasiloxane has a partitioning
coefficient between octanol and water (KOW) of 5.10 and
is thus expected to adsorb onto suspended solids and
sediment. Furthermore, a bioconcentration factor of
12 400 indicates a very high potential for bioconcentration
in aquatic organisms. Dimethyl siloxanes in general
are highly resistant to biodegradation (NIH, 2007) and
siloxanes are on the list of potential new contaminants
in the Arctic (Muir and Howard, 2006).
Human data are limited, particularly for the Arctic
where, to our knowledge, there are currently no data
available. Analysis of the siloxanes is challenging
because these compounds are present at high
concentrations in many aspects of the environment,
including vacutainers used to sample blood. Therefore,
considerable care is needed when these substances are
to be analyzed.
5.2.5.2. Parabenes
Parabenes are used as preservatives in topical antibiotic or corticosteroid preparations and in food and
cosmetics.
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Methylparabene, butylparabene, ethylparabene, and
propylparabene have been detected in sewage treatment
plant influent and effluent water, and sludge (Remberger
et al., 2006). Also, an estimated bioconcentration factor
of 110 and a log KOW of 3.57 suggests that the potential
for bioconcentration in aquatic organisms is high.
Parabenes are not expected to undergo hydrolysis in
the environment. Biodegradation of methylparabene,
which fully degraded after six days in sludge with an
acclimation period of two days using a Zahn-Wellens
test, suggests that biodegradation may be an important
environmental fate process in water. Butylparabene
was estrogenic at 10 mg/kg body weight (NIH, 2007).
Parabenes have been determined in different human
matrices including breast tissue, human serum, and
urine, where methylparabene has been the predominant
compound (Darbre et al., 2004; Darbre and Harvey,
2008).
5.2.6. National results
5.2.6.1. Alaska, United States
The PBDE and perfluorinated compound data from
Alaska shown in Table 5.30 comprise data from two
different communities. The concentrations of PBDEs
determined in the Yupik peoples from the Yukon
Kuskokwim River Delta are the highest reported
in this assessment and are thus the highest known
human PBDE concentrations in the Arctic. These
concentrations are similar to those seen in national
surveys in the southern United States. BDE47 is clearly
the predominant congener. The PFOS data were
measured in a different community to the PBDEs and
the concentrations appear to fall within the lower range
of the data presented in this assessment.

Table 5·30. Concentrations of emerging contaminants (µg/kg
lipids) in Yupik maternal serum from the Yukon-Kuskokwim
River Delta, Alaska. Data are geometric means (min – max) for
2004 – 2006. Source: Berner, J. pers. comm. (2008).
Yukon-Kuskokwim River Delta (Yupik)
2004 – 2006
26 a
n = 180 – 202 b
BDE47

26 (1.2 – 455)

BDE99

6.3 (0.15 – 1359)

BDE100

5.3 (0.1 – 87)

BDE153

8.0 (0.3 – 76)

BDE209

1.9 (1.2 – 15)

PFOS

7.4 (< 0.2 – 28) c, d

PFOA

1.0 (< 0.1 – 4.3) c, d

n: Range of number of individuals sampled.
a
Arithmetic mean age of group sampled for PFOS and PFOA, age of
group sampled for PBDEs not available; b range of number of individuals sampled; c concentrations for PFOS and PFOA expressed in µg/L
plasma, all other data are expressed in µg/kg lipids; d PFOS and PFOA
were measured in a different community to the PBDEs.

Table 5·31. Concentrations of emerging contaminants (µg/kg
lipids) in plasma for men, women and women of childbearing age
among Inuit from Nunavik, Canada. Data are geometric means
(min – max) for 2004. Source: Ayotte, P., pers. comm. (2008).

5.2.6.2. Canada
Data for Canada are available from three regions:
Nunavik data are presented in Table 5.31 and data
from the Inuvik and Baffin regions are presented in
Table 5.32.
In all three communities, the predominant PBDE
was BDE47, but for men from Nunavik, BDE153
concentrations were only slightly lower than for BDE47.
Concentrations of BDE47 seemed comparable for all
three regions (the mean for all communities was about 6
µg/kg lipids) with the exception of the non-indigenous
community from Inuvik for which concentrations were
slightly higher (mean about 11 µg/kg lipids); however,
only six samples were analyzed from this population
so firm conclusions were not possible.
In Nunavik, a wider range of brominated compounds
were measured, including BDEs 47, 99, 100 and 153,
but only BDEs 47 and 153 were detected in more than
50% of samples with concentrations ranging from less
than the detection limit to 343.5 µg/kg lipids and 134.6
µg/kg lipids, respectively. PBB153, pentabromophenol
(PBP), TBBPA as well as two tetrabromophenols were
measured, but only 2,3,4,6-TBP was detected in more

BDE47
BDE99
BDE100
BDE153
TBBPA
PCP
PFOS
4-HOCB107
4-HOCB146
4-HOCB187

Men
2004
37 (18 – 74) a
n = 344 – 412 b

Women
2004
37 (18 – 74) a
n = 431 – 501 b

Women of childbearing age
2004
28 (18 – 39) a
n = 264 – 301 b

6.0
(< LOD – 101)
< LOD
(< LOD – 97)
< LOD
(< LOD – 78)
4.0
(< LOD – 135)
< LOD
(< LOD – 0.5)
1.0
(0.2 – 10)
21
(2.8 – 470) c
0.2
(< LOD – 2.9)
0.1
(< LOD – 4.9)
0.2
(0.007 – 4.3)

6.0
(< LOD – 344)
< LOD
(< LOD – 82)
< LOD
(< LOD – 83)
2.1
(< LOD – 58)
< LOD
(< LOD – 0.3)
0.7
(0.1 – 18)
16
(0.5 – 200) c
0.2
(< LOD – 3.2)
0.1
(< LOD – 3.3)
0.1
(< LOD – 4.2)

6.7
(< LOD – 344)
< LOD
(< LOD – 82)
< LOD
(< LOD – 83)
4.0
(< LOD – 58)
< LOD
(< LOD – 0.3)
0.7
(0.2 – 9.3)
13
(2.3 – 97) c
0.1
(< LOD – 1.0)
0.07
(< LOD – 0.6)
0.07
(< LOD – 0.8)

LOD: Limit of detection.
a
Arithmetic mean age and range of group sampled; b range of number
of individuals sampled; c concentrations for PFOS expressed in µg/L
plasma, all other data are expressed in µg/kg lipids.
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Table 5·32. Concentrations of PBDEs (µg/kg lipids) in DeneMétis, Inuit and non-Aboriginal mothers in the Inuvik and
Baffin regions of Canada. Data are geometric means (min –
max) for specified sampling period. Source: Van Oostdam, J.
pers. comm. (2008).
NonAboriginal

DeneMétis

Inuit

Inuvik
Inuvik
Inuvik
Baffin
2005 – 2006 2005 – 2006 2005 – 2006
2007
32 (23 – 40) a 25 (16 – 36) a 26 (17 – 38) a 24 (15 – 39) a
n = 6b
n = 17 b
n = 52 b
n = 99 b
BDE47
BDE99
BDE100
BDE153

11
(3.6 – 102)
2.2
(1.2 – 14)
2.1
(1.2 – 12)
1.3
(0.6 – 5.3)

6.9
(1.8 – 30)
1.6
(1.2 – 6.8)
1.4
(1.2 – 4.2)
1.8
(0.6 – 4.3)

6.7
(1.8 – 468)
2.2
(1.2 – 152)
1.9
(1.2 – 90)
2.5
(0.6 – 68)

6.3
(1.1 – 174)
1.9
(0.7 – 145)
1.7
(0.7 – 30)
2.1
(0.5 – 22)

Arithmetic mean age and range of group sampled; b number of individuals sampled.

a

than 50% of samples with concentrations ranging
from 1 ng/L to 1395 ng/L. PFOS, a perfluorinated
compound, was measured and detected in the blood
of all participants. Mean concentrations were 21 µg/L
plasma, 16 µg/L plasma and 13 µg/L plasma in men,
women, and women of childbearing age, respectively.
Seventeen hydroxylated metabolites of PCBs,
PBDEs, and heptachlorostyrene were measured; all
except 2-OH-BDE68, 2-OH-BDE75 and 4-OH-CB193
were detected in more than 50% of samples. The most
abundant metabolites were 4-OH-CB107, 4-OH-CB146
and 4-OH-CB187.
Blood concentrations of PCP, BDE153 and PFOS
were significantly higher in men than women (p <
0.001), whereas BDE47 concentrations were similar
in both genders (p = 0.284). There was a significant
increase in concentrations of PCP (p = 0.004) and PFOS
(p < 0.001) in relation to age group, with the highest
mean concentration found in people aged 45 – 74
years. BDE47 did not show an age-related change in
concentration (p = 0.081), whereas BDE153 showed a
non-significant increase with age (p = 0.061). Slightly
higher concentrations of BDE47 were found in women
aged 18 – 39 years, but this difference relative to other
age groups was not statistically significant.
In Nunavik and southern Quebec, breast milk
samples collected in 1990 were archived and newer
samples collected in 2002 (Pereg et al., 2003). All samples
were analyzed at the same laboratory in 2003 and in
the same laboratory that conducted the other PBDE
analyses reported in this assessment. BDE47 was the
predominant congener in the breast milk samples. The
sum of PBDE congeners in breast milk for these two
populations increased between these two dates but to a
much greater extent in the southern Quebec population
(Figure 5.15). This increase is similar to the increasing
concentrations seen in many other southern populations

in North America over the 1990s, but the difference in
concentration between Nunavik and southern Quebec
mothers should not be over-interpreted as there were
only ten mothers from Nunavik in each sampling period
(1990 and 2002). Also, the report by Pereg et al. (2003)
only supplied limited information on these groups.
Data have recently become available for PFOS in the
blood of women of child-bearing age from Nunavik
which indicate a marked decline in concentration since
1992. In 1992, 2004, and 2007, mean concentrations of
PFOS dropped from 21 (8 – 130) µg/L plasma, to 11 (3
– 20) µg/L plasma, to 5.9 (1.5 – 15) µg/L plasma (Pereg,
2008), respectively. The study reported a significant
annual decline over this period on both an adjusted
(age and region) and unadjusted basis although the
comparability of all the age groups to the 1992 baseline
survey was not fully outlined in the 2008 report. This
decline in PFOS concentrations is similar to declines
seen in other southern populations following the
2000/02 phase-out of perfluorooctanesulfonyl-fluoridebased materials by the primary global manufacturer,
3M Company (Olsen et al., 2007b).
Potential associations between PCP, BDE47, BDE153,
and PFOS concentrations with traditional food
consumption were also investigated in the Nunavik
study. Consumers of marine mammal fat have
significantly higher concentrations of PFOS (p = 0.0001)
and slightly higher concentrations of PCP (p = 0.05)
than non-consumers. However, consumption of marine
mammal fat was not positively associated with plasma
concentrations of BDE153 and BDE47. Consumers of
marine mammal fat have significantly lower BDE47
blood concentrations (p = 0.03) than non-consumers.
Blood concentrations of PCP, BDE47 and BDE153 were not
associated with consumption of country fish expressed
in quartiles, whereas PFOS concentrations increased with
quartile of fish consumption (p < 0.0001). However, there
is no difference in PFOS mean concentrations between
the third and fourth quartile of fish consumption.

ΣPBDE, g/kg milk lipids
20
18

2002

16
14
12
10
8
6
4

1990

2
0

Nunavik

Quebec

Figure 5·15. Comparison of concentrations of sum of PBDEs in
two Quebec populations (Pereg et al., 2003).
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5.2.6.3. Greenland
There are no data on emerging contaminants for
Greenland.

Table 5·33. Concentrations of emerging contaminants (µg/kg
lipids) in maternal plasma, Bodø, Norway. Data are geometric
means (min – max) for specified sampling period. Source: SPFO
(2006, 2007).
2004
39 (29 – 48) a
n = 12 b

2006
28 (19 – 36) a
n = 29 b

BDE47

1.3 (0.6 – 2.8)

0.9 (0.1 – 4.6)

BDE99

0.5 (0.3 – 0.9)

na

5.2.6.4. Faroe Islands
No new data are presented in this assessment for the
Faroe Islands; however, a recent paper published is cited
in the discussion (Weihe et al., 2008).

BDE100

< 0.4 (< 0.2 – 1.0)

na

5.2.6.5. Norway

BDE153

1.2 (0.8 – 2.3)

0.8 (0.4 – 1.7)

Maternal data from Bodø are presented in Table 5.33.
Maternal plasma samples were collected and analyzed
for PBDEs in 2004 and 2006. The 2006 study was initiated
in order to sample larger volumes of plasma so as to
enable a proper determination of the nona and deca
brominated congeners. In 2004, the predominant PBDE
congener was BDE47 together with BDE153 (with no data
for BDE209). In 2006, the predominant congener was
BDE209 together with BDE207. It should be emphasized
that the uncertainty for the higher brominated PBDEs
is greater than for the lower brominated PBDEs (as
mentioned, BDE209 is very susceptible to contamination
issues). Nevertheless, concentrations were well above
blank values and thus indicate their presence in the
Norwegian human samples. Besides the nona and deca
congeners, the predominant congeners were BDE47
and BDE153, which had comparable concentrations
(mean about 1 µg/kg lipids). TBBPA concentrations were
extremely low and detected in only 30% of samples,
with no values above the limit of detection.
The predominant perfluorinated compound was
PFOS (mean 16 µg/L plasma, and with a narrow range
of 9.0 to 29 µg/L plasma). This was followed by PFOA
which was present at much lower concentrations (mean
2.3 µg/L plasma, range 1.7 to 7.0 µg/L plasma). PCP was
detected in all samples but at very low concentrations
(mean 1.2 µg/L plasma).

BDE183

< 0.3 (0.1 – 1.5)

< 0.1 (< 0.04 – < 0.3)

BDE209

na

1.6 (< 0.5 – 19)

TBBPA

5.2.6.6. Sweden
The Swedish data for PBDEs and perfluorinated
compounds in 25 maternal plasma samples are
presented in Table 5.34. The women had lived for more
than 20 years in the Kiruna area and for all women this
was their first delivery. PBDE concentrations were all
low with most congeners below the detection limit for
the majority of samples. The predominant congener was
BDE47 (mean < 1.6 µg/kg lipids). The maximum value for
BDE153 was slightly lower than the maximum for BDE47.
BDE209 was not determined. PFOS was detected in all
samples (mean 8.1 µg/L plasma). PFOA concentrations
were considerably lower (mean 1.6 µg/L plasma).

< 0.001 (< 0.001 – 0.009)

na

PCP

1.1 (0.7 – 3.2)

na

PFOS

16 (9.0 – 29) c

na

PFOA

2.3 (1.7 – 7.0) c

na

na: Not available.
a
Arithmetic mean age and range of group sampled; b number of
individuals sampled; c concentrations for PFOS and PFOA expressed
in µg/L plasma, all other data are expressed in µg/kg lipids.

Table 5·34. Concentrations of emerging contaminants
(µg/kg lipids) in maternal plasma, Kiruna, Sweden. Data are
geometric means (min – max) for 2006. Source: Messner, T.
pers. comm. (2008).
2006
27 (22 – 33) a
n = 25 b
BDE47

< 1.6 (< 1.155)

BDE99

< 0.3 (< 0.2 – 15)

BDE100

< 0.3 (< 0.2 – 17)

BDE153

< 0.3 (< 0.2 – 33)

BDE183

< 0.3 (< 0.2 – 2.1)

PFOS

8.1 (1.2 – 22) c

PFOA

1.6 (< LOD – 3.6) c

LOD: Limit of detection.
a
arithmetic mean age and range of group sampled; b number of individuals sampled; c concentrations for PFOS and PFOA expressed in
µg/L plasma, all other data are expressed in µg/kg lipids.

Table 5·35. Concentrations of PBDEs (µg/kg lipids) in pooled
breast milk from primipara mothers in southern (non-Arctic),
central (non-Arctic), and northern (Arctic) Finland in 2005.
Source: Kiviranta, H. pers. comm. (2007).
Southern Finland Central Finland Northern Finland
2005
2005
2005
29 (20 – 39) a
27 (19 – 40) a
26 (21 – 41) a
n = 35 b
n = 31 b
n = 11 b
BDE47

2.3

1.8

2.1

BDE99

0.6

0.4

0.6

5.2.6.7. Finland

BDE100

0.5

0.4

0.4

The only data available on emerging contaminants in
Finland were for PBDEs in breast milk. Considering the
good comparability of lipid-adjusted data in different
matrices, the data are included in Table 5.35. The data are

BDE153

0.7

0.8

1.6

BDE183

0.04

0.02

0.02

Arithmetic mean age and range of group sampled; b number of
individuals sampled.
a
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from pooled samples, and so there are no indications
of ranges in concentration for the different congeners.
Pooled samples from northern, central, and southern
Finland were analyzed separately. Concentrations
were low with BDE47 the predominant congener (mean
about 2 µg/kg lipids). There seemed to be no differences
between the three regions in terms of concentration,
except for BDE153 which seemed higher in the sample
from northern Finland, where it was only a little lower
than for BDE47.
HBCD was also measured in the samples from
northern and central Finland and all concentrations
below the detection limit (< 0.4 µg/kg lipids).
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Table 5·36. Concentrations of emerging contaminants (µg/kg
lipids) in maternal plasma, Naryan Mar and Taymir, Russia. Data
are geometric means (min – max) for 2002. Source: SPFO (2006).
Taimyr
2002
26 (20 – 35) a
n = 12 b

Naryan Mar
2002
30 (22 – 35) a
n = 12 b

BDE47

1.0 (0.4 – 1.7)

< 0.6 (< 0.5 – 0.8)

BDE99

0.6 (< 0.3 – 1.0)

< 0.4 (< 0.3 – < 0.6)

BDE100

< 0.2 (< 0.1 – 0.4)

< 0.1 (< 0.1 – < 0.2)

BDE153

0.6 (< 0.3 – 0.9)

< 0.5 (< 0.2 – 2.3)

BDE183

< 0.2 (< 0.1 – 0.4)

< 0.2 (< 0.1 – 0.6)

TBBPA

< 0.001

< 0.001

5.2.6.8. Russia

PCP

1.6 (0.8 – 12)

1.7 (1.0 – 3.4)

Human data presented in this assessment are from
maternal samples from Taymir and Naryan Mar (Pechora
River basin) (see section 5.1; Tables 5.21 and 5.22).
Samples collected in 2002 from Naryan Mar and
Taymir were analyzed together with the samples from
Bodø (Norway) in 2004/05 as part of a pilot study on
emerging contaminants. The results are presented in
Table 5.36. The PBDE concentrations were all low with
the majority of congeners below the detection limit in
most samples; this was especially the case in Naryan
Mar where even the mean concentration for BDE47
was < 0.6 µg/kg lipids. BDE209 was not measured in
these samples due to limited sample volumes. The
predominant congener in the samples from Taymir was
BDE47 (mean 1.0 µg/kg lipids). TBBPA was below the
detection limit in all samples from both communities.
Concentrations of PFOS were higher in Naryan Mar
(mean 16 µg/L plasma, range 5.0 to 49 µg/L plasma)
compared than in Taymir (mean 9.3 µg/L plasma, range
5.1 to 14 µg/L plasma). PFOA concentrations were lower
and comparable in the two communities.

PFOS

9.3 (5.1 – 14) c

16 (5.0 – 49) c

PFOA

2.2 (1.2 – 5.7)

1.7 (0.8 – 5.2) c

5.2.7. Discussion
5.2.7.1. Polybrominated diphenylethers
Elevated human concentrations of PBDEs are now
reported in the Arctic, but these findings seem to be
limited to Alaska (U.S. Arctic). Levels in mothers for all
other countries reporting PBDE concentrations in this
assessment are considerably lower with concentrations
from the European Arctic being the lowest (Figure 5.16).
The concentrations reported from Alaska are comparable
to, or even somewhat higher than, those recently reported
for the general U.S. population (Sjodin et al., 2008).
The mean BDE47 concentration in Alaska
(Yupiks) was reported to be 26 µg/kg lipids, which
is considerably higher than that reported for the
Canadian communities, with mean concentrations
of 6 to 11 µg/kg lipids. Concentrations in the
European Arctic are considerably lower, with mean
concentrations for BDE47 in the range < 0.6 to 2.2 µg/kg
lipids. Within Canada, concentrations seem slightly
higher in the non-indigenous population from Inuvik
compared to Dene-Métis and Inuit from the Inuvik,

c

a
Arithmetic mean age and range of group sampled; b number of
individuals sampled; c concentrations for PFOS and PFOA expressed
in µg/L plasma, all other data are expressed in µg/kg lipids.

Baffin, and Nunavik regions, although the sample size
among non-indigenous northern Canadians is quite
small. Concentrations in Norway, Russia, and Finland
are comparable, even though the Naryan Mar data
seem slightly lower than for the other populations.
Again, these concentrations are all low and close to
detection limits, and are thus associated with greater
uncertainty. The predominant PBDE is still BDE47,
but data from Norway indicate that BDE209 is found
in comparable concentrations to BDE47. The finding
of elevated concentrations of BDE209 together with
BDE207 is supported by a Swedish study where high
concentrations of BDE207, together with BDE209 and
BDE47, were observed (Karlsson et al., 2007). Despite
the higher uncertainty associated with BDE207 and
BDE209, this clearly indicates the need to determine
this compound in future assessments.
The ratio of BDE153 to BDE47 is highly variable
between the countries, with BDE153 concentrations
constituting only 25% of BDE47 concentrations in the
Alaskan data. In other countries like Norway and
Canada, concentrations are comparable. The reason
for this could be that the diet constitutes a larger
proportion of the exposure for people that are exposed
to lower concentrations. As indicated by Sandanger et
al. (2007), the proportion of BDE153 in these individuals
is higher than in the more exposed individuals. One
reason for this is possibly the difference in half lives
(6.5 years for BDE153 compared to 1.8 years for BDE47;
Geyer et al., 2004), resulting in a slower decrease in
BDE153 concentrations after the phase-out of the penta
and octa mixtures. This is supported by the findings
in Nunavik where the men had significantly higher
BDE153 concentrations than the women. The men also
consumed more traditional food and thus a larger
proportion of BDE153. The differences in exposure to
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Figure 5·16. PBDE (sum of BDE47, BDE99, BDE100 and
BDE153) concentrations in blood of mothers, pregnant
women and women of child-bearing age in the
circumpolar countries.

the different mixtures in different countries may also
contribute to higher concentrations of BDE47 relative
to BDE153. Therefore, a shift towards BDE153 and
a decrease in BDE47 is expected in the most remote
Arctic communities where exposures are more related
to the food chain. Others have also reported that
there seems to be a general trend with increasing
proportions of BDE153 in populations with nonoccupational exposure (Thuresson et al., 2006a).
There are few available data on trends in these
compounds in humans from the Arctic. An increasing
trend in PBDE concentrations has recently been
demonstrated in Nunavik (Canada). In contrast,
concentrations are reported to be leveling off or
decreasing in the southern parts of Sweden and
Norway. For the more persistent congeners like BDE153
it might take longer before a similar decline occurs
because this will dominate in the marine food chain.
The limited human data on TBBPA and HBCD show
that concentrations are still low and mostly undetected
(Knutsen et al., 2008; Thomsen et al., 2008).
5.2.7.2. Perfluorinated compounds
The main perfluorinated compound reported here is
PFOS with only limited data on PFOA. Discussions
are therefore focused on PFOS. It should be noted that
this is a compound with greater analytical uncertainty

than the legacy POPs. There is reason to believe that
the estimated concentrations are associated with an
uncertainty of 10% to 40% depending on the laboratory.
PFOS and PFOA were only recently introduced in the
AMAP ringtest (see Chapter 4). In addition, PFOS is
not associated with lipids and thus only wet weight
concentrations of this compound are considered here.
Of all the contaminants reported in this
assessment, PFOS is currently the predominant
compound in human plasma. The maximum
concentration reported in this assessment is 470
µg/L plasma (mean 20.6 µg/L plasma), found in an
Inuit male from Nunavik.
Even though it is by far the predominant compound
in plasma, the fact that PFOS is not associated with
lipids implies that the total burden of PFOS might
not be higher than the more lipid-soluble compounds
(legacy POPs). However, this has not been completely
evaluated and PFOS is also associated with organs
such as the liver in addition to plasma.
The geographical distribution of human PFOS
exposure across the Arctic provides no clear spatial
distribution or distinct differences between countries
(Figure 5.17). In addition, sample size for most
countries is limited, reducing the availability of firm
conclusions. However, concentrations reported from
Sweden, Alaska, and Naryan Mar (Russia) (mean
concentrations 8.1 µg/L plasma, 7.4 µg/L plasma, and
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9.3 µg/L plasma, respectively) seem slightly lower than
the majority of the other concentrations. The highest
mean concentration (20.6 µg/L plasma) was reported
among men from Nunavik. It should be noted that in
Nunavik, a larger number of individuals was assessed
than in any of the other communities and countries.
All mean concentrations (women) for PFOS reported
here were lower than the mean concentration of 18.4
µg/L plasma reported for U.S. women above the age
of 12 (Calafat et al., 2007). In comparison, the median
value reported for 12 Faroese women was 23.7 µg/L
plasma (Weihe et al., 2008). This indicates that
human plasma concentrations in the Faroe Islands
are higher than any of the other means reported here.
Initial time trend data for women of child-bearing
age in Nunavik suggest PFOS concentrations are
decreasing; however, trend data are not available
from other Arctic regions for comparison.
For Nunavik, gender-specific data indicated
that men had significantly higher concentrations
of PFOS than women from the same communities.
Significantly higher concentrations among men are
in accord with the findings by Calafat et al. (2007).
The range of PFOS exposure in the different
populations is narrow compared to other
contaminants, with considerable uncertainty linked
to the possible routes of exposure. Dietary data were
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only available from Nunavik, where increasing
concentrations of PFOS were associated with the
consumption of fish and marine mammal meat.
Marine mammal meat was also identified as a source
of PFOS exposure in a recent study on the Faroe
Islands (Weihe et al., 2008). Fromme et al. (2007a)
summarized the overall exposure assessment for
adults, and concluded that dietary exposure is the
dominant intake pathway for both PFOS and PFOA
for the western European population.
Another issue regarding PFOS in humans is the
reported differences in isomer patterns in different
populations (Karrman et al., 2007b). This difference
was also apparent when comparing isomers in
samples from Taymir and Naryan Mar (Russia) and
Bodø (Norway). In the samples from Naryan Mar, the
branched isomers had comparable intensity to the
linear isomer. The women from Naryan Mar were also
more exposed than the women from Taymir; women
from Naryan Mar do have a higher intake of fish but
there are few data on this and a small sample size.
The isomeric patterns still require investigation
and future data should be isomer specific, if
possible. It is unclear if people are reporting PFOS
concentrations as a sum of the isomers, or only
the linear isomer that dominates the standard and
technical mixtures.

20.0
15.0
10.0
7.5
5.0
2.5
0.5

PFOS, µg/L plasma/
serum lipid

Figure 5·17. PFOS concentrations in blood of mothers,
pregnant women and women of child-bearing age in
the circumpolar countries.
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Powley et al. (2008) found branched/linear
distributions of PFOS in fish and seals in the western
Canadian Arctic that were markedly different from
each other and from the expected isomer distribution
found in technical grade PFOS. It was suggested
that branched PFOS was eliminated significantly
faster in seals than linear PFOS if their diet consisted
primarily of Arctic cod (Boreogadus saida), because the
branched isomer content of PFOS in Arctic cod was
approximately 50% (relative peak areas), but only 4%
in seal matrices. Powley et al. (2008) concluded that
biological monitoring does not reflect the exposure
concentration isomer ratios, and that differential
pharmacokinetic behavior plays an important role in
the observed patterns in biological samples.
PFOA data are only available from Norway,
Russia, and Alaska. The data from these countries are
comparable and the concentrations are considerably
lower than for PFOS. Nevertheless, compared to
legacy POPs, concentrations are high, which is of
concern considering that higher concentrations of this
compound are reported in cord plasma than maternal
plasma. More data on PFOA are required to understand
both trends and spatial distribution.
5.2.7.3. Pentachlorophenol and hydroxylated PCBs
There are no international intercomparisons or certified
reference materials available for the determination of
PCP and OH-PCBs in human plasma, increasing the
uncertainty of the data. This should be considered
when comparisons are made. There are also limited
data available.
PCP data are only available from Canada, Norway,
and Russia where PCP is detected in all samples.
PCP concentrations in Nunavik (Canada), Bodø
(Norway), and Taymir and Naryan Mar (Russia) seem
comparable, with a slightly higher mean concentration
among the Russian data. There is also a broad range
of values in some of the communities, indicating large
differences in exposure. Elevated concentrations of
PCP are detected in humans throughout the Arctic,
but data are still limited geographically and exposure
routes and time trends are not elucidated.
Data on the OH-PCBs are only available from Canada
where the concentrations are considerably lower than
for PCP. The only Arctic comparison is the data from
Uelen (Russia) presented by Sandanger et al. (2004),
where the concentrations were considerably higher.
Of the hydroxylated compounds determined,
PCP predominated in all populations except among
the Chukchi from Uelen, where concentrations of
some of the OH-PCBs were found to be higher. The
samples were from both men and women and the
median concentration of the predominant OH-PCB,
4-OH-PCB107, was reported to be 1.67 µg/L plasma.
This is considerably higher than reported among the
Inuit (Nunavik) in this assessment, where the mean
concentration was 0.16 µg/L plasma for this congener.
The maximum concentration reported among the

Inuit for this congener was 3.2 µg/L plasma, and
comparable to the maximum concentration among the
Chukchi from Uelen (3.95 µg/L plasma), indicating a
broad exposure range. The ratio of OH-PCBs to PCB
has in the majority of studies been reported to be
approximately 0.1 to 0.2 or even less. In Uelen (Russia),
the median ratio was, however, as high as 0.4 and
several unknown OH-PCBs were detected (Sandanger
et al., 2004). This indicates that there is still limited
knowledge of these metabolites in the Arctic and
that there also seem to be large differences between
populations within the Arctic. Further assessments
are needed in relation to health studies, although a
full monitoring program is not required.
5.2.8. Conclusions and recommendations
5.2.8.1. Polybrominated diphenylethers and other
brominated flame retardants
Concentrations of PBDEs in the Canadian Arctic
are higher than those in the European Arctic, with
concentrations in Alaska (U.S. Arctic) being the
highest of the circumpolar countries. Of the PBDEs
studied, BDE47 had the highest plasma concentrations
in the samples; however, there are studies showing
that BDE153, which has a longer half life, will become
more highly concentrated than BDE47 in the future.
PBDEs should be routinely monitored in humans
from the Arctic, because there is currently a lack of
data from some regions. There is also an urgent need
for more data to enable evaluations of time trends in
future assessments.
Even though the limited data for TBBPA and HBCD
indicate that concentrations are still low, the large
production volumes indicate a need for further data and
screening. Considering the large amounts of brominated
flame retardants produced worldwide and that these
production volumes will remain high, it is essential to
assess all new compounds of importance and initiate
early screenings in order to detect potential contaminants
of concern. More data are needed on the higher brominated congeners including the deca and nona BDEs.
5.2.8.2. Perfluorinated compounds
PFOS is currently the predominant perfluorinated
compound in human plasma in Arctic regions
worldwide. The mean maternal plasma concentrations
of PFOS in the different Arctic countries seem
comparable. The only available dietary data from
Nunavik indicate that consumers of fish and
marine mammal meat have significantly higher
concentrations of PFOS; however, these data are
limited. Further studies are needed to understand
spatial distribution, sources of exposure and time
trends. Isomeric distributions for PFOS and higher
fluorinated sulfonates need to be included as part of
this work. Currently, PFOS and PFOA are monitored
in some regions and need to be included in all
regions.
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5.2.8.3. Pharmaceutical and personal care products
Siloxanes and parabenes are potential new
contaminants in the Arctic, although there are
currently no known human data available in the
circumpolar region. However, siloxanes have been
detected in biota in the Arctic and both compound
groups are produced in large quantities worldwide.
There are strong indications that these groups of
compounds should be screened in future assessments
for some compounds due to high potential for
bioaccumulation in aquatic organisms, and high
resistance to biodegradation.
5.2.8.4. Short-chain chlorinated paraffins
Knowledge of SCCPs is limited, although due to the
concerns about potential impacts on the environment,
use of SCCPs has been declining. There are currently
no SCCP human health data available for this
assessment due to analytical difficulties. To assess
the effects of SCCPs on human health in the Arctic,
analytical protocols need to be developed to allow
human screening.
5.2.8.5. Hydroxylated PCBs and pentachlorophenols
There are variable differences in exposure to OHPCBs and PCPs among Arctic communities, although
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concentrations are fairly consistent across countries
with available data (Canada, Russia, as well as Norway
for PCPs). The majority of OH-PCB concentrations
are considerably lower than for the PCBs. In Uelen,
Russia, concentrations were however comparable,
indicating some large regional differences. PCP
is often the hydroxylated compound found at the
highest concentrations in human tissue. However,
comparisons of PCP concentrations to those of OHPCBs show inconsistent results, with PCPs higher than
OH-PCBs in Nunavik (Canada) and lower in Uelen
(Russia). Further research should attempt to clarify
spatial differences in these compounds, exposure
routes and trends over time.
In general, the timeframe of contaminant
production, transport to the Arctic, and first
detection in humans remains too long, causing
a lag in the time taken to enable bans and reduce
their production. To decrease this period, more
resources are needed for exploratory analysis for
early detection of unknown compounds. Nontarget screening is encouraged to detect unknown
contaminants. Enhanced communication between
researchers and industry is also required to assess
and respond efficiently to contaminants of potential
concern to human health.
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Appendix 5·1: Wet Weight Data Tables.
To facilitate comparisons, the tables in this Appendix have been numbered to correspond to the equivalent (lipid
weight data tables) tables in Chapter 5.

Table A 5·3. Contaminant concentrations (µg/L plasma) in Dene-Métis, Inuit and Caucasian mothers from the Inuvik region, NWT,
Canada. Data show geometric mean (and range) for specified period of sampling. Source: baseline study (Tofflemire, 2000), followup study (Armstrong et al., 2007).
Dene- Métis

Inuit

Caucasian

Baseline
Follow-up Significant Baseline
Follow-up Significant Baseline
Follow-up Significant
study
study
study
study
difference,
study
study
difference,
difference,
1998 – 1999 2005 – 2006 p < 0.05
1998 – 1999 2005 – 2006 p < 0.05 1998 – 1999 2005 – 2006
p < 0.05
24 (18 – 35) a 24 (16 – 36) a
n = 42 b
n = 17 b
Oxychlordane
p,p’-DDE
Toxaphene,
parlar 50
CB153

0.03
0.01
(0.01 – 0.22) (0.00 – 0.04)
0.51
0.30
(0.17 – 1.80) (0.11 – 1.20)
na

na

0.12
0.30
(0.02 – 1.05) (0.11 – 1.20)

23 (15 – 37) a 26 (17 – 38) a
n = 31 b
n = 52 b
SD e
SD c

0.15
0.07
(0.03 – 1.06) (0.00 – 1.00)
1.08
0.65
(0.40 – 3.79) (0.05 – 7.40)

31 (19 – 45) a 32 (23 – 40) a
n = 21 b
n = 6b
0.04
0.01
(0.02 – 0.07) (0.01 – 0.03)
0.57
0.33
(0.22 – 2.07) (0.15 – 0.95)

SD d
SD d

na

na

na

na

SD d

0.26
(0.06 – 0.88)

0.14
(0.00 – 1.30)

SD d

na

SD d
ns f

na

na

0.11
0.04
(0.03 – 0.27) (0.02 – 0.08)

SD d

Arithmetic mean age and range of group sampled; b number of individuals sampled.; c SD (p = < 0.05 – 0.01); d SD (p = 0.01 – 0.001); e SD (p = 0.001
– <0.0001); f not significant (p > 0.05).
a

Table A 5·5. Trends in contaminant concentrations (µg/L plasma) in pregnant Inuit women from Nunavik, Québec, Canada. Data
show geometric mean (and range) for specified period of sampling. Source: 1992 (Santé Québec, 1994), 1996 – 2001 (Dallaire et al.,
2003), 2004 (Dewailly et al., 2007a,b), 2007 (Pereg et al., 2008).
1992
24 a
(18 – 35) a
n = 11 b

1996
24 a
(17 – 34) a
n = 25 b

1997
25 a
(15 – 41) a
n = 53 b

1998
25 a
(15 – 37) a
n = 46 b

1999
26 a
(17 – 36) a
n = 26 b

2000
26 a
(17 – 39) a
n = 36 b

0.32
0.27
(0.07 – 1.5) (0.04 – 2.3)

2001
27 a
(17 – 39) a
n =20 b

2004
2007
Significant
27 a
24 a
difference,
(18 – 42) a (18 – 37) a p < 0.05 c, d
n = 29 b
n = na

Oxychlordane

0.57
0.34
(0.21 – 2.8) (0.05 – 1.7)

0.36
(0.08 – 3.9)

0.26
(0.05 – 2.7)

p,p’-DDE

4.70
2.38
(1.9 – 18) (0.54 – 9.7)
1.27
0.87
(0.46 – 3.3) (0.15 – 3.9)

2.79
(0.54 – 14.4)
0.95
(0.21 – 6.1)

2.01
1.98
1.85
1.55
1.78
(0.34 – 17.9) (0.63 – 9.9) (0.37 – 15.0) (0.38 – 12.8) (0.43 – 7.7)
0.63
0.79
0.65
0.56
0.55
(0.14 – 5.6) (0.15 – 3.0) (0.08 – 5.2) (0.08 – 3.8) (0.12 – 2.0)

CB153

0.24
0.27
(0.04 – 1.2) (0.06 – 1.9)

na

0.0006

na

< 0.0001

na

< 0.0001

Arithmetic mean age and range of group sampled; b number of individuals sampled; c special analysis, Pereg, D. pers. comm. (2007); dusing anova
adjusted for age and region (Hudson or Ungava), regression adjusted for age and region (Hudson or Ungava) and smoking status (smoker, ex-smoker,
non-smoker).
a

Table A 5·6. Contaminant concentrations (µg/L plasma) in Inuit women and men from Nunavik, Quebec, Canada. Data show
geometric mean (and range) for specified period of sampling. Source: 1992 (Santé Québec, 1994), 1994 (Dewailly et al., 2007a,b).
Inuit women
1992
35 (18 – 73) a
n = 282 b

Inuit women
2004
37 (18 – 74) a
n = 498 b

Significant
difference, p <
0.05 c

Inuit men
1992
36 (18 – 74) a
n = 210 b

Inuit men
2004
37 (18 – 74) a
n = 408 b

Significant
difference, p <
0.05 c

Oxychlordane

0.72 (0.02 – 11)

0.41 (0.01 – 16)

p < 0.0001

0.87 (0.01 – 21.0)

0.40 (0.005 – 9.3)

p < 0.0001

p,p’-DDE

6.2 (0.42 – 74)

2.9 (0.19 – 54)

p < 0.0001

7.51 (0.76 – 96.0)

2.81 (0.076 – 49.0)

p < 0.0001

1.6 (0.11 – 16.0)

0.98 (0.04 – 41)

p < 0.0001

2.14 (0.07 – 19.0)

1.15 (0.051 – 20.0)

p < 0.0001

CB153

na: Not available.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Table A 5·7. Contaminant concentrations (µg/L plasma) in Inuit mothers from the Baffin Region, Nunavut Territory, Canada. Data
show geometric mean (and range) for specified period of sampling. Source: baseline study (Butler-Walker et al., 2003, 2006), followup study (Potyrala, M., unpubl., 2008).

Oxychlordane
p,p’-DDE
Toxaphene, parlar 50
CB153
a

Baseline study
1997
24 (15 – 39) a
n = 30 b

Follow-up study
2005 – 2007
24 (15 – 39) a
n = 99 b

Significant difference,
p < 0.05

0.58 (0.093 – 2.4)

0.23 (0.04 – 1.9)

< 0.0001

2.1 (0.55 – 6.0)

1.1 (0.13 – 5.9)

< 0.0001

0.13 (0.03 – 0.66)

0.076 (0.007 – 1.0)

0.0008

1.0 (0.25 – 3.9)

0.37 (0.077 – 2.2)

< 0.0001

Arithmetic mean age and range of group sampled; b number of individuals sampled.

Table A 5·8. Trends in contaminant concentrations (µg/L plasma) in pregnant Inuit women from Disko Bay, Greenland. Data show
geometric mean (and range) for specified period of sampling. The statistical analysis was a linear regression using log variables
adjusted for age. Source: Deutch and Hansen (2000), Deutch et al. (2007), Deutch unpubl. data.

Oxychlordane
p,p’-DDE
CB153

1994
25 (20 – 35) a
n = 10 b

1995
27 (20 – 35) a
n = 94 b

1996
27 (20 – 35) a
n = 63 b

1997
25 (20 – 35) a
n = 12 b

1999
26 (22 – 34) a
n = 21 b

2006
27 (20 – 35) a
n = 20 b

0.56
(0.1 – 4.0)
4.4
(2 – 8)
1.3
(0.5 – 6)

0.63
(0.02 – 4.7)
3.0
(0.5 – 21)
1.9
(0.3 – 10)

0.48
(0.02 – 2.0)
3.1
(0.6 – 10)
1.5
(0.4 – 5)

0.52
(0.04 – 1.9)
4.1
(1.1 – 17)
1.9
(0.6 – 6)

0.22
(0.01 – 0.8)
1.5
(0.4 – 4.3)
0.67
(0.2 – 2.0)

0.11
(0.02 – 0.5)
1.03
(0.2 – 3.5)
0.40
(0.02 – 1.2)

na: Not available, ns: not significant.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled.

Significant
difference,
p < 0.05
p < 0.0001
p < 0.0001
p < 0.0001
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Table A 5·10. Trends in contaminant concentrations (µg/L plasma) in Inuit men from Nuuk, Greenland. Data show geometric mean
(and range) for specified period of sampling. Trend analysis based on linear regression analysis with adjustment for age. Trends and
statistics calculated from log transformed concentrations. Source: Deutch et al. (2004, 2007), Deutch, B., pers. comm. (2007).

Oxychlordane
Trans-nonachlor
p,p’-DDT
p,p’-DDE
DDE:DDT
HCB
β-HCH
Mirex
Total Toxaphene
parlar 26
parlar 50
PCBs
Aroclor 1260
CB118
CB138
CB153
CB180
Σ14 PCBs

Sisimiut
2002 – 2003
31 (20 – 50) b
n = 51 c

Qaanaaq
2003
34 (20 – 50) b
n = 41 c

Nuuk
2005
44 (30 – 50) b
n = 19 c

Quegertarsuaq
2006
35 (20 – 50) b
n = 35 c

Narsaq
2006
39 (20 – 50) b
n = 28 c

All Greenland a
1999 – 2006
35 (19 – 50) b
n = 314 c

0.39
(0.03 – 3.0)
0.87
(0.05 – 8.8)
0.04
(0.01 – 0.7)
2.8
(0.5 – 24)
78
(16 – 360)
0.55
(0.12 – 3.5)
0.07
(0.01 – 0.64)
0.07
(0.01 – 0.39)
0.30
(0.02 – 4.5)
0.11
(0.01 – 1.9)
0.18
(0.01 – 2.6)

2.64
(0.5 – 24)
4.1
(0.8 – 35)
0.23
(0.01 – 2.8)
6.45
(1.8 – 55)
28
(6.2 – 277)
1.56
(0.33 – 104)
0.34
(0.08 – 2.1)
0.25
(0.06 – 1.7)
1.33
(0.13 – 13)
0.52
(0.04 – 5.7)
0.8
(0.09 – 7.5)

1.23
(0.2 – 4.1)
2.8
(0.5 – 8.5)
0.12
(0.01 – 0.52)
6.2
(1.7 – 16)
51
(19 – 170)
1.4
(0.3 – 4.4)
0.16
(0.01 – 0.44)
0.21
(0.05 – 0.82)
0.84
(0.14 – 2.5)
0.29
(0.05 – 0.90)
0.55
(0.1 – 1.60)

0.7
(0.07 – 3.1)
1.6
(0.16 – 6.7)
0.08
(0.02 – 0.5)
4.8
(0.78 – 16)
60
(23 – 260)
1.1
(0.14 – 4.2)
0.09
(0.01 – 0.37)
0.09
(0.02 – 0.4)
0.72
(0.05 – 3.2)
0.27
(0.02 – 1.2)
0.45
(0.03 – 2.0)

0.6
(0.06 – 2.9)
1.3
(0.15 – 5.2)
0.07
(0.02 – 0.24)
4.9
(0.5 – 18)
71
(26 – 375)
0.71
(0.12 – 27)
0.08
(0.02 – 0.26)
0.12
(0.01 – 0.5)
0.56
(0.06 – 2.4)
0.21
(0.02 – 1.0)
0.34
(0.04 – 1.4)

1.33
(0.03 – 24)
2.24
(0.05 – 35)
0.15
(0 – 2.75)
6.1
(0.46 – 55)
43
(6.2 – 3.75)
1.13
(0.12 – 10.5)
0.19
(0.01 – 2.6)
0.2
(0.01 – 2.2)
0.89
(0 – 13)
0.35
(0 – 5.7)
0.55
(0 – 7.5)

11.2
(1.8 – 85)
0.16
(0.01 – 2.4)
0.61
(0.1 – 4.5)
1.5
(0.2 – 12)
0.7
(0.14 – 4.6)
3.67
(0.02 – 32)

39
(13 – 151)
0.59
(0.08 – 4.1)
1.95
(0.7 – 6.6)
5.5
(1.7 – 22)
2.6
(0.7 – 9.6)
14.3
(4.4 – 56)

28
(9.3 – 87)
0.51
(0.1 – 1.5)
1.6
(0.4 – 4.9)
3.9
(1.3 – 12)
2.1
(0.8 – 6.3)
10.6
(3.6 – 31)

15
(2.8 – 58)
0.31
(0.04 – 1.2)
0.84
(0.06 – 3.7)
2.0
(0.35 – 7.4)
1.1
(0.17 – 3.9)
5.8
(1.0 – 22)

19
(3.4 – 62)
0.22
(0.2 – 0.8)
1.17
(0.2 – 3.5)
2.4
(0.4 – 8.3)
1.24
(0.2 – 4.6)
6.7
(1.1 – 22)

29.4
(1.8 – 40)
0.43
(0.01 – 4.1)
1.74
(0.06 – 17.9)
3.86
(0.24 – 60)
2.06
(0.14 – 5.6)
10.7
(0.02 – 180)

ns: Not significant.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Table A 5·11. Concentrations of POPs (µg/L plasma) in Inuit women of reproductive age from Greenland. Data show geometric mean
(and range) for specified period of sampling. Source: Deutch et al. (2004, 2007), Deutch, B., pers. comm. (2007).
Sisimiut
2002 – 2003
33 (20 – 50) b
n = 42 c

Qaanaaq
2003
33 (20 – 50) b
n = 34 c

Nuuk
2005
36 (30 – 50) b
n = 45 c

Quegertarsuaq
2006
34 (20 – 50) b
n = 44 c

Narsaq
2006
35 (20 – 50) b
n = 42 c

All Greenland a
1999 – 2006
33 (18 – 50) b
n = 299 c

Oxychlordane

0.22
(0.01 – 1.7)

1.06
(0.03 – 9.0)

0.16
(0.02 – 1.7)

0.28
(0.02 – 2.7)

0.43
(0.05 – 5.5)

0.53
(0.01 – 14.8)

Trans-nonachlor

0.48
(0.05 – 3.3)

1.8
(0.1 – 12)

0.39
(0.05 – 32)

0.62
(0.07 – 4.6)

0.89
(0.11 – 9.5)

0.97
(0.05 – 11.7)

p,p’-DDT

0.02
(0.01 – 0.53)

0.13
(0.01 – 1)

0.02
(0.01 – 0.16)

0.04
(0.02 – 0.32)

0.07
(0.02 – 1.0)

0.08
(0.01 – 2.8)

p,p’-DDE

1.55
(0.22 – 8.5)

3.7
(0.15 – 25)

1.8
(0.28 – 11)

2.3
(0.2 – 16)

3.7
(0.26 – 20)

3.59
(0.15 – 43)

DDE:DDT

65
(13 – 270)

28
(8.5 – 120)

66
(9.5 – 280)

51
(10 – 270)

50
(5.2 – 410)

42.2
(5.2 – 410)

HCB

0.42
(0.07 – 1.9)

0.98
(0.07 – 4.9)

0.33
(0.12 – 1.8)

0.61
(0.07 – 6.1)

0.59
(0.11 – 2.5)

0.66
(0.07 – 6.1)

β-HCH

0.04
(0.01 – 0.2)

0.19
(0.01 – 1.0)

0.02
(0.01 – 0.26)

0.04
(0.01 – 0.41)

0.06
(0.01 – 0.31)

0.09
(0.01 – 2.0)

Mirex

0.05
(0.01 – 0.22)

0.11
(0.01 – 0.7)

0.03
(0.01 – 0.33)

0.04
(0.01 – 0.38)

0.07
(0.01 – 0.6)

0.08
(0.01 – 1.3)

Total Toxaphene

0.19
(0.02 – 1.3)

0.65
(0.02 – 4.7)

0.16
(0.02 – 0.9)

0.34
(0.03 – 2.6)

0.43
(0.03 – 5.8)

0.43
(0.02 – 7.0)

parlar 26

0.08
(0.01 – 0.55)

0.26
(0.01 – 1.9)

0.06
(0.01 – 0.3)

0.13
(0.01 – 0.92)

0.17
(0.01 – 2.3)

0.17
(0.01 – 2.9)

parlar 50

0.11
(0.01 – 0.8)

0.39
(0.01 – 2.8)

0.1
(0.01 – 0.6)

0.22
(0.02 – 1.7)

0.27
(0.02 – 3.5)

0.26
(0.01 – 4.1)

5.9
(1.0 – 27)
0.13
(0.02 – 0.72)
0.34
(0.06 – 1.6)
0.79
(0.12 – 3.7)
0.34
(0.05 – 1.5)
2.18
(0.4 – 9.8)

18.2
(1.2 – 114)
0.37
(0.02 – 2.1)
1.0
(0.01 – 5.0)
2.49
(0.16 – 17)
1.1
(0.11 – 9.0)
6.73
(0.5 – 43)

6.2
(1.5 – 46)
0.12
(0.01 – 0.8)
0.37
(0.11 – 2.4)
0.8
(0.18 – 6.3)
0.40
(0.07 – 3.4)
2.27
(0.54 – 16)

6.9
(0.9 – 4.3)
0.18
(0.02 – 1.6)
0.43
(0.06 – 2.7)
0.89
(0.11 – 6.0)
0.45
(0.04 – 3.5)
2.67
(0.3 – 16.5)

13.9
(1.7 – 87)
0.22
(0.03 – 1.2)
0.90
(0.12 – 5.0)
1.77
(0.2 – 12)
0.82
(0.1 – 4.9)
4.97
(0.62 – 29)

14.3
(0.9 – 263)
0.28
(0.01 – 4.5)
0.90
(0.06 – 15)
1.84
(0.11 – 38)
0.91
(0.04 – 29)
5.35
(0.3 – 106)

PCBs
Aroclor 1260
CB118
CB138
CB153
CB180
Σ14 PCBs

The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannaq 1999, Tassiilaq 2000, Sisimiut 2002 – 2003, Qaannaq 2003, Nuuk 2005,
Quegertarsuaq 2006 and Narsaq 2006; b arithmetic mean age and range of group sampled; c number of individuals sampled.

a
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Table A 5·12. Concentrations of POPs (µg/L plasma) in Inuit men from Nuuk, Greenland by age class. Data show geometric range
mean (and range) for 2005. Source: Deutch et al. (2007), Deutch, B., pers. comm. (2007).
36 ( 35 – 38) a
n = 3b

46 (42 – 50) a
n = 16 b

61 (51 – 77) a
n = 31 b

All ages
55 ( 35 – 77) a
n = 50 b

Oxychlordane

0.68 (0.6 – 0.8)

1.27 (0.2 – 0.4)

2.88 (0.7 – 15)

2.02 (0.2 – 15)

Trans-nonachlor

1.39 (1.2 – 1.6)

2.97 (0.5 – 8.5)

6.04 (2.0 – 3.3)

4.38 (0.5 – 33)

p,p’-DDT

0.1 (0.09 – 0.11)

0.12 (0.01 – 0.52)

0.20 (0.06 – 0.93)

0.16 (0.01 – 0.93)

p,p’-DDE

5.28 (3.1 – 9.0)

5.94 (1.7 – 16)

11.93 (2.8 – 9.0)

9.01 (1.7 – 90)

DDE:DDT

54.6 (28 – 104)

51.1 (19.3 – 170)

57.9 (28 – 101)

55.1 (19.3 – 170)

HCB

0.79 (0.6 – 1.1)

1.47 (0.3 – 4.4)

2.6 (0.9 – 10)

2.1 (0.3 – 10)

β-HCH

0.09 (0.07 – 0.11)

0.17 (0.01 – 0.44)

0.32 (0.14 – 1.3)

0.24 (0.01 – 1.3)

Mirex

0.14 (0.09 – 0.21)

0.21 (0.05 – 4.1)

0.56 (0.13 – 2.8)

0.37 (0.05 – 2.8)

Total Toxaphene

0.71 (0.7 – 0.73)

1.48 (0.23 – 4.1)

2.24 (0.67 – 12.3)

1.83 (0.23 – 12.3)

parlar 26

0.145 (0.14 – 0.15)

0.31 (0.05 – 0.9)

0.49 (0.17 – 2.7)

0.39 (0.05 – 2.7)

parlar 50

0.29 (0.28 – 0.30)

0.59 (0.09 – 1.6)

0.87 (0.25 – 4.8)

0.72 (0.09 – 4.8)

Aroclor 1260

21.4 (17 – 27)

28.3 (9 – 87)

59.1 (22 – 240)

43.5 (9 – 240)

CB118

0.40 (0.2 – 0.7)

0.50 (0.09 – 1.5)

1.1 (0.4 – 4.7)

0.80 (0.09 – 4.7)

CB138

1.23 (1.0 – 1.6)

1.56 (0.45 – 4.9)

3.0 (1.3 – 11)

2.28 (0.5 – 11)

CB153

2.93 (2.4 – 3.6)

3.88 (1.3 – 12)

8.31 (2.9 – 35)

6.06 (1.3 – 35)

CB180

1.45 (1.1 – 1.9)

2.14 (0.8 – 6.3)

5.27 (1.8 – 23)

3.61 (0.8 – 23)

Σ14 PCBs

7.81 (6.1 – 10)

10.62 (3.6 – 31)

23.1 (8.4 – 97)

16.7 (3.6 – 97)

PCBs

a

Arithmetic mean age and range of group sampled; b number of individuals sampled.

Table A 5·15. Concentrations of POPs (µg/L plasma) in Icelandic mothers. Data show geometric mean (and range) for specified
period of sampling. Lipid normalization of data based on average lipid concentrations from 1995. Source: Olafsdottir, K., pers.
comm. (2007).
Reykjavik
1995
30 (18 – 41) a
n = 40 b, p = 1.9 c

All Iceland
1999
28.7 (20 – 42) a
n = 39 b, p = 1.9 c

All Iceland
2004
30.3 (20 – 40) a
n = 40 b, p = 1.8 c

SD d

Oxychlordane

0.05 (0.02 – 0.16)

0.03 (0.01 – 0.17)

0.05 (0.01 – 0.17)

ns

p,p’-DDE

0.87 (0.33 – 4.3)

0.78 (0.26 – 2.41)

0.42 (0.15 – 1.78)

p < 0.0001

CB153

0.52 (0.20 – 1.2)

0.48 (0.19 – 1.65)

0.32 (0.15 – 0.77)

p < 0.0001

ns: Not significant.
a
Arithmetic mean age and range of group sampled; b number of individuals sampled; c parity; d significant differences using Kruskal-Wallis Test
(Nonparametric ANOVA) between 1995 and 2004.
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Table A 5·16. Concentrations of POPs (µg/L plasma) in maternal blood from Icelandic mothers, by region. Lipid normalization of
data based on average lipid concentrations from 1995. Data show geometric mean (and range) for 2004. Source: Olafsdottir, K., pers.
comm. (2007).
Reykjavik
2004
31 (20 – 40) a
n = 20 b, p = 1.5 c

Akureyri
2004
31 (22 – 39) a
n = 10 b, p = 2.4 c

Vestmannaeyjar
2004
29 (22 – 39) a
n = 10 b, p = 1.8 c

All regions
2004
30 (20 – 40) a
n = 40 b, p = 1.8 c

Oxychlordane

0.05

0.05

0.08

0.04

Trans-nonachlor

0.06

0.05

0.06

0.05

p,p’-DDT

0.02

0.02

0.03

0.02

p,p’-DDE

0.42

0.46

0.38

0.40

DDE:DDT

19.2

24.4

14.1

20.3

HCB

0.22

0.22

0.20

0.23

β-HCH

0.07

0.08

0.10

0.04

parlar 26

0.01

0.01

0.01

0.01

parlar 50

0.03

0.03

0.03

0.03

Aroclor 1260

2.63

2.56

2.49

2.76

CB118

0.08

0.08

0.09

0.08

CB138

0.18

0.18

0.18

0.19

CB153

0.32

0.32

0.30

0.34

CB180

0.18

0.17

0.18

0.19

Σ14 PCBs

1.03

0.98

1.01

1.05

Toxaphene

PCBs

a

Arithmetic mean age and range of group sampled; b number of individuals sampled; c parity.

Table A 5·17. Concentrations of POPs (µg/L plasma) in maternal
plasma from northern Norway. Data show geometric mean
(and range) for specified period of sampling. Source: Kirkenes
(AMAP, 1998), Bodø (SPFO, 2005).
Kirkenes
1996
29 (19 – 44) a
n = 66 b

Bodø
2004
30 (20 – 35) a
n = 10 b

Oxychlordane

0.03

0.02

p,p’-DDE

0.61

0.40

CB153

0.41

0.14

Table A 5·18. Contaminant concentrations (µg/L plasma) in
pregnant women from the Kiruna region in northern Sweden.
Data show geometric mean (and range) for specified period
of sampling. Source: 1996 (Van Oostdam et al., 2004), 2007
(Messner, T., pers. comm., 2008).

Oxychlordane
p,p’-DDE

Arithmetic mean age and range of group sampled; b number of
individuals sampled.
a

CB153

Northern
Sweden
1996
29 (22 – 33) a
n = 40

Northern
Sweden
2007
27 (22 – 33) a
n = 25

0.02
(0.01 – 0.05)
0.84
(0.33 – 5.5)
0.70
(0.31 – 2.0)

nd
0.27
(0.06 – 0.96)
0.21
(0.07 – 0.46)

Significant
difference,
p< 0.05

p < 0.001
p < 0.001

nd: Not detected.
Arithmetic mean age and range of group sampled; b number of individuals sampled.

a

108

AMAP Assessment 2009: Human Health in the Arctic

Table A 5·21 Concentrations of POPs (µg/L plasma) in pregnant women by area and ethnicity in Russia. Data show geometric mean
(and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al. (2003), Dudarev
et al. (2003), Konoplev et al. (2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Pechora River
Basin

Taymir
Peninsula

Norilsk

Kamchatka

Coastal

Inland

Chukchi &
Inuit

Chukchi

Saami,
Nenets &
Komi

Nenets

Dolgan

Ethnic Russian

Koryak &
Even

26 (15 – 41) a
n = 68 b

25 (18 – 40) a
n = 58 b

22 (18 – 32) a
n = 16 b

23 (16 – 38) a
n = 38 b

27 (16 – 42) a
n = 69 b

27 (16 – 37) a
n = 59 b

21 (15 – 39) a
n = 8b

Oxychlordane

0.59
(0.01 – 7.9)

0.03
(0.01 – 0.35)

0.02
(0.01 – 0.07)

0.02
(0.01 – 0.12)

0.03
(0.02 – 0.44)

0.02
(0.01 – 0.10)

0.05
(0.01 – 0.15)

Trans-nonachlor

0.44
(0.05 – 3.7)

0.05
(0.02 – 0.26)

0.03
(0.02 – 0.13)

0.03
(0.02 – 0.31)

0.08 (0.02 –
0.44)

0.02
(0.02 – 0.11)

0.11
(0.03 – 0.53)

p,p’-DDT

0.22
(0.06 – 1.2)

0.21
(0.06 – 1.0)

0.25
(0.06 – 0.80)

0.26
(0.06 – 1.9)

0.21
(0.06 – 0.85)

0.33
(0.09 – 6.3)

0.11
(0.06 – 0.34)

p,p’-DDE

2.3
(0.74 – 7.0)

1.42
(0.07 – 6.4)

2.06
(0.77 – 6.6)

1.6
(0.06 – 5.4)

1.5
(0.21 – 7.7)

3.2
(0.79 – 20)

1.7
(1.0 – 2.5)

HCB

1.3
(0.33 – 6.0)

0.52
(0.14 – 2.7)

0.34
(0.15 – 1.6)

0.56
(0.15 – 2.1)

0.57
(0.07 – 2.1)

0.26
(0.08 – 1.2)

0.29
(0.19 – 0.55)

β-HCH

1.7
(0.33 – 7.6)

0.67
(0.09 – 2.5)

0.16
(0.02 – 1.7)

0.33
(0.02 – 1.1)

0.65
(0.02 – 3.0)

1.0
(0.02 – 5.7)

0.48
(0.30 – 1.1)

7.6
(1.5 – 30)
0.28
(0.06 – 0.88)
0.35
(0.07 – 1.5)
0.34
(0.09 – 1.2)
1.1
(0.19 – 4.8)
0.23
(0.06 – 1.0)

1.67
(0.44 – 8.47)
0.07
(0.03 – 0.73)
0.17
(0.03 – 1.4)
0.12
(0.05 – 0.72)
0.20
(0.04 – 0.98)
0.06
(0.02 – 0.29)

2.49
(0.44 – 5.4)
0.09
(0.03 – 0.20)
0.17
(0.03 – 0.60)
0.22
(0.05 – 0.57)
0.26
(0.04 – 0.50)
0.09
(0.02 – 0.28)

3.21
(0.44 – 15)
0.07
(0.03 – 0.23)
0.12
(0.03 – 0.30)
0.15
(0.05 – 0.56)
0.45
(0.04 – 2.4)
0.18
(0.02 – 1.30)

3.2
(0.78 – 12)
0.13
(0.03 – 0.36)
0.22
(0.03 – 0.86)
0.21
(0.05 – 0.74)
0.40
(0.10 – 1.6)
0.14
(0.02 – 0.56)

2.3
(0.44 – 10)
0.14
(0.03 – 0.49)
0.21
(0.06 – 1.4)
0.16
(0.05 – 0.58)
0.28
(0.04 – 1.4)
0.08
(0.02 – 0.36)

2.1
(0.87 – 3.2)
0.08
(0.03 – 0.19)
0.16
(0.06 – 0.26)
0.10
(0.05 – 0.19)
0.29
(0.12 – 0.52)
0.09
(0.05 – 0.12)

PCBs
Aroclor
1260
CB99
CB118
CB138
CB153
CB180
a

Kola
Peninsula2

Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Table A 5·22. Concentrations of POPs (µg/L plasma) in women (general population) by region and ethnicity in Russia. Data show
geometric mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al.
(2003), Dudarev et al. (2003), Konoplev et al., 2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Kola Peninsula

Pechora River
Basin

Taymir
Peninsula

Commander
Islands

Coastal

Inland

Lovosero

Krasnoschelye

Chukchi &
Inuit

Chukchi

Saami, Nenets
and Komi

Saami, Nenets
and Komi

Nenets

Dolgan

Aleuts

38 (21 – 69) a
n = 26 b

37 (19 – 81) a
n = 28 b

47 (26 – 76) a
n = 17 b

44 (18 – 78) a
n = 47 b

37 (18 – 65) a
n = 31 b

44 (20 – 72) a
n = 40 b

34 (18 – 46) a
n = 49 b

Oxychlordane

0.58
(0.05 – 5.1)

0.07
(0.01 – 1.2)

0.03
(0.01 – 0.13)

NA6

0.03
(0.01 – 0.17)

0.08
(0.01 – 0.54)

0.04
(0.01 – 0.46)

Trans-nonachlor

0.87
(0.11 – 5.8)

0.11
(0.02 – 1.5)

0.09
(0.04 – 0.26)

0.04
(0.02 – 0.62)

0.04
(0.02 – 0.28)

0.09
(0.02 – 0.83)

0.16
(0.03 – 1.4)

p,p’-DDT

0.17
(0.06 – 0.70)

0.11
(0.06 – 0.48)

0.36
(0.15 – 1.0)

0.43
(0.12 – 4.1)

0.40
(0.06 – 3.2)

0.21
(0.06 – 1.2)

0.20
(0.06 – 1.3)

p,p’-DDE

2.1
(0.46 – 6.8)

1.1
(0.30 – 2.5)

2.91
(0.37 – 9.1)

2.47
(0.08 – 45)

2.1
(0.23 – 12)

1.2
(0.06 – 4.6)

2.3
(0.05 – 29)

HCB

0.69
(0.08 – 3.4)

0.75
(0.25 – 2.6)

0.75
(0.39 – 1.2)

0.57
(0.05 – 1.7)

0.80
(0.26 – 2.3)

1.3
(0.05 – 3.6)

0.62
(0.17 – 2.7)

β-HCH d

1.71
(0.22 – 8.2

0.18
(0.02 – 1.6)

0.98
(0.09 – 4.2)

0.75
(0.02 – 3.8)

0.58
(0.15 – 3.7)

1.1
(0.13 – 3.9)

0.62
(0.17 – 2.7)

13.17
(2.4 – 78)
0.32
(0.05 – 1.2)
0.44
(0.07 – 1.8)
0.73
(0.14 – 4.2)
11
(0.309 – 10.913)
0.46
(0.07 – 3.7)

1.8
(0.67 – 8.3)
0.07
(0.03 – 0.28)
0.15
(0.03 – 0.56)
0.11
(0.05 – 0.39)
0.23
(0.08 – 1.2)
0.07
(0.02 – 0.34)

3.83
(1.8 – 10)
0.10
(0.03 – 0.19)
0.26
(0.11 – 0.71)
0.25
(0.10 – 0.82)
0.48
(0.19 – 1.2)
0.23
(0.12 – 0.64)

4.00
(0.53 – 13)
0.26
(0.03 – 4.0)
0.29
(0.03 – 1.3)
0.31
(0.05 – 1.0)
0.44
(0.05 – 1.7)
0.14
(0.02 – 0.70)

3.3
(0.44 – 29)
0.13
(0.03 – 8.8)
0.19
(0.03 – 5.6)
0.22
(0.05 – 2.8)
0.40
(0.04 – 2.8)
0.11
(0.02 – 1.1)

2.94
(0.60 – 9.3)
0.08
(0.03 – 0.51)
0.17
(0.03 – 0.83)
0.20
(0.05 – 0.73)
0.35
(0.07 – 1.3)
0.10
(0.02 – 0.49)

4.2
(1.4 – 27)
0.15
(0.03 – 1.2)
0.22
(0.03 – 1.8)
0.29
(0.08 – 1.8)
0.51
(0.16 – 3.3)
0.17
(0.02 – 1.1)

PCBs
Aroclor
1260
CB99
CB118
CB138
CB153
CB180

a
Arithmetic mean age and range of group sampled; b number of individuals sampled; c thirty samples were missing from Krasnoschelye; d ten
samples for β-HCH were missing from one lab, all in the same area (Kanchalan), thus will give an artificially low estimate.
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Table A 5·23. Concentrations of POPs (µg/L plasma) in men (general population), by region and ethnicity in Russia. Data show
geometric mean (and range) for 2001 – 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al.
(2003), Dudarev et al. (2003), Konoplev et al. (2005, 2006), Dudarev and Chashchin (2006).
Chukotka Peninsula

Taymir
Peninsula

Commander
Islands

Nenets

Dolgan

Aleuts

Inland

Chukchi &
Inuit

Chukchi

35 (19 – 68) a
n = 24 b

32 (19 – 54) a
n = 14 b

44 (18 – 77) a
n = 4b

44 (18 – 77) a
n = 15 b

25 (18 – 62) a
n = 13 b

39 (18 – 69) a
n = 12 b

39 (18 – 58) a
n = 40 b

Oxychlordane

1.7
(0.01 – 9.7)

0.07
(0.01 – 0.41)

0.03
(0.01 – 0.14)

0.03
(0.01 – 0.12)

0.04
(0.01 – 0.44)

0.06
(0.01 – 1.2)

0.01

Trans- nonachlor

1.8
(0.02 – 7.0)

0.13
(0.04 – 0.56)

0.16
(0.08 – 0.26)

0.08
(0.02 – 0.28)

0.08
(0.02 – 0.34)

0.14
(0.02 – 0.36)

0.20
(0.02 – 1.3)

p,p’-DDT

0.20
(0.06 – 0.73)

0.14
(0.06 – 0.24)

0.58
(0.27 – 1.9)

0.26
(0.14 – 0.58)

0.29
(0.06 – 0.63)

0.17
(0.06 – 0.51)

0.20
(0.06 – 7.0)

p,p’-DDE

3.5
(1.3 – 8.3)

1.7
(1.1 – 3.2)

4.8
(1.9 – 17)

2.1
(0.43 – 7.0)

1.7
(0.11 – 10)

1.8
(0.91 – 4.2)

2.9
(0.67 – 9.9)

HCB

0.93
(0.02 – 3.4)

0.62
(0.35 – 1.4)

0.97
(0.62 – 1.3)

0.67
(0.20 – 2.0)

0.83
(0.33 – 2.3)

1.4
(0.57 – 6.0)

0.24
(0.02 – 0.73)

β-HCH

2.2
(0.02 – 6.4)

0.45
(0.02 – 4.8)

0.90
(0.41 – 1.6)

0.67
(0.27 – 1.6)

0.49
(0.26 – 1.2)

1.0
(0.47 – 1.9)

0.14
(0.02 – 2.0)

32
(6.1 – 109)
0.62
(0.16 – 1.4)
0.75
(0.14 – 1.6)
1.7
(0.36 – 5.3)
4.4
(0.82 – 16)
1.3
(0.26 – 5.1)

2.7
(1.8 – 4.2)
0.12
(0.07 – 0.19)
0.24
(0.09 – 0.45)
0.18
(0.13 – 0.27)
0.33
(0.20 – 0.59)
0.11
(0.05 – 0.26)

10
(8.6 – 13)
0.18
(0.13 – 0.20)
0.43
(0.17 – 0.74)
0.59
(0.45 – 0.85)
1.4
(1.2 – 2.0)
0.64
(0.47 – 1.1)

5.5
(1.9 – 14)
0.10
(0.03 – 0.30)
0.20
(0.07 – 0.44)
0.34
(0.13 – 1.2)
0.70
(0.21 – 1.7)
0.38
(0.08 – 1.0)

4.0
(1.1 – 16)
0.12
(0.03 – 1.3)
0.13
(0.06 – 0.33)
0.25
(0.05 – 1.0)
0.51
(0.15 – 2.0)
0.22
(0.05 – 1.5)

4.8
(2.5 – 11)
0.10
(0.03 – 0.24)
0.19
(0.06 – 0.62)
0.31
(0.18 – 0.66)
0.61
(0.30 – 1.5)
0.23
(0.07 – 0.67)

3.2
(0.44 – 17)
0.03
(0.03 – 0.50)
0.04
(0.03 – 0.40)
0.26
(0.05 – 1.4)
0.30
(0.04 – 2.2)
0.15
(0.02 – 2.1)

CB118
CB138
CB153
CB180

Lovosero

Pechora River
Basin

Coastal

PCBs
Aroclor
1260
CB99

a

Kola Peninsula
Krasnoschelye

Saami, Nenets Saami, Nenets
and Komi
and Komi

Arithmetic mean age and range of group sampled; b number of individuals sampled.
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Summary
This chapter describes the concepts of natural
and selected gene diversity in relation to different
populations, with emphasis on the Inuit and the possible
link with and consequences of chemical exposures.
Maternal inheritance of mitochondrial DNA (mtDNA)
has been used to elucidate the ancestry of the Inuit and
has demonstrated a close similarity in the circumpolar
region with the hypothesis that the genetic impact of
Neo-Inuit (Thule groups) interbred with existing Dorset
populations in Canada and Greenland.
Differences in the occurrence of diseases between
Inuit and Caucasian populations have been reported
and the possible relation to gene polymorphism is
speculated but needs further study. Serum lipids and
apolipoproteins are risk factors for atherogenesis.
Apolipoprotein E (APOE) differs between populations
and APOE polymorphisms were found to be associated
with atherosclerosis in U.S. white and black people that
seems independent of serum lipids. However, the risk
of coronary heart disease in Canadian Inuit was lower
despite a higher incidence of disease-related APOE
alleles. Nor was any association found between APOE
genotypes and atherosclerotic lesions in Greenlandic
Inuit. Studies have supported the hypothesis that the
risk of coronary heart disease in Inuit is influenced by
inherited genes as well as by diet and lifestyle.
In contrast to their Asian ancestors, the Inuit do not
seem to be genetically protected against alcoholism.
Co-exposure to alcohol and environmental chemicals
might influence metabolism because some of the genes
involved in metabolism of both types of exposure are
identical. Ethnic differences in lactose tolerance are
well known and a low range of lactose tolerance is
found in Inuit. Future studies might elucidate whether
changes in diet and lactose tolerance have any impact
on health risk.
The balance between xenobiotic absorption and
elimination rates in metabolism are important
factors in detoxification and prevention of chemical
carcinogenesis. Approximately 80% of all cancers have
been estimated from epidemiological studies to be related
to environmental factors, and cancer susceptibility
can result from differences in genetic background for
metabolism, DNA repair, and altered gene expressions
of tumor-related genes. Thus gene polymorphism in
metabolizing enzymes, for example cytochrome P450, is
suspected to influence susceptibility to environmental
carcinogens. Studies have suggested a link between
gene polymorphism in metabolizing genes, levels of
persistent organic pollutants (POPs) and the risk of, for
example, breast cancer in Caucasians. The incidence of
breast cancer in Inuit is low and the very few studies

on polymorphism in metabolizing genes in Inuit awaits
further studies with respect to the risk of breast cancer.
Epigenetics is a new paradigm in toxicology and
teratology, a phenomenon that can be hereditary without
any change in primary DNA sequence but which reflects
a change in control of gene activity that arises from the
interplay of DNA methylation, histone modification, and
RNA-mediated pathways. Epigenetic regulation is a part
of normal development and differentiation; however,
by misdirection it can cause diseases including cancer.
Environmental exposure to polychlorinated biphenyls
(PCBs) and polybrominated biphenyls (PBBs), which
are effective promoters in two-step-cancer models,
implies the involvement of epigenetic mechanisms, and
epigenetic hypermethylation of the tumor suppressor
Breast Cancer BRAC1 gene has been related to breast and
ovarian tumors. In vitro studies showed that non-coplanar
PCBs can decrease the BRACA1 expression implying
epigenetic mechanisms. A link between epigenetic
mechanisms, exposure to γ-hexachlorocyclohexane
(HCH) and risk for breast and prostate cancer has also
been suggested. Recent data for Greenlandic Inuit
showed a link between the levels of serum POPs and the
level of ‘global’ DNA methylation, and further studies
are needed to elucidate these cellular and biological
epigenetic responses in relation to health.
POPs are well known for their potential to suppress
the immune system. Lower incidence of asthma is
observed in Inuit and studies have suggested that
genotype differences might be involved in the lower
incidence compared to Caucasians. However, the exact
mechanisms are not yet known.
The ethnic differences in apolipoprotein gene
polymorphisms related to fatty acid metabolism are
described in this chapter, and a slightly higher frequency
of the APOE*4 allele in Inuit compared to other
populations was reported. However, no associations
between APOE genotypes and atherosclerotic lesions,
serum lipids, glucohemoglobin levels or adiposity were
found. The paraoxonase gene family (PON1, PON2,
PON3) expresses serum paraoxonase that are associated
with high-density lipoprotein (HDL) particles. The
common genetic PON1 M55 variant, associated with
atherosclerosis and lipoprotein metabolism and higher
plasma triglycerides, was found to be related to traits
in plasma lipoprotein metabolism in indigenous
Canadians.
Studies have reported that the genetic background
and risk factors for cardiovascular diseases differs
between Inuit and Caucasians (Danes) with a lower
risk for Inuit from a genetic point of view. The risk
allelels include apolipoproteins, fibrinogen, factor V,
glycoproteins, plasmonogen activator and inhibitor,
angiotensin-converting enzyme and angiotensin.
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Extensive research for the underlying genetic factors
of diabetes type II has not succeeded and very little is
reported for Arctic populations. Variations in the vitamin
D receptor genotype were reported to influence bone
turnover. A genetic adaption to dietary constraint was
suggested. However, whether the reported associations
between POPs exposure and osteoporosis in Greenlandic
women are genetically linked awaits further studies.
Finally, the chapter describes ethnic gene
polymorphism for the aryl hydrocarbon receptor (AHR),
the androgen receptor (AR), and the estrogen receptor
(ER). For the AHR gene similar polymorphism was
found for Caucasians and Inuit and was different to that
for Japanese and African populations. Ethnic differences
in the ERα gene have been reported and related to PCB
exposure and breast cancer. However, no report on ER
polymorphisms was found for Arctic Inuit people. In
vitro studies have shown complex patterns of responses
following exposure to natural as well as to synthetic
estrogens (e.g., hydroxyl-PCBs) dependent on the cell
context and ER form that must encourage researchers
to elucidate the possible interaction between POPs
exposure, ER polymorphism, and health.
In summary, genetic background affects the impact and
susceptibility to contaminant exposure and thus health
risk. To date, little research on genetic polymorphism
especially in relation to diseases has been undertaken on
Arctic populations. Future studies should include genetics
in parallel with lifestyle and contaminant exposure
in order to provide a better insight into individual and
population vulnerability to contaminants.
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be of interest to history, but of more importance is whether
‘selected diversity’ is a consequence of random mutation
and natural selection, and how it might affect human
health and well-being. Many rare genetic disorders
belonging to this category that have health consequences
are leftovers – adaptations to past environments – for
example lactose intolerance, hemochromatosis and sickle
cell heterozygotes, with the latter giving some protection
against malaria (Harpending and Cochran, 2006).
Diversity within the ‘older’ population of sub-Saharan
Africa is greatest within Africa and declines away from
Africa into the New World; declining 15% to 20% from
Africa to northeast Asia and 30% into the New World. The
movement out of Africa was suggested to involve small
movements and adaptive natural selection favoring the
modern genotype (Eller, 1999; Eswaran, 2002).
Chemical contamination can cause population
reduction via heritable genetic somatic and germline mutations initiating a cascade of responses on
health, such as on reproduction and population
genetics. Mutagenic and non-mutagenic (e.g., endocrine
disrupting) chemicals can affect the reproductive
success of a population and ultimately lead to decreased
genetic diversity, extirpation and/or adaptation to a
contaminated environment (Bickham et al., 2000). The
loss of genetic variability may become permanent once
variability is lost and the population cannot recover to
what it was prior to the environmental impact (assuming
the absence of gene flow from other populations) – unless
the population survives for a very long time (Figure 6.1).

6.1. Introduction

6.2. Genetic diversity
Most genetic diversity in humans is thought to be
neutral, that is, not affected by natural selection. ‘Neutral
diversity’ can be used to record the history of humans.
The global neutral diversity is known due to the DNA
typing and DNA sequencing technologies that have been
applied to samples from many human populations.
Selected diversity, diversity that is not neutral, can also

Population size

Genetic diversity

Genetic diversity

Population size

This chapter provides an introduction to the ancestry of
the Inuit in order to understand their genetic background
as a result of population movements and adaptation to
the environment. The polymorphism of genes used
as biomarkers of effect by environmental chemicals is
described in terms of a comparison between Inuit and
Caucasians. To date, relatively little is known about
the specific genetic polymorphism of Inuit in relation
to contaminants. The known genetic polymorphism
in other populations, for example Caucasians, is given
as a guide to future research into which genes should
be investigated in order to understand the possible
strengths and weaknesses of Inuit to combat the high
level of contaminants in their environment. Cross
references are made where necessary to other chapters
of this assessment.

Time

Figure 6·1. Relationship between genetic diversity and population
numbers. Source: adapted from Bickham et al. (2000).

6.2.1. Mitochondrial DNA as a tool to determine

the ancestry of Inuit

The unique genetic properties of mtDNA, including
its maternal inheritance, its complete mapping, and
its high mutation rate have been used to determine
the ancestry of populations (Thrasher, 2000). Previous
studies of mtDNA variation in the circumpolar region
have demonstrated a close similarity between the
mtDNA pools of Siberian, Chukchi, and Greenlandic
Inuit (Saillard et al., 2000). This was interpreted as
a recent population expansion in the area and a
signal of the genetic impact of Thule groups (Neo-
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Box 6·1. Genes, alleles, genetic polymorphy,
haplotypes, and haplogroups
Genetic diversity can be explained by the following concept:
genes exist in more than one form (allele), and no one (except
one-egged twins) carries the same forms (alleles) of genes
and are so everyone is a genetic polymorph. An allele can
be dominant or recessive meaning that the dominant allele
can alone dominate over the recessive allele, whereas the
recessive allele can only express its phenotype when together
with the same allele form. Haplotypes are a group of close-set
genetic polymorphisms on the same chromosome that are
inherited as a bloc. Because many different haplotypes exist
they are grouped into superior haplogroups. With respect to
mtDNA, the Inuit carry only haplotype cluster A2 and D3
out of the four primary mtDNA A–D haplotype groups.

Inuit) expanding eastward from Alaska within the
last 1000 years and replacing any existing groups
(Saillard et al., 2000). However, knowing that Inuit
carry considerable differences in the frequencies of
genetic mtDNA haplotypes (Box 6.1) has cast doubt on
the hypothesis that contemporary Inuit have all their
ancestry to the so-called Thule groups expanding
from Alaska. Discrepancies in mutational divergence
and their putative source of mtDNA pool from Siberia/
Alaska seems more consistent with the possibility that
expanding Thule groups interbred with existing Dorset
populations in Canada and Greenland (Helgason et al.,
2006) (Figure 6.2).
Mutations in germ cells and mtDNA can be passed
to offspring and these heritable mutations can lower the
reproductive output of an affected population because of
lower viability and fertility. Mutations with severe effects
might be only the tip of the iceberg, and because most
mutations are only slightly deleterious they are difficult

Chukchi

to detect over short time periods and with low numbers
of samples (Bickham et al., 2000). Thus populationgenetic effects of environmental contaminants should be
a focus of evolutionary toxicology.
6.3. Diseases and genetics in Inuit
The Inuit gene pool is in many respects similar to that
of East Asian populations. In the circumpolar regions
Inuit have been living in almost genetic isolation for
more than 5000 years. During this period the Inuit have
been subject to a harsh selective pressure concerning
climate and diet, resulting in distinct ethnic features
that might explain the differences between Inuit and
Western pathology. In Greenland, Danish–Norwegian
colonization during the 18th century started a genetic
admixture that increased after the Second World War in
most Arctic populations. Exploitation of Arctic resources
and military involvement led to a further Westernization
and genetic admixture (Harvald, 1989).
Table 6.1 lists some polymorphisms with clinical
implications; ecogenetic effects under certain
environmental conditions for Greenlandic Inuit.
Differences in the occurrence of diseases between
Inuit and Caucasians, possibly related to gene
polymorphism between the two ethnic populations,
were reported for Upernavik in Greenland (Harvald,
1989). Table 6.2 compares the observed incidences
of various diseases in Inuit from Upernavik against
the expected incidences of these diseases based on
Caucasians (Danes). Of eleven examples, only apoplexy
and epilepsy (grand mal only) occurred more frequently
in the Inuit than expected, while the incidences of peptic
ulcer, acute myocardial infarction, psoriasis, bronchial
asthma, diabetes mellitus, thyrotoxicosis and multiple
sclerosis diseases were lower than expected.

Bathurst area

Gjoa Haven Area

Qaanaaq

Uummannaq

Illoqqortoomiut

Coppermine area

Cambridge Bay

Upernavik

Qeqertasuaq

Ammassalik
Ilulissat

Paleoeskimos

Aasiaat & Kangaatsiaq

Siberian Eskimos

Thule

Ellesmere
Island

Aleut

Alaska

Qasiagiannguit

Greenland

Sisimiut

Victoria
Island

Bella Coola

Maniitsoq
Nuuk

Haida

Yakima

Nanortalik

Baffin
Island

Nuu-Chah-Nulth

Dorset

Canada

Paamiut

Regions
Kitikmeot
West Greenland

Qaqortoq & Narsaq

Qannaq
South Greenland

mtDNA subclusters
North Greenland
East Greenland

A2 root

D2

A2a

D3

A2b

Other

Figure 6·2. North American circumpolar region showing schematically possible source and migration routes of three Arctic cultures
and frequency of mtDNA subcluster in Arctic and North American populations. Source: adapted from Helgason et al. (2006).
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Table 6·1. Polymorphism with clinical implications; ecogenetic
effects under certain environmental conditions for Greenlandic
Inuit.
Clinical effect

Consequences

Lactase deficiency

Malabsorption

Sucrose deficiency

Malabsorption

Rare occurrence of Spartein
/ desbrisoquine (poor metabolizers) Isoniazide slow
activators

Fast elimination of certain
drugs

C3F-allele rare

Coronary protection

d-allele (rhesus) rare

No rhesus immunization

HLA-B27 frequent

Reactive arthritis frequent

HLA-B8 rare

No insulin-dependent
diabetes mellitus

Low number of
HLA-alleles

High risk of trophoblastic
neoplasma

Table 6·2. Observed incidence of various disease compared to the
expected incidence of these disease for Danes over the period
1950 to 1974 in Upernavik. Source: Harvald (1989).
Disease

Observed
incidence

Expected
incidence

Cancer (all forms)

46

53

Apoplexi

25

15

Epilepsy (grand mal only)

16

8

Peptic ulcer

19

29

Rheumatic fever

11

na

9

na

Rheumatoid arthritis

10

8

Chronic glomerulonephritis

4

na

Chronic pyelonephritis

2

na

Acute myocardial infarction

3

40

Psoriasis

3

40

Bronchial asthma

1

25

Diabetes mellitus

1

9

Thyrotoxicosis

0

7

Multiple sclerosis

0

2

Psychosis

na: not available.

6.4.

Serum lipids of Greenlandic Inuit in
relation to genetic heritage

It has been suggested that Inuit have a lower incidence of
coronary artery disease than Caucasians, despite their
higher fat intake (reviewed by Kutryk and Ramjiawan,
2003). Serum levels of total cholesterol, oxidized
cholesterol, triglycerides, and apolipoproteins (apo) are
risk factors for atherogenesis. Studies have given some
insight into the relative contributions of genetic and
environmental factors in the development of ischemic
heart disease.

Inuit on the east coast of Greenland had little contact
with Caucasians in the past and so were expected to
have a gene pool similar to that of the original Inuit.
Consequently, the level of lipoprotein(a) (Lp(a)) was
found to be significantly higher for east coast Inuit than
for Inuit from the west coast of Greenland and Danes
(Caucasians). Inuit from the east coast of Greenland
also differed from the west coast Inuit and/or Danes
with respect to small apo(a) molecules (S1, S2, B, F),
which were absent from the east coast Inuit but present
in west coast Inuit and /or Danes. In contrast, the large
apo(a) variant (VS4) was found in Inuit (west and east
Inuit) but was very rare in Danes. Common to all three
study regions was an inverse relationship between Lp(a)
and apo(a) size (Klausen et al., 1995). Apolipoprotein
E (APOE) also differs in different human populations
and APOE polymorphisms were reported to have a
direct association with the extent of atherosclerosis in
U.S. blacks and U.S. whites that might be independent
of serum lipid, whereas genetic risk for coronary heart
disease in northwest Canadian Inuit was lower than in
the rest of Canada despite a higher incidence of four
disease-related alleles, including APOE E4 (Hegele
et al., 1997). A significant association between APOE
genotypes and the extent of atherosclerotic lesions
was not found for Greenlandic Inuit (Boudreau et
al., 1999). Kamboh et al. (1989) found a monomorphic
apolipoprotein D (APO D) locus in Aleuts of the Pribilof
Island, Inuit from Kodiak Island and St. Lawrence
Island, U.S. whites and Amerindian populations
from Mexico and Canada, but did not find this to be
the case for U.S. blacks and Nigerian blacks. Support
for the hypothesis that risk of coronary heart disease
in Inuit is influenced by inherited genes as well as by
diet and lifestyle changes was provided by a study of
Greenlandic Inuit living in Greenland or Denmark,
which showed that risk factors such as cholesterol and
triglyceride differed between genetically-pure and
genetically-mixed Inuit depending on the degree of
Western lifestyle (Bjerregaard et al., 2004a).
6.5.

Gene polymorphism and ethanol
metabolism in various ethnic groups

Genetic differences among individuals and their
capacity to metabolize alcohol play a role in the large
inter-individual variations in alcohol use. Twin, family
and adoption studies have shown that vulnerability
to alcoholism is determined by genetic factors and
influenced by the environment. Alcohol use in Inuit
has been high and because alcohol metabolism needs
genes (enzymes) (P4502E1, Table 6.3) that are also
involved in metabolism and cellular protection against
environmental chemicals, epidemiological data obtained
from studies on the impact of environmental chemicals
on human health must corrected for alcohol intake.
Heavy drinking and alcoholism among North
American Indians and Inuit is both a public health
and social economic problem and there have been
considerations as to whether this is a cultural or genetic
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problem. Of several candidate genes for alcoholism, the
alcohol-metabolizing enzymes alcohol dehydrogenase
(ADH, that oxidizes ethanol to acetaldehyde) and
aldehyde dehydrogenase (ALDH, that oxidizes

acetaldehyde to acetate), were shown to be involved in the
risk of alcoholism. The ADH and ALDH polymorphism
among Alaska Natives under treatment for alcoholism
showed that Alaska Natives are not protected against

Table 6·3. Relative importance of polymorphism of humans P450. Source: adapted from Ingelman-Sundberg (2005).
Enzyme

Fraction, %

Substrates

Major allelic
variants

Clinical effects of the
polymorphism

CYP1A1
CYP1A2

Significance,
polymorphism

5
2

Carcinogens
Drugs/carcinogens

None
CYP1A2*1k

None
Less expression/inducibility

+

CYP1B1

-

Carcinogens

Rare defect
alleles

None

-

CYP2A6

2

Nicotine, drugs,
carcinogens

CYP2A6*4
CYP2A6*9

Altered nicotine metabolism

+

CYP2B6

2–4

Drugs

-

Relatively high

+

CYP2C8

1

Drugs

CYP2C8*3

Taxol metabolism

+

CYP2C9

10

Drugs

CYP2C9*2
CYP2C9*3

Side effects
Drug dosage

++
+++

CYP2C19

5

Drugs

CYP2C19*2
CYP2C19*3

Drug dosage
Drug efficiency

+++
+++

CYP2D6

25 – 30

Drugs

CYP2D6*2nx
CYP2D6*4
CYP2D6*10
CYP2D6*17
CYP2D6*41

Non response
Side effects
Drug dosage
Drug dosage
Drug dosage

+++
+++
++
+
++

CYP2E1

2–4

Carcinogens,
solvents,drugs

-

Not shown

-

CYP3A4

45 – 50

Drugs/carcinogens

Rare

Not shown

-

CYP3A5

<1

Drugs

CYP3a5*3

Not shown

-

An updated version of the polymorphisms in human P450 genes encoding enzymes active in biotransformation of xenobiotic compounds can be
found at http://www.imm.ki.se/cypalleles.

Box 6·2. Gene polymorphism and ethanol metabolism
Of several candidate genes for alcoholism the alcohol-metabolizing enzymes alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH), that oxidize ethanol to acetaldehyde and acetaldehyde to acetate, respectively, were shown to be
involved in the risk of alcoholism. About 10% of ethanol is metabolized by P4502E1 depending on the saturation of ADH.
During metabolism reactive oxygen species and radicals causing oxidative stress can cause ethanol-induced liver damage.
For detoxification of radicals glutathione S-transferase plays a role. All these enzymes are polymorphic giving rise to altered
phenotypes (Gemma et al., 2006). A variant of ADH (ADH2) and ALDH (ALDH2) is found more frequently among Chinese,
Japanese and other Mongoloid populations than among Caucasian and black populations (Agarwal and Goedde, 1992). The
polymorphic ADH and ALDH encode different subunits of the enzymes that differ in the rate of alcohol metabolism. The ALDH2
isozyme is inactive and reported to be found in up to about half of Japanese and Chinese livers, whereas this abnormality was
not found in Caucasians and black people (Agarwal and Goedde, 1992). Asians that possess the atypical ALDH2 are more
sensitive to acute responses to alcohol and it tends to counteract intake of alcohol and consequently alcohol-related disorders.
Studies have determined further polymorphism in gene loci influencing alcoholism, ADH2, ADH3 and ALDH2, among ethnic
groups in China (Han, Mongolian, Korean, and Elunchun) (Shen et al., 1997). Within each population one or more of the three
loci protected against alcoholism. The ADH2*2 alleles were found at much lower frequency in Elunchun’s, and low frequency of
the ALDH2*2 alleles occurred in both Elunchun and Mongolian groups. The protective alleles, ALDH2*2, ADH2*2 and ADH3*1,
encode enzymes that either rapidly metabolize ethanol to acetaldehyde or slow the conversion of acetaldehyde to acetate causing
flushing and other unpleasant symptoms. Similarly, in a study of alcoholic and non-alcoholic Japanese individuals, differences
were found in the ADH2, ADH3 and ALDH2 loci (Nakamura et al., 1996), where both homozygous ALDH2*1/1 and heterozygous
ALDH2*1/2 genotypes, and for the latter in combination with ADH2*1, were suggested to increase the development of alcoholism.
Interestingly, nearly all Caucasians tested were homozygous for the ALDH2*1/1 genotype suggesting a possible sensitivity to the
development of alcoholism (Goedde et al., 1992).
Alaska Natives were homozygous for ADH1*1, ADH2*1 and ALDH2*1 alleles with variation in the ADH3 genotype, and no
differences in these genes were found compared to the general population but differences were found when compared with
four Asian groups. In conclusion, Alaska Natives are not protected against alcoholism via the ALDH2*2 genotype, in contrast to
Asians that are (Segal, 1999).
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alcoholism via the protective ALDH2*2 genotype, in
contrast to Asians that are (Segal, 1999) (Box 6.2).
High alcohol intake is also a social problem for
Greenlandic Inuit. A comparison of Inuit living in
Greenland and Denmark showed that the latter had
the higher alcohol intake and that this depended on
the length of stay in Denmark. In contrast, a higher
proportion of individuals with episodes of heavy
drinking and alcohol dependence were seen in large
communities in Greenland (Madsen et al., 2005). A small
study of the polymorphism of genes suggested to be
involved in alcoholism that compared Greenlandic Inuit
and Danes showed no significant differences between
the two populations (Autrup, H., pers. comm., 2008),
and based on the previously described studies of Asian,
Caucasian and Alaska Natives it might be suggested that
Greenlandic Inuit are not protected against alcoholism.
If so, the speculation is then whether this difference
relative to their Asian ancestors is a ‘selected diversity’
resulting from mutation and/or natural selection or is a
leftover from health consequences.
6.6. Genetic interpretation of ethnic differences

in lactose tolerance and intolerance

The lactose molecule, the carbohydrate found in milk,
can only be absorbed when the molecule is converted
into glucose and galactose. Ethnic lactose tolerance/

Box 6·3. Ethnic differences in lactose
tolerance and intolerance
Hollox et al. (2001) have shown that the element responsible
for lactase persistence/non-persistence polymorphism in
humans is cis-acting to the lactase gene (LCT) and that a
70-kb lactase haplotype (LCT*P) is associated with lactase
persistence in Europeans. Moreover, they showed that
difference in lactase persistence frequency is generated
by point mutations and recombinations giving rise to the
four globally common haplotypes A, B, C, and U. These
are not closely related and have different distributions
and frequencies; the frequency of A is high in northern
Europeans only; U is virtually absent from Indo-Europeans*
and is found at reasonable frequencies in other populations,
being highest in Siberian, Chinese, Japanese and San from
northwest Namibia.
Gene selection and drift were suggested to be important
in the generation of the lactase haplotype diversity, which
is higher in ‘Old World’ sub-Saharan Africans than in nonAfricans.
* The Indo-European languages being a proxy for the
spread of haplotypes comprise a family of several hundred
related languages and dialects, including most of the
major languages of Europe, the Iranian plateau (Southwest
Asia), much of Central Asia and the Indian subcontinent
(South Asia). The Indo-European (Indo refers to the Indian
subcontinent, because geographically the language group
spreads from Europe in the west to India in the east) group
has the largest numbers of speakers of the recognized
families of languages in the world today, with its languages
spoken by approximately three billion native speakers.
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intolerance has been related to genetic differences across
adult groups. The symptoms of lactose intolerance are
bloating, cramps and diarrhea. The tolerance range
from 90% in subjects of European ancestry to fewer
than 10% for most Africans, Orientals, Indians and Inuit
indicates that most humans are intolerant (Johnson et
al., 1981). Experts of genetics, anthropology, nutrition
and gastroenterology agree that the ability to digest
lactose once infancy has passed is dependent on having
a single autosomal dominant allele (Box 6.1 and Box 6.3),
and that the dominant allele is a mutant, whereas the
wild-type allele leads to cessation of lactase production
after infancy. The presence of the dominant allele follows
populations having a long tradition (~ 6000 to 9000 years
ago) of cattle herding and use of raw milk, and includes
northern Europeans and certain African and Arabian
nomadic tribes. This contrasts with populations showing
lactose intolerance, for example, non-herding, non-milk
using groups such as Inuit, Australian Aborigines,
Kung Bushmen and American Indians. Orientals and
Asians, in general, show about 90% lactose intolerance
(reviewed by Johnson et al., 1981).
Whether lactose intolerance and the impact of
environmental chemicals affect the health risk of Arctic
populations awaits future research. In a recent study
(Long et al., 2007a) the TCDD toxic equivalence of serum
dioxin-like activity (AHR-TEQ) (see Chapter 8, Box 8.3)
of the combined data of Nuuk, Sisimiut and Qaanaaq
showed a statistically significant positive correlation
with the consumption of dairy food, suggesting that
dairy products may be one source of dioxin-like and/
or AhR-activating compounds for Inuit living in West
Greenland.
6.7.

Differences in gene polymorphism between
Caucasian and Asian populations; focusing
on genes involved in metabolism and/or as
mediators of health effects of POPs

Researchers in evolutionary biology, population
management and conservative biology routinely
investigate genetic variability but few have addressed the
effects of chemical contamination on genetic diversity.
Induced mutations can be passed to the offspring (see
section 6.2.1), lowering the fitness of the population, a
process known as ‘mutational load’. Acute exposure
such as following an oil spill is not expected to seriously
affect population genetics because the more deleterious
the mutations the more quickly selection excises them
(Bickham et al., 2000). However, chronic exposure to
chemical contamination may be only slightly deleterious
and new mutations can be hard to detect in small
populations over a short period of time (Mukai, 1964;
Crow, 1997).
As hypothesized by Bickham et al. (2000), population
genetic responses to chemical exposures might cause
increased genetic variation (resulting from new
induced mutations) or decreased genetic variation
(through selection that also affects allele frequencies)
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Figure 6·3. The paradigm of interactions between genes and
environment and development of a clinical phenotype.

(Box 6.1), and both can be a consequence of adaptation
to a contaminated environment. The paradigm of
interactions between genes and the environment and
the development of a clinical phenotype is shown
schematically in Figure 6.3.
Epidemiological studies indicate that about 80% of
all cancers are related to environmental factors, and
that cancer susceptibility can result from differences
in genetic background for metabolism, DNA repair,
altered expression of proto-oncogenes and tumor
suppressor genes in association with nutritional
status (Figure 6.4). The balance between xenobiotic
absorption and elimination rates in metabolism are
important factors in detoxification and prevention of
chemical carcinogenesis. Individual differences in the
capability to detoxificate and/or activate xenobiotics
have been related to gene polymorphisms in genes of
detoxification enzymes and thus differences in chemical
susceptibility (Hatagima, 2002).
6.7.1. Gene polymorphism differences in cytochrome

P450 phase I and phase II genes

Xenobiotics

Activating
CYP450s, NATs

Protective
GSTs, NATs

Activation
Elimination
DNA Damage

Damage Detection

Apoptosis
Repair
Normal

Corrected
sequence

Deficient
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Figure 6·4. Genetic variability in susceptibility to toxicants.
Source: adapted from Miller et al. (2001).

The cytochrome P450 superfamily comprises at least ten
known and characterized families and many subfamilies,
including enzymes involved in the biotransformation of
xenobiotics and the biosynthesis of steroid hormones,
biliary acids, fat-soluble vitamins, and fatty acids. Most
carcinogenic chemicals are not toxic in themselves but
are metabolically activated. Biotransformation involves
two phases: phase I which mainly involves the P450 (CYP)
family and phase II which is catalyzed by conjugation
enzymes such as glutathione S-transferase (GST),
UDP-glucuronosyltransferase, and N-acetyltransferase
(NAT). Phase I enzymes promote the activation of
drugs and pro-carcinogens to reactive compounds,
while phase II enzymes generally inactivate the Phase-I
induced reactive compounds by conjugation to cofactors
transforming them into highly water-soluble and easily
secreted compounds in urine or bile.
The balance between expression of phase I and
phase II enzymes can be critical for susceptibility to
cancer following exposure to carcinogens (Hatagima,
2002; Lampe, 2007). Several polymorphic detoxification
enzymes are implicated in cancer risk: CYPs (e.g., CYP1A1,
CYP1A2, CYP2A6, CYP2E1); N-acetyltransferases
(e.g., NST1, NAT2); microsomal epoxide hydroxylase;
catechol O-methyltransferase; GSTs (e.g., GSTA1,
GSTM1, GSTT1, GSTP1); UDP-glucuronosyltransferases
(UGTs, e.g.,UGT1A1, UGT1A6, UGT2B7, UGT2B15), and
sulfotransferases (SULT, e.g., SULT1A2) (Lampe, 2007).
Based on the occurrence of mutations in P450 genes, and
gene deletions and duplications, the human population
has been divided into poor (PM), intermediate (IM),
efficient (EM), or ultra rapid (UM) drug metabolizers.
The PM group lacks the enzyme in question, IM
individuals are often heterozygous for a gene defect,
EM individuals are homozygous for a non-defect gene
with effective enzyme activity and UM individuals
have either a genotype with high efficient enzyme
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Table 6·4. Major polymorphic variants of cytochrome P450 and their allele frequencies (adapted from Ingelman-Sundberg, 2005).
Enzyme

Number of
functional variants a

Major variant

Mutation

Consequence

Allele frequency b
Caucasians

Orientals

CYP2A6

16

CYP2A6*2
CYP2A6*4

L160H
Gene deletion

Inactive enzyme
No enzyme

1–3
1

0
15

CYP2C9

12

CYP2C9*2

R144C

8 – 13

0

CYP2C9*3

I1359L
Aber. splice site
Stop codon

Reduced affinity for
P450 reductase
Altered substrate specificity
Inactive enzyme
Inactive enzyme

7–9
13
0

2–3
23 – 32
6 – 10

1–5
12 – 21
4–6
1–2
0

0–2
1
6
50
In blacks

0
<1
<1

1
0
nd

CYP2C19

16

CYP2C19’2
CYP2C19’3

CYP2D6

46

CYP2E1

2

CYP3A4

19

Gene duplication Increased activity
Inactive enzyme
Defect splicing
No enzyme
Gene deletion
Unstable enzyme
P36S, S486T
Reduced affinity for
T107I, R296C,
substrates
S486T
Less enzyme expressed
R76H
CYP2E1*2
No effects
V389I
CYP2E1*3
No effects
V179I
CYP2E1*4
Only very rare variants with no major functional effects
CYP2D6*2xn
CYP2D6*4
CYP2D6*5
CYP2D6*10
CYP2D6*17

nd: not determined
a
The number of variant alleles is as shown at the Human CYP allele Nomenclature Web site (http://www.imm.ki.se/cypalleles) and includes only
those with separate allelic numbers; b the allele frequencies are from many different studies provided, partly summarized by Ingelman-Sundberg et
al. (1999).

Table 6·5. Classic studies of ethnic differences in the frequency of
deletions of GSTT1. Source: adapted from Bolt and Their (2006).
Country / region

GSTT1 carriers
(GSTT1*1), %

GSTT1 non-carriers (GSTT1*0), %

East Asia (Korea,
China)

38

62

China (Shanghai)

51

49

USA (whites)

80

20

USA (African
American)

78

22

USA (Mexican
American)

90

10

Germany

75

25

Turkey

80

20

Scandinavia

85

15

activity and/or multiple gene copies of a single allele
(Ingelman-Sundberg, 2004, 2005).
Inter-ethnic differences are a genetic drift that can
be caused by migration of populations with a specific
genotype and might also involve genetic selection.
Some major inter-ethnic polymorphic variants of
P450 enzymes and GST alleles are shown in Tables 6.3
and 6.4, and inter-ethnic differences in Tables 6.5 and
6.6, respectively. In particular, GST1-1 is relevant for
deactivation of carcinogenic intermediates of polycyclic
hydrocarbons. Evidence suggests that GST1-1 and/or
GSTM1-1 play a role in the deactivation of reactive oxygen
species involved in cellular processes of inflammation,
ageing and degenerative diseases. GSTM-1 and GSTT1-1
are genetically deleted (non-functional alleles GSTM1*0
and GSTT1*0) in a high percentage of the human
population, with major ethnic differences (Table 6.6).
The combination of GSTM1*0 with genetic traits of
CYP1A1 and GSTP1 may predispose the respiratory and
digestive tracts (and the lungs especially in smokers)

Table 6.6. Allele frequencies of GSTT1*0 and GSTM1*0 in different ethnic groups. Source: adapted from Bolt and Their (2006).
Allele

Ethnicity

GSTM1*0

Caucasians
Asians
Africans

GSTT1*0

Caucasians
Asians

GSTM1*0 plus GSTT1*0

Caucasians
Asians

Frequency

Homozygous (mean and range)

10514

0.531 (0.42 – 0.60)

1511

0.529 (0.42 – 0.54)

479

0.267 (0.16 – 0.36)

5577

0.197 (0.13 – 0.26)

555

0.470 (0.35 – 0.52)

5537

0.104

407

0.246
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Table 6·7. Ethnic variations in CYP3A allele frequencies.
Allele

Chinese,
Japanese, %

AfricanAmerican, %

Caucasian, %

CYP3A4*1B

0

35 – 67

2 – 10

CYP3A5*3

65 – 85

27 – 50

70 – 90

CYP3A7*1C

-

6

3

to a higher risk of cancer, GSTM1*0 also appears to
be associated with bladder cancer, consistent with a
GSTM1 interaction with carcinogenic tobacco smoke
constituents (Bolt and Thier, 2006). Extensive reviews
have been published on gene polymorphism in ethnic
groups for enzymes involved in xenobiotic metabolism
including in selected cancer sites, and for some genes
this differs between Asians and Inuit, and Caucasians
(Hatagima, 2002; Dorne, 2004; Gresner et al., 2007). This
is the case for CYP2E1 and CYP2C9 (Table 6.3) where the
Inuit genotype for the latter indicates no or few poor
metabolizers among the population (Gaedigk, 2000;
Gaedigk et al., 2001).
The human CYP3A subfamily plays a more
dominant role in the metabolic elimination of drugs
and carcinogens than for any other biotransformation
enzyme localized in the liver and small intestine.
Inter-individual differences in enzyme expression may
be due to several factors, including variable control
mechanisms, disease state, up- and down-regulation
by environmental stimuli (smoking, drug intake, diet),
and genetic mutations. Unlike other P450 enzymes such
as CYP2D6 and CYP2C19 there is no evidence of a null
allele for CYP3A4, but more than 30 single nucleotide
polymorphisms have been identified in the gene
(reviewed by Lamba et al., 2002). In the coding region

less than 5% of the allele frequencies are found and they
are not likely to contribute to the differences in clearance
by the CYP3A4 inter-individually. Most variants are
found in the gene regulating 5’-flanking region, an
A-392-G transition with ethnic allele differences (Table
6.7). This allele has been linked to various diseases,
such as prostate cancer, leukemia, and early puberty.
CYP3A5, an extrahepatic CYP3A isoform is suggested
to be implicated in disease risk, the metabolism of
endogenous steroids or xenobiotics, and is polymorphic
with ethnic variations in allele frequencies (Table
6.7) where the CYP3A5*3 allele confers low protein
expression and catalytic activity. An allele of the
major fetal liver CYP3A enzyme CYP3A7*1C showed
increased gene transcription (Lamba et al., 2002).
In summary, gene polymorphism in metabolizing
enzymes may influence susceptibility to environmental
carcinogens, thus affecting the risk of cancer (Hatagima,
2002; Lampe, 2007).
6.7.2. POPs, gene polymorphism, hormone

metabolism, and health risks

Central to many of the influences on the biological
system are effects that occur at the gene level. Genes
regulate almost everything, including many aspects of
hormonal production and the reproductive system, brain
development and function, immune system balances,
and organ physiology. A genetic disruption can therefore
affect different organ systems as a result of the extensive
interactions among these systems (i.e., effects on one
organ system may influence the function of other organs).
During normal development, genes are activated and
deactivated at different stages, often under the control
of growth factors and hormones. Environmental factors
interfere with these biologically-balanced processes and

Cholesterol
Progesterone
CYP17A1

17a-hydroxyprogesterone

HSD3B

HSD3B

CYP11A1

Pregnenolone
CYP17A1

17a-hydroxypregnenolone
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CYP17A1

Dehydroepiandrosterone
HSD17B

5-Androstendiol
HSD3B

Androstendione
CYP19A1

Estrone

HSD17B

HSD17B
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CYP19A1

Estradiol

Estrone sulfate
Figure 6.5. Schematic illustration of the pathways of steroid hormone biosynthesis. Source: adapted from Olson et al. (2007).
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may result in genetic dysfunction. Mutations in genes
inherited or induced by environmental factors, may thus
result in reproductive effects, birth defects, and cancer
(Nei and Saitou, 1986).
Polymorphism in the genes involved in the
maintenance of the endogenous hormonal balance,
such as estrogen biosynthesis (e.g., CYP17 and
CYP19) (Figure 6.5) and estrogen metabolism (e.g.,
CYP1A1, CYP1A2, CYP1B1 (Table 6.3), and catechol-Omethyltransferase (COMT)) may affect the synthesis
and degradation of estrogens and so may possibly
result in adverse health effects. Elucidating whether
genotype influences steroid hormone state can aid the
understanding of hormonally-mediated conditions.
Examples of interactions between exposure to
environmental contaminants and gene polymorphism
and increasing susceptibility to adverse health are
described for CYP1A1, CYP1A2 and CYP1B1, COMT,
CYP17, and CYP19.
CYP1A1 encodes aryl hydrocarbon hydrolase
(AHH), an enzyme involved in the production of
reactive epoxide intermediates from polycyclic aromatic
hydrocarbons (PAHs), steroid hormones, and other
aromatic compounds (Crofts et al., 1994). On the basis
of this model, individuals with higher CYP1A1 activity
would be at increased risk of breast cancer when
exposed to high levels of PCBs. Exposure to PCB and
the risk of breast cancer were reported to be linked to
the M2 and M3 polymorphism of the CYP1A1 gene (Box
6.4) (Li et al., 2005a). The M3 polymorphic CYP1A1 gene
combined with high PCB levels was found to result
in a three-fold risk of postmenopausal breast cancer,
compared to women with two wild-type alleles and low
levels of PCB (Negri et al., 2003). For the M2 CYP1A1
gene polymorphism Ile/Ile vs. Val/Ile (heterogeneous),
Val/Val (mut), the latter two are known to be associated

Box 6·4. CYP1A1 polymorphism
CYP1A1 encodes aryl hydrocarbon hydrolase (AHH),
an enzyme involved in the production of reactive
epoxide intermediates that can increase the risk of
oxidative stress and cancer. Several polymorphisms
have been identified in CYP1A1, some of which lead to
more highly inducible AHH activity (Crofts et al., 1994).
CYP1A1 polymorphisms include M1 (T→C substitution
at nucleotide 3801 in the 3’-noncoding region), M2 (A→G
substitution at nucleotide 2455 leading to an amino acid
change of isoleucine to valine at codon 462), M3 (T→C
substitution at nucleotide 3205 in the 3’-noncoding
region), and M4 (C→A substitution at nucleotide
2453 leading to an amino acid change of threonine to
asparagine at codon 461). Studies of CYP1A1 in cultured
human lymphocytes showed significantly elevated levels
of inducible enzyme activity among individuals with M2
genotypes. Crofts et al. (1994) reported that M2 alleles
were associated with increased CYP1A1 inducibility
at the mRNA level, and a three-fold elevation in AHH
enzyme activity. The M1 allele also encodes an inducible
form of CYP1A1 (reviewed by Li et al., 2005a).
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with breast cancer risk in Caucasians with high PCB
body burdens (adjusted Odds Ratio 2.9) (Moysich et al.,
1999).
A recent study showed that 80% of 65 Greenlandic
Inuit tested had the Val/Ile or Val/Val genotype in contrast
to Europeans tested in parallel where only 17% had the
Val/Val or Val/Ile genotype (Bonefeld-Jorgensen, E.C.,
Centre of Arctic Environmental Medicine, University
of Aarhus, unpubl., 2008). The incidence of breast
cancer in Greenlandic women is much lower than in
Danish women. However, the frequency of diagnosed
breast cancers in Greenland has been increasing since
the mid-1980s. Whether this is due to better screening
and diagnostic capabilities and/or to the predominant
CYP1A1 ‘mutant/heterogeneous’ gene polymorphism
found in Inuit awaits the outcome of further studies.
CYP1A2 and CYP1B1 enzymes are involved in the
metabolic activation of several carcinogens, including
aromatic and heterocyclic amines, nitroaromatic
compounds, mycotoxins and estrogens, and individual
differences in CYP1A2 and CYP1B1 activity may
influence individual susceptibility to cancer. As
a generalization, slow and intermediate CYP1A2
metabolizers represent about 50% of Caucasians, while
their frequency in Japanese subjects seems to be much
lower. Increased risk of colon cancer and bladder cancer
in subjects with the rapid 2 activity was suggested,
and a higher level of 4-aminobiphenyl-hemoglobin
adducts was found in moderate smokers with the rapid
CYP1A2 phenotype than in subjects with slow activity
(Landi et al., 1999). Moreover, CYP1A1 and CYP1B1
gene polymorphisms may modify the relation between
environmental exposure to POPs and advanced
endometriosis risk (Tsuchiya et al., 2007). In addition,
for the dioxin-exposed Seveso subjects the CYP1B1*3
variant was linked to an increase in eczema and
urticaria 20 years after the exposure (Landi et al., 2005).
Studies have suggested a possible interaction between
environmental exposure (e.g., waste incinerators,
agriculture products for farming) and a CYP1B1
polymorphism (valine to leucine, codon 432) with
change in catalytic activity increasing breast cancer
risk (Saintot et al., 2004) and meta analyses suggested
an increased breast cancer risk for Caucasian but not
Asian women (Paracchini et al., 2007).
Sixty-five Greenlandic Inuit were genotyped for this
CYP1B1 polymorphism and results showed that 75%
had the variant leucine polymorphism compared to
22% to 34% for the Europeans tested (Eva C. BonefeldJørgensen, Centre of Arctic Environmental Medicine,
Aarhus University, unpubl., 2008). Future studies might
elucidate whether this CYP1B1 polymorphism also
affects the risk of breast cancer in Inuit.
The COMT gene is involved in Phase II metabolic
inactivation for catechol estrogens, and polymorphism
in the COMT gene, which codes for a low activity variant
of the COMT enzyme, is associated with increased risk of
developing breast cancer. For the COMT polymorphism,
the COMT-L allele is associated with increased breast
cancer risk in premenopausal women, but decreased
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risk in postmenopausal women (Miyoshi and Noguchi,
2003). In vitro data have shown that COMT activity is
protective against oxidative DNA damage. Dioxininduced E2 metabolism and oxidative DNA damage
is inhibited by COMT but not when the COMT was
inhibited, suggesting that the low activity variant of
COMT can increase the risk of oxidative DNA damage.
The data also suggest that in breast tissue of women
with low COMT activity, an increase in oxidative DNA
damage mediated through the estrogen catechols may
be a contributory factor in the development of breast
cancer (Lavigne et al., 2001).
Many chemicals of environmental relevance (e.g.,
atrazine, roundup, 4-octylphenol, diethylstilbestrol) are
shown, in vivo in aquatic species and in vitro in human
cell lines, to affect adrenocortical function involving
enzymes in the steroidogenic pathway, such as CYP17
and CYP19 (Figure 6.5) (Majdic et al., 1996; Harvey and
Everett., 2003). TCDD affects normal Sertoli cell function
(Lai et al., 2005). Using various human cell lines and rats,
TCDD, dioxin-like (e.g., CB126) and non-dioxin-like PCBs
(such as CB28 and CB105), PCB mixtures, pesticides (e.g.,
toxaphenes) and PCB metabolites have been shown to
affect testicular androgenesis in rats (Andric et al., 2000,
2003), to act as CYP19/aromatase inhibitors (Drenth et
al., 1998; Woodhouse and Cooke, 2004; Heneweer et al.,
2005), and a TCDD-induced inhibition of CYP17 causing
a decrease in estradiol production in human luteinized
granulosa cells (Moran et al., 2003).

Box 6·5. CYP17 polymorphism
A single T to C base substitution at position 1931 creates
an additional Sp-1-type (CCACC box) promoter motif 34
bp upstream from the site of initiation of translation in
the variant allele A2.
Studies indicate that this polymorphism increases
enzyme activity resulting in increased serum
estrogen and progesterone levels in pre-menopausal
women and oestrone and dehydroepiandrosterone
in postmenopausal women. The urine ratio of
2-OHE:16αOHE was lowest in women with the CYP17A2/
A2 genotype. Although based on controversial data,
the CYP17A2/A2 genotype has been reported to be
associated with breast cancer in women and men.
In men, the promoter variant CYP17 is associated
with testosterone levels 20% or higher in men with
the C/C compared with the T/T genotype, whereas
heterozygous men had intermediate hormone levels (p
= 0.019). Men with the C/C genotype were also nearly 3
cm taller (Zmuda et al., 2001).
The CYP17*A2 allele has also been linked with
prostate hyperplasia (Azzouzi et al., 2002), a recent metaanalysis suggested that the CYP17 polymorphism is
unlikely to increase the risk of sporadic prostate cancer
(Ntais et al., 2003). The CYP17*A2 allele has also been
linked with osteoporosis in postmenopausal women
(Somner et al., 2004). No data were found concerning
CYP17 polymorphism and testis development and/or
sperm quality/fertility.

Box 6·6. CYP19 polymorphism
In CYP19, a tetranucleotide (TTTA) simple tandem repeat
polymorphism, which varies from 7 to 13 repeats in intron
4, and additional 3bp deletion in the 7-repeats allele, were
investigated and found to be associated with breast cancer
and prostate cancer (Miyoshi and Noguchi, 2003; Ntais et
al., 2003). Moreover, a polymorphism at codon 264 (Arg to
Cys; a C to T substitution in exon 7) was also reported to
be associated with breast cancer and prostate cancer. The
TTTA polymorphism at lower numbers (< 9 repeats) has
also been reported to be associated with lower estradiol
levels and lower bone mass density and increased risk of
osteoporosis in women and men (Gennari et al., 2004).

The CYP17 gene encodes the P450c 17α enzyme
primarily expressed in ovary of women and the adrenal
cortex. The enzyme is involved in the biosynthesis of
androgens/estrogen from cholesterol (Figure 6.5). The
CYP17 gene product is involved in steroidogenesis in
mammal fetal testis and its enzyme activity is downregulated by endocrine disrupters (e.g., phthalates)
resulting in reduced production of testosterone
(Lehmann et al., 2004). Gene polymorphism causing
increased enzyme activity (Box 6.5) has been linked
to breast cancer (Setiawan et al., 2007), prostate
hyperplasia (Azzouzi et al., 2002), and osteoporosis in
postmenopausal women (Somner et al., 2004).
The CYP19 gene encodes the aromatase enzyme
(Figure 6.5) converting C-19 androgens to estrogens.
Aromatase is present in ovary, testis, prostate, placenta,
brain, and peripheral adipose tissues (the main source
of estrogens in postmenopausal women) (Miyoshi et
al., 2003; Ntais et al., 2003). In breast cancer patients
aromatase plays an important role in intra-tumoral
biosynthesis of estrogens.
Inactivating mutation of the aromatase gene was
reported to elicit increased luteinizing hormone,
follicle-stimulating hormone and testosterone levels
and to elicit undetectable estradiol levels, and decreased
sperm count and viability (Rochira et al., 2001). Two
different polymorphisms were found to be associated
with breast cancer and prostate cancer (Box 6.6).
There are several reports on the effect of endocrine
disrupters on CYP19 gene expression and/or aromatase
activity (Cheshenko et al., 2008), such as for bisphenol-A
and nonylphenols (Bonefeld-Jorgensen et al., 2007),
PCBs (Hany et al., 1999; Woodhouse and Cooke, 2004;
Wojtowicz et al., 2005; Xu et al., 2006; Li, 2007), methyl
sulfonyl PCB metabolites (Heneweer et al., 2005), TCDD
and CB126 (Drenth et al., 1998), and brominated flame
retardants and brominated dioxins (Ding et al., 2007).
Thus, environmental contaminants have the potential
to alter the gene and gene activities playing a role in sex
hormone processes, and polymorphisms in the genes
involved modulate the activity of the related enzymes
in the steroid hormone biosynthesis. Future studies
are needed to explore whether gene-environmental
contaminant interaction plays a role in sex hormone
processes in the Arctic populations including Inuit.

122

AMAP Assessment 2009: Human Health in the Arctic

Box 6·7. Epigenetics
A noteworthy example regarding epigenetic roles in
fetal development includes the intake of folic acid during
pregnancy. Folic acid prevents neural-tube defects by
enhancing the transfer of methyl groups to DNA methyl
transferases responsible for methylation of CpG motifs,
and also prevents the risk of a reduced pool of progenitor
cells in the fetal forebrain (Hilakivi-Clarke and de Assis,
2006). Furthermore, in mice: (1) coat color association
with metabolic defects (obesity, hyperinsulinemia, and
shorter life span) could be reversed by maternal intake
of a methyl-supplemented diet resulting in increased
methylation of CpG motifs in a retrotransposon, and (2)
epigenetic mechanisms were involved in the increased
risk of prostate carcinogenesis upon exposure to endocrine
disrupters (bisphenol A and estradiol). Maternal exposure
to the synthetic estrogen di-ethyl-distilbestrol, another
endocrine disrupter, was related in both animals and
humans to increased uterine, breast and multi-generational
cancer; hypomethylation of CpG causing persistent
expression in uterine genes (c-fos, lactoferrin) and histone
modification of the permanent Hoxa-11 gene expression
was suggested to play an important role in epigenetic
mechanisms (Hilakivi-Clarke and de Assis, 2006).

6.8.

Epigenetics: a new paradigm in
toxicology and teratology

Aberrant fetal and child development and the risk
of cancer may result from inherited mutations in the
germ line, from changes in DNA sequences arising
in somatic tissues during life, and from aberrations
of genomic DNA methylation including hyper- and
hypomethylation of genes (e.g., increased or inhibited
transfer of methyl groups via methyltransferases to
CpG motifs) (Box 6.7).
Epigenetics is a phenomenon that can be hereditary
without any change in the primary DNA sequence,
but is due to changing controls of gene activities. Such
controls arise from the interplay of DNA methylation,
histone modifications, and RNA-mediated pathways.
Epigenetic regulation is a part of normal development
and differentiation; however, this can be misdirected

Table 6.8. Epigenetic modifications in the genome during fetal
development. Source: adapted from Hilakivi-Clarke and de
Assis (2006).
Modification

Consequences

Hypermethylation of
CpG sites
Hypomethylation of
genomic DNA

Loss of gene expression

Modifications of histones

Activation and inactivation of
chromatin
Mono-allelic expression of
genes
Bi-allelic expression of genes
Inactivation of chromatin

Imprinting
Loss of imprinting
RNA interference

Gene over-expression

causing a number of diseases including cancer and
metabolic disorder (Table 6.8) (see also Chapter 7 and 8).
Exposure in utero or early in life to dietary and
environmental factors can have a profound effect on
the epigenetic code, the epigenome, resulting in birth
defects and diseases later in life (Reamon-Buettner and
Borlak, 2007).
There are increasing examples of effects from
environmental exposures that can be attributed to
epigenetic causes and the research challenge is to
evaluate and understand the contribution of epigenetic
influences of environmental exposures. PCBs and
PBBs are effective promoters in two-stage cancer
models, which implies that epigenetic mechanisms
are involved (Jensen et al., 1982; Safe, 1989; Silberhorn
et al., 1990; van der Plas et al., 2000). There are several
indications that both coplanar as well as non-coplanar
PCBs are involved in epigenetic mechanisms and can
act as tumor promoters. The coplanar PCBs mediate
their toxicity via the AHR, resulting in adverse effects
such as liver damage, thymus atrophy, skin lesions, a
wasting syndrome, and tumor promotion (Van den Berg
et al., 1998). In contrast, the non-coplanar PCBs do not
significantly activate the AHR and exhibit a different
spectrum of toxic actions such as modulation of steroid
hormones and intracellular Ca2+ signaling, being linked
to oxidative stress, metabolic disorder (see Chapter 7 and
8), neurotoxicity, immunotoxicity, endocrine disruption
and tumor promotion (Hansen, 1998; Brouwer et al.,
1999; Bonefeld-Jorgensen et al., 2001; Robertson and
Hansen, 2001; Dean et al., 2002). Thus the data imply
that nongenotoxic but epigenetic mechanisms are
involved in their carcinogenic potential. The exact
modes of action of non-coplanar PCBs are still unclear.
However, the accepted toxic equivalency factors
approach (see Chapter 8, Box 8.3) is based exclusively
on AHR-mediated toxicity data, whereas in this system
the more prevalent non-coplanar PCBs have zero toxic
potency (Van den Berg et al., 1998), despite their known
toxicity (also Chapter 7, section 7.3.1.1).
Mutation in the BRCA1 gene is responsible for
ovarian cancer and for about 50% of familial breast
cancer, but mutation cannot explain the incidence of
sporadic breast cancers. However, several studies have
reported that BRACA1 was epigenetically silenced
by hypermethylation in breast and ovarian primary
tumors and cell lines (Jacinto and Esteller, 2007). The
potential of non-coplanar PCBs (CBs 138, 180, 153) to
interfere with expression of the tumor suppressor gene
BRCA1 (that pays an important role in cell-cycle control,
DNA repair and genomic stability) without any sign
of cell toxicity suggests that epigenetic mechanisms
might be involved (Rattenborg et al., 2002). Machala
et al. (2003) reported that non-coplanar PCBs, but not
coplanar PCBs, were potent inhibitors of gap junctional
intracellular communication, which belong to a critical
epigenetic event in tumor promotion.
Also, non-cytotoxic/genotoxic but epigenetic
mechanisms were suggested for the potential of the
environmental contaminant γ-HCH (lindane) to
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induce increases in micronuclei and factors critical
for cell survival (Bcl-2, Bax, P21waf1/Cip1) in breast and
prostate cells at low doses (Kalantzi et al., 2004).
Many regulatory regions (promoters) of genes
encoding proteins that are involved in critical cellular
processes and/or have tumor suppressor functions
have been identified to be hypermethylated in prostate
tumors, resulting in inactivation and gene silencing
(Li et al., 2004). Epigenetic mechanisms were found
to affect the expression of two members of the dioxinAHR inducible cytochrome P450 CYP supergene
family, CYP1A1 and CYP1B1 (Table 6.3) in human
prostate cancer: inactivation by hypermethylation
was demonstrated for the CYP1A1 gene (Okino et al.,
2006), whereas the CYP1B1 gene was reported to be
hypomethylated and over-expressed (Tokizane et al.,
2005). Both genes encode an enzyme that metabolizes
PAHs and contributes to both their detoxification
and, paradoxically, their bioactivation into toxic and
mutagenic intermediates, and aberrant expression of
the genes may play an important role in prostate cancer.
Although the mechanisms controlling the tissue-specific
and cancer-specific expression of CYP1B1 are not known
it is found over-expressed in a variety of human tumor
cells such as in lung, breast, liver, gastrointestinal tract,
and ovarian cancer and seems to have a potentially
crucial role in tumor development and progression.
Moreover, the AHR, having relevant functions in cell
proliferation, is silenced by gene-promoter epigenetic
hypermethylation in human lymphoblastic leukemia
(Mulero-Navarro et al., 2006) and rat hepatoma cells
(Gudas and Hankinson, 1987).
A recent study of the relationship between plasma
POPs concentrations and global DNA methylation in
DNA of 70 Greenlandic Inuit has shown that global
hypomethylation increased with increasing blood
plasma levels of many of the POPs investigated (Rusiecki
et al., 2008). Global hypomethyltion due to impaired
DNA-methyltransferase activity has been related to
multiple malignancies in mice (Gaudet et al., 2003).
Moreover, reduced levels of CpG sequence methylation
globally have been found in many cancer cells and
pre-malignant adenomas (Feinberg and Tycko, 2004).
Studies of larger populations are needed for further
evaluation of the relationship between POPs exposure
and epigenetic effects on gene expressions and human
health risks.
Although there has been considerable progress in
the definition of critical windows for programming
cardiovascular and metabolic outcomes in the rat, there
is still a lack of detailed information on such critical
windows for programming in humans. Perturbations
of the intrauterine environment have major effects.
The nature of the epigenetic, structural, and functional
adaptive responses which result in a permanent
programming of cardiovascular and metabolic
function, and the role of the interaction between the
pre- and postnatal environment in determining final
health outcomes, has been reviewed extensively by
McMillen and Robinson (2005).

6.9.

The immune system and POPs

Environmental contaminants can induce immune
dysfunctions (Silkworth and Loose, 1981). Dioxins,
dioxin-like PCBs and PAHs suppress the immune
system and children exposed to synthetic estrogens
in utero show altered immune function (Carpenter et
al., 1998), and both synthetic and natural estrogens
suppress the immune system (Kendall et al., 1992).
The AHR is a key mediator of toxic effects induced
by a number of organic pollutants. AHR ligands
such as dioxins and dioxin-like PCBs can activate
inflammatory reactions by multiple mechanisms, for
example, by activation of the nuclear factor ĸB (NFĸB) and proinflammatory cytokines that in turn (e.g.,
tumor necrosis factor, TNF-α) suppress the expression
of CYP1A1, probably due to a mutual inhibitory
interaction between the signal pathway of AHR and
NF-ĸB (reviewed by Umannova et al., 2007). TNF and
interleukine (cytokine) IL-1β are important mediators
of dioxin toxicity in rodents (Taylor et al., 1992; Fan
et al., 1997) and maturation of the immune system
is especially vulnerable to POPs during pre-and/or
postnatal life (Bonefeld-Jorgensen and Ayotte, 2003).
6.9.1. Gene frequencies and immunoglobulins

in Inuit

Inuit wandered and settled along the north coast of
America arriving in Greenland approximately 2000 bc
(Figure 6.2). Different cultures succeeded each other. The
Inugsuk culture was the origin of the present Greenlandic
population. Today 27% of the West Greenland gene pool
is estimated to be of European origin (Lamm et al., 1992),
whereas East Greenland was first visited by Europeans
in 1884 and stayed isolated until after the Second World
War. The East Greenland gene pool is thus considered
closest to that of the original Inugsuk Inuit.
The discovery by Hirsfeld and Hirsfeld (1919;
cited by Allan, 1963) that the ABO blood group allele
frequencies vary among different populations opened
the door to potential genetic analyses. Moreover,
the human leukocyte antigen system (HLA) and the
antibody gammaglobulin (GM) were concluded to be
useful systems for characterizing populations based
on the number of haplotypes specific to populations
(Callegari-Jacques et al., 1993). Studies of the ABO blood
group system, the HLA and Gm allotypes supported
the hypotheses of Asian ancestry for the Arctic Inuit
populations, the historical isolation of East Greenland,
and gene drifting (Box 6.8).
6.9.2. Genotype-phenotypes related to the

cytokine system (atopy and allergy)

The frequency of bronchial asthma was found to be
much lower for Greenlandic Inuit than Danes (Table
6.2). Studies in Alaska also indicate a lower asthma risk
for rural Natives than urban residents (Gessner, 2003;
Gessner and Neeno, 2005; Martinez and Weiss, 2006).
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Box 6·8. The ABO blood group system and the human leukocyte antigen system in Inuit
The ABO blood group system
The antigens of A, B, and H of the ABO blood group system are found as alcohol-soluble substances on the red blood cell
membrane and are also secreted by mucous glands in water-soluble glycoprotein in various body fluids, including saliva. The
non-secretors status of the ABH blood group substances is associated with pathological conditions of mucous membranes,
particularly with duodenal ulcer and gastric (pre)malignancies and probably also with pulmonary dysfunction. A high
frequency of non-secretors is found among Icelanders. Like many other Arctic populations of the Mongolian race the
Greenlandic Inuit also have a low frequency of non-secretors (Eriksson et al., 1986).
The human leukocyte antigen system
Serological human leukocyte antigen (HLA) tissue typing and gene frequencies were determined in Tasiilaq (Ammassalik,
East Greenland) and compared to other populations by Welinder et al. (2000). The genomic data confirmed the serological
estimates. In contrast to other Greenlandic populations the Tasiilaq Inuit are genetically homogenous with little ad-mixture
with Europeans. Moreover, their pattern of alleles indicates close genetic relationships with other Inuit. Similar frequencies
of serological data were obtained with high frequencies of HLA-A24, B40 (B61), Cw3, DR4 and DQ3 (DQ7) with the exception
of B27 which is rare in East Greenland Inuit. The frequencies for B62 (B15) and B48 are unusual for Native Americans and are
not an admixture with Scandinavians having low frequencies of the two antigens. The data confirm the historical isolation of
East Greenland, and genetic drift has been suggested as a plausible explanation (Welinder et al., 2000).
Gamma globulin allotypes
Populations and family studies of gamma globulin (Gm) allotypes have demonstrated a large amount of intra-and interpopulation polymorphism as well as ‘en bloc’ transmission of specific allotypic combinations (haplotypes). Moreover, genes
linked to the Gm system may influence immune responsiveness and disease susceptibility. The Gm (and IgA) alleles among
Caucasians, black peoples and Asians have been reported to differ (Vyas and Fudenberg, 1969). Callegari-Jacques et al. (1993)
reported the Gm haplotype distribution in 60 groups including Inuit, North, Central and South American Indians (22 808
individuals in total), and provided detailed insight into the observed differences. The Gm allotypes of humans are inherited
differences located on the heavy chains of immunoglobulin G (IgG). The Gm results revealed clear differences among North,
Central and South American Indian populations. The two haplotypes mainly responsible for these differences are GM*axg
and Gm*abOst. Comparison of the Gm haplotypes for Amerindians and Inuit, showed that Inuit differed distinctly from the
other groups. Because the Gm system is involved in immune responses, the variability observed may be related to unknown
selective pressures and might also cause differences between the groups with respect to immune responses.

Whether these differences are due to genetics or lifestyle
differences awaits further research based on the current
knowledge of atopy and allergy.
Most ‘single-gene’ diseases following the Mendelian
pattern of inheritance (e.g., cystic fibrosis and sickle
cell disease) are rare and first signs are evident in
childhood. In common multifactoral diseases, what
is inherited is a higher risk of developing the disease
through a complex interaction between susceptible
genes and environmental risk factors making the event
more or less likely (Figure 6.3). The pathologic event is
influenced by genetic modifiers such as cytokines.
Cytokines are intracellular signal molecules that
coordinate inflammatory responses to injury including
interleukins, tumor necrosis factors, interferons and
hematopoietic growth factors (Duff, 2006). Inflammatory
responses are involved in attack on pathogens and
repairing injured tissues but inflammation also plays
an important role in many chronic diseases, such as
rheumatoid arthritis, asthma, psoriasis, ulcerative
colitis, postmenopausal osteoporosis, hypertension,
obesity and Alzheimer disease (reviewed by Duff,
2006).
At least ten members of the IL-1 cytokine family
are known to be involved in acute inflammatory and
autoimmune responses. Three pro-inflammatory genes
have been well characterized, IL-1α and IL-1β and the

anti-inflammatory IL1 receptor antagonist (IL-1Ra).
There is some evidence that IL-1 polymorphism affects
gene expression and that this might influence chronic
diseases.
Rheumatoid arthritis is a multifactorial inflammatory disease with some familiar clustering linked to
the histocompatibility complex HLA-DRB1 and there
is evidence for linkage of several markers in the IL-1
gene cluster in a subset of rheumatoid arthritis patients
heterozygous for HLA-DRB1. Polymorphisms of the
IL-1 gene cluster have also been linked with cholesterol
levels and increased risk of coronary disease (Box 6.9).

Box 6·9. The IL-1 gene cluster and risk of
coronary diseases
Odds ratios (OR) in patients for risk of coronary occlusion
associated with cholesterol (1.74), lipoprotein(a) (2.55),
smoking (3.92), and IL-1B allele homozygous for a common
IL-1 gene polymorphism (IL-1B(-511)) allele 2, had an OR of
3.88 being almost as high as for smoking (reviewed by Duff,
2006). Stratifying patients according to total cholesterol the
IL-1 genotype had no effect on the OR at concentrations < 200
mg/dL, whereas for patients with concentrations > 239 mg/
dL the OR increased from 2.7 to 5.9 for patients homozygous
for IL-1B(-511) allele 1 and ILB-1B(-511) allele 2, respectively.
A similar pattern was observed for LDL cholesterol.
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An intermediate frequency of IL-1β(-511) for Chinese
(50%) compared to Caucasian (35%) and African
(69%) populations was reported by Jin et al. (2003).
Rheumatoid arthritis is relatively rare in Inuit, whether
this is related to genetics or nutrients (e.g., n-3 fatty
acids) awaits further studies because no reports on IL1β genotypes for Inuit were found in the literature.
The IL-4RA polymorphism has been identified
in Greenlandic Inuit (Khoo et al., 2006). Atopy is
characterized by increased IgE production in response
to common allergens and is strongly associated
with asthma and rhinitis. The IL-R receptor α gene
is a candidate gene that might be involved in the
pathogenesis of atopy. Khoo et al. (2006) evaluated
whether IL-4RA polymorphisms (Ala57Thr and
Ile50val) were associated with atopy in 1295 Inuit
(living in Denmark or Greenland) in parallel with 1329
individuals from seven populations with different
global locations. The novel IL4RA Ala57Thr (Thr57)
polymorphism was common (33%) in the Inuit but
rare (< 0.6%) in all other populations. In Inuit living in
Denmark, the Thr57 allele and the Ile50/Thr57 haplotype
were associated with a lower risk of atopy, with similar
trends observed for atopic rhinitis and atopic asthma.
In Inuit living in Greenland, the Thr57 allele was not
associated with atopy or atopic diseases, but Ile50 was
weakly associated with a lower risk of atopy. Thus, a full
investigation of genotype-phenotype relationships in a
given population can only be achieved if each gene is
screened for novel polymorphisms in that population.
The pro-inflammatory interleukine-6 (IL-6) gene is
another gene which differs among ethnic groups. A
polymorphism (G/C) within the regulatory promoter
region (-174) of the gene alters the expression of this
cytokine. The fraction of individuals having the GG
genotype is generally 80% to 100% in non-Caucasian
populations and 30% to 45% in Caucasian populations.
The -174G genotype has been set in relation to colorectal
and breast cancer and an increased incidence of type II
diabetes mellitus in Native Americans. However, the
exact mechanisms are still unknown (Berger, 2004).
6.10. Gene polymorphism related to fatty acid

metabolism

Apolipoprotein E (apoE protein; APOE gene) plays a
central role in lipid metabolism as ligand for two cellsurface lipoprotein vectors mediating cellular uptake of
specific lipoproteins, intermediate-density lipoprotein
(IDL) and chylomicron remnants. Three common
alleles E*2, E*3, and E*4 have quantitative effects on
lipid and lipoprotein levels, that are risk determinants
in cardiovascular diseases. The APOE*2 allele is
associated with lower total cholesterol and low-density
lipoproteins (LDL), but higher HDL levels. In contrast,
the APOE*4 allele is linked to opposite effects and has
been associated with Alzheimer disease in several
populations (reviewed by Demarchi et al., 2005). APOE
polymorphism was reported for several populations
living at subtropical latitudes such as indigenous
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Americans of Argentina, Brazil and Paraguay, and
indigenous populations from South America, North
America, Greenland and Siberia. The incidence of the
most common APOE*3 allele ranged from 0.78 to 0.98
(mean for all Inuit 0.78), and the incidence of the APOE*4
allele ranged from 0.00 to 0.17 (mean for all Inuit 0.21).
The rare allele APOE*2 was found in 18 out of 52 study
groups investigated, with allele frequency ranging from
0.00 to 0.05, and found in four out of five studied Inuit
groups with a mean frequency of 0.012. The APOE*2
allele increased its frequency with latitude in South
America, and a random distribution in the northern
hemisphere with some indication of higher frequency
in Inuit and Asians suggesting the possibility of
selection. The APOE*3 and APOE*4 allele frequencies,
respectively, present positive and negative associations
with latitude, although were most pronounced in the
northern hemisphere (Demarchi et al., 2005).
A study of 42 female and 56 male Greenlandic Inuit
showed that the apoE, derived from the observed
frequencies of the six common apolipoprotein E
genotypes, are E2: 0.015 ± 0.009; E3: 0.776 ± 0.030; and E4:
0.209 ± 0.029. E2 alleles are very rare (0.015), and E4 alleles
(0.21) are slightly more frequent in the Greenlandic Inuit
population than in other populations. No significant
associations were found between apoE genotypes and
the extent of atherosclerotic lesions, nor was any strong
evidence found for an association between serum lipids,
glycohemoglobin levels or adiposity measurements
and apoE genotype in Greenlandic Inuit (Boudreau et
al., 1999).
The paraoxonase gene family consists of three genes,
PON1, PON2 and PON3, where the gene product of PON1
serum paraoxonase is associated with HDL particles,
probably via Apo Al. In serum it functions as esterase
towards organophosphate insecticides and in vitro as
an antioxidant that can destroy oxidized LDL that can
participate in arthrosclerosis. Moreover, arachidonic
acid derivatives at LDL phospholipids are substrates
for paraoxonase. In contrast, the products of PON2 and
PON3 are unknown (reviewed by Fanella et al., 2000).
A common variation in the PON1 gene (at codons M55
and M192) is linked to atherosclerosis and lipoprotein
metabolism. In two Canadian aboriginal populations,
Oji-Cree and Inuit, the following was observed for
PON1 M55 carriers vs. non-carriers: diabetic Oji-Cree
had higher plasma triglyceride concentrations than noncarriers, whereas for non-diabetic Oji-Cree and Inuit
higher total and LDL cholesterol, and for the former
also apo B, were found for carriers. The results suggest
that the common PON1 M55 variation is associated with
traits in plasma lipoprotein metabolism in aboriginal
Canadians (Hansen and Gilman, 2005), and a link to
methyl mercury has been shown (see also Chapter 7).
The carnitine palmitoyltransferase 1A (CPT1A)
protein catalyses the transversion of long-chain acylCoA into acylcarnitines and enables the transport of
long-chain fatty acids from the cytosol to the inner
mitochondria for β-oxidation. Genetic deficiency of
CPT1A is rare and less than 30 clinically identified
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cases of CPT1A have been reported. The CPT1A
deficiency, occurring early in life, has hypoglycemia
and no end-product of hepatic fatty-acid oxidation,
ketones, in the urine. The CPT1A 1436(C-T) mutation
was first determined in an Inuit male and later in
13 other cases in Canadian First Nations and Inuit
populations. This mutation has been demonstrated
to be resistant to malonyl-CoA inhibition and might
result in unregulated fatty acid oxidation (Park et al.,
2006). Several haplotypes of an Alu insertion in the
3’untranslated region of the LDL-receptor gene have
been determined (Heller et al., 2004). Almost all (93%)
the variability occurs at the intra-population level,
but the greatest intra-group differentiation (6% to 8%)
was found in grouped Native Americans plus Siberian
Inuit and Chukchi, compared to Asians. This result is
compatible with earlier mtDNA and Y-chromosome
suggestions of a single origin for the first colonizers of
the American continent.
6.10.1. Genetic determinants of cardiovascular

diseases and diabetes and risk factors

Ischemic stroke in persons of European decent has
a genetic basis. A systematic literature-based review
(500 manuscripts, 12 883 cases, 19 548 controls) to
evaluate whether the stroke susceptibility genes are
the same in non-Europeans (Chinese, Japanese and
Koreans) was performed by comparative genetic
analyses across different ethnic groups (Ariyaratnam
et al., 2007). Of the eight candidate genes three were
associated with ischemic stroke: the angiotensin
I converting enzymes (ACE) insertion/deletion
polymorphism, the ACE- C677T variant of 5,10methylenetetrahydrofolate reductase (MTHFR), and
the APOE gene. Comparing the Asian groups with
the individuals of European descent suggested that
genetic associations studied to date for ischemic
stroke are similar for Europeans and non-Europeans.
However, due to the limited number of gene variants
studies and fewer individuals in the non-European
group the existence of differential effects by ethnicity
cannot be excluded (Ariyaratnam et al., 2007).
Risks of cardiovascular disease for Greenlandic Inuit
are low from a genetic point of view. The potentially
high risk alleles of apolipoproteins, fibrinogen,
factor V, glycoprotein IIIa and factor VII (FVII) have
different frequencies in Inuit compared to Caucasian
populations. Analyses of genetic polymorphism of
tissue-type plasminogen activator (t-PA), plasminogen
activator inhibitor-1 (PAI-1), angiotensin-converting
enzyme (ACE), and angiotensinogen showed that the
polymorphism frequencies were significantly different
to those for Caucasians, and were in accordance with a
low risk of cardiovascular disease in Inuit. In contrast,
the levels of plasma fibrinogen and D-Dimer were
higher in Inuit than Danes, PAI-1 was lower and FVII,
t- PA and CRP levels were comparable (de Maat et
al., 1999). Thus, genetic background and risk factors
clearly differ between Inuit and Danes (Caucasians).

Box 6·10. PPAR vs AHR
TCDD (mediated via the AhR) strongly inhibits
adipogenesis. In mammals, TCDD causes a redistribution
of triglycerides from adipose tissue to the liver and
diabetic characteristics including reduced glucose
uptake. In adipose tissue, TCDD lowers the activity of
a series of adipogenic genes (Potter et al., 1986; Brodie
et al., 1996). Primary and immortalized mouse embryo
fibroblasts both require PPARγ agonists to induce
adipogenesis and this response is suppressed by TCDD.
These findings implicate the AhR as a constitutive
inhibitor of triglyceride synthesis, and as an early
regulator of adipocyte differentiation. AhR interference
with cell-cycle arrest in differentiation may be linked to
the increased rate of senescence (Alexander et al., 1998).

6.10.1.1. Gene polymorphism and risk of 			
diabetes type II
Non-optimal fetal growth leading to small-for-gestationage body size compensated after birth is associated with
risk of diabetes type II. However, extensive research for
underlying genetic factors has not succeeded and very
little has been reported for Arctic populations.
The peroxisome proliferator-activated receptors
(PPARs) are members of the nuclear-receptor superfamily and include three family members, PPARα,
PPARβ/δ, and PPARγ (see Chapter 7). Ligands for the
PPAR family tend to be fatty acids or metabolites,
including prostaglandins, and interaction with these
receptors regulates the transcription of specific genes.
Although expression of PPARs can be observed in
a variety of cell types, PPARγ seems to have a more
preferential expression, and in particular, is expressed
in adipocytes and myeloid cells that include dendritic
cells, macrophages, and eosinophils, as well as T cells.
The identification of PPARγ receptors in several different
cell types of the immune system has prompted the
investigation of PPARγ as an immune-system regulator
(Standiford et al., 2005). Studies in mice have indicated
that adipogenesis requires PPARγ agonists and that
this response is suppressed by TCDD, implicating the
AhR as a constitutive inhibitor of triglyceride synthesis,
and as an early regulator of adipocyte differentiation
(Alexander et al., 1998) (Box 6.10).
A recent study of 15 846 individuals born in Helsinki
(Finland) showed a polymorphism in the PPAR-γ 2
gene (Pro12Pro and Pro12Ala) that depended on body
size at birth. Individuals with small body size and
the Pro12Ala genotype were protected against insulin
resistance and type II diabetes later in life (Eriksson,
2007). These findings reflect gene-early environment
interactions and can be attributed to the phenomenon
of developmental plasticity.
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6.11. Vitamin D polymorphism and genetic

Box 6·11. AHR gene variation in humans

adaptation of Inuit children to a 		
low-calcium diet

Allelic variation in the vitamin D receptor genotype was
reported to influence bone turnover, where the b allele
was associated with higher bone density (Morrison et
al., 1994). In Chinese and Thai individuals the bb is a
dominant genotype and is believed to be an adaptive
event due to its association with more efficient intestinal
calcium absorption to compensate for low calcium
intake (Beaven et al., 1996; Ongphiphadhanakul et al.,
1997), thus maintaining eucalcemia and mineralization
of their bones. In a study of ten healthy Inuit children
(5 to 17 years of age) the bb vitamin D genotype (8 out
of 10) was predominant and dietary calcium absorption
appeared to be more efficient in individuals with the bb
genotype, with increased hypercalciuria. The authors
suggested a genetic adaptation to dietary constraint, but
wondered whether it might predispose to nephrolithiasis
or nephrocalcinosis if standard nutritional guidelines
are followed (Sellers et al., 2003).
In Greenlandic Inuit women there is some evidence
that organochlorine exposure is related to osteoporosis,
but whether exposure to dioxin-like compounds might
be linked to decreased bone quality and osteoporosis
merits further attention (Cote et al., 2006).
6.12.

Four variations in the coding sequence of the human AHR
were found: one in exon 2 being silent and the others in
exon 10 in codon 554 changing arginine (Arg554) to lysine
(Lys554) (Wong et al., 2001a), in codon 570 (valine570 to
isoleucine 570) and in codon 571 (proline571 to serine571) (Wong
et al., 2001b). Controversial data for the aryl hydrocarbon
hydroxylase (AHH) inducibility in lymphocytes was found
for the Arg554 to Lys554 variation; Kawajiri et al., 1995 found
no effect, whereas Daly et al., 1998 reported significant
increased capacity for CYP1A1 induction. However, when
combining the Ile570 + Lys554 this variant failed to support
TCDD-dependent induction of CYP1A1 expression in cell
culture (Wong et al., 2001b). These polymorphisms seem
not to be related to any phenotypic toxicity if they occur
independently.

rodent counterpart (AhR), the human AHR gene
appears to be highly conserved. Four variations in
the coding sequence of the human AHR were found
(Box 6.11). Whether the different combinations of
AHR polymorphisms might affect susceptibility to
carcinogens needs further research. Ethnic variability
in the AHR gene (Table 6.9) indicates that Caucasians
and Inuit have similar AHR polymorphism and differ
relative to Japanese and African populations.
6.12.2. The estrogen receptor and the 		

Allelic distribution of human sex
hormone receptors and the AHR

androgen receptor

6.12.1. Aryl hydrocarbon receptor gene
The aryl hydrocarbons (including dioxin-like compounds) mediate their biological effects via the AHR
upon binding to the receptor, translocation from the
cell cytoplasm into the nucleus, dimerization with the
Ah-nuclear translocator protein and then binding to
the AHR-responsive DNA sequences (AHREs or DRE)
located in the 5’-flanking region of several genes,
including genes responsive to dioxin-like compounds
(Kawajiri and Fujii-Kuriyama, 2007). Relative to the

The endocrine axis comprises the hypothalamic
gonadotropin-releasing hormone (GnRH), pituitary
gonadotropins, and gonadal steroid hormones. The
gonadotropins act at the gonads, the ovaries in females
and testes in male, stimulating gonadal maturation,
gametogenesis and steroidogenesis (Dickerson and
Gore, 2007). The sex steroid receptors such as the
estrogen receptor α (ERα) and ERβ and the androgen
receptor (AR) belong to the nuclear receptor family
and are generally ligand-dependent transcription
factors (Fu et al., 2003; Verrijdt et al., 2003; Schwabe

Table 6.9. Allele frequencies of human AHR in different ethnic populations. Source: adapted from Wong et al. (2001a,b).
Population

n

Arg554

Lys554

n

Val570

Ile570

Pro517

Ser517

-

-

-

-

227

0.57

0.43

-

Ivory Coast Africans

58

0.43

0.57

58

0.93

0.07

0.965

0.035

Mixed African

20

0.47

0.53

20

0.93

0.07

0.95

0.05

Caribbean African

55

0.61

0.39

55

0.97

0.03

1.00

0

North American (mixed)

45

0.89

0.11

45

0.99

0.01

-

-

Canadian Chinese

41

0.68

0.32

41

1.00

0

-

-

Japanese

Canadian Inuit

22

0.91

0.09

22

1.00

0

-

-

Canadian French

20

0.88

0.12

20

1.00

0

-

-

German

78

0.93

0.07

78

1.00

0

-

-

Native Indian

47

0.86

0.14

-

-

-

-

-
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and Teichmann, 2004; Bjornstrom and Sjoberg, 2005).
Their genomic-mediated pathways include steps
such as binding of ligand to receptor, translocation
into nucleus, and binding of the receptor-ligand
complex to a specific DNA response element causing
a gene response. Androgens and estrogens are not
male or female hormones only. Both hormones
are important in both sexes and essential for
reproductive development, including male fertility
(Hess, 2003). The steroid androgen hormones,
testosterone and dihydrotestosterone, are necessary
for the normal male phenotype and the presence of
ERα and ERβ in human fetal testis and epididymis
cells indicates that estrogens play a physiological role
in regulating spermatogenesis in mammals (Couse
et al., 2001; Carreau, 2003; Shapiro et al., 2005). The
receptors of testosterone (AR) and estradiol, (ER) are
polymorphic.
6.12.3. The androgen receptor
The basis for hormonal contraception is the negative
feedback that testosterone and its metabolite estradiol
(E2) exert on the gonatropins, luteinising hormonereleasing and follicle-stimulating hormone, secretion
and thus spermatogenesis. The androgen receptor (AR)
gene carries a common polyglutamine stretch (CAG
repeat) in the peptide coding region exon 1, affecting
its function as a transcription factor in activating
responsive genes. Androgens play a critical role in
prostate development, and polymorphisms to high
metabolism and/or response in the 5α-reductase type
2 (SRD5A2) and the genetic CAG variation (length)
of AR has been linked to the risk of prostate cancer
(Freedman et al., 2005).
Ethnic differences worldwide in prostate cancer
have been observed, the highest rates among the
United States, Canada and Scandinavia, and the lowest
in China and other parts of Asia (Crawford, 2003).
Prostate cancer incidence in Greenland is extremely
low (Prener et al., 1996; Dewailly et al., 2003). A study
to evaluate a possible link between the low incidence
of prostate cancer and the genetic status of the Inuit,
compared Greenlandic Inuit and Swedish military
conscripts. Results showed that the Greenlanders in
addition to having longer CAG repeats also showed
a lower and higher frequency of high-activity and
low-activity SRD5A2 genotype, respectively. Thus,
being genetically related to Asians in several loci,
Greenlanders also seem to have an androgenic
genotype partly protecting them from prostate cancer
compared to the high risk Swedish men (Giwercman
et al., 2008). Further studies among healthy European
and Greenlandic men showed that men with a short
AR CAG repeat length and a high level of CB153 had
significant risk for low sperm counts. Thus, the longer
AR-CAG repeats in Greenlandic Inuit might protect
them against adverse effects of POPs on sperm count
and prostate cancer (Giwercman et al., 2007, 2008).
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6.12.4. Estrogen receptor α and estrogen receptor β
Different polymorphisms have been described in
both the estrogen receptor α (ERα) and estrogen
receptor β (ERβ) genes. Although a large number
of association studies have been performed, the
individual contribution of these polymorphisms to the
pathogenesis of, for example, osteoporosis remains to
be universally confirmed (Gennari et al., 2004).
ERα and ERβ have distinct cellular and tissue
distributions (Enmark et al., 1997; Kuiper and
Gustafsson, 1997; Nilsson and Gustafsson, 2000),
and regulate separate sets of genes (Palmieri et
al., 2002; Frasor et al., 2003a,b; Harrington et al.,
2003). The expression level of ERβ in, for example,
mammary cancer fibroblast cells (MCF-7BUS cells) is
approximately 100 times lower than for ERα (Vienonen
et al., 2003; Grunfeld and Bonefeld-Jorgensen, 2004). It
is suggested that ERβ modulates the effects mediated
by ERα, and that ERβ has an inhibiting effect on cell
proliferation (Dickerson et al., 1999; Pettersson et al.,
2000; Lazennec et al., 2001; Cappelletti et al., 2003).
However, although many functions of ERβ have been
suggested, its role is still controversial (Grunfeld and
Bonefeld-Jorgensen, 2004). In particular, ERβ can have
opposing effects to ERα in mediating estrogenic action
and for some genes, particularly those involved in
proliferation, the proliferative response to estradiol
is the result of a balance between ERα and ERβ.
Functional ERs are usually homodimers, but ERα/ERβ
heterodimers have also been described. Importantly,
ERβ can inhibit transcriptional activation of ERα
through formation of these heterodimers, as shown
by different in vitro and in vivo experimental studies.
However, in the absence of ERα, ERβ is able to replace
some of its activity (Matthews and Gustafsson, 2003;
Heldring et al., 2007).
The estrogens are ubiquitous and found in almost
all tissues in females and males. They are important
factors from the start of life, during fetal development,
during sexual development in puberty, and in many
physiological and metabolic aspects during adult life.
Thus, being multi-functional the estrogens are also
critical for possible adverse effects on disturbance of
homeostasis, for example by genetic polymorphisms
and/or environmental contaminants, the latter often
termed ‘endocrine disrupters’.
Polymorphisms in the ER-α gene have been studied
with respect to several diseases, such as breast cancer,
dementia, and the effects of estrogen replacement on
HDL-cholesterol level in women with coronary diseases
and low bone mineral density.
Ethnicity plays a role in risk of breast cancer with the
lowest and highest incidence in Asian and Caucasian
populations, respectively (Brinton et al., 1997; Lacey
et al., 2002). The human ER-α exhibits low mutational
frequency in breast cancer (Roodi et al., 1995), but
allelic variants have been associated with breast
cancer in Caucasians and Asians, although at different
frequencies (Hsiao et al., 2004). Moreover, ethnic allelic
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Box 6·12. Polymorphism in the estrogen receptor ER-α gene
Analyses of ER polymorphisms in ER-positive and ER-negative breast cancer patients of the entire coding region for point
mutations and deletions/insertions, showed several neutral polymorphisms in the nucleotide codons 10, 87, 243, 325, and 594.
No correlations were observed between any of the polymorphic alleles and ER phenotype or clinicopathological parameters,
whereas the controversial polymorphism in codon 325 had a strong association with a family history of breast cancer. This
implies that mutation in the regulatory sequences influencing the expression of the gene rather than in the coding region of ER
might play a role in the development of breast cancer (Roodi et al., 1995). Murphy et al. (1997) supported this work by showing
the existence of large numbers of ER mRNA variants and mutant ER proteins.
Two polymorphic loci of the ER-α gene (the Pvu II and Xba I locus, 50 bp apart in the non-coding region intron 1) can influence
the expression of the gene. Lin et al. (2003) reported that the ER-α gene polymorphism was significantly different among Chinese
populations and some other ethnic populations including Japanese, and in Caucasians such as Swedes, Italians, and Americans.
Moreover, the mutant frequencies of the ER-α gene were linked to risk of dementia, especially in females. Differences in the
distribution frequency between Asian and Caucasian females were found both at the Pvu II and the Xba I locus. The Italian and
Asian females also differed for the combined genotype. In Chinese women the PvuII polymorphism had a very weak association
with femoral neck bone mass index whereas XbaI polymorphism was unlikely to be a predictor of the femoral neck or spine bone
mass index (Wang et al., 2007).
Even though results are still conflicting and the molecular mechanisms by which these polymorphisms influence ER activity
remain, in part, to be investigated. Recent studies have linked polymorphism in the ER-α gene with estrogen metabolism-related
genes:
• beneficial effects of HRT for carriers of the ER-α Pvu II polymorphism eliciting osteoprotection and blood lipid changes, and
the ER-α IVS1-401 C/C genotype have an augmented response to HDL cholesterol upon HRT;
• polymorphism in catechol-O-methyltransferase (COMT), ER-α , GST and NAT-2 being susceptibility markers in clinical
courses of endometriosis risk (Tempfer et al., 2004); and
• for breast cancer ER-/PR-tumors an inverse risk was found for the CYP1A2*F allele (Le Marchand et al., 2005), and the
combination of CYP19 (TTTA)7(-3bp) and CYP1A1 6235C/T polymorphisms is associated with an ER-positive, but not an ERnegative, breast cancer risk (Miyoshi et al., 2003).

differences in ER have been linked to other changes/
diseases such as risk of dementia, femoral neck bone
mass index, osteoprotection and blood lipid changes,
augmented responses to HDL cholesterol upon hormone
replacement therapy (HRT) (Box 6.12).
No reports were found on human studies to evaluate
the effect of environmental contaminants on wild-type
and variant forms of ERα. However, in vitro studies
showed for an array of synthetic compounds (e.g.,
hydroxyl-PCBs, bisphenol-A, p-nonylphenol) and often
used estrogenic compounds (e.g., E2, tamoxifen, IC
182,780), that the estrogenic and antiestrogenic activity
of structurally diverse synthetic and natural estrogenic
compounds is complex, and that this is consistent with
published data that often give contradictory results for
these compounds (Yoon et al., 2001).
Several polymorphisms of the ERβ have been
characterized. The functional importance of these
variants has not yet been reported (Gennari et al., 2005).
Few specific gene-environment interactions have been
described for the ERβ polymorphisms. In vitro studies
have linked environmental exposures to effects on
both ERα and ERβ. In human breast cancer cells ERα
regulated the expression of its heterodimer partner
ERβ, and the antiestrogen TCDD was shown to inhibit
the ERα-mediated induction of ERβ (Kietz et al., 2004).
Another study showed that dioxin inhibited ERα more
than ERβ (Ruegg et al., 2008). A PCB mixture (Arochlor
1221) was reported to decrease the ERβ cells positive
cell number in the anteroventral periventral nucleus

of the rat brain. Moreover, an array of currently used
pesticides showed in vitro to counteract the expression
of estradiol-induced ERα gene expression, whereas
several of the pesticides increased the gene expression
of ERβ (Grunfeld and Bonefeld-Jorgensen, 2004). Also,
the metabolite of the methoxychlor pesticides acted
oppositely on the two ERs, as agonist and antagonist
on ERα and ERβ, respectively (Gaido et al., 2000).
6.13. Conclusions
Selected diversity, diversity not being neutral, can be a
consequence of random mutation and natural selection
such as adaptations to past environments. Changes
in the environment such as chemical contamination
or changes in diet might cause health problems for
a population. Chemical contamination can cause
population reduction via heritable genetic somatic and
germ-line mutations initiating a cascade of responses
on, for example, reproduction and population genetics.
Based on human data and animal studies it can be
hypothesized that mutagenic and non-mutagenic
(e.g., endocrine disrupting) chemicals can affect the
reproductive success of a population and ultimately
lead to decreased genetic diversity, extirpation and/or
adaptation to a contaminated environment that might
be permanent since a population cannot recover to what
it was prior to the environmental impact (assuming
the absence of gene flow from other populations) –
unless the population survives for a very long time.
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External influences on the Inuit lifestyle have caused
changes in diet and an increase in smoking and alcohol
consumption. It might be assumed that traditional food
is/was an adaption to life in the Arctic contributing
advantages and maybe also to some extent disadvantages
with respect to exposure to chemical contaminants and
lifestyle changes. Relatively few genetic data are available
for indigenous peoples in the Arctic other than the Inuit.
Future studies are needed to compare and elucidate the
genetic background of other ethnic populations.
Traditional culture and diet have a big impact on
the health of Arctic populations, however too little
is known about the genetics of these populations to
elucidate the implications of contaminant-genetic
interactions on health. Because the genetic background
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of the Inuit differs in some respects compared with
Caucasians these genetic differences must be taken into
consideration in advice concerning changes in diet and
lifestyle.
Genetic studies are a sensitive issue; however,
to
understand
gene-environment
interactions
in the Arctic this must become a part of future
studies on Arctic populations because the genotype
may be fundamental to the effects of exposure to
environmental contaminants. Therefore, it is important
to elucidate genetic polymorphism and possible genetic
susceptibility among Arctic peoples. Including genetics
in studies which examine lifestyle and contaminant
interactions will provide better insight into individual
and population vulnerability to contaminants.
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Interactions between Contaminants and Nutrients
Jens C. Hansen, Markku Savolainen, Arja Rautio

Summary
Over the last five decades, increases in the prevalence
of obesity and subsequent health problems – metabolic
syndrome, diabetes type II, and cardiovascular diseases
– have been observed world-wide, including within
populations living in the Arctic. These conditions have
been regarded as lifestyle-related metabolic disturbances
caused by hypercaloric- and misbalanced diets in
combination with a sedentary lifestyle. However, it has
recently been suggested that exposure to contaminants
might also play a role.
The first part of this chapter describes metabolic
disturbances in relation to nutritional factors and changes
in diet, while the second part describes the degree to
which contaminants might interfere with metabolic
processes within the body.
Disturbances related to both lifestyle and contaminants
are basically mediated by the overproduction of
reactive oxygen species, causing oxidative stress within
the cells, which is probably the main reason for the
interactions observed within the body. It is concluded that
contaminants, even at a relatively low exposure level might
aggravate lifestyle-induced metabolic disturbances.
As a consequence, it is recommended that future studies
on diet and environmental health, include both aspects as
integrated and interrelated health determinants. There is
also a need for better understanding of the interactions
between nutrients and xenobiotic compounds, and the
risks should be evaluated to improve the health status of
populations living within the Arctic.
7.1. Introduction
This chapter examines the concept that nutrition may
modulate the toxicity of environmental pollutants, and
vice versa, and is based on the recent review by Hansen et
al. (2008). To limit the size of the chapter critical evaluations
of the studies quoted have not been included. To the best
of knowledge, the most relevant publications have been
chosen from the recent literature.
Because the idea that nutrients and contaminants
may interact is relatively new, few studies on this topic
have been undertaken to date, particularly in the Arctic.
However, the unique characteristics of many Arctic diets,
which provide both essential nutrients and potentially
harmful contaminants (‘The Arctic Dilemma’), make the
Arctic highly relevant for such studies. Social change
and modernization have also increased the prevalence
of chronic diseases, such as cardiovascular diseases
and diabetes (Bjerregaard and Young, 1998) (for further
information see Chapter 3, section 3.1.5). Studies on the
interactions between nutrients and contaminants are
thus urgently required, and should be able to provide

important information about the increasing number of
lifestyle-related diseases being reported world-wide,
including in the Arctic.
This chapter examines the degree to which
environmental contaminants are likely to interact with
nutrients and influence the development of metabolic
disturbances (for definitions and prevalences of metabolic
disturbances see Desroches and Lamarche, 2007), such as
obesity, and metabolic syndrome and its co-morbidities:
diabetes type II and cardiovascular diseases. These
conditions are usually thought to be mainly lifestylerelated; and including an unbalanced diet and lack of
physical activity. However, a condition of latent disease
may be aggravated by exposure to contaminants. This
might occur even at an exposure level which does not in
itself give rise to signs of negative effects, but for which the
contaminants may in combination with lifestyle-related
metabolic disorders act additively and cause a state of
clinical disease. Genetic background is also an important
factor for the development of obesity and metabolic
syndrome (Groop, 2007; Frayling et al., 2007). Figure 7.1
shows the possible interactions between genes, nutrition,
and xenobiotic compounds.
The health status of people living in many Arctic
regions has changed significantly over the past few
decades, and the climate, weather, and environment
have played a significant role. Some recent studies have
reported possible connections between global pollution
and the development of metabolic disorders. For example,
Longnecker and Daniels (2001) suggested that the levels
of polychlorinated biphenyls (PCBs) in blood and the
existence of diabetes might be causally related in pregnant
women. They found the mean concentration of PCBs in
serum to be 30% higher in diabetics than in non-diabetic

Genetics

Xenobiotics

Nutrients

Figure 7·1. Genes, macronutrients, and contaminants may
have synergistic effects on the development of diseases. The
probability for illness is increased when several pre-disposing
factors are simultaneously present in the same individual.
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Genetic
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Positive
energy
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Contaminants
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Epigenetic
programming

Obesity

n-6/n-3
too high

Metabolic
Syndrome

Fructose
intake high

Diabetes II

an understanding of the basic mechanisms of their
interaction with contaminants. For a more general
discussion on macronutrients see Willet (2008).
There is emerging evidence that proteins may also be
active in the process of gene expression, but too little is
known about this, and there is no information about the
possible mechanisms of interaction between proteins and
contaminants. This is also the case for micronutrients,
trace elements, and vitamins. Only possible interactions
between selenium and mercury are discussed.
7.2.1. Fats

Cardiovascular
disease

Figure 7·2. Genetic and environmental factors increase in concert
the susceptibility of an individual for public health problems
such as, type II diabetes and metabolic syndrome. All these
conditions may have complications involving the cardiovascular
system. Source: adapted from Hansen et al. (2008).

controls, and the correlation between concentrations of
PCB in serum and the existence of diabetes to be linear.
Another study found that the risk of diabetes seemed to
be significantly increased in Belgian subjects in the top
decile of adjusted plasma concentrations of dioxins (odds
ratio 5.1; 95% confidence interval 1.1 – 21.8), co-planar
PCBs (odds ratio 13.3), or Σ12 PCB markers (odds ratio 2.6)
(Fierens et al., 2003). Differences were also found between
women and men in the Michigan PBB (polybrominated
biphenyl) cohort study; at high plasma levels of PCB
( > 10 μg/L) an increased incidence of diabetes was found
in women, but not in men (Vasiliu et al., 2006). Today,
about 80% of the adult Greenlandic population has PCB
concentrations in serum of over 10 μg/L, which according
to the Michigan PBB cohort study was the limit value
for a correlation of diabetes and contaminants. Diabetes
is an increasing problem in Greenland (Martinsen et al.,
2006). Recent data from Greenland generated under the
AMAP human health program indicate a link between
lifestyle-related obesity and contaminant levels and an
increased risk for development of cardiovascular diseases
(Hansen et al., 2008) (see Figure 7.2). There is also some
epidemiological evidence for a connection between
background exposure to dioxin-like compounds and
diabetes (Everett et al., 2007).

The average human fat intake is about 100 g per day in
adults, and consists mainly of triglycerides (including
glycerolipids). Each molecule of triglyceride contains
three fatty acids and a molecule of phospholipids consists
of two fatty acids. The molecular weights of each class of
glycerolipids are not well-defined; their molecular weight
and characteristics depend on the fatty acids. Therefore, it
is essential to focus on the nature of fatty acids ingested.
There are three categories of fatty acids: saturated,
monounsaturated, and polyunsaturated fatty acids
(PUFA), and these each have different effects on the
metabolic processes in man. The PUFAs of both fatty acid
families (n-6 and n-3) are essential, because the precursor
molecules for the long-chained metabolites, linoleic acid
(18:2, n-6; LA) and α-linolenic acid (18:3, n-3; ALA) cannot
be synthesized in the human body.
Linoleic acid and α-linolenic acid are enzymatically
elongated and desaturated (Δ-6 and Δ-5 desaturases) in
the human body and form the very long-chained PUFAs.
Arachidonic acid (20:4, n-6) is formed from linoleic acid,
and eicosapentaenoic acid (20:5, n-3) and docosahexaenoic
acid (22:6, n-3) from α-linolenic acid (see Figure 7.3).
Arachidonic acid and docosahexaenoic acid are both
essential for the development of the central nervous
system (see Table 7.1) and retina.
Linoleic Acid
18:2, n-6

α-linolenic Acid
18:3, n-3
Δ6 desaturase

γ-linolenic Acid
18:3, n-6

18:4, n-3
elongase

Eicosatrienoic
Acid
20:3, n-6

20:4, n-3
Δ5 desaturase

Arachidonic
Acid
20:4, n-6

Eicosapentaenoic
Acid
20:5, n-3
Δ6 desaturase

7.2. Influence of nutrients
The macronutrients, such as fat, carbohydrates, and
proteins serve as the fuel for energy production, but
are also active regulators of metabolic processes. This
section describes some of the biochemical reactions
and actions of fat and carbohydrates in order to help

Docosahexaenoic
Acid
22:6, n-3
supplied from Western
food (plant oils)

supplied from traditional
marine food

Figure 7·3. Metabolism of polyunsaturated fatty acids.
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Table 7.1. Effects of different types of fatty acid.
PUFA

Effect
Essentiality

a

Adipogenicity

b

Pro-inflamm.
Developments of the CNS

Saturated
fatty acids

Monosaturated
fatty acids

n-6

n-3

+

+

–

–

+

–

+

(+)?

+

–

+

–

+ (AA)

+ (DHA)

–

–

CNS: central nervous system; AA: arachidonic acid; DHA: docosahexaenoic acid.
a

essential means that the nutrient must be supplied through the diet; b adipogenicity means that the nutrient favors deposition of fat.

Box 7·1. The PPAR system
Peroxisome proliferator activated receptors (PPARs) belong to the superfamily of nuclear steroid hormone receptors. To date,
three related PPAR iso-types have been identified: PPAR-α, PPAR-β/δ, and PPAR-γ. PPAR-α is highly expressed in the liver, heart,
kidneys, and skeletal muscle, PPAR-γ is primarily expressed in adipose tissue, while PPAR-β/δ is expressed ubiquitously, however,
in skeletal muscle to a higher degree than PPAR-α. Activation of all three types causes an anti-inflammatory effect (see Figure 7·4)
in adipocytes and induces expression of TNF-α (tumor necrosis factor alpha) and IL-6 (interleukin- 6) (Ajuwon and Spurlock, 2005;
Suganami et al., 2005). The balance between physiological levels of PUFAs with pro- and anti-inflammatory the type of fatty acids
in diet is very important for their effects in body. Dietary intake of n-3 fatty acids decreases triglyceride concentrations in serum.
The effects of n-3 fatty acids on PPAR-α have been studied in genetically modified obese mice (ob/ob) and wild-type mice. N-3 fatty
acids induce mRNA (messenger ribonucleic acid) of PPAR-α in the wild-type and in ob/ob mice, and fish oil has a more potent effect
on triglyceride concentrations in serum than eicosapentaenoic acid (20:5, n-3), and in ob/ob mice n-3 fatty acids ameliorate obesityassociated symptoms by activation of PPAR-α (Sekiya et al., 2003). Tanaka et al. (2003) have shown that activation of PPAR-β/δ
induces β-oxidation of fatty acids in skeletal muscles.
Experimentally, both in vitro and in vivo, it has been shown that arachidonic acid, the precursor for prostacyclin, is adipogenic,
whereas eicosapentaenoic acid and docosahexaenoic acid are not (Massiera et al., 2003, 2006). The effect of arachidonic acid is
suggested to act through prostacyclin with a series of ligand-receptor reactions which lead to activation of PPAR-γ2, the master
gene of terminal differentiation of preadipocytes to adipocytes (adipogenesis).
In animals, fructose-induced hypertriglyceridemia reduces the hepatic expression of PPAR-α which is down-regulated by the
expression of fatty acid oxidation enzymes. This event leads to an up-regulation of sterol regulatory element binding protein, a
key transcription factor of regulation fatty acid and cholesterol biosynthesis (Nagai et al., 2002; Yoshikawa et al., 2003). Also, in
humans it is found that the significantly decreased levels of uric acid in serum activate synthetic ligands of both PPAR-α and
PPAR-γ receptors. This suggests that in humans a high fructose consumption may lead to PPAR-α inhibition (Seber et al., 2006).

The long-chained PUFAs serve as substrates
for the formation of a number of local hormones
called eicosanoids. These eicosanoids consist of (1)
prostaglandins, which are important factors in the
regulation of blood coagulation and blood pressure,
and (2) leucotrienes, which play an important role
in the immune system by regulating pro- and antiinflammatory processes in the body.
PUFAs and a subset of their eicosanoid metabolites
are active in gene transcriptions and serve as ligands
for key metabolic regulating systems, such as PPARs
(peroxisome proliferator activated receptors). Thus,
they play a central role in the balance between deposition and catabolic degradation of fats (for information
about the PPAR system see Box 7.1). The effects of
various types of fatty acids are shown in Table 7.1.
Adipose tissue is not only a depot of energy, but is
also an endocrine organ which produces a number
of metabolically active compounds, the so-called
adipokines. Some adipokines have anti-inflammatory
effects while some have pro-inflammatory effects. The
balance between these various effects is influenced by
the ratio between dietary intake of n-3 and n-6 fatty
acids (see Box 7.2).

Box 7·2. Immunomodulating effects of fat
Several studies have shown that different types
of fat have either pro- or anti-inflammatory
immunomodulating effects (see Table 7.1). The saturated
fatty acids, for example palmitate, but not laureate,
activate pro-inflammatory pathways both in myotubes
and adipocytes, biochemical markers of those have been
described in the epidemiological study (n = 1123, aged 20
– 98 years) by Ferrucci et al. (2006). They concluded that
both n-6 and n-3 fatty acids are independently associated
with low levels of pro-inflammatory markers (IL-6,
IL-IRa, TNF-α, and CRP (interleukin 6, Interleukin-I
receptor antagonist, and C-reactive protein) and with
high levels of anti-inflammatory markers (IL-10, and
TGF-β [interleukin 10 and transforming growth factor
beta]). The immunomodulatory effect of PUFAs is
influenced by the n-6 : n-3 ratio, and there is a strong
negative correlation between the n-6 : n-3 ratio and levels
of IL-10, and TGF-β. The importance of the n-6 : n-3 ratio
in ex-vivo studies shows that linoleic acid (18:2, n-6) can
generate oxidative species which can trigger oxidative
stress-sensitive pro-inflammatory signaling pathways,
whereas n-3 fatty acids have anti-inflammatory effects
(Hennig et al. 2002b).
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Figure 7·4. Effects of PPAR- α, PPAR-β/δ, and PPAR-γ in various tissues. Source: Hansen et al. (2008).

The dietary intake of n-3 and n-6 fatty acids has been
found to be inversely associated with plasma levels of
sTNF-α receptors 1 and 2 in men and women (Kang
and Weylandt, 2008). These important observations
show that physiological levels of fatty acids are able to
modulate inflammation, and also that the composition
of dietary fat can influence the pathological sequels of
obesity (Pischon et al., 2003).
There is also evidence that the hormonal balance
is influenced by PUFAs. It has been shown that one
metabolite (eicosanoid, PGE2) of arachidonic acid
stimulates the formation of estrogens by activating the
aromatase (cytochrome-P450, CYP19) (Noble et al., 1997).
Recent studies demonstrate that very lowcarbohydrate diets are equal to or even more efficient
than low-fat diets in obtaining weight loss (Sondike et
al., 2003; Samaha et al., 2003; Brehm et al., 2003). However,
the type of dietary fat consumed has substantially
different effects on the profile of lipoproteins. Serum
cholesterol is raised by saturated fatty acids and the
relative content of plasma saturated fatty acids is
associated with features of the metabolic syndrome
independent of body fat mass (Klein-Platat et al., 2005).
In contrast, PUFAs and in particular n-3 PUFAs increase
the levels of HDL (high density lipoprotein) cholesterol,
decrease levels of triglycerides, and have favorable
effects on insulin resistance and inflammation (Samaha,
2005). The linoleic acid (18:2, n-6) content of breast milk
measured in the United States increased from 6% to 7%
(of total fat in milk) in the early 1950s, to 15% to 16% in

the mid-1990s (Ailhaud and Guesnet, 2004). The relative
increase in dietary intake of n-6 may be an important
causal factor for the globally-observed increasing
childhood obesity (Massiera et al., 2003, 2006).
This also indicates that the quality of dietary fat is
more important than the energy percentage of total
dietary fat. It is recommended that less than 10% of the
daily energy intake should be in the form of saturated
fat, and 20% to 35% from total fat. The minimum amount
of dietary fat for small children is 30% and for adults and
children over four years the amount is 25%. This is an
increase in the amount of total fat compared to previous
recommendations.
7.2.2. Carbohydrates
To prevent metabolic disorders it is now recommended
that the intake of refined carbohydrates with a high
glycemic index (GI) is reduced by avoiding easily
absorbed, high energy sugars, such as glucose. The
glycemic index is a measure of individual nutrients that
induce glucose load compared to glucose itself (GI for
glucose = 100). The glycemic load is the GI multiplied by
the amount of nutrients eaten daily.
There have been controversial results about the
transformation of glucose to fat through de novo
lipogenesis (DNL) in man, mainly because appropriate
methods to measure DNL have been lacking. As a
result, the DNL effect has been largely neglected until
recently. Obese individuals with hyperinsulinemia have
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significantly higher DNL than normoinsulinemic lean
subjects on the same diet (Schwartz et al., 2003). On the
other hand, lean subjects on a high carbohydrate diet
have a significantly higher DNL than normoinsulinemic
lean subjects on a high fat diet, mainly due to high
contents of refined sugars on the high carbohydrate
diet. Finally, when the refined sugars are below 40%
of the total carbohydrate energy, the DNL is minimal
(Schwartz et al., 2003).
Fatty acid synthase is the key enzyme of DNL (Wang
et al., 2004) and its gene transcription is increased by
insulin in humans (Claycombe et al., 1998). For this
reason hyperinsulinemic subjects may have a higher
activity of DNL than normoinsulinemic subjects.
PUFAs, especially those of the n-3 family, attenuate fatty
acid synthase expression and decrease lipogenesis (Kim
et al., 2003).
In addition to glucose another simple sugar, fructose,
is supplied through the diet. It originates from fresh
fruit and from sucrose (a disaccharide consisting of
one molecule of glucose and one molecule of fructose).
Historically, the daily intake of fructose in United
States has been estimated at 16 g to 20 g (Elliott et al.,
2002). This physiological background intake seems to
be advantageous for improving glucose homeostasis
(Vaisman et al., 2006). Industrialization of food
production during the 20th century has, however,

resulted in significant increases, mainly from corn
syrup which contains up to 90% fructose, leading to a
typical daily consumption of 85 g to 100 g (Basciano et
al., 2005).
The correlation between the consumption of refined
carbohydrates and the prevalence of diabetes type II
in the United States suggests that increasing intakes
of refined sugar (corn syrup) together with decreasing
intakes of fiber may contribute to the observed upward
trend in the prevalence of type II diabetes (Gross et
al., 2004). Moreover, a high fructose diet significantly
increases fasting glucose (7 ± 2%), triglycerides (79 ±
22%), and DNL (six fold) in humans (Faeh et al., 2005),
and thus the high fructose diet increases insulin
resistance (McAuley and Mann, 2006). Unlike glucose,
which is widely utilized by tissues throughout the
body, the metabolism of fructose takes place primarily
in the liver. Exposure to large quantities of fructose
leads to stimulation of lipogenesis and accumulation
of triglycerides, which in turn contributes to reduction
of insulin sensitivity and increase of hepatic insulin
resistance/glucose intolerance (Basciano et al., 2005).
Fructose also increases serum uric acid levels. In human
studies, increased serum uric acid has been linked
to obesity, dyslipidemia, hypertension, and insulin
resistance, all of which are related to cardiovascular
diseases (Nakamura et al., 1994) (see Box 7.3).

Box 7·3. Specific effects of fructose
In an in-vivo study by Nakagawa et al. (2006) rats were treated with diets containing 60% glucose or 60% fructose. It was
found that only the fructose-fed rats developed hyperuricemia, hypertriglyceridemia, and hyperinsulinemia. Treatment
with allopurinol, a xanthine oxidase inhibitor which lowers uric acid concentrations in serum, both prevented and reversed
features of metabolic syndrome in rats with a fructose-rich diet. These findings suggest a causal effect of increased levels of
serum uric acid derived from fructose, resulting in metabolic syndrome in rats (Nakagawa et al., 2006).
Nyby et al. (2007) demonstrated in vitro in endothelial cells that the renin-angiotensin system is up-regulated in fructosefed rats compared to controls. Angiotensin II activates the NADPH oxidase, which in turn activates the uric acid producing
xanthine oxidase, both processes produce superoxide anions (O22-) (see Figure 7.5). This explains why fructose-fed rats
develop the metabolic syndrome model characterized by hypertension, decreased glucose tolerance, hypertriglyceridemia,
and hyperinsulinemia.
Matsubara et al. (2002) reported that leptin concentration in serum is an independent variable for values of uric acid in
serum. Thus, the levels of leptin and uric acid in serum would be causally involved in the pathogenic process of metabolic
syndrome. However, Bedir et al. (2003) suggested that leptin might be a regulator of serum uric acid in humans because
the leptin levels in serum were independently associated with uric acid in both genders, but only in overweight or obese
individuals. In contrast to the situation for leptin, there was a reverse relationship between adiponectin and uric acid in
serum (Asayama et al., 2003; Böttner et al., 2004; Gilardini et al., 2006). Recently, Mukherjee et al. (2006) suggested that
leptin could be a link between obesity and hypertension. However, these findings were not confirmed (Li et al., 2005b;
Almeida-Pititto et al., 2006). These observations are all consistent with results reported by Pladevall et al. (2006) who, using
confirmatory factor analysis, concluded that metabolic syndrome is likely to be a distinct entity, with evidence that leptin
resistance and uric acid play a causative role. However, the authors stressed that further investigations were needed to
determine whether the underlying factor is genetic or environmental.
There is a positive correlation between the levels of circulating C-reactive peptide in blood and insulin resistance and
development of type II diabetes in healthy women (n = 1999) (Wu et al., 2004). There is also a significant difference between
the highest quintile of energy-adjusted fructose intakers (p = 0.01) compared to those of the lowest quintile (Wu et al., 2004).
Increased levels of uric acid in serum have been found to be associated with lowered brachial-ankle pulse wave velocity,
a surrogate marker of early atherosclerosis (Ishizaka et al., 2007) and increased carotid intima-media thickness, reduced
brachial artery flow-mediated dilatation, and increased arterial stiffness in healthy subjects (Erdogan et al., 2005), thus
indicating a risk factor for cardiovascular events. Corry and Tuck (2006) concluded in a recent review that there is increasing
experimental and clinical evidence about the mechanistic role of uric acid in cardiovascular disease.
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Figure 7·5. Interactions between the uric acid formation pathway
and dietary and environmental factors.

7.3. Metabolic disorders and contaminants
The first observations of a possible influence of
halogenated organic compounds on increased risk for
cardiovascular disease were made at the beginning of
the 1980s. Several human studies indicated positive and
significant correlations between PCBs and triglyceride
concentration in serum both in occupational (Chase et
al., 1982; Smith et al., 1982; Hara, 1985) and environmental
exposures from local highly polluted areas (Baker et
al., 1980; Steinberg et al., 1986; Stehr-Green et al., 1986).
Steinberg et al. (1986) found the same correlation between
serum concentrations of DDE and triglyceride, and also,
that only concentrations of the less-chlorinated PCBs
(Aroclor 1242) correlate significantly and negatively with
those of HDL-cholesterol. Elevated serum concentrations
of triglyceride were also observed among the victims of
the poisoning from rice oil contaminated with PCBs and
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furans that occurred in Japan in 1968 (‘Yusho disease’)
(Hirota et al., 1993). The correlation between serum
concentrations of triglyceride and PCBs persisted for 20
to 30 years, although they were relatively close to their
normal or low concentrations (Hirota et al., 1993; Masuda,
2001). In these early studies, congener-specific information
was not available, but it is known that the Yusho patients
were exposed to a mixture of polychlorinated dibenzop-dioxin / polychlorinated dibenzofurans (PCDD/Fs)
and PCBs. Other studies found increased mortality
due to cardiovascular diseases in Swedish capacitor
manufacturing workers exposed to PCBs for at least five
years (Gustavsson and Högstedt, 1997) and in workers
after exposure to phenoxy herbicides and PCBs from
waste transformer oil (Hay and Tarrel, 1997). Occupational
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
has been related to hypertriglyceridemia (Pelclova et al.,
2002). There is also evidence that co-planar PCBs affect
thyroid function of newborns during in utero exposure
(Wang et al., 2005), but the effect seems to be transient
(ten Tusscher and Koppe, 2004). Perinatal exposure to
background concentrations of dioxins in Europe and
the United States was found to cause persistent effects in
growth and development of children, including effects
on IQ, behavior, hematopoiesis, and lung function (for
review see ten Tusscher and Koppe, 2004).
Cranmer et al. (2000) found that Vietnam veterans
exposed to TCDD developed hyperinsulinemia, and
later Fujiyoshi et al. (2006) described possible molecular
and epidemiological evidence of a diabetogenic effect
after TCDD exposure. They suggested that PCBs
may lead the lipoprofile in plasma and tissues in an
atherogenic direction via lipid metabolism and lipiddependent cellular signaling pathways. These processes
may result in obesity, the main risk factor for metabolic
syndrome, type II diabetes, and cardiovascular disease
(Hennig et al., 2005) (Figures 7.2 and 7.4). A possible link
between dioxin-like compounds and diabetes is that
the compounds, which act as AhR (aryl hydrocarbon
receptor) agonists, increase the production of TNF-α, a
pro-inflammatory cytokine, which in turn reduces the
production of PPAR-γ and induces insulin resistance in
the body (Remillard and Bunce, 2002) (see Figure 7.6).
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Figure 7·6. Effect of mercury and dioxin-like compounds on the
pathogenesis of diabetes and its complications. Source: Hansen
et al. (2008).

There are several processes related to the development
of metabolic disorders where contaminants may play
an aggravating role (Figure 7.6). These include, among
others, formation of reactive oxygen species, oxidative
stress and formation of pro-inflammatory cytokines;
modulation of fatty acid metabolism; effects on nuclear
receptors; and effects on steroidogenesis.
7.3.1.1. Pro-inflammatory effects
Several persistent contaminants have pro-oxidative
properties and so act as pro-inflammatory substances. It
has been shown in vitro in porcine endothelial cells that
the co-planar PCBs 77, 126 and 169 produce oxidative
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stress in a dose-dependent manner, where CB126 is the
most effective with maximal response at 0.5 µM (Hennig
et al., 2002a). This effect is suggested to be mediated
through the agonistic action of AhR, and the intact AhR
may be necessary for the observed effect of PCBs (Hennig
et al., 2002b). Activation of the AhR can be an underlying
mechanism of atherosclerosis mediated by certain
environmental contaminants. Choi et al. (2003) reported
that CB104 is also a potent stimulant of inflammatory
mediators in human vascular endothelial cells, mediated
through induction of the macrophage activating agent
MCP-1 and adhesion molecules. The pro-oxidative action
of co-planar PCBs was measured in vivo in rats and it
was found that CB77 significantly reduced the level
of glutathione-peroxydase, the selenium-containing
antioxidative enzyme, while the higher halogenated
PCBs were inactive (Twaroski et al., 2001).
The formation of pro-inflammatory cytokines
(TNF-α, IL-1β, IL-6) and activity of cyclooxygenase-2
(COX-2) have been suggested to be induced by CB153
in human leukemic mast cell lines (Kwon et al., 2002),
however, Hennig et al. (2002a) did not find any effect. The
expression of the cytokines is mediated by the activation
of NF-κB (nuclear factor kappa-beta). Fadhel et al. (2002)
reported that CB153 produces oxidative stress in rats, but
suggested that there is a different mechanism of action
for the co-planar PCBs. The pro-inflammatory effect of
CB153 may, however, be indirect via different pathways.
Zhou et al. (2006) demonstrated a mutual repression of
both steroid and xenobiotic receptors and the NF-κB
signaling pathway. Tabb et al. (2004) showed that the
higher-chlorinated PCBs block the action of xenobiotic
receptors, and consequently that the NF- κB will be upregulated leading to the formation of pro-inflammatory
cytokines. The authors concluded that there is a link
between exposure to xenobiotic compounds and
inflammation.
The pro-oxidative effects of co-planar PCBs have
been shown in vitro and in vivo. Dietary flavonoids
modulate the PCB-induced oxidative stress in cultures of
endothelial cells (Ramadass et al., 2003) and in vivo it has
been shown that the administration of vitamins E and
C concomitantly with PCBs ameliorated the oxidative
effects of PCBs (Murugesan et al., 2005).
The experimental evidence that several PCB
congeners have pro-oxidative effects (especially the
lower-halogenated co-planar compounds), and findings
concerning their pro-inflammatory properties, are
well supported. However, the evidence in human
studies is not so clear. There was a decrease in the
release of TNF-α after an addition of CB77 and CB126
in concentrations of 50 and 500 ng/mL in human blood
(Ahne and Jarre, 2002). In agreement with these results,
Bilrha et al. (2003) found an inverse correlation in cord
blood between TNF-α secretion and concentrations
of PCBs, p,p′-DDE and hexachlorobenzene (HCB) in
ex-vivo phytohemoagglutinin stimulated cord-blood
mononuclear cells. The samples were collected from the
unexposed controls and from the population exposed to
organochlorines and methylmercury via food. Bélanger

et al. (2006) concluded in a study on adult Canadian Inuit
that the contaminated traditional diet does not seem to
have direct oxidative effects. Nevertheless, they reported
that the levels of oxidized low-density lipoprotein (LDL)
in plasma predict PCB concentrations (p = 0.006) even if the
plasma levels of oxidized-LDL were low. This indicates
that there is an oxidative load of PCBs which is partially
counteracted by the n-3 fatty acids that were found to be
positively correlated with the contaminant level in serum.
There is no immediate explanation for the discrepancies
between the data obtained in in vitro animal and human
studies; they may partly be explained by differences in
experimental study designs, methodologies, congeners
tested (either individually or in mixtures), and exposure
concentrations. Also, the concomitant intake of n-3 fatty
acids could, through their antioxidative properties,
counteract the contaminant effect.
A long lasting pro-oxidative effect of contaminants is
seen in the Yusho victims (Shimizu et al., 2003). More than
30 years after the accidental poisoning, Shimizu et al.
(2003) found lower serum concentrations of copper-zinc
superoxide dismutase (SOD), and higher manganeseSOD in victims compared to concentrations measured in
age-matched controls, indicating an imbalance of redoxregulation mechanisms.
While the immunotoxicity of the co-planar PCBs is
well documented, the effects of the higher-chlorinated
PCBs have received less attention. The non-coplanar
PCBs 138, 153, and 180, but not 169, have been found
to suppress leukocyte phagocytosis in vitro in human
cells (Levin et al., 2005). The authors suggest an AhRindependent pathway through which the most abundant
non-coplanar PCBs modulate phagocytosis, the immune
system’s first line of defense, and thus possibly will
increase susceptibility to infectious diseases. They also
found that this effect could not be predicted by either
the toxic-equivalence (TEQ) approach or a mouse model.
This undermines the use of these traditional methods in
risk assessments of mixtures containing non-coplanar
congeners, because exposure to a mixture of compounds
will always be the case in human exposure situations.
However, in recent studies reviewed by Fonnum et al.
(2006) it has been shown that ortho-substituted PCBs and
some brominated flame retardants stimulate elevation of
intracellular calcium. Disruption of calcium homeostasis
leads to formation of reactive oxygen species and
activation of the nicotinamide adenine dinucleotide
(NADPH oxidase) complex. NADPH oxidase catalyzes
reduction of oxygen to the superoxide radical (O22−),
which may be converted to hydrogen peroxide (H2O2)
and peroxynitrite (OONO−). These powerful oxidants
will in turn activate xanthine oxidase, which catalyzes
the formation of uric acid (Figure 7.5). Dieldrin has been
shown to have the same effects in murine microglia cells
(Mao et al., 2007). These findings shed new light on the
observations made by Levin et al. (2005). The authors
found that the ortho-substituted PCBs act in another,
non-AhR dependent way compared to the co-planar
congeners. It was also suggested that the ortho-substituted
congeners modify phagocytosis by inducing respiratory
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burst in human granulocytes (Voie et al., 1998), because
the effect of chronic oxidative stress on phagocytic cells
generally means that the cells are less active in killing
micro-organisms (Fonnum et al., 2006).
It has also been shown that angiotensin II activates
NADPH oxidase (Landmesser et al., 2007). In the
patients with coronary disease treated with losartan (an
AT1 blocker) the endothelium-bound xanthine oxidase
was found to be reduced. Thus, there is a theoretical
link between exposure to persistent organic pollutants
(POPs) and elevated serum uric acid concentrations in
humans (see also section 7.3.1.5 and Figure 7.5).
Methylmercury has also been suggested to have prooxidative properties involving calcium homeostasis
(Hansen and Danscher, 1997). This has been supported
experimentally by Gassó et al. (2001) who found, in
cultured rat cerebellar granule cells, that disruption of
redox equilibrium and Ca2+ homeostasis contribute equally
to HgCl2 toxicity, whereas oxidative stress is the main
cause of methylmercury neurotoxicity. Because PCBs and
methylmercury originate from the same dietary sources,
they may have an additive effect (supported in studies
by Bemis and Seegal, 1999; Voie and Fonnum, 2000; and
Roegge and Schantz, 2006).
Because nutrient imbalances (e.g., a high n-6 : n-3 ratio)
and xenobiotic compounds exert pro-inflammatory effects
in a combined intake, as is characteristic for a Western
diet, an additive effect can be anticipated (Figure 7.6).
7.3.1.2. Effects on fat metabolism
There seems to be ample epidemiological evidence that
PCBs, especially the co-planar congeners, modulate fatty
acid metabolism resulting in increased serum levels of
triglyceride (reviewed by Hansen et al., 2008). The exact
mechanisms are not yet known, but one suggestion is
that PCBs inhibit Δ-6, and Δ-5 desaturases (Matasusue et
al., 1999). As a consequence, the conversion of linoleic acid
(18:2; n-6) to arachidonic acid (20:4; n-6) will be inhibited
and linoleic acid will be allowed to accumulate. This is
supported by Grandjean and Weihe (2003) who found in
the Faroese birth cohort that increased PCB exposure is
associated with a modest decrease in the concentrations
of arachidonic acid, both in maternal and cord serum.
In a cohort from Greenland (n = 353) the linoleic acid
: arachidonic acid ratio was found to be negatively
associated with serum PCB concentrations. The dietary
intake of linoleic acid originates from the Western part
of the diet while arachidonic acid is supplied through
the traditional part of the diet, mainly through meat
from marine mammals (see Figure 7.3). Thus the serum
arachidonic acid concentration is positively correlated
to the concentration of PCBs. As a consequence, both
a low linoleic acid : arachidonic acid ratio and a high
PCB concentration in serum are positively related to
the amount of traditional food regularly consumed,
and the correlation does not provide information on a
possible effect on the desaturases. However, when the
linoleic acid : eicosatrienoic acid ratio is used there is
a significant positive correlation with PCB exposure,
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which indicates an inhibition of Δ6 desaturase (see
Figure 7.3) (Deutch, B., pers. comm., 2008). Eicosatrienoic
acid (20:3; n-6) is a metabolite of linoleic acid after
elongation and Δ-6 desaturation and for that reason
is related to the intake of linoleic acid and not to the
proportion of traditional food eaten.
Hennig et al. (2002a) have shown experimentally that
both linoleic acid and CB77 – and more markedly when
applied in combination – can generate reactive oxidative
species which trigger pro-inflammatory signaling
pathways under formation of pro-inflammatory cytokines,
which in turn promote the formation of triglycerides.
The authors suggest an inhibitory effect of PCBs on
PPAR-α; if this can be confirmed it would explain the proinflammatory effects as well as the triglyceride-increasing
effect of PCBs (Hennig et al., 2005). In conclusion, a clear
interaction seems to exist between diet, especially fat, and
cellular functions of cytokines induced by PCBs.
7.3.1.3. Influence on nuclear receptors
AhR is a ligand-activated transcription factor that mediates
a spectrum of toxic and biological effects of dioxins and
dioxin-like compounds. Activation of AhR inhibits PPAR-γ
(Alexander et al., 1998), leading to decreases in adipocyte
differentiation and regulation of glucose homeostasis.
Exposure to dioxin and dioxin-like compounds has
thus been linked to development of diabetes type II.
Experimentally, it has been demonstrated that dioxin,
in an AhR-dependent manner, induces insulin growth
factor binding protein in human hepatocytes and this may
contribute to the disruptive effects of dioxin on glucose
homeostasis (Marchand et al., 2005). Due to a lack of
longitudinal studies it is still unclear whether background
exposures to dioxin-like compounds are associated with
increased risk of diabetes (Arisawa et al., 2005).
As well as inhibition of PPAR-γ and activation of AhR,
dioxin-like compounds also have an inhibitory effect
on PPAR-α (Shaban et al., 2004). AhR agonists downregulate the PPAR-α induced expression of CYP2B and
CYP3A, while both activated receptors down-regulate
expression of CYP2C11 in an additive way (Shaban et al.,
2005). CYP2B, CYP3A, and CYP2C11 act as testosterone
hydrolases (You, 2004). Thus, dioxin-like compounds may
also have an effect on sex hormone balance beside the
negative interaction with the estrogen receptor (see also
Chapter 8, section 8.3 and Box 7.4).
In rodents, both CYP2B and CYP3A are, via the
constitutive androstane receptor and the pregnane-Xreceptor, readily induced by a variety of environmental
contaminants such as DDE, some PCBs (You et al., 1999)
and polybrominated diphenylethers (PBDEs) (Sanders
et al., 2005). Beside the induction of CYP enzymes, the
constitutive androstane receptor and the pregnane-Xreceptor also induce detoxification enzymes and will
in this way play a role in protection against toxic effects
of contaminants. Tabb et al. (2004) demonstrated that
in humans, contrary to rodents, the higher-chlorinated
PCBs inhibit the steroid and xenobiotic receptor (the
human ortholog to the rodent pregnane-X-receptor) and
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Box 7·4. CYP enzymes
The cytochromes P450 (CYP enzymes) are a superfamily
of heme-containing mono-oxygenase enzymes, of which
over 2700 individual members are currently known to
exist in nature (Lewis, 2004). Human CYPs are located
intracellular in the endoplasmic reticulum (microsomes) in
almost all tissues. However, the most important tissues for
the metabolism of xenobiotic compounds (e.g., drugs and
chemicals) are the liver and intestine. CYPs are divided
into families according to their degree of similarity in the
amino acid sequence (> 40% identical, e.g., CYP1 family),
subfamilies (> 55% identical, e.g., CYP1A subfamily), and
individual enzymes with unique sequence (e.g., CYP1A1
enzyme). Currently there are 18 known CYP-families and
42 subfamilies in humans covering 57 CYP genes and 58
pseudogenes. CYP families 1, 2 and 3 are mostly responsible
for the metabolism of a wide variety of xenobiotics, while
other families are mainly involved in physiological
functions, such as the biosynthesis of fatty acids, steroid
hormones, and bile acids.
Most of the CYP-catalyzed reactions lead to detoxification
of xenobiotics, involving the formation of more polar
metabolites which are conjugated and excreted into urine
or bile. However, in some cases after CYP-mediated
reactions the products can be more toxic and reactive than
the parent compounds. The expression of most xenobioticmetabolizing CYPs is complex and is affected by genetic,
host, and environmental factors of individuals, as well as
by certain pathophysiological conditions in the body. The
CYP system is often a crucial step in the overall elimination
of xenobiotics and therefore a change in the activities or
amounts (e.g., inhibition, induction, polymorphism) of CYP
enzymes often results in inter-individual alterations of the
pharmaco/toxicokinetics of xenobiotics. There are also
differences in the patterns and functions of CYP enzymes
of different species, and thus, extrapolation between
species is difficult.

thus also its target gene CYP3A. CYP3A metabolizes
most of the non co-planar PCBs in mammals, so in
humans the higher-chlorinated congeners seem to
inhibit their own metabolism. These findings provide a
caveat not to rely on rodent models when estimating risk
of these compounds in humans. An extensive review of
the effects of xenobiotic compounds on the constitutive
androstane receptor and the pregnane-X-receptor was
given by Kretschmer and Baldwin (2005).
7.3.1.4. Effect on steroidogenesis
Until now, most interest in contaminants has been devoted
to their hormone-disrupting properties in relation to
reproductive disorders. However, as recent research
has documented that the sex-hormone balance is also
important for the development of the metabolic syndrome
this issue must be considered as a contributory risk factor.
Several experimental studies on single compounds or
groups of compounds have been carried out with respect
to their effects on the individual steps in steroidogenesis
(You et al., 2001; Augustowska et al., 2003; Younglai et al.,
2004; Wójtowicz et al., 2005; Holloway et al., 2005).
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From these single compound experimental studies it
is not possible to draw conclusions with regard to the
situation of human exposure. The resultant effect will
depend on the concentration of exposure, but principally
on the relative concentration of individual components
in every exposure situation. As this will vary from
one population to another, there is a need to study the
combined effects on steroidogenesis of contaminant
mixtures representative of the actual composition
of contaminants in specific high concentrations of
exposure. A more extensive review of the effect of POPs
on steroidogenesis is given by Hansen et al. (2008).
Some epidemiological studies have used one or just a
few compounds, for example, CB153 as the most abundant
PCB congener and DDE as the most abundant pesticide
metabolite, as proxies for the exposure situation of a
population. This is not scientifically justified, however,
because the PCB congeners differ greatly from each
other. The relative occurrence of PCBs with hormonedisrupting effects, which are primarily associated with
the lower-chlorinated and easily metabolized PCBs, may
vary according to the exposure situation. The relative
occurrence of the congeners with hormone activity will
depend on distance to the sources and on the trophic
level from where the food is obtained. In an Arctic Inuit
population, living far from the primary sources and
with the contaminants having originated from a very
long passage though the marine food chain, the higherchlorinated and slowly metabolized PCBs will dominate
over the lower-chlorinated, more readily metabolized
congeners with hormone activity. Thus, effects of a
specific hormonal influence differ between the Inuit and
populations exposed more directly via the contaminant
sources, and so using PCB as a proxy for the exposure
situation will not necessarily provide information on
the hormone effect of the actual exposure. Pliskova et
al. (2005) found in man that the lower-chlorinated PCBs
have estrogenic effects, while the higher-chlorinated
congeners act as antiestrogens. This is in accordance
with results from Greenland where a lower estrogen
: androgen ratio was found, compared to European
populations (Bonefeld-Jorgensen, E., pers. comm., 2008).
Another, and possibly more serious caveat to the
use of single compounds as proxies for the exposure
situation of a population, is that the influence of
industrial compounds such as phthalates and bisphenols
are neglected. Phthalates belong to the peroxisome
proliferators, which activate PPAR-α and so inhibit the
activity of aromatase (CYP19 arom) and as such exhibit
an antiestrogenic effect, while bisphenol, widely used in
coatings for the inner surface of food and beverage cans,
is reported to have a link with insulin resistance at doses
much lower than the LOAEL (Lowest Observed Adverse
Effect Level), currently 50 mg/kg/day (Alonso-Magdalena
et al., 2006). Currently, it is not possible to draw conclusions
about the actual exposure to environmental hormonedisrupting chemicals in terms of influence on the risk of
developing metabolic syndrome. This may be the result
of an exposure which will depend on the distribution
between estrogenic and antiestrogenic/androgenic and
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antiandrogenic compounds present in an actual exposure.
The effect of xenobiotic compounds on steroidogenesis in
relation to the effects of different metabolic disorders is
important and needs further attention.
7.3.1.5. Other possible effects
Uric acid is increasingly being considered as a pivotal
factor in the development of metabolic syndrome (Onat
et al., 2006), hypertension (Mellen et al., 2006; Krishnan
et al., 2006) and cardiovascular diseases (Corry and Tuck,
2006). This has been related to the increasing dietary
intake of fructose through industrialized food items.
As described in section 7.3.1.1, fructose may increase the
serum uric acid level through activation of the reninangiotensin-system, which is also influenced by orthosubstituted PCBs and other POPs (Figure 7.5). A study
involving rats demonstrated that exposure to PCBs
increased serum uric acid concentrations, regardless
of their degree of chlorination (Kutlu et al., 2007). In a
human study, Kitamura et al. (2000) found a positive
correlation between serum uric acid concentration and
the body burden of PCDD/PCDF TEQ, for co-planarPCB TEQ in workers occupied with waste incineration,
however, the significance of the correlation disappeared
after corrections for age, smoking, and alcohol
consumption. The study by Kitamura et al. (2000) did
not include the ortho-substituted PCB congeners. As
previously described, ortho-substituted PCB congeners
may influence the formation of uric acid and increase
the production of reactive oxygen species. If this is also
the case for humans it might indicate that PCB exposure
can be an aggravating factor that adds to the negative
influence of the increasing dietary fructose intake
through industrialized food production. Epidemiological
studies are required to confirm this hypothesis.
7.3.2. Does selenium protect against effects 		

from methylmercury?

Because selenium binds very firmly to the mercuric ion
in the formation of a complex of mercuric selenide units, it has been hypothesized that selenium will protect
against the negative effects of mercury. Experimentally
this has been known for four decades. The question is
whether this is also the case for methylmercury, the
main mercury species with regard to human dietary
exposure. Methylmercury is slowly demethylated, after
which the binding of mercury to selenium takes place.
This happens primarily in the liver and lymphatic
tissues. Therefore, it seems likely that selenium acts in
these organs as a scavenger of mercuric ions and makes
them biologically inert. This protective mechanism
has been demonstrated in autometallographic studies,
where it was shown that mercury is deposited in the
lysosomes (Hansen and Danscher, 1997). However, in the
case of continued chronic exposure to methylmercury,
as in Arctic populations, there does not seem to be any
protection despite selenium occurring in molar excess
to mercury.

In a study on Inuit pre-school children in Nunavik,
Saint-Amour et al. (2006) investigated possible
protective effects of selenium and n-3 fatty acids on
methylmercury and PCB neurotoxicity. However, the
interactions between contaminants and nutrients were
not found to be significant. Pedersen et al. (2005) showed
that blood mercury concentrations in Greenlanders
were significantly and positively correlated with
pulse pressure, an indicator of cardiovascular disease
risk, and this observation was later confirmed in the
human health study from Greenland (Deutch, B., pers.
comm., unpubl. data, 2008). These studies support the
hypothesis that mercury intake from marine food is
involved in cardiovascular diseases. However, they do
not support the notion that there is a protective effect of
selenium at a chronic dietary intake of methylmercury
(see also Chapter 8, section 8.4.4.1).
7.4. Discussion and conclusions
The origin of obesity and its health consequences is
rooted in a complicated causal web where genetic,
epigenetic, environmental, and lifestyle factors all play
pivotal roles (see Figure 7.2).
The concept that a hypercaloric, unbalanced diet will
result in obesity is well established, with the energy
balance as a central question beyond discussion. The
efficiency of low-fat or low-carbohydrate diets has been
discussed. Recent research tends to conclude that as long
as the diet is hypo- or eucaloric, the relative amounts
of the macro-nutrients are of minor importance. Raatz
et al. (2005) compared obese subjects on three different
hypo- and isocaloric diets (high-glycemic index diet, lowglycemic index diet and high-fat diet). After 12 weeks the
weight losses and improvement in insulin sensitivity were
significant in all groups, but there were no differences
between groups. This emphasizes that energy restriction
is an essential condition in weight control.
Maintenance of good metabolic health goes, however,
beyond weight control. In this connection the quality
of the macro-nutrients plays a pivotal role. The dietary
fat composition is especially important. Some of the
saturated fatty acids, for example palmitate, induce
inflammation in adipocytes and will thus promote and
exacerbate obesity and insulin resistance (Ajuwon and
Spurlock, 2005). PUFAs, both the n-6 and n-3 families,
are essential. The two interact in the regulation of proand anti-inflammatory processes (see Table 7.1), and for
this reason a balanced dietary intake of n-6 and n-3 fatty
acids is very important.
A high n-6 : n-3 ratio will tend to be pro-inflammatory,
while a very low ratio will induce immuno-suppression.
Furthermore, there is evidence that n-6, but not n-3,
fatty acids act in a lipogenic manner (see Table 7.1). The
optimal ratio is still under debate. The pre-colonial
traditional Inuit diet provided a PUFA ratio of around 1,
while a present-day westernized fast-food diet provides
a ratio of 10 to 20. In relation to cardiovascular health,
a ratio of ~6 : 1 has been recommended (Wijendran and
Hayes, 2004).
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Carbohydrate quality does not seem to play as
important a role as does PUFAs, because carbohydrates
do not interfere with gene expression of metabolic
regulating enzymes. Carbohydrates serve as an
energy source, and as long as the total energy supply
is eucaloric, even the glycemic index value seems to be
of minor importance. An exception is the high intake
of fructose prevalent today as a result of the increasing
industrialization of food production. Existing literature
provides convincing evidence for this to be a major
contributor to the increasing prevalence of obesity and
metabolic syndrome on a global scale.
A common feature for dietary-induced obesity and
metabolic syndrome is induction of oxidative stress at
a cellular level, and thus development of inflammation.
This is also a characteristic effect of environmental
xenobiotic exposure through the diet.
As a consequence, it is reasonable to speculate
on an interaction between an unbalanced diet and
concomitant exposure to xenobiotic compounds, where
the contaminants may play a role as aggravating factors.
Early findings from studies in the 1980s of a PCBrelated and persistent increase in serum triglyceride
concentrations clearly support a connection to xenobiotic
exposure (see section 7.3). Similarly, recent findings from
Greenland were that the risk factor for cardiovascular
diseases (TG/HDL ratio) increased with increasing
body mass index, as expected, but that there was an
additional increase in the TG/HDL ratio related to the
POPs exposure concentration (Hansen et al., 2008).
This indicates that in relation to obesity and metabolic
syndrome, neither dietary imbalances nor exposure to
contaminants should be evaluated separately, but should
be addressed as a single entity.
Except for some Inuit populations, the general
exposure level in the Arctic is below the guidelines
for safe exposure to contaminants (AMAP, 2003). The
question is whether these relatively low exposures can
have an influence on metabolic disorders. From the
existing literature it seems reasonable to speculate that
in an organism already susceptible to developing a state
of metabolic disorder, a concomitant exposure to dietary
contaminants will, even at a relatively low level, be able
to accelerate the processes, in an additive manner. At the
moment there is not much epidemiological evidence for
this, however, experimental evidence indicates that this
potential interaction is a public health issue that should
be accounted for in future studies.
Divergent scientific and regulatory agency
perspectives on contaminants in food have lead
to contradictory advice and often to confusing public
messages (Brustad et al., 2008b). It is, however, widely
recognized that owing to the multifactorial character
of the problems ‘cancer and non-cancer health impacts
associated with environmental exposures generally
cannot be directly isolated and measured’, for this reason
the discipline of risk assessment was established (see
http://www.epa.gov/oswer/riskassessment/basicinfo.
htm). A risk assessment approach using the formal
tools established for this purpose is likely to be the most

helpful approach for establishing risk and facilitating
suitable risk management strategies (including dietary
advice) (Brustad et al., 2008b).
The concept that nutrition can modulate the
toxicity of environmental pollutants, and vice versa,
is a new way of thinking in the area of environmental
health. Nutritional awareness in environmental
toxicology is critical because of the opportunities to
develop guidelines which specifically target exposed
populations. In this way, nutrition may provide the
most sensible means to develop primary prevention
strategies for diseases associated with environmental
toxicology (Hennig et al., 2004).
To improve understanding of the health effects
associated with exposure to contaminants in the Arctic,
it is recommended that circumpolar studies, including
both nutritional and toxicological aspects, should be
implemented on a large scale. Methylmercury- and
POPs-related effects are still the key issues. However,
the role of newly discovered contaminants such as
PBDEs, polychlorinated naphthalenes, phthalates,
and bisphenyls, should also be investigated. For
exposure estimates, mixtures of contaminants and
nutritional benefits of foods should be incorporated
in risk-assessment profiles. There is a need for better
understanding of the interactions between nutrients
and xenobiotic compounds, and risks should be
evaluated in accordance with this interaction. Figure 7.7
provides a schematic representation of the relationship
between nutrition and toxicology in the development
of disease prevention strategies targeted at specific
exposure populations.
It is essential that a better understanding is achieved
of the health consequences of the dietary (and thus,
nutritional) transition taking place within indigenous
populations and the nutrient/contaminant interaction
in Arctic populations, and that this information is
communicated to the Arctic populations in a correct
and understandable manner.

Nutrition related
strategies

Obesity

Xenobiotic
exposure

Effects:
Xenohormone effects
Oxidative stress
Immunosuppression
Chronic inflammation

Health outcomes:
Metabolic Syndrome
Reproductive disorders
Infections
Cancer
Poor neurodevelopment

Figure 7·7. Potential methods for improving public health.
Source: Hansen et al. (2008).
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Chapter 8

Public Health and the Effects of Contaminants
Andrew Gilman, Pierre Ayotte, James Berner, Eric Dewailly, Aleksej A. Dudarev, Eva C. Bonefeld-Jorgensen, Gina
Muckle, Jon Øyvind Odland, Constantine Tikhonov

Summary

8.1.

Human populations in the Arctic, especially indigenous
populations, have comparatively poorer health status
than populations from non-Arctic regions of the
same eight circumpolar countries. Although infant
death rates are lower and population longevity has
improved, rates of several chronic diseases have been
increasing. These changes are not uniform across the
Arctic and are influenced by a number of determinants
of health related to socio-economic, dietary and
cultural influences. One factor of concern to public
health officials relates to exposure of indigenous
populations to an array of contaminants, primarily
through traditional food consumption. Exposure to
several persistent contaminants (organic chemicals
and metals) has the potential to contribute to the
disease burden in populations already at a lower state
of general health. Stronger evidence is now available
for the adverse effects of persistent substances and
metals on human health based on animal exposure
studies involving individual substances and mixtures
of substances found in the Arctic environment. Recent
epidemiology findings appear to confirm some of
the toxicology findings although some contaminanthealth relationships are difficult to establish for
methodological reasons and because of confounding
factors related to lifestyle, general health status and
genetic factors. Studies with laboratory animals
confirm the effects of environmentally-relevant
mixtures of chemicals on the immune system,
reproduction, behavior, development of newborns, and
possibly metabolic disorders. New animal and human
data indicate that persistent organic pollutants (POPs)
may be involved in adverse changes in bone density.
The effects of polychlorinated biphenyls (PCBs) and
mercury (Hg) on neurobehavioral health and of Hg
on cardiovascular parameters are a significant cause
of concern as these effects occur at very low levels of
exposure. Specific effects of POPs and metals at current
concentrations on reproductive health are still unclear
although several indications point to some adverse
outcomes in populations from some regions of the
Arctic. In contrast, the capacity for POPs and metals
to adversely affect child development and the immune
system is very clear. Studies involving biomarkers of
effects have indicated that POPs exposure at current
levels can induce genetic alterations, decrease defense
against oxidative stress, and disrupt endocrine
systems. Although a traditional diet is the cause
of exposure to contaminants, it provides excellent
nutrition and may also be protective of some effects.
Some polyunsaturated fats and selenium (Se) may
reduce the toxic effects of dietary contaminants.

Diet, water quality, disease prevention, genetic
susceptibility, education, the economy, health care
availability and use, cultural values, and lifestyle
factors all play critical roles in any overall assessment of
health. Other chapters in this assessment address some
of these determinants of health in more detail. The
focus of the AMAP Human Health Assessment Group
remains on contaminants and how they interact with
each other and with other factors to influence health.
Human exposure to contaminants in the Arctic is
a reality primarily because of long-range transport of
persistent contaminants into the region and because
these contaminants build up in the food chains
upon which many indigenous Arctic populations
depend for sustenance. While concentrations of
most contaminants are declining in many regions
(especially PCBs, oxychlordane, Hg), some are still
above acceptable levels in a proportion of the Arctic
populations (e.g., PCBs and Hg) and concentrations
of some ‘emerging’ substances are still increasing or
only declining slowly (e.g., perflurooctane sulfonate
and brominated flame retardants). Details are
available in Chapter 5.
The aim of this chapter is to provide a summary of
existing information with an emphasis on new data
obtained since the last assessment (AMAP, 2003) on:

Introduction

• the current health status and demographics of Arctic
indigenous peoples;
• the toxicology of the legacy and emerging
contaminants individually and as mixtures; and
• population studies which examine the effects of
contaminants on indigenous peoples of the Arctic.
8.2. Demographics and health status 		

of Arctic populations

8.2.1. Introduction
This section provides a short overview of cornerstone
health outcome indicators for Arctic populations of the
circumpolar countries. Detailed discussion of socioeconomic determinants of health, and measures of
health system performance and utilization are beyond
the scope and purpose of this update report. This
review updates some of the common health status
indicators; it is not intended to be comprehensive.
Recent sources of more comprehensive information
on general health status are discussed below and
provided throughout this chapter.
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8.2.2. Data sources

8.2.3. Population demographics

In the period since the publication of the 2002
Human Health Assessment (AMAP, 2003), two
major Arctic reports (ACIA, 2005; AHDR, 2004)
and a book (Young and Bjerreggard, 2008) have
included a review of population health indicators.
The present section makes use of information from
these sources as well as information from statistical
agencies of circumpolar countries available on the
internet, health statistics in the northern countries
(NOMESCO, 2007), data available from the Alaska
Bureau of Vital Statistics, and the ArcticStat
Circumpolar Database (http://www.arcticstat.org/
index.htm) maintained by Laval University.

Prior assessments have had new data on contaminant
exposure in regions of Arctic Russia, but very little
information on population health indicators at the
sub-national level. This section provides the latest
information on population age structure in the Russian
Arctic. In addition to specific health status data, age
structure can provide inferential information on
possible population health problems, some of which
can be associated with contaminant exposure. The age
structures of the populations of circumpolar countries
are shown in Figure 8.1.
Comparisons of the general population pyramids
of some circumpolar countries with population
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Figure 8.1. Age-gender population structure of Arctic countries and regions.
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structures of their most northern regions and counties
(Figure 8.2) suggest that while the pillar-like structure
of northern peoples population becomes less uniform,
with slightly more pronounced variability of cohorts,
the overall population structures of northern regions
in Sweden and Finland are not too different from the
general population, particularly in the older cohorts.
The Icelandic population is also characterized by a very
high survival rate of each infant cohort, a gradual loss of
population members, and a very long life expectancy.
At the same time, some other Arctic countries (e.g.,
the Russian Federation and Canada) are characterized
by rather noticeable differences in the structure of their
general and northern populations (Figure 8.3). The
composite population structure in the Russian Arctic
regions indicates few births in the last ten years and few
people surviving into old age. This may suggest voluntary
limits on family size or poor reproductive success, high
mortality in early adulthood, and a high mortality rate
from communicable and chronic diseases, possibly due
to lack of effective primary and secondary prevention.
The age-sex pyramid of the Russian Arctic population
is uneven with a dip at age 30–34. This reflects a very
small number of children born to individuals who were
born during the Second World War. Bogoyavlenskiy and
Siggner (2004) refered to this as a ‘second demographic
echo of the war’. The ‘suddenly’ narrow base of the
Russian pyramid reflects a dramatic fertility decline in
the past decade, when the economic crisis of the 1990s and
the ‘second echo of the war’ coincided (Bogoyavlenskiy
and Siggner, 2004).

4

5

Figure 8.2. Age-gender population
structure of Sweden and Finland in
comparison to their Arctic regions.

One of the notable characteristics of the population
structures in Arctic North America, Greenland and
Arctic Russia is a rather dramatic decline in the number
of older people (above 60 years of age), in comparison
to the general population of these countries. In North
America and Greenland, one of the key contributary
factors could be high infant mortality and premature
mortality in the cohorts of people who are currently
in their sixties and above. Furthermore, indigenous
populations in the western hemisphere tend to have
larger populations of children and smaller populations
of elders, compared to populations in Scandinavia and
Iceland.
Major migrations of Russians out of Arctic areas
could also be a critical factor in the Russian demographic
picture. In Arctic Russia, the past 15 years have seen the
greatest out-migration of Arctic population recorded
(Bogoyavlenskiy and Siggner, 2004). Between the census
of Russian populations taken in 1989 and in 2002, the
population in the Russian Arctic regions decreased by
1.4 million individuals. This constitutes a 12% overall
decrease in the Russian population in the Arctic (RFCAN,
2006). The greatest population losses were in Chukotka,
where nearly 70% of the 1989 population migrated out of
the region. The Arctic part of the Republic of Sakha lost
almost 50% of its population. Only the Yamalo-Nenets
Autonomous Okgrug (AO) stands out with minimal
losses of only 7% of the 1989 population (Bogoyavlenskiy
and Siggner, 2004)
The current demographic situation in Russia
continues to be characterised by negative migration
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and birth statistics, coupled with significant decreases
in life expectancy and increases in mortality rates.
Contaminant-mediated health effects may be a
contributor to the mortality rates observed. Adverse
reproductive outcomes, fetal mortality, poor maternalchild health and infectious and chronic diseases are
sometimes associated with contaminants and can be
systematically investigated.
8.2.4. Birth rate
Compared to the rest of the world, current fertility in
the Arctic cannot be characterized as high; the crude
birth rates in circumpolar areas as a whole are below
20 (Bogoyavlenskiy and Siggner, 2004). Overall, in the
Arctic region, crude birth rates in Nunavut (Canada),
among Alaska Natives, in Greenland, and in the
Northwest Territories (Canada) are among the highest
in the Arctic (Table 8.1).
The overall Alaska 2000–2004 crude birth rate of 15.7
per 1000 population represents a 7.6% decrease from the
crude birth rate of 17.0 per 1000 population recorded in
1995. The preliminary 2000–2004 crude birth rate for the
United States was 14.1 live births per 1000 population,
which is a slight decline from the rate of 14.8 in 1995
(Alaska Bureau of Vital Statistics, 2004).
A detailed analysis of general and total fertility rates
is provided in the Arctic Human Development Report
(ADHR, 2004).
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Figure 8.3. Age-gender population
structure of Russia and Canada in
comparison to their Arctic regions.

8.2.5. Key health outcomes indicators
Evaluation of key indicators of health outcomes can
provide a rough estimate of the overall health status
of populations. Life expectancy, infant mortality rates,
and data on causes of death in a given population are
particularly useful. Box 8.1 provides definitions of some
key indicators of health (Last, 2001).

Box 8·1. Definitions of some epidemiological
indicators
Life Expectancy at birth is the average number of years a
newborn baby can be expected to live if current mortality
trends continue. Corresponds to the total number of years a
given birth cohort is expected to live divided by the number
of children in the cohort.
Crude Death Rate is an estimate of the portion of the
population that dies during a specified period. The
numerator is the number of persons dying during the
period; the denominator is the number in the population,
usually estimated as the mid-year population.
Infant Mortality is a measure of the yearly rate of deaths in
children less than one year old. The denominator is the
number of live births in the same year.
Birth Rate is a summary rate based on the number of live
births in a population over a given period, usually one year.
The denominator is the average of midyear population in
the area in that year.
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8.2.5.1. Life expectancy
Life expectancy is greatly influenced in most countries
by a decrease in infant mortality. Table 8.1 provides an
overview of life expectancy at birth for the total population
in the AMAP area. It is clear from this overview that life
expectancy is usually lower in the more remote northern
regions of circumpolar countries, due to higher mortality
in infancy and childhood. In the circumpolar parts of
Norway and Sweden, the differences in life expectancy
in their northern areas are due in part to greater male
mortality (AHDR, 2004). The Russian Federation has the
lowest life expectancy among circumpolar countries.

The pattern of higher life expectancy of females in
comparison to males is consistent, although there are
differences between the countries and northern regions
in the extent to which this phenomenon is expressed.
For example, in Russia, the difference in life expectancy
between genders reaches 10 to 16 years, while in Arctic
counties of Norway, life expectancy of males is about five
to six years lower than for females and similar to Norway
in general. Iceland has the highest life expectancy of
circumpolar countries with the lowest gender difference
in life expectancy.

Table 8.1. Circumpolar crude birth rates per 1000 population, life expectancy at birth, infant mortality per 1000 live births, and crude
death rate per 1000 population; all data are for the period 2000-2004. Primary data source: Young (2008a). Other sources: ArcticStat
Circumpolar database (http://www.arcticstat.org/searchregion.aspx), AHDR (2004), Statistics Canada, Russian Federal State Statistics
Service, Alaska Bureau of Vital Statistics, NOMESKO.
Circumpolar
crude birth rates
(2000–2004) per 1000
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4.7

9.2

Sweden

10.7

77.8

82.3

3.3

10.4

Västerbotten

9.8

77.6

82.1

3.8

10.3

Norrbotten

9.3

76.6

81.6

4.6

11.0

Finland

10.9

74.8

81.6

3.3

9.4

Oulu

12.9

74.3

81.6

2.7

8.5

9.6

73.7

81.1

3.8

9.5

Russian Federation

9.6

58.8

72.1

13.3

15.8

Murmansk Oblast

9.5

57.6

70.5

11.8

12.8

Kareliya Republic

9.8

55.1

69.6

10.8

18.2

Lapland

Arkhangelsk Oblast

10.1

55.9

70.5

12.9

17.1

Nenets AO

14.5

53.8

69.0

20.3

13.2

Komi Republic

10.6

56.6

69.5

10.1

14.4
5.8

Yamalo-Nenets AO

13.1

61.8

72.2

13.8

Khanty-Mansi AO

13.0

61.3

73.0

8.4

6.9

Taymir AO

14.8

54.2

67.5

21.4

10.3
12.6

Evenky AO

14.9

53.6

64.6

22.0

Sakha Republic

14.5

57.9

70.4

15.3

10.1

Magadan Oblast

10.6

56.6

69.4

13.0

12.5

Koryak AO

11.9

49.9

61.7

21.9

16.5

Chukotka AO

12.9

53.6

63.7

28.9

11.2
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8.2.5.2. Infant mortality
Infant mortality reflects not only the health of the
population, but also highlight its living conditions, food
security, possible aspects of domestic conflict, mental
health, and overall socio-economic wellbeing of the
communities. In respect to Inuit, infant mortality has
decreased dramatically. Figure 8.4 indicates more than a
ten-fold decrease in Inuit infant mortality in some Arctic
regions over the past 40 years.
Despite significant improvements in infant mortality
in the Arctic, there are noticeable differences in the infant
mortality rates between Arctic regions. While Iceland,
Sweden, Norway, and Finland are among the top ten
countries in the world in terms of low rates of infant
mortality (WHO, 2007), in several regions of Arctic Russia
(Table 8.1) the average infant mortality in 2000 – 2004
exceeded 20 deaths per 1000 live births, reaching 28.9
deaths per 1000 live births in the Chukchi AO region.
Nunavut (Canada), Greenland and Alaska Natives have
infant mortality rates above 10 infant deaths per 1000 live
births. In Canada, while the Northwest Territories’ infant
mortality is not far from the national average, the infant
mortality in Nunavut is more than three times higher than
in Canada as a whole. The general infant mortality rate in
Alaska is about the same as for the general population of the
United States and demonstrates how a larger proportion
of the non-indigenous population (all-Alaska rate of 6.8
deaths per 1000) can hide a difference in a comparative
infant mortality of a smaller indigenous population
(Alaska Natives only rate of 10.8 per 1000) (Table 8.1).
Infant mortality can be separated (Figure 8.5) into
neonatal (deaths under 28 days of life) and post-neonatal
(deaths from day 28 to 364). The causes of death are
generally different in these two categories and this has
implications for public health and primary care practice.
While neonatal deaths are generally thought to be
associated with the quality of prenatal and perinatal
health care provided, post-neonatal deaths are more
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Figure 8.4. Trends in infant mortality rate among Inuit in
different circumpolar regions in comparison with the general
population of the respective countries. Source: adapted from
Bjerregaard and Young (1998).
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Figure 8.5. Infant mortality components in Nunavut 1999 –
2004. Source: based on Statistics Canada (2008b).

affected by socio-economic conditions (NWT, 2005).
Neonatal and post-neonatal mortality data need to be
examined in all circumpolar countries, but particularly
in Russia where they are not readily available.
8.2.5.3. Crude death rate
Crude death rates presented in Table 8.1 suggest
significant regional variations in crude mortality of
Russian Arctic residents with differences reaching
almost 13 deaths per 1000 population, when comparing
the Yamalo-Nenets AO and the Kareliya Republic. About
15 000 indigenous people of the Russian Arctic lead a
nomadic way of life, with the Yamalo-Nenets AO being
home to the biggest nomadic group (Bogoyavlenskiy
and Siggner, 2004). The extent to which a population is
nomadic may cause some difficulties in the registration
of all deaths.
Age-adjusted death rates enable a better comparison
of death rates between populations of different countries
and regions by compensating for differences in the age
structures of these populations. Examination of the agestandardized mortality rates in Arctic regions (Figure
8.6) shows that the mortality from all causes is not very
different in the northern regions of most Scandinavian
countries from the total age-standardized mortality
rates of each country as a whole. However, there are
obvious differences between Greenland and Denmark,
as well as between northern Canada and Canada, due
to the large proportions of indigenous populations in
Greenland and northern Canada. The age-standardized
mortality of Alaska Natives is also much higher than
the corresponding mortality rate in Alaska and the
United States in general. Regions of Arctic Russia have
the highest age-standardized mortality rates among all
circumpolar regions and countries. There is a remarkable
variation in mortality rates among different northern
regions of the Russian Federation, which might be
related to the variability of socio-economic conditions of
the population, the accessibility of health care services,
and the state of the public health infrastructure.
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USA

698.9

Alaska

683.3

Alaska Natives
Canada

939
585.6

Northern Canada
Denmark

841.2
751.3

Greenland (Denmark)
Faroe Islands (Denmark)
Iceland

It is clear that circulatory diseases and cancers
are currently the leading causes of death in Arctic
populations. At the same time, in several Arctic countries
and regions with high proportion of indigenous people,
taking Greenland (Denmark) and northern Canada as
examples, there is also a pattern of high mortality due
to suicide and injuries. Some Arctic regions seem to
be experiencing a double burden of disease, i.e., facing
higher rates of certain infections and injuries compared to
non-Arctic populations, and at the same time a growing
prevalence of chronic diseases more characteristic of the
general (non-indigenous) population in their respective
countries (Counil, 2007).
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Figure 8.6. Circumpolar age-standardized mortality rates by
cause per 100 000 persons; standardized to European Standard
Population. Source: Young (2008a).

8.2.6. Common causes of death
There are differences among circumpolar countries in
the leading causes of death, based on death certificate
data (Berner and Furgal, 2005). Figure 8.7 compares
mortality rates for a group of common causes of death in
the Arctic regions of several circumpolar countries.
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Figure 8.7. Common causes of death in some Arctic populations,
2000 – 2004. Source: Young (2008a).

Indigenous status has been associated with lower health
outcomes in the past (Frohlich et al., 2006). The diversity
of ethnic groups within the category of ‘indigenous
people’ implies significant limitations to the analysis of
health outcomes applicable to ‘all indigenous people’ of
a circumpolar region. From an epidemiological point of
view it would be more prudent to examine health status
indicators specific to each indigenous ethnic group within
the context of its particular spectrum of determinants of
health. However, despite its limitations, the analysis of
health indicators for the entirety of indigenous people
could be predicated on the assumption that as an entity,
all indigenous people have experienced a degree of
marginalization within their respective countries. In
addition, there is likely to be a certain commonality in
shared experience of life among various circumpolar
indigenous groups. Social and economic conditions of
life are rather similar, as are the pressures on indigenous
cultural adaptation, emanating from the profound
changes imposed by the technologically advanced
dominant cultures on traditional ways of life. This
experience has not been all negative or all positive. Due
to improved housing conditions, sanitation and food
security in some regions, morbidity and mortality from
infectious diseases has decreased. Yet, increased contact
with the rest of the world has brought new infectious
diseases to circumpolar residents, particularly sexually
transmitted infections (Bjerregaard and Young, 1998,
2008).
In general, it appears that the health status of
indigenous peoples of Greenland and the Arctic regions
of the United States, Canada, and the Russian Federation
is characterised, in comparison to non-indigenous
populations of these countries, by lower life expectancy,
higher infant mortality, higher rates of infectious
diseases (particularly among children), and a much
higher incidence of injuries and suicide. At the same
time, higher prevalence of tobacco use, more widespread
sedentary lifestyles, and ongoing nutritional transition to
more calorie-rich and nutrient-poor store-bought foods
among some indigenous populations in the Arctic have
contributed to increasing burdens of chronic diseases
(see Chapter 3). The health status disparities noticeable
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among Sami, the indigenous people of Scandinavia,
seem to differ from the above description and will be
discussed separately.
8.2.7.1. Alaska, USA
There have been significant increases in the life
expectancy of Alaska Natives. In the 1950s, life expectancy
was 46 years; this was approximately 22 years below the
all-USA life expectancy at that time. By the late 1990s
this difference had narrowed to 7 years (Goldsmith et al.,
2004).
Infant mortality also declined significantly in the
second half of the 20th century, from 120 deaths in the
first year of life per 1000 Native babies in 1945 to 24 per
1000 in 1975, and to 15 per 1000 by 1990 (Goldsmith et
al., 2004). In the period 1998 to 2000, infant mortality
among Alaska Natives was 9.5 per 1000; much closer to,
but still above the 7.0 per 1000 for the entire United States
population (Goldsmith et al., 2004).
According to the Status of Alaska Natives Report,
2004 (Goldsmith et al., 2004), the age-standardised
death rates from heart disease among Alaska Natives
in 1999–2001 were 218.6 per 100 000, compared to 209.9
per 100 000 among non-indigenous white Alaskans and
270.3 among black residents of the state. In 2003–2004, the
age-standardised mortality rate for heart disease among
Alaska Natives decreased to 199.8 per 100 000, compared
to 175.2 per 100 000 for all Alaskans (Berner, 2008).
At the same time, cancer mortality has continued
to increase. Cancer-related age-adjusted death rates in
1999–2001 were 239.5 per 100 000 for Alaska Natives,
193.5 per 100 000 for white residents of Alaska, and 166.7
per 100 000 for black Alaskans (Goldsmith et al., 2004).
These rates reached 247.4 per 100 000 in 2003–2004 for the
Alaska Native population, compared to 186 per 100 000
for the all-Alaska population (Berner, 2008).
Lanier et al. (2001) observed that the incidence of most
invasive cancers has increased significantly for both
sexes with the major statistically significant increases
for Alaska Native men in lung, colorectal, and prostate
cancer. In Alaska Native women, significant increases
occurred in lung and breast cancer (Lanier et al., 2001).
Table 8.2 presents age-standardized mortality rates
for selected causes and illustrates continued differences
in disease mortality between Alaska Natives and the allAlaska population.
Some of the determinants of health and risk factors
of disease differ between Alaska Natives and nonindigenous Alaskans. For example, prevalence of obesity
and being overweight in Alaska is increasing and for
men was about the same between indigenous and nonindigenous residents in 2001–2003. Among women,
however, the prevalence of obesity and being overweight
was 62% for Alaska Natives compared with 51% for nonNatives (Berner, 2008).
The increase in lung cancer among Alaska Natives
could be related to tobacco use. Up to 45% of Alaskan
Natives smoke tobacco, although there was a slight
decrease to 42% between 1991 and 2000. The rate of
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Table 8.2. Age-standardized mortality rates for selected causes:
Alaska Natives and Alaska. Source: based on Berner (2008),
National Centre for Health Statistics, National Vital Statistics
Reports, Alaska Department of Health and Social services (various
years), and Alaska Bureau of Vital Statistics (various years).
Cause
Cancer
Diabetes-related
(underlying cause)
Heart disease
Stroke

Alaska Native

Alaska

247.4

186.0

20.0

25.1

199.8

175.2

76.7

56.1

Influenza and pneumonia

38.2

17.3

Chronic lower respiratory
tract diseases
Chronic liver disease and
cirrhosis
Unintentional injuries

54.0

43.1

22.7

9.3

84.6

55.1

Suicide

42.8

22.1

Homicide

12.3

6.6

All causes

1079.6

790.7

smokeless tobacco use among Alaska Native women
(10%) is particularly high in comparison to the 0.5% rate
among non-Native women (Berner, 2008).
Alcohol abuse continues to be a significant health
risk factor in Alaska, particularly among indigenous
Alaskans, contributing to high rates of domestic violence,
child abuse, and violent death in Native communities.
Concerns about alcohol use have led two-thirds of small
villages to impose local controls on alcohol (Bashshur
and Quick, 1990; Goldsmith et al, 2004).
8.2.7.2. Canada
Arctic Canada’s population includes three groups of
indigenous people: Inuit, First Nations, and Métis.
Geographically speaking, the proportion of indigenous
people living in the three Arctic territories increases from
west to east. According to the demographic profile of the
Aboriginal People of Canada obtained from the 2001
Census (Statistics Canada, 2003), the 22 720 indigenous
people in Nunavut represented 85% of the territory’s
total population, one of the highest proportions in the
country. Indigenous people represented more than half
(51%) of the population of the Northwest Territories,
and almost a quarter (23%) of the Yukon population.
According to the 2001 census, 91% of people living in
Nunavik (northern Quebec) self-identified as Inuit. This
increase in the proportion of the indigenous population
is matched by a decreasing health status relative to
the total Canadian population (Young, 2008b). Health
statistics for Inuit, although available in some territories,
are generally not provided as ethnically-specific analysis.
However, regional data for Nunavut (85% Inuit) and the
Nunavik region of northern Quebec (91% Inuit) can
essentially be interpreted as Inuit data (Young, 2008b).
Although there are differences between health status
indicators of various indigenous groups, this short
overview of Arctic indigenous health status in Canada
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will focus on highlighting selected data from Nunavut
and Nunavik, as a recent in-depth analysis is already
available (Young, 2008b).
Life expectancy at birth for residents of Nunavut (70.4
years) is ten years lower than in Canada (80.2 years) and
has not improved significantly between 1999 and 2004.
This is particularly notable for males (NRCHI, 2004;
Statistics Canada, 2007a). The life expectancy indicator in
Nunavik was 63.3 years in 2000–2003, considerably lower
than in the rest of Quebec (79.4 years) (Counil, 2007).
According to the Nunavut Report on Comparable
Health Indicators (NRCHI, 2004), the rate of infant deaths
in Nunavut has steadily declined since 1991. The decline
was presumed to be associated with increased early
and regular prenatal care, obstetric care during labor
and delivery, as well as postpartum care and maternal
education. When averaged over the six years between
1999 and 2004, infant mortality in Nunavut (15.2 per 1000
live births) was nearly three times higher than it was for
Canada (5.3 per 1000 live births) during the same period
(Statistics Canada, 2007b).
In Nunavut (2000–2004), cancers were the leading
cause of death (age-standardised rates), followed by
circulatory diseases, respiratory diseases, and injuries,
including suicide (Young, 2008a). In Nunavik, between
2000 and 2003 the leading causes of death were, in
descending order: cardiovascular disease, cancers,
respiratory diseases, suicide, and unintentional injuries/
accidents (Counil, 2007).
In Nunavut, the age-standardized mortality rates in
2000–2002 for suicide (80.2 per 100 000) and unintentional
injury (62.4 per 100 000) were much higher than in Canada
(11.3 per 100 000 and 25.6 per 100 000, respectively) and
other northern territories (Young, 2008b).
Although there has been progress in reducing the
incidence of tuberculosis in the North, the current rate
in Nunavut of 108 per 100 000 population (based on a
mean for 2000–2004; Young, 2008a) is much higher than
the national incidence rate of 5.1 per 100 000 population
(PHAC, 2005). In Nunavik, the incidence rate of
tuberculosis is also very high, 52 per 100 000 population
(2000–2004) compared to 3.6 per 100 000 population in
the rest of Quebec (Counil, 2007).
8.2.7.3. Greenland
In Greenland, residents ‘born in Greenland’ make
up approximately 90% of the population. ‘Born in
Greenland’ is usually used to represent Greenland Inuit
(Bjerregaard et al., 2004b) although there are non-Inuit
born in Greenland.
Infant mortality has been gradually decreasing for
at least fifty years from almost 120 per 1000 in 1950 to
around 16.9 per 1000 in 2001–2005 (NOMESCO, 2007).
The Greenlandic rate is still quite high and well above
the 4.7 per 1000 in Denmark (Bjerregaard and Stensgaard,
2008).
Since the 1950s, the importance of tuberculosis and
acute infectious diseases as leading causes of mortality
has decreased, while new causes of death have gained

prominence (Bjerregaard and Stensgaard, 2008). Chronic
diseases, especially cancer and cardiovascular disease
became more visible. Accidents stayed at a high level
and the suicide rate somewhat increased (Moesgaard
Iburg et al., 2001).
Major causes of death responsible for most premature
mortality are suicide and tobacco-related diseases. If
these were removed as causes of death, life expectancy
in Greenland would increase from 63 to 71 years for men
and from 68 to 74 years for women (Bjerregaard and
Stensgaard, 2008).
8.2.7.4. Scandinavia (Sami)
It is very difficult to estimate the population of Sami
(or Saami) in the Nordic countries. Estimates suggest a
range of 60 000 to 110 000 in the three countries: 60 000
for Norway, 36 000 for Sweden, and 10 000 for Finland. In
the 2002 Russian Census, 1991 inidividuals self-identifed
as Sami. As Sami status is not identified in any of the
health-reporting systems of the Nordic countries, the lack
of Sami-specific health data prevents the development of
an adequate picture of the health status of Sami (Hassler
et al., 2008b).
However, recent work by Hassler (2005), Soininen and
Pukkala (2008), Silviken et al. (2006), and Silviken and
Kvernmo (2007) contributes to a better understanding of
several key Sami health outcome indicators. A prospective
cohort study of Sami in northern Finland investigated
causes of mortality from 1979 to 2005 (Soininen and
Pukkala, 2008). The study concluded that “Sami men had
a lower disease mortality as compared with the Finnish
population generally and their non-Sami neighbours,
although their life habits would suggest a higher
mortality rate. Reasons for their lower mortality may
be related to their diet that is rich in reindeer meat and
fish, their physically active way of life or their genetic
background”. Mortality from accidents and violence was
high both among the Sami and non-Sami populations.
Suicide mortality among the Sami men in Finland was
significantly elevated, while that of the non-Sami men
was not. In general, a low mortality from disease and
high mortality from external causes of death among the
Sami in Finland seemed to bring mortality rates into the
same zone as those of non-Sami.
Suicide mortality was also examined between 1970
and 1998 in a large cohort of indigenous Sami in northern
Norway (Silviken et al., 2006). There was a significant and
moderate increased risk for suicide among indigenous
Sami. Significant increased suicide mortality was
found for young Sami aged 15–24 years for both males
and females. In general, however, the mental health of
Sami children and adolescents in northern Norway
did not seem to be much different to that of non-Sami
children (Hassler, 2005). There were no significant ethnic
differences in prevalence of suicide attempts between
Sami adolescents and ‘majority adolescents’ (Silviken
and Kvernmo, 2007).
Cancer risk among the Sami in 1961–1997 was lower
than in the general population (except for increased
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risk of stomach cancer) and the non-Sami population
of the northern region of Sweden (Hassler et al., 2001).
The lowest relative cancer risk was found among the
reindeer-herding Sami men, while the highest was
observed among non-reindeer herding Sami women
(Hassler et al., 2008a).
Neither cardiovascular nor cerebrovascular disease
mortality was different between Finnish Sami and the
general population (Soininen and Pukkala, 2008). Earlier
studies observed a lower risk for cardiovascular disease
among Sami in Norway and Finland (Hassler, 2005).
Among Swedish Sami, the mortality risk associated with
acute myocardial infarction was increased for women,
but not men (Hassler et al., 2008b). For subarachnoid
hemorrhage, a subtype of stroke, the mortality was 50%
to 60% higher among Sami than non-Sami, while the
overall risk of dying from stroke was similar between
the two groups (Hassler et al., 2008b).
The prevalence of infectious diseases appears to be
low among the Sami compared to other indigenous
peoples (Hassler, 2005). The incidence of asthma and
allergies seem to be high among Sami school children
(Selnes et al., 1999; Hassler, 2005).
It is possible that gradual integration of traditional
and modern lifestyles, high living standards compared
to some other indigenous peoples in the Arctic, as well
as high educational attainment among the Sami have
helped to both preserve good health and to facilitate
high levels of access to public health services (Hassler
et al., 2008b).
8.2.7.5. Russia
The Russian Federation appears to apply the term
‘indigenous peoples’ only to ‘numerically small peoples
of the North, Siberia and the Far East’ (Kozlov et al.,
2007). According to the 1996 legislation, these are peoples
‘living on the territories of traditional residence of their
ancestors, adhering to their original way of life, and
believing themselves to be independent ethnic entities;
their total number in Russia is less than 50 thousand
people.’ The 2002 Census of the Russian Federation
showed that the sum of all 40 recognised peoples of the
North, Siberia and the Far East totalled 279 794 (Kozlov et
al., 2007), among them approximately 90 000 are living in
polar regions (Bogoyavlenskiy and Siggner, 2004). There
are also other ethnic minorities in Arctic Russia which
are not considered ‘numerically small’: they are the
Komi (the total number in Russia is 293 406 people); the
Komi-Permyaks (125 235), the Yakuts (443 852 in Russia)
and the Buryats (445 175 people) (Kozlov et al., 2007). A
detailed analysis of the demographics and health status
of indigenous peoples of the Russian Arctic was reported
by Miretsky and Dudarev (2004).
Life expectancy at birth among the ‘numerically small
peoples of the north’ averaged 45 years in males and 55
years in females (Northern Practical Dictionary, 2004).
When these numbers are compared with the all-Russia
values, which in 2000–2004 were 58.8 years for males and
72.1 years for females (Young, 2008a), it is clear that there
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is a significant health disparity affecting indigenous
peoples in the Russian Arctic.
Mortality rates as a result of accidents, homicide and
suicide are very high in the northern parts of Russia
and especially among the indigenous population.
Violent deaths, injuries, poisonings and alcohol abuse
strongly influence the shortened life expectancy in
the North (Kozlov and Lisitsyn, 2008). In 1998–2001,
almost 37% of all deaths among Khanty, Mansi, and
Nenets in the north of western Siberia were due to
injuries, compared to 14% for the Russian Federation
(Kozlov and Lisitsyn, 2008).
It was estimated that the number of suicides among
northern indigenous people of Russia is likely to
exceed the national average (36 per 100 000) by three
to four times. The highest rates of suicide are reported
in the northern regions of Russia – the Komi Republic
(110.3 per 100 000), the Koryak AO (133.5 per 100 000),
and the Nenets AO (95.7 per 100 000). Between 24% and
55% of all suicides among indigenous northerners cooccur with alcoholic intoxication (Kozlov, 2006; Kozlov
and Lisitsyn, 2008).
Among
infectious
and
parasitic
diseases,
helminthiases appear to be endemic in the North
(Kozlov and Vershubsky, 1999).
Since the collapse of the Soviet Union, there has
been a notable reappearance of tuberculosis in Russia.
In 2000–2004, the active tuberculosis incidence rate in
northern Russia was 91.5 per 100 000 – only slightly
higher than the incidence rate for the Russian
Federation of 88.8 per 100 000 (Young, 2008a). In all other
Arctic countries the 2000–2004 incidence rate of active
tuberculosis was below 9 per 100 000 (Young, 2008a).
However, it remained very high in Greenland (137.5 per
100 000) and in Nunavut (107.6 per 100 000) (Young, 2008a).
8.2.8. Concluding comments
Health status of indigenous people of Greenland and
the Arctic regions of the United States, Canada, and
the Russian Federation is characterised by disparities,
including lower life expectancy, higher infant mortality,
higher rates of infectious diseases (particularly among
children) and much higher incidences of injuries and
suicide. At the same time, higher prevalence of tobacco
use, increasingly widespread sedentary lifestyles and
ongoing nutritional transition to more calorie-rich
and nutrient-poor store-bought foods among some
indigenous populations in the Arctic have contributed
to an increasing burden of chronic diseases.
It is essential for indigenous peoples’ organisations
and tribal governments to work with other levels of
government in their respective countries to support the
establishment and/or active utilisation of indigenous
status identifiers for ethnic-specific public health
surveillance. This approach would allow better monitoring and analysis of ethnic-specific health status indicators
of various indigenous groups, which could form the basis
for more appropriate health interventions and could assist
in the improvement over time of these indicators.
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Examination of a ‘wide brushstroke’ picture of
differences between population groups, not only
between indigenous and non-indigenous, but between
different indigenous groups, seems to suggest that
several intersecting factors are likely to play a pivotal
role in assuring the wellness and good health of
indigenous peoples and non-indigenous peoples alike.
These factors include: education, economic wellbeing,
cultural strength, community engagement in shaping
its present and future, healthy lifestyle choices, genetic
susceptibility and availability of public health services.
8.3.

Toxicology

8.3.1. Introduction
Toxicology is an experimental science that aims at
identifying deleterious effects which are induced
by exposure to chemicals. Compounds are tested
on laboratory animals under controlled conditions,
such that only the treatment with the test chemical
differs between experimental groups. In contrast,
epidemiology is observational in nature and aims at
identifying factors that are associated with a specific
disease in carefully selected groups of human
subjects. Evidence from toxicology and epidemiology
are complementary in establishing a scientifically
valid causal connection between a potential risk
factor and a disease. Toxicological studies provide
essential data to support the biological plausibility
of associations between exposure to toxicants and
adverse health effects reported in epidemiological
studies. This section provides a limited description
of the properties of two ‘emerging’ contaminants and
their toxicological effects. It also describes the results
of experimental studies published since the last
AMAP human health assessment report (AMAP, 2003)
of exposure to environmentally-relevant mixtures of
contaminants. The hormonal properties of mixtures
of contaminants extracted from plasma samples of
Inuit people and associations with reproductive
endpoints are described in section 8.4.4.
8.3.2. Toxicology of individual POPs and

mixtures of POPs

8.3.2.1. Toxicology of individual compounds
While legacy POPs (organochlorines such as PCBs and
chlorinated pesticides) and toxic metals (cadmium
[Cd], lead [Pb], Hg) are still of concern for consumers of
traditional food in Arctic countries, brominated flame
retardants such as the polybrominated diphenyl ethers
(PBDEs) and hexabromocyclododecanes (HBCDs) and
perfluorochemicals are receiving increased attention
from the research community. These compounds
share several physico-chemical properties with
organochlorines: they are extremely persistent in the
environment, they resist degradation, they can be
subject to long-range transportation processes, and
they bioaccumulate in biota, including humans.

8.3.2.1.1. Polybrominated diphenyl ethers
PBDEs are structurally similar to PCBs and have
been used world-wide as flame retardants in various
consumer products (polyurethane furniture foam,
plastics for consumer electronics, coatings for draperies
and upholstery) since the 1960s (see Chapter 5 for
more information on use of these compounds). Trend
analyses of concentrations in archived samples of
seabirds, beluga whales (Delphinapterus leucas) and
ringed seals (Phoca hispida) collected from Canadian
Arctic locations indicated increases since the early
1980s to the present (de Wit et al., 2006). For example,
analysis of ringed seal blubber samples collected from
Holman Island illustrated exponential increases in
PBDE concentrations from 1981 to 2000 which were
consistent with global production figures for the penta
commercial PBDE mixture (Ikonomou et al., 2002).
A similar positive trend has been seen with blubber
samples collected from St. Lawrence Estuary beluga
whales, but at PBDE concentrations almost 100-fold
higher (Lebeuf et al., 2004). In contrast, temporal trend
analysis of ringed seal blubber samples collected from
East Greenland (1986–2004) did not reveal any significant
increase in total PBDE levels (Riget et al., 2006).
Analyses of human milk samples collected in
Nunavik have shown almost 10-fold increases in
PBDE levels between 1990 and 2001 (mean PBDE
concentration of 22 ng/g lipid in 2001). However, in
comparison, human residue levels of PBDEs in southern
Canadian populations tend to be higher (mean human
milk concentration of 64 ng/g lipid), probably from
a combination of dietary exposure, indoor air/dust
and direct exposure from consumer products (Ryan
et al., 2002). Based on a combination of measured and
estimated PBDE concentrations in air, soil, dust and
foods, it has been suggested that inadvertent ingestion
of indoor house dust represents the major contributor
to daily exposure for southern Canada urban dwellers
(Jones-Otazo et al., 2005). These results have been
confirmed in a recent U.S. study which suggested that
up to 82% of daily exposure to PBDEs comes from
indoor house dust (Lorber, 2008).
There are few to no definitive human data to suggest
that current dietary exposures to PBDEs are associated
with a health risk. Based on the paucity of human data,
a number of experimental toxicology studies have
been conducted with both PBDE commercial mixtures
and major PBDE congeners usually detected in food
and humans. The main effects seen to date include
endocrine disruption (thyroid hormone perturbation),
neurobehavioral effects (impairments in spontaneous
exploration behavior in an open field test, learning
and memory processing), liver toxicity and possible
reproductive effects (fertility). While continued
uncertainty exists as regards the relevance of certain
endpoints to humans, a recent summary suggested
that at least for the experimental effects involving
thyroid hormone changes, there is apparently a fairly
large margin of safety when based on internal dose
metrics (Darnerud et al., 2007).
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8.3.2.1.2. Perfluorinated chemicals
Perfluoroalkyl acids (PFAAs) are a family of fluorinated
chemicals that consist of a backbone, typically four to
fourteen carbons in length, and a charged functional
moiety (primarily carboxylate, sulfonate or phosphonate).
The two most widely known PFAAs contain an eightcarbon backbone and include perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonate (PFOS).
Owing to their chemical resistance and surfactant
properties, perfluorinated chemicals have been
used in a wide variety of industrial and consumer
applications including adhesives, cosmetics, cleaning
products, fire fighting foams, and water-, stain-, and oilrepellent coatings for fabrics and paper (e.g., Teflon®,
ScotchgardTM) for the last 50 years. However, North
American production of PFOS was phased out in 2002
with global production dropping to 175 tonnes by 2003.
In contrast, the global production of PFOA increased to
1200 tonnes per year by 2004 (Lau et al., 2007).
The widespread use of these compounds has resulted
in their detection in environmental matrices all over the
world. Consequently, there are various potential sources
of human exposure to perfluorinated chemicals, such
as water, food, dust and treated fabrics. Dietary surveys
conducted with market-basket food samples collected in
southern Canada suggest average dietary exposures to
perfluorinated acids is in the range of approximately 250
ng/d, with only low ng/g levels being detected in a few
foods (Tittlemier et al., 2007).
PFOS/PFOA and a variety of additional perfluorinated
contaminants have also been found in wide range of
Canadian Arctic biota. As with commercial foods, the
dominant PFAA tends to be PFOS and, within biota,
liver contains the highest concentrations (Martin et
al., 2004). PFOS was also the perfluorinated chemical
occurring in the highest concentration in ringed seal
liver samples collected in Greenland, with an apparent
positive temporal trend (estimated annual increase
of 8.2% from 1986 to 2003) (Bossi et al., 2005a). While
analyses of ringed seal liver samples collected from
Resolute Bay and Arviat also confirmed a temporal
increase in PFOS up to 2000, recent analysis suggests
that for both locations, concentrations have begun to
decrease with disappearance half-lives ranging from 3.2
to 4.6 years (Butt et al., 2007). This is hypothesized to be
due to the production and use phase-out implemented
for PFOS.
It has been shown that humans worldwide are
exposed to PFOS and PFOA, which have been detected
in serum samples from populations in North America,
South America, Europe, Asia, and Australia. Olsen et al.
(2007b) reported concentrations of PFOS and PFOA in
American Red Cross blood donors in the United States.
Among the 100 serum samples analyzed for PFOS, the
geometric mean was 33.1 ng/mL (95% CI 29.8–36.7) in
2000 compared to 15.1 ng/mL (95% CI 13.3–17.1) in 2005
for the 40 donor plasma samples. The geometric mean
concentration for PFOA was 4.5 ng/mL (95% CI 4.1–5.0)
in 2000 compared to 2.2 ng/mL (95% CI 1.9–2.6) in 2005.
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In most cases, occupationally exposed workers have
serum levels of both PFOA and PFOS approximately
one order of magnitude higher than those reported
in the general population. Other PFAAs detected in
human tissue include perfluorooctane sulfonamide,
2-(N-methyl-perfluorooctane
sulfonamido)
acetic
acid, 2-(N-ethyl-perfluorooctane sulfonamido) acetic
acid, perfluoroheptanoic acid, perfluorononanoate,
perfluorodecanoic acid, perfluoroundecanoic acid,
perfluorododecanoic acid, perfluoropentanoic acid and
perfluorohexanoic acid.
The majority of experimental studies to date have
focused on PFOS and PFOA. Research has indicated that
they are both well absorbed orally, but poorly eliminated
and not extensively metabolized. Both compounds are
distributed mainly to the serum, kidney, and liver, with
liver concentrations being several times higher than serum
concentrations. Major effects that have been observed in
experimental animals include histopathological changes
in the liver and thyroid, thyroid hormone alterations
and changes in serum chemistry parameters, which can
occur at dietary intakes as low as 30 µg/kg body weight
per day (Covance Laboratories Inc., 2002a,b). There is
some evidence to suggest that chronic exposure to PFOS
may be associated with an increased liver cancer risk.
However, statistically significant increases in tumor
incidence were observed only at doses greater than those
that induced non-neoplastic effects. In a recent study by
Health Canada, rats exposed to concentrations of PFOS
ranging from 2 to 100 mg/kg in the diet for 28 days did
not exhibit symptoms of immunosuppression (Lefebvre
et al., 2008). Toxic effects similar to those induced by
PFOS have generally been observed in experimental
animals following exposure to PFOA, but at higher
doses. For example, exposure of male rats to 0.6 mg/kg
body weight per day of PFOA has caused liver effects
(Butenhoff et al., 2004).
8.3.2.2. Toxicology of complex mixtures of POPs
While the majority of toxicology studies investigate
properties of individual chemicals, people in the Arctic
whose traditional diet comprises species from the
marine food chain are exposed to complex mixtures of
chemicals. These mixtures contain persistent organic
pollutants and metabolites that are generated from the
parent compounds by biotic and abiotic degradation
processes; these metabolites can in certain instances be
more toxic than the original chemicals.
A series of studies was conducted by researchers
at Université Laval (Québec, Canada) to examine
the toxicity of a complex mixture that was designed
to approximate the mixture of environmental
contaminants found in local seal blubber (Table 8.3).
Bilrha et al. (2004) fed this mixture to female pigs from
four months of age, through pregnancy and until
weaning of their first litter. Following weaning, the
piglets were assessed for a variety of developmental
and immunological parameters at intervals until they
reached eight months of age.
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There were no signs of maternal toxicity although
female pigs in the high-dose group received doses
that exceeded tolerable daily intakes by up to two
orders of magnitude. There was, however, a dosedependent decrease in length-at-birth for female piglets
(7% decrease at the highest mixture dose). Following
contaminant assessment in the piglets at one month
of age, immunological tests were conducted up to the
age of eight months. Minimal effects were seen with
respect to physical development, although there was
a slight decrease in testis weight for all animals (not
dose-dependent) and sperm motility for the highdose animals (unpublished data). For immunological
endpoints, the most significant finding was a reduction
in antibody response to Mycoplasma hypopneumoniae
vaccination seen in the piglets exposed perinatally to
the highest dose from the age of five months onwards.
At eight months of age, only 10% of piglets in the highdose group had what would be considered as a positive
response to this antigen, compared to 50% in the controls
(Bilrha et al., 2004).
Additional findings included slightly enhanced
proliferative responses of lymphocytes and enhanced
phagocytic activity of leukocytes, mainly evident in
the mid- and high-dose animals. Because the findings
became more prevalent as the animals aged, it was
suggested that innate or natural immune defense was
less affected as compared to acquired immunity.
When assessed at delivery, the pigs showed a
dose-dependent increase in plasma concentrations
for most of the organochlorines found in the complex
mixture. For example, low-, mid- and high-dose group
plasma concentrations of PCBs (sum of 14 congeners:
International Union for Pure and Applied Chemistry
nos. 28, 52, 99, 101, 105, 118, 128, 138, 153, 156, 170, 180, 183,
Table 8.3. Composition of the organochlorine mixture found in
seal blubber in Arctic Canada. Source: Bilrha et al. (2004).
Compound
PCB mixturea
Technical chlordane
p,p’-DDE
p,p’-DDT
Technical toxaphene
α-HCH
Aldrin
Dieldrin
1,2,4,5-Tetrachlorobenzene
p,p’-DDD
β-HCH
Hexachlorobenzene
Mirex
γ-HCH
Pentachlorobenzene

CAS number

57-74-9
72-55-9
50-29-3
8001-35-2
319-84-6
309-00-2
60-57-1
95-94-3
72-54-8
319-85-7
118-74-1
2385-85-5
58-89-9
608-93-5

% weight of total
mix
32.6
21.3
19.3
6.79
6.54
6.17
2.52
2.09
0.86
0.49
0.46
0.35
0.23
0.20
0.18

a
Mixture containing 2,4,4′-trichlorobiphenyl (320 mg),
2,2′,4,4′-tetrachlorobiphenyl (256 mg), 3,3′,4,4′-tetrachlorobiphenyl (1.4
mg), 3,3′,4,4′,5-pentachlorobiphenyl (6.7 mg), Aroclor 1254 (12.8 g) and
Aroclor 1260 (19.2 g).
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187) were 153, 1425 and 11 485 µg/kg lipids, respectively
(controls not detected). In comparison, the mean
concentration of PCBs in plasma samples from Inuit
mothers in Nunavik was 397 µg/kg lipids, with a range
of up to 1951 µg/kg lipids, or only 6-fold lower than the
mean concentration observed in the high-dose group
animals (Muckle et al., 2001b).
In a similar study design, Anas and colleagues
investigated whether in utero and lactational exposure
of male rats to the same organochlorine mixture alters
reproductive development and function. Female rats
were gavaged with either corn oil (controls) or the
organochlorine mixture in increasing doses (low,
medium, and high) for five weeks before mating and
through gestation (Anas et al., 2005). Developmental
effects were monitored in the male offspring from
Postnatal Day (PND) 2 until PND 90. The highdose mixture reduced the number of pups per litter,
percentage of live offspring, and pup weight. Because
only three rats from the high-dose treatment survived,
data from this group beyond PND 2 were not included
in the statistical analyses. Based on the time of preputial
separation, puberty was delayed in the pups from
treated dams. Testes weights in the medium-dose group
were greater than those in controls on PND 21, whereas
ventral prostate weights were lower for the mediumdose group on PND 60. On PND 90, weights of the
epididymis, ventral prostate, and seminal vesicle of the
medium-dose rats were reduced compared to those of
controls. Also on PND 90, sperm motility parameters
assessed by computer-assisted sperm analysis were
altered in the low- and medium-dose groups. Testicular
and epididymal morphology was severely affected in
rats exposed to the high dose of the mixture. Serum
testosterone, luteinizing hormone, follicle-stimulating
hormone, prolactin, and total thyroxine levels were not
modified by treatments. The authors concluded that in
utero and lactational exposure to this environmentally
relevant organochlorine mixture adversely affects the
reproductive system of male rats, suggesting a possible
reproductive health hazard for humans and other
species (Anas et al., 2005). The adverse effects might
be a net effect of all compounds found in this complex
mixture or, as the authors hypothesized, might be
mediated by antiandrogenic compounds such as p,p’-DDE
and PCBs that are present in the mixture.
Campagna et al. (2001) tested the same complex
mixture in vitro for its ability to affect oocyte maturation,
fertilization, and subsequent embryo development.
Cumulus-oocyte complexes from sows were cultured
in in vitro maturation medium containing increasing
concentrations of the organochlorine mixture.
Organochlorines reduced the quality of cumulus
expansion and the viability of cumulus cells in a
dose-response manner. The mixture did not affect the
rates of oocyte degeneration, sperm penetration, and
development to morula. However, the mixture caused
a concentration-dependent increase in the incidence
of incompletely matured oocytes and a decrease in
polyspermy rate. Blastocyst formation and number of
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cells per blastocyst also diminished with organochlorine
concentration. In supplementary experiments involving
exposure of oocytes and sperm during fertilization
(Campagna et al., 2002), the organochlorine mixture
diminished oocyte penetration rates and polyspermy.
The mixture did not affect rates of oocyte cleavage nor
development to multicell embryos. However, rates of
development to the blastocyst stage were lower at the
highest concentration at which oocyte penetration
was observed. Exposure of frozen-thawed pig sperm
to the mixture resulted in an immediate decrease in
sperm motility parameters, followed by diminished
viability two hours later. Globally, these results
suggest that exposing porcine oocytes and sperm to an
environmentally pertinent organochlorine mixture in
vitro adversely affects oocyte development, polyspermy
and sperm fertility, and further embryonic development,
again supporting recent concerns that such pollutants
harm reproductive health in humans and other species.
The same group examined the effect of the metabolized organochlorine mixture on porcine cumulus-oocyte
complexes (COCs) in vitro (Campagna et al., 2007). The
metabolized mixture was extracted from the plasma of
sows that were treated with the original organochlorine
mixture in the study by Bilrha and colleagues (Bilrha
et al., 2004). The metabolized mixture did not affect
cumulus expansion, oocyte maturation, penetration of
the egg, development to blastocyst, or the number of cells
per blastocyst. These results suggest that metabolites of
the parent compounds do not markedly increase the
toxicity of the original exposure mixture on gametes.
High concentrations of the metabolized mixture could
not be tested because of the limited quantities which
could be extracted from the plasma of the sows.
Toxicologists at Health Canada tested the capacity
of another organochlorine mixture to interfere with
development in the rat model (Chu et al., 2008). Their
mixture (see Table 8.4) was designed to generate, in the
plasma of treated dams, a mixture similar in composition
to that found in plasma samples from Inuit mothers.
Female Sprague-Dawley rats were bred and assigned to
one of three doses of the chemical mixture (0.05, 0.5, 5.0
mg/kg/d) and dosed from gestation day one until PND
21. Offspring were exposed to the mixture in utero and
through lactation.
Exposure to the chemical mixture had no effect on the
reproductive parameters of dams (litter size, gestational
weight gain and number of live offspring). However,
treatment with the highest dose caused decreases in
maternal weight gain during lactation and in offspring
weight gain that persisted into adulthood. This dose also
increased mortality rates in pups prior to weaning, but
overall mortality rates for the offspring in this study were
considerably lower than those reported by others using
lower doses of only methylmercury (MeHg) (Beyrouty
and Chan, 2006). In addition, the 5 mg/kg bw dose
produced changes in organ weight, and biochemical and
histopathological changes in liver, thyroid, and spleen.
Neurobehavioral disturbances were also noted in
offspring at the 5 mg/kg bw dose including a decrease
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Table 8.4. Composition of the food chain contaminant mixture a
in Health Canada studies. Source: Chu et al. (2008).
PCB
Congener

mg/mL
corn oil

Other
compounds

mg/mL
corn oil

28
52

0.0072
0.0154

Aldrin
β-HCH

0.0049
0.0746

99

0.0973

Cis-nonachlor

0.0525

101

0.0145

p,p’-DDE

0.9187

105

0.0165

p,p’-DDT

0.0569

118

0.0727

Dieldrin

0.0223

128

0.0071

Hexachlorobenzene

0.2961

138

0.2146

Heptachlor epoxide

0.0232

153

0.3177

Mirex

0.0291

156

0.029

Oxychlordane

0.1359

170

0.0562

Toxaphene

0.0699

180

0.1522

trans-Nonachlor

0.2203

183

0.0193

Methylmercury Cl

1.9965

187

0.0795

Sum PCB

1.0992

Total for all chemicals

Sum Non-PCB

3.9009
5.0001

a
Composition of the corn oil solution used to treat dams in the highest
dose group (5mg/kg body weight).

of pre-weaning neuromuscular development (grip
strength) and hyperactivity at PND 16. These alterations
in motor activity patterns were no longer present by PND
48. Evaluations in the Morris Water Maze revealed that
the high dose affected learning and memory in adults. In
the hole-board apparatus, there were indications of either
altered motor performance or decreased reactivity to a
novel environment in all dose groups. Dose-dependent
changes in brain dopamine and serotonin levels were
noted at PND 35 in high-dose group pups (Bowers, pers.
comm., 2008). This study also demonstrated that the
blood level in rats given the 5 mg/kg dose, where most
of the effects were observed, is 100-fold higher than the
blood level in the 0.05 mg/kg group, which is comparable
to that found in humans living in the Canadian Arctic
(Chu et al., 2008).
A preliminary report of the assessment of bone
structure and morphology indicates that the highest
mixture dose decreased femur length in both male and
female offspring at PND 35 (Stern et al., 2004). Treatment
with high doses also diminished bone cortical area
and bone mineral content in male and female pups.
Furthermore, bone strength was also decreased. The
lowest mixture dose did not affect bone strength; however
it appears to have increased femur length and bone cortical
thickness in PND-35 pups. Thus even the lowest dose
of the mixture, which generates plasma concentrations
of key POPs in treated dams similar to those measured
in plasma samples of Inuit mothers, appears to induce
some measured changes in offspring bone development.
Whether these modifications persist into adulthood is
currently under evaluation. Interestingly, there was some
indication of a negative association between PCB plasma
levels and quantitative ultrasound bone parameters in a
group of peri- and post-menopausal Inuit women from
Greenland (see Côté et al., 2006 and section 8.4.7.8).
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A second series of mixture studies conducted by
Health Canada researchers examined the potential
impact of individual components of the chemical mixture
described above (PCBs, organochlorine pesticides, Hg).
Comparisons of the toxicity of the full mixture against
specific components of the mixture indicated that the
increase in pup mortality induced by the full mixture
could be attributed to the MeHg component (Pelletier et
al., 2009).
Padhi et al. (2008) examined modifications in the
expression of genes involved in nerve cell differentiation,
migration, myelination and synaptic transmission in
the cerebellum of PND 14 pups of the full mixture and
separate mixture groups. It was found that the full mixture
produced minimal changes in gene expression, whereas
PCB, MeHg and the organochlorine pesticide components all altered the expression of a number of genes.
Eriksson et al. (2006) published results indicating that
PBDEs and PCBs can interact and enhance developmental
neurobehavioral defects when the exposure occurs
during a critical stage of neonatal brain development.
Hence future studies should include PBDEs in the POPs
mixture to be evaluated in animal models for adverse
neurodevelopmental effects.
8.3.2.3. Summary and concluding comments
Investigating
the
toxicological
properties
of
environmentally-relevant mixtures of POPs is essential
to determine the biological plausibility of associations
noted between exposure to these compounds and adverse health effects in epidemiological studies. For example,
results indicating immunosuppression, expressed
primarily as a reduction in antibody response, in piglets
exposed prenatally to such a mixture have increased the
credibility of the relation between transplacental POPs
exposure and increased susceptibility to infections noted
in Inuit and Faroese infants (see section 8.4.6.1).
In utero and lactational exposures to environmentally
relevant organochlorine mixtures adversely affect
the reproductive system of test animals, suggesting a
possible reproductive health hazard for humans and
other species. Studies with pigs, which have a similar
reproductive system to humans, indicate that exposure
of oocytes and sperm to environmentally pertinent
organochlorine mixtures in vitro adversely affects oocyte
development, polyspermy, sperm fertility and embryonic
development.
Treatment of female rats with the highest dose levels
of environmentally-relevant mixtures led to decreases
in maternal weight gain during lactation, persistent
weight gain in offspring and increased mortality rates
in pups prior to weaning. The interactions between
MeHg and POPs in the mixtures warrants further
study as lower levels of MeHg administered alone have
been found to lead to more pup mortality than found in
mixture studies containing higher levels of MeHg.
Studies with rats have also confirmed that mixtures
of environmental chemicals can adversely affect
learning, memory, motor performance, reactivity, and

brain dopamine and serotonin levels in adult animals.
The effects on learning and memory appear to be
elicited primarily by MeHg and PCB and to be additive
based on studies using the compounds individually.
These findings with animals support observations
reported in some epidemiological studies of infants
and children (see section 8.4.5).
Environmentally-relevant mixtures may also affect
bone density (diminished bone cortical area and bone
mineral content) in male and female rat pups. These
findings may be significant for humans as indications
of a negative association between PCB plasma levels
and quantitative ultrasound bone parameters have
been reported in a group of peri- and post-menopausal
Inuit women from Greenland.
It is unclear if and how environmental mixtures
affect gene expression. Exposure to the full mixture
produced minimal changes in gene expression, whereas
exposure to PCB, MeHg and the organochlorine
pesticide components of the mixture each altered the
expression of a number of genes. More research is
needed to understand these findings.
In general, studies of chemical mixtures indicate that
data from single-chemical experiments cannot be used
to predict the risk resulting from exposure to complex
mixtures of POPs. Interactions between components of
the mixture not only modify the disposition of individual
components but also their dose-response relationship
for various developmental endpoints. Based on this
conclusion, it is tempting to speculate that some of the
discrepancies observed between epidemiological studies
examining the neurobehavioral effects of perinatal MeHg
exposure (see section 8.4.5) could be related to differences
between populations in exposure to other POPs that may
alter the developmental toxicity of MeHg.
There is also a need to monitor the occurrence
of ‘emerging’ contaminants in the food chain such
as brominated flame retardants and perfluoroalkyl
compounds. Although existing data on exposure
in the North do not currently indicate a risk from
exposure to emerging compounds, the toxicology and
epidemiology data base for these chemicals is weak
and should be strengthened.
8.4.

Epidemiology

8.4.1. Introduction
Over the past few decades most research efforts in the
Arctic were focused on characterizing the exposure
of Northerners to contaminants. In the early 1990s,
epidemiological studies began to evaluate the possible
health impacts of this exposure.
This section provides a brief overview and update
of epidemiological findings since the previous AMAP
assessment of human health in the Arctic (AMAP,
2003). Most of this section concerns prenatal exposure
and adverse developmental effects resulting in altered
immune and nervous system function early in life.
However, cardiovascular outcomes related to Hg
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exposure are now under investigation in children and
adults. Some new data suggest that exposure to POPs
might result in effects on the hormonal system. Steroid
hormone disruption might be associated, for example,
with osteoporosis and male fertility abnormalities.
Thyroid hormone modulation might also be investigated
considering preliminary experimental data on the
toxicity of some relatively recently detected POPs.
Conducting epidemiological studies in the Arctic
is difficult and should take into account the following
specific considerations: mixtures of contaminants
found in the Arctic, population size, toxicant–
nutrient interactions, genetic factors, and non-dietary
confounding factors.

Epidemiological studies looking at health outcomes
associated with Hg or POPs exposure are at particularly
high risk of being biased by confounding association.
The main source of most contaminants for human
populations in the Arctic is fish and marine mammal
consumption. This is also the main source of major
nutrients such as polyunsaturated fatty acids (PUFAs)
and Se in these populations; PUFAs are widely agreed to
play an important role in brain development as well as
cardiovascular protection. Thyroid abnormalities could
be associated with POPs as well as with iodine intake;
both of which are obtained from seafood. Controlling
for these confounding factors is a major challenge when
autocorrelations in the data are strong.

8.4.1.1. Mixtures of contaminants found in the Arctic

8.4.1.4. Genetic factors

Interactions between chemicals within ecologicallyrelevant mixtures (at relevant concentrations) can
result in an effect different from the sum of the effects
of each individual component of the mixture (see
section 8.3.2). Some ‘emerging’ contaminants such as
PFOS or PBDEs are now found in Arctic biota and
humans due to both increasing concentrations within
the Arctic environment and increases in analytical
capabilities. These emerging contaminants have
different pathways of exposure, and different half lives.
Some are highly correlated with legacy POPs such as
PCBs, others are not. Body burdens for emerging POPs
are sometimes higher in Arctic populations compared
to body burdens in populations at lower latitudes, but
also sometimes lower. Using new complex matrices
of exposure raises methodological challenges for
ongoing and future epidemiological studies. Effects
of mixtures need to be better understood to better
classify individuals under study.

It is important to recognize that genetic variability may
affect the susceptibility of individuals or populations to
the effects of pollutants. Gene/environment interactions
could also explain why some populations or individuals
are more susceptible than others. Because few genetic
studies have been conducted in the Arctic, and because
the various indigenous peoples have their own specific
genetic background, it is important that the impact of
genetic polymorphisms involved in the metabolism
and toxicity of xenobiotic compounds in the Arctic are
evaluated. New data suggest that the Inuit have specific
gene polymorphism that could potentially modify their
susceptibility to contaminants or nutrients. This is also
discussed in Chapter 6.

8.4.1.2. Population size
The small size of populations living in the Arctic limits
the use of epidemiology. The number of disease cases
is small and case control studies are extremely difficult
to conduct. Usually, only cross-sectional and cohort
designs are possible. Health outcomes most amenable
to epidemiological research in the Arctic are those with
a range of stages from normal to abnormal, which can
be measured in all individuals (e.g., neurodevelopment,
immune parameters, bone density, fertility parameters)
and are not based on a stochastic distribution (having the
disease or not; for example, cancer). One of the ways to
avoid this limitation is to implement circumpolar studies
such as the International Inuit Cohort Study which aims
to recruit 10 000 Inuit or to merge ongoing cohorts as
exist for children.
8.4.1.3. Toxicant–nutrient interactions
The possibility that nutrients present in seafood could
modify or counteract the toxicity of contaminants is
highly probable and specific to fish-eating populations.
These interactions need to be better understood.

8.4.1.5. Non-dietary confounding factors
Many health endpoints such as child neurodevelopment or cardiovascular diseases have multifactorial
causes and environmental stressors can contribute
in varying degrees to the etiology of these diseases.
Compared to the role played by lifestyle factors (such
as alcohol use, tobacco use, drug abuse, exercise
and diet) and genetic factors in the etiology of most
diseases, contaminants are likely to play only a modest
role. Furthermore, these environmental stressors are
highly preventable (e.g., through global restrictions on
dangerous substances) and to a degree avoidable (e.g.,
through diet modification).
8.4.2. Biomarkers of exposure and effects in

human populations

Biomonitoring studies are useful for identifying adverse responses induced by exposure to environmental
contaminants in small populations, such as those living
within the Arctic, in which epidemiological studies
would not have the power to detect associations of
public health relevance. Biomarkers of internal dose,
biologically-effective dose, early biological effect and
alteration of structure/function can be measured along
the pathophysiological sequence from exposure to
disease (Figure 8.8).
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Figure 8.8. Different types of biomarker in the pathogenic sequence between exposure and disease.

8.4.2.1. Cytochrome P450 activity
A classic example of a biomarker of early biological effect
is the activity/expression of cytochrome P450 enzymes
(CYPs) which are involved in the biotransformation
of a variety of exogenous and endogenous chemicals.
Compounds such as PCBs and 1,1-dichloro-2,2-bis
(p-chlorophenyl)ethene (p,p’-DDE) are well known CYP
inducers. Through activation of the aryl hydrocarbon
receptor (AhR) and pregnane X receptor, PCBs can
induce various isoforms of CYPs including CYP1A1 and
CYP3A4 (Safe, 1994; Easterbrook et al., 2001).
Petersen et al. (2007) determined the variability of
CYP3A4 activity in relation to serum concentrations
of PCBs and other organochlorines in 310 randomly
selected healthy Faroese residents aged 18 to 60
years. CYP3A4 activity was determined based on the
urinary 6ß-hydroxycortisol : cortisol ratio. While there
were significant associations between this ratio and
serum concentrations of ΣPCBs, p,p’-DDE, o,p’-DDT
and hexachlorobenzene (HCB), the associations were
statistically significant in men only. Men exhibited
nearly two-fold higher concentrations of PCBs and
other organochlorines than women, which may explain
why the relation between CYP3A4 activity and serum
concentrations of these contaminants was only observed
in men. Female hormones may also mask the effect
of organochlorines on CYP3A4 activity in women.
According to Petersen and co-workers, attention should be
paid to the possible disruption of endocrine homeostasis,
because CYP3A4 catalyzes the 6β-hydroxylation of
several steroids. Another cause for concern is the possible
altered efficacy of drugs metabolized by CYP3A4 in this
population highly exposed to PCBs.
Some PCB congeners are CYP1A1 inducers and
induction of this enzyme in the placenta of smoking
mothers has been linked to adverse effects on fetal
development (Pelkonen et al., 1979). Genetic variants of
CYP1A1 have also been linked to reduced birth weight
in neonates born to smoking mothers (Wang et al.,
2002). Pereg et al. (2002) examined the relation between
plasma PCB concentrations and placental CYP1A1
activity measured as ethoxyresofurin-O-deethylase
(EROD) activity in 35 Inuit women from Nunavik. Thirty

women from a southern Québec community exposed to
background levels of organochlorines constituted the
reference group. Results showed that concentrations of
PCBs in cord plasma were strongly correlated to levels
in placenta and were on average 4-fold higher in Inuit
women than in women from southern Québec. However,
despite this difference in PCB body burden, both groups
had similar EROD activities when the data were stratified
according to tobacco smoking (non smokers, moderate
smokers, heavy smokers). Multivariate analysis did not
indicate that PCBs made a significant contribution to
EROD activity when tobacco smoking was included in
the model. This means that PCB exposure in these Inuit
women did not significantly modulate CYP1A1 activity
in the placenta; in this population only tobacco smoking
was related to EROD activity.
8.4.2.2. Activation of the aryl hydrocarbon receptor
Polyhalogenated aromatic hydrocarbons that share
structural similarities with 2,3,7,8-tetrachlorodibenzop-dioxin (TCDD) are referred to as ‘dioxin-like
compounds’. These dioxin-like compounds bind to the
AhR and can elicit a wide range of toxic effects (see
Box 8.2). Analysis of plasma samples obtained from
Inuit adults recruited during a Santé Québec study in
Nunavik in 1992 revealed that concentrations of dioxinlike compounds were on average 7-fold higher than in
samples from individuals living in southern Québec
(Ayotte et al., 1997). In the latter study, analyses by
HRGC/HRMS (high-resolution gas chromatography/
high resolution mass spectrometry) were performed
on pooled samples, because analysis of all 492 samples
would have incurred prohibitive costs.
In the course of a prospective epidemiological
study initiated in Nunavik, Medehouenou et al. (2007)
analyzed plasma samples obtained from 874 Inuit adults
using a dioxin-responsive reporter gene (see Box 8.3). The
mean plasma concentration of dioxin-like compounds
measured in dioxin ‘toxic equivalents’ (TEQs) was 89
pg TEQ/L (median: 65 pg TEQ/L), with values ranging
from <30 to 533 pg TEQ/L. Age, body mass index and
marine mammal blubber consumption were positively
correlated to plasma concentrations (p < 0.001) of
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Box 8·2. AhR-mediated dioxin-like serum
activities
Exposure to dioxins (e.g., 2,3,7,8-tetrachlorodibenzop-dioxin; TCDD) and dioxin-like compounds such as
non-ortho and mono-ortho polychlorinated biphenyls
(PCBs) may cause a series of negative effects both in
laboratory animals and in humans, including dermal
toxicity (Meulenbelt and de Vries, 2005), carcinogenicity
(Steenland et al., 2004), immunotoxicity and adverse
effects on reproductive, neurobehavioral, and endocrine
functions (Lindstrom et al., 1995; Weisglas-Kuperus,
1998). The toxicity of dioxin and dioxin-like compounds
is mediated mainly through binding to the aryl
hydrocarbon receptor or AhR (Rowlands and Gustafsson,
1997). This receptor may also be involved in the reported
interference of POPs or their metabolites with hormone
receptors (Bonefeld-Jorgensen et al., 1997, 2001; Kato et al.,
2005; Mortensen et al., 2007, Novák et al., 2009; Braathen
et al., 2009). Studies have demonstrated the presence of
a two-way cross talk between the intracellular signaling
pathways involving the three receptors, ER (Kharat and
Saatcioglu, 1996; Safe and Krishnan, 1995), AR (Kizu et
al., 2003) and AhR. However, human epidemiological
data are limited and major gaps in knowledge continue
to preclude evidence-based risk assessment. Thus, there
is a need for an integrated risk assessment of dioxins
and dioxin-like compounds in humans (Box 8.3). In
addition to 2,3,7,8-chloro-substituted dibenzo-p-dioxins
and dibenzofurans, an array of xenobiotic dioxinlike compounds, including PCBs, plastic components
(Bonefeld-Jorgensen et al., 2007; Krüger et al., 2008c)
and pesticides such as iprodione, chlorpyrifos and
prochloraz can activate the AhR pathway (Long et al.,
2003). Because these compounds are often are found in
low concentrations, large serum samples are needed for
the expensive concentration determination by analytical
chemistry methods. Therefore, a cheaper cell culture
based bioassay (AhR-CALUX) requiring extraction
of a smaller sample volume than the conventional
analytical chemistry method has been developed for the
determination of the activity of the summed dioxin-like
compounds in serum collected during epidemiological
studies (see Box 8.3).

dioxin-like compounds. Plasma concentrations of PCB
congeners 105, 118, 153 and 156 were determined by
HRGC/MS and were found to be positively correlated
to concentrations of dioxin-like compounds (Pearson’s
r = 0.61–0.63, p < 0.001). These kinds of cohort studies
and analyses enable scientists to establish associations
between exposure to dioxin-like compounds and
the risk of chronic diseases in the Inuit population.
Activation of the AhR-signaling pathway by plasma
extracts is further discussed in section 8.4.4.2.
8.4.2.3. Genotoxicity
In the course of the 2004 Nunavik Health Survey (see
Box 8.4), biomarkers of genotoxicity were measured in
subgroups of Inuit adults. The rationale for this work
was that exposure to food-chain contaminants such as
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Box 8.3. TEQs and the CALUX assay
Since dioxins and dioxin-like compounds exist as complex
mixtures of various congeners throughout the environment,
the concept of TEQ (TCDD toxic equivalent) has been
introduced to simplify risk assessment and regulatory
control (Van den Berg et al., 1998). The classical WHO-TEQs
are calculated by multiplying the concentration of individual
PCDDs/PCDFs/PCBs by their respective Toxic Equivalency
Factors (TEFs), which correspond to the relative potency of
each PCDD/PCDF/PCB congener to generate AhR-mediated
effects in relation to that of TCDD, the most potent AhR
ligand. Previous studies emphasize that assessment of
the toxicological potential of a chemical mixture is much
more complex than can be deduced by a given calculated
TEQ value (Bonefeld-Jorgensen et al., 2001; Van Overmeire
et al., 2001; Bonefeld-Jørgensen and Ayotte, 2003). There
are several drawbacks to using the TEF concept for risk
assessment of mixtures of POPs such as expensive and time
consuming gas chromatography mass spectrometry (GCMS) determinations, small concentrations of individual
congeners, presence of compounds not routinely measured
or unknown substances with AhR affinity, the lack of
TEF values for several POPs, and possible antagonistic or
synergistic interactions between POPs (Safe, 1994; Aarts et
al., 1995; Long et al., 2003).
The in vitro AhR-mediated CALUX bioassay has proven
to be a quick and sensitive assay to detect the AhRmediated potential of pure chemicals (Safe, 1994; Aarts et
al., 1995; Garrison et al., 1996; Long et al., 2003), extracts of
environmental and biological matrices and thus the total
AhR-TEQ value (CALUX-TEQ) of complex mixtures as
found in sediment, groundwater, bovine and human milk,
human serum and follicular fluid (Denison et al., 1996; Murk
et al., 1996; Bovee et al., 1998; Pauwels et al., 2000; Behnisch
et al., 2002; Laier et al., 2003). The AhR-TEQ (CALUX-TEQ) is
obtained by interpolation of the AhR-CALUX values onto a
parallel TCDD concentration-response sigmoid Hill curve
(Long et al., 2006). Compared to the calculated chemicalderived TEQ (WHO-TEQ), the CALUX based AhR-TEQ
might be more biologically relevant for the risk assessment
of dioxins and dioxin-like compounds and is certainly far
less expensive than high resolution mass spectrometry
analysis.

MeHg and PCBs can induce oxidative stress and DNA
damage, which is a primary event in carcinogenicity.
This hypothesis is supported by the work of Wulf et
al. (1986), who reported that the frequency of sister
chromatid exchanges (SCE/cell) in Greenlandic Inuit
increased with the consumption of food items from seal.
Further analyses revealed that blood Hg concentration
explained 16.3% of the total variation in SCE/cell.
Laidaoui and Ayotte (2006) used the alkaline version
of the Comet assay to evaluate DNA strand breaks in
peripheral blood mononuclear cells (PBMCs) of 298 Inuit
adults (131 men and 167 women) who participated in the
Nunavik Health Study. Relations between DNA damage
and lifestyle, nutritional and environmental factors were
also examined. Examples of comets obtained in this
study are shown in Figure 8.9.
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Box 8.4. 2004 Nunavik Health Survey
In 2003, the Nunavik Regional Board of Health and Social
Services decided to organize an extensive health survey
in Nunavik in order to verify the evolution of health
status and risk factors of the population. The Institut
National de Santé Publique du Québec (INSPQ) planned,
administrated and coordinated the survey. The general
aim of the 2004 Nunavik Inuit Health Survey was to gather
social and health information on a set of themes including
various health indicators, physical measurements, social,
environmental, and living conditions, thus updating
the health and well-being profile of the Inuit population
of Nunavik (approximately 10 000 population in 14
coastal communities). Over 500 households agreed to
be interviewed and over 1000 individuals participated
in more detailed surveys or biological tests. The survey
was able to compare 2004 trends to those observed in an
earlier survey in 1992. Data collected in 2004 also allowed
researchers to compare the Inuit to other Quebecers. The
findings of the survey are reported in a large number of
journal publications and 20 sub-component reports. More
details at: www.inspq.qc.ca/pdf/publications/nunavik.asp.

The percentage of DNA located in the tail of the comet
(%DNA) reflects the number of DNA strand breaks.
Mean %DNA was 4.0 (SD 1.9), with values ranging
from 0.3 to 9.5. The %DNA values were similar in men
and women. A negative correlation was observed
between age and %DNA. Simple correlation analyses
did not reveal any statistically significant association
between DNA damage and concentrations of Hg, Pb

or Cd in blood. DNA damage was also not related to
dietary intake of traditional foods (as calculated from
the food frequency questionnaire data) or to smoking.
However, results did indicate a link between alcohol
consumption and DNA damage in this population
(drinkers, mean %DNA = 4.2 [SD 1.9] vs abstainers,
mean %DNA = 3.4 [SD 1.7]; p = 0.002).
In order to assess whether genotoxic effects could
result from exposure of environmental contaminants
at the chromosomal level, the same research group
performed the cytokinesis-blocked micronuclei
(CBMN) assay in cultivated peripheral blood
lymphocytes of 68 Inuit women recruited in the course
of the Nunavik Health Study (Ayotte et al., 2006).
Blood concentrations of Cd, cobalt, copper, Pb, Hg,
molybdenum, nickel, Se, and zinc were determined by
inductively-coupled plasma mass spectrometry. Sociodemographic characteristics and lifestyle habits were
documented using questionnaires. The mean age of
the Inuit women was 36 years, ranging from 18 to 74
years. The median frequency of micronucleated cells
(MNCs) was 5 per 1000 binucleated cells (interquantile
range, 2–8), a value 1.8-fold lower than that obtained
from a group of 110 women from the Quebec City
region who were tested in the same laboratory during
the same time period by the same observer (9.0 MNCs
per 1000 binucleated cells, SD 7.6). Results showed that
age was positively correlated to the frequency of MNCs
in both groups and that blood concentrations of the
metals and metalloids studied were not. These results
indicate that Inuit women do not exhibit an elevated
level of genotoxic damage, despite their relatively high
exposure to metals and metalloids (Ayotte et al., 2006).

a

b

c

d

Figure 8.9. Representative comet images for (a) a healthy donor (%DNA in tail = 0.67); (b) benzo[a]pyrene diol epoxide treated cells
from a healthy donor (%DNA in tail = 32.9); (c) a participant with low DNA damage (%DNA in tail = 0.28); (d) a participant with some
DNA damage (%DNA in tail = 9.50). Source: Laidaoui and Ayotte (2006).
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8.4.2.4. Epigenetic modifications
Xenobiotic agents, such as POPs may operate at the
epigenetic level, meaning that they can influence
chromosomal stability and gene expression, instead
of directly changing DNA sequences. An epigenetic
mechanism, DNA methylation, has been associated
with cancer initiation and progression. Greenlandic
Inuit have some of the highest reported levels of
POPs worldwide. Rusiecki et al. (2008) analyzed the
relationship between plasma POPs concentrations
and global DNA methylation levels (% methylated
cytosine) in DNA extracted from blood samples of 70
Greenlandic Inuit (61 men, 9 women). The authors used
pyrosequencing to estimate global DNA methylation via
Alu and long interspersed nucleotide element (LINE-1)
assays of bisulfite-treated DNA. Linear regressions,
adjusted for age and tobacco smoking, showed significant
inverse linear relationships mainly for the Alu assay for
the following POPs: p,p’-DDT (β = -0.26, p = 0.01), p,p’-DDE
(β = -0.38, p = 0.01), β-BHC (β = -0.48, p < 0.01), oxychlordane
(β = -0.32, p < 0.01), α-chlordane (β = -0.75, p = 0.05), mirex
(β = -0.27, p = 0.01), ΣPCBs (β = -0.56, p < 0.01), and ΣPOPs
(β = -0.48, p < 0.01). Results for linear regressions using
the LINE-1 assay generally showed beta estimates
of a similar magnitude to those using the Alu assay;
however, none was statistically significant. This is
the first study to investigate environmental exposure
to POPs and DNA methylation levels in a human
population. Global methylation levels were inversely
associated with blood plasma levels for several POPs
and merit further investigation to assess the possible
association with cancer risk.
8.4.2.5. Paraoxonase activity
In a recent review of the literature examining the
evidence of cardiovascular effects induced by exposure
to MeHg, Stern (2005) concluded that realistic exposure
to MeHg from fish consumption could be associated with
heart diseases, in particular myocardial infarction. The
main evidence supporting this conclusion was provided
by Finnish studies conducted among consumers of nonfatty fish (Salonen et al., 1995). As different populations
consume different species of fish and in some cases marine
mammals, the risk of cardiovascular effects may not be
related simply to MeHg exposure, but also to nutrients
such as n-3 polyunsaturated fatty acids (n-3 PUFAs) and
Se that are known to be abundant in some marine foods.
Paraoxonase 1 (PON1), an enzyme located in the high
density lipoprotein (HDL) fraction of blood lipids, may
play a role in cardiovascular disease by metabolizing toxic
oxidized lipids associated with low density liproprotein
(LDL) and HDL (Mackness et al., 1998; Aviram, 2000).
MeHg has been shown to inhibit PON1 activity in vitro
(Gonzalvo et al., 1997; Debord et al., 2003) and therefore
it was hypothesized that blood Hg levels may be linked
to decreased serum PON1 activity in Inuit people who
are exposed to MeHg through their marine-based diet.
Carrier et al. (2007) measured serum PON1 activity and
blood concentrations of Hg and other metals in 900 Inuit
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adults who participated in the Nunavik Health Study
(see Box 8.4). Univariate analyses indicated that PON1
activities were positively correlated to blood Se (Pearson’s
r = 0.12; p < 0.001) and blood Hg levels (r = 0.10, p = 0.004).
However, in a multiple regression model adjusted for age
of participants, alcohol consumption, blood HDL levels
and eicosapentaenoic content of erythrocyte membranes,
blood Se concentrations remained positively associated
with PON1 activities (standardized beta = 0.13, p = 0.007),
whereas blood Hg concentrations were negatively
associated with PON1 activities (standardized beta = -0.14,
p = 0.013). These results suggest that MeHg exposure may
have a slight inhibitory effect on PON1 activity which
seems to be offset by Se intake. The research group will
also examine the relation between PON1 activity, the
concentration of oxidized LDL and the thickness of the
carotid artery intima media, the latter being a biomarker
of atherosclerosis (see also Chapter 7).
8.4.2.6. Summary and concluding comments
Several epidemiological biomonitoring studies have
been conducted in circumpolar populations aimed
at investigating relationships between exposure
to POPs and biomarkers of enzyme induction,
alterations of activity of the AhR (that might increase
the risk of endocrine disruption), genetic alterations
and cardiovascular effects.
Relationships have been observed between exposure
to PCBs and other POPs and CYP3A4 activity in Faroese
men, which could have consequences for metabolism
of steroid hormones, hormone homoestasis and drug
metabolism.
In the Inuit population of Nunavik, a negative
association was found between MeHg exposure and
paraoxonase activity, suggesting a possible adverse
effect of the organometallic compound on the
cardiovascular system. It will be interesting to see if
paraoxonase activity is in turn linked with markers
of atherosclerosis in this population.
Finally, global hypomethylation of the genome
has been linked to genomic instability and the risk
of cancer. The possibility that organochlorines can
decrease global genomic methylation is intriguing and
should be examined in other circumpolar populations.
8.4.3. Maternal and child health and 			

contaminants

In general, the biggest ‘health problem’ in the circumpolar areas is the large inequality in health care and
socio-economic conditions compared to those in the
south (see section 8.2). A number of studies are underway
that explore the long-term effects of contaminants on
maternal and child health. Comprehensive information
about circumpolar maternal and child health conditions
has been reported by Health Canada (2005).
The growing fetus and newborn children are
especially sensitive to the toxic effects of many POPs
and heavy metals found in the environment. Several
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of these substances move from mother to fetus via the
umbilical cord and to the developing child via breast
milk. Levels of these contaminants in maternal blood
during pregnancy give an indication of the potential risk
to the developing fetus. Of particular concern are longterm, subtle effects, for example, adverse reproductive
and pregnancy outcomes, reduced childhood defense
against diseases (immune system impacts), and
impairment of children’s mental development.
There is a lack of recent literature on pregnancy
outcomes and contaminants in the Arctic. The literature
cited in this section is based on new Norwegian-Russian
projects on reproductive health and contaminants,
partly on indigenous population studies, and partly
on studies of populations living in the vicinity of big
refineries, such as the Pechenganikel metallurgical
complex on the Kola Peninsula in northwest Russia.
Outcomes of concern include maternal health during
pregnancy, placenta function and impact from
contaminants, incidence of spontaneous abortions,
gestational age at birth, premature deliveries, low
birth weight or dysmature babies, birth weight, child’s
body mass index, perinatal mortality and morbidity,
child mortality and morbidity in the first year of life. A
comprehensive overview of occupational exposure to
metals was given by Nieboer et al. (2005, 2007).
8.4.3.1. POPs and maternal and child health
The Russian Persistent Toxic Substances (PTS) study
of 2001–2004 explored the reproductive situation for
indigenous groups in the Russian Arctic (AMAP, 2004b).
POPs concentrations in blood were highly dependent
on age and parity. Significant associations were found
between maternal blood concentrations of total PCBs
and Pb and a number of non-specific reproductive
and developmental health effects, such as prevalence
of low birth weight, premature births, stillbirths and
malformations (non-specific).
Reproductive health effect analyses described in
the first report on the results of the Russian PTS study
(AMAP, 2004b) were based on 220 mother–child pairs.
Additional blood samples (also collected in 2001–2003
and stored) were analyzed during 2004–2006 and new
results have been added to the data base. The current
Russian database contains 346 mother–child pairs (1.5
times larger than the original PTS study) and increases
the statistical power of the overall study considerably.
Dudarev and colleagues (Dudarev, 2006, 2007a;
Dudarev and Chashchin, 2006; Dudarev et al., 2006)
reported statistically significant higher levels of total
PCBs in serum of women who had had premature
births, stillborn cases and newborn children with birth
defects compared to the control group (women with
normal pregnancies and healthy newborn children).
Concentrations of HCB and chlordanes in serum of
women who had had stillborn cases and newborn
children with malformations were about 2-fold higher
than in women of the control group. The findings for
HCB were statistically significant. The relative risk of

spontaneous abortion increased with rising total Hg
in maternal blood and at lower concentrations than
those reported to date from other studies. It is unknown
whether this sensitivity is related to poorer general
health status of the Russian mothers cohort, genetic
factors, confounding dietary factors, or other factors.
The Russian PTS study also found a statistically
significant correlation between early age of first
menstruation and higher levels of total PCBs. In
addition, concentrations of total PCBs were lower in
blood of women who reported menstruating for less
than four days.
A close correlation between levels of persistent toxic
substances in blood and breast milk was documented for
indigenous women of the Chukchi area, demonstrating
the rationale for using blood as a relevant and important
medium for contaminant studies (Anda et al., 2007a).
8.4.3.2. Metals and maternal and child health
Based on a comprehensive study of nickel workers on
the Kola Peninsula, Vaktskjold and colleagues examined
pregnancy outcome in relation to environmental
and occupational exposure for nickel and other toxic
metals (Vaktskjold et al., 2004a,b, 2006, 2007, 2008a,b;
Talykova et al., 2007). The overall study did not confirm
any significant negative effects of occupational metal
exposure on reproductive outcome. This has significance
for local, non-occupationally exposed populations who
may live within the contamination zone of the smelter.
There were three key findings:
• While the incidence of musculo-skeletal defects was
high, especially for feet, no correlation with maternal
exposure to water-soluble nickel was demonstrated.
However, the incidence of musculo-skeletal defects
in the maternal group working in the copper refinery
was higher than in the other groups.
• No adverse effects of water-soluble nickel exposure in
the first part of pregnancy could be associated with
small-for-gestational-age newborns, but exposure
to nickel throughout the pregnancy has not been
explored.
• There was no association between nickel exposure
and genital malformations such as hypospadias or
undescended testicles; however, there were very
few cases in the high exposure group so the results
should be assessed with caution.
Toft et al. (2008) found no consistent effects of PCB
and DDE exposure on menstrual cycle characteristics
observed across populations in the INUENDO
study populations. However, in the Greenland study
population it seemed that high levels of PCB or DDE
were possibly protective against long menstrual
cycles.
Preliminary analyses of blood data from the
expanded PTS study (Dudarev, pers. comm., 2008)
indicated that there may be associations between
reproductive outcome for Russian indigenous women
and low levels of Cd, Hg and Pb. While there were no
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increased relative risks of adverse pregnancy outcome
for mothers with blood levels of Cd greater than 1 µg/L
and Pb greater than 30 µg/L, there was a significantly
increased risk of spontaneous abortion in women with
blood levels of Hg greater than 2 µg/L. No association
between Cd, Hg or Pb levels in maternal blood and
changes in menstrual status have been observed, nor
has any association been found between Cd, Hg or Pb
levels in maternal blood and offspring sex ratio.
8.4.3.3. Summary and concluding comments
The growing fetus and newborn children are
especially sensitive to the toxic effects of many
POPs and heavy metals found in the environment.
In the Russian Arctic, some associations were found
between high in utero exposure to POPs and nonspecific newborn health outcomes. Some new findings
related to spontaneous abortions and Hg suggest that
further study of population sensitivity to Hg in Russia
is warranted. No significant associations were found
between exposure to nickel and health outcomes on
the Kola Peninsula, northwest Russia.
8.4.4. Reproduction, sexual maturation, sex ratios
Over recent years there have been concerns expressed
over a possible time-related deterioration of human
sperm production and a concomitant increase in the
incidence of testicular germ cell cancer as well as
congenital abnormalities of male reproductive organs
such as hypospadias and cryptorchidism (Toppari
et al., 1996; Manson and Carr, 2003; Huyghe et al.,
2003; Skakkebaek et al., 2003; Vidaeff and Sever, 2005).
It has been suggested that abnormalities of male
genital organs, poor sperm counts, testicular cancer,
hypospadias and cryptorchidism are all part of the socalled Testicular Dysgenesis Syndrome (TDS), which
is believed to be the result of genetic predisposition
combined with certain environmental and lifestylerelated exposures, including exposure to exogenous
endocrine-disrupting substances (Virtanen et al.,
2005a).
The development and maintenance of reproductive
tissues are to a large extent controlled by steroid
hormones. Several POPs have been shown to possess
hormone-disrupting activity in experimental studies
(see Box 8.5). Some environmental chemicals mimic
natural hormone activity, while others antagonize
natural hormone activity when tested with in vitro
assays or in whole animal models. Prenatal animal
exposures to several pesticides, PCBs and p,p′-DDE
have clearly demonstrated reproductive-disrupting
effects (Kelce et al., 1997; Gray et al., 2000, 2005;
Kitamura et al., 2003; Shono et al., 2004).
Certain male reproductive tract disorders
(cryptorchidism, hypospadias and testicular cancer)
have been reported to be increasing in parallel with
the introduction of xenoestrogens such as DDT into
the environment. Reduced semen quality was also
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Box 8.5. Contaminants as endocrine
disruptors
The combined effects of the large number of
environmental contaminants present in humans are
relatively poorly explored. Studies performed in vitro and
in vivo as well as the combined effects of some estrogenic
and anti-androgenic chemicals in rats (Gray et al., 2001,
2004; Payne et al., 2001; Nellemann et al., 2003; Birkhoj
et al., 2004; Hotchkiss et al., 2004) have shown that the
combined effects of single compounds of low potency
cannot be ignored. Rajapakse et al. (2002) showed using
in vitro methodology that xeno-estrogen mixtures below
their no-observed-effect concentration (NOECs) were able
to cause a dramatic additive enhancement of hormonerelated activity. Thus the epidemiological evaluation of
POPs as endocrine disruptors is complicated by the extent
to which the chemicals measured in a study population
may also interact with other chemicals present in the
study population but not identified. Other factors such
as dietary, lifestyle and genetic differences must also be
taken into consideration when assessing overall effects of
mixtures of POPs.
New and promising techniques which can evaluate the
combined overall xenohormone activity in human blood
have been developed (Rasmussen et al., 2003; Fermamdez
et al., 2004; Ibarluzea et al., 2004; Hjelmborg et al., 2006)
and can identify blood samples from population studies
which warrant more expensive chemical analysis.
Serum extraction and fractionation, combined with cell
culture based analyses provide useful screening tools to
determine the overall POP related xenohormone activities
in serum fractions free of endogenous sex hormones.

reported in certain regions of the world during
the latter half of the 20th century. Although these
alterations are thought to be mediated by the estrogen
receptor, they are also consistent with inhibition of
androgen receptor-mediated events. Kelce et al. (1995)
identified p,p′-DDE, as a potent anti-androgenic agent
in male rats. Treatment of some test animals with p,p′DDE at weaning delayed the onset of puberty, while
treatment of adult rats resulted in reduced seminal
vesicle and ventral prostate weights. TCDD has been
shown to alter sexual development in test animals
(decreased epididymis and caudal epididymis weights,
daily sperm production and caudal epididymal sperm
number). More discussion of laboratory animal
responses to mixtures can be found in section 8.3.2.2.
Typical organochlorine mixtures found in Arctic
populations contain a wide range of different
compounds, including substances with estrogenic
(such as some PCBs), anti-estrogenic (some PCBs),
or anti-androgenic (such as DDE) capacities. It
may therefore be anticipated that complex real
life mixtures, comprising compounds that can
interact with different receptors involved in cell
differentiation and growth, could affect reproduction
and development, and be involved in the pathogenesis
of hormonally-responsive cancers.
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8.4.4.1. Xenohormone serum activity in Inuit and
Europeans
Several contaminants found in human blood can act as
xenoestrogens (see Box 8.6). A recent study of healthy
men from Greenland (Inuit), Sweden (fishermen),
Poland (Warsaw), and the Ukraine (Kharkiv) referred
to as the ‘INUENDO’ study (see Box 8.7) aimed to

Box 8.6. The estrogen receptor
The estrogen receptor (ER) is found in almost all human
tissues of both genders and plays an important role in
neonatal and post neonatal development, puberty and
reproductive development of both sexes (Pedram et al.,
2002; Dickerson and Gore, 2007). There are extensive data
to support mechanistic models of the effects of endocrinerelated POPs on sex hormone systems (Andersen et al., 2002a;
Long et al., 2003; Hofmeister and Bonefeld-Jorgensen, 2004;
Grunfeld and Bonefeld-Jorgensen, 2004). The PCB congeners
CB138, CB153 and CB180, comprising up to 50% of the total
bioaccumulated PCBs, elicit an ER-mediated antiestrogenic
and/or antiandrogenic in vitro activity (Bonefeld-Jorgensen et
al., 2001). Similarly, some hydroxylated PCBs exert low potency
estrogenic and/or antiestrogenic effects (Brouwer et al., 1999;
Rasmussen et al., 2003). Generally, PCBs do not bind to the sex
hormone binding globulin or only bind with very low affinity
(Jury et al., 2000), which may cause a higher bioavailability
of the compounds. Several POPs, including TCDD, CB126,
CB28, CB105 and pesticides such as DDT, prochloraz, and
endosulfan, were reported to affect aromatase which converts
testosterone to estrogens. Effects on aromatase influence the
ratio between the two sex steroid hormones (Gerstenberger et
al., 2000; Andersen et al., 2002a; Lai et al., 2005).

Box 8.7. INUENDO study
An international study of reproductive outcomes was
undertaken in the early 2000s under the acronym INUENDO.
The objectives of the INUENDO study were to establish the
impact of environmental exposure to xenobiotic compounds
with hormone-like actions on human fertility. The multinational research team, led by Denmark, developed a series
of interrelated studies of Inuit and European populations
with a high contrast of exposure to persistent and
biologically active chemical pollutants. Focus was on time
to pregnancy as a measure of a couple’s joint reproductive
performance, semen quantity and quality to substantiate
whether possible effects on couples fertility was attributable
to reduced male fecundity, reproductive hormones in
adults and male offspring to indicate whether a possible
adverse effect on time to pregnancy or semen quality is
attributable to disruption of sex hormone regulation, and
total estrogenic and androgenic activities in blood as a
direct measure of the potential hormone-like action of
a wide range of environmental pollutants. The research
combined identical interview studies of couple fertility,
biological studies of semen quality and neonatal studies
of reproductive hormone profiles in Greenland, Sweden,
Poland and the Ukraine. In some studies, sample sizes of
populations investigated were as high as 4000. To date the
website for the INUENDO study lists 26 publications from
2004 to 2007. For more details see http://www.inuendo.dk.

compare the level of xenoestrogenic activity in serum
of groups with varying POPs exposure (Rylander and
Hagmar, 1995; Svensson et al., 1995; Van Oostdam
and Tremblay, 2003; Deutch, 2003a; Jonsson et al.,
2005) to POPs proxy markers CB153 and p,p′-DDE
(Bonefeld-Jorgensen et al., 2006). It was found that the
xenoestrogenic serum activity of Greenlandic Inuit
differed significantly from the three European study
groups between which there were no differences. In
the Inuit serum samples, the antiestrogenic action was
predominant; in the European study groups there was
a higher frequency of agonistic xenoestrogenic activity
and higher estimated estradiol equivalence (EEQ) levels
(Figure 8.10a). The xenoestrogenic activity of the Inuit
samples was negatively associated with levels of CB153
and p,p′-DDE. For the Polish samples the xenoestrogenic
data were positively associated with p,p′-DDE level,
and the EEQ level decreased with increasing CB153
concentration (Bonefeld-Jorgensen et al., 2006). Overall,
the results could be explained by the high level of
PCBs in Greenland with predominant anti-estrogenic
actions (Connor et al., 1997; Bonefeld-Jorgensen et al.,
2001; Gregoraszczuk et al., 2003; Rasmussen et al., 2003;
Pliskova et al., 2005) and the relatively high level of p,p′DDE in the Polish group having weak estrogenic action
(Chen et al., 1997; Andersen et al., 1999a; Payne et al.,
2001; Rasmussen et al., 2003). However, it is problematic
that no correlations were observed for the Swedish and
Ukrainian groups because they had CB153 and p,p′DDE marker profiles similar to the Greenlandic and
Polish cohorts, respectively. This finding might indicate
that there is a limitation in use of the two POP proxy
biomarkers chosen as representatives of the entire
exposure mixture.
Other contaminants found in human blood can also
act as xenoandrogens (see Box 8.8). It is well documented,

Box 8.8. The androgen receptor
The androgen receptor (AR) is the key regulatory element
of the androgen cell signaling system and is essential for
male reproductive functions and development, including
spermatogenesis (Sharpe, 2006). Antagonistic effects on the
AR activity in vitro have been reported for several pesticides
including p,p′-DDE (Kelce et al., 1995), dieldrin (Andersen et
al., 2002a; Roy et al., 2004), fenarimol (Andersen et al., 2002a),
methiocarb (Andersen et al., 2002a; Birkhoj et al., 2004), and
prochloraz (Andersen et al., 2002a; Vinggaard et al., 2002;
Birkhoj et al., 2004). Furthermore, several PCB congeners
(CBs 49, 66, 74, 77, 105, 118, 126, 138, 153 and 156) have been
reported to act as AR-antagonists (Bonefeld-Jorgensen et
al., 2001; Endo et al., 2003; Schrader and Cooke, 2003). In
animal studies, prenatal exposure to POPs such as PCBs,
PCDDs and p,p′-DDE has been associated with reduced male
fertility (Sager et al., 1987; Peterson et al., 1993; Kelce et al.,
1995; Fielden et al., 2001; Anbalagan et al., 2003; Steinhardt,
2004); however, the effect of POPs on human fertility is
still controversial (Yu et al., 2000; Axmon et al., 2001, 2004;
Dallinga et al., 2002; Younglai et al., 2002; Toft et al., 2005).
There is a need for an integrated risk assessment of endocrine
disruptors in humans (Bridges and Bridges, 2004).
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Figure 8.10. POPs related xenobiotic serum activities in Inuit
and combined European study groups (a) agonistic serum
xenoestrogenic activity; (b) agonistic serum xenoandrogenic
activity; (c) serum AhR activity; (d) sperm DNA damage;
(e) sperm DNA fragmentation index. * indicates significant
difference vs Europeans at p < 0.05.

both in vitro and in vivo, that p,p′-DDE is an androgen
receptor (AR) antagonist (Gray et al., 1999; Vinggaard
et al., 1999; Roy et al., 2004; Araki et al., 2005), which is
consistent with the observed decreasing effect of the
xenoandrogenic serum activity in the European groups
(Figure 8.10b) in which p,p’-DDE levels are lower. The
agonistic AR activity of serum extracts from the Inuit and
the three European study groups were not significantly
different, however, a higher mean value was observed in
Inuit compared to Europeans (Krüger et al., 2007).
Although high p,p′-DDE serum levels were also
found in the Inuit, this study group showed the highest
percent of serum samples (22%) with augmented AR
function. The results for the different ethnic groups
(Inuit and European men) could be caused by a different
composition of serum POPs. Based on these data, it
appears that the concentrations of two selected POPs
proxy markers cannot adequately predict the integrated
xenohormone serum activity and that the variation
in serum xenobioactivity across the four study groups
reflected differences in the mixture profile of the POPs
exposure, genetic factors and/or lifestyle factors.
The antiestrogenic and increased xenoandrogenic
effect of serum found for Inuit men suggests that a net
androgenic effect might result from POPs exposure in
the Arctic. The POPs-related hormone-like activities are
expected to contribute to the assessment of potential
reproductive health risks of POPs.
A recent study in Greenland indicated, in support
of the INUENDO serum xenobioactivity data, that
serum xenobioactivity cannot be predicted from single
POP proxy markers alone. The Greenlandic study was
designed to determine the integrated xenoestrogenic and
xenoandrogenic serum activity as an exposure marker
of POPs, comparing the effect on ER and AR transaction
levels between Inuit from different Greenlandic districts.
The study was also intended to evaluate whether the
activity was associated with POPs serum concentrations
(14 PCBs and 10 organochlorine pesticides were
determined) and/or lifestyle factors. Overall, although
the two xenohormone activities differed between the
Nuuk, Sisimiut (southwest) and Qaanaaq (north) districts
as well as between genders, across the districts the
xenoestrogenic and xenoandrogenic serum transactivities
correlated negatively to the POPs for the combined female
and male data, respectively. Age and/or n-3 : n-6 fatty acid
ratio were correlated with xenohormone activity for both
genders in Nuuk and Sisimiut. Smoking was positively
related to xenohormone activity for all men (combined
data) and for men and women (combined data) (Krüger et
al., 2008b). In summary, the non-steroidal xenohormone
transactivities can be used as an integrated biomarker of
POPs exposure and lifestyle characteristics. The actual
serum POP mixtures antagonized the age-adjusted
sex hormone receptor functions. In addition to age,
comparison of different study populations requires the
inclusion of diet and lifestyle factors. In conclusion, the
data suggest that geographic and sex differences might
be caused by the variation in POPs profiles in the diet in
concert with lifestyle and genetic factors.
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Moreover, as found for the Inuit in the INUENDO
study, a predominant antiestrogenic effect of the serum
POPs fraction was found. The xenoestrogenic data were
negatively associated with POPs for the combined genders
in Nuuk and Sisimiut, as well as for men from Sisimiut
and Qaanaaq. In contrast, Qaanaaq women had positive
associations between xenoestrogenic activity and POPs
levels. As for the Inuit male data in the INUENDO study,
the serum extract of Nuuk and Sisimiut males further
increased an already ligand-activated AR, whereas for
Qaanaaq males and women, a higher percentage of
samples decreased the AR activity (Krüger et al., 2008b).
The xenoandrogenic activities were positively associated
with the POPs for the combined genders in Nuuk but
negatively associated for the combined male data across
all four districts. Again, the serum xenohormone activity
cannot be predicted from single POPs proxy markers
alone. Age, food intake and lifestyle factors all affect
the mixture profile and levels of POPs in each district,
making the integrated xenohormone activity a suitable
exposure effect biomarker of the sum of POPs.
8.4.4.2. AhR-mediated dioxin-like serum activity in
Inuit and Europeans
The INUENDO study (see Box 8.7) found that the
European groups had higher median levels of AhRTEQ (TCDD toxic equivalents) (see Box 8.3) than the
Inuit group (Figure 8.10c) (Long et al., 2006). AhR-TEQ
was not correlated with CB153 or p,p′-DDE for any of
the study groups alone; whereas, for serum + TCDD
coactivated AhR, negative associations with CB153 were
found for the Polish study group. It was concluded that:
(1) the difference between serum dioxin-like activity
in European and Inuit men could not be explained by
CB153 or p,p′-DDE levels alone; (2) the variation of serum
AhR-induced activity reflects different patterns of POP
exposures, genetics and/or life style factors, and (3) the
serum AhR activity measurements can be used as a
biomarker of effect and contribute to risk assessments.
The higher AhR-TEQ level found for the Europeans
(Figure 8.10c) suggests a higher exposure to dioxins
and dioxin-like compounds, probably because of closer
proximity to the pollutant sources than the populations
living in remote areas such as the Greenlandic Arctic
region (Dewailly et al., 1994). In addition, dietary
habits/lifestyle factors and the genetic difference
between Inuit and Caucasians (de Maat et al., 1999)
may also need to be taken into account. Furthermore,
the higher median AhR-TEQ of the serum extract of
samples from Poland and Sweden might be explained
by: (1) the relatively higher level of dioxins and dioxinlike compounds reported to be produced and emitted
to the Polish environment (Grochowalski, 1998; Lassen
et al., 2003); and (2) a relatively higher exposure to
dioxins and/or dioxin-like PCBs in the Swedish study
group (Svensson et al., 1995).
The AhR-TEQ of the combined European study
groups was significantly associated with the CB153
level. However, because CB153 and p,p′-DDE showed no

correlation with the AhR-mediated agonistic response in
the single study groups, these two POPs markers alone
cannot, in all populations, predict the contribution of
POPs and polycyclic aromatic hydrocarbons (PAHs) and
other lipophilic xenobiotic compounds to serum dioxinlike activity. Other more sensitive and specific tentative
markers such as dioxin-like PCBs (e.g., CB118) should be
included in future epidemiology studies. However, it
should be remembered that the AhR-CALUX bioassay
is not a substitute for actual chemical analysis by GCMS techniques; it is a measure of biologically-relevant
response (see Box 8.3). The CALUX bioassay is normally
used as a first tier screening tool followed by chemical
analysis to identify specific response compounds
(Windal et al., 2005).
In a recent study of AhR transcriptional activity in
serum of Inuit across Greenlandic districts, 85% of all
Inuit samples elicited agonistic AhR transactivity in a
district-dependent pattern. The median level of the AhRTCDD equivalent (AhR-TEQ) of the separate genders
was similar in the different districts. For the combined
data the order of the median AhR-TEQ was Tasiilaq >
Nuuk ≥ Sisimiut > Qaanaaq, possibly being related to
the different composition of POPs. Overall, the AhR
transactivity was inversely correlated to the levels of
the sum of POPs, age and/or intake of marine food.
Moreover, the proportion of dioxin-like (DL) compounds
in the POP mixture was observed to be the dominating
factor affecting the level of serum AhR-TEQ even at very
high levels of non DL-PCBs. It was suggested that the
inverse association between the integrated serum AhR
transactivity and sum of POPs might be explained by
the higher level of compounds antagonizing the AhR
function probably due to selective POP bioaccumulation
in the food chain (Long et al., 2007a).
8.4.4.3. Male fertility
8.4.4.3.1. Sperm quality
In a parallel INUENDO sub-study, lower sperm DNA
damage (TUNEL assay) and sperm chromatin integrity,
assessed as DNA Fragmentation Index (DFI%), were
reported in the Inuit study group compared to the
European study groups (Figures 8.10d and Figure
8.10e). No correlations between the two proxy POPs
markers (CB153, p,p′-DDE) and the sperm DNA damage
or the sperm apoptotic markers Fas and Bcl-xL were
observed for the single study groups, whereas, for the
combined European study groups, DNA damage and
Bcl-xL were found to be positively related to CB153
(Stronati et al., 2006). In addition, a strong correlation
was found between DFI% and the serum level of
CB153 for the European study group, but not for Inuit
men displaying the lowest level of DFI% (Spano et al.,
2005). Thus, in comparison to European men, the Inuit
showed a significantly lower xenoestrogenic response
(Figure 8.10a) (Bonefeld-Jorgensen et al., 2006) and
AhR-TEQ (Figure 8.10c) (Long et al., 2006), significantly
less semen DNA damage (Figure 8.10d) (Stronati et al.,
2006) and significantly lower semen DFI% levels (Figure
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8.10e) (Spano et al., 2005), but had a tendency to higher
xenoandrogenic serum activity (Figure 8.10b) (Krüger et
al., 2007). Evaluation of possible associations between
xenohormone action and impact on male fertility factors
such as traditional semen quality markers and specific
markers of DNA damage, seminal apoptosis and
DFI% gave the following results: negative correlations
between xenoestrogenic and AhR-mediated dioxin-like
serum activity and sperm DFI% and DNA damage for
Inuit and positive correlations between xenoandrogenic
and dioxin-like serum activity and sperm chromatin
integrity and DNA damage for the pooled European
data (Long et al., 2007b; Kruger et al., 2008a).
The inverse correlation of xenobiotic-induced
receptor activities to sperm DNA damage in Inuit
suggests that the AhR activity might be involved in
the protection of sperm DNA in concerted action with
genetic and/or diet and lifestyle factors. Furthermore,
the positive association between serum xenobioticinduced receptor activities and sperm DNA damage for
the combined European groups suggests that proximity
to the source and the potential of the bioaccumulated
compounds to exert possible adverse effects on human
sperm cells play an important role.
However, the direct biological consequences of these
associations are difficult to identify because a large
number of other factors, probably related to intrinsic
population differences, also influence the outcome.
Because this study explored for the very first time
the correlation of serum xenobiotic-induced receptor
activity and sperm DNA damage/DFI% and apoptosis in
humans, interpretation of the data is difficult.
There is scientific evidence to show that high
detoxifying activity (generally involving cytochrome
P450 enzymes, some of which are induced by AhR
activation) causes an important increase in reactiveoxygen-species-mediated oxidative stress, which can
cause DNA damage in spermatozoa (Lewis and Aitken,
2005). However, it is known that the Ah gene battery has
the capacity not only to promote oxidative stress but
also to prevent it by increasing levels of oxidative stressdetoxifying enzymes. Thus the total action of AhR and
the Ah gene battery represents a pivotal upstream event
in the apoptosis cascade (Nebert et al., 2000). Previous
studies showed that oxidative stress can inhibit apoptosis
(Lee and Shacter, 1999), but to date no such evidence for
sperm cells has been reported.
The reason and mechanism are not clear at this stage.
Because human spermatozoa contain high levels of
PUFAs, they are particularly susceptible to oxidative
stress. Antioxidants such as vitamin E, vitamin C
and carotenoids can restore a proper prooxidantantioxidant balance and maintain the integrity of sperm
cells. Previous studies showed that Se and vitamin E
supplementation seemed to improve sperm motility
and morphology (Wong et al., 2000). Selenium-deficient
animals have consistently lower sperm production and
sperm quality. In humans, both low and high sperm Se
were reported to have negative influences. However, Se
supplementation was reported to result in improved

AMAP Assessment 2009: Human Health in the Arctic
sperm quality and fertility for the population with low Se
intake (30–40 µg/d) (Hansen and Deguchi, 1996; Beckett
and Arthur, 2005). It must be emphasized that the intake
of Se and n-3 fatty acids, including docosahexaenoic acid
(DHA), was much higher (up to 10 times) for Inuit than
Caucasians (Deutch, 2003a; Hansen et al., 2004). Whether
the higher intake of Se and n-3 fatty acids can contribute
to an explanation of the relatively better sperm quality in
Inuit merits further research.
These statistically significant but relatively weak
associations between xenobiotic serum activity and sperm
DNA damage need to be confirmed in future studies before
strong conclusions can be drawn. Future studies might more
accurately determine possible adverse endocrine-disrupting
effects of the combined xenohormone activity in serum of
adult men in support of the traditional analysis of single or a
few chemical compounds.
Finally, it must be considered that interactions between
AhR, ER and AR (Pocar et al., 2005) may result in other
responses on the receptors in vivo, compared to the ex
vivo tests used in the present study, where the response
on the single receptor was tested. Such interactions may
further complicate interpretation of the associations of
the xenobiotic activities and sperm apoptotic markers.
However, it would be valuable to evaluate the integrated
effects in vivo of the combined responses on the different
receptors.
8.4.4.3.2. Sex organ development
Normal development of male genitalia in mammals
depends on androgen action. Longnecker et al. (2002)
used stored serum samples to examine the relationship
between maternal DDE levels during pregnancy and
adjusted odds of cryptorchidism (n = 219), hypospadias (n
= 199), and polythelia (extra nipples) (n = 167) among male
offspring, using a nested case-control design with one
control group (n = 552). Subjects were selected from twelve
urban centers of a U.S. birth cohort study beginning in
1959–1966, when DDE levels were much higher than at
present. Compared with boys whose mother’s recoveryadjusted serum DDE level was less than 21.4 µg/L,
boys with maternal levels greater than or equal to 85.6
µg/L had adjusted odds ratios of 1.3 (95% CI: 0.7–2.4) for
cryptorchidism, 1.2 (95% CI: 0.6–2.4) for hypospadias, and
1.9 (95% CI: 0.9–4.0) for polythelia. For cryptorchidism
and polythelia, the results were consistent with a modestto-moderate association, but in no instance was the
estimate very precise. In this cohort, DDE concentrations
in umbilical cord serum were much higher than in
contemporary Arctic blood concentrations.
A study by Vaktskjold et al. (2006) investigated whether
pregnant women employed in nickel-exposed work
areas are at elevated risk of delivering a newborn with a
genital malformation. In this register-based cohort study,
data about pregnancy outcome and occupation were
obtained using the Kola Birth Registry. The odds ratio
for nickel-exposed women delivering a newborn with a
genital malformation was 0.81 (95% CI: 0.52–1.26), and that
for an undescended testicle was 0.76 (95% CI: 0.40–1.47).
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In this study no negative effect of maternal exposure to
water-soluble nickel was found on the risk of delivering a
newborn with malformations of the genital organs.
8.4.4.3.3. Sex ratio
Results from the INUENDO study (see Box 8.7) showed
that when sperm Y:X chromosome distribution was
assessed, Swedish and Greenlandic men had on average
significantly higher proportions of Y sperm (in both
cohorts, 51.2%) and correspondingly higher lipidadjusted concentrations of CB153 (260 ng/g and 350 ng/g,
respectively) compared with men from Poland (50.3%
and 22 ng/g) and the Ukraine (50.7% and 54 ng/g) (Tiido et
al., 2006). This study indicates that POP exposure might
be involved in changing the proportion of ejaculated
Y-bearing spermatozoa in human populations. Intercountry differences, with different exposure situations
and doses, may contribute to varying Y:X chromosome
ratios. However, the higher proportion of Y sperm did
not support the observed increase in the female:male
ratio reported previously.
Analyses of the new Russian Arctic mother–child
database of 346 pairs showed some associations between
total PCBs in maternal blood and newborn sex ratios
(Dudarev, 2006). The average blood levels of grouped
PCB congeners were higher among mothers of girls,
compared to mothers of boys, but these differences
were not statistically significant. Analysis of dose-effect
relationships suggests some increase of boy:girl ratios
(1.37 to 1.87) with increasing PCB levels in three initial
dose ranges for total PCBs, CB28 and CB101; the group
of dioxin-like congeners and CB170 and CB187. In the
fourth dose range, the ratio decreased. The dependence
follows a parabolic pattern; initially, the numbers of
newborn boys exceed the numbers of girls and then (in
the highest range of PCB levels in maternal blood) the
numbers of newborn girls became close to the numbers
of newborn boys (ratios descend to 1). There were no
associations between maternal blood levels of DDTs,
other organochlorines and metals and boy:girl ratios of
newborns or menstrual status of mothers. New studies
point to some similar associations (Hertz-Picciotto
et al., 2008), but conclusive evidence of a cause-effect
relationship is still lacking.
The male hypothalmo-pituitary-gonadal axis was
also assessed in Greenland through the INUENDO
study and a positive association between CB153
exposure and leutinizing hormone was reported.
Gonadotropin levels and sex hormone binding globulin
(SHBG) seemed to be affected by POPs exposure, but
the pattern of endocrine response shows considerable
geographic variation (Giwercman et al., 2006).
Epididymal and accessory sex gland function was
also measured within the INUENDO study (Elzanaty
et al., 2006). Negative associations with the activity
of neutral-alpha glucosidase (NAG), a marker of
epidydimal function, were found among Greenlandic
men. The negative effects of POPs on sperm motility,
observed in the same study population might partly
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be caused by post-testicular mechanisms, involving a
decreased epididymal function as has been reported
in other studies. Also, a sperm chromatin structure
assay (SCSA) was used to assess sperm DNA/chromatin
integrity. A strong and monotonically increasing DNA
fragmentation index with increasing serum levels of
CB153 was found among European but not Inuit men,
reaching a 60% higher average level in the highest
exposure group. No significant associations were found
with DDE serum concentrations. The results of this
study raise the question of the importance of genetic
background and dietary habits in the modulation of such
effects. Sperm DNA fragmentation was also evaluated in
these study groups using a TUNEL assay. Again, Inuit
showed significantly lower levels of sperm DNA damage
than European men. However, no correlations between
either sperm DNA fragmentation or apoptotic sperm
parameters and variations in POPs exposure were
observed across the study groups or for the separate
study groups (Spano et al., 2005; Stronati et al., 2006) (see
also section 8.4.4.3.1).
Time-to-pregnancy (TTP) and fecundity were also
studied in the INUENDO population groups in relation
to POPs. Greenlandic Inuit with high levels of both of the
two POPs proxy markers, CB153 and DDE were included
in this study. Swedish fishermen and their wives had
high blood levels of CB153 but low levels of blood DDE.
Couples from Kharkiv in the Ukraine were high in
DDE and low in CB153 while participants from Warsaw
(Poland) were low in CB153 and had intermediate
DDE levels. Among the pregnant women and their
partners (1505 women and 778 men) there seemed to
be an association between serum concentrations of the
POPs proxy markers and prolonged TTP among couples
from Greenland only (Axmon et al. 2006). Based upon
TTP interviews obtained from 2269 women and semen
samples from 798 men, fecundity was lower among
couples from the Ukraine (adjusted fecundability ratio
[FR] 0.64 [95% CI: 0.5–0.8]) and elevated in Swedish
fishermen families (FR 1.26 [95% CI: 1.0–1.6]) compared
to the Polish couples. Adjusted geometric means of
sperm counts and morphology did not differ between
regions while sperm motility was higher in Polish men,
although a tendency to a positive correlation between
sperm motility and serum CB153 concentration was
observed (Toft et al. 2005).
Although the data suggest that dietary POPs
exposure might affect couple fertility it has not
been established whether the risk is associated with
CB153 or p, p’-DDE or whether there is an interaction
between the two compounds because of the high
intercorrelation between the two biomarkers.
Moreover, regional differences in TTP and sperm
motility may be related to regional differences in the
profile of POPs mixtures in blood, differences in diet
and lifestyle factors, and genetic background as well
as to differences in the prevalence of contraceptive
failures which can bias comparisons of TTP. Further
study is needed to establish fertility rates for couples
in relation to POPs body burden.
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8.4.4.4. Summary and concluding comments
Many POPs, including PCBs, polychlorinated dibenzop-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs) and pesticides can mimic hormone activities.
As potential endocrine disrupters, they are suspected
to be capable of increasing the risk of cancer, birth
defects and reproductive and neuro-immune disorders
(Carpenter et al., 1998; Bonefeld-Jørgensen and Ayotte,
2003; Bonefeld-Jorgensen, 2004). To date, no clear evidence
for adverse endocrine-related human health effects of
POPs has been obtained at the individual or population
level. However, data from studies on wildlife species,
laboratory animals and biomarker effects in vitro have
strengthened the need for further research to address
the potential impacts on human populations.
Results from the INUENDO study did to some
degree support the potential of POPs to act as endocrine
disruptors. However, serum concentrations of CB153
and p,p´-DDE, the two POP proxy markers used in the
study, were not consistently related to either endogenous
or exogenous hormone activity. Nevertheless, several
links between POP exposure and biomarkers of
male reproductive function were identified. First, an
association between high CB153 serum levels and low
sperm counts was detected within a subgroup of men
with short androgen receptor nucleic acid CAG repeat
length. Second, a relationship between increased CB153
serum concentrations and decreased sperm motility
was seen in populations from all four study regions and
indications of reduced NAG activity in seminal plasma
indicate a post-testicular effect. Third, damage of sperm
chromatin integrity was considerably less frequent in
Greenlandic Inuit compared to European groups and
only in the latter was impairment of sperm chromatin
integrity related to POPs. In spite of these effects the
fertility in terms of time taken to conceive was not related
to POPs except in Inuit. A likely explanation for the
latter was not identified. POPs may interfere with male
reproductive function without major impact on fertility.
The data do not provide direct evidence for endocrine
disruption, and other mechanisms should also be
considered (Bonde et al., 2008). In general, no definitive
conclusion can be drawn from these studies. This is in
part because the two POP proxy markers alone cannot
be used for assessing adverse effects of POPs mixtures.
There are also open questions related to the role of genetic
background, lifestyle and/or diet nutrition factors such
as trace elements/antioxidants that may interfere with
the possible adverse health effects of POPs.
However, new and promising techniques which
can evaluate overall xenohormone activity in human
blood are useful screening tools and can identify
blood samples from population studies which warrant
more expensive chemical analysis. The results from
xenobiotics studies clearly indicate that single or a few
POPs proxy markers cannot be used by themselves
for assessment of either bioactivity or possible
adverse effects of POP mixtures. Recent studies in
Greenland showed that the actual serum POP mixtures
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antagonized the age-adjusted sex hormone receptor
functions, and that the non-steroidal xenohormone
serum transactivities can be used as an integrated
biomarker of POP exposure and lifestyle characteristics. Moreover, the data suggested that geographic and
sex differences might be caused by the variation in POPs
profiles in the diet in concert with lifestyle and genetic
factors. Further research is needed to elucidate the
relationships between effect biomarkers such as higher
sperm DNA damage, higher xenoestrogenic and higher
AhR-TEQ and lower xenoandrogenic serum levels as
found in European men compared to Greenlandic Inuit.
Moreover, further research is needed regarding the role
of genetic background, lifestyle and/or diet nutrition
factors, including trace elements and antioxidants such
as Se as factors modifying the possible adverse health
effects of POPs.
For POPs, results from the INUENDO study showed
that when sperm Y:X chromosome distribution was
assessed, Swedish and Greenlandic men having the
highest level of the POP proxy markers also had on
average significantly higher proportions of Y sperm
(see section 8.4.4.3.3). However, the higher proportion of
Y sperm did not support the observed increase in the
female:male ratio reported previously in Seveso, Italy
after a major dioxin contamination event. In general,
no definitive conclusion could be drawn from these
studies. Emerging data from a larger cohort in the
Russian Arctic indicate that increasing maternal PCB
concentrations may be associated with an initial effect
of increasing the ratio of male:female newborns. The
Russian results appear to confirm the trend reported in
the previous AMAP Human Health assessment (AMAP,
2003); however, causality has not been determined and
the increase in the ratio appears to disappear in the
highest concentration group. This finding has also been
reported in other recent research in the continental
United States; however, the detection limit might play a
role. The possible effects of other contaminants have not
been determined. Systematic epidemiological studies,
including all possible confounding factors and other
relevant contaminants, must be performed before any
conclusive statements can be made. Paternal exposure
might be important to consider in further studies.
Preliminary findings from a large Russian Arctic
cohort add evidence to the findings identified earlier
(AMAP, 2004b) that higher levels of maternal blood
serum PCBs might be associated with more frequent
occurrences of low birth weight, premature births,
stillbirths, and menstrual irregularities. These possible
adverse reproductive health effects of POPs and metals
require more detailed evaluation. Detailed analyses
of all available data and systematic epidemiological
studies, which take into account relevant confounding
factors and other contaminants, must be undertaken
before conclusive statements can be made. Other studies
undertaken in Russia identified no negative effect of
maternal exposure to nickel and the risk of delivering a
newborn with malformations of the genital organs.
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8.4.5. Neurodevelopment
There is widespread concern about potentially adverse
health effects of environmental chemicals on children.
Infants exposed in utero and during the early neonatal
period are particularly vulnerable because of their
rapid growth, cell differentiation, immaturity of
metabolic pathways, and development of vital organ
systems, including the central nervous system.
8.4.5.1. Polychlorinated biphenyls
Several prospective longitudinal studies have been
conducted since the 1980s to study the effects of prenatal
exposure to background levels of PCBs and other
organochlorine compounds from environmental sources.
The first generation of studies included the North Carolina
(Rogan et al., 1986), the Michigan (Jacobson and Jacobson,
1993), the Germany (Winneke et al., 1998) and the Oswego
(Stewart et al., 1999) cohorts of fish consumers, and
the Netherlands cohort where exposure was related to
consumption of dairy products (Koopman-Esseboom et
al., 1994a). Comparisons of PCB exposure between these
cohorts have been provided by Longnecker et al. (2003).
Other more contemporary cohort studies of fish
consumers have been conducted in the Faroe Islands
(Grandjean et al., 2001a), Nunavik (Muckle et al., 2001a,b),
West Greenland (Bjerregaard and Hansen, 2000), Germany
(Walkowiak et al., 2001; Winneke et al., 1998) and Hokkaido
(Nakajima et al., 2006). Several other POPs-related studies
have been conducted with general populations from
the United States: the National Collaborative Perinatal
Project (NCPP) (Daniels et al., 2003), The New York City
Children’s Environmental Health Study (Wolff et al., 2007),
and the Child Health and Development Study conducted
in the San Francisco Bay Area (Hertz-Picciotto et al., 2005).
Overall, the Hokkaido, Oswego and North Carolina
studies are the least PCB-exposed cohorts, while the Faroe
Islands is the highest, followed by the German, the NCPP,
the Michigan, the Nunavik and the Netherlands cohorts.
Gestational growth was evaluated in several cohorts.
In Michigan, higher cord plasma PCB concentrations
were associated at birth with lower weight, smaller head
circumference and shorter gestation (Fein et al., 1984;
Jacobson et al., 1990a). In the Netherlands, in utero PCB
exposure was associated with lower birth weight and
growth until three months of age (Patandin et al., 1998).
However, in the two most highly PCB-exposed cohort
studies conducted in the Faroe Islands and West Greenland,
fetal growth and duration of gestation were not related
to prenatal exposure to PCBs (Grandjean et al., 2001a).
However, in the Nunavik cohort where PCB exposure
was similar to that in Michigan and the Netherlands
and two to three times lower than that in Greenland and
the Faroe Islands, cord plasma PCB concentrations were
associated with reduced physical growth at birth and
shorter duration of pregnancy (Muckle et al., 2004).
In most of the general population studies conducted
in the United States, prenatal PCB exposure was not
associated with fetal growth and duration of gestation
(for North Carolina, Gladen et al., 2000, 2003; Rogan et
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al., 1986; for Oswego, Stewart et al., 2000; for the New
York Children’s Environmental Health Study, Wolff et al.,
2007). This result was expected due to their low exposure
levels. In the NCPP cohort, which involved infants born
in the United States between 1959 and 1965 (before PCBs
were banned) and which reported PCB exposure in a
similar range to that observed in the Michigan cohort,
PCB exposure was not related to preterm birth, birth
weight and length of gestation (Longnecker et al., 2005).
However, in a recent re-analysis of a subsample of the
NCPP cohort, maternal levels of ortho-substituted PCBs
were associated with reduced body weight through 17
years of age among girls but not among boys (Lamb et
al., 2006). Another re-analysis of the Child Health and
Development Study conducted in the San Francisco
Bay Area with children born in the years 1964 to
1967 found that prenatal PCB exposure is related to
reduced birth weight and weight-for-gestational age
in boys only (Hertz-Picciotto et al., 2005). Furthermore,
although no PCB effects were noticed in the New York
Children’s Environmental Health Study, prenatal DDE
exposure was related to lower birth weight and head
circumference and interestingly, maternal susceptibility
factors including PON1 contributed to the observed
effects (Wolff et al., 2007).
Nine prospective PCB cohort studies have provided
empirical data on neurobehavioral function during
infancy and childhood. Three studies out of six, those
from North Carolina (Gladen et al., 1988; Rogan and
Gladen, 1991), the Netherlands (Koopman-Esseboom et
al., 1996) and Germany (Walkowiak et al., 2001; Winneke
et al., 1998), suggested effects of prenatal PCB exposure
on general development (mental or psychomotor) during
infancy. Negative effects of PCBs on fine and gross
motor development were not observed in children from
three highly exposed fish-eating cohorts (in Michigan,
Jacobson et al., 1990a; in Nunavik, Despres et al., 2005;
in the Faroe Islands, Grandjean et al., 2001b) but were
reported in the Netherlands where exposure is related to
consumption of dairy products and meat (Vreugdenhil
et al., 2002a).
Six studies used IQ-type tests, and four (the Oswego,
Netherlands, Michigan and German cohorts) reported
a lower IQ score as a function of in utero exposure to
PCBs (Jacobson and Jacobson, 1996; Patandin et al.,
1999; Walkowiak et al., 2001; Vreugdenhil et al., 2002a;
Stewart et al., 2003b). PCB effects on IQ were seen in
specific sub-groups in the Netherlands (those children
not breastfed and born to younger mothers) and German
cohorts (parents with lower verbal IQ scores) suggesting
that perinatal environmental exposure may impact
fetal programming changes which occurred as a result
of prenatal exposures. Poorer vocabulary and verbal
comprehension have been consistently associated with
prenatal PCB exposure in all cohorts that included these
tests in their study protocols (i.e., in Oswego, Stewart
et al., 2003b; the Netherlands, Patandin et al., 1999; in
Michigan, Jacobson and Jacobson, 1996; and in the Faroe
Islands, Grandjean et al., 2001b). Associations between
prenatal PCB exposure and visuo-spatial functions were
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tested in the Michigan, Netherlands, Faroe Islands and
Oswego cohorts but were only found to be significant
in the lowest exposed Oswego cohort (Stewart et al.,
2003b) at three years of age and were not replicated when
children were tested a year and a half later.
Several components of human memory have been
assessed at multiple ages and with different tests in
these PCB cohort studies, which makes comparisons
of study results very difficult. However, it appears that
consistent effects were found on visual recognition
memory tasks during infancy in the Oswego (Darvill et
al., 2000), Nunavik (Jacobson et al., 2008) and Michigan
(Jacobson et al., 1985) cohorts, but not in the highly
exposed German cohort (Winneke et al., 1998). Visual
recognition memory has also been assessed at four
years of age in the Michigan study and negative effects
of prenatal PCB exposure were found, suggesting longlasting effects on this component of cognition (Jacobson
et al., 1992). Episodic long-term memory was not related
to prenatal PCB exposure in the two cohort studies in the
Netherlands and the Faroe Islands that documented this
domain of effects (Grandjean et al., 2001b; Vreugdenhil
et al., 2004). Short-term memory has been assessed in
four different PCB cohorts: North Carolina, Michigan,
Netherlands and Faroe Islands. Results from the
Michigan and the Netherlands cohorts supported a
negative effect of prenatal PCB exposure on short-term
verbal memory but the effects could rather be due to
decreased attention allocation or poorer executive control,
which are also involved during the completion of these
tasks. In fact, consistent negative effects were observed
between studies on attentional function, especially on
speed of information processing. These effects have
been observed in three out of four studies (in Michigan,
Jacobson et al., 1992; Jacobson and Jacobson, 2003; in the
Netherlands, Vreugdenhil et al., 2004; and in the Faroe
Islands, Grandjean et al., 2001b). Furthermore, effects
on executive functions are reported for ‘planning’ on
both cohorts that documented this (in the Netherlands,
Vreugdenhil et al., 2004; and in Michigan, Jacobson and
Jacobson, 1996). Another executive function referred to
as poorer ‘response inhibition’ has been consistently
related to prenatal PCB exposure in both the Michigan
(Jacobson and Jacobson, 2003) and Oswego (Stewart et
al., 2003a, 2005, 2006) cohorts.
Because behavioral impairment may occur
independently from cognitive dysfunction, the effects
of PCBs on behavior were specifically examined in four
studies conducted in different locations by different
authors. In the Michigan study, perinatal exposure to
PCBs was related to decreased ‘activity’ in children at
four years of age (Jacobson et al., 1990a) and to higher
‘impulsivity’ but not to ‘activity’ in 11 year-old children
(Jacobson and Jacobsen, 2003). The association with
lower activity at birth was corroborated in the North
Carolina cohort (Rogan et al., 1986). The Netherlands
study was the only one to assess ‘play behavior’ at school
age; less masculinized play behavior in boys and more
masculinized play behavior in girls were associated with
elevated exposure to PCBs, dioxins, and other related
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organochlorine compounds (Vreugdenhil et al., 2002b).
Finally, in the Oswego study, prenatal PCB exposure was
related to ‘emotional reactivity’ which was assessed by
physiological reaction to stress at birth (Stewart et al.,
2000), to ‘response inhibition’ at four and a half years of
age which is crucial to the ongoing regulation of behavior
(Stewart et al., 2003a), and to ‘impulsivity’ at eight years
of age (Stewart et al., 2005).
A consensual hypothesis to understand the
neurobehavioral effects associated with in utero exposure
to POPs is that these effects are mediated through
the disruption of the thyroid system during brain
development. First, in the Netherlands study involving
418 mother–infant pairs, thyroid hormone levels were in
the normal range, but higher dioxin and PCB-TEQ levels
in human milk were significantly correlated with lower
triiodothyronine (T3) and thyroxine (T4) levels and with
higher levels of thyroid-stimulating hormone (TSH) in
the infants’ plasma at the age of two weeks and three
months. Thyroid hormone level alterations detected in
this study, however, were not directly associated with
neurological dysfunction (Koopman-Esseboom et al.,
1994b). Sandau et al. (2002) examined chlorinated phenolic
compounds in umbilical cord plasma of newborns
in three populations with different PCB exposures,
including an Inuit population. Retinol and thyroid
hormone status (T3, T4, TSH and thyroxin-binding
globulin) were determined in most samples. The authors
found an inverse association (r = -0.47; p = 0.01) between
log-normalized free thyroxine and log-normalized total
phenolic compounds (ΣPCB and hydroxy-PCBs). Total
chlorinated phenolic compounds were also negatively
associated with T3 (r = -0.48, p = 0.03). In 182 singleton term
births from Faroe Islands, maternal serum, hair, milk and
umbilical cord blood were analyzed for contaminants.
Levels of essential fatty acids, Se, and thyroid hormones
were determined in cord blood. Thyroid function was
normal and not associated with PCB exposure in this
cohort (Steuerwald et al., 2000).
In conclusion, study results on human growth and
PCB exposure are contradictory in general population
studies where the exposure does not come from fish or
marine mammal consumption. When data from more
highly exposed cohorts with PCB exposure due to
fish and marine mammal consumption are compared,
study results are also inconsistent but cannot rule out
the hypothesis of growth effects associated with in
utero PCB exposure. Recent results by Wolff et al. (2007)
underlined that individual susceptibility due to the
presence/absence of specific genetic polymorphisms in
studied populations may explain discrepancies between
study results and emphasized that genetic specificity
of studied populations should be taken into account in
future studies.
Results from the PCB studies conducted to date suggest
that prenatal exposure to PCBs is related to a relatively
specific profile of cognitive impairments in children.
Among the cognitive functions assessed, effects have
been most clearly demonstrated on ‘executive functions’
and speed of ‘information processing’; these effects could
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be responsible for the small decreases in IQ observed
in most studies. Verbal abilities and visual recognition
memory are also likely to be impaired. However, no
conclusive effects have been found on visuo-spatial
abilities, episodic memory and sustained attention.
Moreover, PCB effects appear to be independent of
sensory and motor functions. Child behaviors were
not documented in most of the PCB studies cited above
because these effects have been associated with other
toxicants such as alcohol and Pb. Future studies should
evaluate this outcome.
To date, it is not clear whether the mechanism of
action of PCBs on neurobehavioral function is through
the disruption of the endocrine system during prenatal
development. Further empirical work is needed
with thyroid hormone homeostasis being measured
at different prenatal periods and especially at the
first trimester of pregnancy when thyroid hormones
regulate neuronal proliferation, cell migration and
differentiation.
8.4.5.2. Perfluorinated compounds
Epidemiological studies have not revealed a consistent
association between serum perfluorochemical levels
and adverse health effects in humans. Although thyroid
hormone imbalance has been reported in laboratory
animal studies, corresponding findings have not been
consistently reported in humans. Recently, Apelberg et
al. (2007) examined relationships between cord serum
concentrations of PFOS and PFOA and gestational age,
birth weight and measures of birth size, including head
circumference, length and ponderal index (a measure
of body mass at birth) in a population of newborns in
the United States. Although negative associations were
noted between both PFOS and PFOA concentrations and
birth weight, ponderal index and head circumference
after adjusting for potential confounders, it is possible
that other unmeasured factors in this study, such as
diet, may be influencing the observed relationships. A
significantly elevated risk of bladder cancer has been
observed for one group of workers exposed to PFOS,
however, the available epidemiological studies of
workers occupationally exposed to PFOS are considered
inadequate to assess the potential of this substance to
induce cancer in humans.
8.4.5.3. Methylmercury
Growth and developmental effects of prenatal MeHg
exposure have been studied since the 1970s in nine large
birth-cohort and retrospective studies. Neurobehavioral
effects during childhood have been documented.
Three well-designed, prospective, longitudinal studies
have examined the neurodevelopmental effects of
prenatal exposure to MeHg. Sources of exposure were
from fish and pilot whale consumption in the Faroe
Islands (Grandjean et al., 1992), deep-sea and reef fish
consumption in the Seychelles (Myers et al., 1995b) and
from fish consumption in New Zealand (Kjellstrom et al.,
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1982). Other cohort studies were conducted in Michigan,
Madeira, Brazil, French Guyana, the Philippines,
Greenland, and also in Cree Indians and Inuit from
northern Quebec. MeHg-contaminated fish was also the
main source of exposure in these cohorts.
In the Seychelles study, maternal hair Hg was related
to increased birth weight but this association was only
significant for males (Myers et al., 2000a). In the Faroe
Islands cord blood Hg was not associated with birth
weight (Grandjean et al., 2001a); a doubling of the cord
blood Hg concentration was however associated with
lower bodyweight at 18 months and at 42 months of
age (Grandjean et al., 2003). In the Philippines, where
MeHg exposures were 2-fold higher than those in the
Faroe Islands, prenatal Hg exposure was not associated
with birth weight but was related to smaller head
circumference at birth (Ramirez et al., 2000). Finally, in
Michigan, where maternal hair Hg levels were half those
reported for the Seychelles cohorts, exposure to Hg was
related to an increased incidence of preterm delivery
(<35 weeks) (Xue et al., 2007). In Greenlanders, a negative
association has previously been shown between blood Hg
concentrations and birth weight (Foldspang and Hansen,
1990), but in a reanalysis with a completed dataset, this
result was disproved (Bjerregaard and Hansen, 1996).
In Nunavik, birth weight was not associated with cord
Hg concentrations in the first study conducted between
1993 and 1996 (Lucas et al., 2004) and was confirmed in a
more recent study conducted with the same population
(Muckle et al., 2004).
In the Faroe Islands, several associations have
been observed between hair Hg or cord blood Hg
concentrations and neurobehavioral outcomes such as
decreased neurologic optimality score in newborns,
decreased performance in domains of language, attention
and memory, auditory and visual brain processing in
seven year-olds (Grandjean et al., 1997, 1998; Murata et
al., 1999a,b) which persisted at 14 years of age (Debes et
al., 2006; Murata et al., 2004). Similar neurobehavioral
effects were observed in the New Zealand study at six
to seven years of age (Crump et al., 1998). In contrast,
prenatal Hg exposure in the Seychelles studies was not
related to development during infancy and childhood
although a broad range of neurobehavioral endpoints
including language, memory, motor, perceptual-motor
and behavior were documented from 6 to 108 months of
age (Davidson et al., 1995, 1998, 2000; Axtell et al., 2000;
Myers et al., 1995a,b, 1997, 2000b). The authors of the
Faroe Islands cohort study pointed out the possibility
that MeHg neurotoxicity might be potentiated by
simultaneous PCB exposure in their population, which
had about 3- to 4-fold higher PCB levels than for most
other cohorts (Grandjean et al., 2001b). When the study
results were examined by neurobehavioral domains,
the domains of effect observed in two or three cohorts
were:
• verbal function (in the Seychelles-pilot study, Myers
et al., 1995a; in New Zealand, Crump et al., 1998 and
Kjellstrom et al., 1982; in the Faroe Islands, Debes et
al., 2006 and Grandjean et al., 1997);
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• visuo-motor integration (in the Faroe Islands,
Grandjean et al., 1997; in Brazil, Grandjean et al.,
1999a; in French Guyana, Cordier et al., 2002); and
• verbal memory and attention (in the Faroe Islands,
Debes et al., 2006 and Grandjean et al., 1997; in Brazil,
Grandjean et al., 1999a).
Brainstem auditory evoked potentials have shown
much consistency in finding detrimental effects of
prenatal MeHg exposure (Murata et al., 2007). This
neurophysiological measure of auditory processing
was used in Madeira (Murata et al., 1999b), in the Faroe
Islands at 7 and 14 years (Grandjean et al., 1997; Murata
et al., 2004) and in Greenland (Weihe et al., 2002). Both
the Faroese and the Madeiran studies found a positive
association between MeHg exposure and latencies of
brainstem auditory evoked potentials. Results from the
Greenland cohort somewhat corroborate these findings
despite its lack of statistical power due to the small
sample size. These results are also in accordance with
those obtained in Ecuador with school-age children of
gold miners exposed to elemental Hg vapor and MeHg
in food (Counter, 2003).
Although it appears that the most consistent marker
of prenatal MeHg exposure is delayed auditory
processing assessed from brainstem auditory event
potentials, there are many inconsistencies between
studies, and there is a need for other well-conducted
prospective studies to elucidate the specific growth
and neurobehavioral effects of MeHg. The conflicting
results suggest that differences in maternal diet during
pregnancy may impact on fetal susceptibility to MeHg
exposure and that potential neurobehavioral effects of
MeHg exposure could be found in domains of verbal
function, visuo-motor integration and attention.
8.4.5.4. Lead
Although 10 to 15 μg/dL has long been considered the
lower bound threshold for Pb neurotoxicity in children
(CDC, 2003), recent improvements in study design have
provided empirical evidence that there may be no safe
level of Pb exposure (Finkelstein et al., 1998; Wigg, 2001;
Chiodo et al., 2004). Results from prospective cohort
studies have provided evidence that low-level in utero Pb
exposure can impair infant growth and development.
Cord blood Pb levels below 10 μg/dL have been associated
with decreased birth weight (Dietrich et al., 1989), weight
gain (Sanin et al., 2001) and decreased body mass index
(Odland et al., 1999). A wide range of developmental
effects were observed in several birth cohorts with
prenatal Pb exposure below 10−16 μg/dL either in cord
or maternal blood. Abnormal reflexes, occurrence of
some neurological signs and changes in muscle tonicity
were observed in neonates (Ernhart et al., 1986), delayed
brainstem auditory evoked responses were observed at
birth, during infancy and during childhood (Rothenberg
et al., 1994, 2000), and most recently, deficits in visual
function were observed in children seven to ten years of
age (Rothenberg et al., 2002). Furthermore, the effects on
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mental development originally observed in the Boston
and Cincinnati cohorts during the 1980s were recently
corroborated in a Mexican cohort (Hu et al., 2006).
Fewer studies have examined infant and child
behavior in relation to prenatal exposure to Pb.
Only one study (Tang et al., 1999) has focused on
the association between low-level prenatal Pb and
behavioral development during infancy; adverse
effects were observed on sociability at nine months of
age. Studies with preschool and school-aged children
did not report any behavioral effects associated with
prenatal exposure (Padich et al., 1985; Wasserman et
al., 1998). In contrast, effects of postnatal Pb exposure
were documented on various aspects of child behavior,
including activity, attention, anxiety, sleep disturbances,
and conduct disorders (Padich et al., 1985; Hansen et al.,
1989; Sciarillo et al., 1992; Wasserman et al., 1998, 2001;
Chiodo et al., 2004; Davis et al., 2004). However, most of
these studies did not control for prenatal exposure and
for exposure during early infancy.
Recently, results from one cohort study conducted
with preschool aged Inuit children from Nunavik
Arctic Quebec (Canada) indicated that blood lead
levels at five years of age were associated with changes
in neuromotor performance (reaction time, sway
oscillations, alternating arm movements and action
tremor) (Despres et al., 2005). Behavioral effects were also
observed with increased impulsivity and activity during
neuropsychological testing, as rated by child testers
(Fraser et al., 2006). These effects were correlated with
venous blood Pb levels collected at the time of test, not
with newborn cord blood Pb concentrations. However, a
recent analysis of another Nunavik cohort study, this one
with infants being followed-up at 11 months of age, has
shown that cord blood Pb concentrations were related to
observational measures of inattention (Plusquellec et al.,
2007). This association remained significant even after
removing children whose cord blood Pb concentrations
were over 10 μg/dL. These results emphasize that
behavioral effects of low prenatal Pb exposure are likely
to be observed when testing protocols include sensitive
measures of behavior.
8.4.5.5. Nutrient effects on the neurotoxicity of
environmental contaminants
8.4.5.5.1. Selenium
It has been suggested during the last decade that the
neurotoxicity of environmental contaminants found
in marine mammals consumed by some indigenous
people might be partially or totally attenuated by some
nutrients and antioxidants found in this same seafood
but this hypothesis has not been adequately tested
empirically in humans.
In order to address this hypothesis in a Nunavik
preschool cohort, Saint-Amour et al. (2006) included
the interaction factor ‘child blood mercury/child blood
selenium’ in the multivariate analysis. This interaction
variable was not associated with latencies and amplitudes
of visual evoked potentials. In contrast, high intake of Se
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during childhood had a negative impact on the visual
system instead of being beneficial or protective against
Hg neurotoxicity. Although such associations with Se
were unexpected, it is known that very high intake of
essential elements for brain development may turn out
to have adverse effects, as was recently demonstrated
for vitamin E (Miller et al., 2005). Se toxicity has been
documented in adults (Yang and Xia, 1995; Hansen et al.,
2004), but there is a lack of reliable scientific information
regarding toxicity thresholds for infants and children.
The Food and Nutrition Board of the National Research
Council (USA) recommends a ‘Tolerable Upper Intake
Level’ of Se of 150 µg/d for children four to eight
years old, which corresponds to an average blood
concentration of 2.76 µmol/L (National Academy of
Sciences, 2000). The average blood Se concentration
observed in Nunavik was on average twice that limit,
i.e., 5.6 µmol/L. Moreover, almost 20% of children tested
had blood Se concentrations exceeding the maximum
safe level recommended for adults (i.e., between 8
and 10 µmol/L). It is therefore likely that the visual
evoked potentials protocol was sensitive enough in the
Nunavik cohort to reveal sub-clinical effects of high Se
intake, but more research is needed to address the issue
of the threshold for Se toxicity in pediatric populations.
The results also provide some support that nutritional
factors may account for differences between the two
major Hg studies; the Seychelles Child Development
study and the Faroe Island study.
8.4.5.5.2. Polyunsaturated fatty acids
There is a growing body of research data indicating
that imbalances or deficiencies of certain PUFAs of the
n-3 and n-6 series may contribute to shorter duration of
pregnancy and a wide range of childhood difficulties
including ‘attention deficit/hyperactivity disorder’
(ADHD) or related symptoms, disruptive behaviors, and
learning difficulties (Richardson, 2003, 2006; Hibbeln
et al., 2006). Two PUFAs, arachidonic acid (AA) and
docosahexaenoic acid (DHA), play a major structural
role in the brain and the visual system, making up
20% of the dry weight of the brain and more than 30%
of the retina (Helland et al., 2001; Innis, 2004). Two
other PUFAs, dihomogamma-linolenic acid (DGLA)
and eicosapentaenoic acid (EPA) play a more minor
structural role but are also crucial for normal brain
function (Marszalek and Lodish, 2005). These PUFAs
are synthesized from essential fatty acids (EFAs) via
processes of desaturation and elongation (Richardson,
2003). EFAs from the n-6 and n-3 series are linoleic
acid (LA) and alpha-linolenic acid (ALA), respectively.
PUFA and its precursor EFAs cannot be synthesized de
novo by mammals; they must be ingested from dietary
sources and transported to the brain (Marszalek et al.,
2005). Furthermore, DHA synthesis from dietary ALA
is limited in humans (Gerster, 1998; Pawlosky et al.,
2001; Burdge and Calder, 2005), therefore, preformed
DHA and EPA should be obtained directly from the
diet (Gerster, 1998; Burdge and Calder, 2005; McNamara

and Carlson, 2006). In modern diets, vegetable oils, nuts,
seeds and grains are the main sources of LA intake,
while green leafy vegetables, seaweed, some nuts and
seeds, such as flax and walnut, are the dietary sources
of ALA. Consumption of meat and dairy products
provides additional PUFAs (DGLA and AA) from the
n-6 series, while fish and seafood are dietary sources of
PUFAs (EPA and DHA) from the n-3 series (Richardson,
2003; McNamara and Carlson, 2006). Prenatal PUFAs
are thus of interest in circumpolar populations because
their source is, as for environmental contaminants,
mainly through fish and seafood consumption and they
may act as protective factors against the neurotoxicity of
environmental contaminants.
In the Faroe Islands, despite MeHg exposure,
increased weight and length at birth was related to
higher frequency of seafood meals consumed during
pregnancy (Olsen et al., 1992). In contrast, the ratio of
plasma n-3 : n-6 as a marker of high dietary intake of
local marine mammals was not related to birth weight
in Greenlandic newborns (Deutch et al., 2006). In the
cord blood monitoring program conducted in Nunavik
from 1993 to 1996, n-3 PUFAs were associated with
increased duration of gestation and birth weight (Lucas
et al., 2004). A recent cohort of Seychelles children has
been established to help document whether nutrients
(e.g., DHA, iodine, iron) derived from fish can explain
the absence of association between in utero exposure
to MeHg and neurobehavioral development (Clarkson
and Strain, 2003) but results are not yet available. In
Nunavik, higher cord plasma DHA concentration was
associated with longer gestation, better visual acuity
and recognition memory at six months, and better
Bayley Scale mental and psychomotor performance at
11 months (Jacobson et al., 2008). In contrast, DHA from
breast-feeding was not related to any indicator of these
parameters. In preschool-aged children from Nunavik,
n-3 PUFA concentrations on the day of child testing were
related to faster processing of information in the visual
system (Saint-Amour et al., 2006). In contrast, in this
study, no significant interactions between nutrients and
contaminants were found, which did not support the
hypothesis that these nutrients could afford protection
against environmental neurotoxicants. The results with
Se and PUFAs highlighted the importance of taking into
account nutrients that may co-occur with environmental
contaminants when attempting to study the complex
associations between pollutants and human growth
and development in fish-eating populations.
8.4.5.6. Summary and concluding comments
New findings from several cohort studies examining
fish consumers have been reported recently; some have
taken place in the Arctic (Greenland, Nunavik, Faroe
Islands). Other cohort studies in the United States have
looked at relationships between health and POPs.
Although there have been associations found in
individual cohort studies between fish consumption
or POPs exposure and head circumference, birth
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weight, duration of pregnancy and infant growth, the
relationships observed differ between studies. It is clear
that different contaminant levels, different mixtures of
chemicals, diet, maternal susceptibility factors and other
confounding factors play a significant role in changing
the associations found from one study to the next. It is
also clear that exposure to POPs and Hg can adversely
affect prenatal and postnatal development in human
populations.
Results from the PCB studies conducted in the Faroe
Islands and Nunavik to date suggest that prenatal
exposure to PCBs is related to a relatively specific
profile of cognitive impairments in children. Among
the cognitive functions assessed, effects have been
most clearly demonstrated on executive functions and
speed of information processing and those effects can
be responsible for the small decreases in IQ observed
in most studies. Verbal abilities and visual recognition
memory are also likely to be impaired.
Perfluorochemicals are known to be present in
human tissues in the Arctic and have been increasing
over the past 15 years in several areas where monitoring
has taken place. They are expected to adversely affect
human health, although epidemiology evidence is
weak. Negative associations between both PFOS and
PFOA concentrations and birth weight, ponderal index
and head circumference could also be related to other
co-contaminants and unmeasured factors. The risk
posed by PFOS exposure for cancer is still uncertain.
More careful animal and human studies are urgently
needed to assess the full implications of this ubiquitous
environmental pollutant for the health of Arctic
populations.
For Hg exposure, potential neurobehavioral effects
have been found in the Faroe Islands in the domains of
verbal function, visuo-motor integration and attention.
However, the most consistent marker of prenatal MeHg
exposure is delayed auditory processing assessed
from brainstem auditory event potentials. Because of
the inconsistencies between studies, there is a need
for additional well-conducted prospective studies to
elucidate the specific growth and neurobehavioral
effects of MeHg and to assess the impacts of differences
in maternal diet during pregnancy on susceptibility to
MeHg exposure.
Lead is well known to adversely affect
neurodevelopment and behavior in children. Until
recently, studies of behavioral effects of Pb in children
have only confirmed effects from postnatal exposure,
not from prenatal exposure. New studies with
children from Nunavik have shown that cord blood Pb
concentrations were related to observational measures
of inattention (Plusquellec et al., 2007) even at cord
blood Pb concentrations below 10 μg/dL. These new
data indicate that behavioral effects of low prenatal
Pb exposure are likely to be observed when testing
protocols include sensitive measures of behavior.
Some nutrients and antioxidants found in seafood are
thought to be capable of attenuating the effects of some
environmental pollutants, especially Hg; however, the
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hypothesis has not been adequately tested in humans.
Very high intakes of Se, a well-studied antioxidant,
may actually have had a negative impact on the visual
system in Nunavik children instead of being beneficial
or protective against Hg neurotoxicity; very high level
intakes of Se have also been shown to have adverse
effects in adults. There remains a lack of reliable
scientific information regarding toxicity thresholds for
infants and children. Even though average levels of Se
in children in a recent Nunavik study were twice the
‘Tolerable Upper Intake Level’ set for children in the
United States, no adverse effects were seen in children
in the visual system tested (Saint-Amour et al., 2006).
Imbalances or deficiencies of certain PUFAs of the
n-3 and n-6 series are also thought to contribute to
shorter duration of pregnancy and a wide range of
childhood difficulties including ADHD or related
symptoms, disruptive behaviors, and learning
difficulties (Richardson, 2003, 2006; Hibbeln et al.,
2006): however, study results between cohorts are
not entirely consistent. Recently, Muckle et al. (2004)
demonstrated significant beneficial effects of n-3 fatty
acid on growth and duration of gestation in Nunavik
newborns. A recent cohort of Seychelles children has
been established to help document whether nutrients
(e.g., DHA, iodine, iron) derived from fish can explain
the absence of association between in utero exposure to
MeHg and neurobehavioral development (Clarkson and
Strain, 2003) but results are not yet available.
The results may provide some support that
nutritional factors including antioxidants and PUFAs
may alter responses to contaminant exposures and
could account for differences in the results found in the
Seychelles Child Development and the Faroe Islands
cohort studies. They also underscore the importance of
nutrient considerations in the design of cohort studies
attempting to study the complex associations between
pollutants and human growth and development in fisheating populations.
8.4.6. Immune system function
In children and young adults accidentally exposed
to large doses of PCBs and PCDFs in Taiwan (‘YuCheng disease’), serum immunoglobulin A (IgA) and
immunoglobulin M (IgM) concentrations as well as
percentages of total T cells, active T cells and suppressor
T cells were decreased compared to values of age- and
sex-matched controls. The investigation of delayedtype hypersensitivity responses further indicated that
cell-mediated immune system dysfunction was more
frequent among patients than controls. Infants born
to Yu-Cheng mothers had more episodes of bronchitis
or pneumonia during their first six months of life than
unexposed infants from the same neighborhoods. The
authors speculated that the increased frequency of
pulmonary diseases could result from a generalized
immune disorder induced by transplacental or breast
milk exposure to dioxin-like compounds, most likely
PCDFs (Rogan et al., 1988). Eight to 14 year-old children
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born to Yu-Cheng mothers were shown to be more prone
to middle-ear diseases than matched controls.
In Dutch preschool children, the effects of perinatal
background exposure to PCBs and dioxins persisted
into childhood and were associated with a greater
susceptibility to infectious diseases. Based on serum
CB153 values, levels of PCB exposure of this cohort from
two Dutch cities were comparable with those found
among northern Québec Inuit. Common infections
acquired early in life may prevent the development
of allergy, so PCB exposure might be associated with
the lower prevalence of allergic diseases found in this
study. It should also be noted that Inuit from northern
Québec have higher levels of CB153 than modern U.S.
populations (1990s) studied, but similar levels to those
reported historically in the United States (1960s and
1970s) and lower levels than seen in the Faroe Islands.
Organic or inorganic Hg has cytotoxic activities for
cellular components of the immune system in several
species of rodents. MeHg, a form of organic Hg, can alter
non-specific defense mechanisms such as inhibition of
natural killer (NK) cell’s activity in rats and mice. It also
decreases the expression of certain activation markers
of T-cells (HLA-Dr, IL-2R). Moreover, it has been well
demonstrated that MeHg can affect the function of
B-cells and therefore reduce the humoral-mediated
response (Daum et al., 1993).
8.4.6.1. Clinical outcomes
In Nunavik, an epidemiological study conducted during
1989 to 1991 investigated whether organochlorine
exposure is associated with the incidence of infectious
diseases and immune dysfunction in Inuit infants
(Dewailly et al., 2000a). The study examined the number
of infectious disease episodes during the first year of life
of 98 breast-fed and 73 bottle-fed infants. Concentrations
of organochlorines were measured in early breast milk
samples and used as surrogates for prenatal exposure
levels. Otitis media (middle ear infection) was the most
frequent disease with 80% of breast-fed and 81% of bottlefed infants experiencing at least one episode during the
first year of life. During the second follow-up period, the
risk of otitis media increased with prenatal exposure to
p,p’-DDE, HCB and dieldrin. The relative risk (RR) for 4to 7-month old infants in the highest tertile of p,p’-DDE
exposure compared to infants in the lowest was 1.87
(95% CI: 1.07–3.26). The lowest tertile had a breast milk
concentration of p,p′-DDE of <730 µg/kg lipid versus >1320
µg/kg lipid in the third or highest tertile. The relative
risk of otitis media over the entire first year of life also
increased with prenatal exposure to p,p’-DDE (RR, 1.52;
95% CI: 1.05–2.22) and HCB (RR, 1.49; 95% CI: 1.10–2.03).
Furthermore, the relative risk of recurrent otitis media
(≥ 3 episodes) increased with prenatal exposure to these
compounds. No clinically relevant differences were
noted between breast-fed and bottle-fed infants with
regard to biomarkers of immune function, and prenatal
organochlorine exposure was not associated with these
biomarkers. In this study, the potential confounders

(n-3 fatty acids, vitamin A and smoking) were not fully
controlled. For this reason, new studies were designed
and initiated to address these issues.
Inuit children from Nunavik have high rates of both
acute otitis media and lower respiratory tract infections.
Such rates were higher than those of other non-indigenous
North American populations previously published.
Admission for lower respiratory tract infections is up to
ten times more frequent in Nunavik Inuit compared to
other Canadian populations (Dallaire et al., 2006b).
Two other epidemiology studies have since been
conducted on the effect of POPs on immune function and
infectious disease incidence. The first was a component
of the Child Cohort Study, in which infectious diseases
were monitored during the first year of life (Dallaire
et al., 2004). Results showed that prenatal exposure to
PCBs and DDE was associated with a higher incidence
rate of acute infections during the first six months of
life. Infants in the highest quartiles of PCBs and DDE
exposure had statistically significantly more episodes of
infections than their counterparts in the lowest quartile
of exposure, although the associations at lower quartiles
of exposure were not always statistically significant
because of limited statistical power. Infant infections
were mostly observed during the first six months of
life; the association was much weaker when infections
during the first 12 months of life were considered. This
study supported the hypothesis that the high incidence
of infections observed in Inuit children (mostly
respiratory infections) is due in part to high prenatal
exposure to POPs (Dallaire et al., 2004, 2006a,b).
The second follow-up study was a review of all the
medical files for 350 preschool children who participated
in the Nunavik umbilical cord blood monitoring
program in 1993 to 1996 (Dallaire et al., 2006a). Results
showed that during the first five years of life, children
in the highest quartiles of PCB prenatal exposure had
a significantly higher incidence rate of outpatient visits
for otitis media and lower respiratory tract infections,
but not for upper respiratory tract infections. The
association between PCB exposure and otitis media
adopted a clear dose-response pattern. The study
confirms the associations previously observed in the
same population. Furthermore, it shows that the relation
between PCB (as a marker of organochlorine exposure)
and respiratory infection seems to persist past the first
months of life.
Other factors such as vitamin A and n-3 fatty acids
can also modulate immune function and vitamin A
has been found to be deficient in some Canadian Inuit
populations (Blanchet et al., 2000). Neonatal vitamin
A deficiency has also been found to have an impact
on acute respiratory infections among preschool Inuit
children from Nunavik (see section 8.4.6.3.2).
8.4.6.2. Immunization
Antibody response to vaccination is an intermediate
marker of the competence of the adaptive immunity to
infections. Vaccination programs include essentially
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In the course of the 1989–1991 Inuit cohort study
conducted in Nunavik, biomarkers of immune system
function (lymphocyte subsets, plasma immunoglobulins)
were determined in venous blood samples collected from
breast-fed and bottle-fed infants at 3, 7 and 12 months of
age. Results showed that at age 3 months, concentrations
of white blood cells (lymphocytes, more specifically those
of the CD4 subtype), were lower (p < 0.05) in blood samples
from breast-fed babies than in the bottle-fed group. At 7
and 12 months of age, IgA concentrations were lower (p <
0.05) in breast-fed infants than in bottle-fed infants. This
also appeared to be the case for CD4:CD8 ratios, although
differences were not statistically significant. None of the
immunological parameters was associated with prenatal
organochlorine exposure (Dewailly et al., 2000a).

associated with vitamin A deficiency in many crosssectional clinical and population-based studies. Otitis
media was among the first infections to be associated
with vitamin A deficiency in humans.
Vitamin A clinical deficiency has never been
documented in Canadian Arctic populations. However,
many studies have documented inadequate intakes of
vitamin A (Receveur et al., 1998). A more recent report
suggested that the daily vitamin A intake in Nunavik
falls below the recommended intake (Blanchet et al.,
2000). Furthermore, POPs such as organochlorines have
been shown to alter vitamin A homeostasis in many
species, including primates. It is important, therefore, to
gain a better understanding of the relationships between
vitamin A, organochlorine levels, and infectious disease
incidence in Arctic populations.
In a recent pilot study, plasma concentrations of
retinol were measured in cord blood samples to assess
the vitamin A status of 135 Inuit newborns from Arctic
Québec and 22 newborns from the general population
of southern Québec. Mean retinol concentrations were
14.8 µg/dL and 24.3 µg/dL, respectively. Vitamin A
levels of over 20 µg/dL have been considered as normal
vitamin A status, those between 10 and 20 µg/dL as low,
and those below 10 µg/dL as deficient. The difficulty of
using vitamin A as an effect biomarker of PCB exposure
is related to the variability of vitamin A intake among
individuals and non-systematic supplementation
programs in pregnant women.
Vitamin A status was also associated with incidence of
infectious events. Vitamin A concentration in umbilical
cord blood was associated with incidence and severity
of respiratory infections in preschool Inuit children from
Nunavik, Québec. The medical charts of 305 children
were reviewed from 0 to 5 years of age. The association
between vitamin A concentration in umbilical cord
plasma and the incidence rates of acute otitis media
(AOM), lower respiratory tract infections (LRTIs) and
hospitalization rates for LRTIs was evaluated. Compared
to children with vitamin A concentrations of 20 µg/dL
or over, adjusted rate ratios for children below 20 µg/
dL were 1.06–1.62 for AOM, 1.12–1.34 for LRTIs, and
1.09–1.43 for hospitalization for LRTIs. Most adjusted
rate ratios were statistically significant for AOM and
LRTIs, but not for hospitalization for LRTIs. It was
concluded that neonatal vitamin A deficiency appeared
to be a significant risk factor for AOM and LRTIs in this
population (Cameron et al., 2008).

8.4.6.3.2. Vitamin A status

8.4.6.4. Summary and concluding comments

Vitamin A influences the expression of over 300 genes
and thus plays a major role in cellular differentiation,
including that of cells related to immune response.
Results from different animal and human studies vary;
however, almost all studies revealed that lymphopoiesis
and/or maturation of lymphocytes are altered (generally
reduced) with vitamin A deficiency. Vitamin A deficiency
could increase the frequency, severity, and duration
of infections. Lower respiratory tract disease has been

Effects of POPs on the immune systems of laboratory
animals and humans have been addressed in previous
AMAP assessments (AMAP, 1998). Several recent studies
in Arctic Canada confirm and support the relationship
between contaminant exposure and depressed
immunity. Both PCBs and DDE are associated with a
higher incidence rate of acute infections in Inuit children
during the first six months of life. These children also
have high rates of acute otitis media and respiratory tract

three types of products: (1) killed vaccine (influenza,
whole-cell pertussis, inactivated polio); (2) proteinconjugated or protein-based vaccine (Haemophilus
influenza type b, diphtheria, tetanus, acellular pertussis
vaccine, hepatitis B); and (3) attenuated live virus
(measles-mumps-rubella, varicella, BCG). Antibody
response to conjugated Haemophilus influenza type b
(Hib) is of great interest because, prior to immunization,
Hib was the most frequent cause of bacterial meningitis
in Inuit children, which was five to ten times more
frequent than in Caucasian children.
In the Faroe Islands, a study was done to assess whether
prenatal and postnatal exposure to PCBs impacted
upon antibody response to childhood immunizations.
Following routine childhood vaccinations against
tetanus and diphtheria, 119 children were examined
at 18 months and 129 children at age 7 years and their
serum samples were analyzed for tetanus and diphtheria
toxoid antibodies and for PCBs. The antibody response
to diphtheria toxoid decreased at age 18 months by
24.4% for each doubling of the cumulative PCB exposure
at the time of examination. The diphtheria response
was lower at age 7 years and was not associated with
PCB exposure. However, the tetanus toxoid antibody
response was affected mainly at age 7 years, decreasing
by 16.5% for each doubling of prenatal exposure. The
results suggest that perinatal exposure to PCBs may
adversely impact on immune responses to childhood
vaccinations (Heilmann et al., 2006).
8.4.6.3. Immune biological markers
8.4.6.3.1. Lymphocyte subsets and immunoglobulins
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infections. Dallaire et al. (2006b) reported that hospital
admissions for ‘lower respiratory tract’ infections
among Inuit from Nunavik are ten times higher than in
other Canadian populations. Follow-up studies by the
same authors confirmed that the relationship between
PCB (as a marker of organochlorine exposure) and lower
respiratory tract infections and otitis media seems to
persist past the first months of life and follows a doseresponse pattern.
Vitamin A and n-3 fatty acids are also known to
be capable of modulating immune function. Several
organochlorines have been shown to alter vitamin
A homeostasis in a number of species and vitamin A
levels among Arctic Inuit are known to be lower than
among non-Arctic populations. New data for preschool
Inuit children from Nunavik indicate that vitamin
A deficiency is a ‘significant risk factor’ for acute
respiratory infections and otitis media among Inuit
children from Nunavik.
Vitamin A appears to be able to affect gene
expression, which in turn affects cellular differentiation
(including immune cell development). Concentrations of
lymphocytes and immunoglobulin A have been found
to be depressed in breast-fed babies when compared
to bottle-fed babies, even though these depressed
levels are not associated with prenatal exposure to
contaminants. Studies of effectiveness of vaccination
programs among Inuit children and children from the
Faroe Islands indicate that perinatal exposure to PCBs
(as a marker of POPs) may adversely affect immune
responses to childhood vaccinations. A more complete
understanding of the overall relationship between
vitamin A, contaminants and infectious disease among
Arctic populations needs to be developed.
Despite the effects of organochlorines on the immune
system, breast-fed babies were healthier overall than
bottle-fed babies. As a consequence, these findings are
not a reason for mothers to curb breast feeding or for
public health officials to withdraw from a policy that
promotes breast feeding of newborns.
8.4.7. Metabolic and cardiovascular effects
The environment interacts with many functions of
the body, including the cardiovascular system. These
interactions are often complex, sometimes indirect and
generally difficult to study. To date, most of the available
information is from epidemiological studies.

(Huang et al., 2006) focused on the relationship between
POPs and hypertension. After control for covariates,
a statistically significant elevation in hypertension
discharge rates was related to living close to a waste
site. The same authors also studied the relationship
between living close to waste sites and the occurrence
of stroke. The results suggest that living near a source
of POPs contamination constituted a risk of exposure
and an increased risk of acquiring cerebrovascular
disease (Sergeev and Carpenter, 2005). Another study
from this group, found that living close to a waste site
was associated with giving birth to a male infant of low
birth weight (Shcherbatykh et al., 2005).
Trichloroethylene (TCE) is a common, persistent
drinking water contaminant. Epidemiological studies
have linked TCE exposure during pregnancy to health
problems in offspring, including cardiac anomalies.
However, a thorough literature analysis revealed that
no single process was clearly affected by TCE, providing
support for the hypothesis that gestational TCE
exposure does not increase the prevalence of coronary
heart disease (Watson et al., 2006).
In an animal study it was shown that CB126 exposure
in female rats resulted in effects on cardiovascular risk
factors, such as serum cholesterol, blood pressure and
heart weight (Lind et al., 2004). No epidemiological
studies have examined this potential association
between cardiovascular disease and CB126 exposure.
8.4.7.2. Toxic metals and cardiovascular disease
Most studies of the relationship between toxic metals
and the risk for clinical cardiovascular disease have
focused on Hg exposure. The first studies reporting a
relation between MeHg exposure and carotid intimamedia thickness were from Finland (Salonen et al.,
2000). Since then, other studies have been published,
offering varying degrees of support. In a follow-up
study the same group suggested that a high content of
Hg in hair may be a risk factor for acute coronary events
and cardiovascular disease and all-cause mortality in
middle-aged eastern Finnish men. Hg may also attenuate
the protective effects of fish on cardiovascular health
(Virtanen et al., 2005b). The U.S. Health Professionals’
Follow-up Study reported only a minimal overall
cardiovascular risk associated with the Hg exposure
levels among participants (Yoshizawa et al., 2002).
8.4.7.3. Oxidative stress

8.4.7.1. POPs and cardiovascular disease
The dioxin 2,3,7,8-tetrachlorodibenzodioxin (TCDD)
is a highly toxic POP that accumulates in animal fat;
the local food web is the main source of exposure in
the human population. The acute effects of TCDD
exposure are well described in the literature but the
long-term consequences have been underevaluated
and may include atherosclerosis, hypertension and
diabetes, all known risk factors for cardiovascular
disease (Pelclova et al., 2006). A recent U.S. study

Studies on Nunavik Inuit suggest that consumption
of marine products, a major source of n-3 PUFAs, is
beneficial to cardiovascular health (Dewailly et al.,
2001a). The authors concluded that the traditional Inuit
diet was probably responsible for the low mortality
rate from ischemic heart disease in this population. In
Greenland, however, in spite of their high consumption
of n-3 PUFAs, the Inuit have a similar prevalence
and mortality of ischemic heart disease as European
populations (Bjerregaard et al., 2003; Jørgensen et al.,
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2008) while their mortality from other cardiovascular
disease (stroke and other heart diseases) is significantly
higher. This could be due to the presence of other active
substances in the marine diet or to lifestyle factors such
as smoking and decreased physical activity, which
counteract the beneficial effect of n-3 PUFAs.
Fish and marine mammals consumed by the Inuit
are highly contaminated by MeHg (Wagemann et al.,
1996) and other potentially prooxidant contaminants
such as PCBs (Dewailly et al., 1993; Muckle et al., 2001a).
Both MeHg (LeBel et al., 1990; Sarafian and Verity, 1991;
Lund et al., 1993; Yee and Choi, 1994) and PCB (Slim et
al., 1999, 2000; Ryu et al., 2003) are documented sources
of oxidative stress. For example, CB153, the main
PCB congener found in Inuit, was reported to induce
concentration-dependent formation of reactive oxygen
species and death of cerebellar granule cells (Mariussen
et al., 2002). The mean concentrations of PCB, MeHg
and Se in Inuit of Salluit, Quebec were respectively
16- to 18-fold, 10- to 14-fold, and 8- to 15-fold higher
than reported for reference Caucasian populations
consuming little fish (Bélanger et al., 2006). The low
risk of cardiovascular disease observed in an Inuit
population highly exposed to MeHg contrasts strongly
with the increased risk of cardiovascular disease and
acute myocardial infarction found to be associated
with Hg exposure in Finnish men (Salonen et al., 1995;
Virtanen et al., 2005b). The potentially deleterious
effects of MeHg on cardiovascular health have been the
focus of vigorous debate (Salonen et al., 2000; Guallar
et al., 2002; Yoshizawa et al., 2002; Seppanen et al., 2004;
Virtanen et al., 2005b), and it would be of particular
interest to find out which factors may account for the
contrasting results obtained in different populations.
In Inuit from Nunavik, no evidence of alterations in
plasma concentrations and redox states of α-tocopherol
(α-TOH) and coenzyme Q10 (CoQ10) associated with
MeHg exposure was found. Oxidative stress was assessed
by measuring the plasma concentrations and redox
states of α-TOH and CoQ10, two sensitive biomarkers of
oxidative stress, in relation to exposure. Ubiquinol-10,
ubiquinone-10 and the ubiquinone-10 : CoQ10total
ratio were elevated compared to ratios calculated for
Caucasian populations but showed no associations
with PCBs, MeHg or n-3 PUFAs. Ubiquinol-10 (β =
0.23, p = 0.007) and CoQ10total (β = 0.27, p = 0.009) were
predicted by blood Se, and α-TOH by PCB (β = 4.12, p
= 0.0002), n-3 PUFAs (β = 9.16, p = 0.02) and OxLDL (β =
3.04, p = 0.05). Unexpectedly, the α-TOH quinine:α-TOH
ratio, in the normal range, was negatively predicted by
PCB (β = -0.41, p = 0.02). Using sensitive biomarkers of
redox alterations, no evidence was found for MeHgor PCB-associated oxidative stress in these Inuit.
However, despite robust blood antioxidant defenses,
the unusually elevated ubiquinone-10 : CoQ10total ratio
(0.21 ± 0.11) suggests some form of oxidative stress of
unknown origin (Bélanger et al., 2006).
Susceptibility to MeHg toxicity is likely to depend on
many environmental factors including diet and possible
genetic factors. The traditional Inuit diet is unusually
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rich in Se (Blanchet et al., 2000), CoQ10 (Bliznakov, 1976)
and vitamin E (Blanchet et al., 2000), all of which might
be beneficial for cardiovascular health. An inverse
relationship between serum Se concentrations and risk
of coronary heart disease or myocardial infarction was
found in Finnish men (Salonen et al., 1982) even though
the Se concentrations in this population were relatively
low. Se is essential to human health (Rayman, 2000),
being a key component of several antioxidant proteins
including selenoprotein and glutathione peroxidase
and thioredoxin reductase enzyme families, which
harbor a critical seleno-cysteine at their active sites.
Blood glutathione peroxidase activity was found to
be elevated in Inuit of Nunavik (Bélanger et al., 2006)
and within the range associated with lower risk of
cardiovascular disease in Caucasians (Blankenberg
et al., 2003). The Inuit also showed favorable lipid
profiles and low levels of oxidized LDL (Bélanger et
al., 2006), a factor implicated in the pathophysiology of
atherogenesis (Stocker and Keaney, 2004).
LDL particle susceptibility to oxidation is likely to
depend on blood and LDL antioxidant status. Circulating
LDL contains two lipid-soluble antioxidants, α-TOH, the
main component of vitamin E, and CoQ10. CoQ10 is
found in two redox forms: the reduced form ubiquinol-10
(CoQ10H2) and the oxidized form ubiquinone-10. In
addition to its classic role as an electron carrier in the
mitochondrial respiratory chain, CoQ10 has gained
much interest as a potential antioxidant in plasma and
lipoproteins (Murthy, 2001). The antioxidant function of
ubiquinol-10 has been related to a chain-breaking radical
quencher in the oxidative cycle and as a regenerator
of α-TOH from its oxidized derivative α-tocopheryl
quinone (α-TQ) (Sunesen et al., 2001). Most attention
has focused on vitamin E because it is the major lipidsoluble antioxidant in LDL. Lipoproteins isolated from
carotid plaques are apparently not grossly deficient in
α-TOH (Niu et al., 1999), and the relative extent of α-TOH
oxidation in human atherosclerotic lesions was found to
be maximal early in the disease where it exceeded lipid
oxidation (Terentis et al., 2002). The major LDL oxidation
product was α-TQ, which only reached ~10% of LDL α-TOH, suggesting that vitamin E did not contribute
much to prevent LDL lipid oxidation in the artery wall
(Terentis et al., 2002). The respective roles of vitamin
E and CoQ10 as potential antioxidants inhibiting LDL
particle oxidation and as antiatherogenic agents remain
controversial (Stocker and Keaney, 2004). The results of
vitamin E supplementation studies in animal models
of atherosclerosis (Suarna et al., 2006) and the outcome
of clinical interventions with α-TOH supplements have
generally been disappointing (Stocker, 1999; Stocker and
Keaney, 2004). In contrast, ubiquinol-10 was reported to
be much more efficient than α-TOH in inhibiting LDL
oxidation (Stocker et al., 1991), suggesting that CoQ10
would be the first line antioxidant defense in LDL
particles. In support, CoQ10 proved to be a much more
efficient antiatherogenic agent than α-TOH in ApoEdeficient mice (Witting et al., 2000; Suarna et al., 2006).
In order to investigate the relationships between Hg,
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Se and oxidative stress, Bélanger et al. (2008) measured
glutathione peroxidase and glutathione reductase
activities in blood samples from 142 residents of Salluit
and Nunavik. Hg was found to be negatively correlated
with glutathione reductase activity, an NADPHdependent enzyme that regenerates glutathione
from glutathione disulfide. In contrast, plasma Se
concentration was positively correlated with glutathione
peroxidase activity, a selenoenzyme that catalyzes
the conversion of hydrogen peroxide to water. Hg
exposure may, therefore, diminish defense mechanisms
against oxidative stress by limiting the availability of
glutathione, while Se may afford protection by favoring
the destruction of hydrogen peroxide.
A biochemical assessment of the oxidative stress
in adult residents of Nunavik is ongoing. The level of
plasmatic LDL oxidation has been measured during the
Qanuippitaa survey as a potential marker of oxidative
stress. Preliminary results indicate that oxidized LDL
was 1.6 times lower (p < 0.0001) in Inuit subjects than in
individuals from a Caucasian population, supporting
the previous observation that n-3 fatty acids and Se
could be strong protective factors for cardiovascular
diseases among Inuit (Bélanger et al., 2003).
8.4.7.4. Mercury exposure and changes in blood
pressure
Intake of Hg with food items from marine mammals and
fish has been suggested to be involved in cardiovascular
disease. In Greenland, Hg was measured in blood
together with 24-h blood pressure (BP) in four groups
of healthy subjects: Group 1, Danes living in Denmark
consuming European food; Group 2, Greenlanders
living in Denmark consuming European food; Group
3, Greenlanders living in Greenland consuming
European food; and Group 4, Greenlanders living in
Greenland consuming mainly traditional Greenlandic
food. Hg in blood was highest in Greenlanders and
increased when they lived in Greenland and consumed
traditional Greenlandic food (Group 1, 2.2 μg/L
(median); Group 2, 4.8 μg/L; Group 3, 10.8 μg/L; and
Group 4, 24.9 μg/L). The 24-h BP was the same in all
three groups of Greenlanders. However, 24-h diastolic
BP was lower among Greenlanders than Danes (71 v 76
mm Hg, p < 0.001) and 24-h pulse pressure was higher
(54 v 50 mm Hg, p < 0.001). Hg in blood was significantly
and positively correlated to pulse pressure (rho = 0.272,
p < 0.01). Pulse pressure was higher and diastolic BP
was lower in Greenlanders than Danes. Pulse pressure
increased with higher Hg content in blood. Although
genetic factors may be responsible to some extent for
the difference in pulse pressure between Greenlanders
and Danes, the present results seem to support the
hypothesis that Hg intake from marine food is involved
in cardiovascular disease (Pedersen et al., 2005).
Blood pressure in childhood is an important
determinant of hypertension risk later in life and MeHg
exposure is a potential environmental risk factor. A
birth cohort of 1000 children from the Faroe Islands
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was examined for prenatal exposure to MeHg, and at
age 7 years blood pressure, heart rate and heart rate
variability were determined (Sorensen et al., 1999). After
adjustment for body weight, diastolic and systolic blood
pressure increased by 13.9 mm Hg (95% CL: 7.4, 20.4)
and 14.6 mm Hg (95% CL: 8.3, 20.8), respectively, when
compared to newborn cord blood Hg concentrations of
10 μg/L compared to a base value of 1 μg/L. Above 10
μg/L, which corresponds to a current exposure limit,
no further increase in blood pressure was seen. Birth
weight acted as a modifier, with the Hg effect being
stronger in children with lower birth weights. In boys,
heart rate variability decreased with increasing Hg
exposures, particularly from 1 to 10 μg/L cord blood, at
which the variability was reduced by 47% (95% CL: 14%,
68%). These findings suggested that prenatal exposure
to MeHg might affect the development of cardiovascular
homeostasis.
In Nunavik, the impact of Hg levels on blood pressure
was recently studied among Inuit adults, taking
into account potential confounding factors. Systolic
blood pressure and diastolic blood pressure were
measured during a clinical visit and pulse pressure
was calculated. Pearson correlation was used to study
simple relations between Hg and blood pressure
parameters while multiple regressions were carried
out to control for confounders. It was found that Hg
was correlated with systolic blood pressure (r = 0.15; p <
0.0001) and pulse pressure (r = 0.17; p < 0.0001) while the
correlation with diastolic blood pressure did not reach
statistical significance. After adjusting for confounders,
the association with systolic blood pressure (β = 2.41; p
= 0.0004) and pulse pressure (β = 1.18; p = 0.02) remained
statistically significant while the association with
diastolic blood pressure became significant (β = 1.01;
p = 0.04). The results of this study suggest a negative
impact of Hg on blood pressure after controlling for
confounding factors (Valera et al., 2008).
Cardiovascular effects associated with low level Hg
exposure may be of greater public health significance
than some other end points such as neurotoxicity.
The low incidence of coronary heart disease in Inuit
proposed to be due to the fatty acid composition of
their diet could be attenuated by high Hg exposure
because recent studies indicate that Hg can have a
negative effect on the cardiovascular system. Although
the mechanism is still uncertain, it is possible that
Hg may inhibit important antioxidative mechanisms
in humans and could promote the peroxidation of
unsaturated fatty acids such as docosahexaenoic acid
(DHA) and decosapentaenoic acid (DPA). Regarding
cardiovascular toxicity at low-level MeHg exposures,
the first Faroe Island cohort showed that blood pressure
tended to increase and heart rate variability tended to
decrease when prenatal Hg exposures increased in the
low-dose range (Sorensen et al., 1999). Alkyl-mercury
poisoning is associated with increased blood pressure
and children with Hg poisoning often have increased
heart rate and blood pressure. Experimental evidence
shows that MeHg toxicity results in hypertension that
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remains many months after cessation of exposure.
Although insufficient for risk assessment purposes,
this evidence suggests that the cardiovascular system
should be considered a potential target for MeHg. When
considering Hg exposure, a slight negative impact on
the cardiovascular system could be of greater public
health relevance than a slight impact on the central
nervous system.

HRV from the time and the frequency domains were
derived from a 2-hour Holter monitoring assessment.
MeHg was weakly associated with low frequency in
simple correlation but these associations became nonsignificant after adjusting for confounders. No impact
of Hg levels on HRV was observed in this population
although HRV was mainly associated with obesity
measured as waist circumference (Valera et al., 2008).

8.4.7.5. Mercury and heart rate variability

8.4.7.6. POPs exposure and metabolic effects in Inuit

Methylmercury is well known for its toxic activity on
the central nervous system but recently, some authors
have suggested that it can also interfere with the normal
functioning of the cardiovascular system (Sorensen et
al., 1999; Guallar et al., 2002; Oka et al., 2002; Grandjean
et al., 2004; Pedersen et al., 2005). Some studies have
reported an association between Hg and myocardial
infarction (Guallar et al., 2002), elevated blood pressure
(Sorensen et al., 1999; Pedersen et al., 2005), and reduced
heart rate variability (HRV) (Sorensen et al., 1999; Oka
et al., 2002; Grandjean et al., 2004). HRV reflects the
balance between the cardiac parasympathetic and
sympathetic activities of the autonomic nervous system
but information concerning the influence of MeHg
on HRV is sparse. Reduced HRV can be a marker for
an increased arrhythmia risk, causing ventricular
fibrillation (and other outcomes) which can lead to
sudden cardiac death (Galinier et al., 2000; Makikallio
et al., 2001; Kruger et al., 2002; La Rovere et al., 2003;
Kataoka et al., 2004). The diminution of HRV has been
also associated with increased cardiac mortality and all
cause mortality (Tsuji et al., 1994, 1996; Seccareccia et
al., 2001).
The effect of MeHg on HRV was first studied in
subjects exposed to MeHg in utero (Sorensen et al.,
1999; Oka et al., 2002; Grandjean et al., 2004). In a cohort
study of 7-year-old children from the Faroe Islands, the
coefficient of variance of the heart rate in boys decreased
by 47% in a range of cord blood concentrations from
1 to 10 µg/L (5–50 nmol/L). This was depicted as an
indication of parasympathetic nervous dysfunction
in children exposed to low doses of MeHg during
the prenatal period (Sorensen et al., 1999). This cohort
was re-examined at 14 years old and a diminution of
the coefficient of variation of heart rate of 2.7% was
detected as well as a diminution in parasympathetic
and sympathetic activity of 6.7% (Grandjean et al.,
2004).
In contrast, Oka et al. (2002) conducted a case-control
study to assess the chronic effect of exposure to high
doses of MeHg on HRV in subjects suffering from the
fetal Minamata disease. Some HRV indices were lower
in fetal Minamata disease patients.
A component of the Nunavik Inuit study (see Box 8.7)
recently assessed the impact of MeHg levels on HRV in
an adult population of Nunavik taking into account the
influence of possible confounding factors such as n-3
fatty acids, age, gender, cholesterol, diabetes, obesity,
smoking and alcohol consumption. Several indices of

Legacy POPs found in the Inuit traditional diet include
organochlorines, such as PCDDs, PCDFs, PCBs and
various chlorinated pesticides or industrial products.
More recently, new POPs have emerged as potential
environmental health threats to Arctic people.
Brominated flame retardants such as PBDEs (de Boer
and Denneman, 1998; Meironyte et al., 1999; Noren and
Meironyte, 2000; Ikonomou et al., 2002) show similar
physico-chemical and toxicological properties to PCBs,
PCDDs and PCDFs (Darnerud et al., 2001; McDonald,
2002; Zhou et al., 2002; Birnbaum and Staskal, 2004; Gill
et al., 2004) and have been measured in human milk
(Pereg et al., 2003) and plasma (Dewailly et al., 2005) of
Nunavik Inuit. Perfluorinated compounds such as PFOS
and PFOA are found in several Arctic wildlife species
(Giesy and Kannan, 2001; Kannan et al., 2001, 2002; Tomy
et al., 2004; Bossi et al., 2005b; Smithwick et al., 2005, 2006)
including some that are part of the Inuit traditional diet
(Tittlemier et al., 2006). They are also found in human
blood from several populations (Kannan et al., 2004),
including Nunavik Inuit (Dewailly et al., 2005; Dallaire
et al., 2009). Unlike brominated flame retardants,
perfluorinated compounds are not structurally similar
to organochlorines, but tend to resemble the structure
of essential PUFAs that are abundant in the Inuit
traditional diet, and have been shown to exert similar
hypolipidemic effects in Nunavik Inuit (Pereg et al.,
submitted). However, despite their structural similarity
to PUFAs, the inability of perfluorinated compounds
to be converted to Acyl-CoA esters and to enter into
intermediary metabolism of lipids suggests different
mechanisms of action that could possibly lead to toxic
effects (Vanden Heuvel et al., 2006). While POPs have
been shown to interact with steroid (De Rosa et al., 1998;
Sonnenschein and Soto, 1998; Soto et al., 1998; Davis
et al., 2005; Turyk et al., 2006) and thyroid hormones
(Koopman-Esseboom et al., 1994b; Langer, 2005), to
affect neurodevelopment and behavior (Jacobson and
Jacobson, 1996, 1997; Jacobson et al., 1985, 1992; Gladen
et al., 1988; Rogan and Gladen, 1991; Huisman et al.,
1995a,b; Koopman-Esseboom et al., 1996; Winneke et al.,
1998; Despres et al., 2005; Saint-Amour et al., 2006) and
to disrupt immune functions (Dewailly et al., 2000a;
Weisglas-Kuperus et al., 2000; Dallaire et al., 2004,
2006a) in many populations including Nunavik Inuit,
the higher risk of developing diabetes has recently
received more attention from the scientific community
and is now emerging as a potential additional
adverse effect related to POPs exposure. Although the
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association between POPs exposure and type II diabetes
has been reported in several populations exposed
through different routes, including the dietary route
(Henriksen et al., 1997; Pesatori et al., 1998; Calvert et
al., 1999; Cranmer et al., 2000; Longnecker et al., 2001,
Longnecker and Daniels, 2001; Steenland et al., 2001;
Remillard and Bunce, 2002; Fierens et al., 2003; Glynn et
al., 2003; Rylander et al., 2005; Vasiliu et al., 2006), it has
not yet been investigated in Arctic populations.
8.4.7.7. POPs and diabetes
‘Metabolic Syndrome’ is a condition associated with
several genetic and environmental determinants
(Zimmet et al., 2001) that represents a growing health
concern because it precedes the onset of type II
diabetes as well as the development and progression of
atherosclerosis and other cardiovascular diseases. It is
mainly characterized by a general resistance of glucose
and lipid metabolism to the action of insulin (termed
insulin resistance), abdominal obesity, dislipidaemia
and hypertension (Zimmet et al., 2005). It is possible that
POPs exposure may be involved in the development
of metabolic syndrome through endocrine disruption
affecting glucose and lipid metabolism (Heindel, 2003;
Grun and Blumberg, 2006; Tabb and Blumberg, 2006)
even if they are not the main determinant of this
condition (genetic background and lifestyle habits may
be important determinants of metabolic syndrome).
There is a growing body of recent literature reporting
that exposure to POPs, especially dioxins, is related to a
greater risk of developing diabetes. Earlier studies first
reported higher incidences of glucose intolerance and/
or type II diabetes associated with dioxin exposure in
the Italian population exposed in the Seveso accident
(Pesatori et al., 1998, 2003; Bertazzi et al., 2001), veterans
exposed during Operation Ranch Hand in Viet Nam
(Henriksen et al., 1997; Cranmer et al., 2000; Longnecker
et al., 2000) and chemical workers exposed in the United
States (Calvert et al., 1999; Steenland et al., 1999).
More recently, similar associations have been reported
in populations environmentally exposed to dioxins
and other POPs elsewhere in the world and even in
populations showing relatively low levels of exposure
(Fierens et al., 2003; Glynn et al., 2003; Lee et al., 2006;
Porta, 2006). Background PCB exposure was also related
to a higher incidence of diabetes in a random sample
of the American population (Lee et al., 2006) and in a
cohort of pregnant women (Longnecker et al., 2001). A
similar association was reported in populations exposed
to PCBs through dietary sources (fish consumers) in
Sweden (Rylander et al., 2005) and in Michigan (Vasiliu
et al., 2006). Further evidence of a causal relationship
between POPs and diabetes comes from the Michigan
study because the diabetes status was related to exposure
levels prevailing before the onset of the disease, so
rendering unlikely the possibility of reverse causation,
i.e., diabetic status affecting circulating levels of POPs
(Vasiliu et al., 2006). This issue needs to be investigated
in POPs-exposed Inuit populations.

8.4.7.7.1. Diabetes in Inuit
Early studies conducted during the 1960s and 1970s
suggested that Inuit had been spared the diabetes
epidemic experienced by many sub-Arctic North
American Indian groups (Scott and Griffith, 1957; Sagild
et al., 1966; Mouratoff et al., 1967; Mouratoff and Scott,
1973; Bjerregaard et al., 1998). However, recent data
from the Alaskan Native Diabetes Registry indicate
that the prevalence among Inuit is rising, although
it is still lower than the rate in the United States. The
lower prevalence of diabetes among Inuit has been
attributed to their higher consumption of PUFA-rich
traditional foods (Adler et al., 1994; Murphy et al., 1995;
Cervenakova et al., 2002). In Inuit from Nunavik the
situation is similar. However, despite the low prevalence
of diabetes, the main conclusions from the 1992 health
survey indicate a relatively high prevalence of major
risk factors for diabetes such as obesity and smoking
(Blanchet et al., 2002). These increased rates coupled
with changes in dietary habit (notably the reduction of
highly nutritional traditional food intake and the rising
consumption of store-bought foods high in refined
carbohydrates, saturated and trans fatty acids) enjoined
researchers to suggest a closer surveillance of diabetes
in individuals aged 45 years and over (Blanchet et al.,
2002). Twelve years later, preliminary results from the
Qanuippitaa survey still show a low prevalence of
diabetes (5%) comparable to the rest of Canada (4.8%)
in people aged 20 and over (Centre de prévention et de
contrôle des maladies chroniques, 2002) but also reveal a
considerable increase in diabetes risk factors, especially
in women (Dewailly et al., 2007c). The prevalence of
diabetes (adjusted for age) is significantly higher in
women (6.6% vs 3.3% in men, p < 0.0001) and 3.4% of
participants exhibited a pre-diabetic state, showing
impaired fasting glucose (glycemia level between 6.1
and 6.9 mmol/L). Hyperinsulinemia under fasting
conditions was detected in 12.7% of participants and its
prevalence was significantly higher in women (15.2%)
than men (10.2%) (p = 0.03). Moreover, most diabetics in
this study were obese (65%) and an additional 23% of
diabetics were overweight. In the Inuit population, the
prevalence of obesity defined by the body mass index
is 19.4% and abdominal obesity is 38.9%. There is a clear
link between type II diabetes and obesity (Zimmet et al.,
2001; Pincock, 2006) and in this study, 70.8% of women
showed abdominal obesity. The high prevalence of
diabetes risk factors now raises health concerns for this
population, especially for women.
Diabetes was believed to be rare in Greenland until
the results from a population survey in 1999–2001
proved the prevalence to be about 25% higher than in
Denmark; 70% of the cases had not been diagnosed
prior to the study (Jørgensen et al., 2002).
Alaska Natives, in common with Canadian and
Greenlandic indigenous peoples, have experienced
profound changes in diet, activity, and lifestyle over
the past 50 years. One of the most striking changes
is the increase in overweight and obesity and the
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accompanying change in prevalence of type II diabetes
mellitus. Among Alaska Natives in 2005, 37% of adults
were overweight (BMI 25–29.9) and 27% were obese
(BMI 30 or more); a total of 64% of adults beyond
the normal weight range (State of Alaska, 2004). The
prevalence of diabetes among 16 000 Yupik residents
receiving care at Alaska Native health care facilities
in 1965 was 0.8–1.6/1000, depending on the diagnostic
criteria (Mouratoff et al., 1967). The prevalence of
diabetes in Alaska Natives rose to 38/1000 age-adjusted
population in 2005 (ANTHC, 2005). Among the different
tribal groups and regions of Alaska, the prevalence
varies considerably with the Yupik population in
southwest Alaska having a prevalence of 22/1000 and
the Tsimpshian population in southeast Alaska having
a prevalence of 96/1000 in 2005 (ANTHC, 2005). The rate
of increase in diabetes prevalence among Alaska Native
groups also varies, with the greatest rate of increase
occurring in the Athabascan Indians of interior Alaska,
at 157% for the period 1990 to 2005 (ANTHC, 2005).
8.4.7.8. Environmental risk factors for osteoporosis
POPs have recently been associated with an increased
risk of osteoporosis in animals (see section 8.3.2.2) and
humans. The relationship between DDE and bone
mineral density was recently examined in 68 sedentary
Australian women who reported adequate dietary
intake of calcium (Beard et al., 2000). Reduced bone
mineral density was correlated significantly with age
(r = -0.36, p = 0.004), as well as with increases in the log
of DDE levels in serum (r = -0.27, p = 0.03). Beard and
co-workers also used multiple-regression analysis to
examine the influence of other predictor variables on
the relationship between log DDE and bone mineral
density. The strongest model (p = 0.002) included log
DDE (p = 0.018), age (p = 0.002) and years on hormone
replacement therapy (p = 0.10) as predictor variables;
this model afforded a prediction of 21% of bone
mineral density variation. These results suggest that
past community exposures to DDT may be associated
with reduced bone mineral density in women. As
a potent androgen receptor antagonist, DDE may
reduce the inhibitory effect on cytokines and cause an
inappropriate turnover of osteoclasts or inadequate
production of osteoblasts within bone marrow leading
to reduced bone density. These are interesting results,
but must not be overinterpreted as this was a small study
and the menopausal status and time since menopause,
two important determinants of osteoporosis, were not
included in the analyses.
A study was conducted in Nuuk, Greenland in 2000
to evaluate the prevalence of risk factors for osteoporosis
fracture and more particularly environmental factors
and their association with bone mass in menopausal
women (Côté et al., 2006). The risk of osteoporosis fracture
was assessed using an ultrasound bone densitometer.
All three ultrasound parameters adjusted for age were
lower in this Inuit population compared with women
from southern Québec. The study found that 19% of the
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Inuit women had a high risk of osteoporosis fracture
compared to 7.2% for the women of southern Québec.
To identify which risk factors were associated with
ultrasound parameters, a multiple linear regression
model involving the stepwise removal of non-significant
independent variables was used. The independent
predictors of bone density were age (p = 0.018), BMI (p
= 0.018), former users of oral contraceptives (p = 0.003),
current hormone replacement therapy users (p = 0.005)
and the sum of log of mono-ortho PCB TEQs (p = 0.004).
These variables accounted for 36% of the variance of
the bone density (R2 = 0.359) (Côté et al., 2006). Monoortho substituted congeners (CBs 105, 118, 156) share
some structural similarities with TCDD and can bind
to the AhR. The consequences of activation of the AhR
pathway on osteoporosis, however, are not clear. One
possible explanation is that dioxin-like compounds
elicit a broad spectrum of anti-estrogenic activities and
may reduce bone density through this mechanism.
In summary, concentrations of CB153, a surrogate of
exposure to most organochlorines present in plasma
samples, were inversely correlated to quantitative
ultrasound parameters in univariate analyses (p < 0.001).
However, CB153 concentrations were not associated
with quantitative ultrasound values in multivariate
analyses that comprised potential confounding factors
such as age, body weight, former oral contraceptive use
and current hormone replacement therapy use, which
were all significant predictors of bone stiffness (total R2
= 0.39; p < 0.001). Overall, little evidence was found that
organochlorines exposure is related to osteoporosis
in Greenlandic Inuit women, but the hypothesis that
exposure to dioxin-like compounds might be linked
to decreased bone quality and osteoporosis deserves
further attention (Côté et al., 2006). Work is ongoing
to assess the role of dioxin-like compounds in this
association.
The 2004 Nunavik Inuit survey included bone
density measurements of 207 peri-menopausal women.
Regression analyses are ongoing to see whether
exposure to dioxin-like compounds (as measured by
the CALUX assay) is a risk factor for osteoporosis as
found among Greenlandic women (Côté et al., 2006).
8.4.7.9. Summary and concluding comments
Contaminants, diet and genetics are likely to be
significant co-factors implicated in cardiovascular
diseases and metabolic disturbances. How they interact
is an emerging area of research.
Recent studies in the Faroe Islands, Greenland
and Nunavik (Canada) all indicate that Hg can affect
circulatory parameters such as pulse pressure, heart
rate and heart rate variability, blood pressure and
hypertension. Prenatal exposures to MeHg may also
affect the development of cardiovascular homeostasis. If
these preliminary findings are confirmed, the estimated
attributable burden of diseases due to contaminant
exposure might increase. Even small relative risks have
a large impact on diseases having high incidence and
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mortality and could affect policy development on safe
levels of exposure.
Both Hg and Se can modulate coronary heart disease
risk and this has been confirmed in several studies of
fish-eating coastal populations such as Inuit living in
Arctic regions. Inuit consume large amounts of fish and
marine mammals and consequently receive large doses
of Hg. Contrary to the situation in eastern Finland
reported by Salonen et al. (2000), the mortality rate
from coronary heart disease in Canadian Inuit is low.
Although, it was reported that n-3 fatty acids are strong
protective factors for cardiovascular diseases among
Inuit (Dewailly et al., 2001a), the protection could also
result from a high intake of Se (Bélanger et al., 2003)
through the consumption of traditional/country food
such as muktuk (beluga and narwhal skin) and marine
mammal liver which are both rich in Se.
MeHg and PCBs are prooxidant contaminants found
in traditional diets. This diet is also an abundant source
of n-3 PUFAs, Se and antioxidants, which might reduce
cardiovascular risk. Although Inuit from Nunavik,
Quebec have low concentrations of plasma oxidized
LDL and elevated glutathione-related antioxidant
defenses, the variance in OxLDL was predicted by PCB
and blood glutathione, leaving the issue of contaminantassociated oxidative stress unresolved.
It is highly likely that oxidative stress is a significant
underlying biochemical mechanism in MeHg
neurotoxicity (Sarafian and Verity, 1991). Hg increases
production of reactive oxygen species via deregulation
of mitochondrial electron transport, as well as through
glutathione depletion (Lund et al., 1993). The oxidative
stress hypothesis is clearly supported by the finding
that MeHg neurotoxicity can be inhibited by various
antioxidants, including Se (Park et al., 1996) and N-acetylL-cysteine, a precursor of GSH (growth stimulating
hormone). New studies in Arctic Canada indicate
that Hg exposure may diminish defense mechanisms
against oxidative stress by limiting the availability
of glutathione, while Se may afford protection by
favoring the destruction of hydrogen peroxide. It will
be important to continue to assess oxidative stress in
adult residents of Nunavik and to further understand
these and other mechanisms of Hg toxicity.
Exposure to POPs may contribute to the development
of metabolic syndrome and diabetes type II among Inuit
and other Arctic indigenous groups. The endocrinedisrupting properties of several contaminants,
especially dioxin-like compounds, can affect glucose
and lipid metabolism which in turn affect onset of
metabolic syndrome. Genetic factors and lifestyle are
also important determinants of metabolic syndrome.
The dramatic increase in the rate of diabetes among
Inuit and Alaskan Natives may be affected by multiple
factors; however, the role played by contaminant
exposure warrants further research.
Contaminant exposure may affect bone density. One
study has reported that past exposure to DDT reduced
bone mineral density in women through an effect on
bone forming and reshaping cells. Inuit women in

Greenland were found to have lower bone density
than a southern Quebec population of non-Inuit. While
there is no strong evidence from human studies that
contaminants cause osteoporosis, the hypothesis that
exposure to dioxin-like compounds might be linked
to decreased bone quality and osteoporosis deserves
further attention. Other studies are underway to explore
this outcome in Arctic populations.
8.4.8. Future studies with human population

cohorts

There are a number of population cohorts in the Arctic
region which have been developed and are under active
study. Others are being planned or are in the recruitment
stage. These cohorts will be used to try to address
emerging questions related to contaminants and health.
8.4.8.1. Alaska, USA
There are three cohorts in place or planned in Alaska:
cohort 1 contains 150 Yupik infants recruited in 1999–2001;
cohort 2 has 200 children recruited in 2004–2006; cohort
3 is being developed in 2008–2009 and will include 200
Yupik infants.
8.4.8.2. Canada
The Nunavik Study of the Université de Laval, Quebec
is a cohort of approximately 300 children up to 10 years
of age from the 14 Nunavik communities. It comprises
three subgroups: 133 children assessed from the
INFANT study in early childhood; 85 children from the
PRESCHOOL study assessed at 5 years of age; and a
group of 89 children from the Cord Blood Monitoring
Program not previously assessed. A comprehensive
protocol has been developed for the Nunavik study.
8.4.8.3. Greenland
The Greenland Child Cohort recruited 403 mothers and
newborn children during 1999–2005. The exposure data
are available while a follow-up is being planned.
The Greenland Adult Cohort is part of the
international Inuit Cohort Study. Recruitment and basic
cross sectional data collection from 2226 Inuit aged 18
years or older from West Greenland was completed
during 2005–2007. Further recruitment from East
Greenland will take place in 2008.
A new Greenlandic cohort is planned for 2008–2009
under the auspices of Centre for Arctic Environmental
Medicine, Aarhus, Denmark.
8.4.8.4. Faroe Islands
In the Faroe Islands several cohort studies are ongoing.
Cohort 1, established in 1986/87, is planned to be reexamined in 2008 and 2009. The clinical examination of
cohort 2, established in 1999/00, was concluded in 2007.
A new birth cohort of 500 is now being recruited.
All persons between 70 and 75 years of age have been
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invited to undergo examination of their central nervous
system and cardiovascular system.
In the field of reproductive health, 500 men in
the second decade of life have been invited to give a
semen and blood sample. All pregnant women and
the biological fathers of the fetus are included in this
TTP study. The maternal parents of the mothers and
fathers in the study will be invited to be interviewed
and lifestyle choices such as tobacco use, alcohol
intake, and diet during pregnancy will be registered.
8.4.8.5. Norway
The University of Tromsø, Institute of Community
Medicine, in cooperation with all delivery departments
in northern Norway is developing a new NorthNorwegian birth cohort, fully financed by the
Norwegian Research Council. Populations are rural,
coastal, urban, and a specific indigenous Sami
population in Finnmark. Approximately 600 children
are now included in the main study and a systematic
clinical follow-up is planned for January 2009.
8.4.8.6. Finland
There is an ongoing cohort study in northern Finland,
started in 1980, giving access to retrospective clinical
information and stored blood samples for contaminant
trends in human materials. A new child cohort of Arctic
Indigenous Peoples of Lapland is at the planning stage,
organized by The University of Oulu.
8.4.8.7. Russia
The North West Public Health Research Center, St.
Petersburg established two cohorts in 2001–2003. Blood
samples were collected and frozen. The samples will
supplement those collected in 2001–2002. Follow-ups
are planned for both cohorts (346 mother–child pairs;
and 360 individuals from the general population, both
genders and different ages) similar to the original PTS
study of the Indigenous Populations of the Russian
Arctic (AMAP, 2004b). Study areas include the three
main regions of the Russian Arctic (Kola, Taymir
and Chukotka Peninsulas). The follow-up study in
Chukotka began in 2007 and continued in 2008. Eighty
individuals from the general population of inland
Kanchalan were invited to give blood samples and to
be interviewed.
8.4.8.8. Summary and concluding comments
Cohort development and evaluation is extensive in
the northern regions of several Arctic countries. Many
new data on child development will come from the
cohort started in Russia, Norway, and Finland, as well
as those ongoing in the Faroe Islands and Nunavik.
For adults, the Finnish cohort and the International
Inuit Cohort Study (Canada–Greenland) will
contribute extensively to knowledge of the impact of
contaminants on chronic diseases.
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8.5.

Conclusions

8.5.1. General health of Arctic populations
• The health status of indigenous people of the Arctic
regions of the United States, Canada, Greenland, and
the Russian Federation is characterized by lower life
expectancy, higher infant mortality, higher rates of
infectious diseases (particularly among children)
and much higher incidences of injuries and suicide
when compared to the non-indigenous populations
of these countries.
• It is very likely that the higher prevalence of tobacco
use, less active lifestyles and consumption of more
calorie-rich and nutrient-poor store-bought foods
among some indigenous populations in the Arctic
have contributed to an increasing burden of chronic
diseases.
• Health intervention strategies and population health
in the Arctic will only improve with better information
and better cooperation between all players. A full
understanding of ethnic-specific health status can
only arise if common health status indicators are
selected and then monitored, reported and analyzed
consistently. This will require that indigenous
peoples’ organizations, tribal governments and
other levels of government in each country work
together and support the establishment and/or active
utilization of indigenous status identifiers for ethnicspecific public health surveillance.
• While contaminants certainly play a role in the
current health status of indigenous populations in
many areas of the Arctic, it is also certain that other
determinants of health are involved, including:
education, economic wellbeing, cultural strength,
community engagement in shaping its present and
future, lifestyle choices, genetic susceptibility, and
availability of public health services.
• Conducting epidemiological studies in the Arctic is
difficult due to a variety of limiting factors: exposure
to complex contaminant mixtures, small population
size, contaminant-nutrient interactions, genetic
factors, confounding factors, and health priorities.
For this reason, epidemiological studies conducted in
other parts of the world on POPs and metals-induced
toxicity should be used as much as possible for risk
assessment. However, different factors may limit the
applicability of findings from these studies for Arctic
populations.
• Indigenous populations in the Arctic are exposed
to mixtures of contaminants and primarily through
food. Investigating the toxicological properties
of environmentally-relevant mixtures of POPs in
laboratory species is essential for determining the
biological plausibility of associations identified in
epidemiology studies between exposure to these
compounds and adverse health effects. It is clear
from studies of chemical mixtures that data derived
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from single chemical experiments cannot be used to
predict the risk resulting from exposure to complex
mixtures of POPs. Interactions between components
of the mixture not only modify the disposition of
individual components but also their dose-response
relationship for various developmental endpoints.
These interactions, coupled with differences in
nutrient levels could explain some of the differences
between the findings of the Faroe Islands and
Seychelle Islands cohort studies.
• New and promising techniques which evaluate
overall xenohormone activity in human blood
are useful screening tools and can identify blood
samples from population studies which warrant
more expensive chemical analysis. The results
from xenobiotics studies clearly indicate that single
or a few POPs proxy markers cannot be used by
themselves for assessment of either bioactivity or
possible adverse effects of POP mixtures on human
populations.
8.5.2. Environmental POPs and health
• Many POPs, including PCBs, PCDDs, PCDFs
and pesticides can mimic hormone activities. As
potential endocrine disrupters, they are suspected
to be capable of increasing the risk of cancer, birth
defects and reproductive and neuro-immune
disorders. To date, no clear evidence for adverse
endocrine-related human health effects of POPs has
been obtained at the individual or population level.
However, data from studies on wildlife species,
laboratory animals and biomarker effects in vitro
have strengthened the need for further research
to address the potential impacts of endocrine
disruptors on human populations.
• Although there have been associations found in
individual cohort studies between fish consumption
or POPs exposure and head circumference, birth
weight, duration of pregnancy and infant growth,
the relationships observed differ between studies.
It is clear that different contaminant levels, different
mixtures of chemicals, diet, maternal susceptibility
factors and other confounding factors play a
significant role in changing the associations found
from one study to the next. It is also clear that
exposure to POPs can adversely affect prenatal and
postnatal development in human populations.
• Results from the PCB studies conducted in the Faroe
Islands and Nunavik to date suggest that prenatal
exposure to PCBs is related to a relatively specific
profile of cognitive impairments in children. Among
the cognitive functions assessed, effects have been
most clearly demonstrated on executive functions
and speed of information processing and those
effects can be responsible for the small decreases in IQ
observed in most studies. Verbal abilities and visual
recognition memory are also likely to be impaired.
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• Several recent studies in Arctic Canada confirm
and support the relationship between contaminant
exposure and depressed immunity. Both PCBs and
DDE are associated with a higher incidence rate of
acute otitis media and respiratory tract infections
in Inuit children during the first six months of life.
Concentrations of lymphocytes and immunoglobulin
A have been found depressed in comparative studies
of breast-fed babies and bottle-fed babies. The
effectiveness of vaccination programs among Inuit
children and children from the Faroe Islands appears
to be compromised by perinatal exposure to PCBs (as
a marker of POPs). New research with piglets supports
these findings and indicates that transplacental POPs
exposure leads to a reduction in antibody response.
• Preliminary findings from a large Russian Arctic
cohort adds evidence to the findings identified earlier
that higher levels of maternal blood serum PCBs
might be associated with more frequent occurrences
of low birth weight, premature births, stillbirths,
and menstrual irregularities. These possible adverse
reproductive health effects of POPs and metals will
require more in-depth evaluation. Detailed analyses
of all available data and systematic epidemiological
studies, which take into account relevant confounders
and other contaminants, must be undertaken before
conclusive statements can be made.
• POPs exposures have been suggested as the reason
for observed alterations in birth sex ratios in animal
populations and occasionally in human studies.
New research results with pigs, which have a
similar reproductive system to humans, indicate
that exposure of sperm to environmentally pertinent
organochlorine mixtures in vitro adversely affects
oocyte development, polyspermy, sperm fertility and
embryonic development. However, a comparison
of existing population studies, one including Arctic
countries, did not reveal any definitive or consistent
relationship between POPs, sperm X:Y ratios or
male:female birth ratios. Emerging data from a larger
cohort in the Russian Arctic indicate that increasing
maternal PCB concentrations may be associated
with an initial effect of increasing the male:female
newborn ratio; however, causality has not been
determined and the increase in the ratio appears
to disappear in the highest concentration group.
The possible effects of other contaminants have
not been determined. Systematic epidemiological
studies, including all possible confounders and
other relevant contaminants, must be performed
before any conclusive statements can be made about
contaminants and sex ratios in Arctic populations.
• A large international study indicated some links
between POP exposure and biomarkers of male
reproductive function. Associations were found
between high CB153 serum levels and low sperm
counts, decreased sperm motility, and damage
to sperm chromatin integrity in some of the sub-
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populations studied. In spite of these effects, fertility
was not related to POPs except in Inuit. Definitive
conclusions cannot be derived from these studies, in
part because the two POPs proxy markers measured
did not represent the biological activity of the entire
POPs mixtures. There are also open questions related
to the role of genetic background, lifestyle and/or diet
nutrition factors such as trace elements/antioxidants
(e.g., Se) that may interfere with the possible adverse
health effects of POPs.
• Exposure to POPs may contribute to the development
of metabolic syndrome. The endocrine-disrupting
properties of several contaminants, especially
dioxin-like compounds, can affect glucose and
lipid metabolism which in turn affect the onset of
metabolic syndrome. Genetic factors and lifestyle are
also important determinants of metabolic syndrome.
The dramatic increase in the rate of diabetes among
Inuit and Alaskan Natives may be affected by multiple
factors; however the role played by contaminants in
obesity, metabolism and diabetes warrants urgent
study.
• Environmental mixtures may also be able to affect
bone density (diminished bone cortical area and
bone mineral content) in male and female rat pups.
These findings may be significant for humans as
indications of a negative association between PCB
plasma levels and quantitative ultrasound bone
parameters have been reported in a group of periand postmenopausal Inuit women from Greenland.
8.5.3. Environmental metals and health
• The growing fetus and newborn children
are especially sensitive to the toxic effects of
environmental Hg and Pb.
• Animal studies indicate that exposure to
environmentally-relevant mixtures of POPs and
metals have significant effects on reproduction.
Exposures led to decreases in maternal weight
gain, weight gain in offspring and increased
mortality rates in pups prior to weaning.
Interactions between MeHg and POPs in mixtures
warrants further study as lower levels of MeHg
administered alone have been found to lead to
more pup mortality than found in mixture studies
containing higher levels of MeHg.
• Potential neurobehavioral effects associated with
MeHg exposure have been found in the Faroe
Islands in the domains of verbal function, visuomotor integration and attention. However, the
most consistent marker of prenatal MeHg exposure
is delayed auditory processing assessed from
brainstem auditory event potentials. Because of the
inconsistencies between studies, there is a need for
additional well-conducted prospective studies to
elucidate the specific growth and neurobehavioral
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effects of MeHg and to assess the impacts of
differences in maternal diet during pregnancy on
susceptibility to MeHg exposure.
• Recent studies in the Faroe Islands, Greenland and
Nunavik all indicate that Hg can affect circulatory
parameters such as pulse pressure, heart rate and
heart rate variability, blood pressure, hypertension
and atherosclerosis. Prenatal exposures to MeHg
may also affect the development of cardiovascular
homeostasis. If these preliminary findings are
confirmed, the estimated attributable burden
of diseases due to contaminant exposure might
increase. Even small relative risks have a large
impact on diseases having high incidence and
mortality and could affect policy development
on safe levels of exposure. Confirmation of these
findings in other studies is needed as the current
findings have potentially significant implications
for Hg intervention policies. In addition, more
research is needed to determine the relationship
between changes in risk of cardiovascular disease
and changes in diet among Arctic indigenous
populations.
• It is highly likely that oxidative stress is a significant
underlying biochemical mechanism in MeHg
neurotoxicity. MeHg neurotoxicity can be inhibited
by various antioxidants, including Se. New studies
in Arctic Canada indicate that Hg exposure may
diminish defense mechanisms against oxidative
stress by limiting the availability of glutathione,
while Se may afford protection by favoring the
destruction of hydrogen peroxide. It will be
important to continue to assess oxidative stress in
adult residents of Nunavik and to further understand
interactions which affect the mechanisms of Hg
toxicity.
• Lead is well known to adversely affect
neurodevelopment and behavior in children. Until
recently, studies of behavioral effects of Pb in
children have only confirmed effects from postnatal
exposure, not from prenatal exposure. New
studies with children from Nunavik have shown
that cord blood Pb concentrations were related to
observational measures of inattention even at cord
blood Pb concentrations below 10 μg/dL. The new
data indicate that behavioral effects of low prenatal
Pb exposure are likely to be observed when testing
protocols include sensitive measures of behavior.
• Some new associations have been reported in
Arctic Russia between spontaneous abortions
and Hg levels in blood. No negative associations
were found between maternal exposure to
nickel and the risk of delivering a newborn with
malformations of the genital organs. Further
study to confirm the associations between Hg
exposure and abortion rates is warranted.
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8.5.4. Nutrients, contaminants and health
• Some nutrients and antioxidants found in seafood
are thought to be capable of attenuating the effects
of some environmental pollutants, especially Hg;
however, the hypothesis has not been adequately
tested in humans. Very high intakes of Se, a wellstudied antioxidant, may actually have had a
negative impact on the visual system in Nunavik
children instead of being beneficial or protective
against Hg neurotoxicity; very high level intakes
of Se have also been shown to have adverse effects
in adults. There remains a lack of reliable scientific
information regarding toxicity thresholds for infants
and children. Further research on the relationships
between nutrients, especially Se, and contaminants
is needed.
• Vitamin A and n-3 fatty acids are known to be
capable of modulating immune function. Several
organochlorine contaminants have been shown to
alter vitamin A homeostasis in a number of species.
Vitamin A levels among Arctic Inuit are known to be
lower than among non-Arctic populations. New data
for preschool Inuit children from Nunavik indicate
that vitamin A deficiency is a ‘significant risk factor’
for acute respiratory infections and otitis media
among Inuit children from Nunavik.
• Imbalances or deficiencies of certain PUFAs of the
n-3 and n-6 series are also thought to contribute to
shorter duration of pregnancy and a wide range of
childhood difficulties including ADHD or related
symptoms, disruptive behaviors, and learning
difficulties; however, study results between cohorts
are not entirely consistent. A recent study has
demonstrated significant beneficial effects of n-3
fatty acids on growth and duration of gestation in
Nunavik newborns.
• Nutritional factors including antioxidants and
PUFAs can alter responses to contaminant
exposures and could account for differences in the
results found in the Seychelles Child Development
and the Faroe Islands cohort studies. A recent
cohort of Seychelles children has been established
to help document whether nutrients (e.g., DHA,
iodine, iron) derived from fish can explain the
absence of association between in utero exposure
to MeHg and neurobehavioral development but

results are not yet available. Nutrient-contaminant
interactions also underscore the importance
of nutrient considerations in the design of
cohort studies attempting to study the complex
associations between pollutants and human growth
and development in fish-eating populations.
• MeHg and PCBs are prooxidant contaminants
found in traditional diets. This diet is also an
abundant source of n-3 PUFAs, Se and antioxidants,
that might reduce cardiovascular risk which has
been found to be low in Canadian Inuit. Low
cardiovascular risk among Canadian Inuit could
also result from a high intake of Se through the
consumption of traditional/country food such as
muktuk and marine mammal liver which are both
rich in Se.
8.5.5. Genetics and health
• Some contaminants (PCB and MeHg) and some
nutrients (vitamin A) are able to directly affect gene
expression. These findings have consequences for
health outcomes and may indicate modes of action
of some of these entities and how they interact. More
research is needed to understand these findings.
• Global hypomethylation of the genome has been
linked to genomic instability and cancer. The
possibility that organochlorines adversely affect the
genome by decreasing global genomic methylation
is intriguing and should be examined in other
circumpolar populations.
8.5.6. Monitoring of contaminants
• There is an urgent need to monitor the occurrence
of emerging contaminants in the food chain such
as brominated flame retardants and perfluoroalkyl
compounds. Although existing data on exposure
in the North do not currently indicate a risk from
exposure to these compounds, the toxicology and
epidemiology data base for these chemicals is weak
and should be strengthened. Focus should be placed
on monitoring levels and evaluating whether these
chemicals can affect growth, developmental and
behavioral outcomes.
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Chapter 9

Risk Communication
Jon Øyvind Odland, Anders Carlsen, Shawn G. Donaldson, Alexey Dudarev, Christopher Furgal, Pál Weihe

Summary
This chapter addresses how research results and the
subsequent public health advice can be effectively
communicated back to communities. It also describes
the types of methodologies used, how advice impacts on
communities and possible changes that could be made
to improve the circumpolar communication strategy.
Human health risk assessment topics are defined, and risk
perception is discussed in general terms. Several national
strategies on risk communication and risk management are
described. There are significant differences in the national
strategies, depending on the severity of contamination and
its influence on food security, especially for indigenous
peoples. It is concluded that the communication of risk
needs to embrace the right-to-know and other fundamental human rights, as well as the precautionary principle.
Regular monitoring of food consumption behavior,
food safety perspectives, and concerns and determinants
of food choice should continue to support the development
and provision of information that aids ‘informed decision
making’ by northern residents. Communication of AMAP
results should be undertaken in a more professional manner
with the help of professional communicators. There is a
need for more comprehensive tools and strategies for the
communication of AMAP results; for the general population
groups, public health purposes and decision makers, and
specifically for the most vulnerable indigenous population
groups. It is important that governmental authorities give
more focus to professional communication strategies and
that AMAP should use national authorities to develop
communication strategies for this issue. The benefits of
traditional food consumption should be communicated
along with the results of technical risk assessments to
support the provision of information to residents in these
regions; to help residents make informed decisions about
food and health has become critical to successful risk
communication processes. Risk communication must be
undertaken with great care and respect toward the receiver
culture. Recommendations should always be based on a
combination of evidence, experience, and common sense.
Pre-testing of messages and an evaluation of risk perception
by the public might be beneficial. It is crucial to involve
the populations affected as well as external stakeholders
(e.g., indigenous organizations) in the communication and
evaluation processes in order to build trust and credibility.
Good cooperation with the media is also very important.
Communication effort should be evaluated
systematically and incorporated into AMAP’s future
monitoring program. Both northern residents and
public health professionals require or request more
information and support to interpret the implications
of such technical risk assessment guidelines, viable
risk optimization strategies, and risk communication

processes and emerging issues in environmental
health and toxicological research.
The most effective and rapid risk management
strategies are those developed locally with the community
that they are designed to assist. Once evaluated for their
effectiveness, they can be used as case studies to assist the
development of risk reduction strategies in other parts of
the Arctic. The key success factors for these strategies will
be based on how and when the people most affected are
engaged in the decision-making process. Any strategies
based on traditional food substitution should ensure that
the value of the dietary components is sustained. Human
contaminant levels are too high, especially in the Arctic,
and there is a need for strongly restricting the use and
emissions of chemicals that are persistent, toxic, and able
to accumulate in food chains. A forum for initiatives on
this topic should be the Stockholm Convention.
9.1. Introduction
This chapter describes and assesses how research
results and the subsequent public health advice can be
communicated back to communities. The methodologies
used, how advice affects communities, and changes
that could be made to improve the circumpolar
communication strategy are also discussed.
Chapter 7 concluded that ‘It is essential that a better
understanding of the health consequences of the
nutritional transition and the nutrient/contaminant
interaction in Arctic populations is achieved, and that this
information is communicated to the Arctic populations
in a correct and understandable way.’ The primary issue
for risk communication with Arctic peoples is their diet,
which provides both essential nutrients and potentially
harmful contaminants (‘The Arctic Dilemma’) (see
Chapters 3 and 7). Figure 9.1 depicts the relationships
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Figure 9·1. The various elements of the risk assessment process.
Source: US EPA (2007a).
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between risk assessment, toxicology, risk management,
science, public policy, and risk communication (US EPA,
2007b). The basic human health risk assessment topics
are defined in Box 9.1.

Box 9·1. Definition of the main human
health risk assessment topics
Based on the US Environmental Protection Agency Waste
and Cleanup Risk Assessment Glossary (US EPA, 2007b).
Hazard. The likelihood that a substance will cause an
injury or adverse effect under specified conditions.
Toxicity (Hazard Identification and Dose-Response).
Dose-Response Assessment is the process of quantitatively
evaluating the toxicity of a given chemical agent as a
function of human exposure to that chemical agent.
The relationship between the dose of the contaminant
administered or received and the incidence of adverse
health effects in the exposed population forms the
basis for the quantitative dose-response relationship.
From these relationships, toxicity values (e.g., reference
doses and slope factors) are derived that can be used to
estimate the incidence or potential for adverse effects in
an exposed population. Hazard Identification is the process
of determining whether exposure to a chemical agent can
cause an increase in the incidence of a particular adverse
health effect (e.g., cancer, birth defects) and whether the
adverse health effect is likely to occur in humans. The
process examines the available scientific data for a given
chemical (or group of chemicals) and develops a weight
of evidence to characterize the link between the negative
effects and the chemical agent.
Risk characterization. A phase of risk assessment that
integrates the results of the exposure and effects analyses
to evaluate the likelihood of adverse effects associated
with exposure to the stressor. The ecological significance
of the adverse effects is discussed, including consideration
of the types and magnitudes of the effects, their spatial
and temporal patterns, and the likelihood of recovery.
Risk assessment. Qualitative or quantitative evaluation of
the risk posed to human health and/or the environment
by the actual or potential presence or release of hazardous
substances, pollutants or contaminants.
Risk management. Risk management is a distinctly different
process from risk assessment. Risk assessment establishes
whether a risk is present and, if so, the range or magnitude
of that risk. In the risk management process, the results of
the risk assessment are integrated with other considerations,
such as economic or legal concerns, to reach decisions
regarding the need for and practicability of implementing
various risk reduction activities. Risk managers also use
risk assessment results as a basis for communicating risks
to interested parties and the general public.
Risk communication. Risk communication, the exchange
of information about health or environmental risks among
risk assessors, risk managers, the local community, news
media and interest groups, is the process of informing
members of the local community about environmental
risks associated with a site and the steps that are being
taken to manage those risks.
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This chapter focuses on the human side of risk
communication in the different Arctic countries. It is a
human right to know about risks associated with living
conditions and food availability in a community (WHO,
2003). Risk communication should therefore include the
right-to-know and other fundamental rights, including
the precautionary principle. As stated in the Rio
Declaration, nations shall use the precautionary principle
to protect the environment: ‘Where there are threats of
serious or irreversible damage, scientific uncertainty
shall not be used to postpone cost-effective measures to
prevent environmental degradation’ (UNEP, 1992). When
an activity raises threats of harm to human health or the
environment, precautionary measures should be taken
even if some cause and effect relationships are not fully
established scientifically. Essential features are: 1) taking
preventive action in the case of uncertainty; 2) shifting
the burden of proof to the proponents of an activity; 3)
exploring a wide range of alternatives to possible harmful
actions; and 4) increasing public participation in decisionmaking (right-to-know) (Kriebel et al., 2001).
9.2. Communication of risks and benefits

associated with traditional food

Specific criteria for evidence standards employed to
evaluate dietary risks or benefits, examining toxicological
risk, interpreting risk assessment, and guiding risk
communication are topics that were summarized and
thoroughly discussed by Brustad et al. (2008b).
The process of communicating the risks and benefits
associated with traditional food is a central aspect
of risk management strategies. Communication that
focuses solely on risks is unlikely to have the intended
result and instead may be damaging to individuals and
communities. In fact, one of the key lessons learned is that
risk communication on its own creates unnecessary fear,
anxiety, and confusion. There are a number of potentially
negative impacts of poor communication on contaminant
issues (Furgal et al., 2005; Chan et al., 2006): adverse
impacts on health and behavior (physical, mental and
social); increased anxiety and stress; decreased hunting
and fishing activity; decreased consumption of traditional
foods; socio-economic impacts of changes in consumption
patterns; increased exposure to new risks; and growing
distrust among communities of scientific information.
Traditional foods are a crucial cultural anchor and play
a vital nutritional role in health and well-being. To further
complicate the issue, food substitutes may not be readily
available and there is no guarantee that they would be
culturally acceptable, nutritional, or affordable. The
issues surrounding human exposure to environmental
contaminants from traditional food (i.e., its role in health,
culture, society, and economy) need to be considered in
order to construct messages that inform residents while
minimizing potentially negative impacts on northern
lifestyles and social well-being. Risk communication
should place the message within the broader public health
context and be done in a way that is culturally appropriate
(Furgal et al., 2005; Chan et al., 2006).
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Risk communication is a process which constantly
evolves. The amount of communication material and the
number of messages sent to northern communities has,
in general, decreased. This is an important step because
frequent information about contaminants may overwhelm communities. Communication about the issue may
be more efficient if messages are built into exiting public
health messages. Another notable change is that there
has been a shift from a focus strictly on contaminants to
a focus on situating the contaminants of concern within a
broader public health context (Furgal et al., 2005).
9.3. Risk perception
Differences in the perception of risks between members of
the public and scientific or other technical experts have been
extensively studied (Rowe and Wright, 2001; Sjöberg, 2002).
Often, for a given risk, there is disagreement with regard
to the threat posed to individuals or communities, even
among experts (Sjöberg, 2002). Risk perception has been
shown to be influenced by a variety of factors including
age, gender, education, occupation, language, world view,
and culture (Jardine et al., 2003; Myers and Furgal, 2006).
However, not only do the characteristics of the individuals
influence perception, but also a number of factors related to
the hazard itself. For example, the voluntary or involuntary
nature of the exposure, uncertainty about probabilities or
consequences of exposure, lack of personal experience
with the risk (fear of the unknown, lack of acceptance of
the significance of the risk), effects of exposure delayed
in time, genetic effects (effects on the next generation),
accidents related to human activity (anthropogenic, not
‘natural’ causes), unequal distribution of risks and benefits,
and the ease of perception of the associated benefits. Risk
perception is a combination of personal and collective
factors that influence the way in which an individual
understands issues, and to which one reacts and takes
action at the individual level (personal behaviors).
Understanding and perception of risk among people
is much more complex than originally thought and
reflects legitimate concerns that are often omitted from
formal risk assessment processes (Furgal et al., 2005;
Donaldson et al., 2006). Assessments of the response to
risk communication (e.g., health advisories) indicate that
individuals who adapt and respond to environmental
or other health advisories within the context of limited
socio-economic resources demonstrate more passive
strategies or are less inclined to comply with advice
than people with better socio-economic resources.
This is likely to be very important in the context of
compliance or reaction to advisories or advice around
contaminants in traditional foods in the Arctic where
sometimes only limited resources, or alternatives to
minimize risk, exist. Therefore, it is important not just
to understand individual or population perceptions of
contaminant risks in the north but also to understand
their relationship with and attitudes to traditional foods
and a number of socio-demographic factors which may
influence their ability to respond or take action (Burger,
2004). For these reasons, the perceptions of those involved

and affected by a hazard must be considered because
these perceptions directly influence the effectiveness
of any risk management decisions and actions
(including communications) taken to minimize risks
and maximize the benefits of, in this case, consuming
traditional foods.
9.4. National recommendations and 		

advisory activities

Unfortunately, for various reasons, not all Arctic
countries were able to contribute to this overview of risk
communication strategies. Nevertheless, those that did
gave a good insight into what is happening in the Arctic,
providing a good balance in terms of cultural and scientific
aspects and the known variety in national strategies.
9.4.1. Canada
9.4.1.1. Overview
The Northern Contaminants Program (NCP) was
established in 1991 in response to concerns about human
exposure to elevated levels of contaminants in fish and
wildlife species that are important in the traditional diets
of Aboriginal peoples living in the Canadian Arctic.
Under the NCP, risk communication about contaminants
involves a consideration of the quantitative results of risk
calculations and the qualitative benefits of traditional
food use and how risk is perceived by the public. Risk
communication messages developed under the program
are typically presented visually within a community
context and by someone who is trusted by the residents
of the community.
Typically, the focus of communication efforts in
the Canadian Arctic has been to answer basic public
health questions such as “is my food safe to eat?” An
effective answer is formulated by putting the technical
information about the risks of contaminants into a
message that is understood by the target group. Canadian
Arctic communities are culturally heterogeneous. Each
culture in the Canadian Arctic holds a particular system
of knowledge and a distinct way of understanding based
on their history and the history of their relationship with
their surroundings. Communication strategies should
be adaptable and reflect the uniqueness of each target
group (Chan et al., 2006). As such, the most effective
risk communication messages tend to be those that are
tailored to the specific cultural groups present in the North
including Inuit, Dene, Yukon First Nation, and Métis.
9.4.1.2. Specific examples
The NCP and Regional Contaminants Committees (groups
working in the Canadian Arctic) and others are making
significant efforts to enhance capacity development among
northerners to understand, make decisions, and take action
on the contaminants issue. These efforts have focused on
equipping health and environment representatives in
the Canadian Arctic with the understanding, skills, and
access to information, knowledge, and training about
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contaminants which enable them to effectively conduct
risk management and communication activities. Education
and training of frontline workers will continue to build
capacity in the north. Specific activities promoted by the
NCP, to date, include courses for Regional Contaminants
Coordinators, training courses for frontline workers,
community tours, Elder-scientist retreats, and the
production of educational materials for the elementary
and high school curriculum. Since 1997, there have been
four retreats where elders, scientists, and youth were able
to build relationships. In addition, school curriculum
materials have been developed and used in elementary
and high schools in the North West Territories and Yukon.
These efforts are making significant progress towards
involving northerners in risk communication activities in
a meaningful way (Furgal et al., 2005).
In 2004, as part of the replication of the initial Nunavik
Regional Inuit Health Survey in 1992, the status of health
risk perceptions and concerns and activities regarding
traditional foods were reassessed (NCP, 2003). The
survey found that traditional foods, and the activities
of hunting and fishing, were still important aspects of
everyday life in Nunavik communities today. Despite
the social, cultural, economic, and political changes that
have taken place in Nunavik, and the apparent concern
over contaminants in the food chain, hunting, fishing,
gathering, and sharing of wild resources are still regularly
practiced in the community. Nearly half (45%) of the
Nunavik population goes hunting frequently throughout the year; one third (33%) goes fishing regularly, which
is once a week or more in at least two seasons; half (48%)
of the population participates in berry collecting at least
once a month during berry picking season; and more
than half (57%) regularly share their catch with other
members of the community. Traditional food items
were still used by nearly one third of the population
(28%) for their medicinal properties. The results of the
2004 questionnaire were similar to the results reported
in1992, most (62%) of people reported that they had
heard about contaminants in the environment (NCP,
2008). Familiarity with specific contaminants (mercury,
polychlorinated biphenyls [PCBs] and lead) was reported
(by 57%, 47%, and 38% of participants, respectively) and
was lowest among young females. After learning about
chemical contaminants in traditional foods, one quarter
(25%) of the population reported having changed some
aspect of their diet, however, only a very small number
said that they had stopped eating traditional food items
altogether. Less than one-quarter (23%) of hunters said
that they had rejected or thrown away an animal in the
12 months previous to the survey due to safety concerns.
However, these decisions were more closely associated
with the presence of visible anomalies rather than
concerns related to chemical contaminants in wildlife.
These responses are often related to knowledge of visible
anomalies in wildlife and personal experience of them,
such as parasites (e.g., trichinella worm) in traditional
foods (e.g., walrus) that can be transmitted to humans
and cause illness (Bruneau et al., 2001; Proulx et al., 2002).
The results of recent research in the region highlight
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the continued importance of traditional food resources
and potentially, the limited impact of the concern over
contaminants on hunting and fishing activities and
food consumption behavior among the Inuit of Nunavik
(NCP, 2008).
Myers and Furgal (2006) conducted a survey in two
Nunavut and two Labrador communities to evaluate the
degree to which residents had received and understood
information regarding contaminants in traditional
foods. The survey also served as a tool for assessing
residents’ perception of traditional food and contaminants
issues. On average, 69% of participants across the four
communities had heard of the term ‘contaminants’.
However, when asked, over 40% included substances other
than chemical or natural compounds in their definition
of a ‘contaminant’ and 15% could not identify what they
thought a ‘contaminant’ was, identifying an issue with
regard to actual comprehension of messages previously
disseminated in these and perhaps, other regions. Local
sources (e.g., garbage, old military sites, oil drums) were
the most commonly identified causes of contamination
in the traditional food chain and wildlife in the regions
and significant percentages of the populations responded
that they were not sure whether there were contaminants
in traditional foods in their area. This uncertainty was
higher among respondents in the Nunavut communities
than the Labrador communities and in general, the
greatest uncertainty on this issue was expressed among
the elderly and women. The majority of individuals (61%)
who participated in the Myers and Furgal (2006) survey,
said that they did not have any concerns about the safety
of their traditional foods, however among those that did,
more hunters (55%) than women (30%) reported concerns.
Among those who expressed concern, the primary issues
identified were wildlife health, physical abnormalities,
and contaminants. Responses indicated that individuals
are primarily relying on visual cues to discern whether
or not there are contaminants in traditional foods and
whether or not these foods are safe for consumption.
Finally, the predominant perception was that individuals
themselves had not been exposed to contaminants (73%),
and the majority of Nunavut respondents (65%) said that
they would never change their diet because of concern
about contaminants. In contrast, the majority of Labrador
participants (60%) said they would alter their diet.
Findings showed that the information previously
disseminated through efforts associated with the NCP
and other research and education programs had not been
as broadly received as expected. In particular, that a key
population group, women of childbearing age, did not
appear to have received and / or did not understand much of
the previously disseminated information on contaminants,
health, and traditional foods in the two regions at a level
proportional to the efforts invested to disseminate this
information. The authors argued that public comprehension
of this information did not reflect the importance of the
issue or the effort put into previous communications on
the subject. Although not critical at that time, it was argued
that there was direct risk minimization advice to be given
in Nunavut and Labrador in the future; researchers and
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health professionals probably did not understand the
dynamics of perception and comprehension among a key
target group well enough to be prepared to communicate
and elicit desired responses from key groups among
the population. Issues that were likely to influence the
communication of this information in Arctic communities
include: 1) disparate views between scientists and northern
Aboriginal residents on the environment and traditional
foods; 2) differences in language and communication
patterns; 3) differences in knowledge systems; and 4)
basic characteristics of northern communities that create
challenges for widespread communication (Myers and
Furgal, 2006).
In many regions, despite strong belief in the health and
safety of traditional foods, concern has been raised about
the presence and potential effects of contaminants in
animals and human health. There is also some concern over
the activities used to investigate these issues in wildlife.
Previous studies are also supported by the findings of
Furgal et al. (2005) in more recent surveys throughout the
north. In regional surveys conducted in 2003 in the Yukon,
Inuvialuit Settlement Region, Nunavut, and Labrador
involving over 700 participants in total, more concerns
were expressed among Yukon residents for health and
wildlife (66% versus 44% for all Inuit regions combined)
than among Inuit residents. However, in all regions, the
most commonly cited concerns were associated with
chronic diseases in people, general food quality, garbage
on the land, and water quality. Approximately 10% (or less
for some regions) of respondents identified environmental
contaminants in traditional foods as one of these concerns.
However, among those expressing concerns with regard to
traditional foods, ‘contaminants and industrial pollution’
were the top concerns in each region, followed by
‘abnormalities and animal health’. In all regions, there was
generally a high level of awareness of basic contaminants
messages, which had previously been delivered under the
NCP. The lowest level of recall and awareness for these
messages was reported by women of childbearing age in
nearly all regions, and many participants’ understanding
of ‘environmental contaminants’ reflected the same
confusion between chemical phenomena and visible
wildlife anomalies reflected by other studies (see above).
These results further support Furgal et al.’s (2005) and
Myers and Furgal’s (2006) argument that the invisible
phenomenon of chemical contamination in the traditional
food chain is a significant challenge to traditional
knowledge systems and understandings of food safety,
which have historically been based on observation and
personal experience of illness. These results are indicative
of the understanding that contaminants and industrial
pollution in the food chain are issues to northerners, if
people are specifically asked. However, contaminants are
of lesser concern than expected when considered relative
to all health and environmental concerns affecting daily
lifestyles and choices.
The results of another general health and environment
perception survey, conducted among Dene of the
Yellowknife area and Inuit of two Nunatsiavut communities
by Jardine and Furgal, further support the previous findings

(Jardine et al., 2003). The study involved a survey and a
qualitative research technique known as ‘photovoice’ to
investigate the understanding and awareness of known
and theoretical or potential environmental risks to
health in northern Aboriginal communities. With both
data collection methods used, the importance of sociocultural variables and place in the identification of risks
of concern, to residents in the communities, was evident.
Many of the health concerns reported by individuals were
related to aspects of their social environment and personal
behaviors, more so than their physical environment. In
a risk-ranking activity undertaken as part of this study,
contaminants and the threat of contamination in the
environment ranked very low among all risks identified
by the participants. The most important concerns or
health risks identified through responses to various
questions include activities involving alcohol, drugs, and
smoking (Jardine et al., 2003). However, participants did
express concern regarding contamination of their land
from anthropogenic sources, although to a lesser extent
than lifestyle-related risks. Participants’ understanding
of these risks varied. In general, participants understood
and recognized visible changes in their local environment
but had difficulties reporting clear understanding of
more ‘invisible’ phenomena, such as arsenic and PCB
contamination of the land, water, and animals. According
to Jardine et al. (2003) residents in the four communities
appeared to understand the nature and magnitude of
the risks to their health, associated with lifestyle and
basic physical and environmental risks. They showed
indications of having received, understood, and accepted
information on these risks; yet, often did not modify their
behaviors as might be expected to minimize the risks to
their health.
9.4.1.3. Future directions
There are a number of important future directions for risk
communication around the issue of contaminants and
health in the Canadian Arctic (NCP, 2003). In order for risk
communication to evolve within the NCP, evaluations of
prior risk communications about contaminants should be
conducted in collaboration with appropriate public health
authorities to assess what factors influence the success
and effectiveness of communication activities, and to
determine the appropriate context for their delivery.
This would support communicators and regional
health authorities in their efforts to develop culturally
appropriate messages and to ensure more effective
delivery, through consideration of these factors, in the
future. Furthermore, efforts to enhance capacity may
be the best strategy to improve future communication
efforts with the community rather than developing more
educational material. The NCP has the important role
of fostering relationships and promoting researchers to
build capacity development initiatives into their research.
The development of local capacity will be essential in the
future, not only to address contaminant challenges, but
also as communities are faced with increasing research
activity and continued environmental, social, political,
and economic change.
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9.4.2. Greenland
The traditional diet in Greenland is largely based on
marine animals and fish. The Greenlandic diet is currently
a mixture of traditional food and imported food, and
has been for some generations (see Chapter 3). Owing to
the climate in Greenland, most of the fresh food comes
from wild animals and fish. Greenland has some lamb
production and a limited supply of vegetables but most
produced foods are imported. A large proportion of the diet
is currently based on seafood, fish, and marine mammals,
but imported foods are expected to provide an increasing
proportion of energy consumed (Mulvad et al., 2007).
How food is produced, how it is prepared, and how
it is consumed are important in any community, both to
the individual and to social groups; food represents more
than just the necessary nutrition, it is also an essential
component for social life and the ways in which families
function (Mulvad et al., 2007).
As imported foods form an increasingly significant
proportion of the diet, arriving either complete or in
partially manufactured forms, the general nutritional
quality of the diet changes. This affects public health as
well as the social aspects of preparing and eating meals.
The traditional diet is still very important, both culturally
and financially, and is also an important source of nutrients,
because in many places imported foods are of relatively
poor quality. However, high levels of contaminants carried
into the Arctic via long-range transport have been well
documented by AMAP, and in Greenland high levels
of such contaminants have been found in people and in
the species forming parts of the traditional diet. This
pollution has reached a level of concern. Nevertheless,
the replacement of traditional foods by substandard,
imported food is a significant concern. In 2006, Danish
and Greenlandic members of the AMAP Human Health
Assessment Group presented an advisory memorandum
on food policy to the Greenlandic Home Rule Government.
It was stressed, however, that this advice should be seen
in context with the overall health policy (Grønlands
Ernæringsråd, 2006).
In a comprehensive report by Hansen et al. (2008)
the ‘Greenlandic Dilemma’ forms the basis for certain
suggestions to the Greenlandic Nutrition Advisory
Council. In order to improve the quality of food and to
reduce exposure to contaminants through food, there
seems to be an urgent need for some degree of intervention
directed toward the Arctic populations experiencing
rapid dietary and cultural transition. Efforts to decrease
contaminant exposure need to be integrated into lifestyle/
dietary advice aimed at reversing the development of
increasing bodyweight. This is a global health problem,
and one which is also an increasing issue in Greenland.
In fact, increasing bodyweight has now become one of the
major public health concerns in Greenland. Any plan for
intervention must include appropriate consideration of the
possible consequences for cultural and dietary traditions
in the regions (Hansen et al., 2008).
The increase in obesity is primarily related to the
quantity of food eaten in relation to energy expenditure.
Therefore, energy balance considerations should take into
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account a certain level of physical activity. The quality of
the food and the balance between individual nutrients are
equally important (Hansen et al., 2008).
9.4.2.1. Risk management
On the basis that energy balance is a prerequisite for
maintaining normal body weight (or a negative balance
in the case of a weight loss regime), the following
recommendations can be made (Hansen et al., 2008):
• Fat – the intake of saturated fat should be restricted
to a minimum. When necessary, monounsaturated fat
(e.g., olive oil) should be used. The intake fish oil (n-3)
should in general be promoted to ensure an n-3 : n-6
ratio of over 0.2. Blubber intake from top-predatory
marine mammals should be reduced.
• Carbohydrates – the intake of refined sugars,
especially fruit sugar (fructose) should be restricted
to a minimum, and refined starches should be eaten
in moderation. In contrast, vegetables and fruit intake
should be increased.
• Protein – the majority should be derived from lean
meat from terrestrial game and from fish.
• Marine mammals – because of their contaminant load,
meat, blubber, and organs from top-predatory marine
mammals should be eaten in moderation, especially
by children and people in the fertile age group.
A reduction in the level of dietary exposure to
environmental contaminants is necessary because
several Arctic populations have exposures in excess of
internationally accepted guidelines for safe intake. High
exposure levels are closely related to intake of food derived
from top-predatory marine mammals. In Greenland, this
exposure has been shown to be related to negative health
indicators, such as disturbed sex-hormone balance/activity
and to reduced sperm quality (Bonde et al., 2008). Also,
recent data have indicated that exposure to persistent
organic pollutants is related to an increased proportion of
triglycerides in blood lipids; an indicator of increased risk
for development of cardiovascular diseases. The effect was
only noticeable in obese persons. This underscores that
even if exposure levels themselves are not high enough to
induce measurable changes in the risk factors in normalweight individuals, in obese individuals with an increased
risk, contaminants can aggravate the risk (Hansen et al.,
2008). These observations demonstrate that contaminant
exposure and life-style related obesity should be addressed
simultaneously in a general food policy.
Human exposure to hazardous contaminants should
be reduced in two ways (Hansen et al., 2008):
1. Agree measures such as international conventions to
eliminate or reduce production and use of the most
dangerous chemicals. This is important but, however,
only effective over a generational perspective.
2. Implement intermediate intervention strategies
locally, as a quick and effective first action to protect
the most exposed populations. In the Arctic, the main
source of anthropogenic contaminants of concern
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is marine mammal consumption. Consequently, the
most efficient way to reduce human exposure is to
replace consumption of highly-contaminated marine
mammals by fish and terrestrial mammals.
Since the Second World War, the proportion of marine
mammals in the traditional diet has steadily declined.
Once a major staple food, marine mammals now account
for, on average, less than 10% of energy intake in the larger
communities. This development is especially pronounced
among young people. Some older people still regard
marine mammals as part of the traditional food and their
cultural integrity. However, because the risk to a normalweight person over reproductive age of continuing their
traditional eating habits is negligible, they should not be
recommended to change their diet. In contrast, younger
people may need education and guidance towards a more
healthy lifestyle (Hansen et al., 2008).
Eating traditions are an integrated part of a culture.
Cultures are not static but must constantly develop
and adapt to the changing world – as must dietary
habits. Nowadays, no generation eats exactly as its
parents’ generation did and eating habits change with
the changing culture. The present tendency to follow a
‘western’ lifestyle, with increasing consumption of fast
food products will by no means promote an improvement in the general health situation. The time has come
when it is necessary to implement a general public
health policy which, through proper education of the
younger generations, may improve living conditions for
Arctic peoples within their cultural traditions, and still
recognizing the value of local food resources (Hansen et
al., 2008).
As part of the risk management in Greenland, the
Greenland Home Rule Government and the Greenlandic
Board of Food Safety have implemented dietary
recommendations by the Greenlandic Nutrition Advisory
Council (Grønlands Ernæringsråd, 2006). The concerns/
issues listed include that a change in diet and lifestyle
toward western food may result in a decreased intake
of vitamins, minerals, and other biologically active
substances; however the intake of contaminants will also
decrease, as will the significance of the diet’s connection to
cultural, occupational, and social conditions. Furthermore,
that incorrect preparation and storage of Greenlandic food
can entail risk of food-borne infectious diseases.
The targeted goals were that: 1) the Greenlandic food
items should be included in the public institutions’ food
choices; 2) increased general knowledge about which
food items are healthy must be emphasized; 3) increased
general knowledge about food hygiene (correct storage
and handling) must be encouraged; and 4) increased
general knowledge about preparation methods that
foster variation and fulfill culinary and nutritional needs
must be sought.
The recommendations were that: 1) local and
international initiatives that lower emission of pollutants
to the environment should be implemented; 2) infrastructure which promotes the use of Greenlandic foods in
homes, retail, institutions and other social settings should
be established; 3) information and education about food

hygiene, storage and preparation of both Greenlandic
and imported food should be provided; 4) guidance and
education about how Greenlandic and imported food
should be included in a diet which fulfils the nutritional
recommendations must be stimulated; and 5) local
initiatives that increase security about food (i.e. concerning storage and preparation) must be implemented.
Pregnant and nursing women can continue to eat
varied Greenlandic food, but should be cautious with
polar bear, toothed whales, seabirds, and long-lived
seals. These foods can be substituted by fish and landbased (terrestrial) mammals. Children and young people
should follow the same advice as pregnant women. It
is recommended that everybody follows the dietary
advice from the Greenlandic board of Food Safety.
Courses should be arranged to secure local knowledge
on counseling and communication about nutrition and
health (Grønlands Ernæringsråd, 2007).
9.4.3. Faroe Islands
9.4.3.1. Local risk assessment
Efforts to reduce the high mercury exposure of the
Faroese population have been ongoing for about three
decades, mainly based on the results of biomonitoring
and epidemiological studies (Grandjean et al., 1992).
The authorities first informed the people of the Faroe
Islands about high mercury concentrations in the meat
and kidneys of pilot whales (Globicephala melas) in 1977.
People were recommended to limit their consumption
of whale meat in accordance with international
guidelines on maximum recommended exposure.
However, the recommendations in these international
guidelines were based on mercury poisoning incidents
in Japan and Iraq and not on prospective studies based
on populations with low levels of exposure, such as
those with hair mercury concentrations of below 20
ppm. In 1985, a pilot study from the Faroese village
of Leirvik showed that women of childbearing age
had relatively high mercury concentrations in hair
samples of over 20 ppm (Grandjean et al., 1992). It was
therefore decided, without delay, to examine whether
prenatal mercury exposure of pregnant women in the
Faroe Islands had any adverse impact on offspring
later in life.
Grandjean et al. (1997) assessed seven-year
old children that had been exposed to mercury
in utero, and found that the development of their
nervous system had been adversely affected by the
mercury exposure. The examinations also revealed
significant effects on psychological domains such as
memory and reaction time. A correlation between
prenatal mercury exposure and blood pressure in
the seven-year old children was also found. Further,
neurophysiological changes were established at
the examinations with evoked potentials after
stimulation through the ears. In 1998, these findings
caused the Faroese health authorities to revise their
recommendations on the consumption of pilot
whales (Weihe et al., 2003, see Box 9.2).
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Box 9·2. Faroe Island recommendations
regarding consumption of pilot whales
(Weihe et al., 2003)
Blubber. High PCB contents in blubber mean that adults
should consume pilot whale blubber once or twice a month
at most. However, that the best way to protect fetuses
against the potentially harmful effects of PCBs is for girls
and women not to eat blubber until after having given birth
to their children.
Meat. The mercury content of pilot whale meat is high
and one of the main sources of mercury. Therefore it is
recommended that adults eat no more than one to two
meals a month. Women who plan to become pregnant
within three months, pregnant women, and nursing women
should abstain from eating pilot whale meat.
Organs. Pilot whale liver and kidneys should never be eaten.

The marine diet was, and still is, based on fish such
as cod and haddock. Studies showed that cod and
haddock contain about 0.02 ppm mercury, whereas
concentrations in pilot whale meat (muscle) are about
2 ppm. As a result, the health authorities decided
to focus on the main source of exposure; meat from
pilot whales. Studies have also shown that pilot whale
blubber contains high levels of chlorinated organic
substances such as PCBs and DDE. When examining
the seven-year old children, Grandjean and co-workers
found that a minor effect of PCB exposure could be
traced in some of the psychological tests, but that the
effects were insignificant compared to the impacts
of mercury. Nevertheless, the Faroese health and
environmental authorities decided to include blubber
in their recommendations on the consumption of pilot
whales (Weihe et al., 2003).
9.4.3.2. Risk communication
To a large extent, risk communication related to
contaminants in the marine diet has been performed
through the actual scientific work on the projects
disclosing possible adverse impacts. Since 1985, cohort
studies have included so many families that all corners of
the islands have been reached with extensive information
about the potential risks regarding adverse impacts of
contaminants. This means that about 2000 families have
received invitations to participate in examinations, some
of them several times. Also, many meetings have been
held with associations and educational institutions; the
press coverage has been intensive, including interviews
with television, newspapers, periodicals, and journals
several times a year. The information has been focused
on the adverse impacts of mercury and persistent organic
pollutants and how to avoid them. It has been stressed
several times that common fish species, such as cod,
haddock, and pollack, contain only limited amounts of
mercury. The population has therefore had a range of
alternative dietary choices, and adjustments have been
easy to implement (Weihe et al., 2003).
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Compared to the other circumpolar countries, the
situation in the Faroe Islands is unique in that the sources
of marine contaminants are related to a single food item,
the pilot whale. It has therefore been relatively easy to
communicate a message with the intention of reducing
exposure.
However, initially, the risk communication process
was competing against cultural resistance to external
pressure aimed at stopping the Faroe Islanders whaling.
On many occasions over the years, environmental
organizations such as Sea Sheppard have tried to
pressurize the Faroese to stop whaling. However, it has
been fundamental to the Faroe Islanders that catching
all species of fish and marine animals be permitted, as
long as these species are not threatened. The pilot whale
is not a threatened species; there are large populations of
pilot whales in the North Atlantic (Weihe et al., 2003). In
response to the international pressures against whaling,
a natural counter-reaction was seen in the Faroe Islands,
where killing and consuming pilot whales became an
overt manifestation of the principal attitude to the issue.
Communicating a message to abstain from consuming
pilot whale meat and blubber based on health risks could
easily be misunderstood and confused with the attitudes
of those opposed to whaling. As a result, it has been of
paramount importance over the last 20 years, to emphasize
that the dietary recommendations are health-related
and are totally unrelated to the opposition to whaling.
In the communication processes, researchers have been
asked by individuals as well as by the media about their
personal attitudes to whaling, which the individual
researcher has had to account for. This illustrates the level
of involvement needed when communication is intensive
and persistent (Weihe et al., 2003).
9.4.3.3. Assessment of the efficiency of risk
communication
To examine whether the dietary habits of pregnant
women, considered an especially vulnerable group, had
changed in relation to the consumption of pilot whale
meat and blubber, a detailed diet study involving 148
women was conducted in 2000 and 2001 (Budtz-Jørgensen
et al., 2007). The study comprised 24-hour dietary recall
interviews and prospective recordings, for six days, as
well as a retrospective food-frequency interview. The
examination showed dramatic changes in the dietary
habits of pregnant women. Results showed the average
daily consumption of pilot whale blubber in 2000/2001
was 0.5 – 1.5 g, compared to 7 – 12 g in 1981. Tests showed
a corresponding decrease in blood mercury level to
about 1 µg/L. As a comparison, between 1986 and 1987,
the median level in cord blood was 22 µg/L. However,
surprisingly, there was no corresponding decrease in
the levels of PCB congeners over this period. This may
be due to the long half-life of PCBs, but could also be
due to alternative sources of PCBs such as seabirds and
their eggs; one source of PCBs could be adult fulmars.
In a recent study (Budtz-Jørgensen et al., 2007), 200
seventy-year old people were asked about their dietary
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habits pertaining to pilot whale meat and blubber in
their childhood, as middle-aged adults, and now. Results
showed that intake peaked during childhood and
adolescence, but had reduced considerably over recent
years. Some individuals said that their reason for reduced
consumption was due to harmful substances in the meat,
while others said that it was difficult to get pilot whale
meat and blubber.
9.4.3.4. Beneficial compounds of a marine diet
Renewed analysis of the mercury examinations for the
cohorts established in 1986–86 and 1994–95 respectively,
show that if adjusted for fish meals, the negative effect of
mercury is increased (Budtz-Jørgensen et al., 2007; Choi
et al., 2008). In other words, there are compounds in fish
such as cod, haddock, and pollack which reduce the effect
of mercury. Moreover, this is not related to selenium
because, in the Faroese studies, selenium is present in
a molar surplus ten times that of mercury. Statistical
analyses do not support the hypothesis of any special
beneficial effects from selenium (see also Chapter 7).
The official dietary recommendations in the Faroe
Islands do not include a special focus on fish, but the
general recommendations issued by Danish health
authorities recommend the intake of fish several times
a week, and these recommendations are also followed
in the Faroe Islands (Weihe et al., 2003). Furthermore,
the Faroese Board of Public Health has stressed that the
Faroese population should continue its traditionallylarge fish intake. However, there are indications that fish
intake is decreasing. In 1981, an islands-wide dietary
survey showed that each inhabitant consumed on
average 78 g of fish per day, while pregnant women in
the 2000–01 dietary survey reported an average intake
of only 38 g per day. However, it is unlikely that the
decrease in fish intake is because fish are considered
polluted. The most likely explanation is the easy
availability of food items such as chicken, pizza, and
inexpensive meat from land mammals.
9.4.3.5. Conclusions and risk management
In the Faroe Islands, risk communication has resulted
in a significant change in dietary habits, particularly
among pregnant women, who are considered one of
the most vulnerable groups. One of the factors that
has supported the change in dietary habits is that the
contaminant sources are related to a single mammal, the
pilot whale, another is the easy access to unpolluted fish
from the ocean. New recommendations have now been
implemented, based on practical, common sense advice.
9.4.4. Norway
9.4.4.1. Strategies
In Norway, considered one of the low risk countries for
contaminants, risk communication is based on reports
from the State Pollution Control, the National Institute
of Public Health, and The Norwegian Food Control

Authorities, with only sporadic public attention.
There are two ways to communicate with the public:
through the local public health officers and through
the media. If specific health concerns are addressed by
the media, a special committee with national experts
is often created, with the aim to clarify whether there
is a link between a specific cause and a specific health
outcome. A typical example is the Norwegian–Russian
Health Commission (Smith-Sivertsen et al., 2000),
which assessed the health situation in the Russian–
Norwegian border zone. The organization ‘Stop the
Death Clouds’ organized public meetings with health
experts and toxicologists, discussing rumors about
up to 70% malformations in newborn babies on the
Kola Peninsula. There was a lot of public attention,
which ended quickly when no alarming results were
discovered, and no associations between the pollution
and any health effects could be documented.
9.4.4.2. Report design
Reports after such evaluations are prepared both with
a ‘common language’ synopsis for the media and the
general population, as well detailed information for
scientific purposes. Use of the media is a powerful
tool, and the information given out is often highly
biased, before public attention has even developed. If
the results indicate serious health concerns, the public
health community doctor must act, often through
invitations to public meetings and by inviting national
experts. This is a development that belongs more to
the modern media world than to a professional risk
communication strategy. A recent report by Brustad
et al. (2008a) addressed the importance of keeping
the good childhood diet in relation to Saami and
Norwegian ethnicity in northern and mid-Norway
(Brustad et al., 2008a). The Norwegian Food Control
Authorities issued a dietary advisory in March
2003 stating that all women of childbearing age and
children were advised to stop eating cod liver and
commercial products derived from it. The latter did
not include the cod liver oil that has been distilled and
purified to remove impurities. This dietary advice did
not mention the positive health effects of cod liver and
no alternatives were provided that people might eat to
maintain the proper intake of vitamins and n-3 fatty
acids (Norwegian Food Control Authority, 2003).
9.4.5. Russia
9.4.5.1. Communication issues
Communication issues became very urgent when
the assessment of persistent toxic substances, food
security, and indigenous peoples of the Russian North
was published in 2004 (AMAP, 2004b). One of the most
discussed findings was that besides the contamination
of traditional foods through long-range and regional
transport of pollutants into the Russian Arctic, there
are other significant sources of food contamination,
and correspondingly – additional sources of exposure
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to persistent organic pollutants (POPs) in indigenous
people. Results obtained from a targeted survey of
dwellings, comparative analyses of POPs levels in fresh
and ready-to-eat local food, and dietary pattern analyses,
suggest that contamination of food during storage,
souring, processing, and cooking might contribute
significantly to the total POPs exposure of indigenous
populations in the Russian Arctic (Dudarev and
Chaschin, 2008). A comparison of POPs concentrations
in local foods sampled from indigenous residencies
with those measured in fish species, reindeer meat,
and marine mammal tissues sampled in the natural
environment showed that both the occurrence and
levels of contaminants may well be increased during
food storage/processing/preparation at home. 100% of
indoor environment samples were polluted by DDTs,
hexachlorocyclohexane (HCH), PCBs, and other POPs.
Home-made alcohol-containing drinks and fermented
meat from ground pits were highly polluted by PCBs
and DDTs. Some insecticides contained considerable
concentrations of POPs.
According to Dudarev and Chaschin (2008) the main
pathways of additional food contamination are: 1)
pollution of soil and water in and around settlements;
2) poorly controlled use of toxic insecticides for the
treatment of farmed animals; 3) uncontrolled household
use of insecticides and other chemicals for combating
insects and pests; 4) uncontrolled use of technical oils
and liquids for imbuing of wood and other construction
materials; 5) uncontrolled second-hand use of waste
technical containers and barrels for souring plants
and vegetables, home-made alcohol fermentation, and
water keeping; and 6) food contamination specifically
associated in some northern regions 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
indigenous communities.
The particular conditions of soils in the Arctic
(enhanced precipitation of pollutants from the
atmosphere, restricted mobility of soil solutions and
surface waters due to widespread permafrost, and
as a result limited soil self-cleaning), mean that soil
pollution in the Russian Arctic is a potential source
of exposure to persistent toxic substances (PTS). Soils
as the first step in the POPs food chains is typical for
most small settlements in the Russian Arctic due to
the closeness and general intermingling of, on the one
hand, residential buildings, schools, kindergartens,
hospitals, water supply stations, food stores, shops, and
on the other, industrial facilities (heat and power plants,
garages, maintenance facilities, disposal dumps, and
abandoned barrels and other rubbish). This creates the
very real threat of POPs moving from soil to drinking
water and food, and to direct physical contact with
pollutants (particularly for children) (Dudarev and
Sychov, 2005a).
Permafrost in the Russian Arctic is a distinctive
feature which prevents the extraction of artesian
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waters and makes construction and use of sewerage
and water supply systems more complicated and
expensive. Most small settlements in the Russian North
have no centralized water systems. Many are connected
by pipes to the nearest lake or river, quite a few are
supplied with drinking water by truck (in winter –
stabbed ice); sewerage and water purifying systems in
such settlements are generally absent. Some settlements
where average annual temperatures are well below zero,
have a mixed system of heating and water supply, where
all buildings within the settlement are provided with
hot water supplied directly into both heating radiators
and water pipelines; this is the water used by people for
drinking and cooking food. Technical ‘decisions’ of this
nature, result in the exposure of the population to any
number of pollutants.
Another feature specific to Russian northern
settlements is the abundance of cockroaches everywhere
indoors. Insecticides have been used extensively over
the years in an attempt to eliminate these pests. These
have been applied in many forms (powders, sprays,
pastes) to walls, tables, cabinets, food storage areas,
and cooking surfaces. Significant levels of indoor
pollution could be explained by the presence of POPs
in most of these insecticides, the majority of which
were produced in China.
9.4.5.2. Risk management
Important and urgent remedial actions were recommended to minimize environmental contamination by
these persistent toxic substances, with the aim of reducing
exposure and the risk of hazardous health effects in
indigenous communities, including:
• an end to the manufacture and use of materials which
are associated with the release of PTS;
• a ban on the supply of materials containing PTS to
the northern regions, and concerted efforts to identify,
catalogue, collect, transport, store and remove existing
materials containing PTS;
• taking responsibility for environmental security and the
safety of personnel involved in activities to prevent the
release of such pollutants;
• construction of depositories for wastes containing PTS,
in accordance with the rules on sanitation;
• collection of abandoned barrels (empty or not),
metal wreckage, building materials and other PTScontaminated materials and their transportation to
depositories;
• disassembling of old buildings containing materials
contaminated by PTS (PCB-containing wood
impregnation oils);
• removal of relevant indoor wall materials (leadcontaining plasters and paints);
• use of effective and safe systems for incinerating liquid
and paste-like wastes, as well as solid wastes of organic
origin contaminated by PTS;
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• safe transport of old transformers, other PCB-containing
sets, and solid non-organic wastes to special yards
designated for the isolation of dangerous wastes;

home-made alcohol, and storing water, and also the ban
on the use of ground pits for making ‘kopalkhen’ (stored
food in the ground); and

• use of effective recultivation methods and PTSdecontamination of soils in and around settlements,
lawn-and-garden areas, and reindeer-herding, fishing
and hunting locations;

• informing local people of recommendations on the ban
on lead-containing items in the home, use of leaded
gasoline for boats, snowmobiles and other vehicles,
and the substitution of lead shot by steel bullets and
other ammunition for hunting and fishing.

• establishment of safe (for people and environment)
systems of water supply;
• use of safe and effective chemical control measures in
domestic and occupational situations for protecting
rooms, animals, and plants against insects, rodents,
and microbes;
• use of effective systematic control of PTS levels in food
raw materials and food products (especially for local
traditional foods);
• implementation of recommendations on restricting the
consumption of those local food products where levels
of PTS exceed allowable limits, and the dissemination
of this information to the population;
• implementation of recommendations on methods
of cooking and preserving food, that can lower PTS
concentrations in ready-to-eat products;
• informing local people of recommendations on the ban
on tar originally made from chemical or technical liquids
and oils – for conserving food products, producing

On the basis of this information, guidelines were
prepared for and approved by the Ministry of Health
Care and Social Development (Dudarev and Chaschin,
2008) and information brochures about traditional
nutrition in the far north of Russia were drawn up
for indigenous peoples living inland (Dudarev and
Sychov, 2005a) and in coastal communities (Dudarev
and Sychov, 2005b). These brochures reported the
concentrations of persistent toxic substances in local
food products and calculated the maximum permissible
daily intakes based on Russian values of maximum
permissible concentrations for the main contaminants
in humans (see Figure 9.2).
The first example of a good working partnership
between indigenous residents and the authorities in
dealing with the problems of persistent toxic substances
in Arctic Russia, is the start of waste clean-up activities
in the Chukotka Autonomous Okrug (see Chapter 2).
Two villages, Lavrentiya and Lorino, were identified as
having serious problems with leaking and abandoned

Figure 9·2. Visual presentation of advice concerning consumption of traditional foods in the Far North of Russia. Source: Dudarev and
Sychov (2005a). Hepna – ringed seal; Лαxmαк - bearded seal; Mopж – walrus; Kum – whale; Олень – reindeer; Зαяц – hare; РьІбα лοсοсевαя
– salmonoids; РьІбα мοрскαя – marine fish; Уmкц ycu - ducks and geese; Tyнбpoвьle nmuцьl - tundra birds; Mяco – meat; Жиp – fat; Пeyeнь –
liver; Пoчки – kidney. Green: consumption unlimited; Yellow: recommended to limit consumption to 300-400 g/day; Pink: recommended
to limit consumption to 100 g/day; Red: recommended to replace with alternative food.
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drums – thousands of drums were contaminating soil
in and around the villages. These drums were leaking
grease, oil, and other wastes, some of which contained
persistent toxic substances. Once in the soil these
contaminants were migrating into traditional ground
pits, and in some cases contaminating food stores. In
some areas, drums had been buried in the permafrost
and so were temporarily contained. Lectures and
training sessions (for residents) were held in both villages during August 2007, with the active participation
of representatives of the Northwest Public Health Research Center. Topics addressed included: principles
and safe practices for identifying, sampling, handling,
labeling and storing drums of discarded hazardous
materials in preparation for shipment to a recycling
and treatment facility. The clean-up process started
in summer 2008 with a group of local people (mainly
indigenous people) collecting drums near the Lorino
and Lavrentiya settlements for storage at a specially
prepared area of a scrap yard. Various organizations are
participating in this project: the Arctic Contaminants
Action Program (ACAP), the Chukotka Regional
Administration, the Northwest Public Health Research
Centre (NWPHRC), the Chukotka Red Cross, the
Russian Association of Indigenous Peoples of the North
(RAIPON), and the U.S. Environmental Protection
Agency’s Office of International Assistance.
9.4.5.3. Risk communication
Results of the various studies and activities have been
reported at meetings attended by representatives
of state authorities, local self-governments, health
care organizations, educational institutions, nongovernmental organizations, indigenous communities
and the general public, and have served as a basis
for decision-making in Murmansk province, and the
Nenets, Taymir and Chukotka autonomous okrugs. A
summary of the Russian Arctic data (AMAP, 2004b)
was presented to the special council, headed by Artur
Chilingarov, vice-chairman of the Russian State Duma
Committee in 2004. Several meetings with indigenous
groups took place in capital cities and particular
settlements in each of the four regions, and with the
participation of RAIPON representatives. Especially
significant were efforts to make this information
available to local physicians, ecologists, economic
managers, businessmen, trades people, school teachers,
pre-school workers, historians, and gamekeepers, who
would be able to translate the scientific results into a
form that was understandable to the indigenous people
with whom they had contact, thus helping to support
the safety, well-being and health of current and future
generations of indigenous people.
The media also played an active role; interviews
took place via local radio, television, and newspapers
in each of the four regions. A television program about
persistent toxic substances in the Russian North was
made by Channel 11 of St-Petersburg TV, representatives
of which also participated in field expeditions with
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scientists. The film was distributed in the communities
together with a summary of the report (AMAP, 2004b)
and the information brochures.
An educational program for schools (a methodological
manual for teachers of 5-9 classes of Russian northern
regions secondary schools) was published under the
auspices of the Arctic Council Indigenous Peoples
Secretariat (Chaschin et al., 2006).
9.5. Discussion
Brustad et al. (2008b) concluded that ‘Health advice to the
public can, due to its complex nature, never be an exact
science. However, a common system and principles in
formulating advice would most likely facilitate a clearer
massage to the public. Consideration of the criteria
currently employed for grading evidence not only shows
the complexity of this field, but also provides evidence
that a consensus is building.’ Both risks and benefits
must be acknowledged. Risk assessment analysis alone
cannot justify dietary recommendations. The authors
suggested that advice is most appropriately formulated
within the context of risk management, of which both
epidemiological evidence and risk assessment are
essential components (Brustad et al., 2008b).
9.5.1. AMAP and risk communication
AMAP was established by the Arctic Council to
investigate the spread and effects of pollution from
the industrial regions in the temperate zones to the
Arctic. AMAP’s main role has been to harmonize
the compilation of data to establish the levels and
extent of contamination in the circumpolar area and
also to initiate research into the correlation between
contaminants and the health status of these areas.
Because all Arctic circumpolar areas are represented
within the Arctic Monitoring and Assessment
Programme, the present assessment provides a
reasonably reliable picture of the status of human
exposure to heavy metals and legacy POPs within
the Arctic. Furthermore, because the exposure
measurements have been repeated over time, it is
possible to comment on the development of trends
with regard to pollution in many areas. Effects studies
have also been undertaken. By comparing documented
levels of exposure to the effect studies from the Arctic
area, and the toxicological literature in general, it may
be concluded that in several places it is possible that
exposure via food has adverse implications on the
health of populations. Studies have demonstrated that
the main source of exposure to contaminants in the
Arctic is traditional food, especially marine animals.
The benefit / risk management process for traditional
foods in circumpolar countries has been challenged
by the issue of environmental contaminants entering
the Arctic food chain for many decades. Although a
framework for risk management has been adopted
in many countries no common process to integrate
all benefits and risks, qualitative and quantitative
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information, to assess and direct decision-making on
this topic has yet been developed.
In societies with a wide range of alternative dietary
choices and broad cultural means of existence, dietary
adjustments are easy to implement. This is not the case
in the Arctic area, however, where communities depend
heavily on marine food, especially marine mammals.
Many populations in the circumpolar area experience
real food insecurity. Will there be enough food? Will
the healthy food be available? Many Arctic people still
experience periods of starvation (CNF, 2007).
Marine mammals are the focus for many Arctic
cultures. It has been possible to achieve some significant
reductions in exposure to heavy metals and organic
chlorines by eliminating the most contaminated
species and organs from the diet. It is feared, however,
that a change in food choices and lifestyle will alter
community culture to such a degree that some of the
cultures will not survive. Another reason for caution
when communicating adverse effects of certain
pollutants is that, theoretically, contaminated food
also contains compounds that have a positive impact
on health, such as marine fatty acids (see Chapters 3
and 7).
All these considerations constitute ‘The Arctic
Dilemma’, that traditional food items have both positive
and negative properties and that the management and
communication of this dilemma is complicated and
dependant on geographic, demographic, cultural, and
social conditions (Chapters 3 and 7).
Dietary guidelines for individual communities are
principally the responsibility of the national/local
health authorities. The aim of the communication is
to provide balanced information allowing people to
make informed rational choices about how to reduce
their exposure to toxic substances and at the same
time ensure that their food has satisfactory nutritional
and aesthetic properties. Information alone is not
enough, however. There is also an obligation on local
authorities to make healthy food available even in
small communities, so that people can actually carry
out these informed rational dietary choices. This is
more of a political and logistic issue.
Because AMAP is able to contribute data and
information on exposure status in local areas over time
and because such information is of general interest to
populations living in the Arctic, it has to some extent
initiated and participated in public health assessments
of both the beneficial and adverse effects resulting
from the various sources of exposure, such as marine
mammals.
9.5.2. Communication strategies and problems in

the Arctic

Information presented in this chapter highlights how
risk communication has been conducted differently
in different countries and regions. In most countries,
risk communication has been undertaken by national
authorities, seldom or never by communication
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professionals.
Communication
of
information
resulting from AMAP’s activities has been given much
consideration from the start, and on some occasions
professional communicators have been used to ensure
that the information is communicated as effectively
as possible. Nevertheless, the goal of giving clear but
nuanced information on the sometimes complicated
conclusions arising from its work has not been totally
satisfactory in all cases. This may be partly due to none
of the Arctic countries having an official strategy for
the communication of the results.
In the Faroe Islands, risk communication has had
measurable positive effects on both the food choices of
target groups (children and young woman) and health
parameters (Weihe et al., 2003). In Norway, Sweden,
Finland, and Iceland, human health issues resulting
from the accumulation of contaminants from Arctic
food chains have been very limited and so the need for
dietary advice to the populations has also been limited
(Brustad et al., 2008a).
It is communities in northern Alaska, Canada, Russia
and Greenland that are subject to ‘The Arctic Dilemma’
where risk communication has been complicated and
often unsuccessful. The difficulty is to convey insights
to all citizens of exposed populations that will enable
them to weigh the benefits against the drawbacks in
their dietary choices.
One particular difficulty has been in identifying the
receiver for the risk communication. Is it the health
professionals of a given country or is it the entire,
affected population? Another difficulty is the form of
the communication. A simple message may be easy to
communicate, but equally easy to misunderstand, for
example, that all seafood is considered contaminated.
On the other hand, balanced and targeted risk
communication would only reach a specific and narrow
receiver population.
Another difficulty has been that toxicological
terms are relatively alien to the general population.
It is assumed that the majority of a population wants
questions about the negative impacts of contaminants
answered by a yes or no and not by a number of
statistical variations which they can interpret to fit their
own personal preferences. However, it is likely that a
substantial proportion of the communicated messages
with regard to contaminants in the circumpolar area
have not been fully understood.
Risk perception research has been valuable in
showing the local perspectives and understanding of
the issue; surveys and other qualitative assessments
have shown that while the majority of the population
is aware of the issue of ‘contaminants’, some confusion
with regard to the ‘chemical only’ nature of the use of
terms by the research community exists and may create
barriers to understanding the messages given out by
northern health professionals and researchers.
In the Canadian Arctic, it appears that women of
childbearing age have received and understood the
least regarding this issue, yet may be the most at risk to
contaminant exposure because of the sensitivity of the
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developing fetus. This is therefore the most important
target audience around which to develop risk reduction
strategies and messages (Kuhnlein et al., 2000).
Research conducted in the Canadian Arctic indicates
that contaminants are not direct determinants
influencing food choice among northern residents,
however, indirect impacts of food choice and hunting
catch rejection may be taking place in some regions
(NCP, 2003).
9.6. Recommendations
Communication of risk needs to embrace the right-toknow and other fundamental human rights, as well as
the precautionary principle.
Regular monitoring of food consumption behavior,
food safety perspectives, and concerns and determinants
of food choice should continue to support the
development and provision of information that aids in
‘informed decision making’ by northern residents.
Communication of AMAP results on human health
issues should be undertaken in a more professional
manner, with the help of professional communicators.
There is a need for more comprehensive tools and
strategies for communication of AMAP results, both
for the general population groups, public health
purposes and decision makers, and specifically for
the most vulnerable indigenous population groups. It
is important that governmental authorities give more
focus to professional communication strategies and
that AMAP should use national authorities to develop
communication strategies for this issue.
The benefits of traditional food consumption should
be communicated along with the results of technical
risk assessments to support the provision of information
to residents in these regions; to help residents make
informed decisions about food and health has become
critical to successful risk communication processes.
Risk communication must be carried out with great
care and respect toward the receiver culture. This does
not mean, however, that recommendations should not
be given. Recommendations should always be based on
a combination of evidence, experience, and common
sense. Pre-testing of messages and an evaluation of the
risk perception by the public might be beneficial.
The anticipated communication channels, audiences,
communities, general public, health officials, or
government officials should be identified as well as
the question of who should communicate advice to
the public, scientists, national experts, physicians,
public health officers, health staff, bureaucrats, local
politicians, and indigenous organizations.
The language used for communication is important.
The choice of terms, such as ‘seafood’ rather than ‘food from
the sea’ or a distinction between fish and marine mammals,
should be carefully decided. Precise wording is necessary
for clear useful messages. A glossary might be useful.
It is crucial to involve the populations affected as well
as external stakeholders (e.g., indigenous organizations)
in the communication and evaluation processes in
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order to build trust and credibility. Good cooperation
with the media is also very important.
Communication effort should be evaluated
systematically and incorporated into AMAP’s future
monitoring program. In addition, communication
strategies should be developed to optimize transfer
of knowledge from scientists to national authorities
and then to citizens. It should be considered to what
extent it is possible and useful to develop compatible
communication strategies in all circumpolar countries,
even if the culture and socio-economic conditions are
totally different.
Both northern residents and public health
professionals require or request more information and
support to interpret the implications of such technical
risk assessment guidelines, viable risk optimization
strategies, and risk communication processes and
emerging issues in environmental health and
toxicological research.
Effect studies of communication should be part of
future assessments in AMAP.
A circumpolar assessment of communication
efficiency should be established. New studies on risk
communication result in new materials for better
communication. More work is, however, needed on the
effectiveness and effects of risk-benefit communication.
The dissemination of AMAP assessment reports
and information, both to the public and to health
authorities in the Arctic, should be improved.
The most effective and rapid risk management
strategies are those developed locally with the
community that they are designed to assist. Once
evaluated for their effectiveness, they can be used as
case studies to assist the development of risk reduction
strategies in other parts of the Arctic. The key success
factors for these strategies will be based on how and
when the people most affected are engaged in the
decision-making process. Any strategies based on
traditional food substitution should ensure that the
value of the dietary components is sustained (AMAP,
2003).
9.7. Policies on contaminants
As levels of legacy contaminants decline, levels of
emerging substances are increasing, raising new
concerns. There will be changes in human exposures,
as well as changes in the physiological behavior of
contaminants (see Chapter 5).
AMAP cannot provide specific public health advice
in local and regional situations, but can evaluate the
work of local health authorities in developing and
disseminating advice.
Human contaminant levels are too high, especially
in the Arctic, and there is a need for strongly
restricting the use and emissions of chemicals that
are persistent, toxic and able to accumulate in food
chains. A forum for initiatives on this topic should be
the Stockholm Convention.
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Chapter 10

Conclusions and Recommendations
Editorial committee: Jens C. Hansen, Andrew Gilman, Arild Vaktskjold, Jay Van Oostdam, Jon Øyvind Odland,
Alexey Dudarev
10.1. Introduction
The mandate given by the Arctic Council to the AMAP
Human Health Assessment Group for the five-year
assessment undertaken from 2003 to 2008 was to
continue monitoring exposure levels of contaminants
and their effects in Arctic populations in order to
provide scientific advice on actions to be taken by
Arctic governments in their efforts to take remedial and
preventive actions relating to contaminants.
Evaluations of individual and population-based
impacts of contaminants must be placed within the
context of the general health status and vulnerability
of indigenous people living in the Arctic. Indigenous
people often have less access to health care and have
poorer health as indicated by major health disparities
(see Chapter 8). Changing economies, climate change,
and social structure within the circumpolar region
also play a significant role in health and well-being
(see Chapter 2). In general, the conclusions and
recommendations published in the AMAP 2002
assessment are still valid. However, new monitoring
data, especially from Arctic Russia and new scientific
evidence have lead to a strengthening of the previous
conclusions and to new ones.
The purpose of this chapter is to integrate the
information and conclusions provided in the preceding
chapters of this assessment on human health in the Arctic
to clearly identify what has changed over the last five
years in knowledge of contaminant-health interactions
and to provide recommendations for consideration by
public health practitioners, health and environment
policy makers, and governments.
The main conclusions of the present assessment are:
• Human exposure to most legacy persistent organic
pollutants (POPs) and mercury is declining across
much of the Arctic, but remains high among
some populations. Further monitoring of these
contaminants is needed in all Arctic regions to
determine whether the declining trends continue.
Additional studies are needed to better understand
recently observed health effects and risks associated
with current levels of exposure in the Arctic.
• Additional, emerging compounds have been recently
measured in human tissues from the Arctic, but there
are inadequate data to conclude whether levels are
increasing, declining, or remaining steady. Neither
are there adequate spatial data to indicate where
on an Arctic-wide basis, levels are changing. The
toxicological effects of these substances are poorly
understood. The levels of these newer (emerging)
contaminants need to be monitored across the Arctic
region and their effects better understood.

• A major dietary shift from traditional to imported
foods is underway in most of the Arctic, with
significant health implications primarily due to
increased intake of saturated fats and sugars.
• The global obesity epidemic and associated diseases
such as diabetes now also affect Arctic populations.
Diabetes and insulin-resistance are a major public
health issue and a major source of morbidity at
every stage of life. Recent scientific evidence shows
that POPs exposure, at levels observed in the Arctic,
independently increases the risk of diabetes. The
dietary causes of obesity in the Arctic, changes
in exposure to POPs, and the combined effects of
obesity and POPs require further study.
• Development of dietary advice can be complex
due to varying contaminant levels in different
traditional foods and different areas of the Arctic,
limited access to, or choice of, imported foods in
remote communities, and shifting food preferences
among Arctic populations. Communicating the
risks and benefits associated with dietary choices of
both traditional and imported foods must therefore
be done carefully, taking into account a wide
range of factors (social, economic, cultural), and in
collaboration with communities to ensure advice is
culturally appropriate.
• Interactions
between
climate
change
and
contaminant transport and behavior have the
potential to change human exposure in the Arctic
significantly. Current understanding is inadequate to
determine the likelihood and magnitude of the health
impacts of exposure changes. Continued monitoring
is required to detect trends in environmental levels
of contaminants. Predictive models of contaminant
transport and behavior need to be improved to take
changing climate into account.
Specific conclusions and recommendations are
provided in the sections that follow and are grouped
under a series of headings.
10.2. Key findings from this assessment
Health disparities between indigenous and non-indigenous
populations and between population groups in different
Arctic regions continue to be significant.
• Health studies have shown that in some areas of the
Arctic, indigenous peoples have similar health status to
non-indigenous populations. However, in many areas
their health is significantly poorer. Among indigenous
people, suicides and injuries remain a significant cause
of death in some parts of the circumpolar region.
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• Arctic populations are in a process of rapid dietary
transition from a traditional to a westernized diet.
This has adversely influenced the health status of
some populations.

different: even in areas with relatively high levels of
POPs, mercury concentrations are low. A decreasing
proportion of Inuit women of childbearing age are
exceeding guidelines for blood mercury.

• Lifestyle-related conditions, such as obesity, diabetes,
and circulatory diseases, all of which are elements
of metabolic syndrome, are more prevalent than
previously reported. The development of metabolic
diseases is related to consumption of imported
foods high in saturated fats and sugars and to low
physical activity.

• Dietary changes due to social, cultural, and economic
changes, plus people’s responses to risk management
recommendations in the Arctic, are likely to be the
reasons for these decreases in human body burdens,
which are in contrast to the increasing levels of
mercury seen in many marine species.

Levels of legacy POPs in human tissues are declining in
many regions of the circumpolar Arctic. New sources and
patterns are being seen in Arctic Russia.
• Owing to new monitoring in Arctic Russia this is the
first AMAP assessment that allows a comparison of
all Arctic regions. Some Arctic populations have been
sampled only once or twice, while other populations
have had several sampling periods, allowing for more
definitive conclusions on time trends to be made for
these populations.
• This assessment indicates that legacy POPs such
as polychlorinated biphenyls (PCBs), DDE, and
oxychlordane, have decreased in many populations
included
in
previous
AMAP
assessments.
Concentrations of PCBs and oxychlordane in Inuit
mothers and adults in eastern Canada and Greenland
that eat marine mammals continue to be two to ten times
higher than levels seen in other Arctic populations.
• Recent data for Arctic Russia have also indicated
elevated levels of oxychlordane and PCBs in
indigenous coastal peoples from Chukotka. These
levels have been linked to consumption of marine
mammals by these coastal peoples.
• DDE, the major metabolite of the pesticide DDT, is
now found at the highest concentration in Arctic
Russia. In Russia, DDE is found at elevated levels
in all populations from inland, coastal, and urban
non-indigenous populations. This indicates that
the likely source is recent use of DDT in Russian
agriculture or as a pesticide in northern communities
rather than through atmospheric transport and local
accumulation in the marine mammal food chain.
Levels of mercury in human tissues are declining in
several Arctic regions. Inuit continue to have the highest
exposure levels of mercury in the Arctic and most often
exceed blood guidelines.
• Mercury levels are declining in many populations
across the Arctic; however, Inuit who consume marine
mammals continue to have blood mercury levels
which are three to ten times higher than populations
who consume imported foods, as determined in
the previous two assessments (AMAP, 1998, 2003).
This finding is especially prominent in Greenland
and parts of Arctic Canada. The pattern in Russia is

New evidence indicates that POPs, mercury, and lead can
affect the health of people and especially children at lower
levels of exposure than previously thought.
• Current human exposure to existing levels and
mixtures of contaminants in the Arctic influences the
health of some Arctic populations in a negative manner
and exerts additive effects on lifestyle related diseases.
Subtle effects have been demonstrated to be present at
a sub-clinical level with only minimal exposure:
◦ Negative effects from prenatal PCB exposure and
mercury on human growth and gestation have been
observed in Arctic populations, despite the beneficial
effects of n-3 fatty acids from the traditional diet.
◦ Recent epidemiological studies in Arctic Quebec
support previous results from other locations
showing that prenatal exposure to PCBs is related to
a relatively specific profile of cognitive impairments
in children.
◦ There is also additional evidence that POPs exposure
among some Arctic populations is associated with
alterations in the immune system.
◦ New data from the Arctic support previous findings
that mercury may be a risk factor for cardiovascular
disease, mainly through its action on blood pressure.
These effects appear to occur at exposure levels
currently observed in many Arctic populations.
◦ There is epidemiological evidence that methylmercury decreases paraoxonase (PON-1) activity.
PON-1 is an anti-oxidant, and decreases in its
activity may indicate increased cardiovascular
risk.
◦ There is evidence to show that non-coplanar PCBs
have a pro-oxidative effect and may aggravate
signs of metabolic syndrome, primarily induced
by lifestyle factors.
◦ Preliminary analysis of the extended Russian Arctic
cohort adds evidence to the findings identified
earlier (AMAP, 2004) that higher levels of maternal
blood serum PCBs might be associated with more
frequent occurrences of low birth weight, premature
births, stillbirths, and menstrual irregularities.
These possible adverse reproductive health effects of
POPs and metals, as well as their potential influence
on the sex-ratio of newborns, will require more in-

Chapter 10 · Conclusions and Recommendations
depth evaluation. Detailed analyses of all available
data and systematic epidemiological studies,
which take into account relevant confounders and
other contaminants, must be undertaken before
conclusive statements can be made.
◦ Recent monitoring has found that levels of lead
in pregnant women in Arctic Canada, Greenland,
and Sweden are declining. The use of lead shot for
hunting is a significant source of lead exposure in
some areas. Small proportions of pregnant women in
Greenland and the Russian eastern Arctic continue
to exceed the blood guidelines for lead, which
are based on risks to infant neurodevelopment.
Recent results emphasize that behavioral effects
of prenatal lead exposure are likely to be observed
when testing protocols include sensitive measures
of behavior, even at very low concentrations. At
these lower concentrations, significant associations
have been found with attention in 11-month old
Inuit infants and neuro-motor function (reaction
time, action tremor) in five-year old Inuit children.
• New methodologies have made it possible to determine
the total dioxin-like bioactivity in human serum from
the Arctic. The findings in the Arctic provide an
independent measure of net biological activity of the
actual total congener composition from a mixture of
contaminants found in human serum and interactions
with health biomarkers and nutrients:
◦ In Greenlandic Inuit, complex mixtures of POPs
in serum decrease the estrogenic and increase
the androgenic bioactivity compared to similar
measurements made with European serum. The
effects found in Greenlandic Inuit vary with the
profile of the contaminants found in populations in
different geographical locations.
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• In order to better predict the effects of climate
change on contaminant movements, data for
transport pathways related to ocean currents, upper
atmospheric winds, ‘polar sunrise’ phenomena,
ice-related releases of contaminants, releases
from thawing waste sites, and other pathways
will need to be collected regularly and utilized in
more sophisticated predictive models. Monitoring
information for wildlife and human populations will
also be needed to corroborate these predictions of
how and where contaminants are moving as climate
changes.
• Based on monitoring and climate impact modeling
outputs, it will become increasingly important to
provide dietary advice in the circumpolar region that
maximizes nutritional benefit and social-cultural
integrity while minimizing contaminant exposures.
Research on climate change and contaminant
interactions will be essential for regionally
appropriate adaptation strategies.
• Climate change may create ice-free passages in the
Arctic Ocean. These changes may lead to increased
transport by ship of Arctic oil and gas and other
resources. Spills, vessel accidents, and ballast-water
release in a warmer Arctic may increase contaminant
releases in the Arctic and increase exposure of
circumpolar residents.
Several emerging compounds have recently been detected
in the Arctic and in human tissues and have not been
adequately evaluated.

Climate change may increase the mobilization of POPs
and mercury, and lead to higher releases of contaminants
within the Arctic.

• Recent monitoring of polybrominated diphenylethers (PBDEs) in Arctic populations has found
these compounds in the traditional foods and
the blood of Arctic peoples. Levels of PBDEs are
comparable or lower in the Arctic peoples compared
to southern peoples of most circumpolar countries.
An exception is Alaska where the levels are elevated
and comparable to the levels in the U.S. general
population, where levels of PBDEs are higher than in
most other countries. However, there is inadequate
information for any conclusions on trends in the
levels of PBDEs in Arctic peoples. Despite the lack
of trends these compounds are expected to further
increase in the Arctic peoples. Only very limited
toxicological, epidemiological, and monitoring data
are available for PBDEs so definitive conclusions on
health risks cannot be made at this time.

• The interaction between global climate, regional
weather patterns, ocean processes, and atmospheric
processes is very complex and poorly understood.
While the impacts of climate change on contaminant
exposure are also largely unknown, it is very likely
that climate change will have a significant impact on
the redistribution of a wide range of contaminants
and significant changes in exposure of human
populations in the Arctic to contaminants.

• Various perfluorinated compounds such as perfluorooctane sulfonate (PFOS) and perfluorooctanoic
acid (PFOA) are also being found in the Arctic
environment, animals, and peoples. The levels of
perflourinated compounds such as PFOS in human
plasma often exceed the levels of legacy POPs. The
levels of PFOS and PFOA determined in Arctic
people are comparable with concentrations found
in southern peoples.

◦ Serum dioxin-like bioactivity of total POPs is a good
effect biomarker of sperm DNA damage in Inuit as
well as Europeans.
◦ Single proxy chemical markers for POPs such as CB153
cannot adequately predict overall serum dioxin-like
activity. Dioxin-like congeners such as CB118 should
be included in future studies of chemical markers of
estimated dioxin-like activity in serum.

208
Traditional foods are an important source of nutrients for
many Arctic residents. These foods are also the main source
of exposure to contaminants. Dietary advice should take
into account contaminant concentrations in local foods in
order to reduce the exposure level.
• Traditional food is a good source of vitamins and
essential trace elements. Marine food is also rich in
polyunsaturated fatty acids which are associated
with health benefits for the cardiovascular system,
metabolic function, and fetal growth and development
especially of the central nervous system.
• Traditional food is also a fundamental component of
the culture of many Arctic peoples. Its use is often
important to the identity of a people; the sharing
of traditional food plays a role in the maintenance
of social norms and expectations. The activities of
gathering and hunting have significant physical
health benefits. Given the high cost of living in most
Arctic communities, traditional food saves many
families money and promotes health and well-being.
• Communities consuming large amounts of marine
predators have a dietary exposure to contaminants
that is higher than that of communities which eat
land mammals and fish. Polar bears, toothed whales,
turbot, Greenland shark, and birds like marine
gulls and fulmars (including their eggs) are marine
predators and have high levels of contaminants.
However, there are regional differences in levels
found in these species.
• Combined, these aspects illustrate and confirm the
‘Arctic Dilemma’ described first in the second AMAP
assessment of human health in the Arctic (AMAP,
2003); traditional food is nutritionally, culturally,
economically, and spiritually important but is also
the major source of exposure to POPs and metals.
Nevertheless, the results of this assessment support
the importance of promoting the consumption of
traditional food after providing information which
allows informed choice.
• 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 areas of the circumpolar Arctic, it is not
feasible to provide specific dietary recommendations
that apply to all Arctic populations. In general,
traditional foods should be recommended and dietary
advice about this food should be based upon local
conditions and knowledge of contaminant levels.
Imported store-bought foods have lower contaminant
levels, but many of these foods commonly consumed in
the Arctic tend to be high in saturated fats and sugars.
An increasing proportion of the Arctic population is
consuming unhealthy imported foods.
• Comparable information about nutritional intakes
in Arctic Russia is still lacking. Nutritionally, the
inadequacies of the diets are not necessarily a
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question of imported versus traditional foods, but
the low nutrient density of imported foods available
and consumed.
• Available imported foods tend to have low
contaminant levels (POPs and metals) because they
come from very short food chains and they can
also be an important source of folate and vitamin
C. However, imported foods also tend to be high in
sugar and saturated fats and sometimes trans-fatty
acids, and to have a low density of vitamins and
minerals.
• The increased prevalence of obesity and metabolic
diseases observed in Arctic populations is associated
with current socio-economic changes and a dietary
transition which lead to increased consumption of
imported foods and less traditional food plus less
physical activity.
Lifestyles in much of the circumpolar region are changing.
Unhealthy choices can worsen general health and
exacerbate responses to contaminant exposures.
• Lifestyles in much of the circumpolar region
are continuing to change as Arctic economic
opportunities
increase.
Access
to
global
communication systems provides a wide range
of consumption messages, including those which
focus on food selections which are unhealthy.
Community concerns about consumption of
traditional foods, less hunting, a more sedentary
lifestyle and other changes in lifestyle are likely to
lead to some significant deterioration in individual
and population health.
• A dietary transition towards increased use of
imported food, and less hunting, gathering and
consumption of traditional food is leading to a higher
prevalence of obesity and its sequels (metabolic
syndrome, diabetes type II, and cardiovascular
disease). In many Arctic communities (e.g., in Canada
and Greenland) the traditional to imported food
ratio has continued to decrease and is especially low
among youth. Although relatively low contaminant
concentrations are found in the imported food, in
general, the decreasing proportion of traditional food
in the diet has had a negative impact on the intake of
most nutrients.
• Health status is also likely to be affected by factors
such as: less trade and barter and more reliance
on income from employment to purchase goods
(including imported foods); the need for employment
outside the community, necessary to generate income
to purchase imported foods; and exposure through
employment or industry to imported diseases and
social pressures.
• Exposure to POPs and methylmercury will aggravate
the development of ill health associated with lifestyle
changes. Both POPs and mercury are likely, in a
dose-dependent way, to increase the severity of
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lifestyle-related metabolic disturbances induced by
the changes in lifestyle.
Genetic factors influence how individuals and individual
populations respond to environmental exposure.
• Gene/environment studies are a new area of research
in an Arctic context. Genes are major determinants
of the reaction of an organism to environmental
exposures. Very little is known about genetics in
Arctic populations and there are large gaps in
knowledge related to how genetic factors may interact
with contaminants to affect disease outcomes.
Quality assessment (QA) and quality control (QC) are
essential components of all monitoring programs and
must remain robust elements of monitoring activities.
• Inter-comparability of data between different
studies and different laboratories is a key element in
monitoring and assessments of exposures and risk.
QA/QC is now well developed and integrated into
the AMAP human health blood monitoring program.
The AMAP inter-laboratory comparison program
has markedly improved analytical co-operation, data
comparability, data reliability, and data accuracy
among participating laboratories.
Health risk communication is important but complex.
Past experiences can be used to develop effective
communication strategies.
• Risk communication must be carried out with great
care and must be sensitive to cultural preferences at a
community level. Within a community there may be
a need for specific and targeted advice to address the
potential health risks for a particular subgroup (e.g.,
women of childbearing age).
• Community involvement in all aspects and phases of
the development of risk communication information
is critical to ensuring that the advice is appropriate
and relevant. It is also crucial to involve other
stakeholders such as Indigenous organizations in the
communication development process and evaluation
processes.

• In 2002, the AMAP Human Health Assessment
Group concluded that breast-feeding was important
for immune system development, disease prevention,
good nutrition, and mother-child bonding (social
development). The Group re-affirms this conclusion
in 2008, despite the presence of several POPs and
metals in the breast milk of Arctic mothers. Studies
of prenatal and post-natal exposure confirm that
breast-feeding is best for at least six months.
Blood and breast milk are both valuable media for human
biomonitoring globally and in the Arctic. However,
in the Arctic blood is the preferred media for human
biomonitoring.
• Both blood and breast milk can be used as human
tissues for monitoring contaminants. The preference
for blood monitoring in the Arctic is based on a need
for information on both males and females, multiple
age groups (children, adolescents, adults, and senior
citizens), and both metals and POPs. Several studies
and data provided in previous AMAP assessments
indicate that contaminant concentrations in blood
and breast milk are well correlated and intercomparable. An exception is the perfluorinated
compounds, for which serum is needed.
• Using standard laboratory techniques, there is
enough lipids in blood to enable the quantitative
estimation of all the POPs currently under study.
Metals are also readily evaluated in whole blood
obtained from the same samples of blood needed for
POPs analyses; metals are less readily determined
in breast milk.
• Blood can be obtained routinely from mothers in
birthing centers pre-partum and enables immediate
interventions if considered necessary; breast milk
is often only available once birth mothers have
returned to their communities and can be expensive
to collect and safeguard. In addition, blood sampling
is often more socially and culturally acceptable than
sampling of breast milk.
10.3. Key recommendations

• As contaminant levels change (e.g., a decline in some
of the legacy POPs or an increase in an emerging
POP) and new scientific information about health
impacts becomes available, risk communication will
need to evolve to maintain its currency.

These recommendations are based on the conclusions
from this assessment and the significant knowledge
gaps that have been identified.

• The AMAP Human Health Assessment Group cannot
provide specific public health advice in local and
regional situations, but can evaluate the circumpolar
impacts of efforts by local health authorities to
develop and disseminate advice.

• The human health assessment process initiated
through AMAP should be continued with the aim of
pursuing a more holistic health impact assessment
of the influences of environmental pollution on
the health of Arctic peoples and the associated
risk factors affecting them. This effort should
be coordinated with related public health work
initiated through the Sustainable Development
Working Group.

Breast-feeding is very important for infant development
and health and should still be promoted in conjunction
with dietary advice for mothers.

10.3.1. General
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• Considering the importance of general health and
the influence of changing diets and contaminants
on disease outcomes, more effort needs to be made
to systematically collect, analyze, and report on the
health status of Arctic populations and especially
indigenous peoples.
• It is very important to maintain and expand current
human population cohorts in the Arctic as identified
in this assessment, such as those in Canada,
Greenland, and the Faroe Islands. Only long-term
prospective studies will provide the information
needed to track adverse health outcomes associated
with contaminants and changing conditions related
to climate change, socio-cultural conditions, and diet.
• Uniform reporting of key health status indicators
should occur every three to five years, should
include trend information, should be broken down
by age and gender, and should be provided by all
circumpolar jurisdictions at appropriate regional
levels.
• Because genotype may influence responses to
contaminants, more knowledge about genetic
variability and susceptibility among Arctic peoples
is needed. Including genetics in studies that examine
lifestyle and contaminant interactions will provide
better insight into individual and population
vulnerability to contaminants.
• Public health officials should continue to recommend
breast feeding among Arctic populations as a
healthy practice which optimizes infant growth
and development. However, there is a need to
reduce contaminant levels in breast milk through
national, regional, and international action to
reduce pollution and through relevant food advice
to women of childbearing age.
10.3.2. Climate change
• Monitoring is urgently needed to ensure early
detection of climate-induced human health threats
related to contaminants. Essential monitoring
elements include contaminant levels in humans and
wildlife food species, zoonotic diseases in wildlife,
and observations of environmental parameters such
as water quality, ice, permafrost, and weather.
• Improved predictive models of contaminant
transport and behavior in the Arctic are needed to
understand the likely impacts of climate change
with respect to contaminants. These models require
improved comprehensive circumpolar monitoring of
environmental matrices integrated with weather and
climate data.
10.3.3. Nutrition
• More research about determinants of food choices
and availability is needed to provide better dietary
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advice relevant to local conditions and preferences.
This research should focus on differences by age
and gender.
• Because consumption of imported food is likely to
continue increasing in most of the Arctic, health
authorities should work vigorously with local and
national food agencies to promote the availability
and consumption of imported food items with high
nutritional value.
• In order to maximize the benefits of traditional food
use and to reduce the risks associated with the intake
of contaminants in some traditional foods, such as
certain marine mammals, health authorities should
promote improved access to and consumption of
local traditional foods such as fish and terrestrial
mammals that have lower levels of POPs and metals
and high nutrient values.
• Studies should combine human biomonitoring of
contaminants with total diet studies in the Arctic
in order to produce better exposure estimates and
better dietary advice.
10.3.4. Health risks posed by contaminants
• Continued monitoring of legacy POPs, mercury,
and lead in humans and traditional foods is needed
to obtain valid exposure trends and to track the
effectiveness of national, regional, and international
actions to reduce releases.
• Polybrominated compounds and perfluorinated
compounds need to be included in future routine
monitoring in all Arctic countries in order to reveal
their sources; because these compounds are not
associated with traditional food as are the legacy
POPs. Additional sampling and analytical method
development, where needed, should be undertaken
for other compounds such as short-chain chlorinated
paraffins, pentachlorophenol, siloxanes, and
parabenes.
• Toxicological
studies
of
polybrominated
compounds and perfluorinated compounds need to
be undertaken at levels at and above those found
in human tissues, to determine the effects of these
substances on development, behavior, reproduction,
immune function, the nervous system, and organ
function.
• Because the exposure level to methylmercury
continues to be high in some Arctic populations,
continued monitoring of trends is warranted.
• Further research is needed on the relationship
between mercury and cardiovascular disease in
Arctic populations.
• Contaminant-nutrient interactions should be further
investigated in prospective Arctic cohort studies.
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10.3.5. Communication
• Regional health authorities should collaborate
with communities to develop effective, culturally
appropriate communication strategies concerning
contaminants and human health. Communication
efforts should be evaluated with respect to their
impacts on the intended audience.
• Dietary advice to Arctic residents should include
both the benefits of traditional food consumption and
the results of technical risk assessments concerning
contaminants.
• Risk perceptions, dietary patterns, and determinants
of food choice should be taken into account in the
development of communication materials.
• AMAP should improve the distribution and
availability of its reports and information to the
general public, health authorities, and scientists
in or working in the Arctic. Possible steps include

greater prominence on the world-wide web’s search
engines and increasing AMAP’s presence at relevant
meetings and conferences.
10.3.6. Political and administrative
• Taking into account the similarity in properties
between
polybrominated
compounds
and
perfluorinated compounds and other better
known POPs and the long-range transport and
bioaccumulation of PFOS in human tissues, these
substances should be added to the Stockholm
Convention.
• A global agreement to control mercury emissions
should be pursued to complement national and
regional efforts to reduce environmental mercury
concentrations and to lower human exposures to
mercury in the Arctic.

212

AMAP Assessment 2009: Human Health in the Arctic

213

Personal communications and unpublished data
Anda, E., 2008. Faculty of Medicine, Institute of Community
Medicine, University of Tromsø, Norway.
Autrup, H., 2008. Institut of Public Health, University of
Aarhus, Denmark.
Ayotte P., 2008. Université Laval, Quebec.
Berner, J., 2008. Alaska Native Tribal Health Consortium,
Anchorage.
Bjerregaard, P., 2007. National Institute of Public Health,
Denmark.
Bonefeld-Jorgensen, E., 2008. Centre for Arctic Environmental
Medicine, University of Aarhus, Denmark.
Bowers, W.J., 2008. Health Canada.
Deutch, B., 2007, 2008. Centre for Arctic Environmental
Medicine, University of Aarhus, Denmark.
Dewailly, E., 2007. Public Health Research Unit CRCHULCHUQ, Laval University, Quebec.
Donaldson, S., 2009. Health Canada.
Dudarev, A., 2007, 2008. North-West Public Health Research
Centre, St. Petersburg, Russia.
Kiviranta, H., 2007. National Public Health Institute,
Department of Environmental Health, Helsinki, Finland.
LeBlanc, A., 2008.

Messner, T., 2008. Department of Internal Medicine, Kiruna
District Hospital, Sweden.
Nahir, M., 2009. Department of Indian and Northern Affairs,
Canada.
Odland, J., 2008. Institute of Community Medicine, Tromsø
University, Norway.
Olafsdottir, K., 2007. Department of Pharmacology and
Toxicology, University of Iceland.
O’Niell, P., 2009. Department of Indian and Northern Affairs,
Canada.
Pereg, D., 2007. Unité de recherche en santé publique, CHUQCHUL, Laurier, Québec.
Potyrala, M., 2008. Nunavut Department of Health and Social
Services, Iqaluit, Nunavut.
Reimer, K., 2009. Department of Indian and Northern Affairs,
Canada.
Rylander, C., 2008. Norwegian Institute for Air Research.
Stow, J., 2009. Department of Indian and Northern Affairs,
Canada.
Van Oostdam, J., 2008. Chemicals Surveillance Division,
Health Canada.

References
Aarts, J.M., M.S. Denison, M.A. Cox, M.A. Schalk,
P.M. Garrison, K. Tullis, L.H. de Haan and A.
Brouwer, 1995. Species-specific antagonism of
Ah receptor action by 2,2’,5,5’-tetrachloro- and
2,2’,3,3’4,4’-hexachlorobiphenyl. European Journal of
Pharmacology, 293:463-474.
ACAP, 2006. Arctic Council Action Plan to Eliminate Pollution
of the Arctic. ACAP Progress Report to Senior Arctic
Officials. 26-27 April 2006, Syktyvkar, Russia.
ACIA, 2005. Arctic Climate Impact Assessment. Cambridge
University Press.
Addison, R.F. and T.G. Smith, 1998. Trends in organochlorine
residue concentrations in ringed seal (Phoca hispida)
from Holman, Northwest Territories, 1972–91. Arctic,
51:253-261.
Adler, A.I., E.J. Boyko, C.D. Schraer and N.J. Murphy,
1994. Lower prevalence of impaired glucose tolerance
and diabetes associated with daily seal oil or salmon
consumption among Alaska Natives. Diabetes Care,
17:1498-1501.
Agarwal, D.P. and H.W. Goedde, 1992. Pharmacogenetics of
alcohol metabolism and alcoholism. Pharmacogenetics,
2:48-62.
AHDR, 2004. Arctic Human Development Report. Akureyri,
Stefansson Arctic Institute.
Ahne, W. and T. Jarre, 2002. Environmental toxicology:
polychlorinated biphenyls impair TNF-alpha release in

vitro. Journal of Veterinary Medicine Series A, 49:105-106.
Ailhaud, G. and P. Guesnet, 2004. Fatty acid composition of
fats is an early determinant of childhood obesity: a short
review and opinion. Obesity Reviews, 5:21-26.
Ajuwon, K.M. and M.E. Spurlock, 2005. Palmitate activates
the NF-kappa B transcription factor and induces IL-6 and
TNFalpha expression in 3T3-L1 adipocytes. Journal of
Nutrition, 135:1841-1846.
Akins, J.R., K. Waldrep and J.T. Bernert Jr., 1989. The
estimation of total serum lipids by a completely enzymatic
‘summation’ method. Clinica Chimica Acta, 184:219-226.
Alaska Bureau of Vital Statistics, 2004. 2004 Annual Report.
Available at: http://www.hss.state.ak.us/dph/bvs/data/2004ar.
htm
Alexander, D.L., L.G. Ganem, P. Fernandez-Salguero, F.
Gonzalez and C.R. Jefcoate, 1998. Aryl-hydrocarbon
receptor is an inhibitory regulator of lipid synthesis and
of commitment to adipogenesis. Journal of Cell Science,
111:3311-3322.
Allan, T.M., 1963. Hirszfeld and the Abo blood groups. British
Journal of Preventive and Social Medicine, 17:166-171.
Almeida-Pititto, B., S.G. Gimeno, R.D. Freire, F.F. Ribeiro-Filho
and S.R. Ferreira, 2006. Japanese-Brazilian diabetes study.
Leptin is not associated independently with hypertension
in Japanese-Brazilian women. Brazilian Journal of Medical
and Biological Research, 39:99-105.
Alonso-Magdalena, P., S. Morimoto, C. Ripoll, E. Fuentes

214
and A. Nadal, 2006. The estrogenic effect of bisphenol A
disrupts pancreatic β-cell function in vivo and induces
insulin resistance. Environmental Health Perspectives,
14:106-112.
AMAP, 1997. Arctic Pollution Issues: A State of the Arctic
Environment Report. Arctic Monitoring and Assessment
Programme (AMAP), Oslo, Norway.
AMAP, 1998. AMAP Assessment Report: Arctic Pollution
Issues. Arctic Monitoring and Assessment Programme
(AMAP), Oslo, Norway.
AMAP, 2000. AMAP Report on Issues of Concern: Updated
Information on Human Health, Persistent Organic
Pollutants, Radioactivity, and Mercury in the Arctic.
AMAP Report 2000:4. Arctic Monitoring and Assessment
Programme, Oslo, Norway.
AMAP, 2003. AMAP Assessment 2002: Human Health in the
Arctic. Arctic Monitoring and Assessment Programme
(AMAP), Oslo, Norway.
AMAP, 2004a. AMAP Assessment 2002: Persistent Organic
Pollutants in the Arctic. Arctic Monitoring and Assessment
Programme, Oslo, Norway.
AMAP, 2004b. Persistent Toxic Substances, Food Security and
Indigenous Peoples of the Russian North. Final Report.
Arctic Monitoring and Assessment Programme (AMAP),
Oslo, Norway.
AMAP, 2004c. AMAP Assessment 2002: Radioactivity in the
Arctic. Arctic Monitoring and Assessment Programme,
Oslo, Norway.
AMAP, 2009. Assessment 2007: Oil and Gas Activities in the
Arctic – Effects and Potential Effects. Arctic Monitoring
and Assessment Programme, Oslo, Norway. In press.
Anas, M.K., C. Guillemette, P. Ayotte, D. Pereg, F. Giguère
and J.L. Bailey, 2005. In utero and lactational exposure
to an environmentally relevant organochlorine mixture
disrupts reproductive development and function in male
rats. Biology of Reproduction, 73:414-426.
Anbalagan, J., P. Kanagaraj, N. Srinivasan, M.M. Aruldhas and
J. Arunakaran, 2003. Effect of polychlorinated biphenyl,
Aroclor 1254 on rat epididymis. Indian Journal of Medical
Research, 118:236-242.
Anda, E.E., E. Nieboer, T. Sandanger, A. Doudarev and J.Ø.
Odland, 2007a. Associations between maternal blood,
cord blood and breast milk levels of different organic
and inorganic substances. Data from “Food security and
Indigenous Peoples in the Russian North”; the Chukotka
Database. Journal of Environmental Monitoring,
9:884-893.
Anda, E., E. Nieboer, A.A. Dudarev, T.M. Sandanger and J.Ø.
Odland, 2007b. Intra- and intercompartmental associations
between levels of organochlorines in maternal plasma,
cord plasma and breast milk, and lead and cadmium in
whole blood, for indigenous peoples of Chukotka, Russia.
Journal of Environmental Monitoring, 9:884-893.
Andersen, H.R., A.M. Andersson, S.F. Arnold and 25 others,
1999a. Comparison of short-term estrogenicity tests
for identification of hormone-disrupting chemicals.
Environmental Health Perspectives, 107(Suppl 1):89-108.
Andersen, S., B. Hvingel and P. Laurberg, 1999b. Grave’s disease
in the Inuit population of Greenland. Presentation of five
cases observed during a two month period. International

AMAP Assessment 2009: Human Health in the Arctic
Journal of Circumpolar Health, 58:248-253.
Andersen, H.R., A.M. Vinggaard, T.H. Rasmussen, I.M.
Gjermandsen and E.C. Bonefeld-Jorgensen, 2002a. Effects
of currently used pesticides in assays for estrogenicity,
androgenicity, and aromatase activity in vitro. Toxicology
and Applied Pharmacology, 179:1-12.
Andersen, S., B. Hvingel and P. Laurberg, 2002b. Iodine content
of traditional Greenlandic food items and tap water in east
and west Greenland. International Journal of Circumpolar
Health, 61:332-340.
Andric, S.A., T.S. Kostic, S.S. Stojilkovic and R.Z. Kovacevic,
2000. Inhibition of rat testicular androgenesis by a
polychlorinated biphenyl mixture aroclor 1248. Biology of
Reproduction, 62:1882-1888.
Andric, N.L., S.A. Andric, S.N. Zoric, T.S. Kostic, S.S. Stojilkovic
and R.Z. Kovacevic, 2003. Parallelism and dissociation in
the actions of an Aroclor 1260-based transformer fluid
on testicular androgenesis and antioxidant enzymes.
Toxicology, 194:65-75.
Ankarberg, E. M. Aune, G. Concha, P.O. Darnerud, A. Glynn,
S. Lignell and A. Törnkvist, 2007. Risk värdering av
persistente klorerade och bromerade miljöföroreninger
i livsmedel. Livsmedels Verket [National Food
Administration, Sweden]. (In Swedish)
ANTHC, 2005. Alaska Native Diabetes Program, 2005 Diabetes
Prevalence Maps. Alaska Native Tribal Health Consortium,
Anchorage, Alaska.
Apelberg, B.J., F.R. Witter, J.B. Herbstman, A. Calafat, R.U.
Halden, L.L. Needham and L.R. Goldman, 2007. Cord
serum concentrations of perfluorooctane sulfonate (PFOS)
and perfluorooctanoate (PFOA) in relation to weight
and size at birth. Environmental Health Perspectives,
115:1670-1676.
Appleyard, G.D. and A.A. Gajadhar, 2000. A review of
trichinellosis in people and wildlife in Canada. Canadian
Journal of Public Health, 91:293-297.
Araki, N., K. Ohno, M. Nakai, M. Takeyoshi and M. Iida,
2005. Screening for androgen receptor activities in 253
industrial chemicals by in vitro reporter gene assays using
AR-EcoScreen cells. Toxicol In Vitro, 19:831-842.
Arbour, L., B. Christensen, T. Delormier, R. Platt, B. Gilfix, P.
Forbes, I. Kovitch, J. Morel and R. Rozen, 2002. Spina bifida,
folate metabolism, and dietary folate intake in a Northern
Canadian aboriginal population. International Journal of
Circumpolar Health, 61:341-351.
Arisaw, K., H. Takeda and H. Mikasa, 2005. Background
exposure to PCDDs/PCDFs/PCBs and its potential health
effects: a review of epidemiological studies. The Journal of
Medical Investigation, 52:10-21.
Ariyaratnam, R., J.P. Casas, J. Whittaker, L. Smeeth, A.D.
Hingorani and P. Sharma, 2007. Genetics of ischaemic
stroke among persons of non-European descent: a metaanalysis of eight genes involving approximately 32,500
individuals. Public Library of Science Medicine 4:e131.
Arkkola, T., U. Uusitalo, C. Kronberg-Kippilä, S. Männistö,
M. Virtanen, M.G. Kenward, R. Veijola, M. Knip, M.L.
Ovaskainen and S.M. Virtanen, 2008. Seven distinct dietary
patterns identified among pregnant Finnish women –
associations with nutrient intake and sociodemographic
factors. Public Health Nutrition, 11:176-82.

References
Armstrong, B., K. Tofflemire, E. Myles, O. Receveur and L.
Chan, 2007. Monitoring Temporal Trends of Human
Environmental Contaminants in the NWT study.
Department of Health and Social Services, Government of
Northwest Territories.
Arnaud, J, J.P. Weber, C.W. Weykamp, P.J. Parsons, J. Angerer,
E. Mairiaux, O. Mazarrasa, S. Valkonen, A. Menditto, M.
Patriarca and A. Taylor, 2008. Quality specifications for
the determination of copper, zinc, and selenium in human
serum or plasma: evaluation of an approach based on
biological and analytical variation. Clinical Chemistry,
54:1892-1899.
Asayama. K., H. Hayashibe, K. Dobashi, N. Uchida, T. Nakane,
K. Kodera, A. Shirahata and M. Taniyama. 2003. Decrease
in serum adiponectin level due to obesity and visceral fat
accumulation in children. Obesity Research, 11:1072-1079.
Augustowska, K., E.L. Gregorazszuk, T. Milewicz, J. Krzysiek,
A. Grochowalski and R. Chrzaszcz, 2003. Effects of dioxin
(2,3,7,8-TCDD) and PCDDs/PCDFs congeners mixture on
stereogenesis in human placenta tissue culture. Endocrine
Regulations, 37:11-19.
Aviram, M., 2000. Review of human studies on oxidative damage
and antioxidant protection related to cardiovascular
diseases. Free Radical Research, 33:S85-97.
Axmon, A., L. Rylander, U. Stromberg, E. Dyremark and L.
Hagmar, 2001. Polychlorinated biphenyls in blood plasma
among Swedish female fish consumers in relation to time
to pregnancy. Journal of Toxicology and Environmental
Health A, 64:485-498.
Axmon, A., L. Rylander, U. Stromberg, B. Jonsson, P. NilssonEhle and L. Hagmar, 2004. Polychlorinated biphenyls in
serum and time to pregnancy. Environmental Research,
96:186-195.
Axmon, A., A.M. Thulstrup, A. Rignell-Hydbom, H.S.
Pedersen, V. Zvyezday, J.K. Ludwicki, B.A. Jönsson, G.
Toft, J.P. Bonde and L. Hagmar; INUENDO, 2006. Time
to pregnancy as a function of male and female serum
concentrations of 2,2’4,4’5,5’-hexachlorobiphenyl (CB153)
and 1,1-dichloro-2,2-bis (p-chlorophenyl)-ethylene (p,p’DDE). Human Reproduction, 21:657-666.
Axtell, C.D., C. Cox, G.J. Myers, P.W. Davidson, A.L. Choi,
E. Cernichiari, J. Sloane-Reeves, C.F. Shamlaye and T.W.
Clarkson, 2000. Association between methylmercury
exposure from fish consumption and child development
at five and a half years of age in the Seychelles Child
Development Study: an evaluation of nonlinear
relationships. Environmental Research, 84 :71-80.
Ayotte, P., E. Dewailly, J.J. Ryan, S. Bruneau and G. Lebel,
1997. PCBs and dioxin-like compounds in plasma of adult
Inuit living in Nunavik (Arctic Quebec). Chemosphere,
34:1459-1468.
Ayotte, P., G. Muckle, J.L. Jacobson, S.W. Jacobson and E.
Dewailly, 2003. Assessment of pre- and postnatal exposure
to polychlorinated biphenyls: lessons from the Inuit cohort
study. Environmental Health Perspectives, 111:1253-1258.
Ayotte, P., K. Al-Sabti, A.H. Laidaoui, D. Pereg and É.
Dewailly, 2006. Cytogenetic damage and exposure to
metals/metalloids in Inuit women living in the Canadian
Arctic. Metals in the Human Environment (MITHE-RN)
Symposium. 24-25 January, 2006.

215
Azzouzi, A.R., B. Cochand-Priollet, P. Mangin, G. Fournier,
P. Berthon, A. Latil and O. Cussenot, 2002. Impact of
constitutional genetic variation in androgen/oestrogenregulating genes on age-related changes in human
prostate. European Journal of Endocrinology, 147:479-484.
Baker, E.L., P.J. Land rigan, C.J. Glueck, M.M. Jr. Zack, J.A.
Liddle, V.W. Burse, W.J. Housworth and L.L. Needham, 1980.
Metabolic consequences of exposure to polychlorinated
biphenyls (PCB) in sewage sludge. American Journal of
Epidemiology, 12:553-563.
Ballew, C.A., A. Tzilkowski, K.J. Hamrick and E.D. Nobmann,
2006. The contribution of subsistence foods to the total
diet of Alaska Natives in 13 rural communities. Ecology of
Food and Nutrition, 45: 1-26.
Basciano, H., L. Federico and K. Adeli, 2005. Fructose, insulin
resistance, and metabolic dyslipedemia. Nutrition and
Metabolism (London), 2:5. doi 10.1186/1743-7075-2-5.
Bashshur, R. and R. Quick, 1990. Health attitudes and
behaviours of native Alaskans. In: B.D. Postl, P. Gilbert, J.
Goodwill, M.E.K. Moffatt, J.D. O’Neill, P.A. Sarsfield and
T.K. Young (eds.). Circumpolar Health 90: Proceedings of
the 8th International Congress on Circumpolar Health, pp.
313-319.
Beard, J., S. Marshall, K. Jong, R. Newton, T. Triplett-McBride,
B. Humphries, R. Bronks, 2000. 1,1,1-trichloro-2,2-bis
(p-chlorophenyl)-ethane (DDT) and reduced bone mineral
density. Archives for Environmental Health, 55:177-180.
Beaven, S., A. Prentice, L. Yan, B. Dibba and S. Ralston,
1996. Differences in vitamin D receptor genotype
and geographical variation in osteoporosis. Lancet,
348:136-137.
Beckett, G.J. and J.R. Arthur, 2005. Selenium and endocrine
systems. Journal of Endocrinology, 184:455-465.
Bedir, A., M. Topbas, F. Tanyeri, M. Alvur and N. Arik,
2003. Leptin might be a regulator of serum uric acid
concentrations in humans. Japanese Heart Journal,
44:527-536.
Bednarova, M., Y. Aregbe, H. Harper and P.D.P. Taylor, 2006.
Evaluation of laboratory performance in IMEP water
interlaboratory comparisons. Accreditation and Quality
Assurance: Journal for Quality, Comparability and
Reliability in Chemical Measurement, 10:617-626.
Behnisch, P.A., K. Hosoe, A. Brouwer and S. Sakai, 2002.
Screening of dioxin-like toxicity equivalents for various
matrices with wildtype and recombinant rat hepatoma
H4IIE cells. Toxicological Sciences, 69:125-130.
Bélanger, M.C., P. Julien, L. Berthiaume, M. Noël, M.E. Mirault
and E. Dewailly, 2003. Mercury, fish consumption and the
risk of cardiovascular diseases in Inuit of Nunavik. The
Canadian Journal of Cardiology, 19 (Suppl A):133-134.
Bélanger, M.C., E. Dewailly, L. Berthiaume, M. Noel, J.
Bergeron, M.E. Mirault and P. Juluien, 2006. Dietary
contaminants and oxidative stress in Inuit of Nunavik.
Metabolism, 55:989-995.
Bélanger, M-C., M-É. Mirault, É. Dewailly, L. Berthiaume
and P. Julien, 2008. Environmental contaminants and
redox status of coenzyme Q10 and vitamin E in an Inuit
population. Metabolism, 57:927-933.
Bemis, J.C. and R.F. Seegal, 1999. Polychlorinated biphenyls
and methylmercury act synergistically to reduce rat

216
brain dopamine content in vitro. Environmental Health
Perspectives, 107:879-885.
Benoist de, B, M. Andersson, B. Takkouche and I. Egli, 2003.
Prevalence of iodine deficiency worldwide. Lancet,
362(9398):1859-1860.
Berger, F.G., 2004. The interleukin-6 gene: a susceptibility
factor that may contribute to racial and ethnic disparities
in breast cancer mortality. Breast Cancer Research and
Treatment, 88:281-285.
Bergman, Å, E. Klasson-Wehler and H. Kuroki, 1994. Selective
retention of hydroxylated PCB metabolites in blood.
Environmental Health Perspectives, 102:464-469.
Berner, J., 2008. Alaska. In: Young T.K. and P. Bjerregaard
(Eds.). Health Transitions in Arctic Populations, pp. 55-70.
University of Toronto Press.
Berner, J. and C. Furgal, 2005. Human Health. In: Arctic
Climate Impact Assessment, pp. 863-906. Cambridge
University Press.
Bernert, J.T., W.E. Turner, D.G. Patterson Jr. and L.L. Needham,
2007. Calculation of serum ‘total lipid’ concentrations
for the adjustment of persistent organohalogen toxicant
measurements in human samples. Chemosphere,
68:824-831.
Bersamin, A., B.R. Luick, E. Ruppert, J.S. Stern and S. ZidenbergCherr, 2006. Diet quality among Yup’ik Eskimos living in
rural communities is low: The Center for Alaska Native
Health Research pilot study. Journal of the American
Dietetic Association, 106:1055-1063.
Bersamin, A., S. Zidenberg-Cherr, J.S. Stern and B.R. Luick,
2007. Nutrient intakes are associated with adherence
to a traditional diet among Yup’ik Eskimos living in
remote Alaska native communities: The CANHR Study.
International Journal of Circumpolar Health, 66:62-70.
Bersamin, A, B.R. Luick, I.B. King, J.S. Stern and S. ZidenbergCherr, 2008. Westernizing diets influence fat intake, red
blood cell fatty acid composition, and health in remote
Alaskan Native communities in the Center for Alaska
Native health study. Journal of the American Dietetic
Association, 108:266-273.
Bertazzi, P.A., D. Consonni, S. Bachetti, M. Rubagotti, A.
Baccarelli, C. Zocchetti and A.C. Pesatori, 2001. Health
effects of dioxin exposure: a 20-year mortality study.
American Journal of Epidemiology, 153:1031-1044.
Berti, P.R., S.E. Hamilton, O. Receveur and H.V. Kuhnlein, 1999.
Food use and nutrient adequacy in Baffin Inuit children
and adolescents. Canadian Journal of Dietetic Practice and
Research, 60:63-70.
Beyrouty, P. and H.M. Chan, 2006. Co-consumption of selenium
and vitamin E altered the reproductive and developmental
toxicity of methylmercury in rats. Neurotoxicology and
Teratology, 28:49-58.
Bickham, J.W., S. Sandhu, P.D. Hebert, L. Chikhi and R. Athwal,
2000. Effects of chemical contaminants on genetic diversity
in natural populations: implications for biomonitoring and
ecotoxicology. Mutation Research, 463:33-51.
Bilrha, H., R. Roy, B. Moreau, M. Belles-Isles, E. Dewailly and P.
Ayotte, 2003. In vitro activation of cord blood mononuclear
cells and cytokine production in a remote coastal
population exposed to organochlorimethylmercury.
Environmental Health Perspectives, 111:1952-1957.

AMAP Assessment 2009: Human Health in the Arctic
Bilrha, H., R. Roy, E. Wagner, M. Belles-Isles, J.L. Bailey and
P. Ayotte, 2004. Effects of gestational and lactational
exposure to organochlorine compounds on cellular,
humoral, and innate immunity in swine. Toxicological
Sciences, 77:41-50.
Birkhoj, M., C. Nellemann, K. Jarfelt, H. Jacobsen, H.R.
Andersen, M. Dalgaard and A.M. Vinggaard, 2004.
The combined antiandrogenic effects of five commonly
used pesticides. Toxicology and Applied Pharmacology,
201:10-20.
Birnbaum, L.S. and D.F. Staskal, 2004. Brominated flame
retardants: cause for concern? Environmental Health
Perspectives, 112:9-17.
Bjerregaard, P., 1995. Health and environment in Greenland and
other circumpolar areas. Science of the Total Environment,
160-161:521-527.
Bjerregaard, P. and J.C. Hansen, 1996. Effects of smoking and
marine diet on birthweight in Greenland. Arctic Medical
Research, 55:156-164.
Bjerregaard, P. and J.C. Hansen, 2000. Organochlorines and
heavy metals in pregnant women from the Disko Bay
area in Greenland. Science of the Total Environment,
245:195-202.
Bjerregaard, P. and T. Stensgaard, 2008. Greenland. In: Young
T.K. and P. Bjerregaard (eds). Health Transitions in Arctic
Populations, pp. 23-38. University of Toronto Press.
Bjerregaard, P. and T.K. Young, 1998. The Circumpolar
Inuit: Health of a Population in Transition. Copenhagen:
Munksgaard International Publisher.
Bjerregaard, P. and T.K. Young, 2008. Inuit. In: Young T.K.
and P. Bjerregaard (eds.). Health Transitions in Arctic
Populations, pp. 119-133. University of Toronto Press.
Bjerregaard, P., T.K. Young and R.A. Hegele, 2003. Low
incidence of cardiovascular disease among the Inuit: What
is the evidence? Atherosclerosis, 166:351-357.
Bjerregaard, P., M.E. Jorgensen and K. Borch-Johnsen, 2004a.
Serum lipids of Greenland Inuit in relation to Inuit genetic
heritage, westernisation and migration. Atherosclerosis,
174:391-398.
Bjerregaard, P., T.K. Young, E. Dwailly and S.O.E. Ebbesson,
2004b. Indigenous health in the Arctic: an overview of the
circumpolar Inuit population. Scandinavian Journal of
Public Health, 32:390-395.
Bjerregaard, P., A.L. Holm, I. Olesen, O. Schnor and B.
Niclasen, 2007. IVAAQ – The Greenland Inuit child cohort.
A preliminary report. Copenhagen and Nuuk: National
Institute of Public Health and Directorate of Health.
Downloadable from www.folkesundhed.gl.
Bjornstrom, L. and M. Sjoberg, 2005. Mechanisms of
estrogen receptor signaling: convergence of genomic
and nongenomic actions on target genes. Molecular
Endocrinology, 19:833-842.
Blanchet, C., E. Dewailly, P. Ayotte, S. Bruneau, O. Receveur
and B.J. Holub, 2000. Contribution of selected traditional
and market foods to the diet of Nunavik Inuit women.
Canadian Journal of Dietetic Practice and Research,
61:50-59.
Blanchet, C., E. Dewailly, P. Chaumette, E. Nobmann, P.
Bjerregaard, T. Pars, J. Lawn, C. Furgal and J. Proulx,
2002. Diet profile of Circumpolar Inuit. In: Duhaine G.

References
(ed.). Sustainable Food Security in the Arctic: State of
Knowledge, pp. 47-62. CCI Press.
Blankenberg, S., H.J. Rupprecht, C. Bickel, M. Torzewski, G.
Hafner, L. Tiret, M. Smieja, F. Cambien, J. Myer and K.J.
Lackner, 2003. Glutathione peroxidase 1 activity and
cardiovascular events in patients with coronary artery
disease. New England Journal of Medicine, 349:1605-1613.
Bliznakov, E.G., 1976. From sharks to coenzyme Q10. Advances
in Experimental Medicine and Biology, 73:441-450.
Bogoyavlenskiy, D. and A. Siggner, 2004. Arctic demography.
In: Arctic Human Development Report, pp. 27-41. Akureyri:
Stefansson Arctic Institute.
Bojko, J.R., N.N. Potolitsyna, T.V. Kuznetsova, N.V. Ikonnikova
and A.V. Rjabov, 2006. Vitaminnyj status i jevo korrekcii u
rabotnikov chimičeski vrednych proizvodstv evropeiskovo
severa Rossii [in Russian]. Бюллетень научного Совета
Медико-экологические проблемы работающих [Bulletin
of Scientific Council of Medical and Ecological Problems
of Workers], 3:62-66.
Bolt, H.M. and R. Thier, 2006. Relevance of the deletion
polymorphisms of the glutathione S-transferases GSTT1
and GSTM1 in pharmacology and toxicology. Current
Drug Metabolism, 7:613-628.
Bonde, J.P., G. Toft, L. Rylander and 11 others; INUENDO,
2008. Fertility and markers of male reproductive function
in Inuit and European populations spanning large
contrasts in blood levels of persistent organochlorines.
Environmental Health Perspectives, 116:269-277. Review.
Erratum in: Environmental Health Perspectives, 116:276.
Bonefeld-Jorgensen, E.C., 2004. The Human Health Effect
Programme in Greenland, a review. Science of the Total
Environment, 331:215-231.
Bonefeld-Jørgensen, E.C. and P. Ayotte, 2003. Toxicological
properties of persistent organic pollutants and related
health effects of concern for the Arctic populations. In:
AMAP assessment 2002: Human Health in the Arctic, pp.
57-74. Arctic Monitoring and Assessment Programme,
Oslo, Norway.
Bonefeld-Jorgensen, E.C., H. Autrup and J.C. Hansen, 1997.
Effect of toxaphene on estrogen receptor functions in
human breast cancer cells. Carcinogenesis, 18:1651-1654.
Bonefeld-Jorgensen, E.C., H.R. Andersen, T.H. Rasmussen and
A.M. Vinggaard, 2001. Effect of highly bioaccumulated
polychlorinated biphenyl congeners on estrogen and
androgen receptor activity. Toxicology, 158:141-153.
Bonefeld-Jorgensen, E.C., P.S. Hjelmborg, T.S. Reinert,
B.S. Andersen, V. Lesovoy, C.H. Lindh, L. Hagmar, A.
Giwercman, M. Erlandsen, G.C. Manicardi, M. Spano,
G. Toft and J.P. Bonde, 2006. Xenoestrogenic activity in
blood of European and Inuit populations. Environmental
Health, 5:12.
Bonefeld-Jørgensen, E.C., M. Long, M.V. Hofmeister and
A.M. Vinggaard, 2007. Endocrine-disrupting potential of
bisphenol A, bisphenol A dimethacrylate, 4-n-nonylphenol,
and 4-n-octylphenol in vitro: new data and a brief review.
Environmental Health Perspectives, 115(Suppl 1):69-76.
Bossi, R., F.F. Riget and R. Dietz, 2005a. Temporal and spatial
trends of perfluorinated compounds in ringed seal (Phoca
hispida) from Greenland. Environmental Science and
Technology, 39:7416-7422.

217
Bossi, R., F.F. Riget, R. Dietz, C. Sonne, P. Fauser, M. Dam and K.
Vorkamp, 2005b. Preliminary screening of perfluorooctane
sulfonate (PFOS) and other fluorochemicals in fish, birds
and marine mammals from Greenland and the Faroe
Islands. Environmental Pollution, 136:323-329.
Böttner, A., J. Kratzsch, G. Müller, T.M. Kapellen, S. Blüher, E.
Keller, M. Blüher and W. Kiess, 2004. Gender differences
of adiponectin levels develop during the progression
of puberty and are related to serum androgen levels.
The Journal of Clinical Endocrinology & Metabolism,
89:4053-4061.
Boudreau, D.A., W.D. Scheer, G.T. Malcom, G. Mulvad,
H.S. Pedersen and E. Jul, 1999. Apolipoprotein E and
atherosclerosis in Greenland Inuit. Atherosclerosis,
145:207-219.
Boult, D.A., 2004. Hunger in the Arctic: food (in) security in Inuit
communities. A discussion paper. National Aboriginal
Health Organization. Available online at: http://www.
naho.ca/inuit/english/documents/FoodSecurityPaper_
final.pdf.
Bovee, T.F., L.A. Hoogenboom, A.R. Hamers, W.A. Traag,
T. Zuidema, J.M. Aarts, A. Brouwer and H.A. Kuiper,
1998. Validation and use of the CALUX-bioassay for the
determination of dioxins and PCBs in bovine milk. Food
Additives and Contaminants, 15:863-875.
Boyer, B.B., G.V. Mohatt, C. Lardon, R. Plaetke, B.R. Luick,
S.H. Hutchison, G.A. de Mayolo and A. Bersamin, 2005.
Building a community-based participatory research center
to investigate obesity and diabetes in Alaska Natives.
International Journal of Circumpolar Health, 64:281-290.
Braathen, M., A.S. Mortensen, M. Sandvik, J.U. Skåre and
A. Arukwe, 2009. Estrogenic effects of selected hydroxy
polychlorinated biphenyl congeners in primary culture
of Atlantic salmon (Salmo salar) hepatocytes. Archives of
Environmental Contamination and Toxicology, 56:111-22.
Braune, B.M., P.M. Outridge, A.T. Fisk and 11 others, 2005.
Persistent organic pollutants and mercury in marine
biota of the Canadian Arctic: An overview of spatial
and temporal trends. Science of the Total Environment,
351-352:4-56.
Brehm, B.J., R.J. Seeley, S.R. Daniels and D.A. Alessio, 2003. A
randomized trial comparing a very low carbohydrate diet
and a calorie-restricted low fat diet on body weight and
cardiovascular risk factors in healthy women. The Journal
of Clinical Endocrinology and Metabolism, 88:1617-1623.
Bridges, J.W. and O. Bridges, 2004. Integrated risk assessment
and endocrine disrupters. Toxicology, 205:11-15.
Brinton, L.A., J. Benichou, M.D. Gammon, D.R. Brogan, R.
Coates and J.B. Schoenberg, 1997. Ethnicity and variation
in breast cancer incidence. International Journal of Cancer,
73:349-355.
Broderstad, A., T. Smith-Sivertsen, I.M. Dahl, O.C. Ingebretsen
and E. Lund, 2006. Serum levels of iron in Sør-Varanger,
northern Norway – an iron mining municipality.
International Journal of Circumpolar Health, 65:432-442.
Brodie, A.E., V.A. Azarenko and C.Y. Hu CY, 1996.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) inhibition of
fat cell differentiation. Toxicology Letters, 84:55-59.
Brouwer, A., M.P. Longnecker, L.S. Birnbaum, J. Cogliano,
P. Kostyniak, J. Moore, S. Schantz and G. Winneke,

218
1999. Characterization of potential endocrine-related
health effects at low-dose levels of exposure to PCBs.
Environmental Health Perspectives, 107(Suppl 4):639-649.
Brox, J., E. Bjørnstad and K. Olaussen, 2003. Hemoglobin, iron,
nutrition and life-style among adolescents in a coastal and
an inland community in northern Norway. International
Journal of Circumpolar Health, 62:130-141.
Bruneau, S., H. Ayukawa, J.F. Proulx, J.D. Baxter and K.
Kost, 2001. Longitudinal observations (1987-1997) on
the prevalence of middle ear disease and associated
risk factors among Inuit children of Inukjuak, Nunavik,
Quebec, Canada. International Journal of Circumpolar
Health, 60:632-639.
Brustad, M., C.L. Parr, M. Melhus and E. Lund, 2008a.
Childhood diet in relation to Sami and Norwegian
ethnicity in Northern and mid-Norway: The SAMINOR
study. Public Health Nutrition, 11:168-175.
Brustad, M., T.M. Sandanger, E. Nieboer and E. Lund, 2008b.
10th anniversary review: when healthy food becomes
polluted – implications for public health and dietary
advice. Journal of Environmental Monitoring, 10:422-427.
Budtz-Jørgensen, E., P. Grandjean and P. Weihe, 2007. Separation
of risks and benefits of seafood intake. Environmental
Health Perspectives, 115:323-327.
Burdge, G.C. and P.C. Calder, 2005. Conversion of alphalinolenic acid to longer-chain polyunsaturated fatty acids
in human adults. Reproduction Nutrition Development,
45:581-597.
Burger, J., 2004. Fish consumption advisories: knowledge,
compliance and why people fish in an urban estuary.
Journal of Risk Research, 7:463-479.
Butenhoff, J.L., D.W. Gaylor, J.A. Moore, G.W. Olsen, J. Rodricks,
J.H. Mandel and L.R. Zobel, 2004. Characterization of risk
for general population exposure to perfluorooctanoate.
Regulatory Toxicology and Pharmacology, 39:363-380.
Butler Walker, J., L. Seddon, E. McMullen, J. Houseman, K.
Tofflemire, A. Corriveau, J.P. Weber, C. Mills, S. Smith and
J. Van Oostdam, 2003. Organochlorine levels in maternal
and umbilical cord blood plasma in Arctic Canada. Science
of the Total Environment, 302:27-52.
Butler Walker, J., J. Houseman, L. Seddon, E. McMullen, K.
Tofflemire, C. Mills, A. Corriveau, J-P. Weber, A. LeBlanc,
M. Walker, S.G. Donaldson and J. Van Oostdam, 2006.
Maternal and umbilical cord blood levels of mercury, lead,
cadmium, and essential trace elements in Arctic Canada.
Environmental Research, 10:295-318.
Butt, C.M., D.C. Muir, I. Stirling, M. Kwan and S.A. Mabury,
2007. Rapid response of Arctic ringed seals to changes in
perfluroralkyl production. Environmental Science and
Technology, 41:42-49.
Calafat, A.M.,L.Y. Wong, Z. Kuklenyik, J.A. Reidy and
L.L. Needham, 2007. Polyfluoroalkyl chemicals in the
U.S. population: data from the National Health and
Nutrition Examination Survey (NHANES) 2003-2004 and
comparisons with NHANES 1999-2000. Environmental
Health Perspectives, 115:1596-1602.
Callegari-Jacques, S.M., F.M. Salzano, J. Constans and
P. Maurieres, 1993. Gm haplotype distribution in
Amerindians: relationship with geography and language.
American Journal of Physical Anthropology, 90:427-444.

AMAP Assessment 2009: Human Health in the Arctic
Calvert, G.M., M.H. Sweeney, J. Deddens and D.K. Wall,
1999. Evaluation of diabetes mellitus, serum glucose, and
thyroid function among United States workers exposed
to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Occupational and
Environmental Medicine, 56:270-276.
Cameron, C., F. Dallaire, C. Vézina, G. Muckle, S. Bruneau,
P. Ayotte and E. Dewailly, 2008. Neonatal vitamin A
deficiency and its impact on acute respiratory infections
among preschool Inuit children. Canadian Journal of
Public Health, 99:102-106.
Campagna, C., M.A. Sirard, P. Ayotte and J.L. Bailey, 2001.
Impaired maturation, fertilization, and embryonic
development of porcine oocytes following exposure to
an environmentally relevant organochlorine mixture.
Biology of Reproduction, 65:554-560.
Campagna, C., C. Guillemette, R. Paradis, M.A. Sirard, P.
Ayotte and J.L. Bailey, 2002. An environmentally relevant
organochlorine mixture impairs sperm function and
embryo development in the porcine model. Biology of
Reproduction, 67:80-87.
Campagna, C., P. Ayotte, M.A. Sirard, G. Arsenault, J.P.
Laforest and J.L. Bailey, 2007. Effect of an environmentally
relevant metabolized organochlorine mixture on porcine
cumulus-oocyte complexes. Reproductive Toxicology,
23:145-152.
Canadian Centre for Policy Alternatives-Mb, 2004. Food
Security Assembly, 2004. Growing together: cultivating
food security in Canadian society. Available at: http://
www.foodsecurityassembly.ca/. Accessed October 30,
2006.
Cappelletti, V., G. Saturno, P. Miodini, W. Korner and M.G.
Daidone, 2003. Selective modulation of ER-beta by
estradiol and xenoestrogens in human breast cancer cell
lines. Cellular and Molecular Life Sciences, 60:567-576.
Carpenter, D.O., K.F. Arcaro, B. Bush, W.D. Niemi, S. Pang and
D.D. Vakharia, 1998. Human health and chemical mixtures:
an overview. Environmental Health Perspectives,
106(Suppl 6):1263-1270.
Carreau, S., 2003. Estrogens--male hormones? Folia
Histochemica et Cytobiologica, 41:107-111.
Carrier, A., N. Ouellet, É. Dewailly and P. Ayotte, 2007.
Relation between methylmercury exposure and serum
paraoxonase activity in the Inuit population of Nunavik
(Northern Quebec). 11th International Congress of
Toxicology, Montréal, Canada, 15-19 July 2007.
CDC, 2003. Children’s blood lead levels in the United States. U.S.
Department of Health and Human Services, Public Health
Service. Centers for Disease Control and Prevention. http://
www.cdc.gov/nceh/lead/research/kidsBLL.htm (accessed
6 June 2006).
CEC, 2008. Sound Management of Chemicals (SMOC)
Initiative. North American Commission for Environmental
Cooperation. www.cec.org
Cervenakova, Z., L. Ksinantova and J. Koska, 2002. Effect of
body composition on indices of insulin sensitivity and
beta-cell function in healthy men. Endocrine Regulations,
36:73-77.
Chan, L.H.M., 2006. Food safety and food security in
the Canadian Arctic. Canadian Polar Commission,
Meridian:1-3.

References
Chan, H.M., K. Fediuk, S. Hamilton, L. Rostas, A. Caughey, H.
Kuhnlein, G. Egeland and E. Loring, 2006. Food security
in Nunavut, Canada: Barriers and recommendations.
International Journal of Circumpolar Health, 65:416-431.
Chaschin, V.P., A.A. Dudarev and others, 2006. Basics of life
activity in the Far North. Additional school educational
program for pupils of 5-9 classes of Russian northern
regions. Methodological manual for teachers of secondary
schools. Arctic Council Indigenous Peoples Secretariat.
Moscow. (In Russian)
Chase, K.H., O. Wong, D. Thomas, B.W. Berney and R.K. Simon,
1982. Clinical and metabolic abnormalities associated
with occupational exposure to polychlorinated biphenyls
(PCBs). Journal of Occupational Medicine, 24:109-114.
Chen, C.W., C. Hurd, D.P. Vorojeikina, S.F. Arnold and A.C.
Notides, 1997. Transcriptional activation of the human
estrogen receptor by DDT isomers and metabolites in yeast
and MCF-7 cells. Biochemical Pharmacology, 53:1161-1172.
Cheshenko, K., F. Pakdel, H. Segner, O. Kah and R.I. Eggen,
2008. Interference of endocrine disrupting chemicals with
aromatase CYP19 expression or activity, and consequences
for reproduction of teleost fish. General and Comparative
Endocrinology, 155:31-62.
Chiodo, L.M., S.W. Jacobson and J.L. Jacobson, 2004.
Neurodevelopmental effects of postnatal lead exposure
at very low levels. Neurotoxicology and Teratology,
26:359-371.
Choi, W., S.Y. Eum, Y.W. Lee, B. Hennig, L.W. Robertson and
M. Toborek, 2003. PCB 104-induced proinflammatory
reactions in human vascular endothelial cells: relationship
to cancer metastasis and atherogenesis. Toxicological
Sciences, 75:47-56.
Choi, A.L., E. Budtz-Jørgensen, P.J. Jørgensen, U. Steuerwald,
F. Debes, P. Weihe and P. Grandjean, 2008. Selenium as a
potential protective factor against mercury developmental
neurotoxicity. Environmental Research, 107:45-52.
Christofides, A., C. Schauer and S.H. Zlotkin, 2005. Iron
deficiency and anemia prevalence and associated etiologic
risk factors in First Nations and Inuit Communities in
Northern Ontario and Nunavut. Canadian Journal of
Public Health, 96:304-307.
Christoforova, N.K., 2004. Joddeficitnye provincii kak
prirodoobuslovlennoe
javlenie.
Mikroelementy
v
Medicine:155-157.
Chu, I., W.J. Bowers, D. Caldwell, J. Nakai, M.G. Wade, A.
Yagminas, N. Li, D. Moir, L. el abbas, H. Hakansson, S.
Gill, R. Mueller and O. Pulido, 2008. Toxicological effects
of in utero and lactational exposure of rats to a mixture
of environmental contaminants detected in Canadian
Arctic human populations. Journal of Toxicology and
Environmental Health, 71:93-108.
Clarkson, T.W. and J.J. Strain, 2003. Nutritional factors may
modify the toxic action of methyl mercury in fish-eating
populations. Journal of Nutrition, 133:1539S-1543S.
Claycombe, K.J., B.H. Jones, M.K. Standridge, Y. Guo, J.T.
Chun, J.W. Taylor and N. Moustaid-Moussa, 1998. Insulin
increases fatty acid synthetase gene transcription in
human adipose tissue. American Journal of Physiology,
274:R1253-R1259.

219
CNF, 2007. Canadian Nutrient File. version 2007. http://www.
hc-sc.gc.ca/fn-an/nutrition/fiche-nutri-data/index_e.html.
Last accessed November 2007.
Collings, P., G. Wenzel and R.G. Condon, 1998. Modern food
sharing networks and community integration in the
central Canadian Arctic. Arctic, 51:301-314.
Connor, K., K. Ramamoorthy, M. Moore, M. Mustain, I. Chen,
S. Safe, T. Zacharewski, B. Gillesby, A. Joyeux and P.
Balaguer, 1997. Hydroxylated polychlorinated biphenyls
(PCBs) as estrogens and antiestrogens: structure-activity
relationships. Toxicology and Applied Pharmacology,
145:111-123.
Cordier, S., M. Garel, L. Mandereau, H. Morcel, P. Doineau,
S. Gosme-Seguret, D. Josse, R. White and C. AmielTison, 2002. Neurodevelopmental investigations among
methylmercury-exposed children in French Guiana.
Environmental Research, 89:1-11.
Corry, D.B. and M.L. Tuck, 2006. Uric acid and the vasculature,
Current Hypertension Reports, 8:116-119.
Côté, S., P. Ayotte, S. Dodin, C. Blanchet, G. Mulvad, H.S. Petersen,
S. Gingras and E. Dewailly, 2006. Plasma organochlorine
concentrations and bone ultrasound measurements: a
cross-sectional study in peri-and postmenopausal Inuit
women from Greenland. Environmental Health, 21:5:33.
Counil, É., 2007. Health Status of the Nunavik Population
– 2007. Unité de Recherche en Santé Publique, CHULCHUQ, Groupe Environnement Recherche, Québec.
Report prepared for the Environmental Research Division,
First Nations and Inuit Health Branch, Health Canada.
Counter, S.A., 2003. Neurophysiological anomalies in brainstem
responses of mercury-exposed children of Andean gold
miners. Journal of Occupational and Environmental
Medicine, 45:87-95.
Couse, J.E., D. Mahato, E.M. Eddy and K.S. Korach, 2001.
Molecular mechanism of estrogen action in the
male: insights from the estrogen receptor null mice.
Reproduction, Fertility and Development, 13:211-219.
Covaci, A., S. Voorspoels, C. Thomsen, B. van Bavel and H.
Neels, 2006. Evaluation of total lipids using enzymatic
methods for the normalization of persistent organic
pollutant levels in serum. Science of the Total Environment,
366:361-366.
Covance Laboratories Inc., 2002a. Final report: 104-week
dietary chronic toxicity and carcinogenicity study with
perfluorooctane sulfonic acid potassium salt (PFOS;
T-6295) in rats. # 6329-183.
Covance Laboratories Inc., 2002b. 26-week capsule toxicity
study with perfluorooctane sulfonic acid potassium salt
(PFOS T-6295) in cynomolgus monkeys. # 6329-223.
Cranmer, M., S. Louie, R.H. Kennedy, P.A. Kern and V.A.
Fonseca, 2000. Exposure to 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) is associated with hyperinsulinemia and
insulin resistance. Toxicological Sciences, 56:431-436.
Crawford, E.D., 2003. Epidemiology of prostate cancer.
Urology, 62:3-12.
Crofts, F., E. Taioli, J. Trachman, G.N. Cosma, D. Currie, P.
Toniolo and S.J. Garte, 1994. Functional significance of
different human CYP1A1 genotypes. Carcinogenesis,
15:2961-2963.

220
Crow, J.F., 1997. The high spontaneous mutation rate: is it
a health risk? Proceedings of the National Academy of
Sciences USA, 94:8380-8386.
Crump, K.S., T. Kjellstrom, A.M. Shipp, A. Silvers and A.
Stewart, 1998. Influence of prenatal mercury exposure
upon scholastic and psychological test performance:
Benchmark analysis of a New Zealand cohort. Risk
Analysis, 18:701-713.
Curtis, T. and T. Pars, 2006. Hvorfor spise grønlandsk mad?
Forskellige befolkningsgruppers opfattelse af den sociale
og kulturelle betydning af grønlandsk mad. In: Bjerregaard
P (ed). Professoratet i Arktisk Sundhed 1996-2006. SIF’s
Arctic Grønlandsskrifter:16. National Institute of Public
Health, Copenhagen.
Dahl, L., L. Johansson, K. Julshamn and H.M. Meltzer, 2004.
The iodine content of Norwegian foods and diets. Public
Heath Nutrition, 7:569-576.
Dallaire, F., E. Dewailly, G. Muckle, P. Ayotte, 2003. Time
trends of persistent organic pollutant organic pollutants
and heavy metals in umbilical cord blood of Inuit infants
born in Nunavik (Quebéc, Canada) between 1994 and 2001.
Environmental Health Perspectives, 111:1600-1664.
Dallaire, F., G. Muckle, P. Ayotte, C. Vézina, S.W. Jacobson,
J. Jacobson and E. Dewailly, 2004. Acute infections in
Inuit infants in relation to environmental exposure to
organochlorines. Environmental Health Perspectives,
112:1359-1364.
Dallaire, F., E. Dewailly, C. Vézina, P. Ayotte, G. Muckle
and S. Bruneau, 2006a. Effect of prenatal exposure to
polychlorinated biphenyls on incidence of acute respiratory
infections in preschool Inuit children. Environmental
Health Perspectives, 114:1301-1305.
Dallaire, F., E. Dewailly, C. Vézina, S. Bruneau and P. Ayotte,
2006b. Portrait of outpatient visits and hospitalizations for
acute infections in Nunavik preschool children. Canadian
Journal of Public Health, 97:362-368.
Dallaire, R., P. Ayotte, D. Pereg, S. Déry, P. Dumas, E.
Langlois and E. Dewailly, 2009. Determinants of
plasma concentrations of perfluorooctanesulfonate and
brominated organic compounds in Nunavik Inuit adults
(Canada). Environmental Science and Technology. In
press.
Dallinga, J.W., E.J. Moonen, J.C. Dumoulin, J.L. Evers, J.P.
Geraedts and J.C. Kleinjans, 2002. Decreased human
semen quality and organochlorine compounds in blood.
Human Reproduction, 17:1973-1979.
Daly, A.K., K.S. Fairbrother and J. Smart, 1998. Recent advances
in understanding the molecular basis of polymorphisms
in genes encoding cytochrome P450 enzymes. Toxicology
Letters, 102-103:143-147.
Daniels, J.L., M.P. Longnecker, M.A. Klebanoff, K.A. Gray, J.W.
Brock, H. Zhou, Z. Chen and L.L. Needham, 2003. Prenatal
exposure to low-level polychlorinated biphenyls in relation
to mental and motor development at 8 months. American
Journal of Epidemiology, 157:485-492.
Darbre, P.D. and P.W. Harvey, 2008. Paraben esters: review of
recent studies of endocrine toxicity, absorption, esterase
and human exposure, and discussion of potential human
health risks. Journal of Applied Toxicology, 28:561-578.

AMAP Assessment 2009: Human Health in the Arctic
Darbre, P.D., A. Aljarrah, W.R. Miller, N.G. Coldham, M.J. Sauer
and G.S. Pope, 2004. Concentrations of parabens in human
breast tumours. Journal of Applied Toxicology, 24:5-13.
Darnerud, P.O., G.S. Eriksen, T. Johannesson, P.B. Larsen
and M. Viluksela, 2001. Polybrominated diphenyl
ethers: occurrence, dietary exposure, and toxicology.
Environmental Health Perspectives, 109(Suppl 1):49-68.
Darnerud, P.O., S. Atuma, M. Aune, R. Bjerselius, A. Glynn,
K. Petersson Grawé and W. Becker, 2006. Dietary intake
estimations of organohalogen contaminants (dioxin,
PCB, PBDE, and chlorinated pesticides, e.g. DDT) based
on Swedish market basket data. Food and Chemical
Toxicology, 44:1597-1606.
Darnerud, P.O., M. Aune, L. Larsson and S. Hallgren, 2007.
Plasma PBDE and thyroxine levels in rats exposed to
Bromkal or BDE-47. Chemosphere, 67:S386-S3892.
Darvill, T., E. Lonky, J. Reihman, P. Stewart and J. Pagano,
2000. Prenatal exposure to PCBs and infant performance
on the Fagan Test of Infant Intelligence. Neurotoxicology,
21:1029-1038.
Daum, J.R., D.M. Shepherd and R.J. Noelle, 1993.
Immunotoxicology of cadmium and mercury on
B-lympchytes, effects on lymphocyte function. International
Journal of Immunopharmacology, 15:383-394.
Davidson, P.W., G.J. Myers, C. Cox, C.F. Shamlaye, D.O. Marsh
and M.A. Tanner, 1995. Longitudinal neurodevelopmental
study of Seychellois children following in utero exposure
to methylmercury from maternal fish ingestion: outcomes
at 19 and 29 months. Neurotoxicology, 16:677-688.
Davidson, P.W., G.J. Myers, C. Cox, C. Axtell, C. Shamlaye and
J. Sloane-Reeves, 1998. Effects of prenatal and postnatal
methylmercury exposure from fish consumption on
neurodevelopment: outcomes at 66 months of age in
the Seychelles Child Development Study. Journal of the
American Medical Association, 280:701-707.
Davidson, P.W., D. Palumbo, G.J. Myers, C. Cox, C.F. Shamlaye,
J.Sloane-Reeves, E. Cernichiari, G.E. Wilding and T.W.
Clarkson, 2000. Neurodevelopmental outcomes of
Seychellois children from the pilot cohort at 108 months
following prenatal exposure to methylmercury from a
maternal fish diet. Environmental Research, 84:1-11.
Davis, D.W., F. Chang, B. Burns, J. Robinson and D. Dossett,
2004. Lead exposure and attention regulation in children
living in poverty. Developmental Medicine and Child
Neurology, 46:825-831.
Davis, S.I., H.M. Blanck, V.S. Hertzberg, P.E. Tolbert, C.
Rubin, L.L. Cameron, A.K. Henderson and M. Marcus,
2005. Menstrual function among women exposed to
polybrominated biphenyls: a follow-up prevalence study.
Environmental Health 4:15.
de Boer, J. and M. Denneman, 1998. Polychlorinated
diphenylethers: origin, analysis, distribution, and toxicity
in the marine environment. Reviews of Environmental
Contamination and Toxicology, 157:131-144.
de Maat, M.P., E.M. Bladbjerg, L.G. Johansen, P. de Knijff, J.
Gram, C. Kluft and J. Jespersen, 1999. DNA-polymorphisms
and plasma levels of vascular disease risk factors in
Greenland Inuit – is there a relation with the low risk of
cardiovascular disease in the Inuit? Journal of Thrombosis
and Haemostasis, 81:547-552.

References
De Rosa, C.T., H.R. Pohl, M. Williams, A.A. Ademoyero, C.H.
Chou and D.E. Jones, 1998. Public health implications
of environmental exposures. Environmental Health
Perspectives, 106(Suppl 1):369-378.
de Wit, CA., M. Alaee and D.C.G. Muir, 2006. Levels and
trends of brominated flame retardants in the Arctic.
Chemosphere, 64:209-233.
Dean, C.E., Jr., S.A. Benjamin, L.S. Chubb, J.D. Tessari and T.J.
Keefe, 2002. Non-additive hepatic tumor promoting effects
by a mixture of two structurally different polychlorinated
biphenyls in female rat livers. Toxicological Sciences,
66:54-61.
Debes, F., E. Budtz-Jorgensen, P. Weihe, R.F. White and P.
Grandjean, 2006. Impact of prenatal methylmercury
exposure on neurobehavioral function at age 14 years.
Neurotoxicology and Teratology, 28:363-375.
Debord, J., J.C. Bollinger, L. Merle and T. Dantoine, 2003.
Inhibition of human serum arylesterase by metal chlorides.
Journal of Inorganic Biochemistry, 94:1-4.
Dehn, L.A., G.G. Sheffield, E.H. Follmann, L.K. Duffy, D.L.
Thomas, G.R. Bratton, R.J. Taylor and T.M. O’Hara, 2005.
Trace elements in tissues of phocid seals harvested in the
Alaskan and Canadian Arctic: influence of age and feeding
ecology. Canadian Journal of Zoology, 83:726-746.
Dehn, L.A., E.H. Follmann, C. Rosa, L.K. Duffy, D.L. Thomas,
G.R. Baratton, R.J. Taylor and T.M. O’Hara, 2006. Stable
isotope and trace element status of subsistence-hunted
bowhead and beluga whales in Alaska and gray whales in
Chukotka. Marine Pollution Bulletin, 52:301-319.
Demarchi, D.A., F.M. Salzano, M.E. Altuna, M. Fiegenbaum,
K. Hill, A.M. Hurtado, L.T. Tsunetto, M.L. Petzl-Erler
and M.H. Hutz, 2005. APOE polymorphism distribution
among Native Americans and related populations. Annals
of Human Biology, 32:351-365.
Demers, A., P. Ayotte, J. Brisson, S. Dodin, J. Robert and É.
Dewailly, 2000. Risk and agressiveness of breast cancer in
relation to plasma organochlorine concentrations. Cancer
Epidemiology, Biomarkers & Prevention, 9:161–166.
Denison, M.S., W.J. Rogers, M. Fair, M. Ziccardi, G. Clark,
A.J. Murk and A. Brouwer, 1996. Application of the
CALUX bioassay system for the detection of dioxin-like
chemicals (Ah receptor ligands) in whole serum samples
and in extracts from commercial and consumer products.
Organohalogen Compounds, 27:280-284.
Despres, C., A. Beuter, F. Richer, K. Poitras, A. Veilleux, P.
Ayotte, E. Dewailly, D. saint-Amnour and G. Muckle, 2005.
Neuromotor functions in Inuit preschool children exposed
to Pb, PCBs, and Hg. Neurotoxicology and Teratology,
27:245-257.
Desroches, S. and B. Lamarche, 2007. The evolving definitions
and increasing prevalences of the metabolic syndrome.
Applied Physiology, Nutrition, and Metabolism, 32:23-33.
Deutch, B., 2003a. Recent dietary studies in the Arctic. In:
AMAP Assessment 2002: Human Health in the Arctic,
pp. 75-87. Arctic Monitoring and Assessment Programme
(AMAP), Oslo, Norway.
Deutch, B., 2003b. The human health programme in
Greenland 1997-2001. In: Deutch B. and J.C. Hansen (eds.),
The AMAP Danish National Assessment Report. Danish
Environmental Protection Agency, Copenhagen.

221
Deutch, B. and J.C. Hansen, 2000. High human plasma levels
of organochlorine compounds in Greenland. Regional
differences and lifestyle effects. Danish Medical Bulletin,
47:132-137.
Deutch, B., H.S. Pedersen, E.C. Bonefeld-Jørgensen and
J.C. Hansen, 2003. Smoking as a determinant of high
plasma organochlorine levels in Greenland. Archives of
Environmental Health, 58:1-7.
Deutch, B., H.S. Pedersen and J.C. Hansen, 2004. Dietary
composition in Greenland 2000, plasma fatty acids,
and persistent organic pollutants. Science of the Total
Environment, 331:177-188.
Deutch, B., H.S. Pedersen and J.C. Hansen, 2005. Increasing
overweight in Greenland: social, demographic, dietary
and other life-style factors. International Journal of
Circumpolar Health, 64:86-98.
Deutch, B., J. Dyerberg, H.S. Pedersen, G. Asmund, P.
Møller and J.C. Hansen, 2006. Dietary composition and
contaminants in North Greenland in the 1970s and 2004.
Science of the Total Environment, 370:372-381.
Deutch, B., H.S. Pedersen, G. Asmund and J.C. Hansen, 2007a.
Contaminants, diet, plasma fatty acids, and smoking in
Greenland 1999-2005. Science of the Total Environment,
372:486-496.
Deutch, B., J. Dyerberg, H.S. Pedersen , E. Aschlund and J.C.
Hansen, 2007b. Traditional and modern Greenlandic
food – dietary composition, nutrients and contaminants.
Science of the Total Environment, 384:106-119.
Deviatkin, V., 2007. Waste Management in Russia:
Time to Act on Domestic and Foreign Experience.
Otechestvennye zapisky 2/35/ 2007. (http://www.strana-oz.
ru/?numid=35&article=1467).
Dewailly, E., P. Ayotte, S. Bruneau, C. Laliberte, D.C. Muir and
R.J. Norstrom, 1993. Inuit exposure to organochlorines
through the aquatic food chain in arctic Quebec.
Environmental Health Perspectives, 101:618-620.
Dewailly, E., P. Ayotte, J. Brisson and S. Dodin, 1994. Breast
cancer and organochlorines. Lancet, 344:1707-1708.
Dewailly, É., P. Ayotte, S. Bruneau, C. Laliberté, S. Gingras,
M. Belles-Isles and R. Roy, 2000a. Susceptibility to
infections and immune status in Inuit infants exposed
to organochlorines. Environmental Health Perspectives,
108:205-211.
Dewailly, E., B. Levesque, J. Duchesne, P. Dumas, A.
Scheuhammer, C. Gariepy, M. Rhainds and J.F. Proulx,
2000b. Lead shot as a source of lead poisoning in the
Canadian Arctic. Epidemiology, 11:S146-S146.
Dewailly, E., C. Blanchet, S. Lemieux, L. Sauve, S. Gingras,
P. Ayotte and B. Holub, 2001a. n-3 Fatty acids and
cardiovascular disease risk factors among the Inuit
of Nunavik. American Journal of Clinical Nutrition,
74:464-473.
Dewailly, E., P. Ayotte, S. Bruneau, G. Lebel, P. Levallois and
P. Weber, 2001b. Exposure of the Inuit population of
Nunavik (Arctic Quèbec) to lead and mercury. Archives of
Environmental Health, 56:350-357.
Dewailly, E., G. Mulvad, H. Sloth Pedersen, J.C. Hansen, N.
Behrendt and J.P. Hart Hansen, 2003. Inuit are protected
against prostate cancer. Cancer Epidemiology Biomarkers
and Prevention, 12:926-927.

222
Dewailly, E., D. Pereg, G. Muckle, P. Ayotte, J.P. Weber, S. Déry
and M. Grey, 2005. Monitoring spatial and temporal trends
of environmental pollutants in maternal blood in Nunavik.
Synopsis of Research. Ottawa, Northern Contaminants
Program, Indian and Northern Affairs Canada.
Dewailly, É., R. Daillaire, D. Pereg, P. Ayotte, J. Fontaine and
S. Dery, 2007a. Exposure to Environmental Contaminants
in Nunavik: Persistent Organic Pollutants and New
Contaminants of Concern. Institute national de santé
publique du Québec, Nunavik Regional Board of Health
and Social Services.
Dewailly, É., P. Ayotte, D. Pereg, S. Dery, R. Dallaire, J.
Fontaine and S. Côte, 2007b. Exposure to Environmental
Contaminants in Nunavik: Metals. Institute national de
santé publique du Québec, Nunavik Regional Board of
Health and Social Services.
Dewailly, E. L. Chateau-Degat, J.M. Ékoé and R. Ladouceur,
2007c. Status of Cardio Vascular Diseases and Diabetes in
Nunavik. Institut national de santé publique du Québec
(INSPQ).
DIAND, 2004. Progress Report on The Clean-up of PCBs at
Resolution Island, Nunavut. NIRB App. #98D01N074.
Department of Indian Affairs and Northern Development.
Northern Affairs Program.
Dickerson, S.M. and A.C. Gore, 2007. Estrogenic environmental
endocrine-disrupting chemical effects on reproductive
neuroendocrine function and dysfunction across the life
cycle. Reviews in Endocrine and Metabolic Disorders,
8:143-159.
Dickerson, R.L., C.S. McMurry, E.E. Smith, M.D. Taylor, S.A.
Nowell and L.T. Frame, 1999. Modulation of endocrine
pathways by 4,4’-DDE in the deer mouse Peromyscus
maniculatus. Science of the Total Environment, 233:97-108.
Dietrich, K.N., K.M. Krafft, M. Bier, O. Berger, P.A. Succop
and R.L. Bornschien, 1989. Neurobehavioral effects of
foetal lead exposure: The first year of life. In: Smith, M.,
L.D. Grant and A. Sors (eds.). Lead Exposure and Child
Development: An International Assessment, pp. 320-331.
Kluwer Academic.
Dietz, R., C.O. Nielsen, M.M. Hansen and C.T. Hansen, 1990.
Organic mercury in Greenland birds and mammals.
Science of the Total Environment, 95:41-51.
Ding, L., M.B. Murphy, Y. He, Y. Xu, L.W. Yeung, J. Wang, B.
Zhou, P.K. Lam, R.S. Wu and J.P. Giesy, 2007. Effects of
brominated flame retardants and brominated dioxins on
steroidogenesis in H295R human adrenocortical carcinoma
cell line. Environmental Toxicology and Chemistry,
26:764-772.
Donaldson, S.G., N.C. Doubleday, J. Van Oostdam, A.W.
Myres and M. Inskip, 2003. Balancing the benefits of fish
consumption with the risks of contaminant exposure.
Society for Risk Analysis (SRA) Annual conference.
Sessions + poster presentation.
Donaldson, S.G., N.C., Doubleday and J. Van Oostdam, 2006.
Factors influencing food choice among women and
men living in Cape Dorset, Nunavut, Canada. Northern
Contaminants Program (NCP) Synopsis of Research
Report, pp. 65-72.
Donaldson, S.G., N.C. Doubleday and J. Van Oostdam, 2007. The
influence of environmental change on food choice among

AMAP Assessment 2009: Human Health in the Arctic
women and men living in Nunavut, Canada. International
Polar Year (IPY) Carleton University-Ottawa University
Conference. Sessions. Ottawa, Ontario, Canada.
Dorne, J.L., 2004. Impact of inter-individual differences in drug
metabolism and pharmacokinetics on safety evaluation.
Fundamental and Clinical Pharmacology, 18:609-620.
Drenth, H.J., C.A. Bouwman, W. Seinen and M. Van den Berg,
1998. Effects of some persistent halogenated environmental
contaminants on aromatase (CYP19) activity in the human
choriocarcinoma cell line JEG-3. Toxicology and Applied
Pharmacology, 148:50-55.
Dudarev, A.A., 2006. Reproductive Health Effects Associated
with Exposure to PCBs Among Natives of the Russian
Arctic. International POPs Elimination Project. http://
www.ipen.org.
Dudarev, A.A., 2007a. Main regularities and prophylactic
measures of hazardous influence of persistent toxic
substances on the health of the indigenous peoples of the
Russian North. Circumpolar dissertation. International
Journal of Circumpolar Health, 66:182-184.
Dudarev, A.A., 2007b. Additional sources of traditional food
contamination by persistent organic pollutants (POPs)
in Russian Arctic native communities. Materials of
international forum ‘Fundamental and applied problems
of nutrition’, Bulletin of St-Petersburg State Medical
Academy named after I.I. Mechnikov. No. 2(8).
Dudarev, A.A. and V.P. Chashschin, 2004. PTS contamination
of indigenous residences and domestic food. In: Persistent
Toxic Substances, Food Security and Indigenous Peoples
of the Russian North. Final Report. Arctic Monitoring and
Assessment Programme, Oslo, Norway.
Dudarev, A.A. and V.P. Chashchin, 2006. Hygienic peculiarities
of hazardous influence of polychlorinated biphenyls (PCBs)
on reproductive health of native population of Russian
Arctic. Bulletin of St-Petersburg State Medical Academy
named after I.I. Mechnikov, № 1. с. 43-48. (In Russian)
Dudarev, A.A. and V.P. Chaschin, 2008. Main principles of
elaboration and realization of measures aimed at reduction
of risk of hazardous influence of persistent toxic substances
on the health of population living in the Far North of
Russia. Guidelines - methodological recommendations
for physicians of sanitary-epidemiological inspection
of Russian northern regions. (In Russian, approved by
the Ministry of Health Care and Social Development of
Russian Federation, unpublished)
Dudarev, А.А. and J.F. Sychov, 2005a. That should be
known about traditional nutrition in the Far North.
Recommendations for small-number indigenous peoples
living in Murmansk province, Nenetsk and Taymir
autonomous okrugs and in the inland regions of Chukotka.
Moscow, Polar Fund. (In Russian)
Dudarev, А.А. and J.F. Sychov, 2005b. That should be
known about traditional nutrition in the Far North.
Recommendations for small-number indigenous peoples
living in the coastal regions of Chukotka autonomous
okrug. Moscow, Polar Fund. (In Russian)
Dudarev, A.A., A.V. Konoplev, T.M. Sandanger and 15 others,
2003. Blood concentrations of persistent toxic substances
in the indigenous communities of the Russian Arctic.
International Journal Circumpolar Health, 63:179-182.

References
Dudarev, А.А., J.F. Sychov, V.P. Chashschin, L.I. Abryutina and
J.A. Petruschevskaya, 2005. What should be known about
traditional nutrition in the Far North. Recommendations
for small-number indigenous peoples. Moscow Polar
Fund. Moscow (in Russian).
Dudarev, A., V.P. Chashchin, V.M. Dorofeev, J.-O. Odland and
L.-O. Rejersen, 2006. Polychlorinated biphenyls (PCBs)
in Russian Arctic and reproductive health of native
population. Materials of the 13th International Congress
on Circumpolar Health Gateway to the International Polar
Year. Novosibirsk, Russia. 12-16 June 2006.
Duff, G.W., 2006. Evidence for genetic variation as a factor
in maintaining health. American Journal of Clinical
Nutrition, 83:431S-435S.
Duhaime, G., 2002. Sustainable Food Security in the Arctic:
State of Knowledge. CCI Press.
Easterbrook, J., D. Fackett and A.P. Li, 2001. A comparison of
Aroclor 1254-induced and uninduced rat liver microsomes
to human liver microsomes in phenytoin O-deethylation,
coumarin 7-hydroxylation, tolbutamide 4-hydroxylation,
S-mephenytoin
4’-hydroxylation,
chloroxazone
6-hydroxylation and testosterone 6beta-hydroxylation.
Chemico-Biological Interactions, 134:243-249.
Eco-Accord, 2003. The Survey of Chemicals Management
Policy of The Russian Federation, Center for Environment
and Sustainable Development. www.ecoaccord.org
Efremenko T., 2007. Milk with dioxin. Russian newspaper 4485.
(http://www.rg.ru/gazeta/rg/2007/10 /05.html#rg-4485).
Egeland, G.M., P. Berti, R. Soueida, L.T. Arbour, O. Receveur
and H.V. Kuhnlein, 2004. Age differences in vitamin A
intake among Canadian Inuit. Canadian Journal of Public
Health, 95:465-469.
Egeland, G.M., Charbonneau-Roberts, G., Kuluguqtuq, J.,
Kilabuk, J., Okalik, L., Soueida, R. and H.V. Kuhnlein, 2008.
Back to the future: using traditional food and knowledge
to promote a healthy future among Inuit. In: H.V.
Kuhnlein, B. Erasmus and D. Spigelski (eds). Indigenous
Peoples’ Food Systems: the Many Dimensions of Culture,
Diversity, Environment and Health. Food and Agriculture
Organization of the United Nations.
Eller, E., 1999. Population substructure and isolation by
distance in three continental regions. American Journal of
Physical Anthropology, 108:147-159.
Elliott, S.S., N.L. Keim, J.S. Stern, K. Teff and P.J. Havel, 2002.
Fructose, weight gain, and the insulin resistance syndrome.
American Journal of Clinical Nutrition, 76:911-922.
Elzanaty, S., A. Rignell-Hydbom, B.A. Jonsson, H.S. Pedersen,
J.K. Ludwicki, M. Shevets, V. Zvyezday, G. Toft, J.P.
Bonde, L. Rylander, L. Hagmar, E. Bonefeld-Jorgensen,
M. Spano, D. Bizzaro, G.C. Manicardi, A. Giwercman;
INUENDO, 2006. Association between exposure to
persistent organohalogen pollutants and epididymal and
accessory sex gland function: multicentre study in Inuit
and European populations. Reproductive Toxicology,
22:765-773.
Endo, F., T.K. Monsees, H. Akaza, W.B. Schill and S. PfliegerBruss, 2003. Effects of single non-ortho, mono-ortho, and
di-ortho chlorinated biphenyls on cell functions and
proliferation of the human prostatic carcinoma cell line,
LNCaP. Reproductive Toxicology, 17:229-236.

223
Enmark, E., M. Pelto Huikko, K. Grandien, S. Lagercrantz, J.
Lagercrantz, G. Fried, M. Nordenskjold and J.A. Gustafsson,
1997. Human estrogen receptor beta-gene structure,
chromosomal localization, and expression pattern. Journal
of Clinical Endocrinology and Metabolism, 82:4258-4265.
Erdogan, D., H. Guillu, M. Caliskan, E.Yildirim, M. Bilgi, T.
Ulus, N. Sezgin and H. Muderrisoglu, 2005. Relationship
of serum uric acid to measures of endothelial function and
atherosclerosis in healthy adults. International Journal of
Clinical Practice, 59:1276-1282.
Eriksson, J.G., 2007. Gene polymorphisms, size at birth, and
the development of hypertension and type 2 diabetes.
Journal of Nutrition, 137:1063-1065.
Eriksson, A.W., K. Partanen, R.R. Frants, J.C. Pronk and
P.J. Kostense, 1986. ABH secretion polymorphism in
Icelanders, Aland Islanders, Finns, Finnish Lapps, Komi
and Greenland Eskimos: a review and new data. Annals
of Human Biology, 13:273-285.
Eriksson, P., C. Fischer and A. Fredriksson, 2006.
Polybrominated diphenyl ethers, a group of brominated
flame retardants, can interact with polychlorinated
biphenyls in enhancing developmental neurobehavioral
defects. Toxicological Sciences, 94:302-309.
Ernhart, C.B., A.W. Wolf, M.J. Kennard, P. Erhard, H.F.
Filipovich and R.J. Sokol, 1986. Intrauterine exposure to
low levels of lead: the status of the neonate. Archives of
Environmental Health, 41:287-291.
Eswaran, V., 2002. A diffusion wave out of Africa. The
mechanism of the modern human revolution. Current
Anthropology, 43:749-774.
Everett, C.J., I.L. Frithsen, V.A. Diaz, R.J. Koopman, W.M.
Simpson, Jr. and A.G. Mainous III, 2007. Association of
a polychlorinated dibenzo-p-dioxin, a polychlorinated
biphenyl, and DDT with diabetes in the 1999-2002 National
Health and Nutrition Survey. Environmental Research,
103:413-418.
Ewald, G., P. Larsson, H. Linge, L. Okla and N. Szarzi, 1998.
Biotransport of organic pollutants to an inland Alaska lake
by migrating sockeye salmon (Oncorhynchus nerka). Arctic,
51:40-47.
Fadhel, Z., Z. Lu, L.W. Robertson and H.P. Glauert,
2002.
Effect
of
3,3`,4,4`-tetrachlorobiphenyl
and
2,2´,4.45,5´-hexachlorobiphenyl on the induction of hepatic
lipid peroxidation and cytochrome P-450 associated
enzyme activities in rats. Toxicology, 175:15-25.
Faeh, D., K. Minehira, J.M. Schwartz, R. Periasamy, S. Park
S and L. Tappy. 2005. Effect of fructose overfeeding and
fish oil administration on hepatic de novo lipogenesis and
insulin sensitivity in healthy men. Diabetes, 54:1907-1913.
Fan, F., B. Yan, G. Wood, M. Viluksela and K.K. Rozman,
1997. Cytokines (IL-1[beta] and TNF[alpha]) in
relation to biochemical and immunological effects of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in rats.
Toxicology, 116:9.
Fanella, S., S.B. Harris, T.K. Young, A.J. Hanley, B. Zinman,
P.W. Connelly and R.A. Hegele, 2000. Association between
PON1 L/M55 polymorphism and plasma lipoproteins in
two Canadian aboriginal populations. Clinical Chemistry
and Laboratory Medicine, 38:413-420.

224
Fängström, B., M. Athanasiadou, I. Athanassiadis, P. Weihe
and Å. Bergman, 2005a. Hydroxylated PCB metabolites in
non-hatched fulmar eggs from the Faroe Islands. Ambio,
34:184-187.
Fängström, B., M. Athanasiadou, I. Athanassiadis. A.
Bignert, P. Grandjean, P. Weihe and Å. Bergman,
2005b. Polybrominated diphenylethers and traditional
organochlorine pollutants in fulmars (Fulmarus glacialis)
from the Faroe Islands. Chemosphere, 60:836-843.
Federal, Provincial and Territorial Advisory Committee on
Population Health, 1994. Strategies for Population Health:
Investing in the Health of Canadians. Prepared for the
meeting of the Ministers of Health, Halifax, Nova Scotia,
September 14-15, 1994.
Fediuk, K., N. Hidiroglou, R. Madère and H.V. Kuhnlein, 2002.
Vitamin C in Inuit traditional food and women’s diets.
Journal of Food Composition and Analysis, 15:221-235.
Fein, G.G., J.L. Jacobson, S.W. Jacobson, P.M. Schwartz andn
J.K. Dowler, 1984. Prenatal exposure to polychlorinated
biphenyls – Effects on birth size and gestational age.
Journal of Pediatrics, 105:315-320.
Feinberg, A.P. and B. Tycko, 2004. The history of cancer
epigenetics. National Reviews Cancer, 4:143-153.
Fernandez, M.F., A. Rivas, F. Olea-Serrano, I. Cerrillo, J.M.
Molina-Molina, P. Araque, J.L. Martinez-Vidal and N.
Olea, 2004. Assessment of total effective xenoestrogen
burden in adipose tissue and identification of chemicals
responsible for the combined estrogenic effect. Analytical
and Bioanalytical Chemistry, 379:163-170.
Ferrucci, L., A. Cherubini, S. Bandinelli, B. Bartali, A. Corsi, F.
Lauretani, A. Martin, C. Andres-Lacueva, U. Seniin and
J. Guralnik, 2006. Relationship of plasma polyunsaturated
fatty acids to circulating inflammatory markers. The
Journal of Clinical Endocrinology and Metabolism,
91:439-446.
Fielden, M.R., R.G. Halgren, C.H. Tashiro, B.R. Yeo, B. Chittim,
K. Chou and T.R. Zacharewski, 2001. Effects of gestational
and lactational exposure to Aroclor 1242 on sperm quality
and in vitro fertility in early adult and middle-aged mice.
Reproductive Toxicology, 15:281-292.
Fierens, S., H. Mairesse, J.F. Heilier, C. De Burbure, J.F. Focant,
G. Eppe, E. De Pauw and A. Bernard, 2003. Dioxin/
polychlorinated biphenyl body burden, diabetes and
endometriosis: findings in a population-based study in
Belgium. Biomarkers, 8:529-534.
Finkelstein, Y., M.E. Markowitz and J.F. Rosen, 1998. Lowlevel lead-induced neurotoxicity in children: an update on
central nervous system effects. Brain Research Reviews,
27:168-176.
Foldspang, A. and J.C. Hansen, 1990. Dietary intake of
methylmercury as a correlate of gestational length and
birth-weight among newborns in Greenland. American
Journal of Epidemiology, 132:310-317.
Fonnum, F., E. Mariussen and T. Reistad, 2006. Molecular
mechanisms involved in the toxic effects of polychlorinated
biphenyls (PCBs) and brominated flame retardants (BFRs).
Journal of Toxicology and Environmental Health, Part A,
69:21-35.
Fraser, S., G. Muckle and C. Despres, 2006. The relationship
between lead exposure, motor function and behaviour in

AMAP Assessment 2009: Human Health in the Arctic
Inuit preschool children. Neurotoxicology and Teratology,
28:18-27.
Frasor, J., D.H. Barnett, J.M. Danes, R. Hess, A.F. Parlow and
B.S. Katzenellenbogen, 2003a. Response-specific and
ligand dose-dependent modulation of estrogen receptor
(ER) alpha activity by ERbeta in the uterus. Endocrinology,
144:3159-3166.
Frasor, J., J.M. Danes, B. Komm, K.C. Chang, C.R. Lyttle and
B.S. Katzenellenbogen, 2003b. Profiling of estrogen upand down-regulated gene expression in human breast
cancer cells: insights into gene networks and pathways
underlying estrogenic control of proliferation and cell
phenotype. Endocrinology, 144:4562-4574.
Frayling, T.M., N.J. Timpson, M.N. Weedon and 39 others,
2007. A common variant in the FTO gene is associated
with body mass index and predisposes to childhood and
adult obesity. Science, 316: 889-894.
Freedman, M.L., C.L. Pearce, K.L. Penney, J.N. Hirschhorn,
L.N. Kolonel, B.E. Henderson and D. Altshuler, 2005.
Systematic evaluation of genetic variation at the androgen
receptor locus and risk of prostate cancer in a multiethnic
cohort study. The American Journal of Human Genetics,
76:82-90.
Frohlich, K.L., N. Ross and C. Richmond, 2006. Health
disparities in Canada today: Some evidence and a
theoretical framework. Health Policy, 79:132-143.
Fromme, H., M. Albrecht, J. Angerer, H. Drexler, L. Gruber,
M. Schlummer, H. Parlar, W. Korner, A. Wanner, D.
Heitmann, E. Roscher and G. Bolte, 2007a. Integrated
exposure assessment survey (INES) exposure to persistent
and bioaccumulative chemicals in Bavaria, Germany.
International Journal of Hygiene and Environmental
Health, 210:345-349.
Fromme, H., O. Midasch, D. Twardella, J. Angerer, S. Boehmer
and B. Liebl, 2007b. Occurrence of perfluorinated
substances in an adult German population in southern
Bavaria. International Archives of Occupational and
Environmental Health, 80:313-319.
Fromme, H., S.A. Tittlemier, W. Volkel, M. Wilhelm and D.
Twardella, 2008. Perfluorinated compounds - Exposure
assessment for the general population in western countries.
International Journal of Hygiene and Environmental
Health, in press. doi:10.1016/j.ijheh.2008.04.007
FSB, 2007. Risk assessment of persistent chlorinated and
brominated environmental contaminants in food. Food
Safety Board of Sweden. National Food Administration,
Rapport 9. http://www.slv.se/upload/dokument/rapporter/
kemiska/2007_livsmedelsverket_9_riskvardering_pop.pdf
Fu, M., C. Wang, X. Zhang and R. Pestell, 2003. Nuclear receptor
modifications and endocrine cell proliferation. The Journal
of Steroid Biochemistry and Molecular Biology, 85:133-138.
Fujiyoshi, P.T., J.E. Michalic and F. Matsumira, 2006. Molecular
epidemiologic evidence for diabetogenic effects of dioxin
exposure in U.S. Air Force Veterans of the Vietnam War.
Environmental Health Perspectives, 114:1677-1683.
Furgal, C.M., S. Bernier, G. Godin, S. Gingras, J. Grondin and
É. Dewailly, 2001. Decision making and diet in the North:
Balancing the physical, economic and social components.
In: S. Kalhok (ed.). Synopsis of Research Conducted under
the 2000–2001 Northern Contaminants Program, pp. 42-43.

References
Department of Indian Affairs and Northern Development,
Ottawa, Ontario, Canada.
Furgal, C., S. Kalhok, E. Loring and S. Smith, 2003. Knowledge
in action: northern contaminants program structures,
processes and products. Canadian Arctic Contaminants
Assessment Report II, Department of Indian Affairs and
Northern Development, Ottawa, Ontario, Canada.
Furgal, C.M., S. Powell and H. Myers, 2005. Digesting the
message about contaminants and country foods in the
Canadian North: a review and recommendations for
future research and action. Arctic, 58:103-114.
Furst, T., M. Connors, C.A. Bisogni, J. Sobal and L. Winters
Falk, 1996. Food choice: a conceptual model of the process.
Appetite, 26:247-266.
Gaedigk, A., 2000. Interethnic differences of drug-metabolizing
enzymes. International Journal of Clinical Pharmacology,
Therapy, and Toxicology, 38:61-68.
Gaedigk, A., W.L. Casley, R.F. Tyndale, E.M. Sellers, M.
Jurima-Romet and J.S. Leeder, 2001. Cytochrome P4502C9
(CYP2C9) allele frequencies in Canadian Native Indian
and Inuit populations. Canadian Journal of Physiology
and Pharmacology, 79:841-847.
Gaido, K.W., S.C. Maness, D.P. McDonnell, S.S. Dehal, D. Kupfer
and S. Safe, 2000. Interaction of methoxychlor and related
compounds with estrogen receptor alpha and beta, and
androgen receptor: structure-activity studies. Molecular
Pharmacology, 58:852-858.
Galinier, M., A. Pathak, J. Fourcade, C. Androdias, D. Curnier,
S. Varnous, S. Boveda, P. Massabuau, M. Fauvel, J.M.
Senard and J.P. Bounhoure, 2000. Depressed low frequency
power of heart rate variability as an independent predictor
of sudden death in chronic heart failure. European Heart
Journal, 21:475-482.
Garrison, P.M., K. Tullis, J.M. Aarts, A. Brouwer, J.P. Giesy
and M.S. Denison, 1996. Species-specific recombinant
cell lines as bioassay systems for the detection of
2,3,7,8-tetrachlorodibenzo-p-dioxin-like
chemicals.
Fundamental and Applied Toxicology, 30:194-203.
Gassó, S., R.M. Christofól, G. Selema, R. Rosa and E. RodriquesFarré, 2001. Antioxidant compounds and Ca2+ pathway
blockers differentially protect against methylmercury and
mercuric chloride neurotoxicity. Journal of Neuroscience
Research, 66:135-145.
Gaudet, F., J.G. Hodgson, A. Eden, L. Jackson-Grusby, J.
Dausman, J.W. Gray, H. Leonhardt and R. Jaenisch, 2003.
Induction of tumors in mice by genomic hypomethylation.
Science, 300:489-492.
Gemma, S., S. Vichi and E. Testai, 2006. Individual susceptibility
and alcohol effects: biochemical and genetic aspects.
Annali dell Istituto Superiore di Sanita, 42:8-16.
Gennari, L., L. Masi, D. Merlotti, L. Picariello, A. Falchetti, A.
Tanini, C. Mavilia, F. Del Monte, S. Gonnelli, B. Lucani,
C. Gennari and M.L. Brandi, 2004. A polymorphic CYP19
TTTA repeat influences aromatase activity and estrogen
levels in elderly men: effects on bone metabolism. Journal
of Clinical Endocrinology and Metabolism, 89:2803-2810.
Gennari, L., D. Merlotti, V. De Paola, A. Calabro, L. Becherini,
G. Martini and R. Nuti, 2005. Estrogen receptor gene
polymorphisms and the genetics of osteoporosis: a HuGE
review. American Journal of Epidemiology, 161:307-320.

225
Gerstenberger, S.L., I. Heimler, R. Smies, R.J. Hutz, A.K.
Dasmahapatra, V. Tripoli and J.A. Dellinger, 2000. Minimal
endocrine alterations in rodents after consumption of lake
trout (Salvelinus namaycush). Archives of Environmental
Contamination and Toxicology, 38:371-376.
Gessner, B.D., 2003. Asthma prevalence among Alaska Native
and nonnative residents younger than 20 years enrolled
in Medicaid. Annals of Allergy, Asthma and Immunology,
90:616-621.
Gessner, B.D. and T. Neeno, 2005. Trends in asthma prevalence,
hospitalization risk, and inhaled corticosteroid use among
Alaska Native and nonnative medicaid recipients younger
than 20 years. Annals of Allergy, Asthma and Immunology,
94:372-379.
Gerster, H., 1998. Can adults adequately convert alphalinolenic acid (18:3n-3) to eicosapentaenoic acid (20:5n-3)
and docosahexaenoic acid (22:6n-3)? International Journal
for Vitamin and Nutrition Research, 68:159-173.
Geyer, H., K.W. Schramm, P.O. Darnerud, M. Aune, E.A.
Feicht, K.W. Fried, B. Henkelmann, D. Lenoir, P. Schmidt
and T.A. McDonald, 2004. Terminal elimination half-lives
of the brominated flame retardants TBBPA, HBCD, and
lower brominated PBDEs in humans. Organohalogen
Compounds, 66:3820-3825.
Giesy, J.P. and K. Kannan, 2001. Global distribution of
perfluorooctane sulfonate in wildlife. Environmental
Science and Technology, 35:1339-1342.
Gilardini, L., P.G. McTernan, A. Girola, N.F. daSilva, L. Alberti,
S. Kumar and C. Invitti, 2006. Adiponectin is a candidate
marker of metabolic syndrome in obese children and
adolescents. Atherosclerosis, 189:401-407.
Gill, U., I. Chu, J. J. Ryan and M. Feeley, 2004. Polybrominated
diphenyl ethers: human tissue levels and toxicology.
Reviews of Environmental Contamination and Toxicology,
183:55-97.
Giwercman, A.H., A. Rignell-Hydbom, G. Toft, L. Rylander,
L. Hagmar, C. Lindh, H.S. Pedersen, J.K. Ludwicki, V.
Lesovoy, M. Shvets, M. Spano, G.C. Manicardi, D. Bizzaro,
E.C. Bonefeld-Jorgensen and J.P. Bonde, 2006. Reproductive
hormone levels in men exposed to persistent organohalogen
pollutants: a study of inuit and three European cohorts.
Environmental Health Perspectives, 114:1348-1353.
Giwercman, A., L. Rylander, A. Rignell-Hydbom, B.A. Jonsson,
H.S. Pedersen, J.K. Ludwicki, V. Lesovoy, V. Zvyezday,
M. Spano, G.C. Manicardi, D. Bizzaro, E.C. BonefeldJorgensen, G. Toft, J.P. Bonde, C. Giwercman, T. Tiido
and Y.L. Giwercman, 2007. Androgen receptor gene CAG
repeat length as a modifier of the association between
persistent organohalogen pollutant exposure markers and
semen characteristics. Pharmacogenetics and Genomics,
17:391-401.
Giwercman, C., A. Giwercman, H.S. Pedersen, G. Toft,
K. Lundin, J.P. Bonde and Y.L. Giwercman, 2008.
Polymorphisms in genes regulating androgen activity
among prostate cancer low-risk Inuit men and highrisk Scandinavians. International Journal of Andrology,
31:25-30.
Gladen, B.C., W.J. Rogan, P. Hardy, J. Thullen, J. Tingelstad
and M. Tully, 1988. Development after exposure to
polychlorinated
biphenyls
and
dichlorodiphenyl

226
dichloroethene transplacentally and through human milk.
Journal of Pediatrics, 113:991-995.
Gladen, B.C., N.B. Ragan and W.J. Rogan, 2000. Pubertal growth
and development and prenatal and lactational exposure
to polychlorinated biphenyls and dichlorodiphenyl
dichloroethene. Journal of Pediatrics, 136:490-496.
Gladen, B.C., Z.A. Shkiryak-Nyzhnyk, N. Chyslovska,
T.D. Zadorozhnaja and R.E. Little, 2003. Persistent
organochlorine compounds and birth weight. Annals of
Epidemiology, 13:151-157.
Glynn, A.W., F. Granath, M. Aune, S. Atuma, P.O. Darnerud,
R. Bjerselius, H. Vainio and E. Weiderpass, 2003.
Organochlorines in Swedish women: determinants of
serum concentrations. Environmental Health Perspectives,
111:349-355.
Goedde, H.W., D.P. Agarwal, G. Fritze, and 13 others., 1992.
Distribution of ADH2 and ALDH2 genotypes in different
populations. Human Genetics, 88:344-346.
Goldsmith S., J. Angvik, L. Howe, A. Hill and L. Leask, 2004.
Alaska Native Health and Well-Being. Chapter 3. In: Status
of Alaska Natives 2004. Institute of Social and Economic
Research (ISER). Available at: http://www.iser.uaa.alaska.
edu/Home/ResearchAreas/statusaknatives.htm
Gonzalvo, M.C, F. Gil, A.F. Hernandez, E. Villanueva and A.
Pla, 1997. Inhibition of paraoxonase activity in human liver
microsomes by exposure to EDTA, metals and mercurials.
Chemico-Biological Interactions, 105:169-179.
Gorbačov, A.L., L.K. Dobrodeěva, J. Tedder and J.N. Šacova, 2007.
Biogeochimičeskaja charakteristika severnych regionov.
Mikroelementnyj status naselenija Arkhangelskoj oblasti
i prognoz razvitija endemičeskich zabolevanij. Ekologija
Čeloveka, 1:4-11.
Grandjean, Ph. and P. Weihe, 2003. Arachidonic acid status
during pregnancy is associated with polychlorinated
biphenyl exposure. American Journal of Clinical Nutrition,
77:715-719.
Grandjean, P. P. Weihe, P.J. Jørgensen, T. Clarkson, E. Cernichiari
and T. Viderø, 1992. Impact of maternal seafood diet on
fetal exposure to mercury, selenium, and lead. Archives of
Environmental Health, 47:185-195.
Grandjean, P. P. Weihe, R.F. White, F. Debes, S. Araki, K. Murata,
N. Sørensen, D. Dahl, K. Yokoyama and P.J. Jørgensen,
1997. Cognitive deficit in 7-year-old children with prenatal
exposure to methylmercury. Neurotoxicology and
Teratology, 19:417-428.
Grandjean, P., P. Weihe, R.F. White and F. Debes, 1998. Cognitive
performance of children prenatally exposed to ‘safe’ levels
of methylmercury. Environmental Research, 77:165-172.
Grandjean, P., R.F. White, A. Nielsen, D. Cleary and E.C. de
Oliveira Santos, 1999a. Methylmercury neurotoxicity in
Amazonian children downstream from gold mining.
Environmental Health Perspectives, 107:587-591.
Grandjean, P., E. Budtz-Jorgensen, R.F. White, P.J. Jorgensen,
P. Weihe, F. Debes and N. Keiding, 1999b. Methylmercury
exposure biomarkers as indicators of neurotoxicity in
children aged 7 years. American Journal of Epidemiology,
150:301-305.
Grandjean, P., K.S. Bjerve, P. Weihe and U. Steuerwald,
2001a. Birthweight in a fishing community: Significance

AMAP Assessment 2009: Human Health in the Arctic
of essential fatty acids and marine food contaminants.
International Journal of Epidemiology, 30:1272-1278.
Grandjean, P., P. Weihe, V.W. Burse, L.L. Needham, E. StorrHansen, B. Heinzow, F. Debes, K. Murata, H. Simonsen,
P. Ellefsen, E. Budtz-Jorgensen, N. Keiding and R.F.
White, 2001b. Neurobehavioral deficits associated
with PCB in 7-year-old children prenatally exposed to
seafood neurotoxicants. Neurotoxicology and Teratology,
23:305-317.
Grandjean, P., E. Budtz-Jørgensen, U. Steuerwald, B. Heinzow,
L.L. Needham, P.J. Jørgensen and P. Weihe, 2003. Attenuated
growth of breast-fed children exposed to increased
concentrations of methylmercury and polychlorinated
biphenyls. The FASEB Journal, 17:699-701.
Grandjean, P., K. Murata, E. Budtz-Jorgensen and P. Weihe,
2004. Cardiac autonomic activity in methylmercury
neurotoxicity: 14-year follow-up of a Faroese birth cohort.
Journal of Pediatrics, 144:169-176.
Gray, L.E., Jr., C. Wolf, C. Lambright, P. Mann, M. Price, R.L.
Cooper and J. Ostby, 1999. Administration of potentially
antiandrogenic pesticides (procymidone, linuron,
iprodione, chlozolinate, p,p’-DDE, and ketoconazole) and
toxic substances (dibutyl- and diethylhexyl phthalate, PCB
169, and ethane dimethane sulphonate) during sexual
differentiation produces diverse profiles of reproductive
malformations in the male rat. Toxicology and Industrial
Health, 15:94-118.
Gray, L.E., Jr., J. Ostby, J. Furr, M. Price, D.N. Veeramachaneni
and L. Parks, 2000. Perinatal exposure to the phthalates
DEHP, BBP, and DINP, but not DEP, DMP, or DOTP,
alters sexual differentiation of the male rat. Toxicological
Sciences, 58:350-365.
Gray, L.E., J. Ostby, J. Furr, C.J. Wolf, C. Lambright, L. Parks,
D.N. Veeramachaneni, V. Wilson, M. Price, A. Hotchkiss,
E. Orlando and L. Guillette, 2001. Effects of environmental
antiandrogens on reproductive development in
experimental animals. Human Reproduction Update,
7:248-264.
Gray, L.E., Jr., J. Ostby, J. Furr, C. Wolf, C. Lambright, V. Wilson
and N. Noriega, 2004. Toxicant-induced hypospadias in
the male rat. Advances in Experimental Medicind and
Biology, 545:217-241.
Gray, K.A., M.A. Klebanoff, J.W. Brock, H. Zhou, R. Darden, L.
Needham and M.P. Longnecker, 2005. In utero exposure
to background levels of polychlorinated biphenyls
and cognitive functioning among school-age children.
American journal of Epidemiology, 162:17-26.
Gregor, D., J. Stow, D. Kennedy, K. Reimer and C. Ollson,
2003. Local sources of contaminants in the Canadian
Arctic. In: Bidleman, T., R. Macondald and J. Stow (eds.).
Canadian Arctic Contaminants Assessment Report II.
Sources, Occurrence, Trends and Pathways in the Physical
Environment, pp. 168-183. Indian and Northern Affairs
Canada.
Gregoraszczuk, E.L., A. Grochowalski, R. Chrzaszcz and
M. Wegiel, 2003. Congener-specific accumulation of
polychlorinated biphenyls in ovarian follicular wall follows
repeated exposure to PCB 126 and PCB 153. Comparison of
tissue levels of PCB and biological changes. Chemosphere,
50:481-488.

References
Gresner, P., J. Gromadzinska and W. Wasowicz, 2007.
Polymorphism of selected enzymes involved in
detoxification and biotransformation in relation to lung
cancer. Lung Cancer, 57:1-25.
Grochowalski, A., 1998. PCDDs and PCDFs concentration in
combustion gases and bottom ash from incineration of
hospital wastes in Poland. Chemosphere, 37:2279-2291.
Grønlands Ernæringsråd, 2006. De 10 kostråd. (In Danish).
http://www.peqqik.gl/Sundhed/Kost_og_motion/De%20
10%20kostr%C3%A5d.aspx
Grønlands Ernæringsråd, 2007. Kan vi trygt spise vores
traditionelle mad. (In Danish). http://www.paarisa.gl/
upload/paarisa/pdf/contaminant%20pjece%20dk.pdf
Gross, L.S., L. Li, E.S. Ford and S. Liu, 2004. Increased
consumption of refined carbohydrates and the epidemic of
type 2 diabetes in the United States: an ecologic assessment.
American Journal of Clinical Nutrition, 79:774-779.
Groop, L., 2007. From fused toes in mice to human obesity.
Nature Genetics, 39:706-707.
Grunfeld, H.T. and E.C. Bonefeld-Jorgensen, 2004. Effect
of in vitro estrogenic pesticides on human oestrogen
receptor alpha and beta mRNA levels. Toxicology Letters,
151:467-480.
Grun, F. and B. Blumberg, 2006. Environmental obesogens:
organotins and endocrine disruption via nuclear receptor
signaling. Endocrinology, 147(6 Suppl):S50-S55.
Guallar, E., M.I. Sanz-Gallardo, P. van’t Veer, P. Bode,A. Aro, J.
Gómez-Aracena, J.D. Kark, R.A. Riemersma, J.M. MartínMoreno and F.J. Kok, 2002. Mercury, fish oils, and the
risk of myocardial infarction. New England Journal of
Medicine, 347:1747-1754.
Gudas, J.M. and O. Hankinson, 1987. Regulation of cytochrome
P-450c in differentiated and dedifferentiated rat hepatoma
cells: role of the Ah receptor. Somatic Cell and Molecular
Genetics, 13:513-528.
Gustavsson, P. and C. Högstedt, 1997. A cohort study of
Swedish capacitor manufacturing workers exposed to
polychlorinated biphenyls (PCBs). American Journal of
Industrial Medicine, 32:234-239.
Guvenius, D.M., P. Hassanzadeh, A. Bergman and K. Noren,
2002. Metabolites of polychlorinated biphenyls in human
liver and adipose tissue. Environmental Toxicology and
Chemistry, 21:2264-2269.
Guvenius, D.M., A. Aronsson, G. Ekman-Ordeberg, A.
Bergman and K. Noren, 2003. Human prenatal and
postnatal exposure to polybrominated diphenyl ethers,
polychlorinated biphenyls, polychlorobiphenylols, and
pentachlorophenol. Environmental Health Perspectives,
111:1235-1241.
Guyot, M., C. Dickson, C. Paci, C. Furgal and H.M. Chan,
2006. Local observations of climate change and impacts
on traditional food security in two northern aboriginal
communities. International Journal of Circumpolar
Health, 65:403-415.
Hamrick, K.J. and J. Smith, 2004. Potential future studies
on the nutritional status among indigenous peoples in
Alaska and the Russian Far East: preliminary assessment
of the social transition in the North data set. International
Journal of Circumpolar Health, Suppl. 1:43-48.

227
Hansen, L.G., 1998. Stepping backward to improve assessment
of PCB congener toxicities. Environmental Health
Perspectives, 106:171-189.
Hansen, J.C., 2000. Den traditionelle kosts fordele. INUSSUK Arctic Research, 2:55-68.
Hansen, J.C. and G. Danscher, 1997. Organic mercury: an
environmental threat to the health of dietary-exposed
societies? Reviews on Environmental Health, 12:107-116.
Hansen, J.C. and Y. Deguchi, 1996. Selenium and fertility in
animals and man--a review. Acta Veterinaria Scandinavica,
37:19-30.
Hansen, J.C. and A.P. Gilman, 2005. Exposure of Arctic
populations to methylmercury from consumption
of marine food: an updated risk-benefit assessment.
International Journal of Circumpolar Health, 64:121-136.
Hansen, O.N., A. Trillingsgaard, I. Beese, T. Lyngbye and P.
Grandjean, 1989. A neuropsychological study of children
with elevated dentine lead level: assessment of the effect of
lead in different socio-economic groups. Neurotoxicology
and Teratology, 11:205-213.
Hansen, J.C., B. Deutch and H.S. Pedersen, 2004. Selenium
status in Greenland Inuit. Science of the Total Environment,
331:207-214.
Hansen, J., M. Sato, P. Kharecha, G. Russell, D.W. Lea
and M. Siddall, 2007. Climate change and trace gases.
Philosophical Transactions of the Royal Society A, 365:
1925-1954. doi:10.1098/rsta.2007.2052.
Hansen, J.C., B. Deutch and J.Ø. Odland, 2008. Dietary
Transition and Contaminants in the Arctic: Emphasis on
Greenland. Circumpolar Health Supplements, No. 2.
Hany, J., H. Lilienthal, A. Sarasin, A. Roth-Harer, A. Fastabend,
L. Dunemann, W. Lichtensteiger and G. Winneke, 1999.
Developmental exposure of rats to a reconstituted PCB
mixture or aroclor 1254: effects on organ weights, aromatase
activity, sex hormone levels, and sweet preference behavior.
Toxicology and Applied Pharmacology, 158:231-243.
Hara, J., 1985. Health status and PCBs in blood of workers
exposed to PCBs and of their children. Environmental
Health Perspectives, 59:85-90.
Harada, K., N. Saito, K. Inoue, T. Yoshinaga, T. Watanabe,
S. Sasaki, S. Kamiyama and A. Koizumi, 2004. The
influence of time, sex and geographic factors on levels
of perfluorooctane sulfonate and perfluorooctanoate in
human serum over the last 25 years. Journal of Occupational
Health, 46:141-147.
Harner, T., L.M.M. Jantunen, T.F. Bidleman, L.A. Barrie,
H. Kylin, W.M.J. Strachan and R.W. Macdonald, 2000.
Microbial degradation is a key elimination pathway
of hexachlorocyclohexanes from the Arctic Ocean.
Geophysical Research Letters, 27:1155-1158.
Harpending, H. and G. Cochran, 2006. Genetic diversity
and genetic burden in humans. Infection, Genetics and
Evolution, 6:154-162.
Harrington, W.R., S. Sheng, D.H. Barnett, L.N. Petz, J.A.
Katzenellenbogen and B.S. Katzenellenbogen, 2003.
Activities of estrogen receptor alpha- and beta-selective
ligands at diverse estrogen responsive gene sites mediating
transactivation or transrepression. Molecular and Cellular
Endocrinology, 206:13-22.

228
Harvald, B., 1989. Genetic epidemiology of Greenland. Clinical
Genetics, 36:364-367.
Harvey, P.W. and D.J. Everett, 2003. The adrenal cortex and
steroidogenesis as cellular and molecular targets for
toxicity: critical omissions from regulatory endocrine
disrupter screening strategies for human health? Journal
of Applied Toxicology, 23:81-87.
Hassler, S., 2005. The health conditions in the Sami population
of Sweden, 1961-2002: Causes of death and incidences of
cancer and cardiovascular diseases. Umea University
Medical Dissertations, Department of Public Health and
Clinical Medicine, Umea University, Sweden
Hassler, S., P. Sjölander, M. Barnekow-Bergkvist and A.
Kadesjö, 2001. Cancer risk in the reindeer breeding Saami
population of Sweden, 1961-1997. European Journal of
Epidemiology, 17:969-976.
Hassler, S., P. Sjölander, H. Grönberg, R. Johansson and L.
Damber, 2008a. Cancer in the Sami population of Sweden
in relation to lifestyle and genetic factors. European
Journal of Epidemiology, 23:273-280.
Hassler, S., S. Kvernmo and A. Kozlov, 2008b. Sami. In: Young
T.K. and P. Bjerregaard (eds.). Health Transitions in Arctic
Populations, pp. 148-172. University of Toronto Press.
Hatagima, A., 2002. Genetic polymorphisms and metabolism
of endocrine disruptors in cancer susceptibility. Cadernos
de Saúde Pública, 18:357-377.
Hay, A. and J. Tarrel, 1997. Mortality of power workers exposed
to phenoxy herbicides and polychlorinated biphenyls in
waste transformer oil. Annals of the New York Academy
of Sciences, 837:138-156.
Health Canada, 1984. Methylmercury in Canada Vol. II.
Minister of National Health and Welfare, Ottawa, Canada
1984:21.
Health Canada, 1986. Foods Directorate memorandum, Health
Protection Branch.
Health Canada, 1994. Update of Evidence for Low-Level Effects
of Lead and Blood Lead Intervention Levels and Strategies.
Final Report of the Working Group, Federal-Provincial
Committee on Environmental and Occupational Health,
Environmental Health Directorate, Ottawa. Health Canada
1994:42.
Health Canada, 2005. Analysis of Arctic Children and Youth
Health Indicators. Produced for the Arctic Council
Sustainable Development Working Group. Future of
Children and Youth of the Arctic Initiative, Report of the
Health Programme.
Health Canada, 2007. Canadian Community Health Survey,
Cycle 2.2, Nutrition (2004). Income-Related Household
Food Security in Canada. Health Canada, Ottawa.
Hegele, R.A., T.K. Young and P.W. Connelly, 1997. Are Canadian
Inuit at increased genetic risk for coronary heart disease?
Journal of Molecular Medicine, 75:364-370.
Heindel, J.J., 2003. Endocrine disruptors and the obesity
epidemic. Toxicological Sciences, 76:247-249.
Hekster, F.M., R.W.P.M. Laane and P. de Voogt, 2003.
Environmental and toxicity effects of perfluoroalkylated
substances. Reviews of Environmental Contamination
and Toxicology, 179:99-121.
Heldring, N., A. Pike, S. Andersson, J. Matthews, G. Cheng,
J. Hartman, M. Tujague, A. Strom, E. Treuter, M. Warner

AMAP Assessment 2009: Human Health in the Arctic
and J.A. Gustafsson, 2007. Estrogen receptors: how do they
signal and what are their targets. Physiological Reviews,
87:905-931.
Helgason, A., G. Palsson, H.S. Pedersen, E. Angulalik, E.D.
Gunnarsdottir, B. Yngvadottir and K. Stefansson, 2006.
mtDNA variation in Inuit populations of Greenland and
Canada: migration history and population structure.
American Journal of Physical Anthropology, 130:123-134.
Helland, I.B., O.D. Saugstad, L. Smith, K. Saarem, K. Solvoll
and T. Ganes, 2001. Similar effects on infants of n-3 and
n-6 fatty acids supplementation to pregnant and lactating
women. Pediatrics, 108:E82.
Heller, S.E., 1967. The Alaska Dietary Survey: 1956-1961. Public
Health Service Publication No. 999-AH-2.
Heller, A.H., F.M. Salzano, R. Barrantes, M. Krylov,
L. Benevolenskaya, F.C. Arnett, B. Munkhbat, N.
Munkhtuvshin, K. Tsuji, M.H. Hutz, F.R. Carnese, A.S.
Goicoechea, L.B. Freitas and S.L. Bonatto, 2004. Intra- and
intercontinental molecular variability of an Alu insertion
in the 3’ untranslated region of the LDLR gene. Human
Biology, 76:591-604.
Heneweer, M., M. van den Berg, M.C. de Geest, P.C. de Jong, A.
Bergman and J.T. Sanderson, 2005. Inhibition of aromatase
activity by methyl sulfonyl PCB metabolites in primary
culture of human mammary fibroblasts. Toxicology and
Applied Pharmacology, 202:50-58.
Hennig, B., B.C. Hammock, R. Slim, M. Toborek, V. Saraswathi
and L.W. Robertson, 2002a. PCB-induced oxidative stress
in endothelial cells: modulation by nutrients. International
Journal of Hygiene and Environmental Health, 205:95-102.
Hennig, B., P. Meerarani, R. Slim, M. Toborek, A. Daugherty, A.E.
Silverstone and L.W. Robertson, 2002b. Proinflammatory
properties of coplanar PCBs: in-vitro and in-vivo evidence.
Toxicology and Applied Pharmacology, 181:174-183.
Hennig, B., M. Toborek, L.G. Bachas and W.A. Suk, 2004.
Emerging issues: nutritional awareness in environmental
toxicology. The Journal of Nutritional Biochemistry,
15:194-195.
Hennig, B., G. Reiterer, Z. Majkova, E. Oesterling, P. Meerarani
and M. Toborek, 2005. Modification of environmental
toxicity by nutrients: implications in atherosclerosis.
Cardiovascular Toxicology, 5:153-160.
Henriksen, G.L., N.S. Ketchum, J.E. Michalek and J.A. Swaby,
1997. Serum dioxin and diabetes mellitus in veterans of
Operation Ranch Hand. Epidemiology, 8:252-258.
Hertz-Picciotto, I., M.J. Charles, R.A. James, J.A. Keller, E.
Willman and S. Teplin, 2005. In utero polychlorinated
biphenyl exposures in relation to fetal and early childhood
growth. Epidemiology, 16:648-656.
Hertz-Picciotto, I., T.A. Jusko, E.J. Willman, R.J. Baker, J.A.
Keller, S.W. Teplin and M.J. Charles, 2008. A cohort study
of in utero polychlorinated biphenyl (PCB) exposures in
relation to secondary sex ratio. Environmental Health,
15:37.
Heilmann, C, P. Grandjean, P. Weihe, F. Nielsen and E.
Budtz-Jørgensen, 2006. Reduced antibody responses
to vaccinations in children exposed to polychlorinated
biphenyls. PLoS Medicine, 3:e311.
Hess, R.A., 2003. Estrogen in the adult male reproductive tract:
a review. Reproductive Biology and Endocrinology, 1:52.

References
Hibbeln, J.R., T.A. Ferguson and T.L. Blasbalg, 2006. Omega-3
fatty acid deficiencies in neurodevelopment, aggression and
autonomic dysregulation: opportunities for intervention.
International Review of Psychiatry, 18:107-118.
Hilakivi-Clarke, L. and S. de Assis, 2006. Fetal origins of
breast cancer. Trends in Endocrinology and Metabolism,
17:340-348.
Hirota, Y., K. Kataoka, S. Tokunaga, T. Hirohata, S. Shinohara
and H. Tokiwa, 1993. Association between blood
polychlorinated biphenyl concentration and serum
triglyceride level in chronic ‘Yushu’ (polychlorinated
biphenyl poisoning) patients. International Archives of
Occupational and Environmental Health, 65:221-225.
Hjelmborg, P.S., M. Ghisari and E.C. Bonefeld-Jorgensen,
2006. SPE-HPLC purification of endocrine-disrupting
compounds from human serum for assessment of
xenoestrogenic activity. Analytical and Bioanalytical
Chemistry, 385:875-887.
Hodgins, S., E. Dewailly, S. Chatwood, S. Bruneau and F. Bernier,
1998. Iron-deficiency anemia in Nunavik: pregnancy and
infancy. International Journal of Circumpolar Health,
57(suppl 1):135-140.
Hoekstra, P.F., T.M. O’Hara, S.M. Backus, C. Hanns and D.C.G.
Muir, 2005. Concentrations of persistent organochlorine
contaminants in bowhead whale tissue and other biota from
northern Alaska: Implications for human exposure from
subsistence diet. Environmental Research, 98:329-340.
Hofmeister, M.V. and E.C. Bonefeld-Jorgensen, 2004. Effects
of the pesticides prochloraz and methiocarb on human
estrogen receptor alpha and beta mRNA levels analyzed
by on-line RT-PCR. Toxicology In Vitro, 18:427-433.
Holloway, A.C., K.A. Stys and W.G. Foster, 2005. DDE-induced
changes in aromatase activity in endometrial stromal cells
in culture. Endocrine, 27:45-50.
Hollox, E.J., M. Poulter, M. Zvarik, V. Ferak, A. Krause, T.
Jenkins, N. Saha, A.I. Kozlov and D.M. Swallow, 2001.
Lactase haplotype diversity in the Old World. American
Journal of Human Genetics, 68:160-172. Epub 2000 Nov 28.
Hotchkiss, A.K., L.G. Parks-Saldutti, J.S. Ostby, C. Lambright,
J. Furr, J.G. Vandenbergh and L.E. Gray, Jr., 2004. A mixture
of the ‘antiandrogens’ linuron and butyl benzyl phthalate
alters sexual differentiation of the male rat in a cumulative
fashion. Biology of Reproduction, 71:1852-1861.
Hovander, L., T. Malmberg, M. Athanasiadou, I. Athanassiadis,
S. Rahm, A. Bergman and E.K. Wehler, 2002. Identification
of hydroxylated PCB metabolites and other phenolic
halogenated pollutants in human blood plasma. Archives
of Environmental Contamination and Toxicology,
42:105-117.
Howard, B.V., R.B. Devereux, S.A. Cole and 20 others, 2005. A
genetic and epidemiologic study of cardiovascular disease
in Alaska natives (GOCADAN): design and methods.
International Journal of Circumpolar Health, 64:206-221.
Hsiao, W.C., K.C. Young, S.L. Lin and P.W. Lin, 2004. Estrogen
receptor-alpha polymorphism in a Taiwanese clinical
breast cancer population: a case-control study. Breast
Cancer Research, 6:R180-186.
Hu, H., M.M. Téllez-Rojo, D. Bellinger, D. Smith, A.S. Ettinger,
H. Lamadrid-Figueroa, J. Schwartz, L. Schnaas, A.
Mercado-García and M. Hernández-Avila, 2006. Fetal lead

229
exposure at each stage of pregnancy as a predictor of infant
mental development. Environmental Health Perspectives,
114:1730-1735.
Huang, X., L. Lessner and D. Carpenter, 2006. Exposure to
persistent organic pollutants and hypertensive disease.
Environmental Research, 102:101-106.
Huisman, M., C. Koopman-Esseboom, V. Fidler, M. HaddersAlgra, C.G. Van Der Paauw, L.G.M. Tuinstra, N. WeisglasKuperus, P.J.J. Sauer, B.C.L. Touwen and E.R. Boersma,
1995a. Perinatal exposure to polychlorinated biphenyls
and dioxins and its effect on neonatal neurological
development. Early Human Development, 41:111-127.
Huisman, M., C. Koopman-Esseboom, C.I. Lanting, C.G.
Van der Paauw, L.G.M.T. Tuinstra, V. Fidler, N. WeisglasKuperus, P.J.J. Sauer, E.R. Boersma and B.C.L. Touwen,
1995b. Neurological condition in 18-month-old children
perinatally exposed to polychlorinated biphenyls and
dioxins. Early Human Development, 43:165-176.
Huotari, A. and K.H. Herzig, 2008. Vitamin D and living in
northern latitudes – an endemic risk area for vitamin D
deficiency. International Journal of Circumpolar Health,
67:164-178.
Huovinen, P., 2000. Ultraviolet Radiation in Aquatic
Environments: Underwater UV Penetration and Responses
in Algae and Zooplankton. University of Jyväskylä.
Huyghe, E., T. Matsuda and P. Thonneau, 2003. Increasing
incidence of testicular cancer worldwide: a review. Journal
of Urology, 170:5-11.
Ibarluzea, J.M., M.F. Fernandez, L. Santa-Marina, M.F. OleaSerrano, A.M. Rivas, J.J. Aurrekoetxea, J. Exposito, M.
Lorenzo, P. Torne, M. Villalobos, V. Pedraza, A.J. Sasco and
N. Olea, 2004. Breast cancer risk and the combined effect
of environmental estrogens. Cancer Causes and Control,
15:591-600.
Ikonomou, M., S. Rayne and R.F. Addison, 2002. Exponential
increases of the brominated flame retardants,
polybrominated diphenyl ethers, in the Canadian Arctic
from 1981 to 2000. Environmental Science and Technology,
36:1886-1892.
Ingelman-Sundberg, M., 2004. Pharmacogenetics of
cytochrome P450 and its applications in drug therapy:
the past, present and future. Trends in Pharmacological
Sciences, 25:193-200.
Ingelman-Sundberg, M., 2005. The human genome project and
novel aspects of cytochrome P450 research. Toxicology and
Applied Pharmacology, 207:52-56.
Ingelman-Sundberg, M., M. Oscarson and R.A. McLellan,
1999. Polymorphic human cytochrome P450 enzymes: an
opportunity for individualized drug treatment. Trends in
Pharmacological Sciences, 20:342-349.
Ingold, T., 1988. Hunters, Pastoralists, and Ranchers. Cambridge
University Press.
Innis, S.M., 2004. Polyunsaturated fatty acids in human milk:
an essential role in infant development. Advances in
Experimental Medicine and Biology, 554:27-43.
Inoue, K., F. Okada, R. Ito, S. Kato, S. Sasaki, S. Nakajima,
A. Uno, Y. Saijo, F. Sata, Y. Yoshimura, R. Kishi and H.
Nakazawa, 2004. Perfluorooctane sulfonate (PFOS) and
related perfluorinated compounds in human maternal
and cord blood samples: assessment of PFOS exposure in a

230
susceptible population during pregnancy. Environmental
Health Perspectives, 112:1204-1207.
Ishizaka, N., Y. Ishizaka, E. Toda, H. Hashimoto, R. Nagai and
M. Yamamoto, 2007. Higher serum uric acid is associated
with increased arterial stiffness in Japanese individuals.
Atherosclerosis, 192:131-137.
ISO, 2005. General requirements for the competence of testing
and calibration laboratories Edition 2. ISO/IEC 17025:2005.
International Organization for Standardization, Geneva.
Iversen, T., 1996. Atmospheric transport pathways for the
Arctic. In: E. Wolff and R.C. Bales (eds.). Chemical
Exchange between the Atmosphere and Polar Snow, pp.
71-92. Global Environmental Change. NATO ASI Series I.
Springer.
Jack, F.R., M.G. Piancentini and M.J.A. Schröder, 1998.
Perception and role of fruit in the workday diets of Scottish
lorry drivers. Appetite, 30:139-149.
Jacinto, F.V. and M. Esteller, 2007. Mutator pathways unleashed
by epigenetic silencing in human cancer. Mutagenesis,
22:247-253.
Jacobson, J.L. and S.W. Jacobson, 1993. A 4-year follow-upstudy of children born to consumers of Lake Michigan
fish. Journal of Great Lakes Research, 19:776-783.
Jacobson, J.L. and S.W. Jacobson, 1996. Intellectual impairment
in children exposed to polychlorinated biphenyls in utero.
New England Journal of Medicine, 335:783-789.
Jacobson, J. L. and S. W. Jacobson, 1997. Evidence for
PCBs as neurodevelopmental toxicants in humans.
Neurotoxicology, 18:415-424.
Jacobson, J.L. and S.W. Jacobson, 2003. Prenatal exposure to
polychlorinated biphenyls and attention at school age.
Journal of Pediatrics, 143:780-788.
Jacobson, S.W., G.G. Fein, J.L. Jacobson, P.M. Schwartz and
J.K. Dowler, 1985. The effect of intrauterine PCB exposure
on visual recognition memory. Child Development,
56:853-860.
Jacobson, J.L., S.W. Jacobson and H.E.B. Humphrey, 1990a.
Effects of exposure to PCBs and related-compounds on
growth and activity in children. Neurotoxicology and
Teratology, 12:319-326.
Jacobson, J.L., S.W. Jacobson and H.E.B. Humphrey, 1990b.
Effects of in utero exposure to polychlorinated biphenyls
and related contaminants on cognitive functioning in
young children. Journal of Pediatrics, 116:38-45.
Jacobson, J.L., S.W. Jacobson, R.J. Padgett, G.A. Brumitt and
R.L. Billings, 1992. Effects of prenatal PCB exposure on
cognitive processing efficiency and sustained attention.
Developmental Psychology, 28:297-306.
Jacobson, J. L., S.W. Jacobson, G. Muckle, M. Kaplan-Estrin,
P. Ayotte and E. Dewailly, 2008. Beneficial effects of
a polyunsaturated fatty acid on infant development:
Evidence from the Inuit of Arctic Quebec. Journal of
Pediatrics, 152:356-364.
Jardine, C., S. Hrudey, J. Shortreed, L. Craig, D. Krewski, C.
Furgal and S. McColl, 2003. Risk management frameworks
for human health and environmental risks. Journal of
Toxicology and Environmental Health B, 6:569-720.
Jensen, R.K., S.D. Sleight, J.I. Goodman, S.D. Aust and J.E.
Trosko, 1982. Polybrominated biphenyls as promoters in

AMAP Assessment 2009: Human Health in the Arctic
experimental hepatocarcinogenesis in rats. Carcinogenesis,
3:1183-1186.
Jensen, J., L. Adare and R. Shearer (eds.), 1997. Canadian Arctic
Contaminants Assessment Report. Department of Indian
Affairs and Northern Development, Ottawa, Ontario,
Canada.
Jewett, S.C. and L.K. Duffy, 2007. Mercury in fishes of Alaska
with emphasis on subsistence species. Science of the Total
Environment, 387:3-27.
Jin, L., Y. Jia, B. Zhang, Q. Xu, Y. Fan, L. Wu and Y. Shen, 2003.
Association analysis of a polymorphism of interleukin
1 beta (IL-1 beta) gene with temporal lobe epilepsy in a
Chinese population. Epilepsia, 44:1306-1309.
Johansen, P., D. Muir, G. Asmund and F.F. Riget, 2004a.
Contaminants in the traditional Greenland diet. National
Environmental Research Institute (NERI), Technical
Report 492.
Johansen, P., D. Muir, G. Asmund and F. Riget, 2004b. Human
exposure to contaminants in the traditional Greenland
diet. Science of the Total Environment, 331:189-206.
Johnson, R.C., R.E. Cole and F.M. Ahern, 1981. Genetic
interpretation of racial/ethnic differences in lactose
absorption and tolerance: a review. Human Biology,
53:1-13.
Jones-Otazo, H.A., J.P. Clarke, M.L. Diamond, J.A. Archbold,
G. Ferguson, T. Harner, G.M. Richardson, J.J. Ryan and
B. Wilford, 2005. Is house dust the missing exposure
pathway for PBDEs? An analysis of the urban fate and
human exposure to PBDEs. Environmental Science and
Technology, 39:5121 -5130.
Jonsson, B.A., L. Rylander, C. Lindh and 27 others, 2005. Interpopulation variations in concentrations, determinants of
and correlations between 2,2’,4,4’,5,5’-hexachlorobiphenyl
(CB-153) and 1,1-dichloro-2,2-bis (p-chlorophenyl)-ethylene
(p,p’-DDE): a cross-sectional study of 3161 men and women
from Inuit and European populations. Environmental
Health, 4:27.
Jørgensen, M.E., P. Bjerregaard and K. Borch-Johnsen, 2002.
Diabetes and impaired glucose tolerance among the Inuit
population of Greenland. Diabetes Care, 25:1766-1771.
Jørgensen, M.E., P. Bjerregaard, J.J. Kjaergaard and K. BorchJohnsen, 2008. High prevalence of markers of coronary
heart disease among Greenland Inuit. Atherosclerosis,
196:772-778.
Kalantzi, O.I., R. Hewitt, K.J. Ford, L. Cooper, R.E. Alcock,
G.O. Thomas, J.A. Morris, T.J. McMillan, K.C. Jones and
F.L. Martin, 2004. Low dose induction of micronuclei by
lindane. Carcinogenesis, 25:613-622.
Kamboh, M.I., J.J. Albers, P.P. Majumder and R.E. Ferrell,
1989. Genetic studies of human apolipoproteins. IX.
Apolipoprotein D polymorphism and its relation to serum
lipoprotein lipid levels. The American Journal of Human
Genetics, 45:147-154.
Kang, J.X. and K.H. Weylandt, 2008. Modulation of
inflammatory cytokines by omega-3 fatty acids. Subcellular
Biochemistry, 49:133-143.
Kannan, K., J. Koistinen, K. Beckmen, T. Evans, J.F. Gorzelany,
K.J. Hansen, P.D. Jones, E. Helle, M. Nyman and J.P. Giesy,
2001. Accumulation of perfluorooctane sulfonate in marine

References
mammals. Environmental Science and Technology,
25:1593-1598.
Kannan, K., S. Corsolini, J. Falandysz, G. Oehme, S. Focardi
and J.P. Giesy, 2002. Perfluorooctanesulfonate and related
fluorinated hydrocarbons in marine mammals, fishes, and
birds from coasts of the Baltic and Mediterranean Seas.
Environmental Science and Technology, 36:3210-3216.
Kannan, K., S. Corsolini, J. Falandysz, G. Fillmann, K.S. Kumar,
B.G. Loganathan, M.A. Mohd, J. Olivero, N. Van Wouwe,
J.H. Yang and K.M. Aldoust, 2004. Perfluorooctanesulfonate
and related fluorochemicals in human blood from several
countries. Environmental Science and Technology,
38:4489-4495.
Kapel, C.M., 1997. Trichinella in arctic, subarctic and temperate
regions: Greenland, the Scandinavian countries and
the Baltic States. Southeastern Asian Journal of Tropical
Medicine and Public Health, 28(suppl 1):14-19.
Karlsson, M., A. Julander, B. van Bavel and L. Hardell,
2007. Levels of brominated flame retardants in blood in
relation to levels in household air and dust. Environment
International, 33:62-69.
Karrman, A., J.F. Mueller, B. van Bavel, F. Harden, L.M.L.
Toms and G. Lindstrom, 2006a. Levels of 12 perfluorinated
chemicals in pooled Australian serum, collected 2002-2003,
in relation to age, gender, and region. Environmental
Science and Technology, 40:3742-3748.
Karrman, A., B. van Bavel, U. Jarnberg, L. Hardell and G.
Lindstrom, 2006b. Perfluorinated chemicals in relation
to other persistent organic pollutants in human blood.
Chemosphere, 64:1582-1591.
Karrman, A., I. Ericson, B. van Bavel, P.O. Darnerud, M. Aune,
A. Glynn, S. Lignell and G. Lindström, 2007a. Exposure
of perfluorinated chemicals through lactation: levels of
matched human milk and serum and a temporal trend,
1996-2004, in Sweden. Environmental Health Perspectives,
115:226-230.
Karrman, A., I. Langlois, B. van Bavel, G. Lindstrom and M.
Oehme, 2007a. Identification and pattern of perfluorooctane
sulfonate (PFOS) isomers in human serum and plasma.
Environment International, 33:782-788.
Kataoka, M., C. Ito, H. Sasaki, K. Yamane and N. Kohno, 2004.
Low heart rate variability is a risk factor for sudden cardiac
death in type 2 diabetes. Diabetes Research and Clinical
Practice, 64:51-58.
Kato, S., T. Sato, T. Watanabe, S. Takemasa, Y. Masuhiro, F.
Ohtake and T. Matsumoto, 2005. Function of nuclear
sex hormone receptors in gene regulation. Cancer
Chemotherapy and Pharmacology, 56 (suppl 1):4-9.
Review.
Kawajiri, K. and Y. Fujii-Kuriyama, 2007. Cytochrome P450
gene regulation and physiological functions mediated by
the aryl hydrocarbon receptor. Archives of Biochemistry
and Biophysics, 464:207-212.
Kawajiri, K., J. Watanabe, H. Eguchi, K. Nakachi, C. Kiyohara
and S. Hayashi, 1995. Polymorphisms of human Ah receptor
gene are not involved in lung cancer. Pharmacogenetics,
5:151-158.
Kelce, W.R., C.R. Stone, S.C. Laws, L.E. Gray, J.A. Kemppainen
and E.M. Wilson, 1995. Persistent DDT metabolite p,p’-

231
DDE is a potent androgen receptor antagonist. Nature,
375:581-585.
Kelce, W.R., C.R. Lambright, L.E. Gray, Jr. and K.P. Roberts,
1997. Vinclozolin and p,p’-DDE alter androgen-dependent
gene expression: in vivo confirmation of an androgen
receptor-mediated mechanism. Toxicology and Applied
Pharmacology, 142:192-200.
Kendall, M.D., B. Safieh, J. Harwood and P.P. Pomeroy,
1992. Plasma thymulin concentrations, the thymus and
organochlorine contaminant levels in seals infected with
phocine distemper virus. Science of the Total Environment,
115:133-144.
Kharat, I. and F. Saatcioglu, 1996. Antiestrogenic effects of
2,3,7,8-tetrachlorodibenzo-p-dioxin are mediated by
direct transcriptional interference with the liganded
estrogen receptor. Cross-talk between aryl hydrocarbonand estrogen-mediated signaling. Journal of Biological
Chemistry, 271:10533-10537.
Khoo, S.K., G. Zhang, V. Backer, C. Porsbjerg, S. NepperChristensen, R. Creegan, G. Baynam, N. de Klerk, G.A.
Rossi, I. Hagel, M.C. Di Prisco, N. Lynch, J. Britton, I. Hall,
A.W. Musk, J. Goldblatt, P.N. Le Souef and Greenlandic
Population Study, 2006. Associations of a novel IL4RA
polymorphism, Ala57Thr, in Greenlander Inuit. Journal of
Allergy and Clinical Immunology, 118:627-634.
Kietz, S., J.S. Thomsen, J. Matthews, K. Pettersson, A. Strom and
J.A. Gustafsson, 2004. The Ah receptor inhibits estrogeninduced estrogen receptor beta in breast cancer cells.
Biochemical and Biophysical Research Communications,
320:76-82.
Kim, H., S. Choi, H.J. Lee and H. Choi, 2003. Suppression
of fatty acid synthetase by dietary polyunsaturated
fatty acids is mediated by fat itself, not by peroxidative
mechanisms. Journal of Biochemistry and Molecular
Biology, 31:258-264.
Kitamura, K., Y. Kikuchi, S. Watanabe, G. Waechter, H. Sakurai
and T. Takada, 2000. Health effects of chronic exposure to
polychlorinated dibenzo-P-dioxins (PCDD), dibenzofurans
(PCDFF) and coplanar PCB (Co-PCB) of municipal waste
incinerator workers. Journal of Epidemiology, 10:262-270.
Kitamura, S., T. Suzuki, S. Ohta and N. Fujimoto, 2003.
Antiandrogenic activity and metabolism of the
organophosphorus pesticide fenthion and related
compounds.
Environmental
Health
Perspectives,
111:503-508.
Kiviranta, H., M-L. Ovaskainen and T. Vartiainen, 2004. Market
basket study on dietary intake of PCDD/Fs, PCBs, and
PBDEs in Finland. Environment International, 30:923-932.
Kizu, R., K. Okamura, A. Toriba, H. Kakishima, A. Mizokami,
K.L. Burnstein and K. Hayakawa, 2003. A role of aryl
hydrocarbon receptor in the antiandrogenic effects of
polycyclic aromatic hydrocarbons in LNCaP human
prostate carcinoma cells. Archives of Toxicology,
77:335-343.
Kjellstrom, T.E., R.L. Reeves and J.W. Mitchell, 1982. Comparison
of mercury in hair with fish eating habits of children in
Auckland. Community Health Studies, 6:57-63.
Klasson-Wehler, E., L. Hovander and Å Bergman, 1997. New
organohalogens in human plasma - Identification and
quantification. Organohalogen Compounds, 33:420-425.

232
Klausen, I.C., P.S. Hansen, J.V. Povlsen, L.U. Gerdes, L.
Lemming and O. Faergeman, 1995. A unique pattern of
apo(a) polymorphism in an isolated east Greenlandic Inuit
(Eskimo) population. European Journal of Endocrinology,
11:563-568.
Klein-Platat, C., I. Drai, M. Oujaa, J.L. Schlienger and C. Simon,
2005. Plasma fatty acid composition is associated with
the metabolic syndrome and low-grade inflammation
in overweight adolescents. American Journal of Clinical
Nutrition, 82:1178-1184.
Knutsen, H.K., H.E. Kvalem, C. Thomsen, M. Froshaug,
M. Haugen, G. Becher, J. Alexander and H.M. Meltzer,
2008. Dietary exposure to brominated flame retardants
correlates with male blood levels in a selected group of
Norwegians with a wide range of seafood consumption.
Molecular Nutrition and Food Research, 52:217-227.
Konoplev, A., V.P. Chaschin, G.V. Chernik, A.A. Dudarev,
E.M. Pasynkova, R.I. Pervunina and D.P. Samsonov, 2005.
Persistent organic pollutants (POPs) in blood of indigenous
people from Russian Arctic. Organohalogen Compounds,
67: 1516-1518.
Konoplev, A.V., R.I. Pervunina, A.A. Dudarev, E.M. Pasynkova,
T.V. Rakhmanova, D.P. Samsonov, N.B. Senilov, V.P.
Chashchin and G.V. Chernik, 2006. Polychlorinated
biphenyls, dibenzo-p-dioxines, and dibenzofurans in the
blood of the indigenous population of the Russian North./
Gig Sanit. Mar-Apr;(2):65-71. (In Russian)
Koopman-Esseboom, C. M. Huisman, N. Weisglas-Kuperus,
E.R. Boersma, M.A. de Ridder, C.G. Van der Paauw, L.G.
Tuinstra and P.J. Sauer, 1994a. Dioxin and PCB levels in
blood and human milk in relation to living areas in The
Netherlands. Chemosphere, 29:2327-2338.
Koopman-Esseboom, C., D.C. Morse, N. Weisglas-Kuperus, I.J.
Lutkeschipholt, C.G. Van Der Paauw, L.G.M.T. Tuinstra,
A. Brouwer and P.J.J. Sauer, 1994b. Effects of dioxins and
polychlorinated biphenyls on thyroid hormone status of
pregnant women and their infants. Pediatrics Research,
36:468-473.
Koopman-Esseboom, C., N. Weisglas-Kuperus, M.A. de
Ridder, C.G. van der Paauw, L.G. Tuinstra and P.J. Sauer,
1996. Effects of polychlorinated biphenyl/dioxin exposure
and feeding type on infants’ mental and psychomotor
development. Pediatrics, 97:700-706.
Korčina, T.J., 2006. Ekologo-biogeochimičeskie faktory
i mikroelementnyj status nekorennogo naselenija,
proživajočšego v Chanty-Mansijskom avtonomnom
okruge. Ekologija Čeloveka, 12:3-8.
Korčina, T.J., 2007. Ekologičeskie faktory severa i selenovyj
status nekorennogo naselenija. Ekologija Čeloveka, 5:3-7.
Kozlov, A., 2004. Impact of economic changes on the diet of
Chukotka Natives. International Journal of Circumpolar
Health, 63:235-242.
Kozlov, A., 2006. Alcohol consumption and alcohol-related
problems in indigenous population of northern Russia.
Narcology, 10:22-29. (In Russian)
Kozlov, A. and D. Lisitsyn, 2008. Arctic Russia. In: Young T.K.
and P. Bjerregaard (eds.). Health Transitions in Arctic
Populations, pp. 71-102. University of Toronto Press.
Kozlov, A. and G. Vershubsky, 1999. Medical Anthropology
of the Native Inhabitants of the North of Russia. MNEPU,
Moscow. (In Russian)

AMAP Assessment 2009: Human Health in the Arctic
Kozlov, A., G. Vershubski and M. Kozlova, 2007. Indigenous
Peoples of Northern Russia: Anthropology and Health.
Circumpolar Health Supplement 2007:1, International
Association of Circumpolar Health.
Krachler, B., M.C.E. Eliasson, I. Johansson, G. Hallmans and
Lindahl, 2005. Trends in food intakes in Swedish adults
1986-1999: findings from the Northern Sweden MONICA
(Monitoring of Trends and Determinants in Cardiovascular
Disease) Study. Public Health Nutrition, 8:628-635.
Kraemer, L, J.E. Berner and. C.M. Furgal, 2005. The potential
impact of climate change on human exposure to
contaminants in the Arctic. International Journal of
Circumpolar Health, 64:498-508.
Kretschmer, X.C. and W.S. Baldwin, 2005. CAR and PXR:
Xenosensors of endocrine disruptors? Chemico-Biological
Interactions, 155:111-128.
Krishnan, E., C.K. Kwoh, H.R. Shcumacher and L. Kulle, 2006.
Hyperuricemia and incidence of hypertension among men
without metabolic syndrome. Hypertension, 49:298-303.
Kriebel, D., J. Tickner, P. Epstein, J. Lemons, R. Levins, E.L.
Loechler, M. Quinn, R. Rudel, T. Schettler and M. Stoto,
2001. The precautionary principle in environmental
science. Environmental Health Perspectives, 109:871-876.
Kruger, C., T. Lahm, C. Zugck, R. Kell, D. Schellberg, M.W.F.
Schweizer, W.Kubler and M. Haass, 2002. Heart rate
variability enhances the prognostic value of established
parameters in patients with congestive heart failure.
Zeitschrift für Kardiologie, 91:1003-1012.
Krüger, T., P.S. Hjelmborg, B.A.G. Jönsson, L. Hagmar, A.
Giwercman, G.-C. Manicardi, D. Bizzaro, M. Spanò, A.
Rignell-Hydbom, H.S. Pedersen, G. Toft, J.P. Bonde and
E.C. Bonefeld-Jorgensen, 2007. Xeno-androgenic activity
in serum differs across European and Inuit populations.
Environmental Health Perspectives, 115(suppl 1):21-27.
Kruger, T., M. Spano, M. Long, P. Eleuteri, M. Rescia, P.S.
Hjelmborg, G.C. Manicardi, D. Bizzaro, A. Giwercman,
G. Toft, J.P. Bonde and E.C. Bonefeld-Jorgensen, 2008a.
Xenobiotic activity in serum and sperm chromatin
integrity in European and Inuit populations. Molecular
Reproduction and Development, 75:669-680.
Krüger, T., M. Ghisari, P.S. Hjelmborg, B. Deutch and E.C.
Bonefeld-Jorgensen, 2008b. Xenohormone transactivities
are inversely associated to serum POPs in Inuit.
Environmental Health, 15:7-38.
Krüger, T., M. Long and E.C. Bonefeld-Jørgensen, 2008c. Plastic
components affect the activation of the aryl hydrocarbon
and the androgen receptor. Toxicology, 246:112-123.
Kubasov, R.V., A.L. Gorbačov and J.D. Kubasova, 2007. Rol’
bioelementov v uveličenii obema čšitovidnoj železy u detěj
proživajučšich v primorskom regioně. Ekologiă Čelověka,
6:9-14.
Kuhnlein, H.V., 1995. Benefits and risks of traditional food
for indigenous peoples: focus on dietary intakes of Arctic
men. Canadian Journal of Physiology and Pharmacology,
73:765-771.
Kuhnlein, H.V. and H.M. Chan, 2000. Environment and
contaminants in traditional food systems of northern
indigenous peoples. Annual Review of Nutrition,
20:595-626.
Kuhnlein, H.V and C. Dickson, 2001. Food choice decisions by
Western Arctic Aboriginal women and children, Year 1.

References
In: S. Kalhok (ed.). Synopsis of research conducted under
the 2000–2001 Northern Contaminants Program, pp. 54-55.
Department of Indian Affairs and Northern Development,
Ottawa, Ontario, Canada.
Kuhnlein, H.V. and O. Receveur, 2007. Local cultural animal
food contributes high levels of nutrients for Arctic
Canadian Indigenous adults and children. Journal of
Nutrition, 137:1110-1114.
Kuhnlein, H.V., R. Soueida and O. Receveur, 1996. Dietary
nutrient profiles of Canadian Baffin Island Inuit differ
by food source, season, and age. Journal of the American
Dietetic Association, 96:155-162.
Kuhnlein, H.V., O. Receveur, H.M. Chan and E. Loring, 2000.
Assessment of dietary benefit/risk in Inuit communities.
Ste-Anne-de-Bellevue, Quebec. Centre for Indigenous
Peoples’ Nutrition and Environment.
Kuhnlein, H.V., O. Receveur and H.M. Chan, 2001. Traditional
food systems research with Canadian Indigenous Peoples.
International Journal of Circumpolar Health, 60:112-122.
Kuhnlein, H.V., H.M. Chan, O. Receveur and G. Egeland, 2003.
Canadian Arctic indigenous peoples, traditional food
systems and POPs. In: D.L. Downie and T. Fenge (eds.).
Northern Lights against POPs: Combating Toxic Threats
in the Arctic, pp. 22-40. McGill-Queens University Press.
Kuhnlein, H.V., O. Receveur, R. Soueida and G.M. Egeland,
2004. Arctic indigenous peoples experience the nutrition
transition with changing dietary patterns and obesity. The
Journal of Nutrition, 124:1447-1453.
Kuhnlein, H.V., H.M., Chan, G. Egeland and O. Receveur,
2005. Canadian Arctic Indigenous peoples traditional food
systems and POPs. Senri Ethnological Studies, 67:391-408.
Kuhnlein, H.V., O. Receveur, R. Soueida and P. Berti, 2007.
Unique patterns of dietary adequacy in three cultures
of Canadian Arctic Indigenous peoples. Public Health
Nutr;DOI:10.1017/S1368980007000353.
Kuiper, G.G. and J.A. Gustafsson, 1997. The novel estrogen
receptor-beta subtype: potential role in the cell- and
promoter-specific actions of estrogens and anti-estrogens.
FEBS Letters, 410:87-90.
Kutlu, S., N. Colakoglu, I. Halifeoglu, S. Sandal, A.D. Seyran,
M. Aydin and B. Yilmas, 2007. Comparative evaluation
of hepatotoxic and nephrotoxic effects of Arochlors 1221
and 1254 in female rats. Cell Biochemistry and Function,
25:167-172.
Kutryk, M.J. and B. Ramjiawan, 2003. Plasmid lipid and
lipoprotein pattern in the Inuit of the Keewatin district
of the Northwest Territories. Molecular and Cellular
Biochemistry, 246:121-127.
Kwon, O., E. Lee, T.C. Moon, H. Jung, C.X. Lin, K.S. Nam,
S.H. Baek, H.K. Min and H.W. Chang, 2002. Expression
of cyclooxigenase-2 and pro-inflammatory cytokines
by 2,2´,4,4´,5,5´-hexachlorobiphenyl (PCB 153) on human
mast cells requires NF-kappa B activation. Biological and
Pharmaceutical Bulletin, 25:1165-1168.
La Rovere, M.T., G.D. Pinna, R. Maestri and 10 others, 2003.
Short-term heart rate variability strongly predicts sudden
cardiac death in chronic heart failure patients. Circulation,
107:565-570.
Laaksi, I.T., J.P. Ruohola, T.J. Ylikomi, A. Auvinen, R.I.
Haataja, H.K. Pihlajamäki and J. Tuohimaap, 2006.
Vitamin D fortification as public health policy: significant

233
improvement in vitamin D status in young Finnish men.
European Journal of Clinical Nutrition, 60:1035-1038.
Lacey, J.V., Jr., S.S. Devesa and L.A. Brinton, 2002. Recent trends
in breast cancer incidence and mortality. Environmental
and Molecular Mutagenesis, 39:82-88.
Lagueux, J., D. Pereg, P. Ayotte, E. Dewailly and G.G. Poirier,
1999. Cytochrome P-450 CYP1A1 enzyme activity and
DNA adducts in placenta of women environmentally
exposed to organochlorines. Environmental Research
Section A, 80:369-382.
Lai, K.P., M.H. Wong and C.K. Wong, 2005. Effects of TCDD
in modulating the expression of Sertoli cell secretory
products and markers for cell-cell interaction. Toxicology,
206:111-123.
Laidaoui, A.H. and P. Ayotte, 2006. DNA damage in relation
to exposure to food-chain contaminants in Inuit adults
from Nunavik. ArcticNet Annual Scientific Meeting. 12-15
December 2006, Victoria, BC, Canada.
Laidlaw, S.A., M. Grosvenor and J.D. Kopple, 1990. The taurine
content of common foodstuffs. Journal of Parental and
Enteral Nutrition, 14:183-188.
Laier, P., T. Cederberg, J.C. Larsen and A.M. Vinggaard, 2003.
Applicability of the CALUX bioassay for screening of
dioxin levels in human milk samples. Food Additives and
Contaminants A, 20:583-595.
Lalonde, J.D., M. Amyot, A.M.L. Kraepiel and F.M.M.
Morel, 2001. Photooxidation of Hg (0) in artificial and
natural waters. Environmental Science and Technology,
35:1367-1372.
Lamb, M.R., S. Taylor, X.H. Liu, M.S. Wolff, L. Borrell, T.D.
Matte, E.S. Susser and P. Factor-Litvak, 2006. Prenatal
exposure to polychlorinated biphenyls and postnatal
growth: A structural analysis. Environmental Health
Perspectives, 114:779-785.
Lamba, J.K., Y.S. Lin, E.G. Schuetz and K.E. Thummel,
2002. Genetic contribution to variable human CYP3Amediated metabolism. Advanced Drug Delivery Reviews,
54:1271-1294.
Lambden, J., O. Receveur, J. Marshall and H.V. Kuhnlein,
2006. Traditional and market food access in arctic Canada
is affected by economic factors. International Journal of
Circumpolar Health, 65:331-340.
Lamm, L.U., B. Graugaard, N. Grunnet and M.L. Schroeder,
1992. W5.24 HLA types in Eskimos. In: Histocompatability
Testing, pp. 689. XIth International Workshop.
Lampe, J.W., 2007. Diet, genetic polymorphisms, detoxification,
and health risks. Alternative Therapies in Health and
Medicine, 13:S108-111.
Landi, M.T., R. Sinha, N.P. Lang and F.F. Kadlubar, 1999.
Human cytochrome P4501A2. IARC Scientific Publications,
148:173-195.
Landi, M.T., A.W. Bergen, A. Baccarelli, D.G. Patterson, Jr., J.
Grassman, M. Ter-Minassian, P. Mocarelli, N. Caporaso,
S.A. Masten, A.C. Pesatori, G.S. Pittman and D.A. Bell,
2005. CYP1A1 and CYP1B1 genotypes, haplotypes, and
TCDD-induced gene expression in subjects from Seveso,
Italy. Toxicology, 207:191-202.
Landmesser, U., S. Spiekermann, C. Preuss, S. Sorrentino,
D. Fischer, C. Manes, M. Mueller and H. Drexler, 2007.
Angiotensin II induces endothelial xanthine oxidase

234
activation. Atherosclerosis, Thrombosis, and Vascular
Biology, 27:943-948.
Langer, P., 2005. Review: persistent organochlorinated
pollutants (POPs) and human thyroid – 2005. Endocrine
Regulations, 39:53-68.
Lanier, A., J. Kelly, P. Holck, B. Smith, T. McEvoys and T.
Sandige, 2001. Cancer incidence in Alaska Natives thirty
year report, 1969–1998. Alaska Medicine, 43:87-115.
Lapardin, M.P., P.F. Kiku, L.P. Bondarenko and D.S. Răchina,
2006. Pitanie naselenija Primorskovo kraj. Voprosy Pitanija,
2:9-13.
Lassen, C., E. Hansen, A.A. Jensen, K. Olendrzynski, W.
Kolsut, J. Zurek, I. Kargulewicz, B. Debski, J. Skoskiewicz,
M. Holtzer, A. Grochowalski, E. Brante, H. Poltimae, T.
Kallaste and J. Kapturauskas, 2003. Survey of dioxin sources
in the Baltic Region (extended summary). Environmental
Science and Pollution Research International, 10:49-56.
Last, J.M. (ed), 2001. A Dictionary of Epidemiology, 4th Ed.
International Epidemiological Association, Inc., Oxford
University Press.
Lau, C., K. Anitole, C. Hodes, D. Lai, A. Pfahles-Hutchens and
J. Seed, 2007. Perfluoroalkyl acids: A review of monitoring
and toxicological findings. Toxicological Sciences,
99:366-394.
Lavigne, J.A., J.E. Goodman, T. Fonong, S. Odwin, P. He, D.W.
Roberts and J.D. Yager, 2001. The effects of catechol-Omethyltransferase inhibition on estrogen metabolite and
oxidative DNA damage levels in estradiol-treated MCF-7
cells. Cancer Research, 61:7488-7494.
Law, R.J., C.R. Allchin, J. de Boer, A. Covaci, D. Herzke, P.
Lepom, S. Morris, J. Tronczynski and C.A. de Wit, 2006.
Levels and trends of brominated flame retardants in the
European environment. Chemosphere, 64:187-208.
Lawn, J. and D. Harvey, 2001. Change in nutrition and
food security in two Inuit communities, 1992 to 1997.
Department of Indian Affairs and Northern Development,
Ottawa, Ontario, Canada.
Lawn, J. and D. Harvey, 2003 Nutrition and food security in
Kugaaruk, Nunavut: Baseline survey for the food mail
pilot project. Department of Indian and Northern Affairs
Canada, Ottawa, Ontario, Canada.
Lawn, J. and D. Harvey, 2004a. Nutrition and food security
in Fort Severn, Ontario: Baseline survey for the food mail
pilot project. Department of Indian and Northern Affairs
Canada, Ottawa, Ontario, Canada.
Lawn, J. and D. Harvey, 2004b. Nutrition and food security in
Kangiqsujuaq, Nunavik: Baseline survey for the food mail
pilot project. Department of Indian and Northern Affairs
Canada, Ottawa, Ontario, Canada.
Lawn, J. and N. Langer, 1994. Air stage subsidy monitoring
program final report. volume 2: Food consumption survey.
Department of Indian Affairs and Northern Development,
Ottawa, Ontario, Canada.
Lawn, J., N. Langner, D. Brule, N. Thompson, P. Lawn and F.
Hill, 1998. Food consumption patterns of Inuit women.
International Journal of Circumpolar Health, 57(suppl
1):198-204.
Lazennec, G., D. Bresson, A. Lucas, C. Chauveau and F. Vignon,
2001. ER beta inhibits proliferation and invasion of breast
cancer cells. Endocrinology, 142:4120-4130.

AMAP Assessment 2009: Human Health in the Arctic
Le Marchand, L., T. Donlon, L.N. Kolonel, B.E. Henderson and
L.R. Wilkens, 2005. Estrogen metabolism-related genes and
breast cancer risk: the multiethnic cohort study. Cancer
Epidemiology Biomarkers and Prevention, 14:1998-2003.
LeBel, C.P., S.F. Ali, M. McKee and S.C. Bondy, 1990.
Organometal-induced increases in oxygen reactive
species: the potential of 2’,7’-dichlorofluorescin diacetate
as an index of neurotoxic damage. Toxicology and Applied
Pharmacology, 104:17-24.
Lebeuf, M., B. Gouteux, L. Measures and S. Trottier, 2004.
Levels and temporal trends (1988-1999) of polybrominated
diphenyl ethers in beluga whales (Delphinapterus leucas)
from the St. Lawrence Estuary, Canada. Environmental
Science and Technology, 38:2971-2977.
Leblanc, J-C., Sirot, V., Volatier, J-L. and Bemrah-Aouachria,
N. 2006. CALIPSO – Fish and seafood consumption study
and biomarker of exposure to trace elements, pollutants
and omega 3. General Food Directorate (DGAL: Direction
Générale de l’Alimentation), French Institute for Agronomy
Research (INRA: Institut National de la Recherche
Agronomique), French Food Safety Agency (AFSSA:
Agence Française de Sécurité Sanitaire des Aliments).
Ledrou, I. and J. Gervais, 2005. Food insecurity. Health Reports,
16:1-5.
Lehmann, K.P., S. Phillips, M. Sar, P.M. Foster and K.W. Gaido,
2004. Dose-dependent alterations in gene expression
and testosterone synthesis in the fetal testes of male rats
exposed to di (n-butyl) phthalate. Toxicological Sciences,
81:60-68. Epub 2004 May 12.
Lei, Y.D. and F. Wania, 2004. Is rain or snow a more
efficient scavenger of organic chemicals? Atmospheric
Environment, 38:3557-3571.
Lee, Y.J. and E. Shacter, 1999. Oxidative stress inhibits
apoptosis in human lymphoma cells. Journal fo Biological
Chemistry, 274:19792-19798.
Lee, D.H., I.K. Lee, K. Song, M. Steffes, W. Toscano, B.A.
Baker and D.R. Jacobs, Jr., 2006. A strong dose-response
relation between serum concentrations of persistent
organic pollutants and diabetes: results from the National
Health and Examination Survey 1999-2002. Diabetes Care,
29:1638-1644.
Leonard, W.R., P.T. Katzmarzyk and M. Crawford, 1996.
Energetics and population ecology of Siberian herders.
American Journal of Human Biology, 8:275-289.
Letcher, R.J., E. Klasson-Wehler and Å. Bergman, 1999. Methyl
sulfone and hydroxylated metabolites of polychlorinated
biphenyls. In: Paasivirta, J. (ed.), The Handbook of
Environmental Chemistry - New Types of Persistent
Halogenated Compounds, pp. 317-359. Springer-Verlag.
Levin, M., B. Morsey, C. Mori, P.R. Nambiar and S. De
Guise, 2005. Non-coplanar PCB-mediated modulation of
human leukocyte phagocytosis: A new mechanism for
immunotoxicity. Journal of Toxicology and Environmental
Health A, 68:1977-1993.
Lewis, D.F., 2004. 57 varieties: the human cytochromes P450.
Pharmacogenomics, 5:305-318.
Lewis, S.E. and R.J. Aitken, 2005. DNA damage to spermatozoa
has impacts on fertilization and pregnancy. Cell Tissue
Research, 322:33-41.

References
Li, L.A., 2007. Polychlorinated biphenyl exposure and CYP19
gene regulation in testicular and adrenocortical cell lines.
Toxicology In Vitro, 21:1087-1094.
Li, L.C., S.T. Okino and R. Dahiya, 2004. DNA methylation
in prostate cancer. Biochimica et Biophysica Acta,
1704:87-102.
Li, Y., R.C. Millikan, D.A. Bell, L. Cui, C.K. Tse, B. Newman and
K. Conway, 2005a. Polychlorinated biphenyls, cytochrome
P450 1A1 (CYP1A1) polymorphisms, and breast cancer
risk among African American women and white women
in North Carolina: a population-based case-control study.
Breast Cancer Research, 7:R12-18.
Li, J.J., C.H. Fang and R.T. Hui, 2005a. Is hypertension an
inflammatory disease? Medical Hypotheses, 64:236-240.
Lin, G.F., Q.W. Ma, D.S. Zhang, Y.L. Zha, K.J. Lou and J.H.
Shen, 2003. Polymorphism of alpha-estrogen receptor and
aryl hydrocarbon receptor genes in dementia patients in
Shanghai suburb. Acta Pharmacologica Sinica, 24:651-656.
Lind, Y., P.O. Darnerud, S. Atuma, M. Aune, W. Becker,
R. Bjerselius, S. Cnattingius and A. Glynn, 2003.
Polybrominated diphenyl ethers in breast milk from
Uppsala County, Sweden. Environmental Research,
93:186-194.
Lind, P., J. Orberg, U. Edlung, L. Sjoblom and L.
Lind, 2004. The dioxin.like pollutant PCB 126
(3,3’,4,4’,5-pentachlorobiphenyl) affects risk factors for
cardiovascular disease in female rats. Toxicology Letters,
150:293-299.
Lindstrom, G., K. Hooper, M. Petreas, R. Stephens and A.
Gilman, 1995. Workshop on perinatal exposure to dioxinlike compounds. I. Summary. Environmenatl Health
Perspectives, 103(Suppl 2):135-142.
Long, M., P. Laier, A.M. Vinggaard, H.R. Andersen, J.
Lynggaard and E.C. Bonefeld-Jorgensen, 2003. Effects
of currently used pesticides in the AhR-CALUX assay:
comparison between the human TV101L and the rat H4IIE
cell line. Toxicology, 194:77-93.
Long, M., B.S. Andersen, C.H. Lindh, L. Hagmar, A.
Giwercman, G.C. Manicardi, D. Bizzaro, M. Spano, G. Toft,
H.S. Pedersen, V. Zvyezday, J.P. Bonde and E.C. BonefeldJorgensen, 2006. Dioxin-like activities in blood across
European and Inuit populations. Environmental Health,
5:14.
Long, M. B. Deutch and E.C. Bonefeld-Jorgensen, 2007a.
AhR transcriptional activity in serum of Inuit’s across
Greenlandic districts. Environmental Health, 6:32.
Long, M., A. Stronati, D. Bizzaro, T. Kruger, G.C. Manicardi,
P.S. Hjelmborg, M. Spano, A. Giwercman, G. Toft, J.P. Bonde
and E.C. Bonefeld-Jorgensen, 2007b. Relation between
serum xenobiotic-induced receptor activities and sperm
DNA damage and sperm apoptotic markers in European
and Inuit populations. Reproduction, 133:517-530.
Longnecker, M.P. and J.L. Daniels, 2001. Environmental
contaminants as etiologic factors for diabetes.
Environmental Health Perspectives, 109 (suppl 6):871-876.
Longnecker, M.P. and J.E. Michalek, 2000. Serum dioxin level
in relation to diabetes mellitus among Air Force veterans
with background levels of exposure. Epidemiology,
11:44-48.

235
Longnecker, M.P., M.A. Klebanoff, J.W. Brock and H. Zhou,
2001. Polychlorinated biphenyl serum levels in pregnant
subjects with diabetes. Diabetes Care, 24:1099-1101.
Longnecker, M.P., M.A. Klebanoff, J.W. Brock, H. Zhou, K.A.
Gray, L.L. Needham and A.J. Wilcox, 2002. Maternal
serum level of 1,1-dichloro-2,2-bis(p-chlorophenyl)
ethylene and risk of cryptorchidism, hypospadias, and
polythelia among male male offspring. American Journal
of Epidemiology, 155:313-322.
Longnecker, M.P., M.S. Wolff, B.C. Gladen and 18 others, 2003.
Comparison of polychlorinated biphenyl levels across
studies of human neurodevelopment. Environ.Health
Perspect., 111:65-70.
Longnecker, M.P., M.A. Klebanoff, J.W. Brock and X.G. Guo,
2005. Maternal levels of polychlorinated biphenyls in
relation to preterm and small-for-gestational-age birth.
Epidemiology, 16:641-647.
Lorber, M., 2008. Exposure of Americans to polybrominated
diphenyl ethers. Journal of Exposure Science and
Environmental Epidemiology, 18:2-19.
Lucas, M., E. Dewailly, G. Muckle, P. Ayotte, S. Bruneau, S.
Gingras, M. Rhainds and B.J. Holub, 2004. Gestational age
and birth weight in relation to n-3 fatty acids among Inuit
(Canada). Lipids, 39:617-626.
Lugovaja, J.A. and A.L. Maksimov, 2007. Osobennosti
mikroelementnogo statusa děvoček različnych rajonov
Magadanskoj oblasti. Ekologija Čeloveka, 01:24-29.
Luick, B., 2008. Alaska Food Cost Survey. Cooperative Extension
Service, University of Alaska Fairbanks. Available at: http://
www.uaf.edu/ces/fcs/. Accessed August 29, 2008.
Lund, B.O., D.M. Miller and J.S. Woods, 1993. Studies on
Hg(II)-induced H2O2 formation and oxidative stress in
vivo and in vitro in rat kidney mitochondria. Biochemical
Pharmacology, 45:2017-2024.
Luu, H.M. and J.C. Hutter, 2001. Bioavailability of
octamethylcyclotetrasiloxane (D(4)) after exposure to
silicones by inhalation and implantation. Environmental
Health Perspectives, 109:1095-1101.
Ma, I., S. Daggupaty, T. Harner and Y. Li, 2003. Impacts of
lindane usage in the Canadian prairies on the Great Lakes
ecosystem. I. Coupled atmospheric transport model and
modeled concentrations in air and soil. Environmental
Science and Technology, 37:3774-3781.
Macdonald, R.W., L.A. Barrie, T.F. Bidleman and 25 others, 2000.
Contaminants in the Canadian Arctic: 5 years of progress
in understanding sources, occurrence and pathways.
Science of the Total Environment, 254:93- 236.
Macdonald, R.W., T. Harner, J. Fyfe, H. Loeng and T.
Weingartner, 2003. AMAP Assessment 2002: The Influence
of Global Change on Contaminant Pathways to, within
and from the Arctic. Arctic Monitoring and Assessment
Program, Oslo, Norway.
Macdonald, R.W., T. Harner and J. Fyfe, 2005. Recent climate
change in the Arctic and its impact on contaminant
pathways and interpretation of temporal trend data.
Science of the Total Environment, 342:5-86.
Machala, M., L. Blaha, J. Vondracek, J.E. Trosko, J. Scott and
B.L. Upham, 2003. Inhibition of gap junctional intercellular
communication by noncoplanar polychlorinated biphen-

236
yls: inhibitory potencies and screening for potential
mode(s) of action. Toxicological Sciences, 76:102-111.
Mackness, M.I., B. Mackness, P.N. Durrington, A.M. Fogelman,
J. Berliner, A.J. Lusis, M. Navab, D. Shih and G.C. Fonarow,
1998. Paraoxonase and coronary heart disease. Current
Opinion in Lipidology, 9:319-324.
MacLean, J.D., J. Viallet, C. Law and M. Staudt, 1989. Trichinosis
in the Canadian Arctic: report of five outbreaks and a
new clinical syndrome. Journal of Infectious Diseases,
160:513-520.
Madsen, M.H., M. Gronbaek, P. Bjerregaard and U. Becker, 2005.
Urbanization, migration and alcohol use in a population
of Greenland Inuit. International Journal of Circumpolar
Health, 64:234-245.
Majdic, G., R.M. Sharpe, P.J. O’Shaughnessy and P.T. Saunders,
1996. Expression of cytochrome P450 17alpha-hydroxylase/
C17-20 lyase in the fetal rat testis is reduced by maternal
exposure to exogenous estrogens. Endocrinology,
137:1063-1070.
Makikallio, T.H., H.V. Huikuri, A. Makikallio, L.B. Sourander,
R.D. Mitrani, A. Castellanos and R.J. Myerburg, 2001.
Prediction of sudden cardiac death by fractal analysis of
heart rate variability in elderly subjects. Journal of the
American College of Cardiology, 37:1395-1402.
Manabe, S., P.C.D. Milly and R. Wetherald, 2004. Simulated
long-term changes in river discharge and soil moisture
due to global warming. Hydrological Sciences Journal,
49:625-642.
Manson, J.M. and M.C. Carr, 2003. Molecular epidemiology
of hypospadias: review of genetic and environmental risk
factors. Birth Defects Research A, 67:825-836.
Mao, H., X. Fang, K.M. Floyd, E. Polcz, P. Zhang and B. Liu,
2007. Induction of microglial reactive oxygen species
production by the organochlorinated pesticide dieldrin.
Brain Research, 1186:267-274.
Marchand, A., C. Tomkiewicz, J.-P. Marchandeau, E. Boitier, R.
Barouki and M. Garlatti, 2005. 2,3,7,8-tetrachlorodibenzop-dioxin induces insulin-like growth factor binding
protein-1 gene expression and counteracts the negative
effects of insulin. Molecular Pharmacology, 67:444-452.
Margolis, H.S., J.P. Middaugh and R.D. Burgess, 1979. Arctic
trichinosis: two Alaskan outbreaks from walrus meat.
Journal of Infectious Diseases, 139:102-105.
Mariussen, E, O. Myhre, T. Reistad and F. Fonnum, 2002. The
polychlorinated biphenyl mixture aroclor 1254 induces
death of rat cerebellar granule cells: the involvement
of the N-methyl-D-aspartate receptor and reactive
oxygen species. Toxicology and Applied Pharmacology,
179:137-144.
Marszalek, J.R. and H.F. Lodish, 2005. Docosahexaenoic acid,
fatty acid-interacting proteins, and neuronal function:
breastmilk and fish are good for you. Annual Review of
Cell and Developmental Biology, 21:633-657.
Marszalek, J.R., C. Kitidis, C.C. Dirusso and H.F. Lodish, 2005.
Long-chain acyl-CoA synthetase 6 preferentially promotes
DHA metabolism. Journal of Biological Chemistry,
280:10817-10826.
Martin, J.W., S.A. Mabury, K.R. Solomon and D.C. Muir, 2003.
Bioconcentration and tissue distribution of perfluorinated
acids in rainbow trout (Oncorhynchus mykiss). Environmental

AMAP Assessment 2009: Human Health in the Arctic
Toxicology and Chemistry, 22:196-204.
Martin, J.W., M.M. Smithwick, B.M. Braune, P.F. Hoekstra, D.C.
Muir and S.A. Mabury, 2004. Identification of long-chain
perfluorinated acids in biota from the Canadian Arctic.
Environmental Science and Technology, 38:373-380.
Martinčik, A.N., A.K. Baturin, E.A. Martinčik, E.V. Peskova
and M.L. Staovojtov, 2205. Faktičeskoe potreblennie
naseleniem Rossii vitaminov-antioksidantov. Voprosy
Pitanija, 4:9-13.
Martinez, P. and B.D. Weiss, 2006. Unchanged asthma
prevalence during 1990-1999 in rural Alaska Natives.
International Journal of Circumpolar Health, 65:341-346.
Martinsen, N., N.E. Jorgensen, P. Bjerregaard, A. Krasnik, B.
Carstensen and K. Borch-Johnsen, 2006. Predictions of
type 2 diabetes and complications in Greenland in 2014.
International Journal of Circumpolar Health, 65:243-252.
Massiera, F., P. Saint-Mare, J. Seydoux, T. Murata, T.
Kobayashi, S. Naruiya, P. Guesnet, E.-Z. Amri, R. Negrel
and G. Ailhaud, 2003. Arachidonic acid and prostacyclin
signalling promote adipose tissue development. Journal of
Lipid Research, 44:271-279.
Massiera, F., P. Guesnet and G. Ailhaud, 2006. The crucial role
of dietary n-6 polyunsaturated fatty acids in excessive
adipose tissue development: Relationship to childhood
obesity. In: Lucas A. and H.A. Sampson (eds.). Primary
Prevention by Nutrition Intervention in Infancy and
Childhood. Nestlé Nutrition Workshop Series Pediatric
Program, 57:235-242.
Masuda, Y., 2001. Fate of PCDF/PCB congeners and change of
clinical symptoms in patients with Yusho PCB poisoning
for 30 years. Chemosphere, 43:925-930.
Matasusue, K., Y. Ishii, N. Ariyoshi and K. Oguri, 1999. A
highly toxic coplanar polychlorinated biphenyl compound
suppresses Delta5 and Delta6 desaturase activities which
play key roles in arachidonic acid synthesis in rat liver.
Chemical Research in Toxicology, 12:1158-1165.
Matsubara, M., H. Chiba, S. Maruoka and S. Katayose,
2002. Elevated serum leptin concentrations in women
with hyperuricemia. Journal of Atherosclerosis and
Thrombosis, 9:28-34.
Matthews, J. and J.A. Gustafsson, 2003. Estrogen signaling: a
subtle balance between ER alpha and ER beta. Molecular
Interventions, 3:281-292.
McAuley, K. and J. Mann, 2006. Nutritional determinants of
insulin resistance. Journal of Lipid Research, 47:1668-1676.
McDonald, T.A., 2002. A perspective on the potential health
risks of PBDEs. Chemosphere, 46:745-755.
McMillen, I.C. and J.S. Robinson, 2005. Developmental origins
of the metabolic syndrome: prediction, plasticity, and
programming. Physiological Reviews, 85:571-633.
McNamara, R.K. and S.E. Carlson, 2006. Role of omega-3
fatty acids in brain development and function: potential
implications for the pathogenesis and prevention of
psychopathology. Prostaglandins, Leukotrienes and
Essential Fatty Acids, 75:329-349.
Medehouenou, M., C. Larochelle, P. Dumas, E. Dewailly and
P. Ayotte, 2007. Determination of dioxin-like compounds
in plasma samples from Inuit adults using the DR-Calux
bioassay. 11th International Congress of Toxicology, 15-19
July 2007, Montréal, QC, Canada.

References
Meironyte, D., K. Noren and A. Bergman, 1999. Analysis of
polybrominated diphenyl ethers in Swedish human milk.
A time-related trend study, 1972-1997. Journal of Toxicology
and Environmental Health, 58:329-341.
Meironytè-Guvenius, D., 2002. Organohalogen contaminants
in humans with emphasis on polybrominated diphenyl
ethers. Dissertation. Department of Medical Biochemistry
and Biophysics, Karolinska Institute, Stockholm, Sweden.
Mellen, P.B., A.J. Bleyer, T.P. Erlinger, G.W. Evans, F.J. Nieto,
L.E. Wagenknecht, M.R. Wofford and D.M. Herrington,
2006. Serum uric acid predicts incident hypertension in a
biethnic cohort. Hypertension, 48:1037-1042.
Melling, H., D.A. Riedel and Z. Gedalof, 2005. Trends in the
drift and extent of seasonal pack ice, Canadian Beaufort
Sea. Geophysical Research Letters, 32:L24501. doi:
10.1029/2005GL024483.
Meulenbelt, J. and I. de Vries, 2005. [Toxicity of dioxins in
humans]. Ned Tijdschr Geneeskd, 149:168-171.
Middaugh, J., 2001. Public Health Evaluation of Exposure of
Kivalina and Noatak Residents to Heavy Metals from the
Red Dog Mine, 25 October 2001. Section of Epidemiology,
Alaska Division of Public Health, Anchorage, Alaska.
Middaugh, J., 2003. PCB blood test results from St. Lawrence
Island: recommendations for consumption of traditional
foods. State of Alaska Epidemiology Bulletin, 7:1.
Miller, M.C., 3rd, H.W. Mohrenweiser and D.A. Bell, 2001.
Genetic variability in susceptibility and response to
toxicants. Toxicology Letters, 120:269-280.
Miller, E.R. III, R. Pastor-Barriuso, D. Dalal, R.A. Riemersma,
L.J. Appel and E. Guallar, 2005. Meta-analysis: highdosage vitamin E supplementation may increase all-cause
mortality. Annals of InternalMedice, 142:37-46.
Miretsky, G. and A. Dudarev, 2004. The demographic situation
and health status of indigenous peoples in the project study
areas. In: Persistent Toxic Substances, Food Security and
Indigenous Peoples of the Russian North, Final Report,
pp.153-167. Oslo, Norway.
Miyoshi, Y. and S. Noguchi, 2003. Polymorphisms of estrogen
synthesizing and metabolizing genes and breast cancer risk
in Japanese women. Biomedicine and Pharmacotherapy,
57:471-481.
Miyoshi, Y., A. Ando, S. Hasegawa, M. Ishitobi, J. Yamamura,
N. Irahara, Y. Tanji, T. Taguchi, Y. Tamaki and S. Noguchi,
2003. Association of genetic polymorphisms in CYP19 and
CYP1A1 with the oestrogen receptor-positive breast cancer
risk. European Journal of Cancer, 39:2531-2537.
Moesgaard Iburg, K., H. Brønnum-Hansen and P. Bjerregaard,
2001. Health expectancy in Greenland. Scandinavian
Journal of Public Health, 29:5-12.
Møller, L.N., 2007. Epidemiology of Trichinella in Greenland
– occurrence in animals and man. International Journal of
Circumpolar Health, 66:77-79.
Møller, L.N., E. Petersen, C.M. Kapel, M. Melbye and A.
Koch, 2005. Outbreak of trichinellosis associated with
consumption of game meat in West Greenland. Veterinary
Parasitology, 132:131-136.
Moran, F.M., C.A. VandeVoort, J.W. Overstreet, B.L. Lasley
and A.J. Conley, 2003. Molecular target of endocrine
disruption in human luteinizing granulosa cells by
2,3,7,8-tetrachlorodibenzo-p-dioxin: inhibition of estradiol

237
secretion due to decreased 17alpha-hydroxylase/17,20-lyase
cytochrome P450 expression. Endocrinology, 144:467-473.
Morrison, N.A., J.C. Qi, A. Tokita, P.J. Kelly, L. Crofts, T.V.
Nguyen, P.N. Sambrook and J.A. Eisman, 1994. Prediction
of bone density from vitamin D receptor alleles. Nature,
367:284-287.
Mortensen, A.S., M. Braathen, M. Sandvik and A. Arukwe,
2007. Effects of hydroxy-polychlorinated biphenyl (OHPCB) congeners on the xenobiotic biotransformation
gene expression patterns in primary culture of Atlantic
salmon (Salmo salar) hepatocytes. Ecotoxicology and
Environmental Safety, 68:351-360.
Mouratoff, G.J. and E.M. Scott, 1973. Diabetes Mellitus in
Eskimos after a decade. Journal of the American Medical
Association, 266:1345-1346.
Mouratoff, G.J., N.V. Carroll and E.M. Scott, 1967. Diabetes
mellitus in Eskimos. Journal of the American Medical
Association, 199:107-112.
Moysich, K.B., P.G. Shields, J.L. Freudenheim, E.F. Schisterman,
J.E. Vena, P. Kostyniak, H. Greizerstein, J.R. Marshall,
S. Graham and C.B. Ambrosone, 1999. Polychlorinated
biphenyls, cytochrome P4501A1 polymorphism, and
postmenopausal breast cancer risk. Cancer Epidemiology
Biomarkers and Prevention, 8:41-44.
Mozaffarian, D. and E.B. Rimm, 2006. Fish intake, contaminants
and human health. Evaluating the risks and benefits.
Journal of the American Association, 296:1885-1889.
Muckle, G., P. Ayotte, E. Dewailly, S.W. Jacobson and J.L.
Jacobson, 2001a. Determinants of polychlorinated
biphenyls and methylmercury exposure in Inuit women
of childbearing age. Environmental Health Perspectives,
109:957-963.
Muckle, G., P. Ayotte, E.E. Dewailly, S.W. Jacobson and J.L.
Jacobson, 2001b. Prenatal exposure of the northern
Quebec Inuit infants to environmental contaminants.
Environmental Health Perspectives, 109:1291-1299.
Muckle, G., E. Dewailly, P. Ayotte, S.W. Jacobson and J.L.
Jacobson, 2004. Contributions of PCBs, pesticides, MeHg
and n-3 fatty acids to fetal growth and motor development
in inuit infants in Arctic Quebec. Neurotoxicology,
25:672-672.
Muir, D.C. and P.H. Howard, 2006. Are there other persistent
organic pollutants? A challenge for environmental
chemists. Environmental Science and Technology,
40:7157-7166.
Muir, D.C.G., E.W. Born, K. Koczansky and G.A. Stern, 2000.
Temporal and spatial trends of persistent organochlorines
in Greenland walrus (Odobenus rosmarus romarus). Science
of the Total Environment, 245:73-86.
Muir, D.C.G., R.G. ,Shearer, J. Van Oostdam, S.G. Donaldson
and C. Furgal, 2005. Contaminants in Canadian arctic
biota and implications for human health: Conclusions
and knowledge gaps. Science of the Total Environment,
351-352:539-546.
Mukai, T., 1964. The genetic structure of natural populations
of Drosophila Melanogaster. I. Spontaneous mutation rate of
polygenes controlling viability. Genetics, 50:1-19.
Mukherjee, R., D. Villarreal, G.P. Reams, R.H. Freeman, I.
Tchoukina and R.M. Spear, 2006. Leptin as a common link
to obesity and hypertension. Timely Topics in Medicine.
Cardiovascular Diseases, Jan 2;10:E1.

238
Mulero-Navarro, S., J.M. Carvajal-Gonzalez, M. Herranz,
E. Ballestar, M.F. Fraga, S. Ropero, M. Esteller and
P.M. Fernandez-Salguero, 2006. The dioxin receptor is
silenced by promoter hypermethylation in human acute
lymphoblastic leukemia through inhibition of Sp1 binding.
Carcinogenesis, 27:1099-1104.
Mulvad, G., H.C. Petersen and J. Olsen, 2007. Arctic health
problems and environmental challenges in Greenland.
In: Arctic Alpine Ecosystems and People in a Changing
Environment. Springer.
Munthe, J., I. Wangberg, N. Pirrone and 19 others, 2001.
Intercomparison of methods for sampling and analysis of
atmospheric mercury species. Atmospheric Environment,
35:3007-3017.
Murata, K., P. Weihe, S. Araki, E. Budtz-Jorgensen and P.
Grandjean, 1999a. Evoked potentials in Faroese children
prenatally exposed to methylmercury. Neurotoxicology
and Teratology, 21:471-472.
Murata, K., P. Weihe, A. Renzoni, F. Debes, R. Vasconcelos, F.
Zino, S. Araki, P.J. Jorgensen, R.F. White and P. Grandjean,
1999b. Delayed evoked potentials in children exposed
to methylmercury from seafood. Neurotoxicology and
Teratology, 21:343-348.
Murata, K., P. Weihe, E. Budtz-Jorgensen, P.J. Jorgensen and
P. Grandjean, 2004. Delayed brainstem auditory evoked
potential latencies in 14-year-old children exposed to
methylmercury. Journal of Pediatrics, 144:177-183.
Murata, K., P. Grandjean and M. Dakeishi, 2007.
Neurophysiological
evidence
of
methylmercury
neurotoxicity. American Journal of Industrial Medicine,
50:765-771.
Murk, A.J., A. Jonas, A. Brouwer, P.E.G. Leonards and
M.S. Denison, 1996. Application of the CALUX
(chemicalactivitated luciferase gene express) assay for
measuring TCDD-equivalents in sediments, pore water
and blood plasma samples. Organohalogen Compounds,
27:291-296.
Murphy, N.J., C. Schraer and M.C. Thiele, 1995. Dietary change
and obesity associated with glucose intolerance in Alaska
Natives. Journal of the American Dietetic Association,
95:676-682.
Murphy, L.C., H. Dotzlaw, E. Leygue, D. Douglas, A. Coutts
and P.H. Watson, 1997. Estrogen receptor variants and
mutations. The Journal of Steroid Biochemistry and
Molecular Biology, 62:363-372. Review.
Murthy, M.R.V., 2001. Coenzyme-Q and related isoprenoid
compounds: biosynthesis, regulation, functions and
biomedical implications. In: Ebadi M., J. Marwah and R.
Chopra (eds.). Mitochondrial Ubiquinone (Coenzyme
Q-10): Biochemical, Functional, Medical, and Therapeutic
Aspects in Human Health and Diseases, pp. 231-345.
Prominent Press.
Murugesan, P., T. Muthusamy, K. Balasubramania and J.
Arunakaran, 2005. Studies on the protective role of
vitamin C and E against polychlorinated biphenyl (Aroclor
1254)-induced oxidative damage in Leydig cells. Free
Radical Research, 39:1259-1272.
Myers, H. and C. Furgal, 2006. Long-range transport of
information: are Arctic residents getting the message
about contaminants? Arctic, 59:47-60.

AMAP Assessment 2009: Human Health in the Arctic
Myers, G.J., P.W. Davidson, C. Cox, C.F. Shamlaye, M.A. Tanner,
O. Choisy, J. Sloan-Reeves, D. Marsh, E. Cernichiari and A.
Choi, 1995a. Neurodevelopmental outcomes of Seychellois
children sixty-six months after in utero exposure to
methylmercury from a maternal fish diet: pilot study.
Neurotoxicology, 16:639-652.
Myers, G.J., D.O. Marsh, P.W. Davidson, C. Cox, C.F. Shamlaye,
M. Tanner, Choi, A., E. Cernichiare, O. Choisy and T.W.
Clarkson, 1995b. Main neurodevelopmental study of
Seychellois children following in utero exposure to
methylmercury from a maternal fish diet: outcome at six
months. Neurotoxicology, 16:653-664.
Myers, G.J., P.W. Davidson, C.F. Shamlaye, C.D. Axtell, E.
Cernichiari, O. Choisy, A. Choi, C. Cox and T.W. Clarkson,
1997. Effects of prenatal methylmercury exposure from
a high fish diet on developmental milestones in the
Seychelles Child Development Study. Neurotoxicology, 18,
819-829.
Myers, G.J., P.W. Davidson, C. Cox, C. Shamblaye, E. Cernichian
and T.W. Clarkson, 2000a. Twenty-seven years studying
the human neurotoxicity of methylmercury exposure.
Environmental Research, 83:275-285.
Myers, G.J., P.W. davidson, D. palumbo, C. Shamlaye, C. Cox, E.
Cernichiari and T.W. Clarkson, 2000b. Secondary analysis
from the Seychelles Child Development Study: the child
behavior checklist. Environmental Research, 84:12-19.
Nagai, Y., Y. Nishio, T. Nakamura, H. Maegawa, R. Kikkawa and
A. Kashiwagi, 2002. Amelioration of high fructose-induced
metabolic derangements by activation of PPARalpha.
American Journal of Physiology: Endocrinology and
Metabolism, 282:E1180-E1190.
Nakagawa, T., H. Hu, S. Zharikov, K.R. Tuttle, R. Short, O.
Glushakova, X. Ouyang, D.I. Feig, E.R. Block, J. HerreraAcosta, J.M. Patel and R.J. Johnson, 2006. A causal role
for uric acid in fructose-induced metabolic syndrome.
American Journal of Physiology: Renal Physiology,
290:F625-F631.
Nakajima, S., Y. Saijo, S. Kato and 13 others, 2006. Effects of
prenatal exposure to polychlorinated biphenyls and
dioxins on mental and motor development in Japanese
children at 6 months of age. Environmental Health
Perspectives, 114:773-778.
Nakamura, T., K. Tokunaga, I. Shimomura, M. Nishida,
S. Yoshida, K. Kotani, A.H.M.W. Islam, Y. Keno, T.
Kobatake, Y. Nagai, S. Fujioka, S. Tarui and Y. Matsuzawa,
1994. Contribution of visceral fat accumulation to the
development of coronary artery disease in non-obese men.
Atherosclerosis, 107:239-246.
Nakamura, K., K. Iwahashi, Y. Matsuo, R. Miyatake, Y.
Ichikawa and H. Suwaki, 1996. Characteristics of Japanese
alcoholics with the atypical aldehyde dehydrogenase
2*2. I. A comparison of the genotypes of ALDH2, ADH2,
ADH3, and cytochrome P-4502E1 between alcoholics and
non-alcoholics. Alcoholism: Clinical and Experimental
Research, 20:52-55.
Nakano, T., K. Fediuk, N. Kassi and H.V. Kuhnlein, 2005a.
Food use of Dene/Metis and Yukon children. International
Journal of Circumpolar Health, 64:137-146.
Nakano, T., K. Fediuk, N. Kassi, G.M. Egeland and H.V.
Kuhnlein, 2005b. Dietary nutrients and anthropometry of

References
Dene/Metis and Yukon children. International Journal of
Circumpolar Health, 64:147-156.
National Academy of Sciences, 2000. Dietary Reference Intakes
for Vitamin C, Vitamin E, Selenium, and Carotenoids.
National Academies Press.
NCP, 2003. Human Health - Canadian Arctic Contaminants
Assessment Report II. Northern Contaminants Program.
Indian and Northern Affairs Canada.
Nebert, D.W., A.L. Roe, M.Z. Dieter, W.A. Solis, Y. Yang and T.P.
Dalton, 2000. Role of the aromatic hydrocarbon receptor
and [Ah] gene battery in the oxidative stress response, cell
cycle control, and apoptosis. Biochemical Pharmacology,
59:65-85.
Negri, E., C. Bosetti, E. Fattore and C. La Vecchia, 2003.
Environmental exposure to polychlorinated biphenyls
(PCBs) and breast cancer: a systematic review of the
epidemiological evidence. European Journal of Cancer
Prevention, 12:509-516.
Nei, M. and N. Saitou, 1986. Genetic relationship of human
populations and ethnic differences in reaction to drugs and
food. Progress in Clinical Biological Research, 214:21-37.
Nellemann, C., M. Dalgaard, H.R. Lam and A.M. Vinggaard,
2003. The combined effects of vinclozolin and procymidone
do not deviate from expected additivity in vitro and in
vivo. Toxicological Sciences, 71:251-262.
Newsome, W.H. and J.J. Ryan, 1999. Toxaphene and other
chlorinated compounds in human milk from northern
and southern Canada. Chemosphere, 39:519-526.
Nieboer, E., Y. Thomassen, V. Chashchin and J.O. Odland, 2005.
Occupational exposure assessment of metals. Journal of
Environmental Monitoring, 7:412-4155.
Nieboer, E., Y. Thomassen, N. Romanova, A. Nikonov,
J.O. Odland and V. Chaschin, 2007. Multi-component
assessment of worker exposures in a copper refinery. Part
2. Biological exposure indices for copper, nickel and cobalt.
Journal of Environmental Monitoring, 9:695-700.
NIH, 2007. Hazardous Substances Data Bank (HSDB). National
Institutes of Health. http://toxnet.nlm.nih.gov/cgi-bin/sis/
htmlgen?HSDB
Nilsson, S. and J.A. Gustafsson, 2000. Estrogen receptor
transcription and transactivation: Basic aspects of estrogen
action. Breast Cancer Research, 2:360-366.
Niu, X., V. Zammit, J.M. Upston, R.T. Dean and R. Stocker,
1999. Coexistence of oxidized lipids and alpha-tocopherol
in all lipoprotein density fractions isolated from advanced
human
atherosclerotic
plaques.
Arteriosclerosis,
Thrombosis, and Vascular Biology, 19:1708-1718.
Noble, L.S., K. Takajama, K.M. Zeitoum, J.M. Putman, D.A.
Johns, M.M. Hinshelwood, V.R. Agarwal, Y. Zhao, B.R.
Carr and S.E. Bulun, 1997. Prostaglandin E2 stimulates
aromatase expression in endometriosis-derived stromal
cells. Journal of Clinical Endocrinology and Metabolism,
82:600-606.
Nobmann, E.D. and A.P. Lanier, 2001. Dietary intake among
Alaska native women resident of Anchorage, Alaska.
International Journal of Circumpolar Health, 60:123-137.
Nobmann, E.D., F.Y. Mamleva and E.V. Klachova, 1994. A
comparison of the diets of Siberian Chukotka and Alaska
Native adults and recommendations for improved
nutrition, a survey of selected previous studies. Arctic

239
Medical Research, 53:123-129.
Nobmann, E.D., R. Ponce, C. Mattil and 10 others, 2005. Dietary
intakes vary with age among Eskimo adults of Northwest
Alaska in the GOCADAN Study, 2000–2003. Journal of
Nutrition, 135:856-862.
NOMESCO, 2007. Health Statistics in the Nordic Countries
2005. Nordic Medico-Statistical Committee.
Nord, M., M. Hooper and H. Hopwood, 2007. Food Insecurity
in Canada and the United States: An International
Comparison. Conference paper presented at the 19th
IUHPE World Conference on Health Promotion and
Education, Vancouver, BC, Canada, June 11-15, 2007.
Available at: http://www.nyccah.org/files/Canada_US_
Comparison.pdf . Accessed October 21, 2007.
Noren, K. and D. Meironyte, 2000. Certain organochlorine
and organobromine contaminants in Swedish human
milk in perspective of past 20-30 years. Chemosphere,
40:1111-1123.
Northern Practical Dictionary, 2004. European Editions &
Severnyie Prostory.
Norwegian Food Control Authority, 2003. Kostråd - Fiskelever.
[Dietary Advice - fish liver] http://matportalen. no/
Matportalen/Emner/Fiskelever
Novák, J., V. Jálová, J.P. Giesy and Hilscherová, 2009. Pollutants
in particulate and gaseous fractions of ambient air interfere
with multiple signaling pathways in vitro. Environment
International, 35:43-49.
NRCHI, 2004. Nunavut Report on Comparable Health
Indicators, 2004. Department of Health and Social Services,
Government of Nunavut.
NSIDC, 2006. National Snow and Ice Data Centre (NSIDC),
Cooperative Institute for Research in Environmental
Sciences (CIRES) at the University of Colorado, Boulder.
Accessed online at: http://nsidc.org/arcticmet/basics/
arctic_definition.html.
Ntais, C., A. Polycarpou and A. Tsatsoulis, 2003. Molecular
epidemiology of prostate cancer: androgens and
polymorphisms in androgen-related genes. European
Journal of Endocrinology, 149:469-477.
NWT, 2005. NWT Health Status Report, 2005. Northwest
Territories, Health and Social Services.
Nyby, M.D., K. Abedi, V. Smutko, P. Eslami and M.L. Tuck,
2007. Vascular angiotensin type 1 receptor expression is
associated with vascular dysfunction, oxidative stress and
inflammation in fructose-fed rats. Hypertension Research,
30:451-457.
Occhipinti-Ambrogi, A., 2007. Global change and marine
communities: Alien species and climate change. Marine
Pollution Bulletin, 55:342-352.
Odland, J.O., E. Nieboer, N. Romanova, Y. Thomassen and E.
Lund, 1999. Blood lead and cadmium and birth weight
among sub-arctic and arctic populations of Norway and
Russia. Acta Obstetricia et Gynecologica Scandinavica,
78:852-860.
Ogloblin, N.A., V.B. Spiričev and A.K. Baturin, 2005. O
potreblenii naseleniem Rossii kalcija s pičšej. Voprosy
Pitanija, 5:14-17.
O’Hara, M., P.F. Hoekstra, C. Hanns, S.M. Backus and
D.C.G.Muir, 2005. Concentrations of selected persistent
organochlorine contaminants in store-bought foods from

240
Northern Alaska. International Journal of Circumpolar
Health, 64:303-313.
Oka, T., M. Matsukura, M. Okamoto, N. Harada, T. Kitano,
T. Miike and M. Futatsuka, 2002. Autonomic nervous
functions in fetal type Minamata disease patients:
assessment of heart rate variability. Tohoku Journal of
Experimental Medicine, 198:215-221.
Okino, S.T., D. Pookot, L.C. Li, H. Zhao, S. Urakami, H. Shiina,
M. Igawa and R. Dahiya, 2006. Epigenetic inactivation of
the dioxin-responsive cytochrome P4501A1 gene in human
prostate cancer. Cancer Research, 66:7420-7428.
Olafsdóttir, K., A.E. Petersen, E.V. Magnúsdóttir, T. Björnsson
and T. Jóhannesson, 2001. Persistent organochlorine levels
in six prey species of the gyrfalcon Falco rusticolus in
Iceland. Environmental Pollution, 112:245-251.
Olsen, S.F., J.D. Sørensen, N.J. Secher, M. Hedegaard, T.B.
Henriksen, H.S. Hansen and A. Grant, 1992. Randomized
controlled trial of effect of fish-oil supplementation on
pregnancy duration. Lancet, 339:1003-1007.
Olsen, G.W., T.R. Church, J.P. Miller, J.M. Burris, K.J.
Hansen, J.K. Lundberg, J.B. Armitage, R.M. Herron, Z.
Medhdizadehkashi, J.B. Nobiletti, E.M. O’Neill, J.H.
Mandel and L.R. Zobel, 2003. Perfluorooctanesulfonate
and other fluorochemicals in the serum of American
Red Cross adult blood donors. Environmental Health
Perspectives, 111:1892-1901.
Olsen, G.W., T.R. Church, E.B. Larson, G. van Belle, J.K. Lundberg,
K.J. Hansen, J.M. Burris, J.H. Mandel and L.R. Zobel,
2004. Serum concentrations of perfluorooctanesulfonate
and other fluorochemicals in an elderly population from
Seattle, Washington. Chemosphere, 54:1599-1611.
Olsen, G.W., H.Y. Huang, K.J. Helzlsouer, K.J. Hansen, J.L.
Butenhoff and J.H. Mandel, 2005. Historical comparison of
perfluorooctanesulfonate, perfluorooctanoate, and other
fluorochemicals in human blood. Environmental Health
Perspectives, 113:539-545.
Olsen, G.W., J.M. Burris, D.J. Ehresman, J.W. Froehlich,
A.M. Seacat, J.L. Butenhoff and L.R. Zobel, 2007a. Halflife of serum elimination of perfluorooctanesulfonate,
perfluorohexanesulfonate and perfluorooctanoate in
retired fluorochemical production workers. Environmental
Health Perspectives, 115:1298-1305.
Olsen, G., D.C. Mair, W.K. Reagen, M.E. Ellefson, D.J. Ehresman,
J.L. Butenhoff and L.R. Zobel, 2007b. Preliminary evidence
of a decline in perfluorooctanesulfonate (PFOS) and
perfluorooctanoate (PFOA) concentrations in American
Red Cross blood donors. Chemosphere, 68:105-111.
Olsen, G.W., D.C. Mair, T.R. Church, M.E. Ellefson, W.K.
Reagen, T.M. Boyd, R.M. Herron, Z. Medhdizadehkashi,
J.B. Nobiletti, J.A. Rios, J.L. Butenhoff and L.R. Zobel,
2008. Decline in perfluorooctanesulfonate and other
polyfluoroalkyl chemicals in American Red Cross adult
blood donors, 2000-2006. Environmental Science and
Technology, 42:4989-4995.
Olson, S.H., E.V. Bandera and I. Orlow, 2007. Variants in
estrogen biosynthesis genes, sex steroid hormone levels,
and endometrial cancer: a HuGE review. American Journal
of Epidemiology, 165:235-245.
Onat, A., H. Uyrarel G. Hergenc, A. Karabulut, S. Albayrak,
I. Sari, M. Yazici and I. Keles, 2006. Serum uric acid is a

AMAP Assessment 2009: Human Health in the Arctic
determinant of metabolic syndrome in a population-based
study. American Journal of Hypertension, 19:1055-1062.
Ongphiphadhanakul, B., R. Rajatanavin, S. Chanprasertyothin,
L. Chailurkit, N. Piaseu, K. Teerarungsikul, R. Sirisriro, S.
Komindr and G. Puavilai, 1997. Vitamin D receptor gene
polymorphism is associated with urinary calcium excretion
but not with bone mineral density in postmenopausal
women. Journal of Endocrinological Investigation,
20:592-596.
Outridge, P.M., R.W. Macdonald, F. Wang, G.A. Stern and A.P.
Dastoor, 2008. A mass balance inventory of mercury in the
Arctic Ocean. Environmental Chemistry, 5:89-111.
Paci, J.C.D., C. Dickson, S. Nickels, L. Chan and C. Furgal,
2004. Food security of northern Indigenous Peoples in a
time of uncertainty. A position paper presented for the
3rd NRF Open Meeting, Yellowknife, Canada. Available
at: www.nrf.is/Publications/The%20Resilient%20North/
Plenary%204/3rd%20NRF_Plenary%204_PP_Paci%20
et%20al.pdf . Accessed October 21, 2007.
Padhi, B.K., G. Pelletier, A. Williams, L. Berndt-Weis, C. Yauk,
W.J. Bowers and I. Chu, 2008. Gene expression profiling in
rat cerebellum following in utero and lactational exposure
to mixtures of methylmercury, polychlorinated biphenyls
and organochlorine pesticides. Toxicology Letters,
176:93-103.
Padich, R.A., K.N. Dietrich and D.T. Pearson, 1985. Attention,
activity level, and lead exposure at 18 months.
Environmental Research, 38:137-143.
Palmieri, C., G.J. Cheng, S. Saji, M. Zelada-Hedman, A. Warri,
Z. Weihua, S. Van Noorden, T. Wahlstrom, R.C. Coombes,
M. Warner and J.A. Gustafsson, 2002. Estrogen receptor
beta in breast cancer. Endocrine-Related Cancer, 9:1-13.
Paracchini, V., S. Raimondi, I.T. Gram, D. Kang, N.A. Kocabas,
V.N. Kristensen, D. Li, F.F. Parl, T. Rylander-Rudqvist, P.
Soucek, W. Zheng, S. Wedren and E. Taioli, 2007. Meta- and
pooled analyses of the cytochrome P-450 1B1 Val432Leu
polymorphism and breast cancer: a HuGE-GSEC review.
American Journal of Epidemiology, 165:115-125.
Park, S.T., K.T. Lim, Y.T. Chung and S.U. Kim, 1996.
Methymercury-induced neurotoxicity in cerebral neuron
culture is blocked by antioxidants and NMDA receptor
antagonists. Neurotoxicology, 17:37-45.
Park, J.Y., S.B. Narayan and M.J. Bennett, 2006. Molecular assay
for detection of the common carnitine palmitoyltransferase
1A 1436(C>T) mutation. Clinical Chemistry and Laboratory
Medicine, 44:1090-1091.
Parkinson, A.J. and J.C. Butler, 2005. Potential impacts of climate
change on infectious diseases in the Arctic. International
Journal of Circumpolar Health, 64:478-486.
Pars, T., 2000. Forbruget af traditionelle grønlandske fødevarer
i vest Grønland. PhD thesis. University of Copenhagen.
(In Danish)
Patandin, S., C. Koopman-Esseboom, M.A. de Ridder,
N. Weisglas-Kuperus and P.J. Sauer, 1998. Effects of
environmental exposure to polychlorinated biphenyls
and dioxins on birth size and growth in Dutch children.
Pediatric Research, 44:538-545.
Patandin, S., C.I. Lanting, P.G. Mulder, E.R. Boersma, P.J. Sauer
and N. Weisglas-Kuperus, 1999. Effects of environmental
exposure to polychlorinated biphenyls and dioxins on

References
cognitive abilities in Dutch children at 42 months of age.
Journal of Pediatrics, 134:33-41.
Pauwels, A., P.H. Cenijn, P.J. Schepens and A. Brouwer,
2000. Comparison of chemical-activated luciferase gene
expression bioassay and gas chromatography for PCB
determination in human serum and follicular fluid.
Environmental Health Perspectives, 108:553-557.
Pawlosky, R.J., J.R. Hibbeln, J.A. Novotny and N. Salem, Jr.,
2001. Physiological compartmental analysis of alphalinolenic acid metabolism in adult humans. Journal of
Lipid Research, 42:1257-1265.
Payne, J., M. Scholze and A. Kortenkamp, 2001. Mixtures
of four organochlorines enhance human breast cancer
cell proliferation. Environmental Health Perspectives,
109:391-397.
Pedersen, E.B., M.E. Jorgensen, M.B. Pedersen, C. Siggaard,
T.B. Sorensen, G. Mulvad, J.C. Hansen, G. Asmund and H.
Skjoldborg, 2005. Relationship between mercury in blood
and 24-h ambulatory blood pressure in Greenlanders and
Danes. American Journal of Hpertension, 18:612-618.
Pedram, A., M. Razandi, M. Aitkenhead, C.C. Hughes and E.R.
Levin, 2002. Integration of the non-genomic and genomic
actions of estrogen. Membrane-initiated signaling by
steroid to transcription and cell biology. Journal of
Biological Chemistry, 277:50768-50775.
Pelclova, D., Z. Fenclova, J. Preiss, B. Prochazka, J. Spacil, Z.
Dubska, B. Okrouhlik, E. Lukas and P. Urban, 2002. Lipid
metabolism and neuropsychological follow-up study of
workers exposed to 2,3,7,8- tetrachlorodibenzo- p-dioxin.
International Archives of Occupational and Environmental
Health, 75 Suppl:S60-66.
Pelclova, D., P. Urban, J. Preiss, E. Lukas, Z. Fenclova, T. Navratil,
Z. Dubska and Z. Senholdova, 2006. Adverse health effects
in humans exposed to 2,3,7,8-tetrachlordibenzo-p-dioxin
(TCDD). Reviews on Environmental Health, 21:119-138.
Pelkonen, O., N.T. Kärki, M. Koivisto, R. Tuimala and A.
Kauppila, 1979. Maternal cigarette smoking, placental aryl
hydrocarbon hydroxylase and neonatal size. Toxicology
Letters, 3:331-335.
Pelletier, G., S. Masson, M.J. Wade, J. Nakai, R. Alwis, S.
Mohottalage, P. Kumarathasan, P. Black, W.J. Bowers, I.
Chu and R. Vincent, 2009. Contribution of methylmercury,
polychlorinated biphenyls and organochlorine pesticides
to the toxicity of a contaminant mixture based on
Canadian Arctic population blood profiles. Toxicology
Letters, 184:176-185.
Pereg, D., E. Dewailly, G.G. Poirier and P. Ayotte, 2002.
Environmental exposure to polychlorinated biphenyls and
placental CYP1A1 activity in Inuit women from northern
Québec. Environmental Health Perspectives, 110:607-612.
Pereg, D., J.J. Ryan, P. Ayotte, G. Muckle, B. Patry and
E. Dewailly, 2003. Temporal and spatial changes of
brominated diphenyl ethers (BDEs) and other POPs in
human milk from Nunavik (Arctic) and southern Quebec.
Organohalogen Compounds, 61:127-130.
Pereg, D., E. Dewailly, P. Ayotte and G. Muckle, 2008.
Monitoring temporal trends of environmental pollutants
in maternal blood in Nunavik. In: Synopsis of Research
Conducted under the 2007-2008 Northern Contaminants
Program. Department of Indian Affairs and Northern

241
Development, Ottawa, Ontario, Canada.
Pesatori, A.C., C. Zocchetti, S. Guercilena, D. Consonni, D.
Turrini and P.A. Bertazzi, 1998. Dioxin exposure and nonmalignant health effects: a mortality study. Journal of
Occupational and Environmental Medicine, 55:126-131.
Pesatori, A.C., D. Consonni, S. Bachetti, C. Zocchetti, M.
Bonzini, A. Baccarelli and P.A. Bertazzi, 2003. Short- and
long-term morbidity and mortality in the population
exposed to dioxin after the «Seveso accident». Industrial
Health, 41:127-138.
Petersen, M.S., J. Halling, P. Damkier, F. Nielsen, P. Grandjean,
P. Weihe and K. Brøsen, 2007. Polychlorinated biphenyl
(PCB) induction of CYP3A4 enzyme activity in healthy
Faroese adults. Toxicology and Applied Pharmacology,
224:202-206.
Peterson, R.E., H.M. Theobald and G.L. Kimmel, 1993.
Developmental and reproductive toxicity of dioxins and
related compounds: cross-species comparisons. Critical
Reviews in Toxicology, 23:283-335.
Pettersson, K., F. Delaunay and J.A. Gustafsson, 2000. Estrogen
receptor beta acts as a dominant regulator of estrogen
signaling. Oncogene, 19:4970-4798.
PHAC, 2005. Centre for Infectious Disease Prevention and
Control, Public Health Agency of Canada, 2005
Phillips, D.L., J.L. Pirkle, V.W. Burse, J.T. Bernert, L.O. Henderson
and L.L. Needham, 1989. Chlorinated hydrocarbon levels
in human serum: effects of fasting and feeding. Archives of
Environmental Contamination and Toxicology, 18:495-500.
Pier, M.D., A.A. Betts-Piper, C.C. Knowlton, B.A. Zeeb and K.J.
Reimer, 2003. Redistribution of polychlorinated biphenyls
from a local point source: terrestrial soil, freshwater
sediment, and vascular plants as indicators of the halo
effect. Arctic Antarctic and Alpine Research, 35:349-360.
Piirainen, T., K. Laitinen and E. Isolauri, 2007. Impact of
national fortification of fluid milks and margarines with
vitamin D on dietary intake and serum 25-hydroxyvitamin
D concentration in 4-year-old children. European Journal
of Clinical Nutrition, 60:1035-1038.
Pincock, S., 2006. Paul Zimmet: fighting the «diabesity»
pandemic. Lancet, 368:1643.
Pischon, T., S.E. Hankinson, G.S. Hotamisligil, N. Rifai, W.C.
Willett and E.B. Rimm, 2003. Habitual dietary intake of n-3
and n-6 fatty acids in relation to inflammatory markers
among US men and women. Circulation, 108:155-160.
Pladevall, M., B. Singal, L.K. Williams, C. Brotons , H. Guyer,
J. Sadurni, C. Falces, M. Serrano-Rios, R. Gabriel, J.E.
Shaw, P.Z. Zimmer and S. Haffner, 2006. A single factor
underlines the metabolic syndrome: a confirmatory factor
analysis. Diabetes Care, 29:113-122.
Pliskova, M., J. Vondracek, R.F. Canton, J. Nera, A. Kocan,
J. Petrik, T. Trnovec, T. Sanderson, M. van den Berg and
M. Machala, 2005. Impact of polychlorinated biphenyls
contamination on estrogenic activity in human male
serum. Environmental Health Perspectives, 113:1277-1284.
Plusquellec, P., G. Muckle, E. Dewailly, P. Ayotte, S.W. Jacobson
and J.L. Jacobson, 2007. The relation of low-level prenatal
lead exposure to behavioral indicators of attention in Inuit
infants in Arctic Québec. Neurotoxicology and Teratology,
29:527-537.

242
Pocar, P., B. Fischer, T. Klonisch and S. Hombach-Klonisch,
2005. Molecular interactions of the aryl hydrocarbon
receptor and its biological and toxicological relevance for
reproduction. Reproduction, 129:379-389.
Polder, A., G. Becher, T.N. Savinova and J. Utne Skaare, 1998.
Dioxins, PCBs and some chlorinated pesticides in human
milk from the Kola Peninsula, Russia. Chemosphere,
37:1795-1806.
Polder, A., J.Ø. Odland, A. Tkachev, S. Føreid, T.N. Savinova
and J.U. Skaare, 2003. Geographic variation of chlorinated
pesticides, toxaphenes and PCBs in human milk from subarctic and arctic locations in Russia. Science of the Total
Environment, 306:179-195.
Polder, A., G.W. Gabrielsen, J.Ø. Odland, T.N. Savinova, A.
Tkachev, K.B. Løken and J.U. Skaare, 2008. Spatial and
temporal changes of chlorinated pesticides, PCBs, dioxins
(PCDDs/PCDFs) and brominated flame retardants in
human breast milk from Northern Russia. Science of the
Total Environment, 391:41-54.
Porta, M., 2006. Persistent organic pollutants and the burden of
diabetes. Lancet, 368:558-559.
Potter, C.L., L.A. Menahan and R.E. Peterson, 1986. Relationship
of alterations in energy metabolism to hypophagia in
rats treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Fundamental and Applied Toxicology, 6:89-97.
Power, E., 2007. Food security for First Nations and Inuit in
Canada: background paper. Prepared for the First Nations
and Inuit Health Branch, Health Canada.
Powley, C.R., S.W. George, M.H. Russell, R.A. Hoke and R.C.
Buck, 2008. Polyfluorinated chemicals in a spatially and
temporally integrated food web in the Western Arctic.
Chemosphere, 70:664-672.
Prener, A., H.H. Storm and N.H. Nielsen, 1996. Cancer of the
male genital tract in Circumpolar Inuit. Acta Oncologica,
35:589-593.
Proulx, J.F., J.D. MacLean, T.W. Gyorkos, D. Leclair, A.K.
Richter, B. Serhir, L. Forbes and A.A. Gajadhar, 2002. Novel
prevention program for trichinellosis in Inuit communities.
Clinical Infectious Diseases, 34:1508-1514.
Public Health Ministry of Russia, 2002. Sanitation rules and
normatives SanPiN 2.3.2.1078-01. Hygienic requirements
to safety and nutritional value of food products. (in
Russian).
Public Health Ministry of Russia, 2003a. Sanitation rules and
normatives SanPiN 2.3.2.1280-03. Hygienic requirements
to safety and nutritional value of food products. Addenda
and modifications #2 to SanPiN 2.3.2.1078-01. (In Russian).
Public Health Ministry of Russia, 2003b. GN 1.2.1323-03.
Hygienic normatives for content of pesticides in
environmental objects. (In Russian).
Pusch, K., M. Schlabach, R. Prinzinger and G. Wing Gabrielsen,
2005. Gull eggs-food of high organic pollutant content?
Journal of Environmental Monitoring, 7:635-639.
Raatz, S.K., C. J. Torkelson, J.B. Redmon, K.P. Reck, C.A.
Kwong, J.E. Swanson, C. Liu, W. Thoman and J.P. Bantle,
2005. Reduced glycemic index and glycemic load diets do
not increase the effects of energy restriction on weight loss
and insulin sensitivity in obese men and women. Journal
of Nutrition, 135:2387-2391.

AMAP Assessment 2009: Human Health in the Arctic
Rajapakse, N., E. Silva and A. Kortenkamp, 2002. Combining
xenoestrogens at levels below individual no-observedeffect concentrations dramatically enhances steroid
hormone action. Environmental Health Perspectives,
110:917-921.
Ramadass, P., P. Meerarani, M. Toborek, L.W. Robertson and B.
Hennig, 2003. Dietary flavonoids modulate PCB-induced
oxidative stress, CYP1A1 induction, and AhR-DNA
binding activity in vascular endothelial cells. Toxicological
Sciences, 76:212-219.
Ramirez, G.B., M.C.V. Cruz, O. Pagulayan, E. Ostrea and C.
Dalisay, 2000. The Tagum study I: Analysis and clinical
correlates of mercury in maternal and cord blood, breast
milk, meconium, and infants’ hair. Pediatrics, 106:774-781.
Rasmussen, T.H., F. Nielsen, H.R. Andersen, J.B. Nielsen, P.
Weihe and P. Grandjean, 2003. Assessment of xenoestrogenic
exposure by a biomarker approach: application of the
E-Screen bioassay to determine estrogenic response of
serum extracts. Environmental Health, 2:12.
Rattenborg, T., I.M. Gjermandsen and E.C. Bonefeld-Jørgensen,
2002. Inhibition of estradiol-induced expression of
BRACA-1 by persistent organochlorines. Breast Cancer
Research, 4(6): 255.
Rawn, D.F.K., X.L. Cao, J. Doucet, D.J. Davies, W.F.Sun, R.W.
Dabeka and W.H. Newsome, 2004. Canadian total diet
study in 1998: Pesticide levels in food from Whitehorse,
Yukon Canada, and corresponding dietary intake
estimates. Food Additives Contaminants, 21:233-250.
Rayman, M.P., 2000. The importance of selenium to human
health. Lancet, 356:233-241.
REACH, 2007. Regulation for Registration, Evaluation,
Authorisation and Restriction of Chemicals. European
Chemicals Agency. http://echa.europa.eu/reach_en.asp
Reamon-Buettner, S.M. and J. Borlak, 2007. A new paradigm
in toxicology and teratology: Altering gene activity in
the absence of DNA sequence variation. Reproductive
Toxicology, 24:20-30.
Receveur, O. and H.V. Kuhnlein, 1998. Sources of bias in
estimates of calcium and vitamin A intakes of indigenous
peoples in the Northwest Territories, Canada. International
Journal of Circumpolar Health, 57: 215-218.
Receveur, O., M. Boulay and H.V. Kuhnlein, 1997. Decreasing
traditional food use affects diet quality for adult Dene/
Métis in 16 communities of the Canadian Northwest
Territories. Journal of Nutrition, 127:2179-2186.
Receveur, O., N. Kassi, H.M. Chan, P.R. Berti and H.V.
Kuhnlein, 1998. Yukon First Nations assessment of dietary
benefit/risk. Centre for indigenous peoples’ nutrition and
environment (CINE). Montreal, Québec, Canada: McGill
University.
Rejnmark, L., M.E. Jørgensen, M.E., Pedersen and 9 others, 2004.
Vitamin D insufficiency in Greenlanders on a westernized
fare: ethnic differences in calcitropic hormones between
Greenlanders and Danes. Calcified Tissue International,
74:255-263.
Remberger, M., A. Woldegiorgis, L. Kaj, J. Andersson, A. Palm
Cousins, B. Dusan, Y. Ekheden and Brorström-Lundén,
2006. Results from the Swedish Screening 2005: Sub-report
2 Biocides. Stockholm, Sweden: Swedish Environmental
Research Institute; November 2006. http://www.

References
naturvardsverket.se/upload/02_tillstandet_i_miljon/
Miljoovervakning/rapporter/miljogift/B1700.pdf
Remillard, R.B. and N.J. Bunce, 2002. Linking dioxins
to diabetes: epidemiology and biologic plausibility.
Environmental Health Perspectives, 110:853-858.
Richardson, A.J., 2003. The importance of omega-3 fatty acids
for behaviour, cognition and mood. Scandinavian Journal
of Work Nutrition, 47:92-98.
Richardson, A.J., 2006. Omega-3 fatty acids in ADHD and
related neurodevelopmental disorders. International
Review of Psychiatry, 18:155-172.
Richter-Menge, J., J. Overland, A. Proshutinsky, V. Romanovsky,
L. Bengtsson, L. Brigham, M. Dyurgerov, J.C. Gascard,
S. Gerland, R. Graversen, C. Haas, M. Karcher, P. Kuhry,
J. Maslanik, H. Melling, W. Maslowski, J. Morison, D.
Perovich, R. Przybylak, V. Rachold, I. Rigor, A. Shiklomanov,
J. Stroeve, D. Walker, and J. Walsh, 2006. State of the Arctic
Report. NOAA OAR Special Report, NOAA/OAR/PMEL.
U.S. National Oceanic and Atmospheric Administration.
Riget, F., R. Dietz, K. Vorkamp, P. Johansen and D. Muir, 2004.
Levels and spatial and temporal trends of contaminants in
Greenland biota, an updated review. Science of the Total
Environment, 331:29-52.
Riget, F., K. Vorkamp, R. Dietz and S.C. Rastogi, 2006. Temporal
trend studies on polybrominated diphenyl ethers (PBDEs)
and polychlorinated biphenyls (PCBs) in ringed seals from
Eastern Greenland. Journal of Environmental Monitoring,
8:1000-1005.
Risica, P.M., E. Nobmann, L.E. Caulfield, C. Schraer and S.O.E.
Ebesson, 2005. Springtime macronutrient intake of Alaska
natives of the Bering Straits Region: The Alaska Siberia
Project. International Journal of Circumpolar Health,
64:222-233.
RFCAN, 2006. Proceedings of the Parliamentary Inquiry of the
Committee on the Affairs of the North and Far East of the
Federal Council of Russian Federation, “Migration from
the areas of Far North and equivalent geographic areas:
conditions, problems and perspectives on resolution”, 6
April 2006.
Robertson, L.W. and L. Hansen, 2001. Recent Advances in the
Environmental Toxicology and Health Effects of PCBs.
University Press of Kentucky, Lexington.
Rochira, V., A. Balestrieri, B. Madeo, E. Baraldi, M. FaustiniFustini, A.R. Granata and C. Carani, 2001. Congenital
estrogen deficiency: in search of the estrogen role in human
male reproduction. Molecular and Cellular Endocrinology,
178:107-115.
Roegge, C.S. and S.L. Schantz, 2006. Motor function
following developmental exposure to PCBs and/or MeHg.
Neurotoxicology and Teratology, 28:260-277.
Rogan, W.J. and B.C. Gladen, 1991. PCBs, DDE, and child
development at 18 and 24 months. Annals of Epidemiology,
1:407-413.
Rogan, W.J., B.C. Gladen, J.D. McKinney, N. Carreras, P. Hardy,
J. Thullen, J. Tinglestad and M. Tully, 1986. Neonatal effects
of trans-placental exposure to PCBs and DDE. Journal of
Pediatrics, 109:335-341.
Rogan, W.J., B.C. Gladen, K.L. Hung, S.L. Koong, L.Y. Shih, J.S.
Taylor, Y.C. Wu, D. Yang, N.B. Ragan and C.C. Hsu, 1988.
Congenital poisoning by polychlorinated biphemyls and

243
their contaminants in Taiwan. Science, 241:334-336.
Roodi, N., L.R. Bailey, W.Y. Kao, C.S. Verrier, C.J. Yee, W.D.
Dupont and F.F. Parl, 1995. Estrogen receptor gene analysis
in estrogen receptor-positive and receptor-negative
primary breast cancer. Journal of the National Cancer
Institute, 87:446-451.
Rothenberg, S.J., A. Poblano and S. Garza-Morales, 1994.
Prenatal and perinatal low level lead exposure alters
brainstem auditory evoked responses in infants.
Neurotoxicology, 15:695-699.
Rothenberg, S.J., A. Poblano and L. Schnaas, 2000. Brainstem
auditory evoked response at five years and prenatal and
postnatal blood lead. Neurotoxicology and Teratology,
22:503-510.
Rothenberg, S.J., L. Schnaas, M. Salgado-Valladares, E.
Casanueva, A.M. Geller, H.K. Hudnell and D.A. Fox, 2002.
Increased ERG a- and b-wave amplitudes in 7- to 10-yearold children resulting from prenatal lead exposure.
Investigative Ophthalmology and Visual Science,
43:2036-2044.
Rowe, G. and G. Wright, 2001. Differences in expert and
lay judgments of risk: myth or reality? Risk Analysis,
21:341-356.
Rowlands, J.C. and J.A. Gustafsson, 1997. Aryl hydrocarbon
receptor-mediated signal transduction. Critical Reviews
in Toxicology, 27:109-134.
Roy, P., H. Salminen, P. Koskimies, J. Simola, A. Smeds, P.
Saukko and I.T. Huhtaniemi, 2004. Screening of some antiandrogenic endocrine disruptors using a recombinant
cell-based in vitro bioassay. The Journal of Steroid
Biochemistry and Molecular Biology, 88:157-166.
Ruegg, J., E. Swedenborg, D. Wahlstrom, A. Escande, P.
Balaguer, K. Pettersson and I. Pongratz, 2008. The
transcription factor aryl hydrocarbon receptor nuclear
translocator functions as an estrogen receptor betaselective coactivator, and its recruitment to alternative
pathways mediates antiestrogenic effects of dioxin.
Molecular Endocrinology, 22:304-316.
Rusiecki. J.A., A. Baccarelli, V. Bollati, L. Tarantini, L.E.
Moore and E.C. Bonefeld-Jorgensen, 2008. Global DNA
hypomethylation is associated with high serum persistent
organic pollutants in Greenlandic Inuit. Environmental
Health Perspectives, 116:1547-1552.
Ryan, J.J., B. Patry, P. Mills and N.G. Beaudoin, 2002. Recent
trends in levels of brominated diphenyl ethers (BDEs) in
human milks from Canada. Organohalogen Compounds,
58:173-176.
Rylander, L. and L. Hagmar, 1995. Mortality and cancer
incidence among women with a high consumption of
fatty fish contaminated with persistent organochlorine
compounds. Scandinavian Journal of Work, Environmenta
and Health, 21:419-426.
Rylander, L., A. Rignell-Hydbom and L. Hagmar, 2005. A
cross-sectional study of the association between persistent
organochlorine pollutants and diabetes. Environmental
Health 4:28.
Rylander, L., P. Ehle-Nilsson and L. Hagmar, 2006. A
simplified precise method for adjusting serum levels of
persistent organohalogen pollutants to total serum lipids.
Chemosphere, 62:333-336.

244
Ryu, J.H., Y. Lee, S.K. Han and K.Y. Kim, 2003. The role of
hydrogen peroxide produced by polychlorinated biphenyls
in PMR1-deficient yeast cells. The Journal of Biochemistry
(Tokyo), 134:137-142.
Safe, S., 1989. Polychlorinated biphenyls (PCBs): mutagenicity
and carcinogenicity. Mutation Research, 220:31-47.
Safe, S.H., 1994. Polychlorinated biphenyls (PCBs):
environmental impact, biochemical and toxic responses,
and implications for risk assessment. Critical Reviews in
Toxicology, 24:87-149.
Safe, S. and V. Krishnan, 1995. Chlorinated hydrocarbons:
estrogens and antiestrogens. Toxicology Letters,
82-83:731-736.
Sager, D.B., W. Shih-Schroeder and D. Girard, 1987. Effect of
early postnatal exposure to polychlorinated biphenyls
(PCBs) on fertility in male rats. Bulletin of Environmental
Contamination and Toxicology, 38:946-953.
Sagild, U., J. Littaur and S.C. Jespersen, 1966. Epidemiological
studies in Greenland 1962-64. 1. Diabetes mellitus in
Eskimos. Acta Medica Scandinavica, 179:29-39.
Saillard, J., P. Forster, N. Lynnerup, H.J. Bandelt and S. Norby,
2000. mtDNA variation among Greenland Eskimos: the
edge of the Beringian expansion. The American Journal of
Human Genetics, 67:718-726.
Saint-Amour, D., M.S. Roy, C. Bastien, P. Ayotte, E. Dewailly,
C. Despres, S. Gingras and G. Muckle, 2006. Alterations
of visual evoked potentials in preschool Inuit children
exposed to methylmercury and polychlorinated biphenyls
from a marine diet. Neurotoxicology, 27:567-578.
Saintot, M., C. Malaveille, A. Hautefeuille and M. Gerber, 2004.
Interaction between genetic polymorphism of cytochrome
P450-1B1 and environmental pollutants in breast cancer
risk. European Journal of Cancer Prevention, 13:83-86.
Salonen, J.T., G. Alfthan, J.K. Huttunen, J. Pikkarainen and P.
Puska, 1982. Association between cardiovascular death
and myocardial infarction and serum selenium in a
matched-pair longitudinal study. Lancet, 2:175-179.
Salonen, J.T., K. Seppanen, K. Nyyssonen, H. Korpela, J.
Kauhanen, M. Kantola, J. Tuomilehto, H. Esterbauer, F.
Tatzber and R. Salonen, 1995. Intake of mercury from fish,
lipid peroxidation, and the risk of myocardial infarction
and coronary, cardiovascular, and any death in eastern
Finnish men. Circulation, 91:645-655.
Salonen, J., K. Seppanen, T. Lakka, R. Salonen and G. Kaplan,
2000. Mercury accumulation and accelerated progression
of caritid atherosclerosis: a popultion-based prospective
4-year follow-up study in men in eastern Finland.
Atherosclerosis, 148:265-273.
Samaha, F.F., 2005. Effect of very high-fat diets on body weight,
lipoproteins, and glycemic status in the obese. Current
Atherosclerosis Reports, 7:412-420.
Samaha, F.F., N. Iqbal, P. Seshadri, K.L. Chiano, D.A. Daily,
J. McGrory, T. Williams, M. Williams, E.J. Gracely and L.
Stern, 2003. A low-carbohydrate as compared with a lowfat diet in severe obesity. The New England Journal of
Medicine, 348:2074-2081.
Sandanger, T.M., M. Brustad, J.O. Odland, A.A. Dudarev, G.I.
Miretsky, V. Chaschin, I. Burkov and E. Lund, 2003. Human
plasma levels of POPs, and diet among native people from

AMAP Assessment 2009: Human Health in the Arctic
Uelen Chukotka. Journal of Environmental Monitoring,
5:689-696.
Sandanger, T.M., P. Dumas, U. Berger and I.C. Burkow,
2004. Analysis of HO-PCBs and PCP in blood plasma
from individuals with high PCB exposure living on the
Chukotka Peninsula in the Russian Arctic. Journal of
Environmental Monitoring, 6:758-765.
Sandanger, T.M., M. Sinotte, P. Dumas, M. Marchand,
C.D. Sandau, D. Pereg, S. Berube, J. Brisson and
P. Ayotte, 2007. Plasma concentrations of selected
organobromine
compounds
and
polychlorinated
biphenyls in postmenopausal women of Quebec, Canada.
Environmental Health Perspectives, 115:1429-1434.
Sandau, C.D., P. Ayotte, E. Dewailly, J. Duffe and R.J. Norstrom,
2000. Analysis of hydroxylated metabolites of PCBs (OHPCBs) and other chlorinated phenolic compounds in
whole blood from Canadian Inuit. Environmental Health
Perspectives, 108:611-616.
Sandau, C.D., P. Ayotte, E. Dewailly, J. Duffe and R.J. Norstrom,
2002. Pentachlorophenol and hydroxylated polychlorinated
biphenyl metabolites in umbilical cord plasma of neonates
from coastal populations in Quebec. Environmental
Health Perspectives, 110:411-417.
Sanders, J.M., L.T. Burka, C.S. Smith, W. Black, R. James
and M.L. Cunningham, 2005. Differential expression of
CYP1A, 2B, and 3A in the F344 rat following exposure to
a polybrominated diphenyl ether mixture or individual
components. Toxicological Science, 88:127-133.
Sanin, L.H., T. González-Cossío, I. Romieu, K.E. Peterson,
S. Ruíz, E. Palazuelos, M. Hernández-Avila and H. Hu,
2001. Effect of maternal lead burden on infant weight and
weight gain at one month of age among breastfed infants.
Pediatrics, 107:1016-1023.
Santé Québec, 1994. A Health Profile of the Inuit: Report of the
Santé Québec Health Survey among the Inuit of Nunavik,
1992. Ministère de la Santé et des Services Sociaux,
gouvernement du Québec.
Sarafian, T. and M.A. Verity, 1991. Oxidative mechanisms
underlying methyl mercury neurotoxicity. International
Journal of Developmental Neuroscience, 9):147-153.
SCC, 1995. Guidelines for the Accreditation of Pesticide Residue
Testing Laboratories [Interpretation and Amplification
of CAN-P-4 (General Requirements for the Accreditation
of Calibration and Testing Laboratories)]. Laboratory
Accreditation Program for Pesticide Residues. Standards
Council of Canada.
Schecter, A., O. Papke, K.C. Tung, J. Joseph, T.R. Harris and
J. Dahlgren, 2005. Polybrominated diphenyl ether flame
retardants in the US population: Current levels, temporal
trends, and comparison with dioxins, dibenzofurans, and
polychlorinated biphenyls. Journal of Occupational and
Environmental Medicine, 47:199-211.
Schellenberg, R.S., B.J. Tan, J.D. Irvine, D.R. Stockdale, A.A.
Gajadhar, B. Serhir, J. Botha, C.A. Armstrong, S.A. Woods,
J.M. Blondeau and T.L. McNab, 2003. An outbreak of
trichinellosis due to consumption of bear meat infected
with Trichinella nativa, in 2 northern Saskatchewan
communities. Journal of Infectious Diseases, 188:835-843.
Schindell, D.T., D. Rind and P. Lonergan, 1998. Increased polar
stratospheric ozone losses and delayed eventual recovery

References
owing to increasing greenhouse-gas concentrations.
Nature, 392:589-592.
Schrader, T.J. and G.M. Cooke, 2003. Effects of Aroclors and
individual PCB congeners on activation of the human
androgen receptor in vitro. Reproductive Toxicology,
17:15-23.
Schroth, R.J., C.L.B. Lavelle and M.E.K. Moffat, 2005. A review
of vitamin D deficiency during pregnancy. International
Journal of Circumpolar Health, 64:112-120.
Schulz, C. and W. Butte, 2007. Revised reference value for
pentachlorophenol in morning urine. International Journal
of Hygiene and Environmental Health, 210:741-744.
Schwabe, J.W. and S.A. Teichmann, 2004. Nuclear receptors:
the evolution of diversity. Science Signaling, 217:pe4.
Schwartz, J.-M., P. Linfoot, D. Dare and K. Aghajanian, 2003.
Hepatic de novo lipogenesis in normoinsulinemic and
hyperinsulinemic subjects consuming high-fat, lowcarbohydrate and low-fat, high-carbohydrate isoenergetic
diets. American Journal of Clinical Nutrition, 77:43-50.
Sciarillo, W.G., G. Alexander and K.P. Farrell, 1992. Lead
exposure and child behavior. American Journal of Public
Health, 82:1356-1360.
Scott, E.M. and I.V. Griffith, 1957. Diabetes Mellitus in Eskimos.
Metabolism, 6:320-325.
Seber, S., S. Ucak, O. Basat and Y. Altuntas, 2006. The effect
of dual PPAR α/γ stimulation with combination of
rosiglitazone and fenofibrate on metabolic parameters in
type 2 diabetic patients. Diabetes Research and Clinical
Practice, 71:52-58.
Seccareccia, F., F. Pannozzo, F. Dima, A. Minoprio, A. Menditto,
C. Lo Noce and S. Giampaoli, 2001. Heart rate as a predictor
of mortality: the MATISS project. American Journal of
Public Health, 91:1258-1263.
Segal, B., 1999. ADH and ALDH polymorphisms among
Alaska Natives entering treatment for alcoholism. Alaska
Medicine, 41:9-12, 23.
Sekiya, M., N. Yahagi, T. Matsuzaka, Y. Najima, M. Nakakuki,
R. Nagai, S. Ishibashi, J. Osuga, N. Yamada and H.
Shimano, 2003. Polyunsaturated fatty acids ameliorate
hepatic steatosis in obese mice by SREBP-1 suppression.
Hepatology, 38:1529-1539.
Sellers, E.A., A. Sharma and C. Rodd, 2003. Adaptation of
Inuit children to a low-calcium diet. Canadian Medical
Association Journal, 168:1141-1143.
Selnes, A., R. Bolle, J. Holt and E. Lund, 1999. Atopic diseases
in Sami and Norse schoolchildren living in northern
Norway. Pediatric Allergy and Immunology, 10:216-220.
Seppanen, K., P. Soininen, J.T. Salonen, S. Lotjonen and
R. Laatikainen, 2004. Does mercury promote lipid
peroxidation? An in vitro study concerning mercury,
copper, and iron in peroxidation of low-density lipoprotein.
Biological Trace Element Research, 101:117-132.
Sergeev, A. and D. Carpenter, 2005. Hospitalization rates for
coronary heart disease in relation to residence near areas
contaminated with persistent organic pollutants and
other pollutants. Environmental Health Perspectives,
113:756-761.
Setiawan, V.W., F.R. Schumacher, C.A. Haiman and 36 others,
2007. CYP17 genetic variation and risk of breast and
prostate cancer from the National Cancer Institute Breast

245
and Prostate Cancer Cohort Consortium (BPC3). Cancer
Epidemiology Biomarkers and Prevention, 16:2237-2246.
Shaban, Z., S. El-Shazly, S. Abdelhady, I. Fattouh, K. Muzandu,
M. Ishizuka, K. Kimura, A. Kazusaka and S. Fujita, 2004.
Down regulation of hepatic PPARα function by AhR ligand.
Journal of Veterinary Medical Sciences, 66:1377-1386.
Shaban, Z., M. Soliman, S. El-Shazly, K. El-Bohi, A. Abdelazeez,
K. Kehelo, H.-S. Kim, K. Muzandu, M. Ishizuka, A.
Kazusaka and S. Fujita, 2005. AhR and PPARα: antagonistic
effect on CYP2B and CYP3A, and additive inhibitory
effects on CYP2C11. Xenobiotica, 35:51-68.
Shapiro, E., H. Huang, R.J. Masch, D.E. McFadden, X.R. Wu and
H. Ostrer, 2005. Immunolocalization of androgen receptor
and estrogen receptors alpha and beta in human fetal testis
and epididymis. The Journal of Urology, 174:1695-1698.
Sharpe, R.M., 2006. Pathways of endocrine disruption
during male sexual differentiation and masculinization.
Best Practice and Research Clinical Endocrinology and
Metabolism, 20:91-110.
Shcherbatykh, I., X. Huang, L. Lessner and D. Carpenter,
2005. Hazardous waste sites and stroke in New York State.
Environmental Research, 29:18.
Shen, Y.C., J.H. Fan, H.J. Edenberg, T.K. Li, Y.H. Cui, Y.F. Wang,
C.H. Tian, C.F. Zhou, R.L. Zhou, J. Wang, Z.L. Zhao and
G.Y. Xia, 1997. Polymorphism of ADH and ALDH genes
among four ethnic groups in China and effects upon the
risk for alcoholism. Alcoholism: Clinical and Experimental
Research, 21:1272-1277.
Shimizu, K., F. Ogawa, M. Watanabe, T. Kondo and I. Katayama,
2003. Serum antioxidant levels in Yusho victims over 30
years after the accidental poisoning of polychlorinated
biphenyls in Nagasaki, Japan. Toxicology and Industrial
Health, 19:37-39.
Shono, T., S. Suita, H. Kai and Y. Yamaguchi, 2004. The
effect of a prenatal androgen disruptor, vinclozolin, on
gubernacular migration and testicular descent in rats.
Journal of Pediatric Surgery, 39:213-216.
Silberhorn, E.M., H.P. Glauert and L.W. Robertson, 1990.
Carcinogenicity of polyhalogenated biphenyls: PCBs and
PBBs. Critical Reviews in Toxicology, 20:440-496.
Sibileva, J.N., 2004. Osobennosti zobnoj endemii u detej
v Arkhangelskoj oblasti po dannym ultrazvukogo
issledovanija čšitovidnoj železy. Ekologija Čeloveka,
5:44-46.
Silkworth, J.B. and L.D. Loose, 1981. Assessment of
environmental
contaminant-induced
lymphocyte
dysfunction.
Environmental
Health
Perspectives,
39:105-128.
Silviken, A. and S. Kvernmo, 2007. Suicide attempts among
indigenous Sami adolescents and majority peers in Arctic
Norway: Prevalence and associated risk factors. Journal of
Adolescence, 30:613-626.
Silviken, A., T. Haldorsen and S. Kvernmo, 2006. Suicide among
Indigenous Sami in Arctic Norway, 1970-1998. European
Journal of Epidemiology, 21:707-713.
Sjöberg, L., 2002. The allegedly simple structure of experts’
risk perception: an urban legend in risk research. Science,
Technology and Human Values, 27:443-459.
Sjodin, A., L.Y. Wong, R.S. Jones, A. Park, Y. Zhang, C. Hodge,
E. Dipietro, C. McClure, W. Turner, L.L. Needham and D.G.
Patterson Jr., 2008. Serum concentrations of polybrominated

246
diphenyl ethers (PBDEs) and polybrominated biphenyl
(PBB) in the United States population: 2003-2004.
Environmental Science and Technology, 42:1377-1384.
Skakkebaek, N.E., M. Holm, C. Hoei-Hansen, N. Jorgensen
and E. Rajpert-De Meyts, 2003. Association between
testicular dysgenesis syndrome (TDS) and testicular
neoplasia: evidence from 20 adult patients with signs of
maldevelopment of the testis. Apmis, 111:1-9; discussion
9-11.
Slim, R., M. Toborek, L.W. Robertson and B. Hennig, 1999.
Antioxidant protection against PCB-mediated endothelial
cell activation. Toxicological Sciences, 52:232-239.
Slim, R., M. Toborek, L.W. Robertson, H.J. Lehmler and B.
Hennig, 2000. Cellular glutathione status modulates
polychlorinated biphenyl-induced stress response and
apoptosis in vascular endothelial cells. Toxicology and
Applied Pharmacology, 166:36-42.
Smith, P.J., 200. Vitamin D deficiency in three northern Manitoba
communities. PhD thesis. University of Manitoba.
Smith, A.B. , J. Schloemer, L.K. Lowry, A.W. Smallwood,
R.N. Ligo, S. Tanaka, W. Stringer, M. Jones, R. Hervin
and C.J. Glueck, 1982. Metabolic and health consequence
of occupational exposure to polychlorinated biphenyls.
British Journal of Industrial Medicine, 39:361-369.
Smith-Sivertsen, T., V. Tchachtchine and E. Lund, 2000. Selfreported airway symptoms in a population exposed
to heavy industrial pollution: what is the role of public
awareness? Epidemiology, 11:739-740.
Smithwick, M., S.A. Mabury, K.R. Solomon, C. Sonne, J.W.
Martin, E.W. Born, R. Dietz, A.E. Derocher, R.J. Letcher,
T.J. Evans, G.W. Gabrielsen, J. Nagy, I. Stirling, M.K. Taylor
and D.C. Muir, 2005. Circumpolar study of perfluoroalkyl
contaminants in polar bears (Ursus maritimus).
Environmental Science and Technology, 39:5517-5523.
Smithwick, M., R.J. Norstrom, S.A. Mabury, K. Solomon,
T.J. Evans, I. Stirling, M.K. Taylor and D.C. Muir, 2006.
Temporal trends of perfluoroalkyl contaminants in polar
bears (Ursus maritimus) from two locations in the North
American Arctic, 1972-2002. Environmental Science and
Technology, 40: 1139-1143.
Snodgrass, J., W.R. Leonard, M.V. Sorensen, L.A. Tarskaia,
V.P. Alekseev and V. Krivoshapkin, 2006. The emergence
of obesity among indigenous Siberians. Journal of
Physiological Anthropology, 25:75-84.
Snodgrass, J.J., M.V. Sorensen, L.A. Tarskaia and W.R.
Leonard, 2007. Adaptive dimensions of health research
among indigenous Siberians. American Journal of Human
Biology, 19:165-180.
Soininen, L. and E. Pukkala, 2008. Mortality of the Sami in
Northern Finland 1979-2005. International Journal of
Circumpolar Health, 67:43-55.
Soininen, L., H. Mussalo-Rauhamaa and S. Hyvönen, 2005.
Biomonitoring and studying the nutrition of mothers and
newborn in Finnish Lapland. Regional Environmental
publication 389.
Somner, J., S. McLellan, J. Cheung, Y.T. Mak, M.L. Frost,
K.M. Knapp, A.S. Wierzbicki, M. Wheeler, I. Fogelman,
S.H. Ralston and G.N. Hampson, 2004. Polymorphisms
in the P450 c17 (17-hydroxylase/17,20-Lyase) and P450
c19 (aromatase) genes: association with serum sex

AMAP Assessment 2009: Human Health in the Arctic
steroid concentrations and bone mineral density in
postmenopausal women. Journal of Clinical Endocrinology
and Metabolism, 89:344-351.
Sondike, S.B., N. Copperman and M.S. Jacobson, 2003. Effects
of a low-carbohydrate diet on weight loss and vascular
risk factor in overweight adolescents. Journal of Pediatrics,
142:253-258.
Sonnenschein, C. and A.M. Soto, 1998. An updated review
of environmental estrogen and androgen mimics and
antagonists. Journal of Steroid Biochemistry and Molecular
Biology, 65:143-150.
Sorensen, N., K. Murata, E. Budtz-Jorgensen, P. Weihe and
P. Grandjean, 1999. Prenatal methylmercury exposure
as a cardiovascular risk factor at seven years of age.
Epidemiology, 10:370-375.
Sorensen, M.V., J.J. Snodgrass, W.R. Leonard, A. Tarskaia,
K.I. Ivanov, V.G. Krivoshapkin and V.A. Spitsyn, 2005.
Health consequences of post-socialist transition: dietary
and lifestyle determinants of plasma lipids in Yakutia.
American Journal of Human Biology, 17:576-592.
Soto, A.M., C.L. Michaelson, N.V. Prechtl, B.C. Weill, C.
Sonnenschein, F. Olea-Serrano and N. Olea, 1998. Assays to
measure estrogen and androgen agonists and antagonists.
Advances in Experimental Medicine and Biology, 444:9-23;
discussion 23-8.
Spano, M., G. Toft, L. Hagmar, P. Eleuteri, M. Rescia, A.
Rignell-Hydbom, E. Tyrkiel, V. Zvyezday and J.P. Bonde;
INUENDO, 2005. Exposure to PCB and p, p’-DDE in
European and Inuit populations: impact on human sperm
chromatin integrity. Human Reproduction, 20:3488-3499.
Sparks, P. and R. Shepherd, 1994. Public perceptions of the
potential hazards associated with food production and
food consumption: An empirical study. Risk Analysis,
14:799-806.
SPFO, 2005. Kartlegging av miljøgifter i humane blodprøver
fra Taimyr, Russland og Bodø, Norge – en pilotstudie av
”nye” miljøgifter. SPFO-rapport: 930/2005, TA-2103/2005.
SPFO, 2006. Kartlegging av ”nye” miljøgifter i humane
blodprøver fra Nord-Norge, Nord-Vest Russland og Sibir.
SPFO-rapport: 963/2006, TA-2184/2006, ISBN 82-7655-290-0.
SPFO, 2007. Bromerte flammehemmere i blod fra
gravide kvinner i Bodø. SPFO Report TA-2303/2007,
ISBN-978-82-7655-522-6.
Standiford, T.J., V.G. Keshamouni and R.C. Reddy, 2005.
Peroxisome proliferator-activated receptor-{gamma} as a
regulator of lung inflammation and repair. Proceedings of
the American Thoracic Society, 2:226-231.
State of Alaska, 2004. Annual Survey Data – 2004. Alaska’s
Behavioural Risk Factor Surveillance System (BRFSS).
State of Alaska.
Statistics Canada, 2001. Health indicators. Available at:
www.statcan.ca/english/freepub/82-221-XIE/00601/tables/
pdftables/P1431.pdf
Statistics Canada, 2003. Aboriginal peoples of Canada:
A demographic profile, January 2003. Catalogue
no.96F0030XIE2001007.
Statistics Canada, 2007a. Life expectancy, abridged
life table, at birth and at age 65, by sex, Canada,
provinces and territories, annual (years). CANSIM
Table
102-0511.
http://cansim2.statcan.ca/cgi-win/

References
c n smcg i.exe?La ng =E&CA NSI M Fi le = CI I\CI I _1_E .
htm&RootDir=CII/ (accessed: 2 November 2007).
Statistics Canada, 2007b: Infant mortality, by age group,
Canada, provinces and territories, annual. CANSIM
Table
102-0507.
http://cansim2.statcan.ca/cgi-win/
c n smcg i.exe?La ng =E&CA NSI M Fi le = CI I\CI I _1_E .
htm&RootDir=CII/ (accessed: 18 December 2007).
Statistics Canada, 2008a. 2006 Aboriginal Population Profile.
Community highlights for Nunavik. Accessed online at:
http://www12.statcan.ca/census-recensement/2006/dp-pd/
prof/92-594/index.cfm?Lang=E
Statistics Canada, 2008b. Infant mortality, by age group,
Canada, provinces and territories,
Annual. CANSIM Table 102-0507. Ottawa, Ontario, Canada.
Steenland, K., L. Piacitelli, J. Deddens, M. Fingerhut and
L.I. Chang, 1999. Cancer, heart disease, and diabetes in
workers exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Journal of the National Cancer Institute, 91:779-786.
Steenland, K., G. Calvert, N. Ketchum and J. Michalek, 2001.
Dioxin and diabetes mellitus: an analysis of the combined
NIOSH and Ranch Hand data. Occupational and
Environmental Medicine, 58:641-648.
Steenland, K., P. Bertazzi, A. Baccarelli and M. Kogevinas,
2004. Dioxin revisited: developments since the 1997
IARC classification of dioxin as a human carcinogen.
Environmental Health Perspectives, 112:1265-1268.
Stehr-Green, P.A., E. Welty, G. Steele and K. Steinberg, 1986.
Evaluation of potential health effects associated with
serum polychlorinated biphenyls levels. Environmental
Health Perspectives, 70:255-259.
Steinberg, K.K., L.W. Freni-Titulaer, T.N. Rogers, V.W. Burse,
P.W. Mueller, P.A. Stehr, D.T. Miller and G. Steele, 1986.
Effects of polychlorinated biphenyls and lipemia on serum
analytes. Journal of Toxicology and Environmental Health,
19:369-381.
Steingrímsdóttir, L., H. Þorgeirsdóttir and A.A. Ólafsdóttir,
2003. The Diet of Icelanders. Dietary Survey of The
Icelandic Nutrition Council 2002. Main findings. Research
of the Icelandic Nutriton Council V.
Steinhardt, G.F., 2004. Endocrine disruption and hypospadias.
Advances in Experimental Medicine and Biology,
545:203-215.
Stern, A.H., 2005. A review of the studies of the cardiovascular
health effects of methylmercury with consideration of their
suitability for risk assessment. Environmental Research,
98:133-142.
Stern, N., C. Trossvik, W.J. Bowers, J.S. Nakai and I. Chu and
H. Hakansson, 2004. Perinatal exposure to a mixture of
persistent pollutants based on blood profiles of arctic
populations affects bone parameters in 35 days old rats.
Organohalogen Compounds, 66:3048-3051.
Steuerwald, U., P. Weihe, P.J. Jorgensen, K. Bjerve, J. Brock,
B. Heinzow, E. Budtz-Jorgensen and P. Grandjean, 2000.
Maternal seafood diet, methylmercury exposure, and
neonatal neurologic function. Journal of Pediatrics,
136599-605.
Stewart, P., T. Darvill, E. Lonky, J. Reihman, J. Pagano and B.
Bush, 1999. Assessment of prenatal exposure to PCBs from
maternal consumption of Great Lakes fish: An analysis of
PCB pattern and concentration. Environmental Research,

247
80:S87-S96.
Stewart, P., J. Reihman, E. Lonky, T. Darvill and J. Pagano,
2000. Prenatal PCB exposure and neonatal behavioral
assessment scale (NBAS) performance. Neurotoxicology
and Teratology, 22:21-29.
Stewart, P., S. Fitzgerald, J. Reihman, B. Gump, E. Lonky, T.
Darvill, J. Pagano and P. Hauser, 2003a. Prenatal PCB
exposure, the corpus callosum, and response inhibition.
Environmental Health Perspectives, 111:1670-1677.
Stewart, P.W., J. Reihman, E.I. Lonky, T.J. Darvill and J. Pagano,
2003b. Cognitive development in preschool children
prenatally exposed to PCBs and MeHg. Neurotoxicology
and Teratology, 25:11-22.
Stewart, P., J. Reihman, B. Gump, E. Lonky, T. Darvill and J.
Pagano, 2005. Response inhibition at 8 and 9 1/2 years of age
in children prenatally exposed to PCBs. Neurotoxicology
and Teratology, 27:771-780.
Stewart, P.W., D.M. Sargent, J. Reihman, B.B. Gump, E. Lonky, T.
Darvill, H. Hicks and J. Pagano, 2006. Response inhibition
during differential reinforcement of low rates (DRL)
schedules may be sensitive to low-level polychlorinated
biphenyl, methylmercury, and lead exposure in children.
Environmental Health Perspectives, 114:1923-1929.
Stocker, R., 1999. The ambivalence of vitamin E in atherogenesis.
Trends in Biochemical Sciences, 24:219-223.
Stocker, R. and J.F. Keaney Jr., 2004. Role of oxidative
modifications in atherosclerosis. Physiological Reviews,
84:1381-1478.
Stocker, R., V.W. Bowry and B. Frei, 1991. Ubiquinol-10
protects human low density lipoprotein more efficiently
against lipid peroxidation than does alpha-tocopherol.
Proceedings of the national Academy of Sciences USA,
88:1646-1650.
Stow, J.P., J. Sova and K.J. Reimer, 2005. The relative influence of
distant and local (DEW-line) PCB sources in the Canadian
Arctic. Science of the Total Environment, 342:107-118.
Stroeve, J., M.M. Holland, W. Meier, T. Scambos and M. Serreze,
2007. Arctic sea ice decline: Faster than forecast. Geophysical
Research Letters 34: L09501. doi:10.1029/2007GL029703.
Stronati, A., G.C. Manicardi, M. Cecati and 15 others, 2006.
Relationships between sperm DNA fragmentation, sperm
apoptotic markers and serum levels of CB-153 and p,p’DDE in European and Inuit populations. Reproduction,
132:949-958.
Suarna, C., B.J. Wu, K. Choy, T. Mori, K. Croft, O. Cynshi and R.
Stocker, 2006. Protective effect of vitamin E supplements
on experimental atherosclerosis is modest and depends on
preexisting vitamin E deficiency. Free Radical Biology and
Medicine, 41:722-730.
Suganami, T.S., J. Nishida and Y. Ogawa, 2005. A paracrine
loop between adipocytes and macrophages aggrevates
inflammatory changes. Arteriosclerosis, Thrombosis, and
Vascular Biology, 25:2062-2068.
Sunesen, V.H., C. Weber and G. Holmer, 2001. Lipophilic
antioxidants and polyunsaturated fatty acids in lipoprotein
classes: distribution and interaction. European Journal of
Clinical Nutrition, 55:115-123.
Svensson, B.G., A. Nilsson, E. Jonsson, A. Schutz, B. Akesson
and L. Hagmar, 1995. Fish consumption and exposure
to persistent organochlorine compounds, mercury,

248
selenium and methylamines among Swedish fishermen.
Scandinavian Jouranl of Work, Environment and Health,
21:96-105.
Tabb, M.M. and B. Blumberg, 2006. New modes of action for
endocrine-disrupting chemicals. Molecular Endocrinology,
20:475-482.
Tabb, M.M.,V. Kholodovych, F. Grün, C. Zhou, W. Welsh
and B. Blumberg, 2004. Highly chlorinated PCBs inhibit
the human xenobiotic response mediated by the steroid
and xenobiotic receptor (SXR). Environmental Health
Perspectives, 112:163-169.
Talykova, L.V., A. Vaktskjold, N.G. Serebrjoakova, T.V.
Khokhlov, N.J. Strelkovskaja, V.P. Chashchin, A.N.
Nikanov, J.O. Odland, V. Bykov and E. Nieboer, 2007.
Pregnancy health and outcome in two cities in the Kola
Peninsula, Northwestern Russia. International Journal of
Circumpolar Health, 66:168-181.
Tang, H.W., G. Huel, D. Campagna, G. Hellier, C. Boissinot
and P. Blot, 1999. Neurodevelopmental evaluation of
9-month-old infants exposed to low levels of lead in utero:
involvement of monoamine neurotransmitters. Journal of
AppliedToxicology, 19:167-172.
Tanaka, T., J. Yamamoto, S. Iwasaki, H. Asaba, H. Hamura, Y.
Ikeda, M. Watanabe, K. Magoori, R.X. Ioka, K. Tachibana,
Y. Watanabe, Y. Uchiyama, K. Sumi, H. Iguchi, S. Ito, T.
Doi, T. Hamakubo, M. Naito, J. Auwerx, M. Yanagisawa,
T. Kodama and J. Sakai, 2003. Activation of peroxisome
proliferators-activated receptor δ induces fatty acid
β-oxidation in skeletal muscle and attenuates metabolic
syndrome. Proceedings of the National Academy of
Sciences, 100:15924-15929.
Taylor, A. and R.J. Briggs, 1986. An External Quality Assessment
Scheme for Trace Elements in Biological Fluids. Journal of
Analytical Atomic Spectrometry, 1:391.
Taylor, M.J., G.W. Lucier, J.F. Mahler, M. Thompson, A.C.
Lockhart and G.C. Clark, 1992. Inhibition of acute TCDD
toxicity by treatment with anti-tumor necrosis factor
antibody or dexamethasone. Toxicology and Applied
Pharmacology, 117:126-132.
Taylor, A., J. Angerer, J. Arnaud, F. Claeys, J. Kristiansen,
O. Mazarrasa, A. Menditto, M. Patriarca, A. Pineau, S.
Valkonen and C. Weykamp (European organizers of
external quality assessment/proficiency testing schemes
related to occupational and environmental laboratory
medicine), 2007. Differences in national legislation for
the implementation of lead regulations included in the
European Directive for the protection of the health and
safety of workers with occupational exposure to chemical
agents (98/24/EC). International Archives of Occupational
and Environmental Health, 80:254-264.
Tempfer, C.B., C. Schneeberger and J.C. Huber, 2004.
Applications of polymorphisms and pharmacogenomics
in obstetrics and gynecology. Pharmacogenomics, 5:57-65.
ten Tusscher, G.W. and J.G. Koppe, 2004. Perinatal exposure
and later effects-a review. Chemosphere, 54:1329-1336.
Terentis, A.C., S.R. Thomas, J.A. Burr, D.C. Liebler and R.
Stocker, 2002. Vitamin E oxidation in human atherosclerotic
lesions. Circulation Research, 90:333-339.
Thomsen, C., E. Lundanes and G. Becher, 2002. Brominated
flame retardants in archived serum samples from

AMAP Assessment 2009: Human Health in the Arctic
Norway: a study on temporal trends and the role of age.
Environmental Science and Technology, 36:1414-1418.
Thomsen, C., V.H. Liane and G. Becher, 2007. Automated solidphase extraction for the determination of polybrominated
diphenyl ethers and polychlorinated biphenyls in serum
- application on archived Norwegian samples from 1977 to
2003. Journal of Chromatography B, 846:252-263.
Thomsen, C., H.K. Knutsen, V.H. Liane, M. Froshaug, H.E.
Kvalem, M. Haugen, H.M. Meltzer, J. Alexander and G.
Becher, 2008. Consumption of fish from a contaminated
lake strongly affects the concentrations of polybrominated
diphenyl ethers and hexabromocyclododecane in serum.
Molecular Nutrition and Food Research, 52:228-237.
Thrasher, J.D., 2000. Are chlorinated pesticides a causation
in maternal mitochondrial DNA (mtDNA) mutations?
Archives of Environmental Health, 55:292-294.
Thuresson, K., K. Bergman, K. Rothenbacher, T. Herrmann,
S. Sjolin, L. Hagmar, O. Papke and K. Jakobsson, 2006a.
Polybrominated diphenyl ether exposure to electronics
recycling workers - a follow up study. Chemosphere,
64:1855-1861.
Thuresson, K., P. Hoglund, L. Hagmar, A. Sjodin, A. Bergman
and K. Jakobsson, 2006b. Apparent half-lives of heptato decabrominated diphenyl ethers in human serum
as determined in occupationally exposed workers.
Environmental Health Perspectives, 114:176-181.
Tiido, T., A. Rignell-Hydbom, B.A. Jonsson and 15 others;
INUENDO, 2006. Impact of PCB and p,p’-DDE contaminants
on human sperm Y:X chromosome ratio: studies in
three European populations and the Inuit population
in Greenland. Environmental Health Perspectives,
114:718-724.
Tittlemier, S., L. Chan, S. Ostertag, J. Moisey, K. Pepper
and R. Soueida, 2006. Estimation of dietary exposure
to perfluorinated carboxylates and sulfonates via
consumption of traditional foods. Synopsis of Research.
Ottawa, Northern Contaminants Program, Indian and
Northern Affairs Canada: 88-94.
Tittlemier, S.A., K. Pepper, C. Seymour, J. Moisey, R. Bronson,
X.L. Cao and R.W. Dabeka, 2007. Dietary exposure
of Canadians to perfluorinated carboxylates and
perfluorooctane sulfonate via consumption of meat, fish,
fast foods, and food items prepared in their packaging.
Journal of Agricultural and Food Chemistry, 55:3203-3210.
Tofflemire, K., 2000. Inuvik Regional Human Contaminants
Monitoring Program: Regional Report. Inuvik Regional
Health and Social Services Board, Inuvik.
Toft, G., A. Axmon, A. Giwercman, A. Thulstrup, A. RignellHydbom, H.S. Pedersen, J. Ludwicki, V. Zvyesday, A.
Zhinchuk, M. Spano, G. Manicardi, E. Bonefeld-Jorgensen,
L. Hagmar and J.P. Bonde, 2005. Fertility in four regions
spanning large contrasts in serum levels of widespread
persistent organochlorines: a cross-sectional study.
Environmental Health, 4:26.
Toft, G., A. Axmon, C.H. Lindh, A. Giwercman and J.P. Bonde,
2008. Menstrual cycle characteristics in European and Inuit
women exposed to persistent organochlorine pollutants.
Human Reproduction, 23:193-200.
Tokizane, T., H. Shiina, M. Igawa, H. Enokida, S. Urakami, T.
Kawakami, T. Ogishima, S.T. Okino, L.C. Li, Y. Tanaka,

References
N. Nonomura, A. Okuyama and R. Dahiya, 2005.
Cytochrome P450 1B1 is overexpressed and regulated
by hypomethylation in prostate cancer. Clinical Cancer
Research, 11:5793-5801.
Tomy, G.T., W. Budakowski, T. Halldorson, P.A. Helm, G.A.
Stern, K. Friesen, K. Pepper, S.A. Tittlemier and A.T. Fisk,
2004. Fluorinated organic compounds in an eastern Arctic
marine food web. Environmental Science and Technology,
38:6475-6481.
Toppari, J., J.C. Larsen, P. Christiansen and 16 others, 1996. Male
reproductive health and environmental xenoestrogens
[see comments]. Environmental Health Perspectives, 104
Suppl 4:741-803.
Trondsen, T., T. Braaten, E. Lund and A.E. Eggen, 2004. Health
and seafood consumption patterns among women aged
45–69 years. A Norwegian seafood consumption study.
Food Quality and Preference, 15:117-128.
Trowell, H.C. and D.P. Burkitt (eds.), 1981. Western Diseases:
Their Emergence and Prevention. Harvard University
Press.
Tsuchiya, M., H. Tsukino, M. Iwasaki, H. Sasaki, T. Tanaka,
T. Katoh, D.G. Patterson, Jr., W. Turner, L. Needham and
S. Tsugane, 2007. Interaction between cytochrome P450
gene polymorphisms and serum organochlorine TEQ
levels in the risk of endometriosis. Molecular Human
Reproduction, 13:399-404.
Tsuji, H., F.J. Venditti, Jr., E.S. Manders, J.C. Evans, M.G. larsen,
C.L. Feldman and D. Levy, 1994. Reduced heart rate
variability and mortality risk in an elderly cohort. The
Framingham Heart Study. Circulation, 90:878-883.
Tsuji, H., M.G. Larson, F.J. Venditti Jr., E.S. Manders, J.C. Evans,
C.L. Feldman and D. Levy, 1996. Impact of reduced heart
rate variability on risk for cardiac events. The Framingham
Heart Study. Circulation, 94:2850-2855.
Turyk, M.E., H.A. Anderson, S. Freels, R. Chatterton, Jr.,
L.L. Needham, D.G. Patterson, Jr., D.N. Steenport, L.
Knobeloch, P. Imm and V.W. Persky, 2006. Associations of
organochlorines with endogenous hormones in male great
lakes fish consumers and nonconsumers. Environmental
Research, 102:299-307.
Twaroski, T., M.L. O´Brien and L.W. Robertson, 2001. Effects
of selected polychlorinated biphenyl (PCB) congeners
on hepatic glutathione-related enzymes, and selenium
status: implications for oxidative stress. Biochemical
Pharmacology, 62:273-281.
Umannova, L., J. Zatloukalova, M. Machala, P. Krcmar, Z.
Majkova, B. Hennig, A. Kozubik and J. Vondracek, 2007.
Tumor necrosis factor-alpha modulates effects of aryl
hydrocarbon receptor ligands on cell proliferation and
expression of cytochrome P450 enzymes in rat liver ‘stemlike’ cells. Toxicological Sciences, 99:79-89.
UNECE, 2008a. The 1998 Aarhus Protocol on Persistent
Organic Pollutants (POPs). Convention on Long-range
Transboundary Air Pollution (LRTAP Convention). United
Nations Economic Commission for Europe.
UNECE, 2008b. The 1998 Aarhus Protocol on Heavy Metals.
Convention on Long-range Transboundary Air Pollution
(LRTAP Convention). United Nations Economic
Commission for Europe.

249
UNECE, 2009. Options for Revising the Protocol on Persistent
Organic Pollutants. Paper presented at the 26th Session
of the Executive Body of the Economic Commission
for Europe. Document ECE/EB.AIR/WG.5/2008/8/Rev.1.
http://www.unece.org/env/documents/2008/EB/EB/ece.
eb.air.2008.12.e.pdf
UNEP, 1992. Rio Declaration on Environment and Development.
United Nations Environment Programme. http://www.
unep.org/Documents.Multilingual/Default.asp?Documen
tID=78&ArticleID=1163 US EPA.
UNEP, 2003. Proceedings of a UNEP Workshop to Develop
a Global POPs Monitoring Programme to Support the
Effectiveness Evaluation of the Stockholm Convention.
United Nations Environment Programme. Available at:
http://www.chem.unep.ch/gmn/Files/popsmonprg_proc.
pdf
UNEP, 2008a. List of signatories and Parties to the Stockholm
Convention. http://www.pops.int
UNEP, 2008b. The Stockholm Convention on Persistent Organic
Pollutants and its Annexes. http://www.pops.int
UNEP, 2008c. Report of the third Meeting of the Persistent
Organics Review Committee. http://www.pops.int
UNEP/GRID-Arendal, 2005. Vital Arctic Graphics: People and
Global Heritage on our Last Wild Shores. Accessed online
at: http://www.vitalgraphics.net/arctic.cfm.
U.S. EPA, 1999. Integrated Risk Information System (IRIS) on
Chlordane. National Center for Environmental Assessment,
Office of Research and Development, Washington, DC.
U.S. Environmental Protection Agency.
US EPA, 2007a. Risk Assessment. Basic Information.
The Agency, Washington DC. http://www.epa.gov/
riskassessment
US EPA, 2007b. Waste and Cleanup Risk Assessment Glossary.
The Agency, Washington DC. http://www.epa.gov/oswer/
riskassessment/glossary.htm
Vaisman, N., E. Niv and Y. Izkhakov, 2006. Catalytic amounts
of fructose may improve glucose tolerance in subjects
with non-insulin-dependent diabetes. Clinical Nutrition,
25:617-621.
Vaktskjold, A., E.E. Paulsen, L. Talyakova, E. Nieboer and
J.O. Odland, 2004a. The prevalence of selected pregnancy
outcome risk factors in the life style and medical history of
the delivering population in Moncegorsk, north-western
Russia. Internationl Journal of Circumpolar Health,
63:39-60.
Vaktskjold, A., L. Talykova, V. Chashschin, E. Nieboer, V.
Bykov, A. Nikanov, N. Romanova, N. Serebrjakova, T.
Khochlov and J.O. Odland, 2004b. The Kola birth registry
and perinatal mortality in Mončegorsk, Russia. Acta
Obstetrica et Gynecologica Scandinavica, 83:58-69.
Vaktskjold, A., L.V. Talykova, V.P. Chashchin, E. Nieboer, Y.
Thomassen and J.O. Odland, 2006. Genital malformations in
newborns of female nickel-refinery workers. Scandinavian
Jouranl of Work, Environment and Health, 32:41-50.
Vaktskjold, A., L.V. Talykova, V.P. Chashschin, J.O. Odland
and E. Nieboer, 2007. Small-for-gestational-age newborns
of female refinery workers exposed to nickel. I. Journal
of Occupational Medicine and Environmental Health,
20:327-338.

250
Vaktskjold, A., L.V. Talykova, V.P. Chashchin, J.O. Odland and
E. Nieboer, 2008a. Spontaneous abortions among nickelexposed female refinery workers. International Journal of
Environmental Health Research, 18:99-115.
Vaktskjold, A., L.V. Talykova, V.P. Chashchin, J.O. Odland
and E. Nieboer, 2008b. Maternal nickel exposure and
congenital musculoskeletal defects. American Journal
of Industrail Medicine, 51:825-33. Erratum in: American
Journal of Industrail Medicine, 51:881.
Vale Inco, 2009. Voisey’s Bay Development. http://www.vinl.
valeinco.com
Valera, B., É Dewailly and P. Poirier, 2008. Cardiac autonomic
activity and blood pressure among Nunavik Inuit adults
exposed to environmental mercury: a cross-sectional
study. Environmental Health, 7:29.
Van den Berg, M., L. Birnbaum, A.T. Bosveld and 21 others,
1998. Toxic equivalency factors (TEFs) for PCBs, PCDDs,
PCDFs for humans and wildlife. Environmental Health
Perspectives, 106:775-792.
van der Plas, S.A., H. Sundberg, H. van den Berg, G. Scheu,
P. Wester, S. Jensen, A. Bergman, J. de Boer, J. H. Koeman
and A. Brouwer, 2000. Contribution of planar (0-1 ortho)
and nonplanar (2-4 ortho) fractions of Aroclor 1260 to the
induction of altered hepatic foci in female Sprague-Dawley
rats. Toxicology and Applied Pharmacology, 169:255-268.
Van Oostdam, J. and N. Tremblay, 2003. Biological monitoring:
human tissue levels of environmental contaminants. In:
AMAP Assessment 2002: Human Health in the Arctic,
pp. 31-56. Arctic Monitoring and Assessment Programme
(AMAP), Oslo, Norway.
Van Oostdam, J., A. Gilman, E. Dewailly, P. Usher, B. Wheatley
and H. Kuhnlein, 1999. Human health implications of
environmental contaminants in Arctic Canada: a review.
Science of the Total Environment, 230:1-82.
Van Oostdam, J., S. Donaldson, M. Feeley and N. Tremblay
(eds.), 2003. Canadian Arctic Contaminants Assessment
Report II (CACAR II) Northern Contaminants program.
Van Oostdam, J., E. Dewailly, A. Gilman, J.C. Hansen, J.O.
Odland, V. Chashchin, J. Berner, J. Butler-Walker, B.J.
Lagerkvist, K. Olafsdottir, L. Soininen, P. Bjerregard,
V, Klopov and J.P. Weber. 2004. Circumpolar maternal
blood contaminant survey, 1994-1997 organochlorine
compounds. Science of the Total Environment, 330:55-70.
Van Oostdam, J., S.G. Donaldson, M. Feeley and 14 others,
2005. Human health implications of environmental
contaminants in Arctic Canada: A review. Science of the
Total Environment, 351-352:165-246.
Van Overmeire, I., G.C. Clark, D.J. Brown, M.D. Chu, W.M.
Cooke, M.S. Denison, W. Baeyene, S. Srebrnik and
L. Goeyens, 2001. Trace contamination with dioxinlike chemicals: evaluation of bioassay-based TEQ
determination for hazard assessement and regulatory
responses. Environmental Science and Policy, 4:345-357.
Vanden Heuvel, J.P., J.T. Thompson, S.R. Frame and P.J.
Gillies, 2006. Differential activation of nuclear receptors
by perfluorinated fatty acid analogs and natural fatty
acids: a comparison of human, mouse, and rat peroxisome
proliferator-activated receptor-alpha, -beta, and -gamma,
liver X receptor-beta, and retinoid X receptor-alpha.
Toxicological Sciences, 92:476-489.

AMAP Assessment 2009: Human Health in the Arctic
Vartiainen, T., S. Saarikoski, J. Jaakkola and J. Tuomisto, 1997.
PCDD, PCDF and PCB concentrations in human milk from
two areas of Finland. Chemosphere, 34:2571-2583.
Vasiliu, O., L. Cameron, J. Gardiner, P. Deguire and W.
Karmaus, 2006. Polybrominated biphenyls, polychlorinated
biphenyls, body weight, and incidence of adult-onset
diabetes mellitus. Epidemiology, 17: 352-359.
Verrijdt, G., A. Haelens and F. Claessens, 2003. Selective DNA
recognition by the androgen receptor as a mechanism for
hormone-specific regulation of gene expression. Molecular
Genetics and Metabolism, 78:175-185.
Veyhe, A.S., 2006. Færøske kvinders kostvaner i graviditetens
tredje trimester [MPH-Thesis]. Nordiska högskolan för
folkhälsovetenskap;10.
Vidaeff, A.C. and L.E. Sever, 2005. In utero exposure to
environmental estrogens and male reproductive health:
a systematic review of biological and epidemiologic
evidence. Reproductive Toxicology, 20:5-20.
Vienonen, A., S. Miettinen, T. Manninen, L. Altucci, E. Wilhelm
and T. Ylikomi, 2003. Regulation of nuclear receptor and
cofactor expression in breast cancer cell lines. European
Journal of Endocrinology, 148:469-479.
Vinggaard, A.M., E.C. Joergensen and J.C. Larsen, 1999.
Rapid and sensitive reporter gene assays for detection of
antiandrogenic and estrogenic effects of environmental
chemicals. Toxicology and Applied Pharmacology,
155:150-160.
Vinggaard, A.M., C. Nellemann, M. Dalgaard, E.B. Jorgensen
and H.R. Andersen, 2002. Antiandrogenic effects in vitro
and in vivo of the fungicide prochloraz. Toxicological
Sciences, 69:344-353.
Virtanen, H.E., E. Rajpert-De Meyts, K.M. Main, N.E.
Skakkebaek and J. Toppari, 2005a. Testicular dysgenesis
syndrome and the development and occurrence of
male reproductive disorders. Toxicology and Applied
Pharmacology, 207(2 Suppl):501-505.
Virtanen, J., S. Voutilainen, T. Rissanen, J. Mursu, T. Tuomainen,
M. Korhonen, V-P. Valkonen, K. Seppänen, J.A. Laukkanen
and J.T. Salonen, 2005b. Mercury, fish oils, and risk of acute
coronary events and cardiovascular disease, coronary
heart disease, and all-cause mortality in men in eastern
Finland. Arteriosclerosis, Thrombosis, and Vascular
Biology, 25:228-233.
Vitenskapskomiteen for mattrygghet [Norwegian Committee
for Food Safety], 2006. Et helhetlig syn på fisk og annen
sjømat i norsk kosthold.
Voie, O.A. and F. Fonnum, 2000. Effect of polychlorinated
biphenyls on production of reactive oxygen species (ROS)
in rat synaptosomes. Archives of Toxicology, 73:588-593.
Voie, Ø.A., P. Wiik and F. Fonnum, 1998. Ortho-substituted
polychlorinated biphenyls activate respiratory burst
measured as luminol-amplified chemoluminescence
in human granulocytes. Toxicology and Applied
Pharmacology, 150:369-375.
Vonderheide, A.P., K.E. Mueller, J. Meija and G.L. Welsh, 2008.
Polybrominated diphenyl ethers: Causes for concern and
knowledge gaps regarding environmental distribution,
fate and toxicity. Science of the Total Environment,
400:425-436.

References
Vorobjev, I.A., 2005. Immunofiziologičeskie osobennosti
potreblenija piztjevych veztjestv i energii tund-rovymi
nentsami podrostkogo vozrasta. Candidate thesis, Tjomén,
Russia.
Vreugdenbil, H.I., C.I. Lanting, P.G.H. Mulderm, E.R. Boersma
and N. Weisglas-Kuperus, 2002a. Effects of prenatal
PCB and dioxin background exposure on cognitive and
motor abilities in Dutch children at school age. Journal of
Pediatrics, 140:48-56.
Vreugdenhil, H.J.I., F.M.E. Slijper, P.G.H. Mulder and N.
Weisglas-Kuperus, 2002b. Effects of perinatal exposure
to PCBs and dioxins on play behavior in Dutch children
at school age. Environmental Health Perspectives,
110:A593-A598.
Vreugdenhil, H.J.I., P.G.H. Mulder, H.H. Emmen and N.
Weisglas-Kuperus, 2004. Effects of perinatal exposure to
PCBs on neuropsychological functions in the Rotterdam
cohort at 9 years of age. Neuropsychology, 18:185-193.
Vyas, G.N. and H.H. Fudenberg, 1969. Am(1), the first genetic
marker of human immunoglobulin A. Proceedings of the
National Academy of Sciences USA, 64:1211-1216.
Wagemann, R., S. Innes and P.R. Richard, 1996. Overview
and regional and temporal differences of heavy metals
in Arctic whales and ringed seals in the Canadian Arctic.
Science of the Total Environment, 186:41-66.
Walkowiak, J., J-A. Wiener, A. Fastabend, B. Heinzow, U.
Krämer, E. Schmidt, H-J. Steingrüber, S. Wundram and G.
Winneke, 2001. Environmental exposure to polychlorinated
biphenyls and quality of the home environment: effects
on psychodevelopment in early childhood. Lancet,
358:1602-1607.
Wang, X., B. Zuckerman, C. Pearson, G. Kaufman, C. Chen,
G. Wang, T. Niu, P.H. Wise, H. Bauchner and X. Xu, 2002.
Maternal cigarette smoking, metabolic gene polymorphism,
and infant birth weight. Journal of American Medical
Association, 287:195-202.
Wang, Y., B.J. Voy, S. Urs, S. Kim, M. Soltani-Bejnood, N.
Quigley, Y.-R. Heo, M. Standridge, B. Andersen, M. Dhar,
R. Joshi, P. Wortman, J.W. Taylor, J. Chun, M. Leuze, K.
Claycombe,
A.M. Saxton and N. Moustaid-Moussa, 2004. The human fatty
acid synthethase gene and de novo lipogenesis are coordinately regulated in human adipose tissue. Journal of
Nutrition, 134:1032-1038.
Wang, S.L., P.H. Su, S.B. Jong, Y.L. Guo, W.L. Chou and O. Päpke,
2005. In utero exposure to dioxins and polychlorinated
biphenyls and its relations to thyroid function and growth
hormone in newborns. Environmental Health Perspectives,
113:1645-1650.
Wang, C.L., X.Y. Tang, W.Q. Chen, Y.X. Su, C.X. Zhang and Y.M.
Chen, 2007. Association of estrogen receptor alpha gene
polymorphisms with bone mineral density in Chinese
women: a meta-analysis. Osteoporos International,
18:295-305.
Ward, L.M., I. Gaboury, M. Ladhani and S. Zlotkin, 2007.
Vitamin D-deficiency rickets among children in Canada.
Canadian Medical Association Journal, 177:161-166.
WASMA, 2005. Modern Management for Organic Waste
of Natural Origin. International Forum on Waste
Management, December 6-9, 2005. Moscow, Russia. http://

251
wasma.ru/2005/eng/about/
Wasserman, G.A., B. Staghezza-Jaramillo, P. Shrout, D.
Popovac and J. Graziano, 1998. The effect of lead exposure
on behavior problems in preschool children. American
Journal of Public Health, 88:481-486.
Wasserman, G.A., X. Liu, D.S. Pine and J.H. Graziano, 2001.
Contribution of maternal smoking during pregnancy
and lead exposure to early child behavior problems.
Neurotoxicology and Teratology, 23:13-21.
Watson, R., C. Jacobson, A. Williams, W. Howard and DeSesso,
2006. Trichloroethylene contaminated drinking water and
congenital heart defects: a critical analysis of the literature.
Reproductive Toxicology, 21:117-147.
Watt-Cloutier, S., 2000. Canada Inuit Call Upon the United States
to Stop Polluting the Arctic. Inuit Circumpolar Conference
(ICC) Canada. New York City, 3 Oct. 2000. Available
at:
http://inuitcircumpolar.indelta.ca/index.php?auto_
slide=&ID=136&Lang=En&Parent_ID=&current_slide_
num=
Webb, P., J. Coates, E.A. Frongillo, B.L. Rogers, A. Swindale and
P. Bilinsky, 2006. Measuring household food insecurity:
why it’s so important and yet so difficult to do. Journal of
Nutrition, 136(suppl), S1404-S1408.
Weber, J.P., 1996. Quality in environmental toxicology
measurements. Therapeutic Drug Monitoring, 18:477-483.
Weber, J.P., 2002. The AMAP Ring Test: A Laboratory
Intercomparison Program for POPs in Human Serum.
Presented at the AMAP conference and workshop:
Impacts of POPs and Mercury on Arctic Environments
and Humans, Tromsø, Norway.
Weihe, P., J.C. Hansen, K.Murata, F.Debes, P. Jorgensen,
U. Steurwald, R.F. White and P. Grandjean 2002.
Neurobehavioral performance of Inuit children with
increased prenatal exposure to methylmercury.
International Journal of Circumpolar.Health, 61:41-49.
Weihe, P., U. Steuerwald, S. Taheri, O. Færø, A.S. Veyhe and
D. Nicolajsen, 2003. The human health programme in the
Faroe Islands, 1985-2001. In: Deutch B. and J.C. Hansen (eds).
AMAP, Greenland and the Faroe Islands, 1997-2001. Vol. 1.
Human Health. Ministry of Environment, Denmark.
Weihe, P., K. Kato, A.M. Calafat, F. Nielsen, A.A. Wanigatunga,
L.L. Needham and P. Grandjean, 2008. Serum
concentrations of polyfluoroalkyl compounds in Faroese
whale meat consumers. Environmental Science and
Technology, 42:6291-6295.
Wein, E.E., M.M. Freeman and J.C. Makus, 1998. Preliminary
assessment of nutrients in daily diets of a sample of Belcher
Island Inuit adults. International Journal of Circumpolar
Health, 57:205-210.
Weisglas-Kuperus,
N.,
1998.
Neurodevelopmental,
immunological and endocrinological indices of perinatal
human exposure to PCBs and dioxins. Chemosphere,
37:1845-1853.
Weisglas-Kuperus, N., S. Patandin, G.A. Berbers, T.C. Sas, P.G.
Mulder, P.J. Sauer and H. Hooijkaas, 2000. Immunologic
effects of background exposure to polychlorinated
biphenyls and dioxins in Dutch preschool children.
Environmental Health Perspectives, 108:1203-1207.
Welch, D.W., Y. Ishida and K. Nagasawa, 1998. Thermal limits
and ocean migrations of sockeye salmon (Oncorynchus

252
nerka): long-term consequences of global warming.
Canadian Journal of Fisheries and Aquatic Sciences,
55:937-948.
Welinder, L., B. Graugaard and M. Madsen, 2000. HLA antigen
and gene frequencies in Eskimos of East Greenland.
European Journal of Immunogenetics, 27:93-97.
Wenzel, G.W., 1995. Ningiqtuq-resource sharing and
generalized reciprocity in Clyde River, Nunavut. Arctic
Anthropology, 32:43-60.
Whitby, K.E., T.F. Collins, J.J. Welsh, T.N. Black, T. Flynn,
M. Shackelford, S.E. Ware, M.W. O’Donnell and P.R.
Sundaresan, 1994. Developmental effects of combined
exposure to ethanol and vitamin A. Food and Chemical
Toxicology, 32:305-320.
WHO, 2003. Diet, Nutrition and the Prevention of Chronic
Diseases. World Health Organization, Technical Report
Series, 916:142-144.
WHO, 2006. Food Security. World Health Organization.
Available at: http://www.who.int/trade/glossary/story028/
en/. Accessed October 10, 2006.
Wigg, N.R., 2001. Low-level lead exposure and children.
Journal of Paediatrics and Child Health, 37:423-425.
Wijendran, V. and K.C. Hayes, 2004. Dietary n-6 and n-3 fatty
acid balance and cardiovascular health. Annual Reviews
of Nutrition, 24:597-615.
Willet, W.C., 2008. Overview and perspective in human
nutrition. Asia Pacific Journal of Clinical Nutrition, 17:1-4.
Willows, N.D., E. Dewailly and K. Gray-Donald, 2000. Anemia
and iron status in Inuit infants from northern Quebec.
Canadian Journal of Public Health, 91:407-410.
Windal, I., M.S. Denison, L.S. Birnbaum, N. Van Wouwe,
W. Baeyens and L. Goeyens, 2005. Chemically activated
luciferase gene expression (CALUX) cell bioassay analysis
for the estimation of dioxin-like activity: critical parameters
of the CALUX procedure that impact assay results.
Environmental Science and Technology, 39:7357-7364.
Winneke, G. A. Bucholski, B. Heinzow, U. Krämer, E. Schmidt,
J. Walkowiak, J-A. Wiener and H-J. Steingrüber, 1998.
Developmental neurotoxicity of polychlorinated biphenyls
(PCBS): cognitive and psychomotor functions in 7-month
old children. Toxicology Letters, 103:423-428.
Witting, P.K., K. Pettersson, J. Letters and R. Stocker, 2000. Antiatherogenic effect of coenzyme Q10 in apolipoprotein E
gene knockout mice. Free Radical Biology and Medicine,
29:295-305.
Wojtowicz, A.K., M. Goch and E.L. Gregoraszczuk, 2005.
Polychlorinated biphenyls (PCB 153 and PCB 126) action on
conversion of 20-hydroxylated cholesterol to progesterone,
androstenedione to testosterone, and testosterone to
estradiol 17beta. Experimental and Clinical Endocrinology
and Diabetes, 113:464-470.
Wolff, M.S., S. Engel, G. Berkowitz, S. Teitelbaum, J. Siskind,
D.B. Barr and J. Wetmur, 2007. Prenatal pesticide and
PCB exposures and birth outcomes. Pediatric Research,
61:243-250.
Wong, W.Y., C.M. Thomas, J.M. Merkus, G.A. Zielhuis and
R.P. Steegers-Theunissen, 2000. Male factor subfertility:
possible causes and the impact of nutritional factors.
Fertility and Sterility, 73:435-442.

AMAP Assessment 2009: Human Health in the Arctic
Wong, J.M., P.A. Harper, U.A. Meyer, K.W. Bock, K. Morike,
J. Lagueux, P. Ayotte, R.F. Tyndale, E.M. Sellers, D.K.
Manchester and A.B. Okey, 2001a. Ethnic variability in the
allelic distribution of human aryl hydrocarbon receptor
codon 554 and assessment of variant receptor function in
vitro. Pharmacogenetics, 11:85-94.
Wong, J.M., A.B. Okey and P.A. Harper, 2001b. Human aryl
hydrocarbon receptor polymorphisms that result in loss of
CYP1A1 induction. Biochemical and Biophysical Research
Communications, 288:990-996.
Woodhouse, A.J. and G.M. Cooke, 2004. Suppression of
aromatase activity in vitro by PCBs 28 and 105 and Aroclor
1221. Toxicology Letters, 152:91-100.
WHO, 2007. World Health Statistics. http://www.who.int/
whosis/database/core/core_select.cfm.
Wu, T., E. Giovannucci, T. Pischon, S.E. Hankinson, J. Ma, N.
Rifai and F.B. Rimm, 2004. Fructose, glycemic load, and
quantity and quality of carbohydrate in relation to plasma
C-peptide concentrations in US women. American Journal
of Clinical Nutrition, 80:1043-1049.
Wulf, H.C., N. Kromann, N. Kousgaard, J.C. Hansen, E.
Niebuhr and K. Albøge, 1986. Sister chromatid exchange
(SCE) in Greenlandic Eskimos. Dose-response relationship
between SCE and seal diet, smoking, and blood cadmium
and mercury concentrations. Science of the Total
Environment, 48:81-94.
Xu, Y., R.M. Yu, X. Zhang, M.B. Murphy, J.P. Giesy, M.H. Lam,
P.K. Lam, R.S. Wu and H. Yu, 2006. Effects of PCBs and
MeSO2-PCBs on adrenocortical steroidogenesis in H295R
human adrenocortical carcinoma cells. Chemosphere,
63:772-784.
Xue, F., C. Holzman, M.H. Rahbar, K. Trosko and L. Fischer,
2007. Maternal fish consumption, mercury levels, and risk
of preterm delivery. Environmental Health Perspectives,
115:42-47.
Yang, G.Q. and X.M. Xia, 1995. Studies on human dietary
requirements and safe range of dietary intakes of selenium
in China and their application in the prevention of related
endemic diseases. Biomedical and Environmental Sciences,
8:187-201.
Yee, S. and B.H. Choi, 1994. Methylmercury poisoning induces
oxidative stress in the mouse brain. Experimental and
Molecular Pathology, 60:188-196.
Yoon, K., L. Pallaroni, M. Stoner, K. Gaido and S. Safe, 2001.
Differential activation of wild-type and variant forms of
estrogen receptor alpha by synthetic and natural estrogenic
compounds using a promoter containing three estrogenresponsive elements. The Journal of Steroid Biochemistry
and Molecular Biology, 78:25-32.
Yoshikawa, T., T. Ide, H. Shimano, N. Yahagi, K. AmemiyaKudo, T. Matzuzaka, S. Yatoh, T. Kitamine, H. Okazaki, Y.
Tamura, M. Sekiya, A. Takahashi, A.H. Hasty, R. Sato, H.
Sone, J.-I. Osuga, S. Ishibashi and N. Yamada, 2003. Crosstalk between peroxisome proliferators (PPAR) α and liver
X receptor (LXR) in nutritional regulation of fatty acid
metabolism. I. PPARs suppress sterol regulatory element
binding protein-1c promoter through inhibition of LXR
signaling. Molecular Endocrinology, 17:1240-1254.
Yoshizawa, K., E. Rimm, J. Morris, V. Spate, C. Hsieh, D.
Spiegelman, M.J. Stampfer and W.C. Willett, 2002. Mercury

References
and the risk of coronary heart disease in men. New
England Journal of Medicine, 347:1755-1760.
You, L., 2004. Steroid hormone biotransformation and
xenobiotic induction of hepatic steroid metabolizing
enzymes. Chemico-Biological Interactions, 147:233-246.
You, L., S.K. Chan, J.M. Bruce, S. Archibeque-Engele, M.
Casanova, J.C. Corton and H. d´A. Heck, 1999. Modulations
of testosterone-metabolizing cytochrome P-450 enzymes
in developing Sprague-Dawley rats following in
utero exposure to p,p´-DDE. Toxicology and Applied
Pharmacology, 158:197-205.
You, L., M. Sar, E. Bartolucci, S. Ploch and M. Whitt, 2001.
Induction of hepatic aromatase by p,p,-DDE in adult male
rats. Molecular and Cellular Endocrinology, 178:207-214.
Young, T.K., 1993. Diabetes mellitus among native Americans
in Canada and United States: an epidemiological review.
American Journal of Human Biology, 5:399-413.
Young, T.K., 2008a. Circumpolar Health Indicators: Sources,
Data and Maps, Circumpolar Health Supplements 2008;
3. International Association of Circumpolar Health
Publishers.
Young, T.K., 2008b. Northern Canada. In: Young T.K. and P.
Bjerregaard (eds.). Health Transitions in Arctic Populations,
pp. 39-52. University of Toronto Press.
Young, T.K. and P. Bjerregaard (eds.), 2008. Health Transitions
in Arctic Populations. University of Toronto Press.
Younglai, E.V., W.G. Foster, E.G. Hughes, K. Trim and J.F.
Jarrell, 2002. Levels of environmental contaminants in
human follicular fluid, serum, and seminal plasma of
couples under going in vitro fertilization. Archives of
Environmental Contamination and Toxicology, 43:121-126.

253
Younglai, E.V., A.C. Holloway, G.E. Lim and W.G. Foster, 2004.
Synergistic effects between FSH and 1,1-dichloro-2,2-bis(Pchlorophenyl)ethylene (p,p-DDE) on human granulosa cell
aromatase activity. Human Reproduction, 19:1089-1093.
Yu, M.L., Y.L. Guo, C.C. Hsu and W.J. Rogan, 2000. Menstruation
and reproduction in women with polychlorinated biphenyl
(PCB) poisoning: long-term follow-up interviews of the
women from the Taiwan Yucheng cohort. International
Journal of Epidemiology, 29:672-677.
Zhou, T., M.M. Taylor, M.J. DeVito and K.M. Crofton, 2002.
Developmental exposure to brominated diphenyl ethers
results in thyroid hormone disruption. Toxicological
Sciences, 66:105-116.
Zhou, C., M.M. Tabb, E.L. Nelson, F. Grün, S. Verma, A.
Sadatrafiera, M. Lin, S. Mallick and B.M. Forman, 2006.
Thummel KE, Blumberg B. Mutual repression between
steroid xenobiotic receptor and NF-ΚB signalling pathways
links xenobiotic metabolism and inflammation. Journal of
Clinical Investigation, 116:2280-2289.
Zimmet, P., K.G. Alberti and J. Shaw, 2001. Global and societal
implications of the diabetes epidemic. Nature, 414:782-787.
Zimmet, P., D. Magliano, Y. Matsuzawa, G. Alberti and J. Shaw,
2005. The metabolic syndrome: a global public health
problem and a new definition. Journal of Atherosclerosis
and Thrombosis, 12:295-300.
Zmuda, J.M., J.A. Cauley, L.H. Kuller and R.E. Ferrell,
2001. A common promotor variant in the cytochrome
P450c17alpha (CYP17) gene is associated with
bioavailability testosterone levels and bone size in men.
Journal of Bone and Mineral Research, 16:911-917.

254

AMAP Assessment 2009: Human Health in the Arctic

Glossary
α-HCH..................... Alpha-hexachlorocyclohexane

MDEs...................... Mercury depletion events

α-TOH...................... Alpha-tocopherol

MeHg...................... Methylmercury

β-HCH..................... Beta-hexachlorocyclohexane

MOMs..................... Monitoring our Mothers

γ-HCH..................... Gamma-hexachlorocyclohexane /
Lindane

mtDNA................... Mitochondrial DNA

AA............................ Arachidonic acid
ADH......................... Alcohol dehydrogenase
AHR / AhR.............. Aryl hydrocarbon receptor
ALA.......................... Alpha-linolenic acid
ALDH...................... Aldehyde dehydrogenase
AMAP...................... Arctic Monitoring and Assessment
Programme
AO............................ Autonomous Okrug
APOE....................... Apolipoprotein E
AR............................. Androgen receptor
BPA........................... Bisphenol-A
Cd............................. Cadmium
CoQ10...................... Coenzyme Q10
CRM......................... Certified reference material
CYPs......................... Cytochrome P450 enzymes
DDE.......................... Dichloro-diphenyl-dichloro-ethylene
DDT.......................... Dichloro-diphenyl-trichloroethane
DEW . ...................... Distant Early Warning
DGLA....................... Dihomogamma-linolenic acid
DHA......................... Docosahexaenoic acid
DNL.......................... De novo lipogenesis
DPA.......................... Decosapentaenoic acid
EAR.......................... Estimated Average Requirement
ECHA....................... Environmental Chemicals Agency (EU)
EEQ.......................... Estimated estradiol equivalence
EFA........................... Essential fatty acid
EPA........................... Eicosapentaenoic acid
EQAS........................ External quality assessment scheme
ER............................ Estrogen receptor
EROD...................... Ethoxyresofurin-O-deethylase
FFQ.......................... Food frequency questionnaire
GI............................. Glycemic index
HBB......................... Hexabromobiphenyl
HBCD...................... Hexabromocyclododecane
HCB......................... Hexachlorobenzene
HCH........................ Hexachlorocyclohexane
HDL......................... High density lipoprotein
Hg............................ Mercury
HHAG...................... Human Health Assessment Group (AMAP)
Kow......................... Partition coefficient
LA............................ Linoleic acid
LDL.......................... Low density lipoprotein
Lp(a)........................ Lipoprotein(a)
LoA.......................... Level of action
LoC.......................... Level of concern
LOD......................... Limit of detection
LRTAP..................... Convention on Long-range
Transboundary Air Pollution

NADPH.................. Nicotinamide adenine dinucleotide
NCP......................... Northern Contaminants Program (Canada)
NOEC...................... No observed effect concentration
NWT........................ North West Territories (Canada)
OctaBDE................. Octabromodiphenyl ether
OH-PCBS................ Hydroxylated PCBs
PAHs....................... Polyaromatic hydrocarbons
Pb............................. Lead
PBB.......................... Polybrominated biphenyl
PBDDs..................... Polybrominated dibenzodioxins
PBDEs..................... Polybrominated diphenylethers
PCBs........................ Polychlorinated biphenyls
PCDD...................... Polychlorinated dibenzo-p-dioxin
PCDF....................... Polychlorinated dibenzo-furan
PCNs....................... Polychlorinated naphthalenes
PCP.......................... Pentachlorophenol
PeCB........................ Pentaclorobenzene
PentaBDE............... Pentabromodiphenyl ether
PFAAs..................... Perfluoroalkyl acids
PFOA....................... Perfluorooctanoic acid
PFOS....................... Perfluorooctane sulfonate
PFHS....................... Perfluorohexanesulfonate
PND......................... Post natal day
POP.......................... Persistent organic pollutant
PPARs..................... Peroxisome proliferator activated receptors
PTS.......................... Persistent toxic substance
PUFA....................... Polyunsaturated fatty acid
QA........................... Quality assessment
QC........................... Quality control
RAIPON................. Russian Association of Indigenous Peoples
of the North
RDA......................... Recommended Daily Allowance
RFSL........................ Russian Food Safety Limits
RSZ.......................... Rescaled sum of z scores
SCCP....................... Short-chained chlorinated paraffins
Se............................. Selenium
SSZ........................... Sum of squared z-scores
TBBPA..................... Tetrabromobisphenol-A
TCDD...................... 2,3,7,8-tetrachlorodibenzo-p-dioxin
TDI........................... Tolerable Daily Intake
TEFs......................... Toxic Equivalency Factors
TEQ......................... Toxic equivalent
TNF......................... Tumor necrosis factor
TTP.......................... Time-to-pregnancy
TWI.......................... Tolerable Weekly Intake
UNECE................... United Nations Economic Commission for
Europe
UV........................... Ultraviolet radiation

