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This assessment report details the results of the 2002
AMAP assessment of Human Health in the Arctic. It builds
upon the previous AMAP human health assessment that
was presented in ‘AMAP Assessment Report: Arctic Pol-
lution Issues’™ that was published in 1998.

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

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

o identify possible causes for the changing conditions;

o detect emerging problems, their possible causes, and
the potential risk to Arctic ecosystems including in-
digenous peoples and other Arctic residents; and to

o recommend actions required to reduce risks to Arctic
ecosystems.

The Ministers have placed special priority on the po-
tential 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 five detailed assessment reports
that provide the accessible scientific basis and validation
for the statements and recommendations made in the sec-
ond AMAP State of the Arctic Environment report, ‘Arc-
tic Pollution 2002’ that was delivered to Arctic Council
Ministers at their meeting in Inari, Finland in October
2002. It includes extensive background data and refer-
ences to the scientific literature, and details the sources
for figures reproduced in the ‘Arctic Pollution 2002°**
report. Whereas the ‘Arctic Pollution 2002’ report con-
tains recommendations that specifically focus on actions
aimed at improving the Arctic environment, the conclu-
sions and recommendations presented in this report also
cover issues of a more scientific nature, such as proposals
for filling gaps in knowledge, and recommendations rele-
vant to future monitoring and research work, etc.

To allow readers of this report to see how AMAP in-
terprets and developes its scientifically-based assessment
product in terms of more action-orientated conclusions
and recommendations, the ‘Executive Summary of the
Arctic Pollution 2002 Ministerial Report’, which also
covers other priority issues (Persistent Organic Pollu-
tants, Heavy Metals, Radioactivity and Climate Change
Effects on Contaminant Pathways), is reproduced in this
report on pages ix to xiii.

The AMAP assessment is not a formal environmental
risk assessment. Rather, it constitutes a compilation of
current knowledge about the Arctic region, an evalua-
tion 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 man-
ner 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 reponsibility of the scientific experts
involved in the preparation of the assessment. Lead
countries for the AMAP Human Health Assessment
under AMAP Phase Il were Canada and Denmark. The
assessment is based on work conducted by a large num-
ber of scientists and experts from the Arctic countries
(Canada, Denmark/Greenland/Faroe Islands, Finland,
Iceland, Norway, Russia, Sweden, and the United States),
together with contributions from indigenous peoples or-
ganizations, from other organizations, and from experts
in other countries.
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Executive Summary to the Arctic Pollution 2002 Ministerial Report

The Arctic Monitoring and Assessment Programme
(AMAP) was established in 1991 to monitor identified
pollution risks and their impacts on Arctic ecosystems. In
1997 the first AMAP report, Arctic Pollution Issues: A
State of the Arctic Environment Report* was published.

The assessment showed that the Arctic is closely con-
nected to the rest of the world, receiving contaminants
from sources far outside the Arctic region. The report
was welcomed by the Arctic Council Ministers, who
agreed to increase their efforts to limit and reduce emis-
sions of contaminants into the environment and to pro-
mote international cooperation in order to address the
serious pollution risks reported by AMAP.

The AMAP information greatly assisted the negota-
tion of the protocols on persistent organic pollutants
(POPs) and heavy metals to the United Nations Eco-
nomic Commission for Europe’s Convention on Long-
range Transboundary Air Pollution (LRTAP Conven-
tion). They also played an important role in establishing
the need for a global agreement on POPs, which was
concluded in 2001 as the Stockholm Convention. Persis-
tence, long-range transport, and bioaccumulation are
screening criteria under both the POPs protocol and the
Stockholm Convention, to be applied to proposals to
add substances to the agreements. Information from
AMAP will be useful in this context in showing whether
persistent substances are accumulating in the Arctic and
are therefore candidates for control, and also in assess-
ing the effectiveness of the agreements.

The Arctic Council also decided to take cooperative
actions to reduce pollution of the Arctic. As a direct fol-
low up of the AMAP reports, the Arctic Council Action
Plan to Eliminate Pollution of the Arctic (ACAP) was
created to address sources identified through AMAP.
ACAP was approved in 2000 and several projects have
begun. The AMAP information was also used in estab-
lishing priorities for the Arctic Regional Programme of
Action to Prevent Pollution from Landbased Sources
(RPA), developed by the working group on Protection of
the Arctic Marine Environment (PAME), and adopted
by the Arctic Council in 1998.

After the first assessment, AMAP was asked to con-
tinue its activities and provide an updated assessment on
persistent organic pollutants (POPs), heavy metals, ra-
dioactivity, human health, and pathways in 2002. Five
scientific reports and a plain-language report have been
prepared. This Executive Summary provides the main
conclusions and recommendations of the 2002 AMAP
assessments.

International Agreements and Actions

As described above, the LRTAP Convention protocols and
the Stockholm Convention are essential instruments for
reducing contamination in the Arctic. However, they can-
not have any effect until they are ratified and implemented.

It is therefore recommended that:

* The UN ECE LRTAP Protocols on Heavy Metals and
POPs be ratified and implemented.

¢ The Stockholm Convention on POPs be ratified and
implemented.

Specific recommendations for monitoring activities in
support of these agreements are included in subsequent
sections.

Persistent Organic Pollutants

The POPs assessment addresses several chemicals of
concern, including both substances that have been stud-
ied for some time and chemicals that have only recently
been found in the environment.

The 1997 AMAP assessment concluded that levels of
POPs in the Arctic environment are generally lower than in
more temperate regions. However, several biological and
physical processes concentrate POPs in some species and
at some locations, producing some high levels in the Arctic.

The present AMAP assessment has found that the
conclusions and recommendations of the first assess-
ment remain valid. In addition:

It has clearly been established that:

Certain Arctic species, particularly those at the upper
end of the marine food chain as well as birds of prey,
carry high levels of POPs. Marine mammals, such as
polar bear, Arctic fox, long-finned pilot whale, killer
whale, harbor porpoise, minke whale, narwhal, beluga,
harp seal and northern fur seal, some marine birds in-
cluding great skua, great black-backed gull and glau-
cous gull, and birds of prey such as peregrine falcon,
tend to carry the highest body burdens.

Most of the total quantity of POPs found in the Arc-
tic environment is derived from distant sources. The
POPs are transported to the Arctic by regional and
global physical processes, and are then subjected to bio-
logical mechanisms that lead to the high levels found in
certain species. Several potential source regions have
now been identified within and outside of the Arctic.
A better understanding of local re-distribution mecha-
nisms has also emphasized the important potential role
of local processes and sources in determining observed
geographical variability.

There is evidence that:

Adverse effects have been observed in some of the most
highly exposed or sensitive species in some areas of the
Arctic. Several studies have now been completed on a
number of Arctic species, reporting the types of effects
that have been associated in non-Arctic species with
chronic exposure to POPs, of which there are several ex-
amples. Reduced immunological response in polar bears
and northern fur seals has led to increased susceptibility
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to infection. Immunological, behavioral, and reproduc-
tive effects as well as reduced adult survival has been
found in glaucous gulls. Peregrine falcons have suffered
from eggshell thinning and reproductive effects. Repro-
ductive effects in dogwhelks are associated with expo-
sure to tributyltin.

It is therefore recommended that:

® AMAP be asked to further enhance studies aimed at de-
tecting effects in Arctic species relating to exposure to
high levels of POPs and to integrate this information
with an understanding of general population effects
and health. Without this understanding, it will not be
possible to assess whether proposed and existing con-
trols can be expected to afford the necessary protection
(e.g., under the LRTAP and Stockholm agreements).

There is evidence that:

The levels of some POPs are decreasing in most species
and media in the Arctic, but the rates vary in extent, lo-
cation and media or species being studied. The decreases
can be related to reduced release to the environment. For
example, declines in alpha-HCH in air closely follow de-
creases in global usage, but declines in marine biota are
much slower due to a huge reservoir of the substance in
the global oceans.

For other POPs, declines are minimal and some levels
are actually increasing, despite low current emissions.
This illustrates the long period that may pass between
the introduction of controls and the resulting decrease in
levels in biota, as has been observed for PCBs, toxa-
phene, and beta-HCH.

It is therefore recommended that:

® AMAP be asked to continue trend monitoring of POPs
in key indicator media and biota. This will enable as-
sessment of whether the measures taken in the LRTAP
Protocol and the Stockholm Convention are being ef-
fective in driving down POPs levels in the Arctic.

There is evidence that:

POPs substances other than those included in the
LRTAP Protocol and Stockholm Convention may be at
or approaching levels in the Arctic that could justify re-
gional and global action. For example, levels of the
brominated flame retardants such as polybrominated di-
phenyl ethers (PBDEs), polychlorinated naphthalenes
(PCNs), and some current-use pesticides such as endo-
sulfan have been monitored in Arctic air and biota.
PBDEs are increasing in the Canadian Arctic.

It is therefore recommended that:

e AMAP be asked to maintain a capacity to detect current-
use POPs in the Arctic. This will help ensure that Arctic
States have an early opportunity to respond to a trend
indicating Arctic accumulation, thus allowing a proac-
tive approach to minimize the contamination rather
than having to respond to a more serious situation later.

Heavy Metals

The heavy metals assessment focuses on mercury, lead,
and cadmium.

AMAP Assessment 2002: Human Health in the Arctic

It has clearly been established that:

In the Arctic, mercury is removed from the atmosphere
and deposits on snow in a form that can become bio-
available. Enhanced deposition occurs in the Arctic. This
recently discovered process is linked to polar sunrise,
and is unique to high latitude areas. The resulting en-
hanced deposition may mean that the Arctic plays a pre-
viously unrecognized role as an important sink in the
global mercury cycle.

There is evidence that:

Some of the deposited mercury is released to the envi-
ronment at snowmelt, becoming bioavailable at the on-
set of animal and plant reproduction and rapid growth.
Although poorly understood, this process may be the
chief mechanism for transferring atmospheric mercury
to Arctic food webs.

It is therefore recommended that:

e The Arctic Council encourage expanded and acceler-
ated research on critical aspects of the mercury cycle
and budget in the Arctic. Such research should include
long-range transport, mercury deposition mechanisms,
processes leading to biological exposure and effects,
and the influence of climate variability and change on
these processes.

There is evidence that:

Despite substantial mercury emission reductions in
North America and Western Europe during the 1980s,
global mercury emissions may, in fact, be increasing.
Mercury emissions from waste incineration are likely
underestimated. The burning of coal in small-scale
power plants and residential heaters, principally in
Asia, are major potential sources of current mercury
emissions. These emissions are likely to increase signif-
icantly due to economic and population growth in this
region.

It is therefore recommended that:

¢ The Arctic Council promote efforts at global, regional,
and national levels to quantify all sources of mercury
and report results in a consistent and regular manner
to improve emission inventories. Particular efforts
should focus on measuring contributions made by the
burning of coal for residential heating and small-scale
power plants as well as by waste incineration.

There is strong evidence that:

There is a trend of increasing mercury levels in marine
birds and mammals in the Canadian Arctic, and some
indications of increases in West Greenland. The effects
of these levels are not well understood. However, there
are also examples of stable or decreasing levels in other
regions, perhaps indicating the importance of local or
regional processes.

It is therefore recommended that:

e AMAP be asked to continue temporal trend monitor-
ing and the assessment of effects of mercury in key in-
dicator media and biota. This will enable assessment
of whether the measures taken in the LRTAP Protocol
are being effective in driving down mercury levels in
the Arctic.
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There is evidence that:

Current mercury exposures pose a health risk to some
people and animals in the Arctic. These risks include
subtle neurobehavioral effects.

It is therefore recommended that:

* In view of the fact that reducing exposure to mercury
can only be addressed by regional and global action to
reduce worldwide emissions, and acknowledging the
assessment for global action undertaken by UNEP and
its resulting proposals, the Arctic Council take appro-
priate steps to ensure that Arctic concerns are ade-
quately addressed and to promote the development of
regional and global actions.

It has clearly been established that:

Dramatic reduction in the deposition of atmospheric
lead has occurred in Arctic regions where the use of
leaded gasoline is banned. Arctic-wide elimination of
leaded gasoline use will reduce lead exposure in other re-
gions of the Arctic. Although levels in wildlife and fish
have not measurably declined, likely reflecting contin-
ued uptake from the large reservoir of lead deposited in
soils and sediments, lead levels in the environment are
expected to diminish over time if current trends con-
tinue.

It is therefore recommended that:
® The Arctic Council support continued efforts to elimi-
nate the use of leaded gasoline in all Arctic regions.

It has clearly been established that:

Certain regions of the Arctic contain elevated lead levels
in the environment because of past or current use of lead
shot by hunters. Even though lead shot is banned in
Alaska, for example, lead blood levels in endangered
US populations of Steller’s eiders are above known avian
toxicity thresholds for lead poisoning, which may be re-
sponsible for observed reduced breeding success. In
Greenland, lead shot appears to be a significant source
of human dietary exposure to lead.

It is therefore recommended that:

® The Arctic Council encourage a complete ban on the
use of lead shot in the Arctic, and that enforcement be
improved.

There is evidence that:

Cadmium levels in some seabirds is high enough to
cause kidney damage. Monitoring data on cadmium in
the abiotic and biotic environment to date provide no
conclusive evidence of trends or effects. However, cad-
mium accumulates in birds and mammals and not
enough is known about possible effects.

It is therefore recommended that:
® The monitoring of cadmium in the Arctic be continued
to support human exposure estimates.

There is evidence that:

Levels of platinum, palladium, and rhodium have in-
creased rapidly in Greenland snow and ice since the
1970s. These elements are used in automobile catalytic
converters to reduce hydrocarbon pollution. The tox-

icity and bioaccumulation potential of these elements
are largely unknown, which prevents assessment of their
potential impact in the Arctic.

It is therefore recommended that:
e AMAP be asked to consider the need to monitor trends
of platinum, palladium, and rhodium in the Arctic.

Radioactivity

The radioactivity assessment addresses man-made ra-
dionuclides and radiation exposures deriving from
human activities.

It has clearly been established that:

In general, levels of anthropogenic radionuclides in the
Arctic environment are declining. Most of the radioac-
tive contamination in the Arctic land environment is
from the fallout from nuclear weapons testing during
the period 1945 to 1980. In some areas, the fallout from
the Chernobyl accident in 1986 is a major source. For
the Arctic marine environment, a major source of ra-
dionuclides is the releases from European reprocessing
plants at Sellafield and Cap de la Hague.

However, releases from the reprocessing plants have
resulted in increases in levels of some radionuclides in
the European Arctic seas during recent years, in particu-
lar technetium-99 and iodine-129. The present doses to
the population are low but the present levels of tech-
netium in some marine foodstuffs marketed in Europe
are above the EU intervention levels for food to infants
and are close to the intervention level for adults.

The technetium information adds further weight to the

recommendation made by AMAP to the Arctic Council

in Barrow in 2000 that:

¢ ‘The Arctic Council encourage the United Kingdom to
reduce the releases from Sellafield to the marine
environment of technetium, by implementing available
technology.’

There is evidence that:

Radionuclides in sediments are now a source of pluto-
nium and cesium-137 to the Arctic. Earlier releases such
as those from Sellafield that have deposited in sediments
in the Irish Sea, especially cesium-137 and plutonium,
have been observed to remobilize so that these deposits
are now acting as sources to the Arctic. Thus, even if op-
erational releases of these radionuclides from reprocess-
ing plants are reduced, releases from environmental
sources such as contaminated sediment in the Irish Sea
and the Baltic Sea will be observed in the Arctic.

It is therefore recommended that:

e The Arctic Council support a more detailed study on
the remobilization of radionuclides from sediment and
its potential effect on the Arctic.

It is apparent that:

There is continuing uncertainty about the amount of ra-
dionuclides present at a number of sources and potential
sources in the Arctic. Access to information about civil-
ian and military sources continues to be a problem.
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It is therefore recommended that:
¢ The Arctic Council promote more openness of re-
stricted information from any sources.

It has clearly been established that:

Compared with other areas of the world, the Arctic con-
tains large areas of high vulnerability to radionuclides.
This is due to the characteristics of vegetation, animals,
human diets, and land- and resource-use practices. On
land in the AMAP area, there is considerable variation in
vulnerability due to differences in these characteristics. In
contrast, vulnerability associated with releases of radionu-
clides to the marine environment is relatively uniform and
similar to that for other areas of the world. Maps of vul-
nerable areas, when combined with deposition maps, can
be useful in an accident situation. The information on
vulnerability is of importance for emergency planning.

It is therefore recommended that:

e AMAP be asked to clarify the vulnerability and impact
of radioactivity on the Arctic environment and its con-
sequences for emergency preparedness planning.

It is apparent that:

When performing risk reducing actions, close links to
assessment programs are important and interventions
should be prioritized in relation to the extent and mag-
nitude of threats posed by nuclear activities, especially in
respect to accidents. Interventions themselves can also
have negative effects for humans and the environment,
and careful judgments have to be made together with en-
vironmental impact assessments prior to carrying out a
project. It is the view of AMARP that this has not always
been done in interventions adopted to date.

It is therefore recommended that:

¢ Risk and impact assessment programmes be performed
prior to implementation of action to reduce risk.

e Risk and impact assessments, including accident sce-
narios, be performed with regard to the transport of
nuclear waste and fuel within the Arctic and nearby
areas and with regard to planned storage and repro-
cessing within the Arctic and nearby areas.

It is apparent that:

The protection of the environment from the effects of
radiation deserves specific attention. The current system
of radiological protection is entirely based on the protec-
tion of human health. This approach can fail to address
environmental damage in areas such as the Arctic that
have low human population densities. Recently, an in-
ternational consensus has emerged that the rapid devel-
opment of a system and a framework for the protection
of the environment needs further effort. The Interna-
tional Union of Radioecology (IUR), with support from
AMAP, was one of the first international organizations
to promote and present such a system and framework.

It is therefore recommended that:

e AMAP be asked to take an active part in the continued
efforts to address environmental protection, with spe-
cial responsibility for the Arctic. This should include the
task of adding the need for protection of the environ-
ment into monitoring strategies and assessment tools.

AMAP Assessment 2002: Human Health in the Arctic

It is noted that:

Since the previous AMAP assessment, nuclear safety
programmes have been implemented in Russia at some
nuclear power plants and other nuclear installations rel-
evant to the Arctic.

It is therefore recommended that:

e The Arctic Council continue its cooperation with Rus-
sia to improve the safety and safeguarding of nuclear
installations and waste sites.

Human Health

The human health assessment considered health risks as-
sociated with exposure to contaminants in relation to
other lifestyle factors determining health. This assess-
ment has extended geographical coverage and confirmed
the conclusions and recommendations from the first as-
sessment.

It has clearly been established that:

The highest Arctic exposures to several POPs and mer-
cury are faced by Inuit populations in Greenland and
Canada. These exposures are linked mainly to consump-
tion of marine species as part of traditional diets. Tempo-
ral trends of human exposures to POPs have so far not
been observed. Exposure to mercury has increased in
many Arctic regions while exposure to lead has declined.

It is therefore recommended that:

¢ The monitoring of human exposure to mercury, relevant
POPs, including dioxins and dioxin-like compounds
and other chemicals of concern, be continued in order
to help estimate risk, further elaborate geographical
trends, and begin to establish time trends of exposure.

There is evidence that:

Subtle health effects are occurring in certain areas of the
Arctic due to exposure to contaminants in traditional
food, particularly for mercury and PCBs. The evidence
suggests that the greatest concern is for fetal and neona-
tal development. In the Arctic, human intake of sub-
stances with dioxin-like effects is a matter of concern,
confirmed by recent results from Greenland. Increasing
human exposure to current-use chemicals has been doc-
umented, for example for brominated flame retardants.
Others such as polychlorinated naphthalenes (PCN) are
expected to be found in human tissues. Some of these
compounds are expected to add to the total dioxin activ-
ity in humans. The AMAP human health monitoring
program includes a number of measures of effects, rang-
ing from biomarkers of effects at the molecular level to
epidemiological outcomes.

It is therefore recommended that:

e The human health effects program developed by
AMAP be more extensively applied in order to provide
a better base for human risk assessment especially con-
cerning pre- and neonatal exposures.

It has clearly been established that:
In the Arctic, diet is the main source of exposure to most
contaminants. Dietary intake of mercury and PCBs ex-
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ceeds established national guidelines in a number of
communities in some areas of the Arctic, and there is ev-
idence of neurobehavioral effects in children in some
areas. In addition, life-style factors have been found to
influence the body burden of some contaminants, for ex-
ample cadmium exposure from smoking. In the Arctic
region, a local public health intervention has successfully
achieved a reduction of exposure to mercury by provid-
ing advice on the mercury content of available tradi-
tional foods. The physiological and nutritional benefits
of traditional food support the need to base dietary rec-
ommendations on risk-benefit analyses. The health ben-
efits of breast-feeding emphasize the importance of local
programs that inform mothers how adjustments within
their traditional diet can reduce contaminant levels in
their milk without compromising the nutritional value
of their diet.

It is therefore recommended that:

* In locations where exposures are high, carefully con-
sidered and balanced dietary advice that takes risk and
benefits into account be developed for children and
men and women of reproductive age. This advice
should be developed by national and regional public
health authorities in close consultation with affected
communities.

Studies of the nutrient and contaminant content of tra-
ditional food items be promoted in order to assess
their benefits and to estimate exposures as a basis for
public health interventions.

Breast-feeding continue to be recognized as a practice
that benefits both mother and child. Nonetheless, if
contaminant levels increase or more information indi-
cates increased risk, the potential need for restrictions
should continue to be evaluated.

It is noted that:

From the Arctic human health perspective, it is of ut-
most importance that considerations for global actions
against POPs and mercury take into account the con-
cerns for Arctic human health. The Stockholm Conven-
tion and the LRTAP protocols should be properly moni-
tored in the Arctic to determine whether their implemen-
tation is effective in protecting human health.

It is therefore recommended that:

® AMAP participate in the global monitoring of human
exposure to be established under the Stockholm Con-
vention on POPs.

® The Arctic Council monitor proposals for global ac-
tion on mercury being undertaken by UNEP, and con-
tribute as necessary to ensure that Arctic concerns re-
lated to human health are adequately addressed.

Changing pathways

The assessment of changing pathways provides an intro-
duction to the types of changes on contaminants path-
ways to, within, and from the Arctic that might be ex-
pected as a result of global climate change and variability.

There is evidence that:

The routes and mechanisms by which POPs, heavy met-
als, and radionuclides are delivered to the Arctic are
strongly influenced by climate variability and global cli-
mate change. These pathways are complex, interactive
systems involving a number of factors, such as tempera-
ture, precipitation, winds, ocean currents, and snow and
ice cover. Pathways within food webs and the effects on
biota may also be modified by changes to climate. Stud-
ies using global change scenarios have indicated the po-
tential for substantial changes in atmospheric and
oceanographic pathways that carry contaminants to,
within, and from the Arctic. These effects mean that
climate-related variability in recent decades may be re-
sponsible at least in part for some of the trends observed
in contaminant levels.

It is therefore recommended that:

e AMAP be asked to further investigate how climate
change and variability may influence the ways in
which POPs, heavy metals, and radionuclides move
with respect to the Arctic environment and accumulate
in and affect biota. This will enable Arctic States to
better undertake strategic planning when considering
the potential effectiveness of present and possible fu-
ture national, regional, and global actions concerning
contaminants.






Chapter 1
Introduction

Andrew Gilman, Jens C. Hansen, Valery Klopov, and Jon Qyvind Odland

1.1. Background for
the Human Health Assessment

Since its establishment in 1991, the principal task for
AMAP has been the preparation of assessments of the
state of the Arctic environment with respect to a range of
priority pollution issues including persistent organic pol-
lutants (POPs), heavy metals (mercury, lead, and cadmi-
um), radioactivity, and acidifying substances. The assess-
ments have also covered pollution issues associated with
petroleum hydrocarbons and the effects of climate change,
ozone depletion, and ultraviolet-B (UV-B) radiation.
The AMARP assessments also address the implications
of these pollution issues for the health of Arctic peoples
including both indigenous and non-indigenous residents.
The AMAP Human Health subprogramme is focused
mainly on the potential health affects arising from expo-
sure to POPs and heavy metals and, to a lesser degree,
UV-B radiation. Radionuclides have been addressed in co-
operation with the AMAP radioactivity assessment group
(AMAP, 2003a). Acidification and petroleum hydrocar-
bons were regarded during the first phase of AMAP
(1991-1996) as having no immediate impact on human
health and were consequently not addressed in the health
assessment that was prepared under AMAP Phase 1.
The scope of the AMAP monitoring and assessment
programme embraces sources of pollution, located both
within the Arctic region and at lower latitudes, and the
pathways of contaminant transport to and within the
Arctic. The programme addresses concentration levels in
abiotic and biotic compartments of the Arctic environ-
ment and ecosystems, temporal and spatial trends, the
fate of pollutants in the environment, and their effects on
Arctic ecosystems including effects of exposure on human
populations in the Arctic. The information compiled dur-
ing AMAP Phase [ was published in the AMAP Assess-
ment Report (AMAP, 1998). That assessment constitutes
an invaluable documentation of the baseline situation
during the 1990s, providing a basis for the continued ac-
tivities under AMAP Phase II, which started in 1998.

1.1.1. Major conclusions from AMAP Phase I

The major conclusions from the first AMAP human
health assessment (AMAP, 1997, 1998) were that sev-
eral peoples or communities in the Arctic are highly
exposed to environmental contaminants. Persistent con-
taminants derived from long-range transport or local
sources accumulate in animals that are used as tradi-
tional foods. Thus, variation in human exposure de-
pends on a combination of 1) varying environmental
concentrations of contaminants, 2) local physical and
biological pathways that make the contaminants avail-
able, and 3) the local dietary habits of the people.

e Exposure to POPs is the primary concern. People are
most exposed to polychlorinated biphenyls (PCBs)

and certain pesticides due to biomagnification of these
contaminants in marine food webs, which results in
high concentrations in some marine mammals, birds,
and, to a lesser extent, fish. The use of different foods
determines contaminant intake. Some indigenous peo-
ples are exposed to levels that exceed established toler-
able daily/weekly intake levels. Transfer to the fetus in
utero or to infants through breast milk can result in
levels in newborns, which are two to ten times higher
than in regions further south.

e Exposure to radionuclides is mainly through atmos-
pheric transfer and deposition to terrestrial ecosys-
tems. Particular soil and vegetation characteristics
concentrate some radionuclides, enabling high con-
centrations to develop in plants and animals (rein-
deer/caribou, game, lichens). Arctic peoples are gener-
ally exposed to higher levels of radionuclides than
people in temperate zones.

e Of the heavy metals, both cadmium and mercury tend
to accumulate in the long marine food chains. Methyl-
mercury, partly because it is fat soluble, is efficiently ta-
ken up following consumption and therefore poses the
main potential risk. Like POPs, methylmercury can be
transferred to the fetus and to breast-fed children, and in
certain areas and within certain populations levels are
high enough to indicate a need for public health meas-
ures. Although mercury levels can be high, 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 ra-
diation, resulting from the release of ozone-depleting
substances at lower latitudes. The main health concern
relates to possible ocular damage and additional immu-
nosuppressive effects and dermatological disorders.

e Controls on emissions have resulted in measurable re-
ductions in inputs of some contaminants (e.g., lead,
radionuclides, atmospheric sulfur, and possibly PCBs
and DDT). There is considerable variation across the
Arctic, however, and recycling of accumulated pools
of long-lived contaminants in ocean and lake water
and in sediments, can result in continued exposure
long after controls have been enforced.

1.1.2. Major gaps in knowledge
identified under AMAP Phase I

In the AMAP Assessment Report (AMAP, 1998) a num-
ber of gaps in understanding were identified regarding
sources, pathways, and transformations of pollutants in
the environment. The following needs were identified
specifically for the Human Health subprogramme:

e better understanding of physiological and toxicologi-
cal effects of contaminants on human populations and
species identified as most at risk, especially on devel-



opment of offspring, and/or immunosuppression and
endocrine disrupting properties;

e detailed information on the diet and food consump-
tion patterns of specific Arctic populations, including
necessary information on other overall health factors
(e.g., smoking) which can influence contaminant ex-
posure, to allow better estimates of dietary intakes of
contaminants and permit more reliable estimates of
associated risks; and

¢ knowledge about combined effects of contaminants on
biota and humans, both at the individual and ecosys-
tem level.

In an interim report to Ministers delivered in 2000
(AMAP, 2000), the gaps in knowledge were discussed in
more detail and recommendations for research were
made, which also emphasized issues associated with the:

e identification of new POPs of concern; and

¢ the development of quantitative models for human
exposure and health outcome.

1.1.3. Health related recommendations
arising from AMAP Phase I

Weighing the well-known benefits of breast milk and
traditional foods against the suspected, but not yet fully
understood, effects of contaminants, the recommenda-
tions arising from AMAP Phase I were that:

e consumption of traditional/country food should con-
tinue to be encouraged, with recognition that there is a
need for dietary advice to Arctic peoples so that they
can make informed choices concerning the food they
eat; and that

e breast feeding should continue to be promoted.

To ensure the interest and active involvement of Arctic
indigenous peoples and other Arctic residents it was rec-
ommended that the Arctic countries should:

e ensure the use and integration of indigenous knowl-
edge in environmental research and policy and should
promote community participation in research and pol-
icy development;

e establish a long-term communication programme to
provide public information about environmental con-
taminants studied by AMAP, to allow access to sound
and regularly updated information in an understand-
able language; and

e provide contaminant information for population groups
with different educational levels in order to raise gen-
eral environmental and scientific literacy among Arc-
tic residents, including indigenous peoples.

In the interim report to Ministers in 2000 (AMAP, 2000)
the AMAP Human Health Expert Group 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 popula-
tion studies presented in the interim report gave rise to
some additional conclusions and recommendations.

e Data on exposure sources of hexachlorocyclohexane

AMAP Assessment 2002: Human Health in the Arctic

(HCH) and DDT/DDE, in market foods, water sup-
plies, air, and industrial/agricultural workplaces in
Arctic Russia should be carefully examined to identify
the primary cause of elevated levels of these contami-
nants 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 rec-
ommended that this problem should be extensively
evaluated in regions where lead shot is used for subsis-
tence hunting.

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

Levels of toxaphene in human tissues should be deter-
mined in all Arctic countries and reported utilizing
compound-specific chemical analyses. Data showing
levels of brominated flame retardants (e.g., PBDEs)
equal to those of the dominant PCBs should be fol-
lowed up.

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

Existing studies on mercury exposure should be evalu-
ated for subtle effects on infant neurodevelopment and
blood pressure.

The Phase II AMAP Human Health subprogramme,
with its emphasis on human health effects and mon-
itoring of spatial and temporal trends according a
specified programme of activities, should be imple-
mented in all the key sampling areas in order to im-
prove the scientific background for local advice to
Arctic peoples.

Increasingly strong evidence is found in the Arctic, as
elsewhere in the world, concerning the positive benefits
of breast feeding for infant development, especially for
the psycho-social development of children and the de-
velopment of their immune system. Nutritional studies
also demonstrate the benefits of consuming traditional
food. Consequently, the main recommendation from
the AMAP Phase I assessment that traditional food con-
sumption and breast feeding are to be encouraged in the
circumpolar Arctic region was repeated.

1.1.4. Human health assessment
under AMAP Phase II

At the fourth Arctic Environmental Protection Strategy
(AEPS) Ministerial Conference in Alta, Norway, in June
1997 Ministers endorsed the continuation of activities
under AMAP for monitoring, data collection, and ex-
change of data on the impacts and assessment of the
effects of contaminants and their pathways, increased
UV-B radiation due to stratospheric ozone depletion,
and climate change on Arctic ecosystems. Ministers
also agreed that special emphasis is required on human
health impacts and the effects of multiple stressors
(AEPS, 1997).

In order to address the updated requests from Minis-
ters, the AMAP Human Health Expert Group reviewed
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Figure 1-1. Map of ‘key areas’ for studies under AMAP Phase II.

and revised the original AMAP human health monitor-
ing subprogramme that had been implemented between
1993 and 1997. An expanded core-programme of hu-
man health monitoring activities for temporal- and
spatial-trend monitoring for AMAP Phase Il was devel-
oped and agreed upon at the meeting of the AMAP
Human Health Expert Group in Reykjavik in September
1998. A programme for human health effects monitor-
ing was also discussed and finally agreed at the meeting
of the AMAP Human Health Expert Group in Rova-
niemi in January 2000. Details of the AMAP Phase 1I
Human Health subprogramme are presented in sections
B and C of the AMAP Trends and Effects Programme:
1998-2003 (AMAP, 1999).

The AMAP Human Health subprogramme focuses
on exposure and the effects of different contaminants,
both individually and in combination. In this context,
the relevance of human exposure to new xenobiotic
compounds being identified in the Arctic environment is
of concern. The Human Health subprogramme is sup-
ported by information from other components of the
AMAP Trends and Effects Programme, particularly
those parts of the programme that are concerned with
monitoring levels of POPs, metals and radioactivity in
species consumed as food. To ensure effective integra-
tion between the human health studies and the other
components, human health activities under AMAP
Phase II have been concentrated in specified ‘key areas’
(Figure 1-1). In addition to the activities in these key
areas, supplementary studies have been carried out in
other settlement areas of indigenous and local popula-
tions of special interest.

Supporting studies are essential additional activities
under the AMAP Trends and Effects Programme (see
AMAP 1999, section D). These, largely research-based,
activities provide detailed information that is necessary
to allow a more meaningful interpretation of the results
of the monitoring programme. Some of the main sup-
porting studies of relevance to the human health assess-
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ment concern dietary surveys. These studies help to pro-
vide the basis for contaminant intake estimation and for
dietary advice to Arctic peoples so that they can make
informed choices concerning the food they eat. Support-
ing research is needed to provide local health authorities
with scientifically documented indications concerning
possible needs for regulatory intervention.

1.2. The concept of combined effects

Environmental exposure of human populations to a sin-
gle chemical pollutant is rare (generally only occurring
in accidental or occupational scenarios); environmental
exposures are almost always to mixtures of substances.
As a result, the interactive toxicity of the combined ex-
posure is of utmost importance from a public health
point of view. While the effects of individual pollutants
and mixtures can be studied in controlled tests in re-
search laboratories, it is very difficult to examine the ef-
fects of single substances on human populations. Epi-
demiological studies usually provide information on
combined effects. This is true even where it is intended
to study single compound effects by eliminating con-
founding factors. As the overall exposure situation usu-
ally varies from one population to another, this mix of
contaminants may explain the often-contradictory find-
ings from epidemiological studies endeavoring to report
on effects of single components.

Animal studies and in vitro tests have demonstrated
that exposure to a mixture of chemicals can produce ad-
ditive, synergistic, or antagonistic effects. This is most
likely also to be the case with humans. The sum effect of
exposure to chemicals is also influenced and modified by
genetics, nutritional status, and lifestyle.

Environmental factors may influence health in both a
positive and a negative way. From a public health per-
spective, a major toxicological issue is the possibility of
unusual toxicity due to interactions of a multitude of
toxic chemicals and physical stressors at levels that are
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normally considered harmless for individuals. In this
connection, the occurrence of chemically induced hor-
mesis should be mentioned. Chemical hormesis refers to
the occurrence of a biphasic dose-response relationship
in which higher doses cause an inhibitory effect and
lower doses cause a stimulatory effect (Calabrese et al.,
1987). The phenomenon has been reported widely in the
biological literature during the last twenty years, but has
in general been neglected in toxicology. Hormesis has
been reported in both plants and animals, with a wide
variety of exposures, e.g., to radionuclides, heavy metals
and POPs. Of great interest is the finding that the hor-
metic mechanisms that determine the threshold for phys-
ical or chemical toxicity can be mitigated by other chem-
ical and physical agents, resulting in highly accentuated
toxicity. This should be taken into account especially
when making risk assessments at low levels of exposure
to combinations of chemicals. Recognition of the exist-
ence of cellular and tissue hormesis provides a mech-
anistic basis to evaluate thresholds of toxic effects, en-
abling consideration of specific identifiable adverse health
effects of low levels of exposure to chemicals in the envi-
ronment (Mehendale, 1994).

The combined effect of the actual chemical mixture
is a result of interactive processes between the chemical
and physical stressors and biological receptors. Interac-
tions can be anticipated between:

¢ individual contaminants in a mixture

® a mixture of contaminants and radiation (ionizing and
UV)

e a mixture of contaminants and nutrients

e radiation and nutrients

The sum effect of these interactions may be observed at
different levels:

e molecular
o cellular

e organ

e individual
e population

Prerequisites for understanding the combined effects
of environmental stressors are the development of mech-
anistic effect models for individual contaminants and
for the mixtures of contaminants prevalent in the en-
vironment, and the conduct of studies of genetic poly-
morphism in populations in order to describe individ-
ual genetic susceptibility to adverse effects from con-
taminants.

Some individuals are more sensitive to xenobiotic
compounds than others, and this may in part be due to
differences in metabolic capacity. Based upon in vitro
and i vivo studies, e.g., transgenic animal studies on the
pharmacokinetic properties of various contaminants, a
risk profile for a particular exposure situation may be
designed for both high and low exposure scenarios.

In addition, identification of reliable and applicable
biomarkers of effects is needed in order to estimate the
validity of assumptions of effect. Although toxicology
and biomarker research provide the theoretical back-
ground for the understanding of combined effects, their
applicability for actual exposure situations among Arc-
tic populations requires additional information. Evalua-
tion of the combined effect of pollutants in the Arctic
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Figure 1-2. Disciplines involved in combined effects studies.

must be based on extensive environmental and biologi-
cal monitoring, and on nutritional, epidemiological, and
socio-economic data.

The disciplines needed for a thorough evaluation of
combined effects are represented in Figure 1:2.

1.2.1. Combined effect assessment

Assessment of combined effects requires information
from a range of different types of study.

1. Cellular models of effect. Toxicological studies of sin-
gle compounds and mixtures at the molecular and cellu-
lar level.

2. Genetic susceptibility. Genetic polymorphism in rela-
tion to genetic epidemiology.

3. Biomarkers of effect. Identification of relevant and
validated biomarkers of exposure and their in vivo rela-
tion to effects at specific exposure levels (effects moni-
toring).

4. Environmental monitoring. Identification and rank-
ing of sources of exposure and geographical variation.
Identification of risk areas, temporal trends, and estima-
tion of possible (daily intake) exposures.

5. Biological monitoring. Repeated determination of
contaminant concentrations in biological index media to
determine individual and population exposure level and
internal dose. Identification of risk groups, and estab-
lishment of time trends.

6. Lifestyle determinants. Identification of lifestyle fac-
tors that may influence contaminant effects, e.g., nutri-
tion, obesity, smoking, alcohol/drug consumption and
occupation.

7. Health outcome. Surveillance of health outcomes in
priority categories such as: birth defects, reproductive
disorders, cancer, immune function disorders, kidney
function disorders, liver function disorders, lung and
respiratory diseases, and neurological disorders.

8. Socio-economic conditions. Description of general
living conditions in countries, regions, and ethnic
groups. Nutritional status, sanitary conditions, drink-
ing water quality, air quality, housing conditions, use of
traditional and imported foods, community integrity,
availability of health care and education, and economic
status, etc.
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1.3. The scope of the AMAP Phase II
Human Health Assessment Report

From a public health perspective, the human environ-
ment is the sum of physical, chemical, biological, social,
and cultural factors that influence people’s health.

This report concentrates on the concept of the com-
bined effects of environmental contaminants, as re-
quested in the AMAP Ministerial mandate. It addresses
the modifying influences, both positive and negative, of
other environmental factors that affect the human con-
dition and underline the need for a global assessment of
the linkages between health and the environment. This
approach to a holistic assessment of the health—environ-
ment interaction is a huge task.

From both a scientific and ethical perspective, the
following issues need to be considered:

e the sum effect of environmental contaminants on hu-
man health;

e the possibilities for examination of health impacts
from the environment;

e the relevance of existing tolerable daily intake (TDI)
values for Arctic peoples;

Aleut International
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Arctic Athabaskan
Council

Gwich’in Council
International

Inuit Circumpolar
Conference

RAIPON

of the North

Saami
Council

e the adequacy of existing information on the popula-
tions most at risk; and

® mitigation, the ways people can reduce their expo-
sures.

This report re-evaluates the relationship between envi-
ronmental contaminants and health status for people in
the Arctic by integrating what is currently known about
multiple stressors. The assessment builds on data gener-
ated and experience gained during AMAP Phase I, but is
mainly based on new data from studies conducted dur-
ing AMARP Phase II, and other recent scientific work.

Within the limitations imposed by the (understand-
ably) inadequate information base and still significant gaps
in knowledge, this report will attempt to summarize the
present state of knowledge in the field of environmental
medicine in the Arctic. Hopefully it will constitute a fur-
ther step toward a better understanding of the relation-
ship and linkages between health and environment in
the Arctic, and provide an improved background/base-
line for further information gathering. The key objective
of the AMAP human health assessments is improved
health status among Arctic peoples (Figure 1-3).

o S,
.. Aleuts* 2
Aleuts{*

Figure 1-3. Indigenous peoples of the Arctic and their
affiliations with the six permanent participants of

Non-indigenous
population

Indi
prlaplgfar;ici)uns the Arctic Council, and (insert) total and indigenous
populations of the Arctic in the early 1990s by Arctic

area of each country

Total Arctic population
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Chapter 2
Ethno-cultural Adaptation

of the Peoples of the Arctic Region

Peter Bjerregaard

Summary

The Arctic regions of the world share many common
characteristics but there are significant social, cultural,
and political differences. The indigenous peoples of the
Arctic include the Inuit and Ifupiat who inhabit the north-
ern part of the North American continent, and Greenland;
the Saami of northern Scandinavia, Finland, and the Kola
Peninsula; in northern Russia the Yakuts together with
some sixteen indigenous minorities, ranging from the
Saami and Nenets in the west to the Chukchi and Eskimo
(or Yupik) in the east; the Aleuts, Yup’ik, Athabaskans
and other indigenous groups of Alaska; and in Canada
the Dene and Yukon First Nations Indians, who occupy
the northwest Arctic and subarctic regions along with the
Métis (Figure 1-3). The indigenous peoples of the Arctic
are estimated to comprise nearly 650 000 individuals,
most of whom live in northern Russia. Past colonization
and the resulting contact with outsiders had a major
negative impact on the health of these peoples causing
devastating epidemics, which resulted in severe depopu-
lation. After a period of stabilization and recuperation,
societal changes during the last 50 years have had both
positive and negative impacts on health. Life expectancy
has increased, infant mortality and the importance of in-
fectious diseases have decreased dramatically, and health
care has improved, while psycho-social health has gener-
ally deteriorated. Chronic diseases such as cardiovascular
disease and diabetes have increased due to changing
lifestyles. In some areas, the indigenous peoples enjoy the
same level of health as the non-indigenous populations,
but in most areas their health is significantly poorer.

2.1. Population overview

The Arctic regions of the world share common character-
istics such as sparse population, a hostile climate, similar
geographic features, and characteristic seasonal extremes
of daylight hours. Within the Arctic, however, there are
significant differences in political systems, languages and
culture, and economic and service infrastructure.

The inhabitants of the Arctic include a diverse group
of indigenous peoples, located near the Arctic Circle in
Norway, Sweden and Finland, and in the Russian Feder-
ation from the Norwegian border to the Chukotka re-
gion, from Alaska to Canada, and eastward to Green-
land. The lives of the indigenous peoples and other Arc-
tic inhabitants are closely linked to natural resources that
provide food for nourishment, and spiritual and cultural
connections to the land (AMAP, 1997). Arctic indige-
nous peoples rely on the food that they hunt and harvest
from the land, as it provides for much of their nutri-
tional intake and their cultural identity. These natural
resources may also be important for economic reasons.

Over the last 50 years, the population of most re-
gions of the Arctic has dramatically increased. Much of
this increase is due to the reduction in infant mortality,
and the reduction in mortality from infectious diseases,
particularly tuberculosis and the vaccine preventable
diseases of childhood. Safe water supplies and improved
sewage disposal have also contributed to the reduction
in disease, and the development of rural hospitals, and
in some regions, community-based medical services have
provided improved care in the event of injuries or illness.
All regions have developed greatly improved transporta-
tion infrastructure, with the resulting availability of
western food items, tobacco, and alcohol on a scale not
previously possible. In addition, communication tech-
nology has made western culture visible in even the most
remote settlements. To facilitate the provision of services
and economic opportunities Arctic indigenous popula-
tions are, in most regions, encouraged to live in fixed
settlements. Survival often depends on a complex mix of
government-funded economic support, combined with
primarily service-based employment in schools, sanita-
tion facilities, and transportation infrastructure. In this
setting, the local culture, including related subsistence
food gathering, is frequently the primary source of psy-
cho-social support for a community. The local culture is
subject to stress by competing western culture and, in
some areas, commercial resource exploitation. Concerns
for the security of traditional food resources due to con-
taminants and the presence of zoonotic and parasitic
diseases associated with some traditional food species
and preparations (e.g., trichinosis, echinococcosis or
botulism) also increase this stress on indigenous culture.
As a result, erosion of cultural support, decrease in tra-
ditional activities, and substitution of western foods for
traditional foods have resulted in changes in causes of
morbidity and mortality of Arctic populations. In some
respects, the morbidity and mortality rates now more
closely resemble western populations. However, differ-
ences between countries, and differences between cul-
tural groups within each country, make generalizations
concerning social and health changes in the Arctic in-
digenous peoples difficult.

The peoples of the Arctic were described in detail in
previous AMAP assessments (AMAP, 1997, 1998). Sec-
tions 2.1.1. to 2.1.3. provide brief descriptions based
mainly on these sources.

2.1.1. Arctic North America and Greenland

There are three groups of Alaska Natives, commonly
called the Aleuts, Inuit (or Eskimo), and Indians. About
73 000 individuals belonging to these groups live in Arc-
tic Alaska, where they make up 15% of the total popu-
lation. In Canada, three groups of indigenous peoples



are recognized: the Inuit, the Métis, and the First Na-
tions, who in the Arctic include the Dene, Gwich’in and
Athabaskans. Together, the indigenous groups make up
47 500 people or about half the population of Canada
north of 60° N. The total population of Greenland is
56 000 of which 90% are Inuit.

Life expectancy at birth is consistently lower among
the indigenous peoples of North America and Greenland
than in the general populations of Denmark, Canada,
and the United States. Although the incidence of and mor-
tality from infectious diseases have decreased substan-
tially, they remain considerably higher than in the general
populations of the three countries. Mortality from acci-
dents and suicide is high, particularly among men, and
this contributes to the low life expectancy (see chapter 3).

2.1.2. Scandinavia, Finland, and the Kola Peninsula

The Saami live in northern Norway, Sweden, Finland and
the Kola Peninsula of northwest Russia. The Saami popu-
lation is estimated to total some 50 000 to 70 000 per-
sons; they constitute a minority in all four areas. The Saa-
mi make up about 2.5% of the population in the Arctic
areas of Norway, Sweden, Finland, and the Kola Peninsula.
There are no socio-medical differences between the
Saami in Finland, Norway and Sweden and the non-indi-
genous population. Access to health care is identical for
both population groups and life expectancy is the same.

2.1.3. Northern Russia

According to the 1989 census, the total population of
Arctic Russia is approximately 2 million people, of
whom approximately 67 000 are indigenous minorities:
the Dolgans, Nganasans, Nenets, Saami, Khanty, Chuk-
chi, Evenks, Evens, Enets, Yupik, Yukaghirs, Selkups,
Chuvans, Mansi, Kets, and Koryaks. The Yakuts, who
number approximately 350 000 people, are too numer-
ous to be considered a minority, but their traditional
way of life is similar to that of the other indigenous
groups in the area.

Mortality and morbidity statistics indicate a poor
health situation relative to both the general population
of Russia and in comparison with other indigenous peo-
ples of the Arctic. Life expectancy is 10 to 20 years
lower than the Russian average. Injuries, infectious
diseases, especially tuberculosis, cardiovascular disease,
parasites, and respiratory disease are common causes of
death. Many health problems are related to alcoholism.
Infant mortality is very high.

2.2. Health and socio-cultural changes
in the Arctic: A case study of the Inuit

This chapter cannot adequately describe all the social
and cultural changes that have occurred among the Arc-
tic indigenous peoples, but rather will use as an example
the situation of the Inuit to describe briefly the effects of
social and cultural change on health.

Among the indigenous North Americans, the Inuit
were the first to encounter Europeans, and also the last.
The first Europeans to come into contact with the Inuit
were the Vikings who established a colony in Greenland
toward the end of the tenth century. At its height, in the
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twelfth century, the population of the Norse colonies in
Greenland reached as many as 5000 to 7000 inhabi-
tants. However, for a variety of reasons, including cli-
mate change, the Viking settlements were vacated, or
had died out by the late fifteenth century. By that time,
European whalers had already been hunting in the Baf-
fin Bay area off the coast of Labrador and Greenland for
more than a hundred years. The exploration of the Arc-
tic started in the sixteenth century and colonization fol-
lowed. However, areas of the central Canadian Arctic
and northern Greenland remained unexplored until the
early part of the twentieth century.

Contact and colonization were accompanied by cul-
tural change, which proceeded at a different pace across
the circumpolar region. The Inuit adopted some items of
European material culture and Christianity replaced
traditional beliefs, but the hunting lifestyle remained
largely intact well into the twentieth century in most re-
gions. The population expanded rapidly during and
after the Second World War, when economic develop-
ment and military activities in Alaska, northern Canada
and Greenland greatly increased the influence of western
culture on the indigenous Inuit populations.

The social changes that resulted from contact with
non-Inuit people have followed the same general outline
in all Inuit communities. The changes can generally be di-
vided into three phases: 1) an initial period of profound
and disruptive transformation, 2) a period of relative sta-
bility and, 3) a second period of intense transformation
and adaptation (Bjerregaard and Young, 1998). The ini-
tial phase was the period from the first contact until es-
sentially the whole Inuit society had adopted Christian-
ity. This took place at different times, in West Greenland
from the mid-seventeenth to the mid-nineteenth century,
but much later in other regions. The third phase started
in the 1950s and is still ongoing. Over a very short pe-
riod, the subsistence-oriented traditional way of life has
given way to wage earning and a western lifestyle.

2.2.1. Phase 1 and 2

The size of the Inuit population in North America, in-
cluding Greenland, was estimated to be about 74 000
during the sixteenth to eighteenth centuries. The popula-
tion declined throughout the nineteenth century and by
1900 it is believed to have reached its nadir at 35 000.
The population slowly recovered during the twentieth
century, reaching 52 000 by 1950 and reaching the pre-
contact level by 1970 (Ubelaker, 1992). Introduced dis-
eases, especially infectious diseases, played a major role
in the post-contact depopulation. Influenza, smallpox,
and measles spread rapidly through populations that
had no prior immunity.

Specific information is available from a few loca-
tions. Before contact, approximately 4000 people inhab-
ited St. Lawrence Island. In 1878, a combination of fam-
ine and epidemic struck the island and two thirds of the
population perished. The population decline continued,
to 222 in 1917, since when the population has still not re-
covered to its pre-contact size. In Canada, the Inuvialuit
suffered severe depopulation due to diseases introduced
by American whalers in the late nineteenth century.

The first epidemic (of smallpox) was reported in
Greenland in 1734 only a few years after the coloniza-
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tion. It was followed by the epidemic of 1800 in which
the population of entire districts perished. During the fol-
lowing centuries recurrent epidemics of respiratory infec-
tions, influenza, smallpox and typhoid fever killed a sub-
stantial proportion of the population. The last epidemic
of smallpox took place in 1852 although a few isolated
cases were seen later (Gad, 1974; Bertelsen, 1943).

A number of major epidemics swept through most
Inuit communities of Alaska. The indigenous people of
Alaska have borne an exceptionally heavy burden of dis-
ease and disability since early contact (Fortuine, 1975).
With the arrival in Alaska of the Russians and other Eu-
ropean explorers, beginning in the mid-eighteenth century,
new factors began to influence the traditional way of life.

In Alaska syphilis was the first major disease to
spread, reaching epidemic proportions in the Aleutian
Islands and in southeastern Alaska during the Russian
period. Two epidemics rank among the most significant
single events in the history of the peoples they affected.
The first was the smallpox epidemic of 1835 to 1840,
and the second was the influenza epidemic, ‘The Great
Sickness’ of 1900. Thousands of people died, and entire
villages were wiped out. Another influenza epidemic
struck in 1918 to 1919 (Fortuine, 1975).

When exactly tuberculosis was introduced is uncer-
tain, but by the late eighteenth century it was well estab-
lished in the general population and remained active for
the next 150 years. The tuberculosis epidemic reached
its peak after the end of the Second World War, and was
associated with one of the highest death rates from tu-
berculosis recorded worldwide. Gonorrhea and alcohol
abuse were also prominent causes of major ill health in
Alaska during the nineteenth century (Fortuine, 1989).

The disruptive first phase of social change was fol-
lowed by some years of relative tranquility. During this
second phase of development, epidemics of respiratory
infections, diarrhea, whooping cough, diphtheria, ru-
bella, mumps, and poliomyelitis, to name but a few, con-
tinued to be common. For several epidemic diseases the
Arctic populations were too small to act as reservoirs for
the infectious agent and the diseases were reintroduced
from outside at different times. Typhoid fever, dysentery,
hepatitis, and meningitis were endemic. Starvation and
chronic malnutrition were still common but tuberculosis
was the most serious threat to public health. Neverthe-
less, despite all this, fertility increased while mortality
decreased, resulting in a general growth of the popula-
tion during the second period.

2.2.2. Phase 3

By the end of the Second World War, the regions inhab-
ited by the Inuit differed considerably with respect to
their degree of integration into modern western society.
However, in all Inuit communities it is the last 50 years
that have completed the change from the relatively iso-
lated, self-reliant communities based on hunting and
fishing that existed at the time of the first contact with
Europeans to communities that are integrated within
their respective national states.

Among the most important changes that have af-
fected health are the transition from subsistence hunting
and fishing to an economy based on wage earning, a
comprehensive change of infrastructure and housing,
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generally brought about with the Inuit as spectators, and
increased contact with the rest of the world through
travel, radio and television, plus an unprecedented pop-
ulation growth and relocation to larger communities.
Last but not least, non-Inuit people have poured into the
Inuit communities and taken over many of the well-paid
jobs and influential positions that were created in the
modernization process. Through self-government and
Home Rule the Inuit are gradually redressing the bal-
ance and taking charge of their present and future.
Other changes with more direct effects on health and
disease are dietary changes, along with an increased re-
liance on store bought food, a more sedentary lifestyle,
increased access to alcohol and tobacco, and improve-
ments in comprehensive health care.

During the first few years after the Second World
War, mortality decreased dramatically while fertility
continued to increase resulting in a sharp increase in
population size. This was a period of receding epidem-
ics. However, measles epidemics occurred for the first
time in many places and caused numerous deaths. Dur-
ing the 1950s tuberculosis and acute infections lost their
importance as causes of death. Mortality decreased until
around 1970, first rapidly, then later at a relatively
steady rate (Bjerregaard and Young, 1998).

Since the 1970s, suicide rates have increased. Suicide
rates are exceptionally high in the circumpolar indige-
nous populations and are higher among the Greenlan-
ders than among the Inuit of Alaska and Canada (see
chapter 3). Contrary to the pattern in most western
countries, where the suicide rates increase with age, it is
predominantly young people, and more often men than
women, who commit suicide in the circumpolar popula-
tions. The temporal association of the rising suicide rate
with rapid societal development in many communities
lends itself to a causal relationship, but it is not clear
what specific aspects of the modernization process in-
crease suicidal behavior in young people.

2.2.3. Consequences of
recent societal development on health

In much of the literature, rapid socio-cultural change is
invariably seen as detrimental to physical and mental
health. Change, however, is in itself not necessarily
stressful (Bjerregaard and Curtis, 2002). In the recent
history of indigenous peoples change has often been as-
sociated with powerlessness and frustration, but it has
also offered increased opportunities for survival and
economic as well as cultural development. This section
describes some examples of recent changes in Inuit soci-
eties resulting in negative health consequences and some
resulting in positive health consequences (Bjerregaard
and Young, 1998).

The change from an economy based on hunting to
modern wage earning has resulted in a decreased mor-
tality from accidents. The traditional Inuit life was ex-
tremely perilous and many hunters died at an early age
leaving wives and children in poor social conditions.
With modern hunting methods and weaponry, combined
with traditional methods, the hunter-gatherer role is
overall more successful than in previous centuries. How-
ever, an increase in accidental deaths from all-terrain ve-
hicles and snow machines is seen in Alaska (Smith and
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Middaugh, 1986; Landen et al., 1999). Alcohol plays a
major role in overall accident causation.

Housing conditions, sanitation, and food security
have generally improved. Household sizes are smaller
and houses are larger with more rooms, thus decreasing
the transmission of infectious diseases, in particular tu-
berculosis and other respiratory infections. Sanitation
has improved in towns and most villages, thereby de-
creasing exposure to several microorganisms. Nutrition
has generally improved, if not qualitatively then at least
with respect to reliability. Seasonal starvation has disap-
peared from all Inuit communities thus increasing gen-
eral resistance to infections.

Increased contact with the rest of the world through
travel and migration has brought a number of infectious
diseases to the Inuit communities that had previously
been relatively spared; these include measles, gonorrhea,
syphilis, and HIV/AIDS.

The influx of non-Inuit people, rapid growth of the
Inuit populations, and increasing population concentra-
tion in larger communities of up to several thousand in-
habitants have profoundly altered the social structure of
Inuit communities. Together with other socio-cultural
changes this has resulted in acculturative stress and in-
creased prevalence of mental health problems, including
suicide.

Dietary changes leading to an increased reliance on
store bought food, an increasingly sedentary lifestyle,
and increased access to tobacco have resulted in the
emergence of chronic diseases well known in western so-
cieties, e.g., obesity, diabetes, atherosclerotic heart dis-
ease, and dental caries.

Increased access to alcohol and tobacco has led to an
excessive use of these substances in most Inuit communi-
ties. Although in some regions alcohol importation to
villages is not allowed, alcohol abuse is, in general, a
major contributing factor to the high prevalence of vio-
lence, suicide and social pathologies among the Inuit. In
some communities, alcohol addiction is considered to be
the main health problem.

Last but not least, along with infrastructural and socio-
cultural changes, the Inuit have achieved general access
to modern health care systems. Although accessibility to
health care services is less for Inuit living in villages than
for the predominantly urban populations in the southern
regions of Arctic countries, and although tertiary level care
usually involves travel to hospitals in the south, the health
care services have been important in reducing morbidity
and mortality from tuberculosis and several other infec-
tious diseases, in reducing perinatal mortality, and in im-
proving dental health. The health care services have also
played a substantial role in improving the quality of life for
many people due to early treatment of disabling diseases.

2.2.4. Lifestyle changes, cardiovascular disease,
and diabetes

Traditionally, the Inuit appear to have been protected from
atherosclerotic diseases and diabetes. This may have been
the result of a lifestyle and diet which had been character-
ized by a high intake of marine mammals and fish, a high
level of physical activity, and low tobacco consumption,
all of which contribute to a low cardiovascular risk pro-
file. Recent studies indicate that, like certain other indige-

nous populations, the Inuit may be genetically predisposed
to atherosclerosis thus supporting the idea that the low
prevalence of disease must be caused by a protective life-
style (Bjerregaard and Young, 1998; Hegele et al., 1997).

Recently conducted dietary surveys indicate that con-
sumption of marine mammals and fish is greater among
the older members of the population, and considerably
less among some of the younger members of the same
population. Nevertheless, young Inuit still consume more
marine food than the average westerner (see chapter 7).

It is reasonable to believe that the mechanization of
many tasks and the change to sedentary occupations
have not been sufficiently counterbalanced by physical
activities during leisure time. The widespread use of to-
bacco is another factor with a significant impact on the
disease and mortality pattern. Cigarette smoking is a
major contributory factor in several cancers. It is also an
important contributing factor to cardiovascular disease
and chronic lung disease, both of which are emerging
health problems among the Inuit.

The traditional diet is nutritious and is believed to re-
duce the risk of developing atherosclerosis and diabetes.
From this perspective it is disturbing to note a decreasing
preference for traditional food items among the younger
adults. Further details of this transition from traditional
to non-traditional diets can be found in chapter 7.

Furthermore, as a result of global pollution by poly-
chlorinated biphenyls, pesticides and mercury, the ma-
rine mammals that make up a substantial proportion of
the traditional diet of the Inuit have become contami-
nated. Blood concentrations of several organochlorine
compounds and mercury are often above established lev-
els of concern for Inuit in Greenland and eastern Canada
(see chapter 5). Potential health consequences include
sex hormonal effects, damage to the immune system,
and transgenerational effects (see chapter 6). Clinical
overt damage to health, however, has not yet been dem-
onstrated (AMAP, 1998).

2.3. Conclusions

The indigenous peoples in the Arctic are in most coun-
tries a minority of the population. Their living condi-
tions, dietary habits, employment, subsistence activities,
and access to health care often differ from those of south-
ern populations. In most regions of the Arctic, the health
of the indigenous peoples is worse than that of the gen-
eral population of the countries in which they live, al-
though the gap has narrowed considerably in recent years.
During the last 50 years the indigenous peoples in
the Arctic have experienced large increases in life ex-
pectancy as a result of decreasing infant mortality and
the successful prevention and treatment of many infec-
tious diseases, among other things. Whether health in
general has improved or declined due to the recent soci-
etal changes depends on whether the positive or negative
is emphasized; a simple answer is impossible to give. It is
undeniable that physical survival has increased in all age
groups, but it has probably been at the expense of men-
tal and social health. The disease pattern of the future
will depend on whether the current lifestyle trends can
be shifted in a more healthy direction. The rapid changes
in culture and disease spectrum require a major change
in health care for those indigenous peoples concerned.
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Chapter 3

Health Status of the Arctic Residents

James Berner

Summary

In recent years there has been significant improvement
in the general health of the indigenous peoples of the
North. However, significant health disparities remain
between indigenous residents and majority populations.
For instance, shorter life expectancy and mortality re-
lated to suicide and injuries are still more frequent.
Lifestyle related conditions, such as obesity, diabetes
mellitus, and circulatory disease have become more fre-
quent. Since the age structure in the indigenous popula-
tions includes a large number of young persons, preven-
tive measures are very important in reducing the burden
of these diseases.

3.1. Introduction

The health status of Arctic residents, as it is for all peo-
ple, is the result of the complex interaction between
environment, genetics, nutrition, psychological factors,
and economic conditions.

The Arctic is not a homogeneous region, and Arctic
residents, while fewer in number than in temperate re-
gions, are extremely diverse, with very few features in com-
mon except latitude of residence and hours of daylight.
Some Arctic regions are economically depressed, such as
much of Arctic Russia, while most others do provide at
least adequate economic opportunities and support for res-
idents. Some regions do not keep ethnic-specific health
data, while others separate health data by ethnic group.
Some countries combine the sparse Arctic population
data with that of the remainder of the country so that
regional differences in health status are not discernible.
In some regions, data are difficult or impossible to obtain.

Despite these limitations, examination of available
health status information can provide useful insights
into major public health problems, and can suggest
where, over time, useful information on the possible
health impact of contaminants might be obtained. As
this chapter will show, there are significant differences in
the age structure of the various Arctic populations. In-
digenous (or largely aboriginal) populations such as
those found in Alaska, Greenland, and Canada (the
Yukon, the Northwest Territories, Nunavut, and north-
ern Quebec and Labrador — referred to collectively as
Arctic Canada) have a larger percentage of younger per-
sons and fewer elderly persons than the non-indigenous
populations of Iceland, Sweden, Norway, Finland, and
the Faroe Islands. For this reason, most population data
are age-adjusted to compensate for these differences.
Data for Greenland are presumed to represent the domi-
nant (90%) Inuit population.

This chapter does not include information on the
current health care system in each country, nor on access
to health care, as these are both outside the scope of
AMAP. Rather, it reviews current population structure,

current population health indicators and selects indica-
tors of maternal and child health morbidity and mortal-
ity for the populations of Arctic countries. A section
highlighting the differences in health status of Arctic in-
digenous residents is included to focus attention on the
most vulnerable Arctic populations.

Among Arctic populations, advances in acute care, in
public health practices, such as childhood immuniza-
tion, prenatal care, safe water supplies and sewage dis-
posal, family planning, antibiotics, and in improved
transportation and communication have considerably
changed the likelihood of survival to an older age, and
have improved basic health for Arctic children and
adults. As an example, by the mid-1990s, the infant
mortality rate in Alaska Native infants was approaching
that for the United States as a whole (Figure 3-1).
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Figure 3-1. Infant (under 1 year) mortality rates in the United States
general population and in Alaska Natives, 1945 to 1995. Source:
Alaska Area Profile FY2000.

This improvement in the infant mortality rate is re-
lated to safe water supply, sanitation improvements, and
on-site village primary health care providers, which were
all steadily improved in the period 1960 to 1970. These,
along with improvements in transportation, infant im-
munizations, and medical care have lowered the infant
mortality rate to present levels.

3.1.1. Data sources

The primary data sources utilized in this section in-
clude NOMESCO (2001), NWT (1999), the World
Health Organization, the State of Alaska, and other
cited literature.

A series of basic health status indicators are utilized,
as well as trend data, where available. Data used in this
section for Canadian Arctic residents are labeled ‘North-
west Territories (NWT)’. During the period reflected
by the data, the Northwest Territories contained vir-
tually all of Arctic Canada (excluding the Yukon).
In 1999, a large part of the Northwest Territories (some
60%, or one fifth of the Canadian landmass, including
most of the Canadian Arctic islands) became the new
territory of Nunavut.



Data from sources such as published studies of Arctic
populations, which usually focus on single conditions or
a narrow set of risk factors, are also utilized. Such data
are usually representative of a single period of time, and
are often not directly comparable in all respects with
other populations. Often, however, such data may repre-
sent the only information available.

3.2. Population demographics
3.2.1. Population structure

The age composition of the residents of Arctic countries
varies greatly, as can be seen in Figure 3:2. Due to their
shape, these representations are often referred to as pop-
ulation pyramids.

A population pyramid is influenced at its base by the
number of women in the 15 to 45 year age ranges, the
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most common ages at which women bear children, and
the number of children each woman bears. The base is
also affected by infant mortality. The middle portion of
the pyramid can be decreased by any major source of mor-
tality in the early and middle adult years. The narrowing
of the pyramid for the elderly ages reflects the incidence
of chronic disease, access to medical care, and the qual-
ity of medical care. A stable population, reproducing at
a replacement rate, with no major sources of unusual pre-
mature mortality, would have a population pyramid ta-
pering only slightly from its base to the fifth decade, when
it would more rapidly attenuate to the eighth decade.
A population pyramid can effectively predict numbers of
population in certain age groups, aiding in planning the
infrastructure for the country or area concerned.

From these figures, for the population of Alaska Na-
tives, the Canadian Arctic, and Greenland, the average

Alaska Canada, NWT Greenland

Age Males | Females Age Males | Females Age Males | Females
80+ 80+ 80+
75-79 75-79 75-79
70-74 70-74 70-74
65-69 65-69 65-69
60-64 60-64 60-64
55-59 55-59 55-59
50-54 50-54 50-54
45-49 45-49 45-49
40-44 40-44 40-44
35-39 35-39 35-39
30-34 30-34 30-34
25-29 25-29 25-29
20-24 20-24 20-24
15-19 15-19 15-19
10-14 10-14

6 54321012345 6% 6 543 21

012345 6% 6 54321012345 6%

Iceland Faroe Islands Norway

Age Males | Females Age Males | Females Age Males | Females
80+ 80+ 80+
75-79 75-79 75-79
70-74 70-74 70-74
65-69 65-69 65-69
60-64 60-64 60-64
55-59 55-59 55-59
50-54 50-54 50-54
45-49 45-49 45-49
40-44 40-44 40-44
35-39 35-39 35-39
30-34 30-34 30-34
25-29 25-29 25-29
20-24 20-24 20-24
15-19 15-19 15-19
10-14 10-14 10-14

5-9 5-9 5-9

0-4 0-4 0-4

6 54321012345 6% 6 54321012345 6% 6 54321012345 6%
Sweden Finland Russia

Age Males | Females Age Males | Females Age Males | Females
80+ 80+ 80+
75-79 75-79 75-79
70-74 70-74 70-74
65-69 65-69 65-69
60-64 60-64 60-64
55-59 55-59 55-59
50-54 50-54 50-54
45-49 45-49 45-49
40-44 40-44 40-44
35-39 35-39 35-39
30-34 30-34 30-34
25-29 25-29 25-29
20-24 20-24 20-24
15-19 15-19 15-19
10-14 10-14 10-14

5-9 5-9 5-9

0-4 0-4 0-4

6 54321012345 6% 6 54321

0123 45 6%

6 543 21

012345 6%

Figure 3-2. Population pyramids for Alaska (1998), Canada (NWT, 1996), and Arctic countries (1999). Source: Alaska Area Profile FY2000
(Alaska); NWT, 1999 (Canada); NOMESCO, 2001 (Faroe Islands, Finland, Greenland, Iceland, Norway, and Sweden).
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Figure 3-3. Life expectancy in the
1990s of Alaska Natives, residents
of NWT/Nunavut in Canada, and
general populations of other Arctic
countries. Source: WHO Statistical
Database; US IHS, 2000; NWT,
1999; NOMESCO, 2001.
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age is younger, the proportion of children greater, and
the proportion of elderly less than the reference popula-
tion statistics for the other countries shown. The popu-
lation structure for Russia is unique in this dataset and
shows a lower proportion of both children and the eld-
erly, the highest average age, and a smaller man to
woman ratio, this is primarily due to the absence of
older men, one effect of devastating wars, where several
million young men were killed. The fertility rate and in-
fant mortality rate graphs show how these factors influ-
ence the base of the Russian population pyramid (see
sections 3.3.3. and 3.3.5.).

3.3. Health status indicators
3.3.1. Life expectancy

In most countries, the largest single contributor to an
improvement in life expectancy is a decrease in infant
mortality. Other factors include population diet, tobacco
and alcohol use, lifestyle choices, access to medical care,
and socio-economic factors. In Figure 3-3, the Nordic
countries have a stable life expectancy for women, ex-
ceeding 80 years, with that for men about four years
less. The life expectancies for the indigenous Arctic pop-
ulations in other countries are considerably lower for
men and women alike, one cause being higher infant
mortality rates (see section 3.3.5.).

3.3.2. Maternal and infant indicators

Many persistent organic pollutants, and certain toxic
metal contaminants, have the ability to act as agonists or
antagonists of steroid hormones. Chronic low-level ex-
posure to these compounds in fetuses, pregnant women,
and young infants is being investigated for possible asso-
ciation with adverse health effects. Effects under investi-
gation include decreased fertility, an increased likelihood
of spontaneous abortion, abnormal intrauterine growth,
and abnormal neurodevelopment in infancy, increased
susceptibility to infection in infancy, and blood pressure
elevation in children (see chapters 6 and 9). Regularly
gathered health status indicators that reflect maternal
and/or infant health do not provide specific data for
most of these impacts, and subtle effects may be difficult
to separate from the impact of confounding factors,

60 70 80 90

Age, years

such as prenatal use of alcohol and tobacco, breast feed-
ing, maternal nutrition, and poverty.

In Greenland, the ratio of male to female live births
has changed from 1.05 (the usual ratio for humans) to
1.02 over the past 30 years (Bjerregaard and Young,
1998). If this ratio persists it may reflect, among other
influences, prenatal exposure to endocrine disrupting per-
sistent organic chemical compounds (Bjerregaard and
Young, 1998).

In western Arctic Russia, occupational stress, to-
bacco use, and heavy metal exposure have all been asso-
ciated with adverse pregnancy outcome (see section
8.4.2.) (Odland et al.,1999b).

3.3.3. Fertility rates

Fertility rates are highest in Russia, Arctic Canada
(NWT/Nunavut), Greenland, and Alaska (Natives) be-
tween the ages of 20 and 24, whereas in the other loca-
tions the peak fertility rates occur in the 25 to 29 year
age group (Figure 3-4). A large number of factors affect
fertility, especially socio-economic conditions and access
to family planning. One such factor is the increasing
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Figure 3-4. Fertility rates for Alaska Natives (1998-1999), residents
of NWT in Canada (1992-1996), and populations of other Arctic
countries (Faroe Islands/Greenland, 1991-1995; Iceland/Norway/
Sweden, 1999; Russia, 1994-1997); circles indicate peaks.
Source: WHO Statistical Database; US IHS, 2000; NWT, 1999;
NOMESCO, 2001.
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Figure 3-5. Low birth weight rates in
Arctic countries (general populations:
Canada All Races, 1996; Russia, 1994—
1997; Sweden/Norway/Iceland/Finland/
Greenland/Faroe Islands/Denmark, 1998;
U.S. All Races, 1995) and some indige-
nous populations (Alaska Natives, 1994—
1996; Canada NWT/Nunavut 1996).
Source: US IHS, 2000; Health Canada,
1999; WHO Statistical Database;
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proportion of women in the work force, which delays
child bearing and is reflected in the older age of mothers
in the Nordic countries.

3.3.4. Low birth weight

In general, low birth weights (less than 2500 grams) may
reflect shortened duration of pregnancy, poor maternal
nutrition, maternal use of alcohol and/or tobacco, hyper-
tensive complications of pregnancy, and prenatal mater-
nal/infant infection. There is a possibility that a low birth
weight predisposes to certain chronic diseases in older age,
like high blood pressure, cardiovascular disease, and asth-
ma (Forsdahl, 1977; Barker, 1990). It is thus desirable to
reduce the proportion of babies with a low birth weight.
Methods to bring this about include improving the socio-
economic conditions for the fertile population together
with early access to high quality prenatal care. In the Na-
ryan-Mar region of Arctic Russia, prenatal exposure to
polychlorinated biphenyls (PCBs), DDE, and DDT have
shown a weak, but significant correlation with lower
birth weight (Polder et al., 2002b), suggesting that envi-
ronmental factors may significantly affect health status.
The incidence of low birth weight in circumpolar
populations, with the exception of Russia (at 7%), is be-
tween 4% and 5.8%, similar to the Nordic countries
(Figure 3-5). This may reflect the increase in efforts to
provide early access to high quality prenatal care.
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3.3.5. Infant mortality and morbidity

Infant mortality is generally subdivided into deaths in
days 0 to 28 of age (neonatal mortality) and deaths in
days 29 to 365 (post-neonatal mortality) (Figure 3-6).

Neonatal mortality reflects prenatal care and the
availability of intensive perinatal care. The most impor-
tant contributor to this indicator is pre-term delivery;
before 37 weeks gestation.

Post-neonatal deaths are influenced by the rate of
Sudden Infant Death Syndrome (SIDS) in a population,
as well as by infection, congenital anomalies in fetal
development, and socio-economic conditions such as
poverty.

In Greenland, Arctic Canada (NWT/Nunavut), and
Alaska, infant mortality among the indigenous popula-
tions, particularly post-neonatal mortality, is higher than
for the other Arctic countries shown. In Alaska Natives,
the excess post-neonatal mortality above the U.S. All
Races rate is due to the higher incidence of SIDS.

Serious morbidity in indigenous infants in the first
year of life usually reflects their predilection to infec-
tion, and, for each region, is usually dominated by
types of infection that reflect environmental condi-
tions. Rate of respiratory infection often reflect crowded
housing. Gastrointestinal illness may reflect the quality
of the water supply (Berman, 1991; Maynard and
Harmmes, 1970).

Figure 3-6. Neonatal and post-neonatal
mortality rates in Arctic countries (gen-
eral populations: Russia 1994-1997;
Sweden/Norway/Iceland/Finland/Green
land/Faroe Islands 1998; U.S. All Races,
1995) and some indigenous populations
(Alaska Natives, 1994-1996; Canada
NWT/Nunavut, 1994). Source: US THS,
2000; Health Canada, 1999; WHO Stat-
istical Database; NOMESCO, 2001.
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Figure 3:7. Percentage distribution of causes of child mortality (age
1 to 16 years) in Alaska Natives (1994-1996) and Greenland (1998).
Source: US THS, 2000; Annual Report from the Chief Medical Offi-
cer in Greenland 1999.

3.3.6. Child mortality and morbidity

Among Alaska Natives and Greenland Inuit, about 70%
of all deaths between 1 year and 16 years are related to
injury, either intentional or unintentional. Less than
10% are attributed to cancer and congenital anomalies,
respectively (Figure 3-7).

3.3.7. Adult mortality and morbidity

Causes of adult mortality and morbidity vary with age
and sex. Mortality in the young adult age range is
largely related to injury, both intentional and uninten-
tional. Among Arctic men, suicide is a major cause of in-
jury mortality, and injury mortality from all causes is
greater for men than for women. In general, morbidity
tends to be related to injury and infections. Morbidity
for certain infectious diseases and for diabetes is dis-
cussed in section 3.4.

Cause specific mortality per 100 000 of the population
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Wide variation between populations/cultures exists,
especially in intentional injury mortality, and may reflect
differences in cultural stress, economy, or rates of de-
pressive illness (Bjerregaard and Young, 1998).

In both sexes, over age 45 years, chronic disease be-
comes increasingly prominent in both mortality and mor-
bidity indicators. Atherosclerotic heart disease, strokes,
and cancer are the primary causes of mortality in this
age range, partly reflecting an increasingly western life-
style (Figure 3-8). In many countries, strokes and heart
disease are combined in a single category called circula-
tory disease. As use of tobacco, a sedentary lifestyle, and
a western diet have become more common, cancer, heart
disease, obesity, and diabetes mellitus have become more
frequent in indigenous Arctic residents. In certain Arctic
regions environmental factors have been shown to be as-
sociated with health status. Studies of the Republic of
Karelia residents in western Russia, where naturally low
levels of calcium and magnesium are found in the water
supply, indicate that these residents are associated with a
high risk of hypertension, and strokes (Dorshakova and
Karapetian, 2002).

3.4. Health status of indigenous Arctic residents

Disparities in health status of indigenous Arctic residents
are presented in sections 3.2. and 3.3. Limited data
availability restricts the possibilities for a detailed exam-
ination of health status differences among Arctic resi-
dents, especially among indigenous peoples. The most
useful datasets exist for Alaska Natives, Canadian First
Nations peoples, and the Inuit of Greenland. Nowhere
are the datasets for Arctic populations as continuous or
as comprehensive as the health data for the majority na-
tional populations of the relevant countries (United
States, Canada, and Denmark). The reasons for the dif-
ferences described in this section are multi-factorial and,
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Injury
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Figure 3-8. Adult age-standardized population mortality rates for cancer, heart disease, strokes, injury, and suicide within the Arctic countries
(general populations: Greenland/Faroe Islands, 1991-95; Iceland/Norway, 1995; Russia, 1997; Sweden/Finland, 1996) and some indigenous
populations (Alaska Natives 1994-1996; Canada NWT/Nunavut 1991-1996). Source: WHO Statistical Database; US ITHS, 2000; NWT,

1999; NOMESCO, 2001.
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Figure 3-9. Percentage compari-
son of causes of death in U.S. All
Races (1998) and Alaska Natives
(1996-98). Source: Alaska Native
Tribal Health Consortium (ANTHC)
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Figure 3-10. Percentage distribu-
tion of causes of death in Green-
land in 1996. Source: Report
from the Chief Medical Officer
in Greenland 1999.
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Figure 3-11. Percentage distribu-
tion of causes of death in Canada
NWT/Nunavut, 1991 to 1996.
| Source: NWT, 1999.
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in some cases, poorly understood. Major differences
exist in the categories of injury, infant mortality, infec-
tious disease, cancer, cardiovascular disease, and child
health that are described in the compiled national/re-
gional statistics. The population age structure is gener-
ally quite similar among various groups of indigenous
Arctic residents, with more children, and fewer elderly
(see section 3.2.1). For this reason, it is useful to compare
causes of death by percentage of cause with the corre-
sponding data for a non-indigenous population to better
understand the way indigenous communities perceive the
most common causes of death in their communities. From
Figure 3-9 it is apparent that the main difference between
Alaska Natives and U.S. All Races causes of death is
due to suicide, unintentional injuries and alcohol-related
deaths. A somewhat smaller proportion of Alaska Na-
tives die from heart disease. Also, in Greenland (Figure
3:10) and Arctic Canada (Figure 3-11), violent death by
homicide, suicide, and accidents is common and ac-
counts for about 20% of all deaths.

3.4.1. Cancer

The incidence of invasive cancer has risen steadily from
the mid-1970s in most populations studied (Nielsen et
al., 1996; Lanier et al., 2001).

Although comparison data since 1988 from other
Arctic countries are not available, the incidence of all in-
vasive cancers in Alaska Natives from 1969 until 1998 is

|
20 25
Percent of deaths
shown in Figure 3-12, for males and females, compared
to U.S. Caucasians.

The incidence of all invasive cancers has increased
significantly for both sexes, with the major statistically
significant increases for Alaska Native men in lung, col-
orectal, and prostate cancer. In Alaska Native women,
significant increases were seen in lung and breast cancer
(Lanier et al., 2001). Lung cancer increases are probably
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Figure 3-12. Trends in age-adjusted invasive cancer incidence rates
in Alaska Natives (1969-1998) and U.S. All Races (1974-98).
Source: Lanier et al., 2001.
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Figure 3-13. Standardized incidence ratio for selected cancer sites among male and female circumpolar Inuit, 1969 to 1988. Source: Bjerre-

gaard and Young, 1998.

related to tobacco use, with tobacco becoming readily
available throughout rural Alaska in the years following
the Second World War. Changes in diet, and other rele-
vant factors, along with the increase in the number of
elderly probably contribute to the overall rise in cancer
incidence (Nielsen et al., 1996). Although tobacco is the
major risk factor for lung cancer, the rise in colorectal
cancer may be related to genetics, increased use of west-
ern foods, and other factors.

The incidence of various types of cancer differs in
pattern from that apparent in non-indigenous residents,
as seen in Figure 3-13, which shows relative risk for
Inuit men and women for developing certain cancers,
over the period 1966 to 1988, compared to the risk ex-
perienced by the majority populations, which is ex-
pressed as 1.0.

Certain cancers, notably prostate for men and breast
for women, appear to be less common in indigenous
populations (Nielsen et al., 1996). In Alaska Natives,
prostate and breast cancers remain less frequent than
in the U.S. reference population, however comparable
data for the Greenlandic and Canadian indigenous pop-
ulations are not available (Lanier et al., 2001). Figure
3-13 represents a compilation of all cancer incidence
data for western hemisphere Inuit men and women,
between 1969 and 1988, expressed as a ‘standardized
incidence ratio’ (SIR). This is compared to national pop-
ulations in Canada, Denmark, and the United States.
Thus, a malignancy with an SIR of 1.0 occurs with equal
frequency in Inuit and the majority populations used for
comparison. A malignancy with an SIR of 7.0 occurs
seven times more frequently in the age-adjusted Inuit
population, while a malignancy with an SIR of less
than 1.0 occurs less frequently in the age-adjusted Inuit
population.

Other malignancies related to known risk factors,
such as lung cancer (tobacco) are at least as frequent as
in other populations, and liver cancer related to previ-

ously endemic hepatitis B infection is greatly increased.
Other well established malignancies with increased fre-
quencies, such as nasopharyngeal cancer, might well be
related to other infectious agents such as the Epstein-
Barr Virus, as well as other unidentified genetic or envi-
ronmental factors (Nielsen et al., 1996).

3.4.2. Infectious diseases

Immunizations, antibiotics, and basic sanitation have
greatly lessened mortality from infectious diseases, but
the burden of infectious disease continues to be a major
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Figure 3-14. Percentage of population living with HIV/AIDS in Arc-
tic countries (general populations: Alaska All Races/U.S. All Races,
1998-99; Canada All Races, 1999; Denmark/Finland/Iceland/Nor-
way/Sweden, 1999), and among Alaska Natives (1998-99). Source:
US THS, 2000; Health Canada, 1999; NOMESCO, 2001.
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source of disproportionate morbidity for Arctic indige-
nous residents. The majority of serious morbidity falls in
the O to 4 year age range, and the over 50 years age
groups. The exceptions are sexually transmitted diseases
(STDs), and Human Immunodeficiency Virus (HIV) in-
fections, which are predominantly seen in the 15 to 45
year age range. The prevalence of people living with
HIV/AIDS is fairly low in most Arctic populations with
the exception of Canada (0.30%) and the United States
(0.61%) (Figure 3-14).

3.4.2.1. Bacterial diseases

Streptococcus pneumoniae and Hemophilus influenza,
type B, cause diseases most frequently seen in infants
and the elderly. The incidence of invasive disease from
both these bacteria were 10 to 20 times higher in Arctic
indigenous infants compared to Caucasian infants, with
frequent severe illness leading to mental retardation,
hearing loss, and death (Singleton ef al., 1994). The re-
cent availability of vaccines for these organisms has
begun to lessen the frequency of disease dramatically.

Tuberculosis is no longer a significant cause of mortality,
but infection is more frequent among indigenous resi-
dents, primarily due to re-activation of tuberculosis in
elderly people previously infected during the 1920 to
1960 period. Notable is the incidence in NWT/Nunavut
Canada (over 50 per 100 000 population) and Green-
land (110 per 100 000 population) (Figure 3-15).
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Figure 3-15. Crude incidence rate of tuberculosis infection, 1998 to
2000. Source: US IHS, 2000; Tuberculosis Control in Alaska, July
2001, State of Alaska; NWT, 1999; Annual Report from the Chief
Medical Officer in Greenland 1999.

In settings of small, crowded housing and with high
smoking prevalence, early symptoms, such as coughing,
are often not seen as alarming or significant and as a re-
sult disease spread by airborne droplets is very efficient
and effective.

Helicobacter pylori is a relatively recently discovered
bacterium infecting the stomach, and capable of causing
ulcers, stomach inflammation and bleeding. It has also
been associated with increased risk for certain types of
stomach malignant disease. The risk factors for infection
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Figure 3-16. Rates of Helicobacter pylori infection among Alaska
Natives by age and gender, 1980 to 1986. Source: Alaska Native
Tribal Health Consortium (ANTHC) Statistics.

are not all known, but could include crowded housing
and poor sanitation. The infection is common in the de-
veloping world, and is endemic among Alaska Natives,
who begin to acquire the infection in early childhood
(Figure 3-16) (Parkinson et al., 2000).

Whether other Arctic peoples are endemically in-
fected is not known, but the similarity of environmental
conditions suggests that it is possible. Alaska Natives
have the highest prevalence of Helicobacter pylori infec-
tion of any U.S. population.

3.4.2.2. Sexually transmitted diseases

There are many different organisms, both bacterial and
viral, which cause disease and are transmitted by sexual
contact. There are four for which comparable data exist:
HIV, gonorrhea, syphilis, and Chlamydia trachomatis.
HIV has not shown penetration into the Arctic indige-
nous populations in amounts greater than (and is in
most places less than) in the Caucasian population (Fig-
ure 3-14). Syphilis has, in recent times, not been detected
in amounts exceeding that in the Caucasian population
(Bjerregaard and Young, 1998).

The rates of gonorrhea and chlamydia infection in
Alaska Natives, however, are regularly reported to be
two to four times the rate for Caucasians in Alaska.
Among Canadian and Greenland Inuit, rates range from
ten to 100 times the rates seen in Canada and Denmark
(Bjerregaard and Young, 1998).

3.4.2.3. Viral diseases

Arctic residents, including indigenous residents, are con-
nected by air transportation to the rest of the world, and
experience regular seasonal viral epidemics of respira-
tory illness such as influenza, at the same times as cities
in the subarctic and northern temperate zone.

Conditions of crowding and poor sanitation con-
tributed to endemic hepatitis B in Alaska, Arctic Canada
and Greenland, although universal immunization, be-
ginning at birth, has virtually eliminated new hepatitis B
infections (Bjerregaard and Young, 1998).

Hepatitis A swept the rural Arctic populations in epi-
demics on a 10 to 20 year cycle, infecting up to 90% of
village populations in some regions (Bjerregaard and
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Young, 1998). Using an aggressive hepatitis A immu-
nization effort, in the year 2000, no new hepatitis A in-
fection was clinically recognized in the State of Alaska,
demonstrating the potential of this vaccine (Middaugh,
pers. comm., 2001).

Among Alaska Native infants, the Respiratory Syn-
cytial Virus (RSV) causes far more severe lower respira-
tory illness than in other populations studied (Karron et
al., 1999), at rates from ten to 25 times higher. In studies
of risk factors for severe RSV disease in Alaska Natives,
premature birth, smoking in the home, and congenital
heart disease increased risk, while breast feeding was
found to decrease risk. Even so, 50% of severely ill in-
fants did not have identified risk factors.

3.4.3. Unintentional injury

National injury data was previously presented in section
3.3.7. All indigenous Arctic residents have higher rates
of mortality for unintentional injury, related to multiple
factors, including the severe climate and weather, and
substance abuse. The excess mortality is seen in all age
groups with a dominance in the 20 to 24 year age group,
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also with an increase in the rates among the 65+ age
group (Figure 3-17).

3.4.4. Intentional injury

Suicide is more common in young men and women
among Arctic indigenous peoples, than the All Races
data from the United States, Canada, and Denmark (Fig-
ure 3-18). The rates for Alaska Native men in the 15 to
24 year age group is four times the rate for women.
Cultural stress, erosion of traditional lifestyles, and
substance abuse are all considered to be contributory
factors (Bjerregaard and Young, 1998). In a Greenland
study of risk factors, for both men and women, the pres-
ence of alcohol problems in the parental home and sexual
abuse as a child were strong independent risk factors for
serious suicidal thoughts (Bjerregaard and Young, 1998).

3.4.5. Diabetes mellitus

Diabetes has historically been thought to be absent from
Arctic indigenous peoples, but recent data suggest that
rates of type II diabetes among some indigenous popula-
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Figure 3-19. Age-standardized prevalence of diabetes mellitus in in-
digenous populations of Chukotka, Alaska, Yukon, and NWT/
Nunavut, and in U.S. All Races in the late 1980s. Source: Bjerre-
gaard and Young, 1998.

tions have increased to levels approaching those of other
developed countries (Figure 3:19) (Bjerregaard and
Young, 1998).

Rates of obesity have also increased which may be
one explanation for the increase in type II diabetes, and
for the increase in gestational diabetes which has also
occurred. Increased rates of obesity may be partly re-
lated to the increased consumption of western foods,
lower consumption of traditional foods, and lifestyle
factors, such as decreased exercise.

3.4.6. Substance abuse

The data sources for use of alcohol and illegal drugs,
such as marijuana, cocaine, opiates, amphetamines, and
solvents abused by inhalation, are incomplete, and rarely
comparable across groups (see section 8.2.3).

A survey of Greenland residents showed that 39% of
men and 12% of women meet criteria for ‘binge drink-
ing’ or ‘high consumer.” Among Inuit residents in Arctic
Canada, the results of the Indigenous Peoples Survey in-
dicate that the prevalence of problems with alcohol (self-
reported for at least one incident of an alcohol-related
problem, such as missed days of work, arrest related to
driving a vehicle while under the influence of alcohol,
etc.) in the population range from 13% to 29%, and are
highest in the 20 to 24 year age range, with only slight
differences between men and women (Bjerregaard and
Young, 1998).

The results of the Alaska Behavioral Risk Factor Sur-
vey indicated that for Alaska Natives 34% of men and
21% of women practised binge drinking (5 or more
drinks on at least one occasion within the last month)
compared to the U.S. rate of 14% for men and women
together (Bjerregaard and Young, 1998). Inhalant abuse,
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often involving gasoline or glue sniffing, is a problem in
many Arctic communities, usually among children and
adolescents, with rates of adolescents stating that they
had inhaled solvents at least once ranging from 7% to
26%, and with current rates of between 1% and 8%
(Bjerregaard and Young, 1998). Data for Alaska Natives
reveal that solvent inhalation in childhood is a strong
predictor of alcohol and illegal drug use in later life
(Prinz, pers. comm. 2001).

Consumption of alcohol during pregnancy can result
in damage to the developing fetus, including cognitive
impairment, small stature, poor growth, and altered de-
velopment of facial bones. In its most severe form, the
combination of poor prenatal or postnatal growth,
poorly developed mid-facial bone structure, and a vari-
ety of brain function impairments is referred to as Fetal
Alcohol Syndrome (FAS). Lesser degrees of prenatal al-
cohol exposure can result in brain dysfunction without
growth impairment or altered development of facial fea-
tures (Egeland ez al., 1998b).

Active surveillance for FAS carried out in the Alaska
Native health care system from 1988 to 1994 indicated
a rate of 4.2 per 1000 live births, compared to rates of
0.3 to 1.0 per 1000 live births in the U.S. population.
Among Alaska Natives, FAS is the most common cause
of preventable congenital mental retardation (Egeland ez
al., 1998b).

It is quite possible that rates of FAS are also elevated
in other Arctic populations, but active surveillance has
not regularly taken place.

3.4.7. Indigenous infant and child health
3.4.7.1. Infant mortality

Infant mortality steadily decreased between 1950 and
1995 for all Arctic indigenous residents, but remains
elevated above the rates for the United States, Canada,
and Denmark (see section 3.3.5.). Anecdotal evidence
about adverse trends in, e.g., infant mortality rates
among Russian Arctic indigenous populations in the late
1990s, is a matter of concern. Disruption to essential
services (food supply, fuel, employment opportunities,
and health care services, etc.) following the change to a
market economy is proposed as a major contributary
factor in these negative developments. There is an urgent
need for reliable statistics to confirm these indications
and to document recent trends.

When neonatal (age 0-28 days) and post-neonatal
mortality are examined separately, larger disparities are
present in indigenous post-neonatal mortality rates with
much smaller differences seen in neonatal mortality.
SIDS is a major contributor to post-neonatal mortality
among all indigenous residents in the Arctic. The cause
of SIDS is unknown, but smoking in the home is a major
risk factor.

Injury deaths in infancy are also elevated among in-
digenous peoples, as in all other age groups.

3.4.7.2. Oral health

Oral health status in children is recorded as the number
of teeth which are decayed, missing, or filled (DMF) at
certain ages. Although the ages and time periods repre-
sented are somewhat different, the rates of DMF teeth,
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compared to majority populations, is higher among in-
digenous populations (Figure 3-20).

Tooth decay is greatly enhanced by simple sugars in
foods, and, in Greenland was virtually unknown until the
twentieth century (Bjerregaard and Young, 1998). The
bacterium Streptococcus mutans is the causative agent
of common childhood tooth decay and is often passed
from mother to child during infancy. Measures such as
fluoridation of water supplies and other public health
dental practices can also reduce the DMF rates in child-
hood, but access to these measures is limited in many
rural Arctic communities, as is restorative dental care.

3.5. Conclusions and recommendations

Arctic regions, in general, have much smaller, more iso-
lated, younger populations, with fewer elderly people
and larger families. Their mortality patterns are chang-
ing as increasing life expectancy and western influences
on diet, lifestyle, and culture alter health status. As is the
case in the more populated temperate regions of Arctic
countries, cancer, strokes, and heart disease have be-
come leading causes of death.

The younger age structure of the population in the
Arctic regions provides an opportunity for effective em-
phasis on preventive measures for cardiovascular disease
and general health promotion. Availability and access to
comparable data for the different populations in the cir-
cumpolar region is still a problem and hampers the de-
velopment of detailed comparisons and evaluations.
This lack of data should be addressed by the health min-
istries of the Arctic countries.

Injury remains a disproportionately prominent cause
of death and the suicide rate appears strikingly different
in some regions. Crude indicators, such as suicide and
homicide rates, would seem to point to a need to better
identify prevalence and trends in behavioral risk factors,
in order to better target early interventions and prevention

efforts. Data on behavioral risk factors, such as alcohol
consumption, or domestic violence, are inconsistently
gathered among rural, isolated Arctic populations.

Illness associated with infections, especially infant
respiratory disease, and sexually transmitted diseases
(STDs), are far more frequent among some Arctic resi-
dents. Better housing, less crowding and advice aimed
at increasing the proportion of breast-feeding mothers
would lead to a reduced burden of infectious disease
among infants. Innovative STD prevention programmes
currently in use in some Arctic countries should be con-
sidered as models for those Arctic regions with high inci-
dence rates.

Among certain Arctic peoples, the incidence of obe-
sity and type II diabetes have increased to rates equal to
those in most developed western countries. This may, in
part, reflect an intake of more western foods, with a
shift away from the traditional diet, sometimes as a re-
sult of community concern about the safety of tradi-
tional food sources.

Data on cultural factors, such as regular subsistence
diet information, traditional harvests and celebrations,
use of native language in the home, and traditional
health practices are infrequently gathered, and would be
useful in planning prevention programmes for a variety
of medical and behavioral health problems.

The net effect of medical and public health advances
has been to increase life expectancy. However, as the im-
pact of western influences on indigenous cultures be-
comes more apparent, lifestyle changes have made
chronic diseases a negative factor in the lives of Arctic
residents.

As well as improving living conditions for the popu-
lation in the reproductive age range, it is also important
to improve the quality and number of ‘healthy mother
and baby programmes’ to reduce pre- and postnatal
morbidity and mortality, and possibly also to decrease
the burden of adult chronic disease.
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Priority Contaminants, ‘New’ Toxic Substances,

and Analytical Issues

Ivan C. Burkow and Jean-Philippe Weber

Summary

Ongoing monitoring of persistent toxic substances
(PTSs) in the Arctic has focused on three well-known
groups of contaminants: industrial compounds and by-
products, chlorinated pesticides, and heavy metals. How-
ever, increasing levels of several ‘new’ contaminants and
metabolites are a cause for concern. Brominated flame
retardants, polychlorinated paraffins, and perfluoroor-
ganic compounds have recently received international at-
tention, but more data on their presence and possible ef-
fects are needed to evaluate their environmental impact.

Interpretation of monitoring results requires reliable
and comparable data, a condition not always met.
Therefore all laboratories producing human PTS data
for AMAP are required to participate in relevant inter-
calibration programmes and to achieve acceptable results.
Where relevant, measurements should be congener-spe-
cific and the data lipid-normalized for the organic pollu-
tants, and speciated for the heavy metals to distinguish
toxic and non-toxic forms.

4.1. Persistent toxic substances

Most research and ongoing monitoring work on PTSs in
the Arctic have focused on three groups of contami-
nants: industrial compounds and by-products (e.g.,
polychlorinated biphenyls — PCBs, and dioxins), pesti-
cides (e.g., lindane, the DDT-group, and cyclodiene ana-
logues), and heavy metals (e.g., mercury — Hg, lead — Pb,
and cadmium — Cd) (AMAP, 1998; Hansen et al., 1996;
Jensen et al., 1997; Lonne et al., 1997). The Stockholm
Convention on Persistent Organic Pollutants (POPs) fa-
cilitated by the United Nations Environment Programme
(UNEP), and the U.N. Economic Commission for Eu-
rope (UN ECE) Protocols for Heavy Metals and POPs
also reflect the global concern associated with these con-
taminants. The UNEP POPs list includes aldrin, chlor-
dane, DDT, dieldrin, dioxins and furans, endrin, hep-
tachlor, hexachlorobenzene (HCB), mirex, PCBs, and
toxaphene. The UN ECE POPs Protocol includes the
UNEP 12 plus chlordecone, hexachlorocyclohexane
(HCH), hexabromobiphenyl and polycyclic aromatic
hydrocarbons (PAHs). The UN ECE Heavy Metals Pro-
tocol initially focuses on Cd, Pb, and Hg. During the last
few years, however, there has been an increasing interest
in ‘new’ toxic substances and metabolites.

The ‘new’ environmental toxins cover a range of or-
ganic compounds and compound classes. These include
some of the more persistent polar pesticides currently in
use. Other examples are nitro- and aromatic musk and
their metabolites from personal care products. Among
the industrial chemicals and by-products, phthalates, oc-
tachlorostyrene (OCS), polychlorinated naphthalenes

(PCNs), polybrominated diphenylethers (PBDEs), poly-
chlorinated paraffins, and perfluoroorganic compounds
(e.g., perfluorooctane sulfonate — PFOS) are identified as
‘new’ toxic substances. Of these, PBDEs, polychlori-
nated paraffins, and PFOS have recently received particu-
lar attention. Due to their distribution and accumulation
pattern, the synthetic musks, phthalates and new gener-
ation pesticides are generally not considered a particular
problem in the Arctic. None of these ‘new’ compounds
are on the current UNEP list of most unwanted POPs.
Increasing interest in the metabolites or halogenated
phenolic compounds is partly caused by their structural
similarity to natural hormones (see Figure 4-1) and pos-
sible action as hormonal mimics (Connor et al., 1997,
Hovander et al., 2002). In addition, many of the well-
known toxins are chiral (exist in mirror image forms)
and hence exist in enantiomeric pairs (Kallenborn and
Huhnerfuss, 2001), which have the potential to cause
different biological effects. An enantio-selective accumu-
lation has been reported for several organochlorine com-
pounds (Karlsson et al., 2000; Wiberg et al., 2000). That
the enantiomers may have different biological effects has
in most cases been overlooked when assessing the pos-
sible environmental impact of these compounds.
Long-range transport allows many PTSs to reach re-
mote areas such as the Arctic, where few, if any, local
sources of these contaminants exist. Depending on the
geographic location of sources, weather conditions, and
the physico-chemical properties of the contaminants,
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Figure 4-1. Structural similarities between the natural hormones
estradiol and thyroxine T4, and the halogenated phenolic compounds
hydroxy-PCB, hydroxy pentachlorobenzene and hydroxy-PBDE.
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transport to and within the Arctic can occur via the at-
mosphere, ocean currents, sea ice drift, and river systems
(AMAP, 1998; Burkow and Kallenborn, 2000). Due to
their persistence and high lipophilicity, several of these
compounds bioaccumulate, presenting a possible risk to
humans, particularly those who depend on the lipid-rich
marine mammals (whale, seal and walrus) for food.
Among the many thousands of synthetic bulk chemicals
in use today, only a limited number have been tested or
evaluated for their hazard potential. To understand the
possible consequences for human health and the Arctic
environment extensive evaluations are needed. It should
be kept in mind that the consequences may only become
apparent decades after emissions to the environment
have occurred, and thus after wildlife and people have
already been exposed. Evaluation criteria must therefore
include propensity for long-range transport, persistence,
bioaccumulation potential, and hazards for human
health and the environment (toxicity). Section 4.2 pres-
ents some key information for the most common and
most debated PTSs from non-occupational exposure in
the Arctic. More information about sources and envi-
ronmental levels of contaminants in the Arctic can be
found in two related assessment reports: the AMAP
2002 assessments of heavy metals (AMAP, 2003b) and
POPs (AMAP, 2003¢).

4.2. Industrial chemicals and by-products
4.2.1. Dibenzo-p-dioxins and dibenzofurans

Commonly known as dioxins and furans, polychlori-
nated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) are two structurally similar fam-
ilies of, respectively, 75 and 135 congeners. Dioxins and
furans are mainly released through relatively low temper-
ature (below 800°C) domestic and industrial incinera-
tion processes, with chlorine present, as well as during
the manufacture of industrial chemicals including PCBs
and pesticides (Alcock and Jones, 1996; Fiedler, 1996).
A significant reduction in the emissions of dioxins and
furans to the environment has been achieved through
the implementation of pollution control measures.

Dioxins and furans are insoluble in water, lipophilic,
persistent in the environment, and toxic. In particular,
the 2,3,7,8-tetrachlorinated dioxins are known to bioac-
cumulate, while the more predominant congeners from
combustion processes are known to biodegrade. Because
they bind to particulate matter, dioxins are normally re-
garded as a major problem close to the source. In addi-
tion to a few local sources, these compounds enter the
Arctic ecosystem via long-range atmospheric transport,
but not to the same extent as for the other chlorinated
PTSs. Diet is the main route of human exposure in the
Arctic. Typical XPCDD/F values reported in human milk
from the Arctic are in the range 10 to 40 pg/g Iw (lipid
weight) (AMAP, 1998); data on levels in human plasma
from the Arctic are, however, sparse.

New methods for sample extraction and clean-up
have improved the analytical capability for dioxin/furan
trace analysis and pooled blood samples are no longer
needed when using the most modern clean-up and quan-
titative techniques.

Chloracne is a well documented effect following
dioxin/furan exposure. Other possible effects include ef-
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fects on the immune system, cancer, reproductive distur-
bances, and acute toxic reactions (Fiedler, 1996; Whys-
ner and Williams, 1996).

4.2.2. Polychlorinated biphenyls

Polychlorinated biphenyls (PCBs) are a group of 209
congeners, several of which are atropisomers (i.e., exist
as enantiomeric pairs due to restricted rotation of the
bond between the two phenyl rings). PCBs were com-
mercially produced and sold mainly as Aroclor and
Clophen mixtures (Safe, 1994). Worldwide PCB produc-
tion is estimated at 1.3 million tonnes (Breivik et al.,
2002). PCBs have been used extensively since the 1930s
for a variety of industrial and commercial purposes, but
their manufacture and new uses have now been phased
out in many western countries. PCBs have widespread
applications, including as dielectric fluids in transform-
ers and large capacitors, as heat exchange fluids, in lu-
bricating oils, as paint additives, in plastics, and in
sealants. At present, the major source of PCB exposure
seems to be environmental recycling of PCBs from for-
mer usage. PCBs are still present in older electrical
transformers and at a number of contaminated indus-
trial and waste sites throughout the Arctic. Like most
POPs, PCBs have primarily contaminated the Arctic
ecosystem through long-range transport from more
southern regions.

The physico-chemical properties of PCBs, including
low water solubility, high stability (particularly those
lacking unsubstituted positions on the biphenyl rings),
and semi-volatility, favor long-range atmospheric trans-
port and accumulation in lipid-rich media. Thus, the
main source of human exposure is through diet; how-
ever, inhalation and dermal routes are likely under occu-
pational exposure scenarios. Typical SPCB values in
plasma are in the range 1 to 60 wg/L (AMAP, 1998).

Historical levels are not always easy to compare with
contemporary measurements due to changing trace ana-
lytical techniques and quantitative methods. 2PCB val-
ues are often reported based on different quantitative
methods (e.g., as Aroclor 1260 or a selected number of
congeners), making comparisons difficult. Co-elution
with other chlorinated compounds like chlorobornanes
and cyclodiene pesticides has previously made reliable
analytical interpretation difficult.

The most persistent congeners in lipid media are
CB99, CB118, CB138, CB153, CB170, and CB180.
Although regarded as persistent, some PCBs, depending
on chlorine substitution, are transformed in the environ-
ment by biotic and abiotic processes. Naturally occur-
ring microorganisms are capable of degrading the low
chlorinated PCBs with vicinal hydrogen atoms. The
presence of PCB metabolites in animals and humans
formed by the action of CYP (cytochrome P450) and
phase-II enzymes is recognized (Boon et al., 1989), but
to date these have not been included in environmental
monitoring programmes. Reports have shown that the
most abundant hydroxy-PCBs in human blood samples
equal the presence of some abundant PCB congeners
with sum values in the range 0.1 to 10 pg/L (Bergman
et al., 1994; Hovander et al., 2002; Sandau et al.,
2000a). Metabolism also includes the formation of di-
ols, phenolic conjugates and glutathione conjugates.
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Methyl sulfone metabolites are also reported to bioaccu-
mulate (Letcher et al., 1998), but are present in substan-
tially lower amounts compared to the hydroxy com-
pounds.

Several possible adverse human health effects to PCB
exposure have been suggested, including effects on the
immune system, cancer, effects on the reproductive sys-
tem, and cognitive development (Safe, 1994). Some of
their toxicity may be linked to the biotransformation
products. Due to structural similarities (with hydroxy
group in para- or meta-position), the hydroxy metabo-
lites are assumed to be able to mimic hormonal activities
(Connor et al., 1997; Kester et al., 2000). The non-ortho
and mono-ortho substituted PCBs are planar with toxic
properties similar to the dioxins.

4.2.3. Chlorinated naphthalenes

Polychlorinated naphthalenes (PCNs) exist as 75 con-
geners that are structurally similar to the PCBs with
comparable chemical and thermal stability (Falandysz,
1998). PCNs were first used commercially in the early
1900s for wood, paper, and textile impregnation, but
were shortly thereafter replaced by PCBs. The numerous
industrial applications also include usage in electrical
equipment (e.g., capacitors and cables), lubricants, sol-
vents, dyes, and sealants. Technical PCN formulations
have been found under the names Halowaxes, Seekay
waxes and Nibren waxes depending on manufacture.
Other sources of PCNs in the environment are technical
PCB formulations (up to 0.09% PCN) and thermal
processes (e.g., combustion, roasting, metal reclaiming,
and the chlor-alkali industry). PCNs are also believed
to be formed during combustion of PAHs. In the
1920s, worldwide annual production was approxi-
mately 9000 tonnes. One of the largest PCN producers
voluntarily ceased production in the late 1970s. How-
ever, general information about world production vol-
umes and history is limited. Although the use of PCNs
has declined in the past few decades, they are not pro-
hibited in most countries and still occur in many PCB-
like applications.

PCNs are transported to the Arctic mainly via long-
range atmospheric transport. Partitioning to aerosols is
especially important, governing both transport path-
ways to remote areas and depositional patterns. PCNs
are lipophilic and, as for PCBs, the chlorine substitution
pattern governs their persistence (Falandysz, 1998).
Knowledge of the actual levels and distribution of spe-
cific congeners in humans is very limited. Data on
human liver and adipose tissue indicate PCN levels 200
to 500 times lower than the total PCB burden (Wei-
strand and Norén, 1998). Hydroxylated metabolites of
PCN have also been reported.

The analytical challenges associated with PCN ana-
lysis are the same as those for non-ortho substituted
PCBs and dioxins; highly sensitive and specific trace-
analytical techniques are required. Although all 75 con-
geners have been synthesized, full congener separation is
not yet possible due to co-elution.

Some of the PCN congeners appear to exhibit
dioxin-like toxicity of a similar magnitude to some of
the co-planar PCBs (Falandysz, 1998; Villeneuve et al.,
2000).

4.2.4. Polychlorinated paraffins

Short-chain chlorinated paraffins (SCCPs) are part of
the group of polychlorinated-n-alkanes (PCAs) with up
to 30 carbon atoms and a chlorine content of 30 to 70%
by mass (Tomy et al., 1998). PCAs are used as additives
to improve water repellent and flame retardant proper-
ties in metal working fluids and lubricants, plastics,
adhesives, paints, and sealants. The SCCPs have carbon
lengths of 10 to 13 and are of particular interest because
they have the greatest potential for environmental re-
lease and the highest toxicity of the PCAs. Information
on historical production volumes of PCAs is difficult to
find but annual global production during the 1990s was
estimated at 300 000 tonnes, of which 50 000 tonnes
were SCCPs (Muir et al., 2001). Due to concerns about
their possible environmental impact the use of SCCPs
is declining.

SCCPs are relatively mobile, subject to long-range
transport, and are found in the Arctic. Studies indicate
that SCCPs are less persistent and bioaccumulative than
PCBs hence levels in the environment are low compared
to PCBs (Fisk et al., 2000). Medium- and long-chain
chlorinated paraffins are not yet reported in the Arctic.

In contrast to most other environmental toxins, the
number of SCCP congeners is extremely high, and this
has resulted in a substantial analytical challenge. No
congener-specific analysis exists, as this inability to re-
solve the individual components causes major problems
for quantitation. A high degree of variability has also
been reported in the quantitation depending on the ana-
lytical technique used.

SCCPs appear to elicit fewer acute and chronic toxic
effects when compared to PCBs, but information is very
limited. Risk assessments of SCCPs are inconsistent with
respect to their conclusions regarding ecological risk, in-
cluding carcinogenicity, clearly indicating the need for
more data (Muir et al., 2001).

4.2.5. Brominated flame retardants

Polybrominated diphenylethers (PBDEs), polybromi-
nated biphenyls (PBBs), and tetrabromobisphenol A
(TBBPA) are the three main classes of brominated com-
pounds used as flame retardants (Renner, 2000). Bromi-
nated flame retardants (BFRs) are used extensively in a
variety of consumer products such as in thermoplastics
for televisions and personal computers, building materi-
als, foams for furniture and insulation materials, as well
as in textiles. BFRs are either chemically incorporated
(covalently bound) in materials or applied as an additive
to the material; BFRs from the latter group can more
easily migrate into the environment. The major commer-
cial products include the covalently bound TBBPA and
its derivatives (representing a third of production), the
additive PBDEs (representing a third of production), and
a number of other compounds. PBBs for use as an addi-
tive flame retardant are no longer produced. The annual
usage and variety of compounds manufactured have
drastically increased during the last few years, with an
annual world production of over 150 000 tonnes in
1998 (Larsen et al., 1999).

The physical properties of BFRs encourage long-
range transport and accumulation. That BFRs are found
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in air and biological samples from remote areas of the
Arctic supports the indications that these substances are
globally distributed in the environment. Although de-
cabromodiphenyl ether (BDE 209) accounts for most
PBDE use, the most commonly found congeners are the
tetra and penta derivatives. Typical values of SPBDEs
(mainly BDE 47 and BDE 99) in plasma are in the range
5 to 40 ng/L (about 0.5% of levels of SPCBs) (Darnerud
et al., 2001). Recent findings of increasing PBDE levels
in temporal trend studies, and the general lack of data
on these substances, underline the importance of further
investigations on these compounds (Norén and Mei-
ronyté, 2000).

With increasing availability of reference compounds,
quantitation of the major congeners can be achieved.
However, a complete identification and quantitation of
all BFRs is not yet possible, and BDE 209 is often omit-
ted when the PBDEs are reported. Studies indicate effec-
tive uptake from the gastrointestinal tract and substan-
tial breast milk transfer to offspring. The formation of
metabolites is also reported.

Although little information is available, data on pos-
sible effects suggest that PBDEs are likely to be carcino-
gens, endocrine disrupters, and neurodevelopmental
toxicants (Hooper and McDonald, 2000).

4.2.6. Perfluorooctane sulfonate

With the possible exception of chlorofluorocarbons
(CFCs), fluorinated organics have traditionally received
less attention than chlorinated and brominated organics,
partly because they are believed to be relatively inert and
therefore less likely to have an impact on human health
and the environment. A number of different chemical
classes belong to this group (e.g., CFCs, aromatics, sul-
fonamides, acids and sulfonates). Perfluorooctane sulfo-
nate (PFOS), which belongs to the important class of
fluorinated surfactants, has, however, received more
attention recently (Giesy and Kannan, 2001; Kannan
et al., 2001; Moody and Field, 2000). PFOS is used as
a refrigerant, a surfactant, and as a component of phar-
maceuticals, flame retardants, lubricants, paints, adhe-
sives, cosmetics, paper coatings, and insecticides. PFOS
has been manufactured for over 50 years and its many
useful properties have steadily increased its use, making
PFOS a high volume product with an estimated U.S.
production of 3000 tonnes in 2000. As a result of the
3M Company’s phase out, U.S. production is anticipated
to decline.

The strong C-F bond makes fluorinated organics
more inert, both chemically and biologically, than the
corresponding chlorine or bromine analogues, and
hence they are expected to have an environmental per-
sistence greater than the more well-known organic con-
taminants (Key et al., 1997). In general, however, little is
known about their biodegradation and accumulation
characteristics. PFOS has been detected in marine mam-
mals from the Arctic, but no data exist on levels in hu-
mans from this area. The physical properties of fluori-
nated organics encourage long-range transport, as they
are more volatile than chlorine or bromine analogues.

Part of the reason why PFOS received less attention
in the past was because its measurement is complicated.
Due to its surface-active properties, extraction is diffi-
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cult and there is a need for sophisticated LC-MS meth-
ods for proper quantitation.

PFOS has been shown to affect cell-cell communica-
tion, membrane transport, energy generation, and prox-
isome proliferation (Sohlenius et al., 1993; Upham et al.,
1998), but concentrations in wildlife are believed to be
lower than those required to cause adverse effects.

4.2.7. Octachlorostyrene

Octachlorostyrene (OCS) is an industrial by-product
formed during electrolysis of salt solutions to produce
chlorine and magnesium, and when purifying aluminum
(Deutscher and Cathro, 2001; Selden et al., 1997). Max-
imum releases probably occurred in the 1960s, but little
is known about global emissions.

Although found in high levels close to industrial
sites, OCS has not been regarded as a major contami-
nant in the Arctic. However, the metabolite 4-hydroxy
heptachlorostyrene has recently been identified as one of
the major metabolites in human plasma in the Arctic
(Hovander et al., 2002).

No particular problems are associated with OCS
analysis.

The potential human health concern with OCS is be-
cause it has a binding affinity for both the androgen and
estrogen receptor (Satoh et al., 2001). The metabolite is
believed to have an influence on thyroid hormone and
retinol homeostasis (Sandau et al., 2000b).

4.2.8. Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) constitute a
large class of compounds, which comprise hundreds of
individual substances. They are produced as a result of
incomplete combustion (pyrolysis) of organic matter.
Sources are ubiquitous and include notably the burning
and coking of coal, wood burning (including forest
fires), production of aluminum, emissions from internal
combustion engines (particularly diesel), cooking over
fire or hot coals, and cigarette smoking. The main sources
of non-occupational exposure are cigarette smoke, smoke
from wood combustion, and smoked or broiled (over
charcoal or fire) food (IARC, 1983).

PAHs released into the atmosphere by these combus-
tion processes are rapidly adsorbed onto particulate
matter and distributed into the different environmental
compartments. PAHs are hydrophobic and insoluble in
water and are readily taken up in lipid deposits of
aquatic organisms. PAHs are photooxidized by sunlight
in air and water. Since PAHs are biodegraded by mi-
croorganisms and metabolized by higher organisms,
they show little tendency to bioaccumulate. Levels in hu-
mans are affected by smoking status, occupational expo-
sure and consumption of PAH-containing foods. In non-
smokers, the levels of the metabolite 2-naphthol are
below 2 pwmol/mol creatinine, whereas smokers exhibit
average levels of 4 pmol/mol creatinine. Higher levels
are encountered in occupationally exposed individuals
(ATSDR, 1995).

PAHs may be detected and measured by a number of
methods, based on their UV absorption, fluorescence, or
molecular mass. Analysis is performed using a separa-
tion technique such as high performance liquid chro-
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matography (HPLC) or gas chromatography (GC) to en-
able identification of individual members. Evaluation of
human exposure is performed through the measurement
of hydroxylated metabolites in the urine (including 1-hy-
droxypyrene and 2-naphthol) using GC-MS.

Usually PAHs with two to six fused aromatic rings
are those of toxicological interest. PAHs are not acutely
toxic to humans. However, many PAHs have been
shown to be potentially carcinogenic as well as geno-
toxic. Metabolites (e.g., hydroxides, epoxides, and
nitro-PAH) appear to be responsible for these effects
(Angerer et al., 1997).

4.3. Chlorinated pesticides
4.3.1. Hexachlorocyclohexanes

Hexachlorocyclohexanes (HCHs) are a group of
organochlorine compounds existing in eight isomeric
forms including the often-reported a, B- and y-HCH,
the last more commonly known as the pesticide lindane.
o-HCH is chiral and hence exists as an enantiomeric
pair. The gamma isomer lindane is used as an insecticide
on fruit, vegetables, and forest crops. Many countries
still use large amounts of lindane and there are some reg-
istered uses of lindane in some circumpolar countries.
Technical grade HCH, mainly containing the alpha iso-
mer and only 15% y-HCH, was once used as an insecti-
cide. Total world production is estimated at 0.7 million
tonnes of lindane and 10 million tonnes of technical
HCH (Li, 1999).

Owing to their physico-chemical properties, HCHs
are readily transported to the Arctic, via both atmos-
pheric and aquatic pathways. HCHs partition into all
environmental media in the Arctic. Biodegradation
seems to be the dominant decomposition pathway in soil
and water. Like other POPs, most human exposure to
HCHs comes from food consumption. HCHs are not a
major contaminant in drinking water. HCHs, especially
B-HCH, accumulate readily in fatty tissues and are ex-
creted slowly via feces, breast milk, and urine. Because
of its persistence, B-HCH exhibits the highest concentra-
tion of the isomers normally reported in human samples.
Typical plasma levels are in the range 0.1 to 2 pg/L
(AMAP, 1998).

Except for the general difficulties in separating enan-
tiomers, no problems are associated with HCH analysis.

High HCH exposure can affect the liver, the nervous
system, the kidney, the reproductive system, and the im-
mune system. HCH is regarded as a possible carcinogen
(ATSDR, 1994; Coosen and van Velsen, 1989).

4.3.2. Hexachlorobenzene

Hexachlorobenzene (HCB) was introduced in 1945 as a
fungicide for seed treatment. HCB is also an industrial
by-product associated with the manufacture of chlori-
nated solvents, and several metallurgical industrial
processes. It is a known impurity in several pesticide for-
mulations that are currently in use. HCB is banned in
many countries or its use has been severely restricted.
The estimated current global annual emission is 23
tonnes (Bailey, 2001).

HCB is very persistent and bioaccumulates in ani-
mals. Dietary intake is the major route of human expo-

sure, with highest concentrations found in oils and fats,
meat, poultry, and fish. Exposure via inhalation or
through drinking water is considered to be low. Typical
plasma levels in Arctic populations are in the range 0.3
to 2 pg/L (AMAP, 1998). HCB is transformed into both
pentachlorophenol (PeCP) and conjugates; however,
elimination appears to be small compared to adipose de-
posits (To-Figueras et al., 2000).

In addition to inducing porphyria, HCB has a broad
range of toxic effects in experimental animals including
immunotoxicity, endocrine effects, and cancer (Fisher,

1999).

4.3.3. DDT group

The use of 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane
(p,p'-DDT) as a pesticide has been declining in the tem-
perate regions of the Northern Hemisphere since the
1960s and especially since the mid-1970s when its pro-
duction and use were banned by many western nations
(Mellanby, 1992). DDT was commonly used as a pesti-
cide on a variety of agricultural crops and is still in use
for the control of mosquitoes that spread malaria (vec-
tor control). Total global usage was estimated at 2.6 mil-
lion tonnes up until 1992 (Voldner and Li, 1995). p,p'-
DDT is easily metabolized to 1,1-dichloro-2,2-bis
(p-chlorophenyl)ethene (p,p'-DDE) and 1,1-dichloro-2,2-
bis(p-chlorophenyl)ethane (p,p'-DDD). The DDE/DDT
ratio indicates age since release, or closeness to the
source of a release. Two minor isomers of the DDT
group, 0,p'-DDT and o0,p'-DDD, are chiral.

The persistence of the DDT group in the environ-
ment and its continued entry into the Arctic region via
long-range atmospheric transport has meant that DDT
is detectable in almost all compartments of the ecosys-
tem and in human tissues. Levels of total DDT in human
tissue in the Arctic are considerably higher than those in
most southern populations, reflecting biomagnification
in Arctic food chains and the higher consumption of
high trophic level species for food in the Arctic. Typical
plasma levels are in the range 1 to 9 pg/L (AMAP, 1998).
DDT and its metabolites are stored in fatty tissue and
excreted very slowly. Due to its lipophilicity, DDT and
its metabolites are found in breast milk and can readily
cross the placental barrier.

Except for the possibility of decomposition during
analysis, there are no general limitations connected to
DDT analysis.

Some evidence suggests that the DDT group may
suppress the immune system, mimic hormones and be a
possible human carcinogen (Fisher, 1999).

4.3.4. Cyclodiene pesticides

The cyclodiene pesticides are a diverse group of com-
pounds including the chlordanes, heptachlor, aldrin,
dieldrin, and endrin.

Technical chlordane is a mixture of cis- and frans-
chlordane, cis- and trans-nonachlor, heptachlor and
other chlordane isomers (Dearth and Hites, 1991). The
total number of compounds is at least 147, of which 10
are major ones. Most chlordanes are chiral and hence
found as racemates (mixture of mirror images) in the
technical product. Chlordane was manufactured from
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the late 1940s as a broad-spectrum insecticide used on
agricultural crops and for termite control. Total global
usage has been estimated at 78 000 tonnes (Barrie et al.,
1992), and action to ban chlordane has been taken in
many countries. It is not registered for use in circumpo-
lar jurisdictions and enters the Arctic ecosystem prima-
rily via long-range transport. The chlordanes are highly
volatile, lipid soluble and hence readily accumulate in
fatty tissues in the marine food web. In general, only
small amounts of chlordane are found in human tissues.
However, relatively larger amounts of trans-nonachlor
and the metabolites oxychlordane and heptachlor epox-
ide are found. The chlordanes are one of the most abun-
dant environmental pollutants. Typical values (sum of
chlordanes) in human plasma are in the range 0.2 to 2
pg/L (AMAP, 1998). No analytical limitations, except
for the separation of the chlordane enantiomers, are re-
ported. The compound class is a possible carcinogen and
is believed to affect the immune system (Fisher, 1999).

Heptachlor, also used as an insecticide against ter-
mites, grasshoppers, and malaria mosquitoes, is now
banned in several countries and severely restricted in
others. Heptachlor is metabolized in animals to hep-
tachlorepoxide. Typical plasma levels are in the range
0.05 t0 0.15 pg/L (AMAP, 1998). As for chlordane, hep-
tachlor is highly volatile, lipid soluble, and bioaccumu-
lates. The compound and its metabolite are classified as
carcinogens (Fisher, 1999).

Aldrin is a pesticide used to protect crops such as
corn and potatoes from grasshoppers and worms, and to
protect wooden structures from termites. Total global
production has been estimated at 500 000 tonnes (Barrie
et al., 1992). Aldrin is readily metabolized in plants and
animals to dieldrin. Dieldrin was traditionally used in
agriculture to control soil insects, with a worldwide
total production of 34 000 tonnes. Today, primary uses
include controlling termites, woodborers, and textile
pests. Endrin has been used as an insecticide on cotton
and grain, and as a rodenticide to control mice and
voles. Aldrin and endrin have been banned or severely
restricted in most countries. Action has also been taken
to ban or restrict the use of dieldrin, one of the most
common pesticides. Due to the persistence and lipo-
philicity of aldrin and dieldrin, these compounds readily
bioaccumulate. Endrin is rapidly metabolized by ani-
mals and does not accumulate in fatty tissues to the
same extent as the other compounds. The main source
of human exposure is through food. Adverse effects in-
clude toxicity, immune system depression, and carcino-
genic action (Fisher, 1999).

4.3.5. Mirex

Mirex is an insecticide primarily used to control fire ants
and other insects. Mirex has also been used as a flame
retardant in plastics, rubber, and paint. The compound
has never been used in any of the circumpolar jurisdic-
tions and is now banned in many countries. It has been
manufactured and applied extensively in the United
States and has reached the Arctic via long-range atmos-
pheric transport.

Mirex is one of the most stable and persistent pesti-
cides with an environmental half-life of up to 10 years.
Mirex is readily absorbed and stored in fatty tissues.
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It bioaccumulates, and is now found at low levels in
human tissue. The primary source of exposure is food,
especially meat, fish, and game. Transformation to pho-
tomirex is slow and elimination is mainly via feces and
breast milk. Plasma levels in the range 0.1 to 0.6 pg/L
are reported (AMAP, 1998).

Mirex has toxic and possible carcinogenic effects
(AMAP, 1998).

4.3.6. Chlorobornanes

Toxaphene is an insecticide mixture introduced by Her-
cules (USA) consisting of several hundred chorinated
bornanes (CHBs, the major product), polychlorinated
camphenes (PCCs), bornenes, and bornadiens, contain-
ing six to ten chlorine atoms (de Geus et al., 1999; Muir
and de Boer, 1995). Comparable mixtures were used
under the brand names Strobane and Melipax. Most of
the CHBs are chiral. Toxaphene is one of the most heav-
ily used pesticides, with a total world production of 1.3
million tonnes up until 1993 (Voldner and Li, 1993).
It was primarily used on cotton, cereal grains, fruits,
nuts, and vegetables, as well as to control ticks and mites
in livestock. Toxaphene and comparable mixtures are
now banned in most countries.

CHBs, the major constituent of toxaphene, are semi-
volatile and enter the Arctic region via long-range at-
mospheric transport. The compounds are persistent
(half-life in soil up to 12 years), lipid soluble, readily ab-
sorbed, and are commonly found in human tissue. Ab-
sorbed CHBs may be transformed and excreted; how-
ever, some congeners remain for prolonged periods. The
two most common congeners are an octachlorobornane
(Parlar no. 26) and a nonachlorobornane (Parlar no. 50).
Values reported in human plasma are in the range 0.1 to
1 wg/L for both congeners (Deutch and Hansen, 2000).

Quantification has been compromised by difficulties
in analysis (separation from PCB and organochlorine
pesticides) and in the estimation of the amounts of the
various chemicals that make up the CHB mixture. The
increased number of reference compounds has improved
the capability for acceptable quantitation of the most
abundant congeners. However, the lack of standards, as
well as differences in how data on total CHB amounts
(or the sum of toxaphene-like compounds) are pre-
sented, has made comparisons of published data on
CHBs difficult.

Several adverse effects of toxaphene, including being
a possible human carcinogen, are reported (de Geus et
al., 1999). However, structure-activity models have shown
that the most toxic CHB congeners are not accumulated
(Parlar et al., 2001).

4.3.7. Pentachlorophenol

Pentachlorophenol (PeCP) is made by exhaustive chlori-
nation of phenol or by the hydrolysis (or degradation) of
HCB. PeCP is insoluble in water but is readily converted
to the soluble sodium salt. Depending on the manufac-
turing process, PeCP may be contaminated with various
dioxins and furans. Worldwide production is estimated
at less than 30 000 tonnes per year. As a broad-spectrum
low-cost pesticide, PeCP and its salts have been used as
algicides, fungicides, insecticides, molluscicides, and her-
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bicides. Current use is limited to the treatment of lum-
ber, in particular utility poles. Because of its volatility
and water solubility, PeCP evaporates or is leached from
wood structures to a large extent (ATSDR, 1999a).

Environmental contamination is widespread, PeCP
being found in ambient air, surface and ground waters,
sediments, soil, and aquatic and terrestrial organisms.
PeCP is degraded by light and microorganisms to form
numerous transformation products, of which penta-
chloroanisole and tetrachlorocatechol are the most
abundant in the environment. PeCP bioaccumulates in
fish but in mammalian systems it is rapidly excreted in
the urine, either free or conjugated with glucuronide.
A recent study of PeCP in blood shows PeCP concentra-
tions in Arctic samples of 0.6 to 8 pg/L plasma (Sandau
et al., 2000a).

No particular difficulties are associated with PeCP
analysis.

PeCP is a suspected carcinogen, however contami-
nants in technical grade PeCP may be the actual culprits.

4.3.8. Endosulfan

Endosulfan is a synthetic, sulfur-containing, organochlo-
rinated hydrocarbon used as an insecticide and acari-
cide. Technical grade endosulfan is a mixture of two
geometric isomers (conformers), alpha and beta, which
have slightly different physical and chemical properties,
in a proportion of 2:1.

Endosulfan is moderately persistent in the environ-
ment. In soil, the half-life ranges from 30 to 200 days,
and is affected by pH, the presence of microorganisms,
and humidity. In water it is hydrolyzed slowly to form
sulfur dioxide and endosulfandiol. In mammals, endo-
sulfan is absorbed rapidly though incompletely by the
digestive system. Endosulfan is lipophilic but is rapidly
converted to a number of hydrophilic metabolites, in-
cluding endosulfan sulfate, endosulfandiol, endosulfan
ether, and hydroxy endosulfan carboxylic acid, which
are more easily excreted. Thus it does not accumulate in
the fat, and hence shows little potential for bioaccumu-
lation or biomagnification (ATSDR, 2000a).

As a member of the organochlorine class, endosulfan
can be determined by GC with electron capture detec-
tion (ECD). For environmental and biological speci-
mens, sample clean up and purification is crucial to the

reliability of the analysis (ATSDR, 2000a).

4.4. Heavy metals
4.4.1. Arsenic

Arsenic is the archetypal poison, synonymous with
homicidal poisoning. The element As is ubiquitous in
the environment, associated with mineral deposits of
copper, nickel, iron (as arsenopyrite) as well as As oxides
and sulfides. Often found as a natural contaminant of
groundwater, it has been responsible for large-scale poi-
soning of human populations in many countries, notably
in Bangladesh (Smith ez al., 2000) and Taiwan (Tseng,
1977). The worldwide production of As is estimated at
39000 tonnes per year (USGS, 2001a). Atmospheric
pollution stems mainly from coal burning and the smelt-
ing of metals. There is no evidence that Arctic regions
are particularly affected by As contamination.

Arsenic forms a variety of inorganic and organic
compounds. Among the first class, two oxidation states
predominate, trivalent (+3) and pentavalent (+35), readily
forming oxides, sulfides and acids. Organic forms in-
clude methylarsonic acid (MAA), dimethylarsinic acid
(DMA), arsenobetaine and arsenocholine, the last two
found in seafood. In mammals, inorganic As is rapidly
transformed (metabolized) into MMA and DMA and
subsequently rapidly excreted in the urine, thus making
urine the medium of choice for evaluating recent As ex-
posure. Care must be taken to speciate in order to dis-
tinguish between toxic and non-toxic forms.

To interpret the environmental or health impact of
As its determination in environmental and biological
samples must take into account the various species pres-
ent. Total As content can be measured by atomic ab-
sorption spectrophotometry (AAS) using either hydride
generation or graphite furnace (GF). Chemical pretreat-
ment allows a limited speciation to be made, sufficient
to distinguish exposure to toxic forms from ingestion of
seafood. Inductively-coupled plasma-mass spectrometry
(ICP-MS) coupled with HPLC affords complete specia-
tion of common inorganic and organic compounds
(ATSDR, 2000b).

The toxicity of As compounds varies from highly
toxic to non-toxic in the range As() > As(v) > MAA >
DMA > arsenobetaine/choline. Chronic As exposure af-
fects several organs with resulting damage to the periph-
eral nervous system, skin, liver, and heart. Arsenic is rec-
ognized as a human carcinogen (Smith et al., 1992).

4.4.2. Cadmium

Cadmium occurs in nature as oxides, sulfides and salts.
Cadmium is released into the environment from both
natural and anthropogenic sources, with the former in-
cluding volcanic activity, and weathering and erosion of
rocks. Mining, smelting and refining activities account
for the majority of anthropogenic emissions. Incinera-
tion of municipal wastes containing nickel-cadmium
batteries also contributes significantly. Soil levels are ele-
vated close to sources, and usually decrease rapidly with
distance away, although emissions from tall stacks may
be transported over long distances (IPCS, 1992). Cad-
mium entering freshwater from industrial sources is rap-
idly adsorbed onto particulate matter, which eventually
settles out. Cadmium is produced as a by-product in the
smelting of zinc ores. Annual worldwide production is
estimated at 19 000 tonnes (USGS, 2001b). The princi-
pal use of Cd is in the manufacture of nickel-cadmium
batteries (75%) (ATSDR, 1999b). Other uses include
pigments, coatings and plating, stabilizers for plastic,
and nonferrous alloys.

Cadmium accumulates in aquatic organisms such as
shellfish and crustaceans (Eisler, 1985), as well as in the
liver and kidney of mammals (e.g., moose, reindeer/cari-
bou, deer, and horses) (Créte et al., 1987). Many plants,
including tobacco, take up Cd. Uptake is enhanced at
low soil pH. Occupational exposure results principally
from inhalation of dust during manufacturing opera-
tions. Because of the dire health consequences, most
countries have implemented strict regulations to control
Cd exposure in the workplace (ATSDR, 1999b). Non-
occupational exposure occurs through the consumption
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of contaminated food (in particular organ meat) and cig-
arette smoking. Cadmium blood levels in Arctic pop-
ulations are similar to those in other populations and
appear to be affected principally by cigarette smoking.
In an Inuit population from Nunavik, levels in smokers
were 20-fold higher than in non-smokers, ranging from
4.7 t0 6.2 pg/L (Benedetti ef al., 1992).

GF-AAS and ICP-MS are two techniques of choice
for the determination of Cd in environmental and bio-
logical samples. Although the analytical techniques are
straightforward, care must be exercised to avoid con-
tamination during both the sampling phase and labora-
tory analysis (ATSDR, 1999b).

Chronic Cd exposure leads to proteinuria and kidney
damage, obstructive lung disease, and osteomalacia, the
last exemplified by Itai-Itai disease, as observed in
Japanese populations in the 1960s (Fushukima, 1978).

4.4.3. Lead

Lead has been used for several millennia. Current world-
wide Pb production is estimated at 3 million tonnes per
year (USGS, 1996), with primary Pb (as opposed to re-
cycled Pb) produced by the smelting of Pb sulfide ores.
Lead present in the environment is mainly of anthro-
pogenic origin (Nriagu, 1989). Localized anthropogenic
sources include Pb smelters, battery recycling plants, and
peeling paint from houses and industrial structures.
Lead-acid battery manufacturing constitutes the princi-
pal contemporary use of Pb. Traditional uses such as
paints, pigments, gasoline additives, ammunition, and
Pb plumbing have all been severely curtailed due to envi-
ronmental concerns. Leaded gasoline was a major cause
of environmental contamination and human exposure
during the twentieth century (US EPA, 1991). With the
phasing out of leaded gasoline in North America in the
1980s, average blood Pb levels in the population de-
creased by up to 80% (Pirkle et al., 1994). Environmen-
tal levels have also decreased significantly as evidenced
for example by a 7.5-fold reduction in the Pb concentra-
tion of Greenland snow (Robinson, 1981).

Human exposure to Pb may occur through inhala-
tion of airborne particles, as well as through the diet.
Lead is readily absorbed through the lung. Gastroin-
testinal absorption of Pb is a complex process influenced
by dietary factors, nutritional status, and the chemical
form of the element. Once absorbed into the blood-
stream, Pb is distributed into soft tissues and the skele-
ton, where it accumulates due to its chemical similarity
to calcium. Lead shot has been implicated as a poten-
tially major source of dietary Pb in Arctic hunter pop-
ulations, since significant amounts of Pb fragments
may remain in game, especially birds (Johansen et al.,
2001). Mean blood concentrations in humans in the
range 10 to 50 pg/L are reported within the Arctic. Cord
blood Pb levels in Nunavik were found to be three times
higher than in urban Canadian populations (Dewailly
etal., 2001a).

Lead in environmental and biological samples may
be measured by several analytical techniques including
GF-AAS and ICP-MS. The latter technique allows the
measurement of isotopic ratios of Pb, which often yields
valuable information as to the source of the metal
(Gwiazda and Smith, 2000). Prior to the 1980s, accurate
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determination of trace levels of Pb was a problem for
most laboratories. Since then, improved methodology, as
well as the generalized use of external proficiency testing
programmes, has resulted in a greatly improved situa-
tion (Weber, 1996).

Even at low levels, Pb affects the peripheral and cen-
tral nervous systems, particularly during their develop-
ment. Hence the unborn and young children are particu-
larly at risk. Higher exposures result in hematological
and gastrointestinal symptoms.

4.4.4. Mercury

Mercury exists in many forms in the environment. It is
present in the atmosphere mainly as a metallic vapor; it
forms different chemical compounds in water, soil and
rock; and it occurs in organic forms, found mainly in liv-
ing organisms. Mercury has a number of unusual prop-
erties. It is the only metal that in elemental form is a lig-
uid at room temperature. Mercury conducts electricity
and it expands linearly with increasing temperature.
Mercury combines easily with most metals, forming al-
loys known as amalgams, such as those used in dental
fillings. These properties have made Hg a widely used
product in household, commercial, medical, and indus-
trial applications. Mercury, in various forms, is also one
of the most poisonous natural substances known to hu-
mans and most other forms of life, making it an effective
pesticide, fungicide and preservative. Due to its high
toxicity, Hg in the environment has become an issue of
international concern, and this has led many countries
to implement controls on Hg emissions including phase-
out of many uses.

The main ore is cinnabar, with Spain and Italy pro-
ducing around 50% of the world’s supply of the metal.
Worldwide production of Hg is estimated at 1800
tonnes per year (USGS, 2001c). The metal is widely used
in laboratory work for making thermometers, barome-
ters, diffusion pumps, and many other instruments. It is
used in making mercury-vapor lamps and advertising
signs, and in mercury switches and other electronic ap-
paratus. Other uses are in pesticides, mercury cells for
chlor-alkali plants, dental preparations, anti-fouling
paint, batteries, and catalysts (ATSDR, 1999c¢).

Mercury in the environment originates from both
natural and anthropogenic sources. The former includes
degassing of the Earth’s crust and geothermal activity.
Main sources of anthropogenic Hg include the burning
of coal and losses from chlor-alkali plants. As a result of
environmental concerns, emissions of Hg are declining
in Western countries. However, in developing countries
emissions are increasing. The future trend in anthro-
pogenic emissions is therefore difficult to predict.

Metallic Hg is practically insoluble in water; it is
however methylated in sediments by microorganisms.
The highly toxic methylmercury (MeHg) thus formed is
readily taken up by aquatic organisms and biomagnified
through the food chain. Methylmercury exposure has
been extensively documented in Arctic and subarctic
populations since the 1970s (Hansen and Danscher,
1997), notably in Canada (Kosatsky and Dumont, 1991;
Wheatley and Paradis, 1998). In some instances, hair
was used as a surrogate for blood, and levels were con-
verted using an appropriate conversion factor. Levels
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correlate with the consumption of fish or sea mammals.
In non-consumers, blood values are generally <2 pg/L.
In people who consume large amounts of fish, however,
levels as high as 600 pg/L have been observed, with
means of 20 to 40 pg/L. These levels can be compared to
the ‘no risk’ level of 20 pg/L (WHO, 1990).

The physical and chemical characteristics of Hg
make it easy to measure and speciate. Analytical prob-
lems are related to the very low levels found in some
types of environmental sample and to the complexity of
some matrices (ATSDR, 1999¢).

Methylmercury affects the nervous system and can
cause paresthesia, ataxia, and tunnel vision. In utero ex-
posure (as seen in Minamata disease) may result in se-
vere neurological damage, including cerebral palsy (Ha-
rada, 1995). No confirmed diagnosis of MeHg poison-
ing has been made in Arctic populations.

4.4.5. Selenium

Selenium (Se) is a metalloid and the element exists under
three allotropic forms; red, gray and amorphous. Its
four stable valence states are -2, 0, +4 and +6. In the en-
vironment, elemental Se is stable in soil and barely solu-
ble in water. Selenites (+4) and selenates (+6) are soluble
in water and thus more bioavailable. Selenates are bio-
transformed into organic compounds such as selenome-
thionine and selenocysteine, which are subsequently
bioaccumulated by aquatic organisms (ATSDR, 1996).

Selenium is a relatively rare element, being sixty-
ninth in abundance within the Earth’s crust, with an av-
erage concentration of 0.05 to 0.09 mg/kg. It is pro-
duced as a by-product of the processing of copper ore.
Annual worldwide usage is estimated at 1500 tonnes.
Much of the Se produced (46%) is used in photocopying
for the coating of the transfer cylinders. Other uses in-
clude electronics, glassmaking, and pigments. A variety
of other uses account for the remaining production.
Medically, Se is used as a catalyst in the preparation
of pharmaceuticals, as an ingredient in antidandruff
shampoos, as a constituent in fungicides, and as a sup-
plement in animal feeds. Selenium may enter the envi-
ronment as a result of human activity, principally
within fly ash resulting from the combustion of coal
(ATSDR, 1996).

The determination of trace amounts of total Se in en-
vironmental and biological matrices can be accom-
plished by several techniques including fluorometry
(using 2,3-diaminonaphtalene as a fluorophore), neu-
tron activation, GC (formation of volatile piazselenol),
AAS (GF or hydride generation) as well as ICP-MS
(ATSDR, 1996). It is often useful to determine which
species of Se, whether organic or inorganic, is present.
Most of the techniques mentioned are, however, not
suitable for this since they require prior mineralization
of the sample. Coupling HPLC to ICP-MS does allow
the identification and quantitation of individual Se
species (Michalke et al., 2001).

Selenium is an essential element, present in several
protein systems. It appears to offer protection from
Hg poisoning as indicated by animal experiments
(Cuvin-Aralar and Furness, 1991) and epidemiological
studies. However, even a moderate excess of Se can lead
to toxicity.

4.4.6. Tributyltin compounds

Tributyltin (TBT) compounds contain three butyl
groups covalently bound to tetravalent tin. The main
commercial compound is tributyltin oxide, however
tributyltin hydroxide, tributyltin chloride, and tributyl-
tin carbonate are also found in the environment. The
biocide tributyltin oxide is used extensively as an anti-
fouling agent in numerous formulations of marine paint.
It is slowly released from the painted surface as the poly-
mer is hydrolyzed in seawater, thereby entering the ma-
rine environment (Champ and Seligman, 1996).

Because of its low water solubility and lipophilic
character, TBT is readily adsorbed onto particles and
may persist in sediments for several years. It bioaccumu-
lates in organisms, with the highest concentrations
found in liver and kidney. Uptake from food is more im-
portant than uptake directly from water. However, TBT
is rapidly metabolized and excreted from aquatic and
terrestrial mammals and has not been shown to biomag-
nify in higher organisms. TBT has been detected in ma-
rine sediments in harbors throughout the world, includ-
ing the Arctic region (Chau et al., 1997; Ruiz et al.,
1996). As a result, most industrialized countries regulate
the use of TBT, and its use on vessels shorter than 25 m
is banned. As a consequence, environmental levels have
decreased steadily since the 1980s. Populations of non-
target affected marine organisms such as snails and mol-
luscs have shown recovery since the regulations were put
in place (Evans, 1999).

Determination of trace amounts of TBT in water and
biota is classically performed by GC after derivatization.
Detection limits are in the sub-ppb range (Sadiki and
Williams, 1996). A novel technique, stir bar sorptive ex-
traction with thermal desorption-capillary GC-ICP-MS
allows the determination of ppg-level (i.e., one part in
10"%) traces of organotin compounds in environmental
samples (Vercauteren et al., 2001).

TBT is an endocrine disrupter for certain species of
snail and other types of mollusc, but has not been shown
to similarly affect higher organisms. In humans, acute
exposure to organotin compounds (industrial exposure
or laboratory accidents) has led to severe central nerv-
ous system damage, as well as to skin irritation (Baaij-
ens, 1986). Although no data were found concerning
low-level effects of TBT in humans, iz vitro studies using
human cells indicate potential immunological effects
(Whalen et al., 1999). Butyltin compounds were recently
identified and measured in human blood from Michigan
(Kannan et al., 1999) with total concentrations ranging
up to 100 pg/L.

4.5. Quality control and quality assurance

Reliable and comparable data are the basis for the
AMAP assessment. In order to achieve this, a quality as-
surance and quality control (QA/QC) programme has
been established by the AMAP Human Health Expert
Group. This includes guidelines for sampling, trans-
portation and storage, as well as analytical performance
criteria including a ring test programme.

Basic prerequisites must be adhered to if quality is to
be achieved and maintained. These include competence
of personnel, adequacy of infrastructure and equipment,
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documentation of all relevant procedures, traceability of
measurements, and calibration. Various legislative bod-
ies and international standardization organizations have
promulgated guidelines addressing these requirements.
ISO guide 17025 ‘General Requirements for the Compe-
tence of Calibration and Testing Laboratories’ (ISO,
1999) is generally accepted as an appropriate basis for
laboratory quality systems. It is however not sufficient
for laboratories to adopt good practices. They must be
able to demonstrate conclusively that the data they pro-
duce are consistently reliable.

Chemical trace analysis of contaminants in human
samples is challenging. Due to risk of accidental expo-
sure to diseases such as HIV, protocols and regulations
concerning sample handling need to be carefully fol-
lowed. Well-designed analytical procedures are required
to overcome the difficulties associated with performing
complex analyses on human media. These may include
low concentrations of the analytes, small sample vol-
ume, a high number of contaminants, blank problems
for compounds still in use, and interfering compounds.
For liposoluble compounds, lipid normalization must
also be performed. To ensure valid results, parameters
such as identification, detection and quantitation limits,
accuracy and precision, as well as the method’s robust-
ness must be evaluated. In addition, data treatment, re-
porting format and data storage must be harmonized.

A key issue is QC, which incorporates a range of ac-
tivities such as the establishment and implementation of
appropriate in-house QA routines, the use of relevant
reference materials, and participation in inter-laboratory
comparison programmes (also known variously as profi-
ciency testing programmes, external QA schemes, or
ring tests). The AMAP Human Health QA/QC system
has been established to accomplish the last. At the re-
quest of the AMAP Human Health Expert Group, the
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Centre de Toxicologie of the Institute Nationale de Santé
Publique du Québec in Canada has developed QA/QC
activities in support of the AMAP Human Health moni-
toring programme. Main activities to date include run-
ning intercomparison programmes on relevant reference
samples based on human material. This includes prepa-
ration and distribution of test samples, collection and in-
terpretation of data, and the communication of results.
In addition to the heavy metals, human samples for the
organic contaminants (PCBs, standard pesticides, lipids,
new organic xenobiotic compounds, and metabolites)
will be provided. All laboratories producing data for
AMAP are required to participate in the intercompari-
son programme and to achieve acceptable results.

4.6. Conclusions and recommendations

Heavy metals and UNEP-listed POPs are of continued
concern for human health and should not be neglected.
In addition, increased levels of many ‘new’ POPs and
metabolites are a cause of significant concern. However,
more data on their presence and possible effects are
needed before their environmental impact, including pos-
sible implications for human health, can be properly eva-
luated. These knowledge gaps should be addressed in on-
going and future monitoring work. Where relevant, data
reported should be congener-specific and lipid-normalized
for the POPs, and speciated for the heavy metals to distin-
guish toxic and non-toxic forms. Selection criteria for
choosing new target compounds must also be developed.

The key component for interpretation of monitoring
results is reliable and comparable data. Therefore it
is required that all laboratories producing human con-
taminant data for AMAP participate in the AMAP
Human Health intercomparison programme with ac-
ceptable results.



Chapter 5
Biological Monitoring;:

31

Human Tissue Levels of Environmental Contaminants

Jay Van Oostdam and Neil Tremblay

Summary

Levels of environmental contaminants in blood samples
from humans living in the Arctic regions of the eight cir-
cumpolar countries confirm that levels of certain persist-
ent organic pollutants (POPs) and mercury (Hg) are gen-
erally higher in the Arctic people who consume certain
(mainly marine based) traditional/country foods (e.g.,
the Inuit of Greenland and Arctic Canada). For Green-
land Inuit in particular, the levels of polychlorinated
biphenyls (PCBs), hexachlorobenzene (HCB), total chlor-
danes, and Hg found in maternal blood samples are
higher than those found in samples from other circum-
polar countries, and are likely to reflect the higher con-
sumption of marine mammals by this group.

Other key findings include higher levels of total DDT
in a non-indigenous population from Arkhangelsk (Rus-
sia) than in any other region, indicating possible contin-
uing use of this pesticide locally or in Russian agricul-
tural regions from which food is transported to the
Arkhangelsk region. For B-HCH, the highest levels were
also seen in Arctic Russia among non-indigenous groups,
but elevated levels were also observed in Iceland and
among the ‘Others’ group (i.e., non-Caucasian, non-
Dene/Métis, non-Inuit) in the Canadian Arctic.

Recent data for the Faroe Islands indicate that, due
to public health advice for mothers to restrict their con-
sumption of pilot whale, there has been a significant de-
crease in maternal Hg levels, although very little change
in PCB levels. The different response of these two con-
taminants is probably due to the short half-life of Hg in
the body compared to that of PCBs. It is difficult to de-
termine time trends in environmental contaminants of
concern in other Arctic human populations since only
one or two sequential datasets exist. Most monitoring of
human contaminant levels in the Arctic has taken place
over only the last five to ten years, and although this has
permitted a reasonably good assessment of the spatial
variation in contaminant levels in humans, it is too short
a period to reliably determine temporal trends. For Hg,
the discovery of ancient Greenland mummies, together
with some supporting data on biota from their clothing,
offers evidence that there has been a significant increase
in the concentration of Hg in the Arctic environment
over the past 500 years and in people who consume
large amounts of marine mammals.

5.1. Introduction

This chapter reports new data obtained since the first
AMAP assessment (AMAP, 1998). The data presented
for Canada and Greenland do however include findings
from the circumpolar maternal blood contaminant study
reported in the first AMAP assessment, as this allows a

better spatial/regional assessment of contaminant levels
in the circumpolar north. For the other circumpolar coun-
tries, with the exception of Sweden for which there are no
new maternal blood data, only new data have been used.
Overall, the combination of the earlier and newer data
allows for a greater range of regions/communities to be
evaluated than would otherwise have been possible. The
locations of the various studies included in the present
assessment are presented in Figure 5-1 (see next page).

The results presented in this assessment report focus
primarily on maternal blood levels of various POPs (sev-
eral organochlorine (OC) pesticides and PCBs) and met-
als (e.g., Hg, cadmium (Cd), and selenium (Se)). A num-
ber of these contaminants have been implicated in nega-
tive impacts on the developing fetus or young children
and are under investigation in various epidemiological
studies in the Arctic (see chapters 6 and 9). Data from
studies on some adult male populations are provided for
comparison. The POPs data are summarized in Tables
51 to 5-8 and those for metals in Table 5-12. As there
are no new Swedish maternal blood contaminant data,
the 1995-96 data presented in the previous AMAP as-
sessment report (AMAP, 1998) are included in Table
5-8. Additional data, on levels of PCBs in breast milk,
are presented in Tables 5-9, 5-10, and 5-11.

Blood contaminant levels are discussed within a na-
tional and regional context, and then in terms of inter-
national comparisons, which includes comparisons be-
tween non-indigenous and indigenous populations.

5.1.1. Comparisons of data

Owing to varying national confidentiality requirements
for the release or sharing of human data it has not been
possible to obtain sufficient raw data to enable statistical
comparisons between ethnic peoples or regions. How-
ever, comparisons of the population means and ranges
for all the circumpolar peoples do permit general pat-
terns of contaminant levels and their spatial relation-
ships to be discerned. The QA/QC activity that has been
completed for AMAP Phase II implies an inter-labora-
tory variability of the order of 20% to 30% for some of
the more common analytes of concern (see section 5.5).
To ensure that conclusions regarding spatial trends are
not simply the result of analytical variability, this assess-
ment is restricted to a consideration of differences of ap-
proximately two- to ten-fold between the various com-
parison groups, which are unlikely to be due to analyti-
cal variability.

Data presented in this chapter are on a wet weight
basis unless otherwise stated; as these were the values re-
ported by most circumpolar studies. Some data were
also made available on a lipid weight basis, and these are
tabulated in Annex SA (Tables SA-1 to SA-5) for possible
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future use. Again, unless otherwise stated, comparisons
are made using geometric mean values as most contribu-
tors were able to supply these values and geometric
means are less affected by extreme values than arith-
metic means.

Recruitment of subjects for the various circumpolar
studies was usually based on the mother’s interest in par-
ticipating, and on residence in the catchment area of a
specific birthing center. Any groups that were recruited
based on known or probable increased exposure are
identified in the text. When comparing the contaminant
levels of different population groups, it is useful to have
a description of age, parity, breast feeding history, and
diet as these are important determinants of contaminant
levels. For mothers, age is not a particularly significant
factor as most mothers are fairly similar in age (18 to 35
years). Parity and breast feeding history were not avail-
able in many circumpolar studies. For men, age is re-
ported, as levels of POPs increase with age and the pos-
sible age class is much wider (18 to 90 years). Diet is an
important determinant of contaminant levels. Although
it was not possible to implement AMAP dietary surveys
in parallel with the maternal blood contaminant surveys
in all Arctic countries, such surveys have been per-
formed or are underway in several regions. Chapter 7
reviews the most recent dietary information available for
the Arctic populations concerned.

Comparisons between the data reported in this chap-
ter and blood guideline values are made in chapter 9.
These comparisons permit a useful assessment of the lev-
els found in various circumpolar populations and place
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Figure 5-1. Sampling locations in the AMAP
Phase II circumpolar blood monitoring study.

these within the context of ongoing human health effects
research within the Arctic and worldwide.

5.2. Persistent organic pollutants
5.2.1. National and regional data

Since the first AMAP assessment (AMAP, 1998), new
national data on the levels of OC pesticides and PCBs in
maternal blood have been provided for all the circumpo-
lar countries except Sweden. Also available are intra-
country regional data on specific OC pesticides (e.g., for
Canada, Greenland, Alaska (United States), Russia, and
Iceland) and data on differences in contaminant levels
between ethnic groups (i.e., indigenous vs non-indige-
nous peoples) in Canada and Russia.

5.2.1.1. Canada

The sampling of maternal and cord blood in Arctic
Canada between 1994 and 1999 has allowed a baseline
assessment of environmental contaminants in most re-
gions and ethnic groups of the Canadian north (with
the exception of the Yukon). Some of the Canadian
data were available for the first AMAP assessment;
namely data for the Inuit from the Kitikmeot region.
A number of additional Inuit groups have now parti-
cipated in monitoring programmes, as have Dene/Mé-
tis and ‘Others’ (non-indigenous Canadian residents,
mainly of African and East Asian ancestry) groups.
Since there were no significant differences in contami-
nant levels in samples collected in 1994 to 1995 and
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Table 5-1. Organochlorine contaminants in maternal blood from Canada, by region and ethnic group (geometric mean (range), pg/L plasma).

Inuit 1994-2000

Caucasian! Dene/Métis! Other! Baffin Inuvik Kitikmeot! Kivalliq! Nunavik?
1994-99  1994-99 1995 1996 1998-1999  1994-95  1996-97  1995-2000
(n=134) (n=93) (n=13) (n=30) (n=31) (n=63) (n=17) (n=199)
Onvchlordane 0.05 0.04 0.04 0.58 0.15 0.29 0.36 0.30
¥ (nd-0.22)  (nd-0.23  (nd-0.21) (0.09-2.4)  (0.03-1.1)  (nd=2.9)  (nd=6.2)  (0.01-3.9)
Tramenonachlor 0.06 0.06 0.07 0.64 0.28 0.31 0.44 0.46
(0.02-0.26)  (nd-0.37)  (0.02-0.30) (0.16-2.5)  (0.05-1.8)  (nd=3.0)  (0.03-3.7)  (0.01-4.6)
ppDDT 0.05 0.03 0.22 0.14 0.07 0.08 0.09 0.09
> (nd-0.19)  (nd-0.13)  (nd=3.2) (0.04-0.47)  (nd-0.45)  (nd-0.33)  (nd-0.35)  (0.02-1.1)
" DDE 0.91 0.69 4.0 2.1 1.1 1.3 1.7 22
p-p (0.22-11.2)  (0.15-5.3)  (0.51-34) (0.55-6.0)  (0.40-3.8)  (0.12-7.8)  (0.21-7.2)  (0.14-18)
. : 18 18 15 15 13 15 19 23
DDE:DDT ratio (nd-75) (nd-89) (nd-31) (7.1-43) (nd-51) (nd-53) (nd-52) (2.8-209)
HCB 0.12 0.18 0.11 0.53 0.31 0.56 0.46 0.31
(0.04-0.61)  (0.02-1.7)  (0.02-0.40) (0.14-1.5)  (0.06-1.2)  (0.05-4.5)  (0.07-1.8)  (0.05-2.8)
8-HCH 0.09 0.04 0.48 0.11 0.08 0.09 0.09 0.04
(nd-0.55)  (nd-0.13)  (0.04-39) (nd-0.44)  (nd-0.25)  (nd-0.44)  (nd-0.30)  (0.02-0.25)
Mirex 0.02 0.02 0.01 0.06 0.03 0.05 0.06 0.07
(nd-0.14)  (nd-0.21)  (nd-0.07) (nd-0.19)  (nd-0.11)  (nd-0.38)  (nd-0.80)  (0.01-0.60)
Total Toxaphene 0.05 0.07+ - 0.59 0.43 0.685 0.74 -
p (nd=0.50)  (nd-0.81) (nd—6.4) (nd-3.6) (nd-5.2)
Parlar 26 0.013 0.014 - 0.10 0.05 0.095 0.08 -
(nd-0.04)  (nd-0.06) (0.02-0.57)  (nd-0.36) (nd-0.43)
Parlar SO 0.013 0.014 - 0.13 0.06 0.14 0.10 -
(nd-0.05)  (nd-0.07) (0.03-0.66)  (nd-0.43) (nd-0.57)
PCBs (>70% detected)
P 1.3 1.3 1.1 8.0 2.4 45 5.6 6.0
(0.24-5.7)  (0.26-14)  (0.31-3.7) (2.0-27)  (0.627.9)  (0.20-27)  (0.41-60)  (0.10-48)
CBI1S 0.04 0.04 0.03 0.14 0.07 0.09 0.09 0.10
(nd-0.27)  (nd-0.26)  (nd-0.09) (0.03-0.50)  (0.02-0.32)  (nd-0.40)  (nd-0.66)  (0.01-0.84)
CB138 0.11 0.10 0.10 0.51 0.19 0.30 0.37 0.42
(0.02-0.48)  (0.02-0.98)  (0.03-0.29) (0.12-1.5)  (0.05-0.67) (0.02-1.6)  (0.03-3.3)  (0.01-3.1)
CBIS3 0.14 0.16 0.12 1.0 0.26 0.56 0.70 0.75
(0.03-0.61)  (0.03-1.8)  (0.03-0.41) (0.12-1.5)  (0.06-0.88)  (0.02-3.6)  (0.05-8.3)  (0.03-6.1)
CR180 0.09 0.08 0.07 0.40 0.08 0.27 0.28 0.32
(nd-0.50)  (nd-1.2)  (0.02-0.29) (0.07-1.8)  (0.02-0.30) (0.02-1.7)  (0.03-4.2)  (0.02-2.3)
SPCB..7 0.52 0.52 0.43 2.7 0.82 1.6 1.9 2.3
14 (0.11-2.2)  (0.12-5.5)  (0.13-1.4) (0.70-9.4)  (0.23-2.7)  (0.12-9.4)  (0.17-22)  (0.17-16)

nd: not detected; na: not available.

"Walker et al. (2001); 2Muckle, pers. comm. (2000), Muckle ez al. (2001b); 3n=25; “n=42; Scomposite value based on four composite sub-sam-
ples (n=12, 12, 12 and 14) (Inuit); *Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber, pers. comm. (2002); 7CB28, CB52, CB99, CB101,
CB105, CB118, CB128, CB138, CB153, CB156, CB170, CB180, CB183, and CB187.

1998 to 1999 in the Canadian Arctic for Caucasians,
Dene/Métis, or Others, the data for these time periods
were combined.

Table 5-1 presents regional data on mean levels of
various OC pesticides and PCBs in maternal plasma
from Canada (Muckle, pers. comm., 2000; Muckle et
al., 2001b; Walker et al., 2001).

Table 5-1 indicates that the Inuit in the Arctic regions
of the Northwest Territories (NWT) and Nunavut (Walker
et al., 2001) and Nunavik in northern Quebec (Muckle,
pers. comm., 2000; Muckle et al., 2001b) have levels of
oxychlordane and trans-nonachlor that are 4 to 15 times
higher than those in the other population groups within
the NWT/Nunavut region, i.e., Caucasians, Dene/Métis,
or Others. When Inuit groups from Nunavik and the
four subregions of the NWT/Nunavut region (Baffin, In-
uvik, Kitikmeot, and Kivalliq) are examined, the Baffin
Inuit are seen to have the highest levels of #rans-
nonachlor (0.64 pg/L) and oxychlordane (0.58 pg/L),
while the Kivalliq Inuit have the highest levels of total
toxaphene (0.74 pug/L). Among Inuit, levels of mirex and

p,p'-DDE are highest in Nunavik Inuit. Higher levels of
many POPs in Inuit populations from the eastern Arctic
regions (i.e., Nunavik, Baffin, and Kivalliq) are due to
the greater consumption of marine mammals by these
groups relative to other regions.

In contrast, the patterns shown by B-HCH and DDE
are quite different. Levels of B-HCH are 5 to 12 times
higher in the Others group than among Inuit, Cau-
casians, or Dene/Métis (0.48 vs 0.04 to 0.11 wg/L). The
levels of DDE in the Others group are also roughly two
to six times higher than levels observed in Inuit, Cau-
casians, or Dene/Métis. The Others group comprises
people of African, Caribbean and East Asian ancestry,
and their exposure to these contaminants may have
taken place in these areas of the world or via the con-
sumption of food imported from regions where these
compounds are still widely used. For example, Sharma
and Bhatnagar (1996) report markedly higher levels of
these compounds in the plasma of mothers from India.

The Inuit have higher levels of PCBs estimated as
Aroclor 1260 (2.4 to 8.0 pg/L) than Caucasians, Dene/
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Table 5-2. Organochlorine contaminants in blood of pregnant women and women of child-bearing age from Green-
land, by region (geometric mean (range), pg/L plasma).

Disko Bay!-23 Ilullissat!23 Nuuk3#  Ittogqortoormiit’>3 Tassiilaqh?®
1997-98 1999-2000 1999 1999-2000 1997
(n=95) (n=29) (n=32) (n=8) (n=10)
Oxvehlordane 0.54 0.26 0.17 15 12
y (0.02-3.9) (0.01-1.1) (0.02-0.75) (0.41-4.8)  (0.28-4.1)
Tramemonachior 1.1 0.49 0.40 13 22
(0.03-8.4) (0.01-2.3) (0.04-2.1) (0.61-4.5)  (0.63-5.5)
. 0.11 0.04 0.05 0.26 0.31
p:p'-DDT (0.01-13) (0.01-0.37)  (0.02-0.34) (0.14-1.3)  (0.16-0.73)
‘ 3.6 1.7 2.0 5.2 6.9
p:p'-DDE (0.56-17) (0.39-6.0) (0.63-7.8) (2.7-18) (2.6-24)

, . 33 48 40 20 2
DDE:DDT ratio (0.06-300) (13-432) (9.3-136) (14-38) (10-59)
HOB 0.80 0.39 0.38 0.78 1.0

(0.14-4.0) (0.10-1.6) (0.14-1.2) (0.37-2.0)  (0.30-2.7)
BHCH 0.15 0.07 0.11 0.24 0.20
(0.03-0.50)  (0.01-0.18)  (0.05-0.26)  (0.12-0.61)  (0.04—0.48)
Mirex 0.08 0.04 0.03 0.18 0.25
(0.01-1.9)  (0.01-0.19)  (0.01-0.15)  (0.05-0.88)  (0.06-0.85)
Sum of Toxanhenct 0.81 0.24 027 0.61 12
p (nd—4.7) (0.05-1.1) (0.05-1.4) (0.37-1.2)  (0.48-2.4)
Parlar 26 0.26 0.08 0.09 0.24 0.56
(0.01-2.1)  (0.01-0.40)  (0.01-0.57)  (0.12-0.47)  (0.23-1.1)
Parlar 50 0.33 0.11 0.14 0.31 0.67
(0.01-2.6)  (0.01-0.63)  (0.01-0.83)  (0.16=0.72)  (0.25-1.3)
PCBs (>70% detected)
: 15 6.4 7.9 36 33
Aroclor 1260 (3-60) (2.0-22) (2.6-28) (14-125) (12-82)
CBI18 0.32 0.13 0.15 0.53 0.57
(0.05-1.3)  (0.03-0.47)  (0.05-0.83) (025-1.6)  (0.18-1.6)
CB138 1.1 0.47 0.59 23 24
(0.22-4.5) (0.14-1.8) (0.20-2.2) (1.1-7.7) (0.84-5.9)
1.8 0.76 0.92 47 3.9
CB153 (0.36-7.0) (0.23-2.6) (0.30-3.2) (1.6-16) (1.5-9.9)
CB180 0.72 0.32 0.39 24 22
(0.16-2.9) (0.10-1.0) (0.14-1.2) (0.66-10.1)  (0.58-5.5)
— 5.5 25 3.1 14.5 12.4
14 (1.1221) (0.72-8.1) (0.97-10.2) (6.1-49) (4.9-30)

Deutch, pers. comm. (2001); 2Deutch and Hansen (2000); 3pregnant women; *Bjerregaard, pers. comm. (2001);
Swomen of child-bearing age; ®parlars 26 + 50; 7Aroclor 1260 quantified as 5.2 (CB138+CB153); Weber, pers.
comm. (2002); $CB28, CB52. CB99, CB101, CB105, CB118, CB128, CB138, CB153, CB156, CB170, CB180,

CB183, and CB187.

Meétis or Others (1.3, 1.3 and 1.1 pg/L, respectively).
When the Inuit data for the NWT/Nunavut (Walker et
al., 2001) and Nunavik (Muckle, pers. comm., 2000;
Muckle et al., 2001b) areas are separated regionally, it is
evident that the Baffin Inuit have the highest levels of
PCBs as Aroclor 1260, although levels in Nunavik, Ki-
valiq and Kitikmeot Inuit are only slightly lower.

When PCBs are examined on a congener-specific
basis, CB138 and CB153 are present at the highest levels
exhibiting a pattern corresponding to that for PCBs as
Aroclor 1260.

Most of the dietary assessments undertaken in con-
nection with the maternal and cord blood sampling
programme in the Canadian Arctic were relatively
basic, but a consistent pattern relating increased con-
sumption of marine mammal tissues among Inuit po-
pulations to increased body burdens of PCBs and a
number of pesticides (chlordane derivatives, toxa-
phene, and mirex) was noted. A more detailed assess-
ment of more specific components of the traditional
diet is underway and the results should be available
shortly.

5.2.1.2. Greenland

Contaminant levels in women of child-bearing age are
currently available for the Disko Bay, Ilullissat, Nuuk,
Ittoqqortoormiit and Tassiilag regions of Greenland
(Table 5-2) (Deutch, in prep; Deutch and Hansen, 2000).

Contaminant concentrations in the blood plasma of
women from Ittoqqortoormiit and Tassiilag were two to
three times higher than in women from Disko Bay, i.e.,
oxychlordane: 1.5 and 1.2 vs 0.54 png/L; p,p'-DDE: 5.2
and 6.9 vs 3.6 pg/L. The OC levels in women from
Tlullissat and Nuuk are even lower, often only 50% of
those found in the Disko Bay women (Table 5-2). The
concentrations of toxaphene measured as Parlars 26 and
50 are at least two-fold higher in women from the east
coast community of Tassiilaq compared to the other
populations sampled.

Blood levels of CB118, CB138, CB153 and CB180
were also consistently higher in the Tassiilaq and Ittog-
qortoormiit women compared to pregnant women from
Disko Bay (Table 5-2). Levels of PCBs estimated as Aro-
clor 1260 followed the same pattern, and were about
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Table 5-3. Organochlorine contaminants in blood of men from Greenland, by District, 1997 (geometric mean

(range), pg/L plasma).

Ittoqqortoormiit ~ Nanortalik Nuuk Ilullissat Upernavik
(n=15) (n=5) (n=15) (n=16) (n=11)
Mean age 38 36.6 28.5 42 31.6
(19-60) (23-52) (19-36) (23-59) (25-38)
Oxvehlordane! 3.9 24 0.75 2.0 1.0
y (0.49-15) (0.93-5.1) (0.13-3.0) (0.25-7.2) (0.35-6.6)
Tramenonachlor! 3.0 45 1.5 3.9 1.8
(0.32-50) (1.8-8.0) (0.23-7.0) (0.46-14) (0.73-7.5)
R 0.17 0.79 0.11 0.14 0.10
p:p'-DDT (0.04-0.98) (029-2.2)  (0.03-0.37)  (0.03-0.76)  (0.04-0.24)
S 11 15 5.2 8.0 47
p-p'-DDE (1.6-32) (7.1-27) (1.3-16) (1.9-25) (2.2-17)
, . 63 19 48 58 46
DDE:DDT ratio (29-220) (12-32) (23-122) (15-357) (23-101)
— 15 12 1.1 24 0.90
(0.40-3.9) (0.4-2.6) (0.22-5.1) (0.38-8.4) (0.25-2.7)
BHCEH? 0.56° 0.20 0.18 0.31 0.18
(0.17-1.8) (0.08-3.0)  (0.06-0.66)  (0.07-0.85)  (0.10-0.42)
Mirex? 0.52 0.61 0.16 0.26' 0.16
(0.02-2.2) (029-1.4)  (0.06-0.51)  (0.07-0.64)  (0.05-1.0)
Sum of Toxanhenedt 0.71 1.6 0.78 1.9 0.79
P (0.18-2.1) (0.50-3.7) (0.07-5.2) (0.19-7.0) (0.29-3.1)
Parlar 26! 0.34 0.67 0.38 0.74 0.37
(0.09-1.0) (0.21-1.6) (0.03-2.1) (0.09-3.2) (0.14-1.4)
Parlar 501 0.37 0.89 0.45 0.93 0.41
(0.09-1.1) (0.28-2.1) (0.04-3.1) (0.10-3.8) (0.15-1.7)
PCBs
i 107 63 21 39 18
Aroclor 1260 (18-331) (29-113) (7-71) (8-87) (10-81)
J— 1.0 0.48 0.29 0.57 0.31
(0.18-4.3) (0.17-1.0) (0.06-1.6) (0.08-2.0)  (0.13-0.86)
: 6.0 43 1.6 2.6 13
CB138 (1.0-19) (1.8-8.4) (0.50-5.5) (0.56-6.5) (0.72-5.0)
X 14 7.7 26 44 22
CB133 (2.4-44) (3.8-13) (0.81-8.2) (0.94-10) (1.3-11)
: 9.6 3.5 12 2.0 1.1
CB180 (1.4-31) (1.6-6.7) (0.35-4.0) (0.47-4.6) (0.51—4.4)
ve 41 21 7.6 14 6.6
2PCBy4 (6.6-127) (9.6-40) (2.4-27) (2.8-29) (3.9-27)

Deutch, pers. comm. (2001); ?Deutch and Hansen (2000); *n=14; 4parlars 26 and 50; SAroclor 1260 quantified
as 5.2 (CB138 + CB153); Weber, pers. comm. (2002); ¢CB28, CB52, CB99, CB101, CB105, CB118, CB128,

CB138, CB153, CB156, CB170, CB180, CB183, and CB187.

twice as high in women from the Tassiilaq and Ittog-
gortoormiit regions as in Disko Bay women; even lower
levels were seen in women from Ilullissat and Nuuk.
There are some age differences in these populations,
with slightly older average ages in Tassiilag, but when
these data are sorted by age group the same regional pat-
terns emerge (Deutch, in prep).

Table 5-3 outlines mean blood plasma levels of OC
pesticides and four PCB congeners in men from five dis-
tricts of Greenland (Deutch, in prep; Deutch and Han-
sen, 2000). The regional pattern of OCs in men is very
similar to that for women. Levels of oxychlordane were
highest in men from Ittoqqortoormiit (3.9 wg/L). Levels
of oxychlordane in men from Nanortalik (2.4 pg/L) and
Tlullissat (2.0 pg/L) were also relatively high — more than
twice those found in men from Nuuk and Upernavik.
The levels of DDT (0.79 pg/L) and DDE (15 pg/L) in
men from Nanortalik were roughly 5 to 8 times and 1.5
to 3 times higher, respectively, than those from any other
region. Nanortalik men also had the highest mean level
of mirex. The highest mean level of HCB was found in

men from Ilullissat (2.4 pg/L), and that of B-HCH in
men from Ittoqqortoormiit (0.56 pg/L). Ittoqqortoor-
miit men also showed the highest concentrations of the
four PCB congeners listed in Table 5-3. Men from Nuuk
and Uppernavik had lower levels of many of these con-
taminants but are on average five to thirteen years
younger than men from the other three communities.

It is clear from these data that there are strong re-
gional differences in the levels of POPs in blood plasma
throughout Greenland. These differences are related
mainly to different intakes of traditional/country foods
(e.g., marine mammals such as seals), which have very
high POP levels along the east coast of Greenland, which
includes the Tassiilag and Ittogqortoormiit regions
(Deutch and Hansen, 2000).

Strong correlations were found between POP con-
centrations in the blood plasma of mothers and new-
borns. The association between reported monthly food
intake and POP concentrations was relatively weak, but
the POP levels were strongly correlated with plasma and
erythrocyte n-3/n-6 fatty acid ratios as biomarkers of
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Table 5-4. Organochlorine pesticides and total PCBs in serum! samples from Aleutian and Pribilof villages in Alaska (median or arithmetic
mean (range), pg/L serum). Source: Middaugh, pers. comm. (2001).

Akutan Atka Nikolski St. George St. Paul Total
(n=11) (n=30) (n=10) (n=19) (n=96) (n=166)
median am median am median am median am median am median am
0.65 0.84 0.63 1.3 0.41  0.39 0.51 0.59 0.28 0.49 0.37 0.66
Oxychlordane
(nd—4.2)
0.69 1.3 1.8 3.2 0.82  0.80 096 1.3 0.67 1.3 0.822 1.6
Trans-nonachlor
(nd-12.4)
, nd 0.05 nd 0.15 nd 0.07 nd 0.01 nd0.02 nd 0.05
p:p*-DDT (nd-0.58)
, 9.7 123 9.8 16.9 11.3 104 7.8 11.7 6.5 14.0 7.5 13.9
p:p'-DDE (nd-158)
DDE:DDT ratio na na na na na na
HCB na na na na na na
B-HCH 0.26 0.35 0.30 0.53 0.25 0.24 0.23 0.39 0.15 0.30 0.19 0.35
(nd-2.6)
Mirex nd 0.04 0.18 0.22 nd 0.07 0.10 0.12 nd 0.06 nd 0.103
(nd—0.80)
Total Toxaphene na na na na na
Heptachlor Epoxide 0.12 0.15 0.06 0.19 nd  0.06 nd 0.08 nd 0.10 nd 0.11
(nd-1.6)
Dieldrin nd  0.04 nd  0.10 nd 001 nd  0.02 nd 004 r(lr‘f d_o%gf
SPCB.4 5.5 8.4 8.0 15 5.7 6.0 6.6 7.1 3.4 5.7 4.8 7.7
36 (2.8-18) (nd—54) (0.9-13) (nd=30) (nd—42) (nd—54)

am: arithmetic mean; nd: not detected; na: not available.

IThe serum samples were from a group of 166 individuals consisting of 83 females and 83 males, with an age range of 18-91 years. A further
age-sex breakdown by village and by contaminant was not available; 2n=160; n=162; “*CB8, CB20, CB44, CB49, CB52, CB66, CB74, CB87,
CB99, CB101, CB10S5, CB110, CB118, CB128, CB138 + CB158, CB146, CB149, CB151, CB153, CB156, CB157, CB167, CB170, CB172,
CB177, CB178, CB180, CB183, CB187, CB189, CB194, CB195, CB196 + CB203, CB201, CB206, and CB209.

marine food intake (Deutch and Hansen, 2000). Marine
mammal meat and organs are consumed by the Green-
land Inuit to such an extent that it results in a relatively
high exposure to environmental contaminants such as
POPs. In the northern and eastern regions, consumption
of seal meat is higher than for any other food item, while
fish consumption predominates on the south and east
coasts (AMAP, 1998).

There was also a strong positive correlation between
smoking and POP plasma levels, after correction for age,
alcohol intake, marine food, plasma lipids, and n-3/n-6
fatty acid ratios (Deutch and Hansen, 2000). This im-
plies that the most important determinants of high
plasma POP levels in Greenlanders are age, high plasma
n-3 fatty acid levels (which indicate the consumption of
marine foods), residence in the east coast region, and
heavy smoking (Deutch and Hansen, 2000).

5.2.1.3. Alaska

Table 5-4 shows the mean and median concentrations of
OC pesticides in serum samples from 166 individuals
(83 men and 83 women) from five Aleutian and Pribilof
villages in Alaska (Middaugh ez al., 2001). The mean
and median levels of all pesticides measured in samples
from St. Paul Island and St. George Island are generally
similar to or lower than the levels found in Atka, Aku-
tan, and Nikolski. Mean and median levels in samples
from all five villages were strongly associated with age;
the highest levels were found in individuals over 50
years old (Middaugh et al., 2001).

Included in the 115 samples from the Pribilof Island
villages of St. Paul and St. George were 29 women of
child-bearing age. Mean pesticide levels among these
women were lower than those in the eleven such wo-
men from the Aleutian Island villages of Atka, Akutan,
and Nikolski. The age range for the women of child-
bearing age was 15 to 45 years and there were no
known pregnant women in the sample (Middaugh et
al., 2001).

Recently data have become available for contami-
nants in maternal blood from Yup’ik mothers from the
Yukon-Kuskokwim river delta or from villages on the
Bering Sea (these mothers all delivered in Bethel) and
Ifupiat mothers living in the villages on the northern
Arctic coast (these mothers all delivered in Barrow) (Ber-
ner, pers. comm., 2001).

Data received to date for these mothers are presented
in Table 5-5. Care must be taken in comparing the con-
taminant levels in women of child-bearing age from the
Aleutian/Pribilof Islands with those of mothers from
Yup’ik or Ifupiat mothers since the Aleutian/Pribilof
women were specifically selected for high traditional
food consumption and therefore possible higher con-
taminant exposure. This may explain the higher levels of
DDE in the Aleutian/Pribilof women compared to the
Ifupiat and Yup’ik mothers (4.1 vs 0.65 and 1.3 pg/L,
respectively). It is also interesting to note that the ratio
of DDE to DDT is very different for the Bethel and Bar-
row mothers (16 and 8.6) compared to the women of
child-bearing age from the Aleutian and Pribilof Islands
(a ratio of 203, based on population means). This indi-
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Table 5-5. Organochlorine contaminants in maternal blood and blood of women
of child-bearing age from Alaska (geometric mean, median, or arithmetic mean,

(range), g/L serum).
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Yupik Inupiat  Aleutian-Pribilof women
(Bethel)! (Barrow)! of child-bearing age?
2000 2000 1999
(n=23) (n=22) (n=40)3
gm gm median am
Oxychlordane na na 0.18 0.26
Trans-nonachlor na na 0.3 0.62
Total DDT (o.gf-ng) (0.(?5'(-)(%‘.‘19) o0
p-p'-DDE (0.117.—36.1) (0.%6—51.5) . ol
DDE:total DDT ratio ® 16 8.6 203¢
HCB na na na
B-HCH na na nd 0.12
Mirex na na nd 0.02
Total Toxaphene na na na
Parlar 26 na na na
Parlar 50 na na na

PCBs
Aroclor 12607 na na na
CBI18 001%0.15)  (0.0120.45) na
CB138 na na na
CB1S3 00617 (0.01-058) "
CBI80 003092 (0.01021) .
SPCB;¢8 na na 2.()(nd_15)2.9

gm: geometric mean; am: arithmetic mean; na: not available; nd not determined.

Berner, pers. comm. (2001); 2Middaugh, pers. comm. (2001); 3n=40: 29 from St. Paul
and St. George, and 11 from Atka, Akutan, and Nikolski; 4values are for total DDT; Sthe
DDT value in this ratio is for total DDT. The o,p>-DDT values were very low relative to
p,p'-DDT values; thus, total DDT values are approximately equal to p,p'-DDT values;
6this DDE:total DDT ratio is based on population means; 7Aroclor 1260 quantified as 5.2
(CB138 + CB153); Weber, pers. comm. (2002); CB18, CB20, CB44, CB49, CB52, CB66,
CB74, CB87, CB99, CB101, CB10S5, CB110, CB118, CB128, CB138 + CB158, CB146,

CB149, CB151, CB153, CB156, CB157, CB167, CB170, CB172,

CB177, CB178,

CB180, CB183, CB187, CB189, CB194, CB19S5, CB196 + CB203, CB201, CB206, and

CB209.

cates that there is likely to be a different source of expo-
sure for these population groups, as is also reflected in
the higher levels of the parent compound (DDT) in the
Bethel and Barrow mothers.

Dietary differences might explain the marked differ-
ence in DDT/DDE exposure between the Aleutian/Pri-
bilof and Bethel/Barrow cohorts. Although there is no
dietary information available for any of the Aleutian/Pri-
bilof cohort, they reside in an isolated region with a high
dependence on subsistence foods. Although speculative,
it is clear that DDE levels increase with age, and there
were a fair number of older people in the sample. Older
people eat a lot of fish and seals, all of which feed in the
North Pacific Ocean, in the currents that sweep up the
Asian coast, so it could well represent biomagnification
combined with decades of DDT use in Asia. Women
from the Yukon-Kuskokwim river delta eat consider-
ably more salmon and pike, and seals, while the Arctic

coast women eat more bowhead whale (Balaena mys-
ticetus) and terrestrial animals (Berner, pers. comm.,
2001).

Limited PCB data are available for Alaska. Of the
three congeners for which data are available, CB153 oc-
curred at the highest concentrations, with the mothers
from Bethel having higher concentrations than those from
Barrow (0.33 vs 0.09 wg/L). Similar patterns were seen
for CB118 and CB180. Data have recently become avail-
able for the sum of 36 PCB congeners in the blood of
Aleutian/Pribilof women of child-bearing age (2.9 pg/L,
arithmetic mean) but these data are not directly compara-
ble with any other data collected in AMAP programme.

In conclusion, the recent findings for OC pesticide
levels in blood confirm earlier reports from the Alaska
Department of Health and Social Services. For women
of child-bearing age in particular, the low levels of OC
pesticides strongly support current recommendations by
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Table 5-6. Organochlorine contaminants in maternal blood from Russia, by region and indigenous status (geometric mean

(range), ng/L plasma).

Non-indigenous regions

Indigenous regions Non-indigenous

Norilsk! Salekhard? Dudinka! Taymir! Yamal? Arkhangelsk?
1995-96 199698  1995-96 1995-96  1996-98 1999
(n=49) (n=31) (n=27) (n=18) (n=12) (n=30)
184
Oxychlordane na i na " " (ng—0§67)
Tranenonachlor 0.10 0.12 0.15 0.09 0.10 0.124
(0.05-0.25)  (0.07-0.24)  (0.07-0.34) (0.04-0.15)  (0.04-0.23) (nd-0.66)
DT 0.21 0.16 0.14 0.07 0.05 0.835
p:p (0.08-0.57)  (0.03-0.75)  (0.05-0.33) (0.04-0.13)  (0.03-0.08) (0.28-5.1)
" DDE 1.8 15 13 1.1 0.72 4.56
b (0.62-4.0)  (0.35-4.4)  (0.45-3.6) (0.39-2.0)  (0.32-1.4) (1.7-13.1)
, A 8.0 8.8 9.3 15 14 5.5
DDE:DDT ratio s 3714, (5.4-14) (5.9°13) (7.8-21) (6.4-21) (na)
HOB 0.21 0.26 0.30 0.20 0.18 0.474
(0.05-0.52)  (0.15-0.59)  (0.06-0.09) (0.02-0.71)  (0.05-0.42) (0.18-1.4)
BHCH 1.1 0.45 0.31 0.35 0.45 3.14
(0.40-3.7)  (0.09-3.4)  (0.04—1.6) (0.02-0.76)  (0.18-0.94) (1.3-11.6)
Mirex 0.01 0.01 0.01 0.01 0.01 0.20%
(nd-0.04)  (nd-0.03)  (nd-0.02) (nd-0.02)  (nd-0.02) (0.14-0.51)
TOXaphene na na na na na na
na na na na na 0.05
Parlar 26 (nd-0.10)
Parlar 50 na na na na na (0 0029(? 70)
PCBs (n=5)
. 3.88 4.38 3.38 1.5 3.08 4279
Aroclor 1260 (12°9.1)  (2.3-9.2)  (2.0°5.5) (0.5-42)  (1.7-4.6) (1.2-16.9)
0.33 0.299
CBI18 na (0.24-0.45) na na na (0.10-1.0)
0.43 0.42°
CB138 na (0.20-0.89) na na na (0.12-1.5)
0.45 0.39°
CB153 na (0.30-0.57) na na na (0.11-1.7)
0.20 0.13°
CB180 na (0.06-0.47) na na na (0.04-1.0)
0 2.1 17511
2PCBy, na (1.0-3.2) na na na (0.6-6.8)

na: not available.

Klopov et al. (1998); Klopov (2000), Klopov and Shepovalnikov (2000), Klopov and Tchachchine (2001); 3Odland, pers.
comm. (2000);*n=24; Sn=16; ®n=26; "Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber, pers. comm. (2002); 3calculated
using method of Sergei Vlasov, Vlasov, pers. comm. (2001); *n=27; '°CB28, CB52, CB99, CB101, CB105, CB118, CB128, CB138,
CB153, CB156, CB170, CB180, CB183, and CB187; !'does not include CB28.

Alaskan public health officials for continued unre-
stricted consumption of traditional foods (Middaugh er
al., 2001).

5.2.1.4. Russia

Generally, the major source of exposure to environmen-
tal contaminants in Russia is via food consumption. For
example, freshwater fish consumption is a key source
of contaminant exposure in Salekhard and Norilsk
(AMAP, 1998).

From Table 5-6, it is evident that the mean maternal
blood plasma levels for all the OC pesticides are higher in
the non-indigenous population from the Arkhangelsk re-
gion (Odland, pers. comm., 2000) than in any other areas
of Russia for which new data are available (Klopov,
2000). In particular, the levels of p,p'-DDT (0.83 pg/L)
and p,p'-DDE (4.5 pg/L) are much higher in the Arkh-
angelsk region than in the other Russian regions studied.

Arkhangelsk women also had the highest blood levels of
B-HCH (3.1 pg/L) and HCB (0.47 pg/L).

When earlier data (AMAP, 1998) from the industrial
area of Nikel on the Kola Peninsula are included in the
analysis, it is evident that this region also has high levels
of OC pesticides with concentrations only slightly lower
than those in Arkhangelsk; for example, #rans-non-
achlor (0.09 pg/L), DDT (0.34 ug/L), DDE, (3.0 pg/L),
B-HCH (1.7 ng/L), and HCB (0.47 pg/L).

The levels of trans-nonachlor are similar within the
non-indigenous and indigenous populations of Arctic Rus-
sia. DDT levels show a different pattern with concentra-
tions two to four times higher in non-indigenous popula-
tions, Norilsk having the highest levels. DDE levels are
also slightly to moderately elevated in non-indigenous po-
pulations. These DDE and DDT levels result in lower DDE:
DDT ratios in non-indigenous regions of Siberia, suggest-
ing a current exposure to DDT due to its use within the
local environment or within commercial food production.
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Table 5-7. Organochlorine contaminants in blood from Iceland, 1999 (geometric mean (range), png/L plasma). Source:
Olafsdottir, pers. comm. (2001).

Pregnant mothers (n=33)

Males Reykjavik  Vestmannaeyjar Olafsvik Saudarkrokur Total
(n=27) (n=8) (n=8) (n=8) (n=9) (n=33)
Oxvehlordane 0.05 0.03 0.0 0.02 0.08 0.04
Y (0.01-0.12) (nd-0.07) (0.03-0.17) (nd-0.06) (0.03-0.12) (nd-0.17)
Trans-nonachlor 0.13 0.11 0.13 0.10 0.14 0.12
(0.04-0.49)  (0.06-0.17)  (0.07-0.37)  (0.05-0.15)  (0.08-0.31)  (0.05-0.37)
p,p'-DDT! 0.07 0.04 0.02 0.03 0.07 0.04
’ (<0.03-0.41)"  (0.02-0.09) (nd-0.13) (nd-0.22) (nd-0.22) (nd-0.22)
"_DDE 1.2 0.76 0.76 0.64 0.99 0.78
p-r 0.30-4.6) (0.41-1.7)  (0.30-1.8) (0.26-1.4) (0.40-2.4) (0.26-2.4)
. . 18 16 15 12 14 14.5
DDEDDT ratio 4 5 _gg) (7.6-33) (7.5-23) (6.5-23) (9.4-30) (6.5-33)
HCB 0.39 0.38 0.38 0.35 0.44 0.39
(0.18-0.93)  (0.18-0.54)  (0.25-0.76)  (0.21-0.68)  (0.31-0.71)  (0.18-0.76)
g-HCH 0.21 0.18 0.16 0.19 0.21 0.19
(0.07-0.73) (0.08-0.37) (0.09-0.35) (0.09-0.56) (0.11-0.49) (0.08-0.56)
Mirex na na na na na na
Total Toxaphene na na na na na na
Parlar 262 (nd-0.14)? (nd-0.03) (nd-0.05) nd (nd-0.09) (nd-0.09)
Parlar 50 0.05 0.06 0.05 0.04 0.07 0.05
(nd=0.23)  (0.04-0.09)  (0.03-0.08)  (0.03-0.06) (nd=0.20) (nd=0.20)
PCBs
3 6.2 4.4 4.4 3.4 4.2 4.1
Aroclor 1260 (3.0-6.2) (2.9-7.4) (2.1-9.6) (1.7-6.8) (2.4-8.2) (1.7-9.6)
CB118 0.14 0.10 0.11 0.12 0.12 0.11
(0.04-0.52)  (0.06-0.19)  (0.03-0.30)  (0.07-0.22)  (0.06-0.24)  (0.03-0.30)
CB138 0.49 0.35 0.33 0.26 0.32 0.31
(021-1.3)  (0.21-0.56)  (0.17-0.71)  (0.13=0.50)  (0.18-0.61)  (0.13-0.71)
CB153 0.75 0.50 0.52 0.39 0.49 0.47
(0.36-1.7) (0.32-0.86) (0.23-1.1) (0.19-0.83) (0.28 0.96) (0.19-1.1)
CB180 0.48 0.26 0.32 0.23 0.30 0.28
(0.28-0.91)  (0.13-0.51)  (0.15-0.77)  (0.11=0.55)  (0.16-0.57)  (0.11-0.77)
SPCB. 4 2.6 1.7 1.8 1.5 1.7 1.7
14 (1.4-5.5) (1.2-3.0) (0.89-3.9) (0.76-2.7) (0.98-3.2) (0.76-3.9)

nd: not detected; na: not available.

Detection limit for the male p,p’>-DDT data is 0.02-0.03 mg/L. The detection limit for other p,p'-DDT values is 0.02 mg/L;
2detection limit for the male parlar 26 data is 0.02-0.06 mg/L. The detection limit for other parlar 26 values is 0.02 mg/L;
3Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber, pers. comm. (2002); “CB28, CB52, CB99, CB101, CB105,

CB118, CB128, CB138, CB153, CB156, CB170, CB180, CB183, and CB187.

For indigenous peoples of Russia living in the Taymir
and Yamal regions of Siberia, traditional activities in-
clude reindeer herding, fishing, and hunting. Siberia’s
non-indigenous population depends to a much greater
extent on the commercial Russian food supply. The non-
indigenous populations in Arkhangelsk have consistent-
ly higher levels of DDE and B-HCH in maternal blood
plasma than the indigenous peoples of the Taymir and
Yamal regions (Klopov, 2000) (Table 5-6). This is proba-
bly due to the use of these pesticides in commercial Rus-
sian food production or within the local environment.

New data on PCB levels in maternal blood are avail-
able for Arkhangelsk and Salekhard. Blood levels of
CB118, CB138, CB153, and CB180 in Arkhangelsk and
Salekhard were very similar to those previously observed
in Nikel (AMAP, 1998).

5.2.1.5. Iceland

Iceland has a socially and culturally homogenous popula-
tion, and human levels of environmental contaminants are
generally similar to or slightly higher than those reported in

other Northern Hemisphere countries. The main source of
exposure is via the diet, mainly fish consumption (AMAP,
1998). The mean maternal blood plasma levels of OC pes-
ticides in four regions of Iceland (Olafsdottir, pers. comm.,
2001) were similar, although slightly higher in Saudarkro-
kur than in Reykjavik, Vestmannaeyjar, and Olafsvik
(Table 5-7). The B-HCH levels were relatively high in all
four regions (0.16 to 0.21 pg/L), and were similar to the
higher Icelandic levels of B-HCH cited in the 1994-1997
AMAP maternal blood study (Van Oostdam et al., in prep).
These levels are also much higher than the mean maternal
plasma B-HCHlevel of 0.05 pg/L found in Norwegian wo-
men (Odland, pers. comm., 2000) (see section 5.2.2.1.). Fi-
nally, on a country-wide basis, the levels of frans-nonachlor,
oxychlordane, DDE, DDT, B-HCH and HCB are similar to
those reported in the first AMAP assessment (AMAP, 1998).

The mean maternal plasma levels of PCBs in the four
areas studied are similar, and are also similar to those ob-
served in Scandinavian countries (see section 5.2.1.6.).
In addition, the aggregate levels of PCBs for all four re-
gions combined are slightly lower than those reported
previously (AMAP, 1998) (Table 5-7).
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Table 5-8. Organochlorine contaminants in maternal blood from Norway, Finland, Sweden, and the Faroe

Islands (geometric mean (range), pg/L plasma).

Norway! Finland? Sweden? Faroe Islands?
(Vestvagoy in Lofoten) (Lapland Region) (Kiruna Region)
1999 1996-98 1995-96 2000-2001
(n=50) (n=13) (n=40) (n=148)
Osvehlordanc 0.04+ 0.03 0.02 0.12
y (0.02-0.11) (0.01-0.04) (0.01-0.05) (0.03-1.4)
Tranenonachlor 0.114 0.05 0.04 0.38
(0.04-0.32) (0.03-0.08) (0.01-0.10) (0.02-4.2)
. 0.02 0.02 0.26
p:p'-DDT na (0.02-0.04) (0.02-0.12) (0.10-1.5)
. 0.955 0.58 0.84 3.6
p:p'-DDE (0.20-5.08) (0.19-0.79) (0.33-5.5) (0.35-39.4)
. : 26 35 14
DDE:DDT ratio na (13-48) (9-367) (na)
0.19 0.16 0.28
HCB na (0.12-0.31) (0.07-0.32) (0.05-1.9)
0.05% 0.07 0.09 0.11
B-HCH (0.02-0.36) (0.02-0.09) (0.02-0.28) (0.05-0.60)
Mirex na 0.01 0.01 na
(0.01-0.01) (0.01-0.22)
Total Toxaphene na na na 0.39
0.036 0.13
Parlar 26 (nd—0.18) na na (0.03-1.5)
0.05¢ 0.16
Parlar 50 (nd—0.62) na na (0.03-1.6)
PCBs
. 6.66 3.8 6.1 14.9
Aroclor 1260 (2.2-16.7) (1.955.3) (2.7-15) (1.1-129)
CBl1S 0.118 0.07 0.11 0.31
(0.01-0.67) (0.04-0.11) (0.06-0.40) (0.03-2.9)
0.79¢ 0.30 0.48 1.3
CB138 (0.24-2.3) (0.15-0.40) (0.22-1.1) (0.11210.3)
0.47¢ 0.43 0.70 1.6
CB153 (0.17-1.23) (0.21-0.61) (0.31-2.0) (0.10-14.5)
0.40° 0.24 0.34 1.0
CB180 (0.13-0.84) (0.15-0.33) (0.15-0.91) (0.06-7.4)
o 2.368 1.5 2.3 6.3
2PCBy (0.8-6.2) (0.80-2.0) (1.125.6) (nd=14.5)

na: not available; nd: not detected.

'Odland, pers. comm. (2000); ?Van Oostdam et al. (in prep); *Weihe, pers. comm. (2001); *n=25; *n=45; n=47;
7Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber, pers. comm. (2002); 3does not include CB28, CB52,
or CB156; *n=46; '°CB28, CB52, CB99, CB101, CB105, CB118, CB128, CB138, CB153, CB156, CB170,

CB180, CB183, and CB187.

5.2.1.6. Norway, Finland, and Sweden

The maternal blood data available for Norway, Finland,
and Sweden are more limited than for the other circum-
polar countries discussed in the preceding sections. Both
Norway and Finland have provided new data, while for
Sweden no new maternal blood data are available (al-
though new data on PCBs in breast milk were provided).
Consequently, data reported for the Kiruna (Giron) area
of Sweden in the previous AMAP assessment (Van Oost-
dam et al., in prep) are used for comparison (Table 5-8).

Northern (mainland) Norway, which consists of three
counties — Nordland, Troms, and Finnmark — has only one
significant source of industrial pollution: an iron-produc-
ing plant in Kirkenes which closed down in 1996. Exposure
to POPs and Hg in the coastal regions is primarily via con-
sumption of marine foods, mainly fish, and to a much les-
ser extent, marine mammals. This constitutes an impor-
tant difference in dietary pattern compared to the indigen-
ous populations of Canada and Greenland (AMAP, 1998).
The levels of most POPs in human tissues have remained
unchanged or have only slightly decreased over the years,
and are lower in Norway than in Russia (AMAP, 1998).

A comparison of the new Norwegian data from the
Vestvagoy area in Lofoten (Odland, pers. comm., 2000)
with the combined earlier data from the Hammerfest and
Kirkenes regions of Norway (AMAP, 1998) shows that ma-
ternal blood levels of various OC contaminants are still low
in Norway but slightly higher in Vestvigoy. Levels of trans-
nonachlor and DDE are about 2 and 1.6 times higher, re-
spectively, in Vestvagoy relative to those in the Hammer-
fest/Kirkenes regions (0.11 vs 0.05 pg/L, and 0.95 vs 0.60
pg/L). Regarding PCBs, levels of CB118, CB138, CB153,
CB180, and the sum of 14 PCB congeners, are consistently
higher in Vestvigey than in Hammerfest/Kirkenes (0.11,
0.79, 0.47, and 0.40 pg/L vs 0.08, 0.27, 0.41, and 0.20
pg/L, respectively for the individual CB congeners).

The new Norwegian data from Vestvagey (Odland,
pers. comm., 2000) can be compared with those for Fin-
nish Lapland in the most northern and northeastern part
of Finland (Soininen, pers. comm., 2001), and with the
1995 Swedish data from the Kiruna (Giron) area, in the
northernmost part of Sweden (AMAP, 1998). Table 5-8
shows that maternal blood levels of oxychlordane, #rans-
nonachlor, DDE, and 8-HCH are similar in Finland, Nor-
way and Sweden, and that the absolute values are low.
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Mean blood levels of CB118, CB138, CB153, and
CB180 are lower in Finland than in Norway and Swe-
den; Swedish levels of all four congeners are approxi-
mately 50% higher than those observed in Finland. The
Swedish levels are also higher than the earlier Norwe-
gian data from the initial maternal blood study (AMAP,
1998), but lower for CB138 and CB180 when compared
to the new Norwegian data. This is probably due to re-
gional differences, as the earlier Norwegian data were
from the Hammerfest/Kirkenes regions, while the more
recent data were collected from the Vestvigoy area.

5.2.1.7. Faroe Islands

Pilot whale blubber is thought to be the main source of
exposure to OC contaminants in the Faroe Islands. Di-
etary surveys in the 1980s indicated that the local popula-
tion consumed on average 7 grams of pilot whale blubber
per day, which resulted in high levels of PCBs in human
adipose tissue, breast milk and cord blood. In 1998 preg-
nant women and women who intended to become preg-
nant were advised to stop eating pilot whale blubber and
meat. A dietary survey and a blood contaminant sampling
programme were undertaken in 2000-2001 to assess the
success of this advice (Weihe, pers. comm., 2001). These
surveys indicated that pilot whale blubber and meat con-
sumption had decreased by a factor of ten. However, they
also indicated that PCB levels in Faroese mothers were
still two to three times higher than the corresponding lev-
els in other Scandinavian countries (Table 5-8), and had
not decreased markedly since the 1980s (Weihe, pers.

comm., 2001). This lack of decrease in maternal PCB
levels is probably due to the long half-lives of PCBs in
the body or to other unknown sources of PCB in the
diet. PCB exposures continue to be considered a poten-
tial health problem in the Faroese community (see chap-
ter 9 for comparisons with blood guidelines and health
effect levels). Quite different findings were obtained for
Hg as a result of this dietary intervention; as discussed in
section 5.3.1.6.

5.2.2. International comparisons

In the present AMAP assessment, sufficient data are
available to allow comparisons between countries and
regions, and between different ethnic groups (i.e., in-
digenous and non-indigenous peoples). Comparisons are
also made among non-indigenous populations (con-
sumers of commercial foods) from different countries;
among indigenous populations (consumers of tradi-
tional foods) from different countries; and between in-
digenous and nonindigenous populations.

5.2.2.1. Non-indigenous populations

The non-indigenous populations of Norway (Odland,
pers. comm., 2000), Iceland (Olafsdottir, pers. comm.,
2000), Finland (Soininen, pers. comm., 2001), and
Canada (Walker et al., 2001) have low levels of OC con-
taminants such as oxychlordane (Figure 5-2) (0.04 to
0.05 pg/L) when compared to the non-indigenous popu-
lation of the Arkhangelsk region of Russia (0.18 pg/L)

Oxychlordane,
ug/L plasma

1.50

1.00
0.75
0.50

0.25

gag n.a. = not available
Figure 5-2. Oxychlordane concentrations
in blood of mothers and women of child-
bearing age. In this figure and figures
5-3-5-8 symbols are located according
to the populations studied, with the ex-
ception of the symbols representing the
Dene/Metis, Caucasians, and Others pop-
ulation groups in Canada.
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(Odland, pers. comm., 2000). This may indicate that
chlordane is being used in the Arkhangelsk region or in
commercial Russian food production.

A similar pattern is observed for DDE (Figure 5-3),
where lower levels are seen in Finland (0.47 wg/L), Nor-
way (0.95 pg/L), Iceland (0.78 pg/L), and Canadian
Caucasians (0.9 wg/L); and higher levels in non-indige-
nous peoples in Arctic Russia (1.3 to 1.8 pg/L) (Klopov,
2000) and in Arkhangelsk (4.5 pg/L) (Odland, pers.
comm., 2000). Levels of B-HCH (Figure 5-4) also follow
a similar pattern. These differences also indicate the
probable use of these pesticides within commercial Rus-
sian food production or for controlling insects in the
local environment.

DDE and B-HCH levels are also higher in maternal
samples from the Others group in Canada (4.0 and 0.48
pg/L, respectively) than in those from Norway, Iceland,
or Caucasians in Canada (Figures 5-3 and 5-4). As noted
in section 5.2.1.1., if the mothers included in the Others
group are of African or East Asian ancestry, regions
where these pesticides are still being used, their higher
exposure to these contaminants may have occurred there
or through foods imported from these regions. However,
whether these individuals were exposed to DDT and
B-HCH in Africa or East Asia was unspecified and re-
mains unclear.

The levels of OC contaminants in the Norwegian,
Icelandic, and (1995) Swedish samples are very similar
and virtually indistinguishable from values found at
lower latitudes (AMAP, 1998). This is probably be-
cause, with the exception of the Saami people in north-
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p,p' DDE,
pg/L

7.50

5.00
3.75
2.50

1.25

8gg n.a. = not available

Figure 5-3. DDE concentrations in blood of mothers
and women of child-bearing age.

ern Norway and Sweden, these three countries all have
Caucasian (i.e., non-indigenous) populations, whose
main source of exposure to environmental contami-
nants is via the consumption of foods that are common
to these and other western countries (in contrast to
the traditional foods consumed by some indigenous
peoples).

It is useful to compare the Norwegian data with the
Icelandic data, since both countries (like Sweden) have
mainly Caucasian populations and some similarity in
diet. The maternal blood plasma levels of OC contami-
nants in Norway are similar to those in Iceland, except
for the level of B-HCH, which is three to four times
higher in Iceland (0.16 to 0.21 vs 0.05 pg/L for Nor-
way) (Figure 5-4). The higher B-HCH levels in the Ice-
landic mothers are consistent with results of earlier stud-
ies in circumpolar countries (AMAP, 1998). However,
increased levels of B-HCH have not been found in the
Icelandic marine environment. The use of y-HCH has
been banned since 1994 and the use of technical HCH
has never been registered in Iceland (Olafsdottir, pers.
comm., 2001).

The levels of PCBs (estimated as Aroclor 1260) in
maternal samples for indigenous and non-indigenous
women are presented in Figure 5-5. Among the non-in-
digenous populations, Caucasians of Arctic Canada
have the lowest PCB levels, estimated as Aroclor 1260,
the sum of PCB congeners, or as individual congeners
(Tables 5-1 to 5-8). Intermediate levels of PCBs are
found in mothers from Iceland and Finland, and higher
levels in mothers from Norway, Sweden and Russia.
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2.00

1.50

1.00
0.75
0.50

0.25

862 n.a. = not available

Figure 5-4. B-HCH concentrations in blood of moth-
ers and women of child-bearing age.

PCB (Aroclor 1260),
pg/L

Oﬁg n.a. = not available

Figure 5-5. PCB (as Arochlor 1260) concentrations in
blood of mothers and women of child-bearing age.
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HCB,
pg/L

1.50

1.00
0.75
0.50
0.25

8(1)2 n.a. = not available

Figure 5-6. HCB concentrations in blood of mothers
and women of child-bearing age.

Toxaphene,
Hg/L
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86g n.a. = not available

Figure 5-7. Toxaphene concentrations in blood of
mothers and women of child-bearing age.
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Table 5-9. Organochlorine contaminants in breast milk from Can-
ada, and selected PCB congeners in breast milk from Sweden (geo-
metric mean (range), pg/kg lipid).

Nunavik, Canada’ Kiruna, Sweden?

1996-2000 1995
(n=116) (n=11)
mean age: 24.6 = 5.73 mean age: 28 = 5
81
Oxychlordane (11-642) na
Trans-nonachlor (151_15‘17) na
' 30
p.p'-DDT (1.0-161) na
, 420
p-p'-DDE (86-2295) na
DDE:DDT ratio na na
50
HCB (7.6-226) na
11
B-HCH (1.3-60) na
Mirex (0 ‘5"_835) na
Toxaphene na na
Parlar 26 na na
Parlar 50 na na
PCBs
Aroclor 12604 na na
19 133
CBI18 (3.7-108) (3.3-28)
78 81°
CB138 (14-409) (37-124)
132 985
CB153 (22-728) (44-140)
48 445
CB180 (11-214) (19-70)
. 386 3095
2PCBy4 (76-1916)

na: not available.

Muckle, pers. comm. (2000), Muckle et al. (2001b); 2Lejon (1996);
3(n=175); *Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber,
pers. comm. (2002); Sarithmetic mean; *CB28, CB52, CB99, CB101,
CB105, CB118, CB128, CB138, CB153, CB156, CB170, CB180,
CB183, and CB187.

Similar general patterns are found in the data for
HCB (Figure 5-6) and toxaphene (Figure 5-7).

5.2.2.2. Indigenous populations

In comparing the Inuit populations of Greenland and
Canada it is clear that much higher levels of total PCBs
(estimated as Aroclor 1260, Figure 5-5) are found in
mothers from Greenland (6.4 to 36 pg/L) (Deutch, in
prep; Deutch and Hansen, 2000), than in Canadian
Inuit mothers (2.4 to 8.0 pwg/L) (Muckle, pers. comm.,
2000; Muckle et al. 2001b; Walker et al., 2001). A simi-
lar pattern is found for DDT. This difference is probably
due to the higher consumption of marine mammals by
Greenland Inuit. The Dene/Métis of Canada, and the in-
digenous peoples of Russia (Klopov, 2000), have much
lower levels of many contaminants than the Inuit popu-
lations, as observed in the maternal data from these
countries. The differences in contaminant levels are prob-
ably explained by diet; i.e., the Dene/Métis of Canada
consume large amounts of fish and terrestrial mammals

that have markedly lower levels of POPs than the marine
mammals consumed by the Inuit.

5.2.2.3. Comparisons of indigenous
and non-indigenous peoples or regions

As stated in the previous sections, Inuit mothers of the
circumpolar north, particularly in Greenland, have
higher levels of many contaminants (e.g., oxychlor-
dane, Figure 5-2; HCB; and PCBs, Figure 5-5) than
other northern indigenous populations (e.g., Dene/
Meétis in Canada; and indigenous people in the Taymir
and Yamal regions of Arctic Russia). They also have
higher levels of these contaminants than non-indige-
nous peoples from Canada, Norway, and Iceland
(AMAP, 1998). Levels in the Dene/Métis of Canada
and the indigenous peoples of Russia are either similar
to or lower than those in many of the non-indigenous
populations. The Dene/Métis of Canada depend on ter-
restrial mammals such as caribou or moose and on
freshwater fish, which have relatively low levels of
POPs. Many of the indigenous peoples of Arctic Russia
surveyed to date also consume mainly fish and terrestrial
mammals.

Few data on contaminant levels in men were avail-
able for the circumpolar north. Samples were, however,
available for men from Greenland and Iceland, and these
show a very similar pattern to that found in mothers.
Three to twenty times higher levels of PCBs, DDE and
chlordane derivatives were observed in Greenlandic Inuit
men compared to Icelandic men (Tables 5-3 and 5-7).

5.2.2.4. Comparison of
breast milk levels of contaminants

Data from Sweden on the mean levels of PCBs in breast
milk (on a lipid weight basis) (Lejon, 1996) can be com-
pared to levels in Inuit from Nunavik (Muckle ez al.,
2001b), to highlight both geographic and ethnic differ-
ences. Table 5-9 shows that the breast milk levels of four
PCB congeners, as well as of the sum of 14 congeners, in
Nunavik Inuit women were consistently higher than
those in women from the Kiruna (Giron) area of Sweden
(386 vs 309 pg/kg lipid, respectively, for XPCB,,). The
Kiruna area is one of the two main industrial areas in the
Swedish Arctic. However, the main source of exposure
to environmental contaminants there and in other parts
of Sweden is through the consumption of commercial
foods (e.g., marine fish, and terrestrial mammals such as
sheep, cattle, and pigs; AMAP, 1998), similar to the situ-
ation in other western countries. The higher levels of
PCBs in Inuit breast milk are due to the consumption of
traditional/country foods which have higher levels of
POPs such as PCBs.

In Sweden, nine of the 11 women sampled were
breast feeding their first baby. The PCB levels in the
breast milk of the remaining two women, who had
breast fed four and three children, respectively, were
approximately 40% lower than in the breast milk of
the other nine (Lejon, 1996). This emphasizes the
importance of birth order in PCB exposure through
breast milk.

Some data have recently become available for a lim-
ited number of contaminants in breast milk of women
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Table 5:10. Organochlorine contaminants in breast milk from indigenous and non-indigenous regions of Sibe-

rian Russia (geometric mean (range), pg/kg lipid).

Non-indigenous regions

Indigenous regions

AMAP Assessment 2002: Human Health in the Arctic

Norilsk! Salekhard? Dudinka Taymir! Yamal?
1995-96 1996-98 1995-96 1995-96 1996-98
(n=49) (n=31) (n=27) (n=18) (n=12)
Oxychlordane na na na na na
Trans-nonachlor 17 19 16 14 18
(8-31) (8-36) (7-36) (5-45) (7-44)
, 49 56 49 24 28
p.p'-DDT (19-212) (17-198) (16-188) (8-57) (8-67)
".DDE 399 425 435 314 375
p-p (191-1292)  (105-1502)  (166-1283) (176-747)  (143-1262)
. . 8.8 8.7 9.3 16 14
DDE:DDT ratio 5474, (4.8-14) (5.9-13) (9.6-21) (6.4-21)
HCB 123 70 73 111 78
(29-387) (25-195) (19-188) (65-210) (22-166)
142 59 40 46 59
B-HCH (49-582) (10-447) (8-203) (3-124) (21-171)
Mirex 1.2 1.9 1.6 0.8 1.6
(0.4-5.1) (0.4-3.7) (0.4-2.9) (0.1-2.2) (0.4-3.1)
Total Toxaphene na na na na na
Parlar 26 na na na na na
Parlar 50 na na na na na

na: not available.

Klopov et al. (1998); Klopov (2000), Klopov and Shepovalnikov (2000), Klopov and Tchachchine (2001).

Table 5-11. Organochlorine contaminants in breast milk from four regions of northern Russia (arithmetic mean (range), pg/kg lipid). Source:

Polder et al. (2002a).

Kargopol Severodvinsk Arkhangelsk Naryan—-Mar
Primipara  Multipara Primipara  Multipara Primipara  Multipara Primipara  Multipara
(n=10) (n=9) (n=37) (n=13) (n=40) (n=11) (n=11) (n=9)
Mean age (SD) 21.6 25.3 22.6 28.9 22.0 28.4 25.1 25.9
(1.7) (3.5) (4.3) (4.8) (2.8) (5) (6.1) (4.4)
Oxvehlordane 6 8 9 10 9 12 13 15
¥ (4-11) (4-19) (4-13) (3-17) (<1-19) (4-22) (5-28) (4-28)
Trans- hi 14 17 20 22 22 32 21 21
rans-nonachior (5-23) (10-37) (7-49) (7-45) (<1-60)  (13-52) (12-39) (3-47)
"DDT 108 115 147 79 194 136 171 118
b-p (51-174)  (50-262) (28-415)  (33-176) (3-691)  (44-281) (58-389)  (25-293)
"_DDE 869 944 979 724 1192 947 923 632
p-p (352-1454) (186-2587) (416-2395) (120-1296) (352-3824) (594-1664) (150-2143) (70-1729)
. . 6.25 5.88 6.25 7.69 6.25 7.14 5.0 4.54
DDEDDT ratio ) §"740)  (3.33-510) (2.5510)  (3.33->10) (2.5510)  (5.0-10) (2.5510)  (2.0->10)
HCB 79 77 87 80 77 82 129 120
(47-127) (40-192) (41-240) (31-157) (20-188) (43-119) (49-472) (46-248)
B-HCH 304 187 376 292 401 317 183 120
(114-932) (104-429) (171-736)  (123-519) (14-1202) (105-586) (57-524) (49-253)
Mirex na na na na na na na na
Total Toxaphene na na na na na na na na
Parlar 26! 2.3 2.9 4.3
Parlar 50! 3.7 4.8 4.8
PCBs
Aroclor 12602 na na na na na na na na
CB118 29 34 46 45 41 42 36 35
(11-52)  (17-64) (16-96)  (15-115) (18-110)  (22-63) (17-96)  (12-76)
CB138 45 52 69 59 67 79 73 69
(14-66)  (26-124) (25-158)  (22-96) (21-192)  (36-109) (35-189)  (25-122)
CB153 52 60 72 73 73 105 98 99
(19-86) (36-163) (29-210) (30-121) (28-213) (43-143) (41-321) (36-222)
CB180 24 31 31 34 36 48 52 70
(9-48) (20-88) (10-100)  (14-57) (13-85)  (23-80) (26-150)  (20-143)
SPCB,,} na na na na na na na na

na: not available.

!Concentrations in pooled milk samples; 2Aroclor 1260 quantified as 5.2 (CB138 + CB153), Weber, pers. comm. (2002); 3CB28, CB52, CB99,
CB101, CB105, CB118, CB128, CB138, CB153, CB156, CB170, CB180, CB183, and CB187.
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Table 5-12. Metal concentrations in maternal blood from circumpolar countries (geometric mean (range), ug/L whole blood).

Country/Ethnic Group/Region n Mercury (total) Mercury (organic) Selenium Lead Cadmium
Canada
Caucasian! (1994-99) 134 0.9 (nd-4.2) 0.69 (nd-3.6) 123 (80-184) 21 (2.1-58) 0.43 (nd-8.5)
Métis/Dene! (1994-99) 92 1.4 (nd-6.0) 0.80 (nd—4.0) 117 (67-160) 31 (5.0-112)  0.65 (nd—5.9)
Other! (1995) 13 1.3 (0.20-3.4) 1.2 (nd-3.0) 128 (97-156) 22 (5.0-44) 0.36 (nd-3.2)
Inuit
Baffin! (1996) 31 6.7 (nd-34) 6.0 (nd-29) 118 (99-152) 42 (5.0-120) 1.7 (0.03-6.2)
Inuvik! (1998-99) 31 2.1 (0.60-24) 1.8 (nd-21) 118 (88-151) 19 (2.1-102) 1.0 (nd=7.1)
Kitikmeot! (1994-95) 63 3.4 (nd-13) 2.9 (nd-11) 122 (86-171) 36 (6.2-178) 1.9 (0.01-7.8)
Kivallig! (1996-97) 17 3.7 (0.60-12) 2.7 (0.40-9.7) 106 (77-156) 29 (12-64) 1.4 (0.11-7.7)
Nunavik? (1995-2000) 162 9.8 (1.6-44) na 318 (150-1232) 50 (5.2-259) na
Greenland
Disko Bay? (1997) 94 na na 1404 na na
Thule?® (1997) 4 504 na 4094 na na
Tlullissat? (1999-2000) 29 12.4 na 158 50 1.2
4 . 142 .
Nuuk$ (1999) 3 3.6 na (aa38) 37 0.68
Ittogqortoormiit® (1999-2000) 8 10.5 na 133 31 0.96
Alaska
Bethel® (2000) 23 5.5 (1.6-14.3) na na 334(nd-91)  0.3* (nd-1.6)
Barrow® (2000) 23 1.3* (nd-4.5) na na 11 (7.0-27) 0.2% (nd-0.9)
Siberian Russia
Non-indigenous
Norilsk? (1995-96)7 49 1.4 (1-5) na 90 (62-134) 32 (12-44) 029 (0.1-1.5)
Salekhard” (1996-98) 31 1.5 (1-5) na 91 (64-130) 24 (12-40) 0.40 (0.1-1.4)
Dudinka” (1995-96) 27 1.6 (1-5) na 85 (56-122) 21 (14-42)  0.38 (0.1-1.4)
Indigenous
Taymir’ (1995-96) 18 2.7 (2-8) na 89 (58-126) 29 (12-48)  0.33 (0.1-1.0)
Yamal” (1996-98) 12 2.9 (2-7) na 80 (60-122) 24 (12-40) 0.20 (0.1-0.8)
Finland® (1996-98) 130 1.4 (0.2-6.0) na 74 (51-122) 11 (5-58) 0.13 (0.1-2.2)
(n=148)
Faroe Islands? (2000-2001) 124 1.2 (nd-7.5) na 105 (54-169) 21 (13-100)  0.21 (0.2-2.9)

nd: not detected; na: not available.

"Walker et al. (2001); 2Muckle et al. (2001b); *Deutch, pers. comm. (2001); “arithmetic mean; Bjerregaard, pers. comm. (2001); *Berner,
pers. comm. (2001); "Klopov (2000), Klopov and Tchachchine (2001); 8Soininen, pers. comm. (2001), Soininen et al. (2000); *Weihe, pers.

comm. (2001).

from Arctic Russia (Table 5-10). The breast milk sam-
ples from non-indigenous regions do not show the same
pattern as that seen in the maternal blood samples, i.e.,
higher levels of B-HCH and DDE in the non-indigenous
mothers. Only non-indigenous mothers from Norilsk
had higher levels of B-HCH in their breast milk com-
pared to indigenous mothers (142 vs 46 or 59 pg/kg
lipid). The Inuit mothers from Nunavik (Canada) had
markedly higher levels of mirex and trans-nonachlor
compared to those in the Russian Arctic. Breast milk
from both indigenous and non-indigenous mothers in
Russia had four to ten times higher levels of B-HCH
than found in Nunavik Inuit (40 to 142 vs 11 pg/kg
lipid, respectively). This indicates the use of B-HCH in
commercial Russian food production or in the local en-
vironment, as was concluded in the evaluation of the
Russian maternal blood data. Additional data have been
supplied for northern Russia by Polder et al. (2002a),
see Table 5-11.

5.3. Metals

New data are currently available on maternal blood lev-
els of a number of priority metals, i.e., mercury (Hg),
lead (Pb), cadmium (Cd), and selenium (Se). These data
are available for six countries within the circumpolar
area — Canada, Finland, Greenland, the Faroe Islands,
Arctic Russia, and United States (Alaska).

5.3.1. National and regional data
5.3.1.1. Canada

Mercury has long been a contaminant of concern in
traditional foods in the Arctic. In Canada, in NWT/
Nunavut and Nunavik, significantly higher levels of
total Hg were found in maternal blood from Inuit com-
pared to Caucasian, Dene/Métis or Others (2.1 to 9.8 vs
0.9 to 1.4 pg/L) (Muckle, pers. comm., 2000; Muckle er
al., 2001b; Walker et al., 2001) (Table 5-12). Markedly
higher levels of Hg (2 to 5 times) were seen in Inuit from
the Baffin region of Nunavut (6.7 pg/L) and Nunavik
(9.8 pg/L). The Canadian dataset contains both total
and organic Hg levels. On the basis of the mean values
presented in Table 512, 57 to 92% of Hg in blood
occurs as organic Hg, but there does not appear to be
a relationship with ethnic origin or Hg concentration.
Se levels in maternal serum were very similar among
Caucasian, Dene/Métis, Others, and Inuit (Baffin, Inu-
vik, Kitikmeot, Kivalliq) peoples from the NWT/Nuna-
vut. Only among the Nunavik Inuit, who also had the
highest levels of Hg, were Se levels elevated (318 pg/L).
High concentrations of Se are generally found in the
traditional foods of the Inuit in Greenland and Canada,
particularly in foods derived from marine mammals
(e.g., muktuk). Se is a component of glutathione per-
oxidases and may act as an antagonist to methylmercury
(MeHg), thereby offering some protection against po-
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tential adverse health effects from MeHg exposure
(AMAP, 1998).

Lead levels are moderately elevated among some of
the Inuit and the Dene/Métis (50 to 31 wg/L), while lev-
els are lower among Caucasians, Others and some Inuit
(19 to 22 pg/L). Pb isotope signatures indicate that these
elevations in blood Pb levels are probably due to the
presence of Pb shot in consumed game (Dewailly et al.,
2000b).

The highest Cd levels were observed in Inuit mothers
(1.0 to 1.9 pg/L), while lower levels were seen in Cau-
casian, Dene/Métis and Others mothers (0.36 to 0.65
wg/L). This difference is probably due to the high rate of
smoking among Inuit mothers and the high Cd content
of Canadian tobacco. Benedetti et al. (1994) found that
non-smoking Canadian Inuit had markedly lower levels
of blood Cd (0.27 pg/L) compared to Inuit who smoked
(5.3 pg/L).

5.3.1.2. Greenland

Mercury levels are extremely variable among Green-
land Inuit peoples (Table 5:12), ranging from a maxi-
mum of 50.4 pg/L among a small sample of Inuit
mothers from the Thule region (Deutch, in prep) to a
more moderate 3.6 pg/L in mothers from Nuuk. Inter-
mediate but still somewhat high levels of Hg are seen in
the women from Ilullissat and Ittoqqortoormiit (Table
5-12). Along with these higher levels of Hg, many of
these populations have moderately to highly elevated
levels of Se (133 to 409 pg/L). As noted in section
5.3.1.1., high Se concentrations are generally found in
the traditional diet of the Inuit in Greenland and
Canada, particularly in foods derived from marine
mammals (e.g., muktuk).

Lead levels among Greenland Inuit mothers are simi-
lar (31 to 50 pg/L) to the moderately increased levels
among some of the Canadian Inuit and Dene/Métis.
Analyses of seabirds in Greenland have shown that Pb
shot in game is a significant contributor to human Pb ex-
posure (Johansen et al., 2001).

Cadmium levels are higher in the Greenland Inuit
than in the Canadian Arctic Caucasians and Others
groups, but lower than levels seen in Canadian Inuit.
The increased Cd levels among Greenland Inuit are also
likely to be due to increased rates of smoking relative
to other population groups, such as Danes living in
Greenland. However, based on blood samples from
non-smokers, diet is also a significant source of Cd
(Hansen, 1990).

5.3.1.3. Alaska

Mercury levels in the Inupiat mothers from the Barrow
region are on average 75% lower than concentrations
in Yup’ik mothers from the Bethel region (1.3 vs 5.5
wg/L) (Table 5-12). Concentrations in the Yup’ik moth-
ers are of a similar magnitude to those in Canadian
Inuit (5.5 vs 2.1 to 9.8 wg/L). Both the Ifiupiat and the
Yup’ik peoples are considered Inuit, but the differences
in their blood contaminant levels indicate significant di-
etary differences. The Yup’ik mothers consume signifi-
cant amounts of freshwater fish and some marine mam-
mals that may have elevated levels of Hg; while the Ifiu-
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piat mothers consume terrestrial mammals and bow-
head whales (Balaena mysticetus) that have lower levels
of Hg. Without dietary surveys, numeric dietary com-
parisons cannot be made. To date there are no data
available on Se levels in Alaskan mothers, but the ma-
ternal blood levels of Pb and Cd are low and similar
to those in many of the non-indigenous population
groups.

5.3.1.4. Russia

Levels of metals in maternal tissues are a concern in
parts of the Russian Arctic, in particular due to the pres-
ence of large non-ferrous metal smelters in Norilsk and
Nikel. The data in Table 5-12 indicate that non-indige-
nous Russians from Norilsk, Salekhard, and Dudinka
have lower levels of Hg than the indigenous peoples of
Taymir and Yamal, but very similar levels to those in the
non-indigenous (Caucasian and Others) Arctic Canadi-
ans. Indigenous Russians from Taymir and the Yamal re-
gions have intermediate levels of Hg (2.7 and 2.9 pg/L)
which are similar to those in Canadian Inuit from Inuvik
(2.1 pg/L) but markedly lower than levels in Inuit from
Greenland or the Baffin and Nunavik regions of Canada
(Table 5-12). This may indicate exposure to Hg through
consumption of local fish. Se levels among all Russian
ethnic groups (80 to 91 wg/L) are approximately 30%
lower than those in Caucasians or Dene/Métis in Arctic
Canada, and up to 80% lower than levels among Cana-
dian and Greenland Inuit who have high levels of both
Se and Hg.

Lead and Cd levels are similar among indigenous and
non-indigenous women of Arctic Russia (21 to 32 pg/L
and 0.20 to 0.40 pg/L, respectively) and the mean values
are similar to or lower than those in Arctic Canada or
Greenland. The data presented here do not indicate that
these women are exposed to higher levels of Pb or Cd,
supporting the view that the effects of point sources such
as the smelters in Norilsk remain local.

5.3.1.5. Finland

Exposure to metals is a major concern in the northern
parts of Finnish Lapland. There is no major domestic
source of pollution in this area, but metals originating
from the smelters on the Kola Peninsula (Russia) are a
significant concern. Also, Hg is known to accumulate in
freshwater fish, which is one of the most important
components of the diet in Lapland (AMAP, 1998). The
mean blood level of Hg in pregnant women from the
most northern and northeastern parts of Finnish Lap-
land (Soininen et al., 2000) is much lower than the lev-
els found in Canadian Inuit and Greenlandic Inuit
women (1.4 pg/L vs 2.1 to 9.8 and 3.6 to 50 pg/L, re-
spectively) (Table 5-12). The Finnish value is similar
to corresponding values found in previous studies in
Arkhangelsk (Russia), and in Sweden (Soininen et al.,
2000). Se levels in the Finnish mothers are the lowest of
those observed in the Arctic populations studied (74 vs
117 to 318 pg/L in Canada, and 133 to 409 pg/L in
Greenland).

Lead levels in the Finnish mothers tend to be lower
than those in the other Arctic populations reported here.
Cd levels are also lower than in the other Arctic pop-
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ulations sampled. The data presented here do not indi-
cate that the smelters on the Kola Peninsula contribute
to increased levels of Pb or Cd in mothers from northern
Finland.

5.3.1.6. Faroe Islands

The consumption of pilot whale meat is thought to be
the main source of Hg in the Faroe Islands population,
and dietary surveys in the 1980s indicated that the local
population consumed on average 12 grams of whale
meat per day. As stated in section 5.2.1.7., in 1998 preg-
nant women and women who intended to become preg-
nant were advised to stop eating pilot whale blubber and
meat. A dietary survey and blood contaminant sampling
programme were undertaken in 2000-2001 to assess the
effect of this advice (Weihe, pers. comm., 2001). These
surveys indicated that pilot whale blubber and meat
consumption had decreased by a factor of ten in the tar-
get groups. Hg levels in maternal blood had also de-
creased markedly since the 1980s (12.1 vs 1.3 pg/L),
and there appears to have been a very positive response
to the dietary advice (Grandjean et al., 1992; Weihe,
pers. comm., 2001), which is very specific and aimed
particularly at pregnant women and women intending to
become pregnant. Hg levels are now quite low in the
Faroese population and similar to levels found in Fin-
land, in indigenous peoples from Barrow (Alaska), and
in non-indigenous populations in Russia and Canada
(Table 5-12). Additional monitoring is needed to vali-
date these very marked trends.

5.3.2. International comparisons

5.3.2.1. Comparisons of indigenous
and non-indigenous peoples

The highest maternal blood Hg levels occur in the Inuit
of Canada and Greenland and in the Yup’ik Inuit from
the Bethel region of Alaska (5.5 to 50 pg/L) (Figure
5-8). These high blood levels in the Inuit are associated
with consumption of muscle and fatty skin (muktuk)
from marine mammals, both of which have high levels
of Hg and Se. Intermediate levels of Hg (1.3 to 2.9
pg/L) occur in the Dene/Métis and in some Inuit popu-
lations from Canada, and in the indigenous peoples of
the Taymir and Yamal regions of Arctic Russia. Lower
levels of Hg were observed in all non-indigenous popu-
lations from Canada, Finland, and Russia. The lowest
levels of Se occur in mothers from Finland and north-
ern Russia, and only some of the Inuit populations
with elevated Hg levels also have markedly higher
levels of Se (318 and 409 pg/L in Nunavik and Thule,
respectively).

Lead levels are moderately increased (30 to 50 pg/L)
among some Inuit mothers from Canada and Greenland
compared to other Arctic regions. This increase is prob-
ably related to the use of Pb shot in the hunting of tradi-
tional foods. Cd is also elevated in the Dene/Métis and
Inuit mothers from Arctic Canada and in Inuit mothers
from Greenland. This increase in Cd is thought to be re-
lated to increased cigarette smoking among indigenous
peoples (Benedetti ef al., 1994) and also, in some areas,
to the consumption of marine mammals.

Mercury,
pg/L
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Figure 5-8. Mercury concentrations in blood of mothers
and women of child-bearing age.
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Lead and Cd levels are not markedly elevated among
non-indigenous mothers from northern Russia and Fin-
land. This indicates that these mothers are not being ex-
posed to significant amounts of these metals from local
point sources such as the smelters on the Kola Peninsula
and in Norilsk.

5.4. Temporal trends

Sampling human blood for contaminant analyses is rela-
tively new in the Arctic. Data for AMAP human health
assessments were obtained from blood or breast milk
samples collected during the period 1994 to 1999. This
is a very short period on which to base estimates of tem-
poral trends in contaminant levels in human tissues.
There are often only one or two sampling points from
specific countries, ethnic groups, or regions, for exam-
ple, for Sweden maternal blood data were available for
the first AMAP assessment report (AMAP, 1998), but
not since then. In other cases (e.g., Alaska, Russia, and
Norway), data were obtained during the late-1990s
from regions for which they had not previously been re-
ported. For some other countries (e.g., Canada) limited
data from the initial circumpolar maternal blood con-
taminants studies were combined with newer data to
produce more robust datasets, after confirming that
there were no major temporal differences in contami-
nant levels between the two datasets. Overall, the data
presented in the present assessment report provide a
more reliable basis for assessing spatial variation in
human contaminant levels in the circumpolar Arctic, but
are insufficient for temporal trend analyses.

There are some data for Greenland, from preserved
mummies and their clothing, that provide an indication
of possible trends in Hg levels over the past 500 years.
Figure 5-9 shows concentrations of Hg in hair of Inuit
and animals from Greenland for samples representing
the fifteenth, sixteenth, and twentieth centuries (Hansen,
pers. comm., 2001; Hansen et al., 1989). It is evident
that Hg levels are three- to seven-fold higher in the twen-
tieth century Inuit hair samples than in the fifteenth- and
sixteenth-century samples. The concentrations of Hg in
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Figure 5-9. Changes in mercury concentration in human and animal
hair from Greenland.
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Figure 5:10. Changes in selenium/mercury ratios in human and ani-
mal hair from Greenland.

animal hair (seal and reindeer) from Greenland are also
four- to six-fold higher in the twentieth century samples
(Figure 5-9). These markedly higher concentrations in
the Greenland Inuit and their traditional foods may indi-
cate substantially higher exposure to Hg in the twentieth
century.

This study also determined Se levels in these samples,
and Figure 5-10 presents the associated Se:Hg ratios
(Hansen, pers. comm., 2001; Hansen et al., 1989). The
Se:Hg ratio has decreased ten-fold in humans and four-
fold in animals over the 500-year period. Most of this
change is due to the increasing Hg concentrations in the
hair of animals and humans as well as to the decreasing
concentration of Se in twentieth century human hair
(Hansen, pers. comm., 2001; Hansen et al., 1989). With
lower levels of Se in relation to Hg, the mitigating effect
that Se is thought to have on Hg toxicity may be re-
duced, and Hg may be having impacts on human health
and biota that were not previously occurring. A number
of studies are underway in the Arctic which address the
possible impacts of Hg and other contaminants on
human health (see chapter 9).

5.5. Quality assurance/quality control

The AMAP circumpolar blood monitoring programme
was initiated under AMAP Phase I. This took the form
of a single circumpolar maternal blood contaminant
study in which a single laboratory conducted all the ana-
lyses. This programme has been expanded and further
developed under AMAP Phase II. In its present form
sample analyses are performed by several laboratories in
different countries (Table 5-13).

In order to ensure the comparability of the data from
the different laboratories, a QA/QC activity was estab-
lished specifically to support the AMAP Human Health
Monitoring Programme. The various laboratories may
use similar, but slightly different methods to measure
the contaminant concentrations, and the QA/QC pro-
gramme provides information about the level of com-
parability of the results. The QA/QC activity addresses
both sampling and analytical issues. AMAP human
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Laboratory

Origin of samples

Blood

LInstitute Nationale de Santé Publique du Québec, Sainte-Foy, QC, Canada

Dept. Pharmacology and Toxicology, Univ. Iceland, Reykjavik, Iceland

National Center for Environmental Health of the Centers for Disease Control
for Disease Control and Prevention in Atlanta, Georgia, USA

Norwegian Institute of Air Research (NILU), Polar Environmental Centre,
Tromse, Norway

Regional Centre Monitoring of the Arctic (RCMA), St. Petersburg, Russia

Institute and Out-Patient Clinic for Occupational, Social and Environmental
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health laboratories are currently participating in a series
of ring-tests, currently coordinated by the Institute Natio-
nale de Santé Publique du Québec. These ring-tests are
also open to other (non-AMAP) laboratories. Two such
ring-tests, for PCBs and organic pesticides (i.e., DDTs
and mirex), were completed prior to the preparation of
this assessment. Metals have not been included in the
AMAP ring-tests to date. Results indicate that most of
the laboratories involved in the AMAP Human Health
Monitoring Programme produce results for PCBs that
are within 30% of expected values; and within 20% for
DDTs. Results for mirex are, however, less comparable.

5.6. Conclusions

It is apparent that the levels of certain POPs and Hg are
generally higher in the maternal blood samples of Arctic
peoples who consume traditional foods (e.g., the Inuit of
Greenland and Arctic Canada). For the Greenland Inuit,
in particular, blood levels of several environmental con-
taminants (e.g., PCBs, HCB, total chlordanes, and Hg)
are higher than those in maternal blood samples from
Canada and other circumpolar countries, and this prob-
ably reflects a higher consumption of marine mammals.
Levels of total DDT are higher in the non-indigenous
population from Arkhangelsk (Russia) than in any other
region, indicating possible continuing use of DDTs in
Russian agriculture or local pesticide use. For B-HCH,

the highest levels were also found in Arctic Russia
among the non-indigenous population groups, but ele-
vated levels were also seen in Iceland and among the
Others group in the Canadian Arctic.

Recent data for the Faroe Island population indicate
that, due to public health advice to restrict pilot whale
consumption, particularly in the case of pregnant wo-
men and nursing mothers, there has been a significant
decrease in maternal blood Hg levels, but very little
change in PCB levels. The different response of these
two contaminants is probably due to the short half-life
of Hg in the body compared to that of PCBs. For other
Arctic populations, for which there are generally only
one or two sequential datasets covering mainly the
1990s, it is very difficult to determine any time trends
for the contaminants of concern. Most human health re-
lated monitoring in the Arctic has taken place only over
the last five to ten years, and although this has provided
a much better basis for assessment of the spatial varia-
tion in contaminant levels, this period is too short to re-
liably identify any temporal trends. For Hg, the discov-
ery of ancient Greenland mummies, together with sup-
porting data on biota from their clothing, offers evi-
dence that there has been a significant increase in the
concentration of Hg in the Greenland Arctic environ-
ment and in peoples who consume large amounts of
marine mammals (Hansen et al., 1989; Hansen, pers.
comm., 2001).
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Summary

Human exposure to environmental contaminants is
ubiquitous and not only limited to individuals living
close to the sources of contaminants. Everyone carries a
burden of persistent organic pollutants (POPs) in their
body. The burden of POPs in Arctic peoples has been
monitored for some years, however, it is only recently
that a programme for measuring the potential biological
effects of these contaminants has been established: the
AMAP Human Health Effects Monitoring Programme.
Body burden data alone are not enough to allow the
health risks associated with exposure to environmental
contaminants in Arctic peoples to be assessed. Further-
more, laboratory studies on the effects of single chemi-
cals or chemical mixtures in laboratory animals and cell
cultures cannot fully elucidate the human health risks.
Integration of epidemiological and biomarker studies
on humans from exposed populations in the Arctic is
needed in order to obtain information about the real
health risks resulting from exposure to the accumulated
mixtures of contaminants in the Arctic.

The broad category of human health effects that are
suspected to result from exposure to environmental con-
taminants include cancer, birth defects, effects on the re-
productive and the neuro-endocrine-immune systems,
altered metabolism, and specific organ dysfunction. This
chapter gives an introduction to these various health ef-
fects and presents possible biomarkers that may be use-
ful to include in epidemiological studies. It also discusses
the connection between traditional toxicological studies
and new methods designed to study the potential of
chemicals to interfere with the normal homeostasis by
exerting endocrine-disrupting effects.

6.1. Overview

The AMAP Phase I assessment report (AMAP, 1998) in-
cluded an overview of the classical toxicology of conta-
minants. In 1997, the Alta Declaration extended AMAP’s
mandate to cover assessment of the combined effects of
environmental stressors. This chapter presents a com-
prehensive and detailed description of the rationale for
conducting effects studies. There is some overlap with
that part of chapter 9 dealing with epidemiological stud-
ies, but this is necessary to discuss the evaluation of ef-
fects parameters. Several studies considered below were
conducted outside the Arctic as only a few investigations
have been carried out in this region to date.

Over the past decade most efforts have been focused
on the characterization of exposure of Arctic peoples to

contaminants. Epidemiological studies have been con-
ducted in which clinical endpoints, such as psychomet-
rics, neurophysiological parameters, infection incidence,
bone density, and sexual maturation among others, were
the main focus. However, in order to detect the early bio-
logical changes preceding disease, knowledge about the
mechanism of action of toxicants is required. Thus, bio-
markers of effect need to be validated and used. Effect
biomarkers are early biological responses of the organ-
ism to an external toxic stress. Since the overall weight
of evidence at the epidemiological level for adverse en-
docrine-related human health effects is not strong, fur-
ther studies including validated biomarkers in epidemio-
logical studies may help in identifying the possible rele-
vant associations between exposure to contaminants
and detrimental health effects in Arctic populations.

The Canadian Arctic Contaminants Assessment Re-
port (Jensen et al., 1997) identified areas with informa-
tion gaps toward which Arctic contaminant research
programmes should be oriented; effect biomarkers were,
however, not considered. They were, however, adopted
for use in the AMAP Phase II Human Health Effects
Monitoring Programme (see section 6.2).

In this chapter, the main focus is on effect biomarkers
of early biological responses to evaluate neurobehav-
ioral, immunological, and reproductive organ status of
newborns in the Arctic. It therefore, concentrates on bi-
ological effects related to reproductive and developmen-
tal effects, the neurological and immune system func-
tion, and oxidative stress. Discussions are mainly re-
stricted to cover effects due to POPs, including meth-
ylmercury (MeHg). Other contaminants, such as cad-
mium (Cd) and lead (Pb), are now considered of lower
priority. Their major sources, relevant to human health
in the Arctic, are smoking (for Cd) and lead shot (for Pb)
and information on their toxicity and on biomarkers of
effects is already available, validated and widely used
(e.g., urinary B2-microglobulin level, blood &-aminole-
vulinic dehydratase activity). Furthermore, benchmark
doses as well as biological guidelines for Cd and Pb have
been adopted by international health organizations. In
contrast, health risk assessments related to the presence
of MeHg and POPs in the Arctic food chain carry much
more uncertainty.

6.1.1. The emergence of endocrine disruption

Human exposure to environmental contaminants is
ubiquitous. Exposure is not restricted to individuals who
live next to industries or waste disposal sites, or those
who reside in inner cities or third-world countries
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where, e.g., insecticides are widely used. Everyone car-
ries a burden of POPs and heavy metals in their body.
Persistent organochlorine (OC) compounds, such as di-
oxins/furans, polychlorinated biphenyls (PCBs) and cer-
tain pesticides, e.g., toxaphene and DDT/DDE, accumu-
late in body fat; Hg accumulates in organs, Pb in bones,
etc. Environmental contamination is a global issue and
POPs are transported to the Arctic by atmospheric and
oceanic currents. Because of the lipophilic and persistent
nature of POPs, bioaccumulation and biomagnification
occur in the Arctic marine food web and in some fresh-
water predatory fish and piscivorous birds. Although far
distant from the major pollution sources, some popula-
tions living in regions north of the Arctic Circle display a
greater body burden of POPs than people living in in-
dustrialized regions, largely due to their reliance on a
traditional diet that includes species high up in the ma-
rine food chain (Asplund ef al., 1994; Dewalilly er al.,
1992, 1994b, 1999; Jensen and Clausen, 1979). Use of
several OCs, such as DDTs and PCBs, was restricted or
banned in most countries in the 1970s. Even though
their concentrations in the environment have been
slowly declining over the past 30 years, these com-
pounds are still the most abundant persistent OCs found
in wildlife and in human tissue and milk samples in the
Arctic region (Safe, 2000).

While concentrations of several OCs are decreasing,
the continual introduction of ‘new compounds’, such as
brominated flame retardants, into the environment has
generated new concerns (Rahman et al., 2001). In addi-
tion, attention has recently shifted from chronic diseases
and reproductive endpoints to effects that are induced
following exposure during the sensitive period of in
utero development. Of particular concern are effects on
development resulting from prenatal exposure to en-
docrine-disrupting compounds.

To date, no clear-cut evidence for adverse endocrine-
related human health effects has been obtained at the in-
dividual or population level. However, data from studies
on wildlife species, studies on laboratory animals, and
biomarker studies in vitro have strengthened the need
for further research to address the uncertainty and alle-
viate concerns. Taking a precautionary approach, the
weight of evidence would suggest that exposure levels
seen in the Arctic have some potential for adverse effects
on human health.

Studies on wildlife populations have documented ad-
verse effects that correlate with exposure to one or more
putative endocrine-modulating chemicals (Safe, 2000).
Adverse developmental and reproductive effects have
been primarily linked to POPs and alkylphenols derived
from alkylphenol ethoxylate surfactants used in indus-
trial detergents. In many instances, it has been difficult
to assign causality because of the complexity of environ-
mental contaminant mixtures and the level of expo-
sure during critical developmental windows. However,
lower concentrations of POPs in the Great Lakes region
were correlated with dramatic improvements in repro-
ductive success and significant increases in an array of
predatory birds in the Great Lakes basin (Tremblay and
Gilman, 1995).

The range of toxicological effects that estrogenic
chemicals can produce is illustrated by work on the syn-
thetic estrogen diethylstilbestrol (DES). DES was used
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pharmaceutically from the late 1940s to the early 1970s
to prevent miscarriages and pregnancy complications in
women. However, it was removed from the market in
the 1970s when studies found DES exposure to correlate
with increases in abortions, neonatal death and prema-
ture birth, and an increase in the incidence of vaginal
adenocarcinoma in young women who were exposed in
utero (Herbst et al., 1971). A study of men exposed in
utero showed 31.5% had abnormalities of the reproduc-
tive tract compared with 7.8% of controls (Gill et al.,
1979). The abnormalities included cryptorchidism and
hypospadias, and reduced sperm concentration and
quality, although reduced fertility was not observed in
these men (Wilcox et al., 1995). Exposure of mice in
utero induced very similar effects to those seen in hu-
mans (McLachlan, 1981). Not all the effects of DES are
ascribed to its binding to the estrogen receptor and re-
cent studies have shown that several endocrine-disrupt-
ing compounds induce their effects via different recep-
tors and signaling pathways (Andersen et al., 2002;
Bonefeld-Jorgensen et al., 2001a).

The convergence of several lines of inquiry was cru-
cial for the rapid growth of interest in the issue of en-
docrine disruption in the 1990s. A number of worrying
trends related to human male reproductive health had
been reported globally, including decline in semen qual-
ity parameters and increases in the incidence of testicu-
lar cancer, hypospadias and cryptorchidism. At the same
time, adverse trends in the reproductive health of wild-
life in some regions outside the Arctic had also been noted
and correlated with exposure to environmental contam-
inants, and in some cases specific chemicals were impli-
cated. Evidence was also emerging from a variety of ex-
perimental studies that many widely used chemicals, dis-
tributed extensively in the environment, had the ability
to bind and activate estrogen receptors. Although their
affinity for the receptor was weak compared with either
the natural ligand or DES, their activity was regarded as
sufficient to support a working hypothesis that environ-
mental chemicals might be damaging the reproductive
health of human and wildlife populations by interfering
with sex hormone activities. Behind this concern was the
suspicion that chemicals acting through hormone recep-
tors might mimic the natural hormones and have pro-
found effects at very low concentrations. The conjunc-
tion of threat both to human and wildlife populations
led to responses from international organizations (in-
cluding AMAP), governments, and the chemical indus-
try. The following general needs were identified.

e Further research to confirm the existence of effects
from environmental exposure on reproductive health
of humans and wildlife.

¢ In cases where an adverse effect was confirmed, estab-
lishment of the causative link to exposure to an envi-
ronmental chemical.

e Development of reliable methods, and possibly new
methods, for detecting chemicals with potential to
cause adverse effects (monitoring).

e Ranking of known and suspected endocrine-disrupt-
ing compounds for possible regulatory action (prioriti-
zation).

e Possible action to limit release of certain chemicals to
the environment.



Chapter 6 - Toxicological Properties of Persistent Organic Pollutants and Related Health Effects 59

In order to establish consensus on the scope of this
issue, to facilitate the identification of active chemicals,
and to underpin future regulatory control it is essential
to agree on a precise definition of an endocrine-disrupt-
ing compound. In 1998, the International Programme
on Chemical Safety and the U.S. EPA’s Endocrine Dis-
rupter Screening and Testing Advisory Committee (ED-
STAC) proposed the following working definition:

An endocrine disrupter is an exogenous chemical sub-
stance or mixture that alters the structure or function(s)
of the endocrine system and causes adverse effects at the
level of the organism, its progeny, populations, or sub-
populations of organisms, based on scientific principles,
data, weight-of-evidence, and the precautionary principle.

Thus, the term ‘endocrine disrupters’ covers all kinds of
exogenous interfering chemicals; including synthetic
chemicals and synthetic and naturally occurring hor-
mones. Exposure can occur via dairy products and food
intake, drinking water, and pharmaceuticals, etc. The
ability of a chemical to affect humans or wildlife de-
pends on factors such as structure and concentration,
bioavailability, degradation/metabolism, and uptake, etc.
The observed potency of a chemical is, therefore, very
dependent on concentration and the system applied for
testing. This can result in several classifications for any
one single chemical, for example as carcinogenic, terato-
genic, toxic, and endocrine disrupter, depending on
which characteristic of the chemical is studied.

Many of the compounds suspected of endocrine-dis-
rupting activity are known to be toxic (in some cases
acutely toxic) at higher concentrations. They were there-
fore banned or controlled in some countries, either on
this basis or because of their persistence and capacity to
bioaccumulate in biota. Chronic low dose exposure and
the subsequent bioaccumulation of lipophilic POPs with
long biological half-lives is of special concern. These
POPs may over time bioaccumulate to a critical level ca-
pable of eliciting an effect. Moreover the ‘life-long’
duration of exposure, together with increasing environ-
mental levels, may maximize the likelihood of induction
of effects. Such factors must be taken into account
in sub-chronic, chronic and/or multi-generation tests.
Because of the complexity of the endocrine system, and
the complex nature of human epidemiological studies,
animal studies and in vitro screening methods are widely
used for toxicity evaluation and risk assessment.

The U.S. EDSTAC has recently developed a strategy
for testing chemicals for endocrine modulating activity
including an initial sorting of chemicals (based on exist-
ing data), priority setting (based on knowledge of expo-
sure), and tier 1 screening and tier 2 testing, comprising:

Tier 1 screening

In vitro assays
¢ Estrogen receptor binding and reporter gene assays.
e Androgen receptor binding and reporter gene assays.
e Steroidogenesis assay with minced testis.

In vivo assays
¢ Rodent 3-day uterotrophic assay: increase in uterine
weight in ovariectomized rat.
® Rodent 20-day pubertal female with thyroid: age of
rats at time of vaginal opening.

e Rodent 5-7 day Hershberger assay: change in weight
of prostate and seminal vesicles in castrated rats.

¢ Frog metamorphosis assay: rate of tail resorption in
Xenopus laevis.

e Fish gonadal recrudescence assay: effects on light and
temperature sensitive sexual maturation.

Tier 2 testing
(Intended to determine and characterize the effects of the
chemical on the endocrine system.)

e Two-generation mammalian reproductive toxicity
study or a less comprehensive test.

e Avian reproduction test.

e Fish life-cycle test.

® Mysid (shrimp) life-cycle test.

¢ Amphibian development and reproduction test.

6.1.2. Single compound
and chemical mixture exposures

There are a number of factors that complicate the toxi-
cological evaluation of mixtures. First, it is important to
remember that no test can evaluate all possible end-
points. However, existing methods in general include nu-
merous endpoints that are sensitive to both strong and
weak xenoestrogens such as the reproductive and devel-
opmental effects in humans and rodents of DES (Gill ez
al., 1979; Herbst et al., 1971; McLachlan, 1981; Wil-
cox et al., 1995) and DDT or chlordecone (Daston et al.,
1997). These endpoints, obtained by multi-generation
studies in rodents, are sufficient to indicate a hazard.
Subsequent decisions to further characterize the cellular
and molecular steps in the hazard evaluation require
mechanistic research for risk assessment, taking into ac-
count the possibility that the observed adverse effects
may not be the most sensitive manifestation of toxicity.
Second, two or more compounds may have additive ef-
fects as a result of acting via the same mechanism in con-
cert. They may also elicit antagonistic (less then addi-
tive) or synergistic (greater than additive) effects. Some
studies have suggested synergistic responses of steroidal
estrogens in vitro (yeast) and in vivo (turtle) (Arnold et
al., 1997a,b). However, estrogenic tests with mixtures of
dieldrin and toxaphene in human breast cancer MCF-7
cells, yeast-based human estrogen receptor assays, and
mouse uterus tests showed no apparent synergism (Ra-
mamoorthy et al., 1997).

There are several other complications that must be
taken into account when generalizing about what is
known concerning the toxicity of single compounds
and/or mixtures. A compound may have multiple sites
of action and its toxicity may be mediated by different
mechanisms. Many substances are biotransformed to
metabolites (e.g., hydroxylated PCB metabolites) that
may have a different biological activity than that of the
parent compound. In addition, a single environmental
contaminant may induce different effects depending on
the organism’s age and reproductive state at the time of
exposure. Lead is an example of a contaminant having
little effect on neurobehavioral function in adults but ir-
reversible effects on intelligence quotient (IQ) and be-
havior when exposure occurs in utero during the devel-
opment of the nervous system (Carpenter et al., 1998).
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It is known that developmental toxicity is dependent on
highly susceptible periods of organogenesis, as demon-
strated by prenatal exposure to, e.g., DES and thalido-
mide, and postnatal exposure to Pb, pesticides and radi-
ation (Selevan et al., 2000).

Toxicity scales have been developed for compounds
that share a common mechanism of action. This concept
was applied to mixtures of dioxin-like compounds that
bind the aryl hydrocarbon receptor (AhR). The AhR is
an intracellular ligand-dependent transcription factor
expressed in most tissues of mammals. Dioxins and fu-
rans (polychlorinated dibenzo-p-dioxins, PCDDs; poly-
chlorinated dibenzofurans, PCDFs) as well as non- or
mono-ortho chloro-substituted PCBs are ligands to the
AhR (Birnbaum, 19935; Brouwer et al., 1999; Carpenter
et al., 1998). The activated ligand-receptor complex trig-
gers the expression of enzymes including P4501A1,
P4501A2, P4501B1, glutathione S-transferase, glucuro-
nyl transferase, 3-a aminolevulinate synthethase, epider-
mal transglutaminase, NAD(P)H:quinone oxidoreduc-
tase and aldehyde-3-dehydrogenase, which are involved
in metabolism and detoxification of many POPs (Hahn,
1998; Safe and Krishnan, 1995).

A common practice in risk assessment is to calculate
the 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic

Luminiscense units (0.1 R1881 = 100%)
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equivalents (TEQs) for mixtures comprising dioxin-like
compounds. TEQs are calculated by multiplying the
concentration of each dioxin-like compound by its Toxic
Equivalency Factor (TEF), which corresponds to the rel-
ative potency of the specific compound in generating an
AhR-mediated effect, in relation to that of TCDD, the
most potent dioxin-like compound. Consequently, the
classical TEQ/TEF risk assessment only accounts for po-
tential dioxin-like properties of a mixture and not other
relevant toxicological endpoints such as effects mediated
via other receptors and biochemical pathways (e.g.,
interference with the sex hormones and thyroid hor-
mone systems). For example, ortho-substituted PCBs are
either weak ligands or do not bind at all to the AhR,
therefore either very low or no TEF values are given for
these compounds. Recently, however, it was reported
that the three most highly bioaccumulated di-ortho sub-
stituted PCBs (CB138, CB153, and CB180) elicit the po-
tential, in vitro, to interfere with cell proliferation as
well as the function of the androgen and estrogen recep-
tors (Figures 6-1 and 6-2) (Bonefeld-Jorgensen et al.,
2001a). These results emphasize that a full assessment of
the toxicological potential of a chemical mixture is
much more complex than can be deduced by the use of
TEQ values alone.

120 Figure 6-1. Effects of PCB con-
geners on androgen receptor (AR)
T trans-activity in Chinese hamster
100 ] [ T ] ovary cells (CHO cells). The re-
* sponse of PCBs and the AR ago-
T nist methyltrienolone (R1881, po-
80 .. .
sitive control) were obtained by
* X transiently co-transfection with
60 - the pMMTV-LUC reporter plas-
mid and the pSVARO expression
. plasmid encoding the human AR.
40 |- Asterisks indicates statistically
significant (P< 0.05) decrease rel-
o0l * ative to cells treated with 0.1 nM
R1881 (which is set to 100%).
Source: Bonefeld-Jorgensen et al.
0 (2001a).
01 35 9 18 01 3 5 9 18 013 5 918 0 3+3+3 uM
CB138 CB153 CB180 CBmix
CAT activity (10 nM E2 = 100%)
|
Solvent + PCB | 10 nM E2 + PCB
100 ! — *
| *
| I
|
80| | x o Jex ok
|
| [
|
60 - i
|
|
|
|
1
l
! *
|
|
T
| *
o l
CON
3 59 3 59 3 59 3+3+3 0.1 uM | 0.01 3 5 9 3 5 9 3 59 3+3+3 0.1 uM
ETOH CB138 CB153 CB180 CBmix ICI | E2 CB138 CB153 CB180 CBmix ICI

Figure 6-2. Effects of PCB congeners on estrogen receptor trans-activity in human breast cancer MCF-7 cells. The response of the PCBs and
the ER agonist 17B-estradiol (E2, positive control) on transactivation of the reporter plasmid pERE-tk-cat in MCF-7 cells. Diamonds indicate
a statistically significant (P< 0.05) difference from the solvent (ETOH) and asteriks from the 10 nM E2 treated cells, respectively. Source:

Bonefeld-Jorgensen et al. (2001a).
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Table 6-1. The AMAP Human Health Effect Monitoring Programme.

Bio-Physical Indicators

Epidemiological Effect Markers

Molecular/Genetic Effect Markers

Health Statistics

Morbidity/Mortality data

Cancer incidence

Genetic susceptibility studies

Gene polymorfisms

Gene polymorfisms

Genotypes
Gene expression (mRNA)

Fertility studies

Time to pregnancy

Time or number of menstrual cycles
it takes a couple to conceive from
discontinuation of contraception

Receptor/hormone toxicology (estrogenic-
and androgenic-like activities are performed
in steroid hormone cleared serum samples).

Semen quality and quantity R Sperm count/volume
Sperm quality/mobility
Sex hormones (in blood from R  Sex hormones

women and from their male partners
providing semen samples)

R Estrogenic- and androgenic-like activities.
Dioxin-like activities in blood serum.
In vitro hormone receptor bindings.

R FSH, Inhibin-B, LH, testosterone,
estradiol, sex hormone binding globulin,
osteocalcin, pyridolins

Pregnancy outcome

General indices E
Gestational age
Birth weight/length
Sex (single/multiple)
Placenta weight

Developmental anomalies R Maldescent testis
Hypospadias

Epispadias

Developmental effects R

Abortion (spontaneous)

Ano-genital distance and other indices

Breast milk (POPs, fatty acids)

R Estrogenic-, androgenic- and dioxin-like
activities

R Cytochrome P450 modulations,
DNA adducts

Immunological effects

Hospitalization

Vaccination response

R Antibody (HIB)

Vitamin A and cytokines,
complement system

R Dioxin-like activities

Neurological effects

R Milestones + age
R Pre-school tests:

neurophysiological tests
neuropsychological tests
audiogram and visual tests

R Thyroid hormone
R Estrogenic- and dioxin-like activities

GSHRd, GSHPx,
Ubiquinol 10/Ubiquinone 10, Ox-LDL,
F2-isoprostanes

E: Essential; R: Recommended.

The AMAP Human Health Effect Monitoring Programme is designed to examine the effects on reproduction and development of dietary expo-
sure to POPs and heavy metals within the Arctic. One requirement is that a suite of studies are carried out in parallel, including dietary question-
naires and indicators, and contaminant measurements carried out by laboratories with documented QA/QC.

6.2. The AMAP Human Health Effects
Monitoring Programme

The broad categories of human health effects that may
be linked to exposure to environmental contaminants in-
clude: cancer, birth defects, decreased fertility, altered
sex hormone balance, immune system defects, neurolog-
ical effects such as reduced IQ and behavioral abnormal-
ities, altered metabolism, and specific organ dysfunc-
tions (Carpenter et al., 1998). At AMAP Human Health

Expert Group meetings held in Ottawa, Canada, Sep-
tember 1999; Rovaniemi, Finland, January 2000; and
Torshavn, Faroe Islands, October 2000, a Human Health
Effects Monitoring Programme was recommended to
the eight Arctic nations.

The AMAP Human Health Effects Monitoring Pro-
gramme, as shown in Table 6-1, includes several molecu-
lar biomarker endpoints for use in Arctic environmental
health studies. Substances commonly found in the envi-
ronment may have the potential to affect several organ
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systems. The diseases listed are identified on the basis of
studies of both humans and animals, and in most cases
these investigations were focused on a single contami-
nant. Several of these diseases, when found in a given
individual, are difficult to ascribe to a particular expo-
sure (Sharpe, 1993; Sharpe and Skakkebaek, 1993). This
is generally the case for cancer, reproductive effects
(such as infertility, early birth, etc.), many of the en-
docrine modulators and nervous system actions. Others
are clearly attributable to particular exposures, such as
kidney disease following Cd exposure or the loss of par-
ticular neurons following MeHg exposure (Carpenter
etal., 1998).

The main objective of the AMAP Human Health
Effects Monitoring Programme is to characterize the
impact of dietary exposure to POPs by monitoring bio-
physical indicators, and epidemiological and molecu-
lar/genetic effect markers (see Table 6-1). These effects
studies are directed towards examining the hypothesis
of xenobiotic interference with homeostasis of hor-
mone functions, with a special focus on circumpolar
populations. A number of persistent OCs exhibit estro-
genic (and anti-estrogenic), androgenic (and anti-
androgenic) and dioxin-like activities. Some bind to
the estrogen receptor (e.g., DDT, toxaphene, CB138,
CB153, CB180) (Bolger et al., 1998; Bonefeld-Jor-
gensen et al., 1997, 2001a), and some bind to the an-
drogen receptor (e.g., DDE, vinclozolin) (Bonefeld-Jor-
gensen et al., 2001a; Crisp et al., 1998; Kelce et al.,
1997; Kelce and Wilson, 1997) or bind to both recep-
tors (e.g., metabolites of methoxychlor, CB138). Diox-
ins have been characterized as anti-estrogenic due to
their AhR-mediated interference with estrogen receptor
activities (Kharat and Saatcioglu, 1996; Safe and Krish-
nan, 1995). Because of the wide variety of endocrine-
disrupting effects possibly induced by mixtures of per-
sistent OCs, there is a need to develop markers that inte-
grate the effects of several chemicals on specific hor-
monal pathways and to combine them with epidemio-
logical studies that are also part of the AMAP Human
Health Effects Monitoring Programme.

Sonnenschein and colleagues have devised a method
for estimating human exposure to a complex mixture of
xenohormones (environmental compounds with hor-
mone-like activities) (Sonnenschein et al., 1995). First,
endogenous steroids are separated from persistent OCs
in human serum samples by high-performance liquid
chromatography (HPLC) and the resulting fractions are
tested for estrogenic activity using a proliferation assay
with MCEF-7 cells. Other investigators have further de-
veloped and applied the HPLC fractionation of human
serum for separating endogenous hormones from xeno-
hormones to obtain integrative measurements of estro-
genic, androgenic, and dioxin-like effects of compounds
using reporter-gene cell assays. Recent data, using Inuit
serum samples from Greenland, have indicated that the
concerted action of accumulated persistent OCs in the
human samples exerts an inhibitory effect on the estro-
gen receptor function in human cells, whereas an in-
crease in AhR activity was observed (Bonefeld-Jor-
gensen, in prep.).

The morbidity/mortality data and pregnancy out-
comes are considered essential effect markers, whereas
the other biomarkers listed in Table 6-1 are recom-
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mended measurements for inclusion within AMAP mon-
itoring implementation plans. The biophysical indica-
tors and epidemiological and molecular/genetic effect
markers included in Table 61 are, as far as possible,
linked to the different studies. In addition, dietary ques-
tionnaires, relevant markers of a seafood based diet
(e.g., n-3 fatty acid content in plasma phospholipids),
and biomarkers of exposure to POPs should also be in-
cluded in the studies. Laboratories performing POPs,
heavy metal, and lipid analyses must have documented
quality assurance / quality control (QA/QC).

Sections 6.3 to 6.8 describe the background and ra-
tionale for conducting the health effects studies in the
Arctic that are listed in the Human Health Effects Mon-
itoring Programme (Table 6-1). Some studies have al-
ready been initiated in some parts of the Arctic, while
others are still at the planning phase.

6.3. Genetic considerations

Central to many of the influences on the biological
system are effects that occur at the gene level. Genes reg-
ulate almost everything, including many aspects of hor-
monal production and the reproductive system, brain
development and function, immune system balances,
and organ physiology. A genetic disruption can, there-
fore, affect different organ systems, as a result of the
extensive interactions between 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 con-
trol of growth factors and hormones. Environmental
factors interfere with these biologically balanced pro-
cesses and may result in genetic dysfunction. Mutations
in genes, inherited or induced by environmental fac-
tors, may thus result in reproductive effects, birth de-
fects, and cancer.

Gene polymorphism is known to exist between dif-
ferent ethnic groups, which can result in differences in
tolerance, e.g., to food components such as lactose
(Harvey et al., 1998; Nei and Saitou, 1986). In addi-
tion, gene polymorphism in metabolizing enzymes is
suspected to influence susceptibility to environmental
carcinogens, affecting the risk of cancer (Autrup, 2000;
Coughlin and Piper, 1999; Morabia er al., 2000). Ge-
netic polymorphism and breast cancer risk has been ex-
tensively analyzed, and significant differences in geno-
type frequencies between cases and controls have been
found, including the aromatase cytochrome P450
(CYP19) gene which catalyses the conversion of andro-
gens to estrogens (Dunning et al., 1999). Recently,
a study suggested an association between PCB concen-
trations and CYP1A1 gene polymorphism in women
breast cancer patients compared to control groups
(Moysich et al., 1999).

Serum concentrations of p,p'-DDT, p,p'-DDE and
CB138, CB153, and CB180 were found to be signifi-
cantly associated to K-ras mutations in exocrine pancre-
atic cancer (Porta et al., 1999). These results suggest
new roles for OCs in the development of several cancers
in human beings.

Mitochondrial DNA (mtDNA), which is inherited
maternally via the oocyte, has been mapped completely
(Thrasher, 2000). The variation of mtDNA can be used
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to determine the ancestry of a population. For example,
using restriction fragment length polymorphism and
DNA sequence technology, the present Inuit from
Greenland were shown to be descended essentially from
Alaskan Neo-Eskimos; European mtDNA types were
not found in the Inuit samples in this study (Saillard ez
al., 2000). Because of inadequate DNA repair mecha-
nisms, relatively high rates of mutation are accumulated
in the mtDNA. Mitochondrial DNA mutations are re-
sponsible for several mitochondrial syndromes. A recent
study presented a theory of possible linkages between
mitochondrial defects and a possible global developmen-
tal delay in some children with maternal exposure to en-
vironmental OCs. The author suggests that investigators
conduct further research into the cause of maternal
mtDNA mutations following exposure to mutagenic
xenobiotic compounds (Thrasher, 2000).

6.4. Breast cancer

The incidence of breast cancer has increased steadily
over the past few decades in women from a number of
countries including Finland, Denmark, the United
States, and the UK (Hakulinen et al., 1986; Quinn and
Allen, 1995). The upward trend is estimated at about
1% per year since 1940. In the Arctic, the prevalence of
breast cancer in Greenland Inuit is much lower than in
the general population of the Western Hemisphere; how-
ever, during the 1990s an increasing incidence was also
observed in this population (Nielsen, 2000). The estab-
lished risk factors, such as genetic inheritance and fac-
tors resulting in an increased total lifetime exposure to
biologically active estrogens, can explain only about a
third of the cases (Davis and Bradlow, 1995). Estrogens
have a prominent role in the pathogenesis of breast can-
cer (Lippman and Dickson, 1989), and it has been hy-
pothesized that xenoestrogens may contribute to the
total estrogenic burden.

Several studies on DDE, PCB and hexachloroben-
zene (HCB) concentrations in breast cancer patients ver-
sus controls have been carried out in Europe, Asia, and
North and South America. Overall these studies do not
support a major role for exposure to persistent OCs as
a risk factor (Laden and Hunter, 1998; Safe, 1997).
However, the results are inconclusive, particularly for
high-level exposure. Six studies reported elevated levels
of DDT or DDE among women with breast cancer.
Seven studies found no differences in DDT or DDE
level between cases and controls, and one study re-
ported higher DDE levels in serum samples among
women with breast cancer (Romieu et al., 2000). The
limitation of these studies has been discussed with re-
gard to information on duration of lactation, other po-
tential sources of estrogens, and replacement estrogen
therapy. The lack of controlling for other sources of es-
trogens or potentially confounding factors may have
masked a real association between OC exposure and
breast cancer (Romieu et al., 2000). In Denmark, Hoy-
er et al. (1998) reported a significant dose-related asso-
ciation between accumulation of the pesticide dieldrin
and the risk of breast cancer. As previously mentioned,
a case-control study in western New York State found
an increased risk of breast cancer to be associated with
the polymorphism of CYP1A1 among women with

PCB levels higher than the control group (Moysich et
al., 1999). Thus, the importance of environmental
xenohormones in the etiology of breast cancer remains
controversial.

Accumulation in the fatty breast tissue and the po-
tential of many persistent OCs to exert estrogenic/an-
drogenic- or anti-estrogenic/anti-androgenic-like effects
are hypothesized to promote the cancer process through
the modulation of the estrogen receptor regulated re-
sponses (Wolff and Toniolo, 1995). Therefore, to reject
or verify the hypothesis future studies must include — in
addition to the epidemiological investigation and burden
of POPs — information on genetic polymorphisms and
biomarkers related to the total impact of components
with estrogenic (or anti-estrogenic), androgenic (or anti-
androgenic), and dioxin-like activities. Currently, a pilot
study including these endpoints is being carried out in
Greenland (Bonefeld-Jorgensen, pers. comm., 2002).

PCBs and dioxin are well known for their ability to
induce certain iso-enzymes of P450 in mammalian liver
via the AhR. Some of these enzymes; P4501A1,
P4501A2, and P4501B1, are involved in estradiol me-
tabolism and might disrupt hormone levels (Spink et al.,
1992a,b, 1994, 1998). In vitro, several persistent OCs
have been shown to increase the 16a-OHE1:2-OHE1
estradiol metabolite ratio; 16a-OHE1 is regarded as
highly estrogenic while 2-OHE1 is a weak anti-estrogen
(Bradlow et al., 1995). Some studies have reported
higher levels of the 16a-OHE1 metabolite in urine of
breast cancer patients (Bradlow ez al., 19935; Safe, 2000),
whereas other studies did not observe this association
(McDougal and Safe, 1998; Ursin et al., 1997). Thus, in-
conclusive results exist and await further research.

In animal studies the anti-estrogenic capacity of
TCDD was suggested to be responsible for a decrease in
the incidence of mammary tumors observed in female
rats (Kociba et al., 1978). In vitro bioassays have sug-
gested that hydroxy metabolites of several PCB con-
geners also possess anti-estrogenic properties (Moore
etal., 1997).

6.5. The reproductive system
and fertility studies

The development and maintenance of reproductive
tissues is to a large extent controlled by steroidal hor-
mones. Studies in vitro or in whole animal model
systems have demonstrated that some environmental
chemicals either mimic and/or antagonize natural hor-
mone activities. Studies dating back to the late 1960s
identified 1-[2-chlorophenyl]-1-[4-chlorophenyl]-2,2,2-
trichloroethane (0,p’-DDT), a minor constituent of tech-
nical DDT, as a weak estrogenic compound capable of
causing an augmentation of rat uterine weight in the
classic immature female rat model (Bitman and Cecil,
1970). This compound and a few others that share es-
trogenic properties have been implicated in abnormal
sexual development in reptiles (Gaido et al., 1992; Guil-
lette et al., 1994, 1995), birds (Fahrig, 1993; Fry, 1995;
Fry and Toone, 1981) as well as feminized responses in
male fish (Jobling et al., 1995).

Male reproductive disorders may be mediated by the
estrogen receptor; however, they are also consistent with
inhibition of androgen receptor-mediated events. Kelce
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et al. (1995) identified the major and persistent DDT
metabolite, 1,1-bis[4-chlorophenyl]-2,2-dichloroethylene
(p,p'-DDE), as a potent anti-androgenic agent in male
rats. In addition to inhibiting androgen binding to the
androgen receptor, this compound, when administered
to pregnant dams, also induced characteristic anti-an-
drogenic effects in male pups (reduced anogenital dis-
tance; presence of thoracic nipples). Treatment with
p,p'-DDE at weaning delayed the onset of puberty, while
treatment of adult rats resulted in reduced seminal vesi-
cle and ventral prostate weights.

TCDD is yet another OC which has been shown to
alter sexual development in male rats (Mably et al.,
1992). Decreases in epididymis and cauda epididymis
weights, decreases in daily sperm production and cauda
epididymal sperm number were observed at day 120 and
at most earlier times, when a dose as low as 64 ng/kg
was administered to dams on day 15 of gestation.

During the differentiation of reproductive organs,
hormones, growth factors, and other endogenous medi-
ators regulate gene expression and direct differentiation.
The marked difference between exposure to chemicals
including endocrine-disrupting compounds during criti-
cal periods in development versus during adulthood is
the irreversibility of an effect during development. Evi-
dence indicates that changes in concentrations of andro-
gen and estrogen result in permanent changes in cell
function. For example, the higher level of testosterone in
male mouse fetuses relative to female fetuses results in
the differentiation to prostate tissue as opposed to vagi-
nal tissue. In addition, a small increase in total circulat-
ing estradiol (50 pg/mL) permanently altered prostate
size in mice (Bigsby et al., 1999). Thus it is plausible that
disruption of the action of estrogen or androgen during
critical periods can lead to permanent alterations in the
development of reproductive organs and other tissues
with receptors for these hormones.

Animal experiments indicate reproductive toxicity
following low-level exposure to persistent OCs. In labo-
ratory animals it has been shown that prenatal exposure
to PCBs, PCDD or the DDT-metabolite p,p'-DDE is as-
sociated with reduced male fertility (Kelce et al., 1995;
Peterson et al., 1993; Sager et al., 1987).

In wildlife studies on Baltic grey (Halichoerus gry-
pus) and ringed seals (Phoca hispida) and on Wadden
Sea harbor seals (Phoca vitulina) there is strong evidence
that PCBs in the food chain had impaired reproductive
function resulting in population declines (SCTEE, 1999).
Most recently, high levels of POPs have been found in
Arctic polar bears (Ursus maritimus) in Svalbard (Skaare
et al., 2000), and a possible association between the re-
ported incidence of pseudohermaphroditism in polar
bears and environmental chemicals has been discussed
(Wiig et al., 1998).

More information about effects of POPs on Arctic
animals can be found in the AMAP 2002 assessment on
POPs in the Arctic (AMAP, 2003c).

6.5.1. Time to pregnancy

Time to pregnancy is a measure of the joint reproductive
performance of the parents. Temporal changes in human
fertility in relation to body levels of OCs have not been
extensively investigated. A time-to-pregnancy study did
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not reveal delayed conception among consumers of fish
from Lake Ontario (Buck et al., 1997), but the duration
of exposure was rather short and not quantified by
measurements. Results of a Scandinavian time-to-preg-
nancy study indicate delayed conception related to per-
sistent OC body burdens in smokers but not in non-
smokers (Axmon et al., 2000).

6.5.2. Semen quality and quantity

A study of sperm counts conducted worldwide suggested
that an annual fall of 0.8% had occurred between 1938
and 1990 (Carlsen et al., 1992). Since then, falling
sperm count and quality have been reported in a number
of countries (Auger et al., 1995; de Mouzon et al., 1996;
Irvine et al., 1996; Van Waeleghem et al., 1996) and a
study of testicular morphology in Finland (Pajarinen e#
al., 1997) suggested a reduction in spermatogenesis be-
tween 1981 and 1991. In contrast, no evidence for a de-
cline in sperm counts or quality has been found in a
number of locations studied within the United States
(Fisch et al., 1996), although considerable geographical
variation in sperm counts was observed.

Sperm production is controlled by the sex hormones
(Sharpe, 1993; Sharpe and Skakkebaek, 1993), and
may therefore be influenced by sex-hormone-mimicking
compounds. Certain chemicals lower sperm count in
animals and in exposed workers. Dioxins and the pesti-
cide endosulfan are known to lower testosterone levels
and produce testicular atrophy in male rats, and dioxin,
kepone, 2,4-dichlorophenoxyacetic acid (2,4-D), and
dibromochloropropane have been suggested to reduce
sperm count in men (Paigen, 1999). A number of other
possible factors may affect sperm production, including
changes in lifestyle. Intake of selenium (Se) is reported
to be falling in the UK and Europe (Rayman, 1997) and
dietary deficiency of Se has been suggested as a caus-
ative agent of lowered sperm production since selenoen-
zymes play a role in the maintenance of normal sperm
motility, testicular morphology and testosterone metab-
olism. There is general consensus that, in some coun-
tries at least, semen quality and counts have declined.
However, taking into consideration the influence of bias
in recruitment of study subjects and uncertainty in
methodologies (Bromwich et al., 1994; Lerchl and Ni-
eschlag, 1996) it is not known to what extent semen
quality reflects incidence of infertility or sub-fertility of
males as such.

The only known study on semen quality in the Arctic
took place in Iceland. A study of 73 men including 27
men with normal semen, who came to the fertility center
because of their wives’ fertility problems (52% were of
proven fertility), 20 men with idiopathic sterility, and 26
men with poor semen quality, showed no correlation be-
tween fertility and persistent OC levels. There was a di-
rect relationship between OC levels in plasma and in
semen; with concentrations approximately 20 to 50
times lower in semen. Prevalence of obesity (body mass
index (BMI) >30 kg/m?) was more than three times
higher in the group of men with semen problems, and
sperm density correlated to BMI (P = 0.003), raising the
possibility that increased prevalence of obesity may
partly be involved in the decline in male fertility (Mag-
nusdottir et al., 2002).
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Figure 6-3. Means by which environmental estrogens are thought to
disrupt the major hormonal mechanisms involved in growth and
function of fetal/neonatal testis. Green (+) and red (=)arrows repre-
sent positive and negative feedback mechanisms, respectively. For
explanation see the text to the right.

6.5.3. Male reproduction,
testicular and prostate cancer

The incidence of testicular cancer has increased quite
dramatically in many countries having cancer registries,
including Scandinavian countries, the countries around
the Baltic Sea, Germany, the UK, the United States, and
New Zealand (Adami et al., 1994; Brown et al., 1986;
Hakulinen et al., 1986; HMSO, 1992; Wilkinson et al.,
1992). Interestingly, the increasing incidence of testicu-
lar cancer in Denmark is several times higher than in
Finland and further study of this geographical gradient
may give important clues on etiology. Prostate cancer in-
cidence has also increased in many countries (Boyle et
al., 1995; Merrill and Brawley, 1997). The incidence of
congenital malformations such as cryptorchidism (mal-
descent testis) and hypospadias (malformation of the
penis) are thought to be increasing in the Western coun-
tries (Berkowitz et al., 1993; Kallen et al., 1986). Testic-
ular cancer has been related to cryptorchidism (Giwerc-
man et al., 1993, 1987) and the testicular maldescent
has also been linked to hypospadias (Kallen et al., 1986;
Moller et al., 1996; Prener et al., 1996). Moreover it is
widely accepted that men with testicular cancer have a
higher incidence of impaired spermatogenesis in both
cancerous as well as contra lateral testis (Petersen et al.,
1998). The increases in the incidence of testicular cancer,
hypospadias, cryptorchidism, and reduced sperm count

are believed to be associated with in utero exposure, i.e.,
fetal development, and may therefore have common eti-
ology (Sharpe, 1993; Sharpe and Skakkebaek, 1993).

A variety of epidemiological data suggest that the
hormonal environment of the fetus may be involved in
the development of testicular cancer and congenital mal-
formations. The main evidence, which suggests that pre-
natal exposure to estrogens has an influence on the de-
velopment of the male reproductive tract, originates
from the treatment of pregnant women with DES. Alter-
ation in estrogen exposure may be influenced by endoge-
nous sources such as a change in diet (low-fiber, high fat,
and increase in dairy products) and increase in body fat.
Intake and increase of synthetic estrogens such as DES
and ethinyl estradiol may occur through the use of oral
contraceptive pills, components of which are recycled
into drinking water, and also by intake of non-persistent
phytoestrogens from plants. Finally, persistent OCs such
as PCBs and dioxins are suspected to play a role because
of their potential to interfere with hormone homeostasis.
In animal studies, TCDD caused changes in both male
and female gonadal development and male reproduction
(Peterson et al., 1993).

Figure 6-3 summarizes the major hormones which
are involved in growth and function of the fetal testis
and illustrates how exogenous environmental estrogens
may disrupt the normal hormone homeostasis. The basis
for susceptibility to adverse effects of estrogen on devel-
opment of the male reproductive tract centers on the
normal hormonal control of the fetal testis.

Sertoli cells play an essential role in spermatogenesis.
The production of estrogen and Miillerian inhibiting
substance by the Sertoli cells are thought to co-ordinate
the processes relating to testicular development and
masculinization. Sertoli cells are also thought to regulate
the differentiation and multiplication of the early germ
cells and fetal Leydig cells and their production of
testosterone, which is converted to the more potent an-
drogen Sa-dihydrotestosterone. The follicle stimulating
hormone (FSH) and luteinizing hormone (LH) from the
pituitary gland control Sertoli cell multiplication and
maintain testosterone production by fetal Leydig cells,
respectively. A negative feedback system operates in
which steroid hormones produced by the testis, testos-
terone and estrogen, act to regulate FSH and LH and is
the basis for the so-called estrogen hypothesis (George
and Wilson, 1994; Sharpe, 1993, 1994; Sharpe and
Skakkebaek, 1993). Estrogen seems to be necessary in
male development and function. In addition, immature
Sertoli cells, Leydig cells, and germ cells possess the en-
zyme aromatase, which is responsible for the synthesis
of estradiol from testosterone. Estrogens, including envi-
ronmental estrogens, have the potential to act via vari-
ous points within this feedback loop to alter hormone
level and testicular function.

Sertoli cells produce inhibin-B in a feedback loop,
which regulates FSH secretion. Neonatal secretion of in-
hibin-B can be used as a measure of Sertoli cell number
and a sensitive marker for Sertoli cell toxicants. In in
vitro responses of immature rat Sertoli cells, estrogens,
bisphenol-A and the pesticide lindane were shown to in-
crease the production of inhibin-B, whereas mercury(i)
and platinum(i1) markedly decreased inhibin-B levels
(Monsees et al., 2000).
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The extreme sensitivity of the fetus to its hormonal
environment is illustrated by studies in mice demonstrat-
ing that intrauterine fetal position can influence male
sexual behavior and androgen responsiveness (Nonne-
man et al., 1992). It has been known for some years that
DDT has both estrogenic (0,p”-DDT) and anti-andro-
genic (p,p'-DDE) isomers (Kelce et al., 1995). However,
the range of synthetic chemicals with potential estro-
genic activities includes other OC pesticides (Andersen
et al.; 2002, Kelce et al., 1995; Soto et al., 1994), PCBs
(Connor et al., 1997), alkylphenolic compounds (Rout-
ledge et al., 1998), phthalate esters (Harris et al., 1997)
and bisphenol-A (Ben-Jonathan and Steinmetz, 1998;
Gould et al., 1998). All chemicals identified as having
estrogenic activity are approximately 103- to 106-fold
less potent than estradiol and recent data suggest that
they have similar binding affinity for the ER-a and ER-
estrogen receptors (ER) (Kuiper et al., 1998). Moreover,
new data suggest that a number of phthalates and
alkylphenol chemicals, which act as weak ER agonists in
vitro, also elicit weak androgen receptor antagonism in
vitro (Sohoni and Sumpter, 1998). This complicates the
prediction of in vivo activity of the chemicals. There is
some in vivo evidence that high exposure of rats to
dibutyl-phthalate during gestation and lactation causes
abnormalities of the male reproductive tract (Mylchreest
et al., 1999). Processes regulated by testosterone were
also affected by dibutyl-phthalate exposure resulting in
reduction of anogenital distance, hypospadias testicular
maldescent, atrophy and underdevelopment of seminal
vesicles and prostate. Almost no effect was observed on
the female offspring. These observations are similar to
effects of prenatal exposure to the anti-androgen flu-
tamide and the anti-androgenic fungicide vinclozolin
(Gray et al., 1994; Kelce et al., 1994; Mylchreest et al.,
1999). Also, the herbicide Linuron (3-[3,4-dichloro-
phenyl]-1-methoxy-1-methylurea) was shown to impair
testosterone-mediated reproductive development in rats
(Mclntyre et al., 2000).

The strongest evidence, which implicates exposure
to synthetic chemicals as a factor in reproductive tract
abnormalities, comes from wildlife. The best-known
endocrine-disrupting compound causing serious repro-
ductive abnormalities is tributyltin (TBT). TBT acts as
an anti-estrogen since it inhibits aromatase causing an
increase in androgens and masculinization of female
marine gastropods (Yamabe et al., 2000). In human
prostate cancer cells TBT and triphenyltin (TPT) are
shown in vitro to stimulate cell proliferation and an-
drogen receptor transcription such as prostate specific
antigen (Yamabe et al., 2000). Moreover, a number of
polycyclic aromatic hydrocarbons (PAHs) were shown,
in vitro, to possess anti-androgenic activities (Ving-
gaard et al., 2000).

In summary, more studies are required to support the
involvement of environmental chemicals as a risk factor
in the proposed decline in male fertility.

6.5.4. Effect on hormone receptor numbers

The responsiveness of a tissue to a hormone depends on
the density of receptors within its component cells. The
number of receptors is determined by their rate of syn-
thesis and catabolism, which is in turn controlled by
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complex feedback mechanisms involving hormone ac-
tion. Some chemicals are shown to interfere with this
regulation. For example, TCDD can act to decrease
or increase the expression of the ER (Romkes et al.,
1987), and compounds which bind to the ER (e.g., ICI
182,780, toxaphene, CB138 and several pesticides) in-
fluence receptor functions as well as the cellular level of
ER mRNA (Andersen et al., 2002; Bonefeld-Jorgensen et
al., 2001a; Jensen et al., 1999).

6.5.5. Effects on synthesis, storage, release,
transport, and clearance of hormones

Hormones, including sex steroids, thyroid hormones
and glucocorticoids, are transported bound to carrier
proteins and their effects are to some extent influenced
by the level of these proteins in the blood. Sex hormone-
binding globulin (SHBG) is a plasma glycoprotein that
binds certain estrogens and androgens with high affinity.
Hormones bound to SHBG are not bioavailable for
transport into effector cells. In mammals, estrogen in-
creases the concentration of SHBG in plasma, whereas it
is decreased by androgens. Plant estrogens (phytoestro-
gens) also stimulate SHBG synthesis (Murkies et al.,
1998). A positive correlation was recently reported be-
tween p,p'-DDE concentrations in plasma lipids and
plasma concentrations of SHBG in young men exposed
to DDT during anti-malarial campaigns in Chiapas,
Mexico. p,p'-DDE levels were also negatively correlated
with bioavailable testosterone concentration, semen vol-
ume and total sperm count (Ayotte et al., 2001).

Xenobiotic ligands such as hydroxy-PCBs, phthalate
esters and chlorinated pesticides in general either do not
bind to SHBG or show low affinity compared to 178-
estradiol (Jury et al., 2000). Although these compounds
bind to SHBG with much lower affinity than endoge-
nous sex steroids, these interactions may be physiologi-
cally relevant in situations where SHBG levels are high
and endogenous hormones are low, such as prepubes-
cent children and women taking contraceptives. More-
over, the lack of binding of xenobiotic ligands to SHBG
might cause biologically relevant concentrations in spite
of their relatively low concentration compared to en-
dogenous hormones.

6.5.6. Hormone profiles

To obtain a steroid profile of androgens for both precur-
sors and metabolites of dihydrotestosterone (DHT) a se-
ries of steroids, including DHT, could be measured:
dehydroepiandrosterone (DHEA), androst-5-ene-383, 17B-
diol, androstenedione, testosterone, estrone, estradiol,
DHEA sulfate, androstane-3a, 17B-diol glucuronide,
and androsterone glucuronide. Information on these ste-
roid levels enables a better understanding of any alter-
ation in steroidogenic enzymes in classical steroidogenic
tissues, such as adrenal glands and the testis, and for
steroidogenic transforming enzymes localized in periph-
eral tissues such as the prostate and skin.

In the Arctic, no full studies have yet been conducted
on hormone profiles and contaminant exposure. De-
wailly and colleagues recently carried out a pilot study
in Greenland (n=48 males) and the following male hor-
mones were measured: DHEA, 85-diol, 84, testosterone,
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DHT, E1 and E2. These hormone levels will be corre-
lated with persistent OC levels after adjustment for age,
BMI and smoking (Dewailly, pers. comm., 2001).

6.6. Osteoporosis

Persistent OCs have recently been associated with an in-
creased risk of osteoporosis in humans (Beard ef al.,
2000). The relationship between DDE and bone mineral
density was recently examined in 68 sedentary women
who reported adequate dietary intake of calcium. Re-
duced bone mineral density was significantly correlated
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).
These results suggest that past community exposures to
DDT may be associated with reduced bone mineral den-
sity in women. As a potent androgen receptor antago-
nist, DDE may reduce the inhibitory effect on cytokines
and result in the inappropriate turnover of osteoclasts or
inadequate production of osteoblasts within bone mar-
row, thus leading to reduced bone density (Beard et al.,
2000). Bone metabolism markers that could be used are:
serum markers of bone formation (osteocalcin), and cal-
cium resorption (urinary pyridinolines). A study of fac-
tors associated with osteoporosis in Greenland women is
underway and results will be available in the near future
(Dewailly, pers. comm., 2001).

6.7. Pregnancy outcome
6.7.1. Developmental anomalies

Developmental anomalies related to OC burden are dis-
cussed in section 6.1.1. There are relatively few reports
of possible effects of OCs in humans on abortion, gesta-
tional age, and birth weight and length, and in general
this issue remains to be elucidated.

6.7.2. Placental biomarkers of in utero development

Cytochrome P450 1A1 (CYP1A1) is a phase I biotrans-
formation enzyme expressed in extra-hepatic tissues in
humans, and its regulation is mediated by the AhR (Safe
and Krishnan, 1995).

Hydroxylation of toxicants by P450s leads to the
formation of reactive intermediates that may damage
DNA. PCBs were shown to form such reactive inter-
mediates in vitro and to form DNA adducts following
their bio-activation in hepatic microsomal systems con-
taining high levels of P450s (McLean et al., 1996; Oak-
ley et al., 1996).

CYP1A1 induction and DNA adducts were investi-
gated as possible markers of early biological effects re-
lated to OC exposure in Inuit women from Nunavik.
CYP1A1-dependent ethoxyresorufin-O-deethylase ac-
tivity (EROD) and DNA adducts were measured in pla-
centa samples obtained from 22 Inuit women from
Nunavik. These biomarkers were also measured in 30
women from a Quebec urban center (Sept-iles) as a ref-
erence group. Prenatal OC exposure was determined by
measuring these compounds in umbilical cord plasma.
Placental EROD activity and the amount of DNA
adducts thought to be induced by OC exposure were sig-
nificantly higher in the Nunavik group than in the refer-
ence group. For both biomarkers, smoking was found to

be an important confounding factor, but OC exposure
was significantly associated with EROD activity and
DNA-adduct levels after stratifying for self-declared
smoking status. It was concluded that CYP1A1 induc-
tion and DNA adducts in placental tissue could consti-
tute useful biomarkers of early effects induced by envi-
ronmental exposure to OCs (Lagueux ef al., 1999).

A second study was conducted to determine whether
environmental exposure to PCBs induces placental
CYP1A1 in Inuit women. This more recent study was
designed to better control the confounding effect of
smoking. Cotinine concentration in meconium and Cd
concentrations in placenta had previously been validated
as markers of prenatal exposure to tobacco smoke
(Pereg et al., 2002). Placenta, cord blood, and meco-
nium samples were obtained from 35 Inuit women from
Nunavik and 30 women from Sept-iles (reference popu-
lation). Efforts were made to sample more smokers in
the Sept-iles population and more non-smokers in the
Nunavik population in order to balance the smoker and
non-smoker groups. Smoking status was ascertained on
the basis of cotinine concentration in the meconium and,
when necessary, individuals were re-assigned to the
proper smoking category based on this marker. PCB
concentrations were measured in cord plasma and
EROD was assessed in placenta. Despite the higher PCB
exposure of the Inuit population, both groups showed
similar EROD activities when the data were stratified
according to the smoking status ascertained by the coti-
nine concentration. In the Nunavik population, EROD
activity was correlated with 2,2°,4,4°,5,5’-hexachlorobi-
phenyl (CB153) plasma concentration (a marker of expo-
sure to the environmental PCB mixture). However, coti-
nine concentrations in meconium were also significantly
correlated with CB153 plasma concentrations and multi-
variate analyses failed to demonstrate a significant contri-
bution of PCB exposure to placental CYP1A1 activity
when tobacco smoking (as estimated by cotinine concen-
tration in the meconium) was included in the analysis.

In summary, the results from this study do not sup-
port the hypothesis that low-level environmental expo-
sure to PCBs induces an increase in CYP1A1 activity in
the placenta, and leaves tobacco smoking as the major
modulating factor (Pereg et al., 2002).

6.7.3. Birth weight

CYP1A1 was reported to have been induced in the pla-
centa of women who smoked during pregnancy and
lower birth weights of newborns were observed for
smokers with high placental aryl hydrocarbon hydroxy-
lase (AHH) activity compared to smokers with lower
AHH activity (Pelkonen et al., 1979). Placental homo-
genates from Taiwanese mothers who developed Yu-
Cheng disease (and thus had been highly exposed to
PCBs and PCDFs; see section 6.8.1.5.) had 100-fold
greater CYP1A1-related AHH activity levels than those
measured in homogenates from non-exposed mothers
(Wong et al., 1985). This enzyme induction was signifi-
cantly associated with low birth weights (Lucier et al.,
1987). A study of Swedish fishermen’s wives and 1501
children supported an association between a high con-
sumption of POP-contaminated fish from the Baltic Sea
and an increased risk of low birth weight. The women
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interviewed from the east- and west coast cohorts ate lo-
cally caught fish more than twice as often as their refer-
ents. Compared with the regional population, the
women in the east coast (Baltic Sea) cohort gave birth to
an increased number of infants with low birth weights
(<3000 g), whereas the opposite was seen in the west
coast cohort. Infants in the east coast cohort had signifi-
cantly lower birth weights than infants from the west
coast cohort (median 3530 g versus 3610 g, P < 0.001)
(Rylander et al., 19935). Later studies have strengthened
the hypothesized association between exposure to per-
sistent OCs during childhood and adolescence and an
increased risk of having an infant with low birth weight
(Rylander et al., 1998, 2000). A significant relationship
between lower birth weight and PCB accumulation was
reported in a study of newborns of mothers who had
eaten fish with high PCB contents from Lake Michigan
(Fein et al., 1984). However, at background levels of
PCBs no correlation between PCB concentration and
birth weight has been observed (Rogan et al., 1988).

The association of maternal smoking and blood Hg
concentration with birth weight was studied in 1106 live
born singletons from Greenland with a gestational pe-
riod of 37+ weeks (Bjerregaard and Hansen, 1996).
Smoking was significantly associated with low birth
weight while consumption of marine mammals, and ma-
ternal or cord blood Hg concentration were not. In West
Greenlanders a weak association was found between Hg
and low birth weight. High concentration of Hg and OC
substances is suspected to reduce birth weight; however,
a positive influence of marine diet on birth weight due to
n-3 fatty acids has been reported and may counteract the
effect of POPs (Bjerregaard and Hansen, 1996).

6.7.4. Sex ratios

There have been suggestions of alteration in sex ratios
following an accidental environmental exposure to
dioxin in Seveso (Italy) in 1976. Of 74 births in the most
heavily contaminated zone there was an excess of fe-
males; 26 males and 48 females were born (Mocarelli et
al., 1996). A similar occurrence has been noted for some
other high occupational exposures to chemicals, e.g., di-
bromochloropropane (Safe, 2000). There is evidence
from several countries that in the past few decades there
has been a small but significant decrease in the male to
female sex ratios (Safe, 2000). However, the potential
role of male/female sex ratios as an indicator of environ-
mental exposure to hormone-disrupting chemicals is still
controversial and awaits further research.

6.8. The neuro-endocrine-immune system

In vertebrate species, the neuro-endocrine-immune sys-
tem is responsible for many complex, inter-related phys-
iological processes including homeostatic, reproductive
and immune functions. There are four main types of
hormones: polypeptides, eicosanoids, steroids, and thy-
roid hormones. The inter-dependency of the neuro-en-
docrine and immune systems is reflected by the produc-
tion of hormones, neuropeptides and other neurotrans-
mitters by some immune cells. These hormones play a
role in regulation of the immune system, while en-
docrine and nervous tissues express receptors for many
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substances produced by the immune system (Marchetti
et al., 1995). The major focus of interest in endocrine
disruption has been reproduction and sexual differentia-
tion and development, with most attention to effects as-
sociated with steroid hormones, and to a much lesser ex-
tent, the thyroid hormones.

Gonads primarily produce sex hormones, androgens
(male) and estrogens (female), which play vital roles in
the control of reproductive functions. The glucocorti-
coid hormones, such as cortisol, are produced by adre-
nal glands and have fundamental effects on metabolism,
as well as influencing the immune and reproductive sys-
tems (Vacchio et al., 1998). Thymulin, a polypeptide
hormone, is found mainly in the cortex and medulla of
the thymus and is thought to be involved in the educa-
tion and maturation of the immune system’s T-cells.
Interference with production of this hormone affects
the ability of the thymus to produce mature T-cells.
There are thought to be feedback mechanisms linking
thymulin to testosterone, estrogen, cortisol and thyroid
hormone balance (Marchetti et al., 1995; Marsh and
Scanes, 1994).

6.8.1. Immune system functions

The immune system includes a complex network of
cells. Tissue cells involve macrophages, mast cells and
dendritic cells. The lymphocytes are divided into T- and
B-cells, these are subdivided into T-helper cells (Th,
CD4) and T-cytotoxic cells (T¢, CD8), plasma cells
(CD20) and natural killer cells (NK). The immune sys-
tem cells communicate via highly regulated interleukine
expressions. Macrophages initiate a non-specific im-
mune response by phagoctytoses of allergens and then
represent the antigen on their surface for the Th-cells.
The Th-cells are then activated and secrete cytokines,
which activates other Th-, T¢c-, and B-cells. Thus the Th-
cells play a central role in the immune system.

The extensive interaction between the immune and
nervous systems involves common use of messengers
such as neurotransmitters and cytokines (Carpenter et
al., 1998).

6.8.1.1. Effects of POPs and metals
on the immune system

Dioxins, coplanar PCBs, and PAHs suppress the immune
system (Carpenter et al., 1998). Lead, however, affects
the immune system differently promoting hypersensitiv-
ity, rashes, and auto-immunity. Investigations suggest
that the dominance of different populations of Th-lym-
phocytes is a major factor in an individual’s immune re-
sponsiveness. Th1l-lymphocytes predominate and pro-
duce a particular profile of cytokines in individuals with
normal immunity, whereas individuals with hyper-im-
munity (asthma, skin rashes, and auto-immunity) have
predominately Th2-lymphocytes producing different cy-
tokines (Carpenter et al., 1998). Environmental expo-
sure to Pb and Hg was shown to alter the balance be-
tween the Th1- and Th2-lymphocytes, and contaminant
exposure early in life is suspected to cause prolonged ab-
normalities in immune function. Moreover, children ex-
posed prenatally to DES showed an altered immune
function (Carpenter et al., 1998).
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Studies have shown that both synthetic and natural
estrogens suppress the immune system (Kendall ez al.,
1992; Osterhaus et al., 1995), and that during preg-
nancy, the female immune system is naturally suppressed
with a decrease in thymulin and an increase in estrogen
levels. The presence of estrogen receptors on thymulin
producing cells indicates coordination between these
two hormones (Kendall et al., 1992). Increased concen-
tration of testosterone has a positive, enhancing effect
on the immune system, whereas increase or decrease in
thyroid hormones results in negative effects.

6.8.1.2. Effects of POPs on the immune system
of laboratory animals

Several OCs elicit immunotoxic effects in laboratory an-
imals and humans, the most potent being substances
structurally related to TCDD such as non- and mono-
ortho chloro-substituted PCBs as well as 2,3,7,8-chloro-
substituted PCDD/Fs. In almost all animal species tested,
including primates, PCDD/Fs and PCBs produce myelo-
suppression, immunosuppression, thymic atrophy, and
inhibition of immune complement system components
(NRC, 1992). Exposure to TCDD during pre- and/or
postnatal life results in more severe effects than if the
chemical is administered during adult life and in some
species it may be a prerequisite for immunosuppression
(Hoffman et al., 1986; Vos and Luster, 1989). In fact,
available evidence in laboratory animals suggests that
the maturation of the immune system is especially vul-
nerable to the adverse effects of dioxin-like compounds,
chlordane, HCB, PAHs and possibly other endocrine-
disrupting compounds such as DDT and kepone (Bar-
nett et al., 1987; Holladay and Luster, 1996).

6.8.1.3. Effects of POPs on the immune system
of wild mammals

Persistent organic pollutants, such as PCBs and dioxins,
can cause a broad range of immunotoxic effects in Arc-
tic wildlife. More comprehensive information on this
subject can be found in the AMAP 2002 assessment on
POPs in the Arctic (AMAP, 2003c).

Exposure to POPs has been associated with effects
on thyroid hormones and even low levels of PCB sup-
press thyroid hormone in grey seal pups in the (non-Arc-
tic) Baltic Sea (Jenssen et al., 1996). High body levels of
PCBs and other OCs have been associated with suppres-
sion of the immune system (Reijnders, 1986), and it has
been suggested that these compounds may be implicated
in mass mortality among sea mammals (e.g., seals, por-
poises, dolphins) (Osterhaus et al., 1995) following in-
fection with the phocine distemper virus, morbillivirus.
In otters, environmentally exposed to PCBs, a strong
negative correlation was observed between vitamin A
and PCB concentrations, and a high incidence of infec-
tious diseases was apparent in contaminated animals

(Murk et al., 1998).

6.8.1.4. Immunotoxic effects of mercury

Organic and inorganic Hg possess cytotoxic activities
for cellular components of the immune system in several
species of rodent. MeHg, a form of organic Hg, can alter

non-specific defense mechanisms, such as inhibition of
NK cell activity in rats and mice. It also decreases the ex-
pression of certain activation markers of T-cells (HLA-
Dr, IL-2R) (NRC, 1992). Moreover, it has been well
demonstrated that MeHg can affect the functions of B-
cells and therefore reduce the humoral mediated re-
sponse (Daum et al., 1993). Exposure to inorganic Hg
induces allergies and autoimmune problems in hypersen-
sitive individuals.

6.8.1.5. Effects of POPs on the human fetal
and neonatal immune system

Few data exist regarding the potential immunotoxic ef-
fects of in utero and lactation exposure to PCBs and
dioxins/furans. In 1979, a poisoning from ingestion of
rice oil contaminated with PCBs and PCDFs occurred
in Yu-Cheng, Taiwan. In utero exposed children of
highly exposed women were shown to have a higher in-
cidence of respiratory symptoms during their first six
months of life (Rogan et al., 1988). An increase in the
frequency of pulmonary diseases was suspected to re-
sult from a generalized immune disorder induced by
transplacental or breast milk exposure to dioxin-like
compounds, most likely PCDFs (Rogan et al., 1988). In
children and young adults accidentally exposed to
PCBs and PCDFs (‘Yu-Cheng disease’), serum IgA and
IgM concentrations as well as percentages of total T-
cells, active T-cells and suppressor T-cells were de-
creased compared to values of age- and sex-matched
controls (Chang et al., 1981). In addition to a higher
frequency of middle-ear diseases among 8- to 14-year
old children born to Yu-Cheng mothers (Chao et al.,
1997), the investigation of delayed type hypersensitiv-
ity responses further indicated that cell-mediated im-
mune system dysfunction was more frequent among
patients than controls.

Studies of 207 Dutch infants (105 breast fed and 102
bottle fed) have suggested that background levels of
PCB/dioxin exposure were associated with lower mono-
cyte and granulocyte counts at three months of age and
thus influence the fetal and neonatal immune system
(Weisglas-Kuperus et al., 1995). Follow-up studies of the
children showed that perinatal background exposure
to PCBs and dioxins persists into childhood and might
be associated with a greater susceptibility to infectious
diseases such as recurrent middle-ear infections and
chicken pox, and a lower prevalence of allergic reactions
(Weisglas-Kuperus et al., 2000).

In Nunavik, an epidemiological study investigated
whether OC exposure is associated with the incidence
of infectious diseases in Inuit infants and with immune
system dysfunction. The number of infectious disease
episodes in 98 breast-fed and 73 bottle-fed infants was
compiled during their first year of life. Concentrations
of OCs were measured in early breast milk samples and
used as surrogates for prenatal exposure levels. Bio-
markers of immune system function (lymphocyte sub-
sets, plasma immunoglobulins) were determined in ve-
nous blood samples collected from infants at 3, 7 and
12 months of age. Otitis media was the most frequent
disease with 80% of breast-fed and 81.3% of bottle-fed
infants experiencing at least one episode during their
first year of life. During the second follow-up period,
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the risk of otitis media increased with prenatal exposure
to p,p'-DDE, HCB and dieldrin. The relative risk (RR)
for 4- to 7-month old infants in the highest tertile of
p,p'-DDE exposure as compared to infants in the lowest
was 1.87 (95% confidence interval (CI), 1.07-3.26).
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 immunological parameters. It was con-
cluded that prenatal OC exposure can be a risk factor
for acute otitis media in Inuit infants (Dewailly et al.,
2000Db).

In 1997, an international symposium was held
in Bilthoven (the Netherlands) to discuss the most ap-
propriate effect biomarkers of immunotoxicity that
could be used in epidemiological studies (Van Loveren
et al., 1999). Among the conclusions, one of the
stronger statements was to use antibody responses to
vaccination with an antigen to which no prior expo-
sure occurred. In the scope of the ongoing cohort
study on neurodevelopmental effects of Hg and POPs
(Muckle et al., 2001a), an immune component was
added in 1998. The immune function biomarkers de-
scribed in sections 6.8.1.6 to 6.8.1.9. were selected
based in part on the conclusions of the Bilthoven sym-
posium report.

6.8.1.6. Antibody response following vaccination

Acquired immunity produces a very specific response to
a particular microorganism or other type of challenge. It
mainly involves the activation of lymphocytes and pro-
duction of antibodies. Environmental toxins may affect
acquired immunity and a broad evaluation of the com-
petence of the response provides a better picture of their
effect. The development of disease represents the ulti-
mate endpoint in evaluation of immune suppression.
Antibody response to vaccination is an intermediate
marker of the competence of the adaptive immunity to
infections. Vaccination programmes include essentially
three types of products: killed vaccine (influenza, whole
cell pertussis, inactivated polio), protein-conjugated or
protein-based vaccine (Hemophilus influenza type b
(Hib), diphtheria, tetanus, acellular pertussis vaccine,
hepatitis B), and attenuated live virus (measles-mumps-
rubella, varicella, and the tuberculosis vaccine BCG).
Antibody response to conjugated Hib is of great interest.
Hib vaccine is important in Inuit children because, prior
to immunization, Hib was the most frequent cause of
bacterial meningitis in Inuit children, and was five to
ten times more frequent than in Caucasian children
(Ward et al., 1986).

To evaluate humoral response to Hib-conjugated
vaccine, two threshold values of anti-polyribosylribitol
phosphate (anti-PRP), a capsule polysaccharide, have
been set. An antibody titer of 0.15 pg/mL is indicative of
immediate protection against Hib, whereas a titer
greater than 1.0 pg/mL was found to protect for longer
terms (Ward et al., 1994). It should be noted that Hib

AMAP Assessment 2002: Human Health in the Arctic

vaccination is administered using two doses and that ex-
posure to the natural antigen is used in Nunavik. It is
then important to note precisely when the last dose was
given prior to the blood puncture (antibodies measure-
ment) (Raby et al., 1996).

6.8.1.7. Complement system

The complement (C’) system plays an important role in
natural immunity against infectious agents. It is particu-
larly important in young children for whom the ac-
quired immune system is not yet fully developed. Defi-
ciency of many of the C’ components is associated with
increased susceptibility to infections, generally of the
upper respiratory tract. In a murine model, exposure to
OCs increased susceptibility to Streptococcus pneumo-
niae infections, decreased C3 levels and lowered total C’
hemolytic activity (White et al., 1986).

6.8.1.8. Effects of POPs
on cytokine production by Th1/Th2 cells

High levels of OCs and metal ions in blood and tissues
are frequently related to fish intake. Fish and seal oil-
supplemented diets (rich in n-3 (also called omega-3)
fatty acids) have generally been shown to reduce plasma
levels of some cytokines (Bonefeld-Jorgensen et al.,
2001b). Most human studies have shown decreased
plasma levels or diminished production of IL-1 and
TNFa, while n-3 fatty acids increased the production of
these cytokines in mice (Blok et al., 1996). Both contam-
inants and n-3 fatty acids alter the balance between Th1-
and Th2-type cytokines, and could impair host resist-
ance to infections. IL-1, IL-2, IL-4, IL-6, TNFa and
IFNy have been repeatedly associated with these
changes and need to be measured in Arctic populations
consuming seafood products. IFNy and TNFa are
known anti-viral cytokines (Zinkernagel, 1993); 1L-4
enhances IgG1 and IgE, but reduces IgM production
(Ada, 1993); IL-10 down-regulates Th1-cytokines and
inhibits IFNy production (Fiorentino et al., 1989).

One of the principal limitations of using cytokines
is their high variability due to minor (usually non-de-
tected) infections. The extremely high incidence of
minor infections in the Arctic strongly limits the use of
cytokines in epidemiological studies.

Organochlorine compounds and metal ions can
modulate the production of Th1/Th2-type cytokines.
Two studies using murine leukocytes exposed to metal
ions in vivo demonstrated that Hg inhibits the in vitro
production of IFNa, IFNB and TNFa by macrophages
and induces a dose- and time-dependent increase in
IL-1 activity (Ellermann-Eriksen et al., 1994; Zdolsek
et al., 1994). High blood levels of IL-4 and IgE and
low levels of IFNvy have been observed in animal stud-
ies involving treatment with Hg (Heo et al., 1996).
In humans, occupational exposure to inorganic Hg
did not result in a significant variation of the immune
response in terms of i vitro production of IL-1 and
TNFa, whereas a prolonged low-level exposure de-
creased TNFa concentrations (Langworth et al.,
1993). Along with their effects on Th1/Th2-type cy-
tokines, OCs and metal ions are known to alter B-cell
activity and to impair host resistance to several
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bacterial and viral infections (Heo et al., 1996). In
animals, Hg increased by 100-fold the virus titers fol-
lowing infection with herpes simplex virus 2 (HSV-2)
and increased by 2-fold the number of macrophages in
the heart of mice infected with myocardial coxsack-
ievirus B3 (CB3) 994 (Ellermann-Eriksen et al., 1994;
Ilback et al., 1996). Plasma levels of IFNy in exposed
animals were higher than in infected non-Hg-treated
mice. In a recent preliminary iz vitro human whole
blood study of induced release of the inflammatory cy-
tokines IL-1B and TNFa upon incubation with vari-
ous OC substances, 2,3,7,8-TCDD, toxaphene, and
CB180 elicited the potential to increase the level of the
two cytokines in plasma (Bonefeld-Jorgensen, pers.
comm., 2002).

6.8.1.9. Vitamin A status

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
(Semba, 1994; Sommer and West, 1996). Results from
different animal and human studies vary; however,
almost all studies revealed that lymphopoiesis and/or
maturation of lymphocytes are altered (generally re-
duced) in connection with vitamin A deficiency (Olson,
1994; Semba et al., 1993; Sommer and West, 1996).
Vitamin A deficiency could increase frequency, severity,
and duration of infections. Diseases in the lower respira-
tory compartment were associated with vitamin A defi-
ciency in many cross-sectional clinics and population
based studies. Also, otitis media was among the first
infections to be associated with vitamin A deficiency
in humans (Bloem et al., 1990; Semba, 1994; Sommer
and West, 1996).

Vitamin A clinical deficiency has never been docu-
mented in Canadian Arctic populations. However, a
recent report suggests that the daily vitamin A intake
in Nunavik falls below the recommended intake
(Blanchet et al., 2000). Alteration of vitamin A home-
ostasis has been associated with PCB exposure in labo-
ratory animals (Ndayibagira and Spear, 1999). Fur-
thermore, POPs such as OCs have been shown to alter
the vitamin A homeostasis in many species, including
primates (Zile, 1992). It is thus important to better
understand the relationships between vitamin A, OC
levels, and infectious disease incidence in Arctic po-
pulations.

In a pilot study, retinol concentration was measured
in umbilical cord plasma of newborns and the vitamin A
status was assessed in four populations. The study in-
cluded 55 First Nations newborns and 56 Caucasian
newborns from the middle and the lower north shore of
the St. Lawrence River, 135 Inuit newborns from Arctic
Quebec, and 22 newborns from the general population
of southern Quebec. Mean retinol concentrations in
ng/mL were 175.2,159.5, 148.2, and 242.8, respectively
(Dewailly, pers. comm., 2001). These preliminary results
may suggest an inverse relationship between retinol con-
centrations and the POPs burden. The difficulty of using
vitamin A as an effect biomarker of PCB exposure is re-
lated to (1) the variability of vitamin A intake among in-
dividuals, and (2) non-systematic supplementation pro-
grammes in infants.

6.8.2. Neurological system

6.8.2.1. Thyroid hormone disruption
and neural development

Thyroid hormones regulate neuronal proliferation, cell
migration and differentiation including control of when
differentiation begins and when cell proliferation ends
(Hamburgh, 1969).

A number of organic and inorganic compounds
cause toxic action in the nervous system such as abnor-
malities of peripheral sensory or motor nerves, resulting
in either abnormal or loss of sensation, or muscle weak-
ness (Carpenter ef al., 1998). In 1979 it was shown that
Pb at very low concentration can cause a decrease in IQ
and behavioral problems in children exposed prenatally
and in the early postnatal years. Recent studies have sug-
gested that these actions are irreversible. Moreover, sev-
eral studies suggest that PCBs may have similar effects,
with prenatal exposure resulting in decreased cognitive
function and behavior that appears irreversible (re-
viewed by Carpenter et al., 1998).

Although many theories exist as to how PCBs affect
neurodevelopment, the main hypothesis involves PCB
impact on thyroid hormone homeostasis (Porterfield
and Hendry, 1998).

In addition to direct effects on neurons the thyroid
system is important to nervous system function. In
adults, the thyroid controls the rate of metabolism and
neurological functions (Colorado State University, 2000;
DeVito et al., 1999; Oppenheimer et al., 1995). In the
developing fetus and neonate, the thyroid is essential to
organ (e.g., brain) development, the development of the
central nervous system, and cell differentiation and
growth (Porterfield, 2000; Rodier, 1994). Congenital
hypothyroidism results in minimal brain dysfunction,
even if treated after birth (Carpenter ef al., 1998). PCBs
and dioxins and their hydroxylated metabolites have
some similar steric features to the thyroid hormones,
which enables these compounds to interfere with normal
thyroid function. The mechanisms by which PCBs can
affect thyroid hormone function, and so influence devel-
opment, include increase in thyroid stimulating hor-
mone from the pituitary gland, altered structure and in-
creased weight of the thyroid gland, decrease in thyroid
hormone, thyroxine (T4) and triiodothyronine (T3), and
blockage of binding of thyroid hormone to transport
proteins and thyroid receptors (Carpenter et al., 1998).

6.8.2.2. Effects of POPs
on fetal and neonatal neurological capabilities

There is mounting evidence that environmental back-
ground exposure to PCBs, dioxins and furans is sufficient
to affect thyroid homeostasis and neurological capability.
Studies of Japanese breast-fed neonates (Nagayama et al.,
1998) and Dutch children (Koopman-Esseboom et al.,
1994b) have shown that these compounds in maternal
milk affect the thyroid hormone status in children. Esti-
mated TEQ was significantly and negatively correlated
with the levels of T4 and T3 in the blood of breast-fed ba-
bies. A follow-up study of the same group of Dutch chil-
dren found that exposure to high levels of PCBs and diox-
ins in utero and in maternal milk correlated negatively
with the cognitive score of the children (Patandin ef al.,
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1997). This is in accordance with the findings of intellec-
tual impairment of children prenatally exposed to PCBs
through their mother’s intake of polluted fish from Lake
Michigan (Jacobson and Jacobson, 1996). Longnecker et
al. (2000) did not find a significant association between in
utero PCB exposure among 160 North Carolina children
and serum thyroid measured in umbilical cord sera. Nor
did a study of 182 children from the Faroe Islands, where
marine food includes pilot whales, find any correlation
between intellectual function and PCB levels. 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. The
neurological optimality score of each infant was deter-
mined at 2 weeks of age adjusted for gestational age, and
predictors were assessed by regression analysis. Thyroid
function was found to be normal and not associated with
PCB exposure (Steuerwald ez al., 2000). However, a mild
decrease in neuropsychological test scores for children 7
years of age was correlated with prenatal MeHg exposure
deduced from maternal hair (10-20 pg/g) compared to
controls (3 pg/g) (Grandjean et al., 1997). A later study
by Grandjean et al. (2001) reported neurobehavioral
deficits associated with MeHg in 7-year old children pre-
natally exposed to seafood neurotoxicants. This study in-
volved analyses of cord blood from 435 children from a
Faroese birth cohort. A possible interaction between
PCBs and MeHg was noted in this study (Grandjean et
al., 2001). In addition, MeHg neurotoxicity in Amazon-
ian children living downstream from gold mining activi-
ties has been reported (Grandjean et al., 1999b). More-
over, a cross-sectional and prospective dataset from the
Maastricht Aging Study suggests that exposure to pesti-
cides, but not metals and organic solvents, was associated
with increased risk of mild cognitive dysfunction in adults
(Bosma et al., 2000). A developmental study involving a
cohort of 7000 children carried out in the Seychelles
found no clear evidence for consistent adverse effects on
six developmental outcomes of pre- and postnatal study
exposure to MeHg (Axtell et al., 2000).

In a recent study, involving 171 healthy German
mother—infant pairs, the effect of prenatal and perinatal
exposure to PCBs (estimated as the sum of CB138,
CB153, and CB180) on prospectively measured psy-
chodevelopment in newborn infants at age 7, 18, 30, and
42 months was estimated (Walkowiak et al., 2001). In
summary, the findings showed that the PCB concentra-
tion in serum samples at 42 months increased markedly
with duration of breast feeding, up to five times higher
than in the group of non-breastfed children. Moreover,
prenatal and postnatal exposure to European background
PCB levels (1.22 pg/L serum at age 42 months) was asso-
ciated with a decrease in mental and motor development
up until 42 months of age. In comparison, the mean of the
sum of these three congeners in the blood of women of
child-bearing age from Greenland is 5.0 pg/L plasma
(with a range of 1.55 to 9.4 pg/L, depending on the re-
gion, see Table 5-2).

6.8.2.3. Animal studies

The finding of intellectual impairment in humans is sup-
ported by animal studies on exposure to PCBs (Brouwer
et al., 1998; Eriksson and Fredriksson, 1998; Hany et
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al., 1999; Hussain et al., 2000). In animal experiments,
several chemicals such as PCBs, flame retardants, pesti-
cides, phthalates, and dioxins have been shown to have
the capacity to lower T4 levels in blood (Brucker-Davis,
1998; Fowles et al., 1994).

6.8.2.4. Thyroid effect studies
of Inuit populations exposed to POPs

In Nunavik, a cord blood monitoring programme took
place between 1993 and 1996. Measurements of thyroid
hormones were performed on 466 Inuit newborn umbil-
ical cord blood samples. Free T4, total T3, thyroxine-
binding globulin (TBG) and thyroid stimulating hor-
mone (TSH) were measured. Hydroxylated metabolites
of PCBs (OH-PCBs) and other phenolic compounds
were also measured in a sub-sample (n=10). As ex-
pected, birth weight was positively associated with thy-
roid hormones (T4, TBG). For this reason, further
analyses were adjusted on birth weight. After adjust-
ment, TBG and TSH were significantly and negatively
associated with PCB congener levels (Dewailly, pers.
comm., 2001).

The main mechanism for the transport of thyroid
hormones to the brain requires them to pass through the
blood brain barrier via a thyroid hormone transport
protein called transthyretin (TTR) (Chanoine and Bra-
verman, 1992). Although PCBs show some binding
affinity for TTR (Chauhan et al., 2000), OH-PCBs have
much higher in vitro binding affinities that can be as
high as 12 times the binding affinity of the natural lig-
and, thyroxine (T4) (Brouwer, 1991; Cheek et al., 1999;
Lans et al., 1994). Binding to TTR is not limited to OH-
PCBs. Other chlorinated phenolic compounds such as
pentachlorophenol (PeCP), halogenated phenols, and
brominated flame retardants (Meerts et al., 2000; van
den Berg, 1990; van den Berg et al., 1991) also have
strong affinities for TTR. Recently, PeCP was found to
be the dominant phenolic compound determined in Inuit
whole blood (Sandau et al., 2000a). Thus, other halo-
genated phenolic compounds may also be important
contaminants in plasma as they have been found to ex-
hibit similar toxicological properties to OH-PCBs
(Schuur et al., 1998; van den Berg ef al., 1991).

PCBs have previously been measured in umbilical
cord plasma; however, few studies have examined levels
of hydroxylated metabolites in blood, especially in hu-
mans. OH-PCBs have recently been quantified in whole
blood of Inuit from northern Quebec, Canada (Sandau
et al., 2000a), and Swedish and Latvian fish eaters
(Sjodin et al., 2000). One study examined chlorinated
phenolic compounds in umbilical cord plasma to deter-
mine possible differences among three human popula-
tions with different PCB exposures due to cultural dif-
ferences in dietary habits (Sandau et al., 2002). Retinol
and thyroid hormone status (triiodothyronine (T3)), free
T4, TSH, and TBG were determined in most samples.
An inverse association was found (r = -0.62; P = 0.003)
between log-normalized free T4 and log-normalized
total phenolic compounds (sum of PeCP and OH-PCBs).
Total chlorinated phenolic compounds were also nega-
tively associated with T3 (r = —0.48, P = 0.03) (Sandau
et al., 2002). The results indicate that PCBs, OH-PCBs
and PeCP affect thyroid hormone status.



Chapter 6 - Toxicological Properties of Persistent Organic Pollutants and Related Health Effects 73

6.8.2.5. Oxidative stress induced to the nervous system
by methylmercury

Methylmercury is a highly toxic environmental neuro-
toxin that can cause irreparable damage to the central
nervous system (Choi, 1989; Clarkson, 1993, 1997). Al-
though the underlying biochemical and molecular mech-
anisms that lead to impaired cell function and nerve cell
degeneration are not well understood, there is abundant
evidence supporting the hypothesis that a major mecha-
nism of MeHg neurotoxicity involves an oxidative stress
(Sarafian and Verity, 1991; Yee and Choi, 1996). Mer-
cury increases production of reactive oxygen species via
deregulation of mitochondrial electron transport as well
as through glutathione (GSH) depletion (Lund ef al.,
1993). The oxidative stress hypothesis is clearly sup-
ported by the finding that MeHg neurotoxicity can be
inhibited by various anti-oxidants including Se (Park ez
al., 1996) and N-acetyl-L-cysteine, a precursor of GSH
(Ornaghi et al., 1993).

Glutathione peroxidase (GSHPx) and glutathione
reductase (GSHRJ) activities were measured in blood
samples from 142 Inuit from Sallummiu, Canada (Mi-
rault and Dewailly, pers. comm., 2001). Activities of en-
zymes involved in detoxification of free radicals were
measured in order to investigate relationships between
Hg, Se and oxidative stress. It was observed that Hg was
negatively correlated with GSHRd activity; an NADPH-
dependent enzyme that regenerates glutathione from
glutathione disulfide. In contrast, plasma Se concentra-
tion was positively correlated with GSHPx activity; a se-
lenoenzyme that catalyses the conversion of hydrogen
peroxides to water. Hence, Hg exposure may diminish
defense mechanisms against oxidative stress by limiting
the availability of glutathione, while Se may afford pro-
tection by favoring the destruction of hydrogen peroxide
(Mirault and Dewailly, pers. comm., 2001).

Biochemical assessment of oxidative stress markers
also includes three other indices. Firstly, the ratio of the
reduced form of coenzyme Q10 (ubiquinol-10) to the oxi-
dized coenzyme Q10 (ubiquinone-10) in plasma, which
is now considered as one of the most reliable and sensi-
tive indices of an oxidative stress i vivo (Finckh et al.,
1995; Lagendijk et al., 1996; Yamashita and Yamamoto,
1997). In contrast to the total level of coenzyme Q10,
which is reported to be associated with multiple factors
including gender, age, and cholesterol and triglyceride
levels (Kaikkonen et al., 1999), the ubiquinol-10/ubi-
quinone-10 ratio index is apparently independent of
these variables and thus represents the oxidative stress
index of choice. Secondly, an increased level of specific
F2-isoprostanes (direct oxidation metabolites of arachi-
donic acid) in plasma and/or urine is another index re-
cently used to demonstrate oxidative stress in several
pathological conditions involving oxygen free-radical for-
mation (Patrono and FitzGerald, 1997; Pratico, 1999).
The most easily measurable and frequently used F2-iso-
prostane species as a marker of oxidative stress iz vivo is
8-isoprostaglandin F2-«a (Patrono and FitzGerald, 1997
Pratico, 1999). Thus the levels of 8-isoprostaglandin F2-
a in plasma samples will be measured. Finally, the level
of plasmatic low-density lipoprotein (LDL) oxidation
could also be assessed as a potential marker of oxidative
stress (Dewailly, pers. comm., 2001).

6.9. Conclusions and unanswered questions

There is increasing evidence of adverse trends in human
reproductive health, most notably testicular cancer and
female breast cancer, whereas the decrease in sperm
counts apparent from some studies is still being dis-
cussed. However, causal links between effects and expo-
sure to environmental chemicals have still not been
firmly established.

Environmental chemicals have been focused on be-
cause of their capacity to interfere with hormone activi-
ties and hence their possible relation to trends in hor-
mone related health effects. In wildlife, there is more
convincing evidence of links between environmental ex-
posure and endocrine disruption. This strengthens the
concerns about endocrine modulation by environmental
chemicals in humans. Because the developing fetus is
particularly susceptible to exposure to environmental
chemicals, and because there are many different effect
targets, evaluation in terms of both lifetime effects (gen-
erations) and effects on organs (time to dysfunction) is
complicated. Much research and monitoring are still re-
quired, and there is a need to develop, refine, and vali-
date test methods that can accurately predict the effects
of chemicals on human health.

In this context, risk assessment must include interac-
tion between chemicals, because in general humans are
exposed to chemical mixtures. Finally, and most impor-
tantly, is the question of whether the available evidence
is strong enough to warrant regulation of the chemicals
concerned: Which test methods should be included for
the definition of an endocrine disrupter? Is demonstrat-
ing detrimental effects in wildlife sufficient to require
regulation of a chemical? International controversy will
continue until commonly accepted grounds for regula-
tion of potential hormone-disturbing chemicals are es-
tablished.

After reviewing what has been done, and what is
possible and desirable to do in order to obtain a better
assessment of the human health impact related to the
contamination of the Arctic food web, implementation
of a circumpolar biomarker monitoring and research
programme (based on Table 6-1) has been recommended
by the AMAP Human Health Expert Group. This set of
biomarkers will produce the information necessary to
complement and support the determination of causality
in relationships found in epidemiological studies. Some
of the included biomarkers are also likely to be used in
the future to improve risk assessments and to establish
guidelines which, at present, are still largely based on
experimental studies conducted on laboratory animals.
Finally, such a programme will effectively meet AMAP
requirements for monitoring human health impacts of
contamination in the Arctic.

At the same time, it is important to be aware that the
use of biomarkers of effects presents new and difficult
challenges in relation to the communication of results to
local people. The concept of biomarkers is usually diffi-
cult to understand for the lay people, and results can be
hard to describe and communicate in an unambiguous
manner. The fact that biomarkers are indices of subtle
deleterious effects, with variable sensitivity and speci-
ficity to disease, makes their interpretation even more
difficult. An analogy with the effects of alcohol con-
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sumption over time might be useful in helping to illus-
trate the role that biomarkers of effects can play in de-
scribing the development of health impacts (i.e., the se-
quence from alcohol intake, liver enzyme increases, to
development of cirrhosis).

There are still major gaps and deficiencies in our un-
derstanding of health effects of food chain contaminants
in the Arctic. Some of these are highlighted as follows.

Exposure during the developmental period is impor-
tant because it represents the most sensitive period for
several health effects. However, other critical life stages
such as puberty and aging can be highly relevant for ef-
fects on reproduction, the immune system, or the nerv-
ous system.

Efforts should be made to relate molecular or biologi-
cal markers to adverse health endpoints at the individual
and population level. Biomarkers of effect should be inte-
grated in epidemiological studies in order to fill knowl-
edge gaps between exposure and overt clinical effects.
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Although receptor-based assays can be very useful, it
is imperative to recognize that endocrine disruptive ef-
fects can also be mediated through interactions at other
levels (e.g., co-activator or repressor levels, enzymes in-
volved in hormone biosynthesis or degradation, etc.).
It will be important to design assays that can be directed
toward improved understanding of the mechanism(s) in-
volved, further helping in the interpretation of the re-
sults and future prevention.

It is important to recognize that genetic variability
may affect the susceptibility of individuals or popula-
tions to the effects of POPs and MeHg.

Studies on environmentally relevant mixtures (at rel-
evant concentrations) are required to investigate possi-
ble interactions between components of the mixture.

Understanding the relationship between subtle bio-
logical effects and chronic diseases may prove to be the
greatest challenge. Many potential mechanisms of action
have yet to be discovered and researched.
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Recent Dietary Studies in the Arctic

Bente Deutch

Summary

Dietary surveys serve several purposes, namely to de-
scribe and analyze the food choice and nutritional ade-
quacy of the diet and to assess the role of food compo-
nents as sources/carriers of anthropogenic pollutants, in-
cluding heavy metals, organochlorine (OC) compounds
and radionuclides. Dietary surveys have been performed
among Arctic populations as part of the AMAP Human
Health Programme and as part of independent studies.
A very large body of dietary information has been accu-
mulated in Canada over the last twenty years, especially
by the Centre for Indigenous Peoples’ Nutrition and En-
vironment (CINE).

This chapter focuses mainly on recent AMAP-related
dietary studies, in particular where it has been possible
to make comparisons between different geographic and
ethnic groups. Despite very large variations, the general
tendency is clearly that traditional/country food con-
sumption is gradually decreasing as imported foods be-
come more available and culturally acceptable to the
Arctic peoples. This is most clearly shown by dietary in-
dicators such as human blood lipid profiles of n-3 and
n-6 polyunsaturated fatty acids; the n-3:n-6 ratio is a
strong marker of traditional food intake, mainly indicat-
ing the consumption of marine mammals, but also ter-
restrial fish and game. The high levels of n-3 fatty acids
in traditional/country food are thought to provide some
protection against cardiovascular disease and diabetes.
On the other hand, human blood levels of marine-
acquired n-3 fatty acids are strongly associated with lev-
els of persistent organic pollutants (POPs), because the
main dietary source of POPs is fat (blubber) from ma-
rine animals.

7.1. Positive effects of traditional foods

The traditional food of the Arctic indigenous peoples
can be defined as consisting of specific compositions of
local products gathered and prepared in certain ways
that are thereby meant to fulfill the nutritional and cul-
tural needs of the population group concerned (Kuhn-
lein and Receveur, 1996). Traditional/country foods in-
clude many Arctic animals and plants. Various species of
fish are caught, including salmon and trout (Salmo spp.),
whitefish (Coregonus spp.), burbot (Lota lota), and Arc-
tic char (Salvelinus alpinus). In Arctic coastal communi-
ties, marine mammals, including various species of seal,
bowhead whales (Balaena mysticetus), beluga (Delphi-
napterus leucas), walrus (Odobenus rosmarus), sea lion
(Eumetopias jubatus), and polar bear (Ursus maritimus)
are a valuable source of food. Both coastal and inland
communities fish and hunt terrestrial animals with cari-
bou/reindeer (Rangifer tarandus) forming a significant
part of the diet. Although caribou/reindeer is the most
important terrestrial mammal, moose (Alces alces),

muskox (Ovibos moschatus), brown bear (U. arctos),
black bear (U. americanus), Dall sheep (Ovis canadensis
dalli), and a number of smaller animals are also caught.
Berries, mushrooms, roots, and green plants are also
gathered. In addition to their importance as a source of
nutrition, traditional foods serve as a focus for cultural
and social activities and help to maintain the social
bonds within societies through the traditional sharing of
the hunt/harvest and feasting together.

The indigenous peoples are well aware of the many
benefits of traditional food systems, and as such these
form integral parts of their holistic concept of health.
Certain benefits are repeatedly emphasized in surveys re-
garding attitudes toward traditional foods: well-being,
health, leisure, closeness to nature, spirituality, sharing,
community spirit, pride and self-respect, economy, and
the education of children (Van Oostdam et al., 1999;
Jensen et al., 1997).

The traditional foods vary from community to com-
munity according to the availability of natural resources,
climatic conditions and seasonal changes, but are par-
ticularly associated with the cultural traditions and asso-
ciated technological skills which form the identity of
the ethnic group concerned (Van Oostdam et al., 1999).
In Canada for example, Dene/Métis food is quite dis-
tinct from Inuit food, but both are generally referred to
as ‘country food’ as opposed to ‘market food’ or im-
ported food.

In Greenland, the traditional Inuit food ‘Kalaalimer-
nit’ literally means ‘little pieces of Greenlanders’ as op-
posed to imported food ‘Qallunaamernit’ meaning ‘little
pieces of Danes’. Thus the traditional food of the Inuit is
considered necessary as building blocks for a human
being and as necessary for providing health, bodily
warmth (to withstand the cold climate), strength and
well-being in a way that imported food cannot.

7.1.1. General changes in food consumption
in the various Arctic populations

Despite their awareness of the benefits of traditional
food, during the last 50 years the energy content of the
diet of indigenous peoples in most Arctic communities
has increasingly been met by imported food products.
For Baffin Island Inuit, market food now accounts for
approximately 62% of the diet; for Sahtu Dene/Métis in
the northwestern Canadian Arctic it is about 70%; in
Fort Resolution in the North West Territories (NWT)
90% (Kim et al., 1998); and for Greenland Inuit 75% to
80% (Pars, 2000). The percentage range is very large
and in all cases dependent on location, road access, in-
frastructure, season, gender, and age group (Jensen et
al., 1997; Kim et al., 1998; Kuhnlein, 1995; Kuhnlein et
al., 1995a,b, 1996; Kuhnlein and Receveur, 1996; Pars,
2000). The change can best be illustrated by examining
the differences in intake of traditional food between



76

older and younger generations. Three generations of
adult women from Nuxalk, British Columbia, were in-
terviewed about present and retrospective food use.
Although outside the Arctic, their experience illustrates
the steady decline throughout the twentieth century in
the use of traditional plant food, such as berries, roots
and greens, as well as a decline in the use of wildlife by
indigenous peoples. The reasons given were the intro-
duction of fishing- and game Acts, and their associated
restrictions, better availability of market food, and in-
creasing employment leaving less time for the traditional
but time-consuming harvesting and hunting.

A 24-hour dietary recall survey of three generations
of Baffin Island Inuit showed that traditional food ac-
counted for an average of 30% to 40% of the daily en-
ergy intake, but was much less among younger people
than older people. Among Baffin Island Inuit and NWT-
Dene/Métis the average traditional food consumption
varied from 200-300 g/day among the 13 to19 year age
group, to 600-700 g/day among the 41 to 60 year age
group (Kuhnlein et al., 1996). As caribou is the main
source of radiocaesium, whole body measurements of
radiocaesium may be used to indicate caribou intake.
Such a study on adults from the Baker Lake Area, NWT,
indicated that caribou consumption had decreased from
>250 g/day in 1967 to <70 g/day in 1989 (Jensen et al.,
1997).

Consumption of traditional Inuit food in Greenland
(reported as monthly meals of seal, whale, wildfowl, and
local fish) ranged from 20 meals/month among the 18 to
24 year age group to more than 40 meals/month among
people over 60 years old (Bjerregaard et al., 1997).

The same association between age and the intake of
traditional foods was thus found in Canada and Green-
land. Men generally consume traditional food more fre-
quently than do women.

A decrease in the consumption of traditional food
in the Russian Arctic, especially of reindeer meat, is less
evident, despite the fact that since 1992 the quantity
of market food transported to rural settlements and
towns has increased considerably (Klopov, pers. comm.,
2001). The continuing emphasis on traditional food rel-
ative to market food reflects tradition, low income, and
the high price of imported foods. Consumption of rein-
deer meat by the indigenous peoples of the Taymir
Peninsula is still about 400 g/day (Klopov, pers. comm.,
2001). The non-indigenous peoples of Arctic Russia
also eat local reindeer meat; approximately 80 to 200
g/day. The main reason for the majority of residents in
the remote Russian Arctic relying on subsistence food,
hunting, and fishing, is economic (Klopov, pers. comm.,
2001).

7.2. Recent and ongoing dietary surveys
in Arctic populations
7.2.1. Alaska

In 1987/1988, eleven indigenous communities in Alaska
participated in a study of dietary intake. The study eval-
uated the nutritional contributions of various food items
and listed some of the important sources of nutrition in
traditional and imported foods (Egeland et al., 1998a).
More recently nutritional intake in a small number of
Siberian Yupik in Alaska (29 men, 35 women) was in-
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vestigated using a 91-item food frequency questionnaire
(FFQ) (Nobman et al., 1999). Marine mammal and fish
intake, milk, syrup and pizza, and 27 different nutrients
were correlated with cardiovascular risk indicators, such
as the ratio between low density lipoprotein cholesterol
(LDL-cholesterol) and high density lipoprotein choles-
terol (HDL-cholesterol). Multiple linear regression ana-
lysis indicated a complicated situation in which the foods
and nutrients that were significantly associated with
LDL:HDL varied according to gender and age group.
The AMAP Human Health Monitoring Programme
includes the Alaska Native cord blood monitoring pro-
gramme. This aims to sample 20 to 25% of the pregnant
women in the Arctic coastal and Bering Sea populations
each year and will include dietary assessments, analysis
of blood for POPs, heavy metals, and selenium (Se), and
maternal urine analysis for radionuclides (AMAP, 2000).

7.2.2. Canada

Dietary assessments have been included in several sur-
veys of indigenous peoples in Canada (Kim ef al., 1998;
Kuhnlein, 1995; Kuhnlein and Receveur, 1996). Some
studies focused directly on the amounts of anthro-
pogenic substances in traditional food items while others
presented comprehensive profiles of their nutritional
components. Nutritional intakes and their distribution
between traditional and market foods were determined
for Inuit from the Baffin region based on data collected
in 1987/1988 (Kuhnlein ez al., 1996). This study found
marine mammals to represent 20 to 28 % of the total en-
ergy intake, terrestrial animals 9%, fish 2%, and market
foods 66%. A dietary survey of 16 Dene/Métis commu-
nities (Receveur et al., 1997) and Inuit from the Baffin
region (Kuhnlein, 1995; Kuhnlein and Receveur, 1996)
concluded that their diets were deficient in calcium, vita-
min A, and folic acid. Twelve years of data concerning
the risks and benefits of food in Nunavik were inte-
grated in the Arctic Environmental Protection Strategy
Report (Dewailly, 1998). The report concluded that vi-
tamin A intakes were insufficient due to seasonal varia-
tion in food availability; that iron deficiency was com-
mon among young women despite an apparently ade-
quate iron intake, and that vitamin C intakes were only
25% of the recommended daily intake. The report also
concluded that calcium intakes among Inuit were low, at
around 50% of the recommended daily intake.

A recent survey has studied the traditional and mar-
ket food intake of 426 Nunavik Inuit by 24-hour recall
(Blanchet et al., 2000). Habitual food intake over a year
was studied in 246 women using an FFQ. Energy and
nutritional profiles (only 10 different nutrients were con-
sidered) were calculated and the relative contributions of
traditional and market foods were determined. Tradi-
tional food was identified as an important source of vi-
tamin D, iron, Se, and phosphorus, and was the major
source of the n-3 fatty acids eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA). Vitamin A and cal-
cium were low in these diets. Market food was an im-
portant supplement for carbohydrates, and several other
nutrients, such as vitamin A, calcium, and magnesium.
The situation for vitamin C was not reported. In the
same survey, the intake of fatty acids, plasma phospho-
lipid fatty acids and cardiovascular risk indicators were
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measured and compared between sexes and two age
groups (below and above 40 years old) (Dewailly et al.,
2001b). Men and women over 40 years old had a signif-
icantly higher intake of traditional foods and n-3 fatty
acids than either men or women under 40 years old, cor-
responding to a higher relative concentration of EPA
and DHA in plasma phospholipids. No correlation stud-
ies were reported between intake of fatty acids and their
levels in blood.

Canada is currently implementing the AMAP Phase
II Human Health Programme. Maternal blood contami-
nant monitoring has been completed or is underway in
the Baffin, Kitikmeot, Kivalliq and Inuvik regions, and
the results to date are reported in section 5.2.1.1. Di-
etary surveys have been completed in nineteen Inuit
communities and the data are currently being analyzed
(AMAP, 2000).

7.2.3. Greenland

The use of traditional food in Greenland has been exam-
ined in a countrywide study (n=1500) in which the re-
sults of different dietary survey methods (FFQs and
semi-quantitative food frequency questionnaires; SQF-
FQs) were compared with the results of 48-hour and 24-
hour recall (Pars, 2000). Within this wider investigation,
a more in-depth study was carried out focusing on Disko
Bay, with a sample size of 250 persons (Pars, 2000).
To date, the information on intake of traditional food
items (i.e., frequency and amount or weight) has been
analyzed for different gender and age groups. As in most
Arctic communities, the relative and absolute intake of
traditional food increased with age and was higher in
settlements than in towns. The AMAP Human Health
Programme includes a small, 10-item, purely qualitative
FFQ; the responses to which supported the general pat-
tern of traditional food intake (Deutch, 1999, Deutch
and Hansen, 2000). There was a reasonably good corre-
lation between consumption of marine foods and blood
mercury (Hg) levels (Pearson’s bivariate correlation co-
efficient 0.417, P<0.001) and between marine food and
n-3 fatty acids in plasma (0.42, P<0.001) or erythro-
cytes (0.39, P<0.001). In 1999/2000, more detailed di-
etary surveys were carried out in relation to the AMAP
Human Health Effects Monitoring Programme. These

Polar bear
23 g/d
Seal meat and blubber

Reindeer,
hare, muskox
50 g/d

Imported food
638 g/d

Figure 7-1. Estimated daily intake of traditional and imported
foods in East Greenland in 2001 by semi-quantitative food fre-
quency questionnaire (n=180).
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included a 24-hour recall survey for 48 men from Uum-
mannaq and an SQFFQ for 50 men and 50 women from
Scoresbysund (Ittoqqortoormiit) and Ammassalik (Tas-
siilaq) (Deutch, in prep.).

Figure 7-1 illustrates the distribution of traditional
and imported food intake in East Greenland and repre-
sents the outcome of a survey of 180 people (50 men and
40 women from both Tassiilag and Ittoqqortoormiit).
Traditional food represents 27% of the total solids in-
take, and is slightly but not significantly higher in Ittog-
qortoormiit than in the more southern Tassiilaq. The in-
take of polar bear was higher in Ittoqqortoormiit, while
fish intake was higher in Tassiilag, which also had a
more varied diet in terms of imported fruit and vegeta-
bles (Deutch, in prep.). There is currently no documented
record of the dietary nutritional intake profile for the
Greenland population. The data on which Figure 7-1 is
based could be used to calculate nutritional intakes,
however this has not been done to date.

Table 7-1. Dietary nutrient intake of pregnant women in the Faroe
Islands and Finnish Lapland compared to the Nordic Nutrient Rec-
ommendations for pregnant women.

Nordic
Faroe Finnish Nutrient
Islands' Lapland*> Recommendations?

Sample size 150 127

Total energy (kJ) 10200 7500

Protein (E%) 14.7 16.3 15
Lipid (E%) 33 36 30
Carbohydrate (E%) 52 47.6 55-60
Saturated fat (E%) 16.2 10
Monounsaturated fat (E%) 11.1 10
Polyunsaturated fat (E%) 4.6 >3
Fiber (g/day) 19

Retinol (equivalents/day) 878 800
Folic acid (pg/day) 260 400
Vitamin C (mg/day) 114 70
Vitamin D (ig/day) 3.7 10
Vitamin E (mg/day) 7.4 10
Calcium (mg/day) 1170 900
Fe (mg/day) 10 + suppl. 104
Zn (mg/day) 11.5 9
Se (mg/day) 68 AN
Sum of n-3 fatty acids (E%) 0.5

E%: percentage of total energy intake.

"Weihe (pers. comm., 2002); 2Mussalo and Soininen (pers. comm.,
2002); *Nordisk Ministerrad (1996).

4Supplement recommended.

7.2.4. Faroe Islands and Iceland

An FFQ study of the adult population in the Faroe Is-
lands showed an average daily consumption of 72 g fish,
12 g whale muscle, and 7 g blubber (Weihe et al., 2000).
A detailed dietary survey by FFQ and 24-hour recall was
undertaken in 2001 for 150 pregnant women in accor-
dance with the AMAP Human Health Effects Monitor-
ing Programme. Table 7-1 shows a provisional calcula-
tion of mean nutritional intake values, for macronutri-
ents only, based on three interviews, 24-hour recall, six
food diaries per person, and using the Dankost Nutrient
database (Weihe, pers. comm., 2002). The data are pre-
sented together with data for pregnant women in
Finnish Lapland obtained by a comparable method (a
food diary, and by using the Nutrica Nutrient database).

No recent dietary surveys have been reported for
Iceland.
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7.2.5. Northern Scandinavian Saami
7.2.5.1. Sweden

In 1987, food and nutritional intake were examined in
a Swedish population (indigenous and non-indigenous)
by repeated 24-hour recalls. The Saami had a high in-
take of protein and fat and a low intake of carbohy-
drates. Reindeer-breeding Saami had a lower than rec-
ommended intake of vitamin C (Becker, 1995). In 1990,
the nutritional intake of a group of Saami was compared
to that of the local Swedish population. The Saami car-
bohydrate intake had increased and had become more
like that of the non-indigenous Swedish population,
while their intake of certain minerals (Fe, zinc (Zn), and
Se) and vitamin B-12 was also higher (Héglin, 1988,
1991).

7.2.5.2. Norway

In 1999, the dietary pattern of a group of Saami living in
northern Norway (n=75) was compared to that of other
Norwegians by dietary history interview. Their nutri-
tional profiles were determined and the contributions
made by various food items were calculated. The find-
ings indicated that their diet was generally adequate ex-
cept for folic acid for which their intake was too low.
Calcium and iron intakes were slightly below recom-
mendations for females. The diet of the Saami group
was found to be changing towards a more typical Nor-
wegian diet (Nilsen et al., 1999). Reindeer accounted for
7% of their total energy intake, relative to 1.5% for the
typical Norwegian diet; their intake of lean plus fatty
fish was almost the same, representing approximately
12% of energy intake.

7.2.5.3. Finland

The Finnish National Public Health Institute has moni-
tored adult health behavior (including dietary habits)
since 1978 using annual postal surveys of 5000 persons.
Since 1999, data have been gathered to investigate
the variability in health characteristics between Finnish
provinces (Nummela et al., 2000). The surveys indicate
that women in Lapland eat less bread than elsewhere in
Finland, and that they prefer lighter food alternatives
on bread. Also, that men in Lapland drink more fatty
milk, and that both sexes eat fresh vegetables less often
than in other parts of Finland. Healthy dietary habits
were rarer in Lapland than elsewhere in Finland. Ab-
sence of teeth was common, perhaps because dental vis-
its were rare.

During the period 1996 to 1998, as a part of the
AMAP Phase I follow-up, 147 pregnant women from
seven communities in the most northern and northeast-
ern parts of Finnish Lapland completed a questionnaire
concerning information on age, occupation, lifestyle,
hobbies, parity, miscarriages, illnesses, use of medi-
cines, and diet. These women completed an FFQ dur-
ing their third trimester and 124 also kept a 7-day food
diary. The nutritional intakes of these women were cal-
culated using the Nutrica nutrient calculating program
from the Finnish Social Insurance Institute. Mean nu-
tritional intake values are shown in Table 7-1 and trace
element and heavy metal intakes are shown in Table
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Table 7-2. Estimated intake of trace elements and heavy metals by
pregnant women in Finnish Lapland. Mussalo and Soininen (pers.
comm., 2002).

Finland'

mean min — max
Iron, Fe (mg/day) 10.06 4.9-19.0
Manganese, Mn (mg/day) 4.92 1.8-10.4
Zinc, Zn (mg/day) 11.45 5.8-20.3
Copper, Cu (pg/day) 1187.31 598.7 -2206.9
Cobalt, Co (pg/day) 13.36 6.6 —31.9
Nickel, Ni (pg/day) 121.72 39.1-357.3
Chromium, Cr (pg/day) 23.5 9.0 -59.1
Fluorine, F (pg/day) 385.77 173.6 - 777.2
TIodine, I (pg/day) 210.09 94.2 - 413.5
Selenium, Se (pg/day) 68.18 34.4 -123.7
Arsenic, As (pg/day) 28.71 9.2 -221.7
Aluminium, Al (mg/day) 4.29 2.3-7.8
Mercury, Hg (pg/day) 3.65 09-16.4
Cadmium, Cd (pg/day) 10.38 4.5-19.1
Lead, Pb (pg/day) 48.25 20.4-118.3

Isample size = 127.

7-2. The macronutrient distribution and the nutritional
intakes for pregnant women in Finnish Lapland gen-
erally fall within the Nordic Nutrient Recommenda-
tions, although intakes for folic acid and vitamins D
and E are slightly below recommendations. The results
also indicated that dietary Hg intake was correlated
with the Hg concentration in maternal whole blood
(r=0.293, P<0.01) (Mussalo and Soininen, pers.
comm., 2001).

In general there was very good agreement between
the two methods used (i.e., FFQs and food diaries) so
only food diary results are reported here. Protein ac-
counted for 16.3% of the total energy intake and was
higher than the recommended intake in Finland (i.e.,
10-15%). Fat accounted for 36.0% of the total energy
intake and was slightly higher than recommended (i.e.,
about 30%). Saturated fat accounted for 16.2% of the
total energy intake and was considerably higher than the
recommended intake of 10% in Finland. Essential poly-
unsaturated fatty acids accounted for 4.6% of the total
energy intake, which is less than the recommended 5%
for pregnant women in Finland (Finnish national recom-
mendation), but more than the 3% Nordic Nutrient
Recommendation. The energy intake from carbohy-
drates (47%) was also below the Finnish recommended
level (55-60%). The estimated mean fiber intake was
19.3 g/day, which is below the minimum recommended
intake (25-35 g/day), and 80% of the pregnant women
had a fiber intake below the recommended minimum of
25 g/day. Reported alcohol use was very low, at below
1% of total energy intake.

The mean intakes of vitamins D and E, thiamin and
folic acid were below recommended levels in Finland for
pregnant women. Iron intake from the diet was 10.1
mg/day, which is below the recommendation for women
(12-18 mg/day), but 40% of the women increased their
intake using iron supplements. Relative to the values
used by the Nutrica nutrient calculating program, the
mean intake of heavy metals (Hg, lead (Pb) and cad-
mium (Cd)) among the pregnant women in the study
were low, whereas the mean intakes of Zn, copper (Cu)
and Se were above the requirement levels.
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7.2.6. Russia

As part of a mother-infant study undertaken during
AMAP Phase I, FFQs were used to obtain dietary infor-
mation from obstetric patients in northern Siberia, in-
cluding non-indigenous mothers (Norilsk, n=49; Salek-
hard, n=31; Dudinka, n=27) and indigenous mothers
(Taymir, n=18; Yamal, n=12). For rural indigenous moth-
ers the intake of reindeer meat was 320 g/day; ten times
higher than for non-indigenous mothers in towns. Also,
their fish intake was double and game intake 3 to 5 times
higher (Klopov, pers. comm., 2000). In contrast to the
situation in other Arctic populations, the blood levels of
anthropogenic contaminants were lower among indige-
nous than non-indigenous mothers (Klopov, 1998; Klo-
pov et al., 1998; see also section 5.2.1.4.).

A more general dietary survey based on indigenous
and non-indigenous men and women from the Taymir
Peninsula, the rural areas of Khatangskiy and Ustj-
Yeniseyskiy, and the towns of Dudinka and Norilsk
(Klopov, pers. comm., 2001), confirmed the outcome of
the study on the obstetric patients.

The results for the Ustj-Yeniseyskiy and Dudinka dis-
tricts (Table 7-3) illustrate the differences between in-
digenous and non-indigenous peoples versus the trend
between country and town. Indigenous populations in
rural Ustj-Yeniseyskiy consume more reindeer and game
and less vegetables and imported meat than the non-in-
digenous populations. This difference is also found in
the more urban area of Dudinka. At the same time the
rural populations consume more traditional food, espe-
cially reindeer, than the urban populations. In addition
to the items listed both indigenous and non-indigenous
peoples consume equal amounts, 40 to 50 g/day, of local
‘treated’ meat and 380 to 400 g/day of imported bread.
The total food intake was lower in the urban population
than in the rural areas, probably reflecting different lev-
els of physical activity.

In a study of dietary habits among indigenous school
children in 1997 the nutritional intake and energy values
were calculated for children in boarding schools in the
Taymir Peninsula (Volotchanka, n=63; Dudinka, n=1535;
Khatanga, n=130; and Norilsk, non-indigenous, n=360).
The total energy intake, and the protein, iron, and Zn
intakes were sufficient but the calcium, vitamin C, and
iodine intakes were below recommended levels (Panin
and Kiseleva, 1997).

Further health and dietary surveys were undertaken
in Russia in 2001 as part of an ongoing project on ‘Per-
sistent Toxic Substances (PTS) and Food Security of In-
digenous Peoples of the Russian North’.
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7.3. Changes in dietary habits
7.3.1. Impact of changes in food consumption
on other lifestyle factors

The hunting, gathering, production, and preparation of
traditional food uses local knowledge and skills and can
serve as a full-time occupation. A successful hunt or har-
vest brings respect from others and increases self-esteem
(Van Oostdam et al., 1999).

These activities also result in many types of natural
physical activity and lead to the construction of tools,
weapons, and traps; and the manufacture of specialized
clothes for hunting. They also provide opportunities for
the learning, development, and teaching of associated
skills. The catch must also be transported and processed
and the animal products shared. Because these activities
require hard physical exercise that occurs outdoors at
low temperatures, energy requirements are very high. As
a local product economy is gradually replaced by wage
earning in a market economy the strenuous physical ac-
tivities associated with a subsistence diet are replaced by
the considerably less energy consuming tasks of picking
up food items at the local markets or supermarkets.
Thus, the energy requirements of the population will in
general decrease.

In 1936 the diet of a young male Inuit hunter in Am-
massalik, Greenland was analyzed over a six-day period.
The food intake averaged 2300 g traditional food per
day, with the food comprising almost exclusively meat
and fish and with an estimated energy content of 16 000
k]J/day (Hansen et al., 1997). In 1994 to 1996, the aver-
age energy intake for 180 men in Disko Bay was esti-
mated at 11000 kJ/day (Pars, 2000). Thus, energy in-
takes (and requirements) appear to have decreased in
Greenland by more than 40% since 1936.

Among the Dene and Métis in Canada a shift away
from traditional food toward market food has been
characterized by a significant increase in the absolute en-
ergy intake (Receveur et al., 1997), which together with
a more sedentary lifestyle can lead to obesity.

Traditional foods are often high in protein and very
low in carbohydrates. The imported goods are often not
sufficiently healthy alternatives to traditional foods,
often being higher in fat content, sugar, and other
‘empty calories’, and low in nutritional value; a transi-
tion that has been termed ‘cocacolonization’, meaning a
transition to a fast-food and soft-drink consuming soci-
ety. Consequently the transition can lead to obesity and
nutritional deficiencies and to increases in chronic dis-
eases such as heart disease, osteoporosis, diabetes and
cancer (see also chapter 3).

Table 7-3. Food intake in the Russian Arctic for indigenous (Nenets) and non-indigenous peoples (g/day per person).

Source: Klopov, pers. comm., (2001).

Fish (fresh Imported
Reindeer  or treated) Game  Vegetables  meats Dairy Total
Ustj-Yeniseyskiy district
Indigenous, male, n=77 402 511 50 180 98 118 1798
Indigenous, female, n=91 380 484 45 156 86 113 1694
Non-indigenous, male, n=81 243 417 31 311 157 111 1734
Non-indigenous, female, n=98 210 255 24 270 113 98 1381
Dudinka area
Indigenous, female, n=64 140 361 44 168 100 100 1228
Non-indigenous, female, n=87 80 217 35 382 215 130 1411
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In remote communities in Alaska, Canada and Green-
land (Egeland et al., 1998a) the local stores have a lim-
ited supply of goods, and these are mainly preserved,
canned, or dried foods with few fresh products, such as
meat, dairy products, fruit, and vegetables. These foods
are also comparatively expensive. Thus the replacement
costs of subsidizing subsistence food with imported food
may present considerable economic burdens on local
indigenous groups in Canada, Alaska (Egeland ez al.,
1998a), and Greenland (Hansen et al., 1997).

Owing to different sampling and reporting methods,
or simply to a lack of data, it is not, at present, possible
to make direct comparisons between the prevailing di-
etary habits in the various Arctic regions and their vari-
ability over time, but the overall trend is clear: among all
Arctic indigenous groups diets are gradually including
more and more imported foods.

7.3.2. Impacts of changes in food consumption
on nutritional intake

Traditional food systems have been developed through
generations, relying on many different combinations of
local products each with their own unique contribution
to the integrated nutritional composition of the diet.
Under normal circumstances (i.e., with the exception of
starvation conditions), traditional diets are nutritionally
sufficient to meet a broad range of dietary requirements.
During the transition toward greater use of imported
foods, specific items diminish in importance or disap-
pear from the diet and are replaced by alternatives with
a different nutritional composition. Also, local knowl-
edge and skills associated with collection and prepara-
tion of traditional foods diminish and may be lost.

In many Arctic regions fish are caught locally and
shared or sold in the local market. When fish are not
available locally they are often not substituted in the diet
by fish products purchased from supermarkets, since
these may be too expensive. Instead, miscellaneous other
products are used instead of fish, and thus an important
source of calcium, vitamin D and iodine is consumed
less often.

In Greenland, iodine intake (measured as pg urine-
iodine /g creatinine) has dropped as the degree of im-
ported food intake has increased. In the villages it is still
sufficient but in the capital of Nuuk the intake is only
50% of that recommended (Andersen et al., 2000).
While iodine intake is normally sufficient among ethnic
groups with a high intake of marine food, it may be a
problem in ethnic groups that are more reliant on terres-
trial foods. In the Yamal-Nenet Autonomous Okrug in
northwestern Siberia, iodine deficiency goiter is highly
prevalent (Luzina et al., 1998) and iodine intake among
boarding school children is below recommended levels.
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Iron intake and iron status is considered good among
both Dene and Inuit due to the high intake of haem iron
from red meat; caribou, moose, beluga, seal, and walrus
etc. (Jensen et al., 1997). A recent comparative autopsy
study of Greenland Inuit and Danes showed that older
Inuit (>50 years old) in particular have a higher hepatic
iron index than the Danes (Milman et al., 2000). Trace
mineral status, including iron, is also satisfactory in
northern Norway, the Kola Peninsula and Arkhangelsk
(Odland et al., 1996).

7.3.3. Dietary changes and hygiene

As local knowledge about traditional food preparation
diminishes or is lost, different hygiene issues arise con-
cerning the prevention of parasitic diseases and food
poisoning due to bacterial toxins.

Some traditional methods of preparing and preserv-
ing food by anaerobic fermentation procedures are po-
tentially dangerous because toxin-producing Clostrid-
ium perfringens and C. botulinum grow under the same
anaerobic conditions. C. botulinum poisonings are, how-
ever, very rare.

Many predatory animals, especially bears but also
walrus, and some seals, dogs, and foxes, etc., can con-
tain Trichinella spiralis. If the meat from these animals is
very infected and not cooked for long enough, people
eating the meat can acquire trichinosis (Hansen et al.,
1997).

Microorganisms associated with mass production
have been introduced with imported foods, e.g., Salmo-
nella sp., Campylobacter sp. and other zoonotic bacte-
ria, and these can cause food-borne infections if proper
hygiene procedures are not followed. As an example,
Table 7-4 shows diagnosed bacterial food-borne diseases
reported by the Danish Food Agency for Greenland in
1996 and Denmark in 1995 (only a small fraction of the
total number of cases of diarrhea are usually diagnosed
by positive cultivation of pathogens). The much higher
incidence of food poisonings in Greenland suggests that
the understanding of hygiene issues and the standard of
hygiene practices are not appropriate for dealing with
imported products.

7.3.4. Risk of imbalance of certain micronutrients
in traditional foods

Despite a normally high iron intake among rural Arctic
populations in Alaska (Yup’ik Eskimos), high levels of
iron deficiency have been observed, and are thought
to result from gastrointestinal bleeding caused by He-
licobacter pylori infections (Yip et al., 1997). Gastric
biopsies revealed chronic active gastritis associated with
H. pylori among 99% of the populations studied.

Table 7-4. Food poisoning and infections in Greenland (1996) and Denmark (1994-1995) diagnosed by positive cultivation of pathogens.

Bacillus Clostridium Campylo- Salmonella Massive micro-
cerus perfringens bacter sp. sp. bial contamination
Greenland, number of persons affected! 68 62 128 14
Greenland, cases/100000 capita 124 112 232 25
Denmark, number of persons affected? 18 2177 4307 5
Denmark, cases/100000 capita 0.33 0.54 39.6 78.3 0.9

'Hansen et al. (1997); 2Danish Food Agency.
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A screening for Helicobacter antibodies in Greenland
showed a prevalence of about 40%, equivalent to that in
Canadian Inuit populations (Koch et al., 2000), al-
though possible adverse effects on iron status have not
been studied.

Calcium intake is traditionally low among the Inuit,
who have a low intake of dairy products (and possible
lactose intolerance) and, with the exception of fish bones
and skin, their diets comprise few good sources of cal-
cium (Jensen et al., 1997). In this respect it is important
to retain the consumption of locally caught fish as op-
posed to filets from the market. The low calcium intake
may favor the uptake of other bivalent metals, such as
Pb and Hg.

The Se level in traditional food is very high, with the
main sources being muktuk (whale skin), and meat and
liver from whales, seals, and seabirds. A dietary survey
of 400 adults in Disko Bay (Greenland) in 1995/1996
resulted in an estimated Se intake of >600 pg/day, but
the authors considered this an over-estimate (Johansen
et al., 2000). An AMAP study from 1997 (Deutch et al.,
in prep., see section 5.3.1.2.), which included 96 preg-
nant women from Disko Bay, found an average whole
blood Se concentration of 140 pg/L. In a 1986 survey,
the range in whole blood Se levels among 95 Qaanaaq
Inuit was 320 to 4400 pg/L, with the average concentra-
tion over ten times higher than among local Danes
(Hansen, 2000). This means that the daily intakes in
northern Greenland are substantially higher than the
maximum safe daily intake of 500 pg recommended by
Yang et al. (1989).

Selenium concentrations in reindeer/caribou meat are
relatively high at 24 to 30 pg/100 g meat. Thus rein-
deer/caribou consumers have a reasonable Se intake, at
least in Finland (see Table 7-8) (Ndyha and Hassi, 1993).

The question of vitamin C intake and requirements
among the Inuit are very complex and recommendations
for western populations may not be applicable. Because
of their high iron status and Se levels, the need for vita-
min C as an antioxidant is normally filled and high in-
takes of the vitamin may even sometimes be harmful.
However among young women in Nunavik with a vita-
min C intake of only 25% of the recommended daily
intake (RDI), iron deficiency anemia was common de-
spite intakes of iron at the recommended level. Vitamin
C also enhances the absorption of various other metals,
including Hg, from the intestinal tract (Chapman and
Chan, 2000).

There are few known sources of vitamin C in Arctic
diets and the local supply, which depends on wild
berries and plants, seaweed, raw seafood products,
and the skin and liver of fish and seals, is seasonal.
Historically, therefore, low vitamin C intake has been
a matter of concern. However, use of local wild green
leafy vegetables, fruits, and seaweed are not sufficiently
documented (Kuhnlein and Receveur, 1996), and nu-
trition tables do not cover all products. In addition,
fresh raw meat and fish are consumed by many Arctic
groups and all fresh raw products, e.g., reindeer/cari-
bou meat and organ meats, contain some vitamin C
(Ndyha and Hassi, 1993; Nummela et al., 2000). Thus
vitamin C intake is probably underestimated, and
scurvy is not usually a problem among indigenous Arc-
tic peoples.
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7.3.5. Long-chain fatty acids

For diets in which the food mainly originates from the
hunting of wildlife and the gathering of wild plants, di-
etary composition in terms of fatty acids differs from
that of diets based mainly on modern industrially pro-
duced foods. In general, the saturated fat content of tra-
ditional foods is less, and the n-3:n-6 polyunsaturated
fatty acid ratios are higher. This is particularly the case
for marine wildlife in which n-3 fatty acids are biomag-
nified and/or elongated through the complex food webs
from microalgae to zooplankton, invertebrates, fishes,
marine mammals and birds. The same is true for terres-
trial plants: mosses, lichens, herbs, and berries (Simopo-
lous, 1991); as well as for the secondary producers: hare,
deer, caribou/reindeer, muskox, etc. In all cases the fat
composition depends on the particular food chain, and
food chains can now be manipulated. For example, fish
are mostly wild, however fish farming is increasing, and
research indicates that farmed fish have lower n-3:n-6
ratios than the same species living wild. In modern agri-
cultural practice livestock are fed n-6 rich grain instead
of grass, and the popular n-6 rich vegetable oils com-
prise a high percentage of fats, cooking oils, and other
industrial products. It has been proposed that humans
have evolved on a diet close to the diet of hunters and
gatherers and that dietary recommendations should aim
at this ‘Paleolithic diet’. Thus, in addition to reducing
the dietary fat content they should attempt to balance
the relative fat content, in particular the n-3:n-6 ratio. It
must be emphasized that DHA (an n-3 fatty acid) is es-
sential for fetal retinal- and neuro-development and that
low birth weight, birth length and head circumference
are significantly correlated with low levels of maternal
and cord plasma arachidonic acid (AA) and DHA
(Crawford et al., 1989).

Emphasis on addressing the relative fat content, in
particular the n-3:n-6 ratio, rather than focusing entirely
on reducing dietary fat content is in accordance with the
many beneficial effects of n-3 fatty acids reported in re-
lation to the development of chronic diseases. Neverthe-
less, susceptibility to chronic diseases such as coronary
heart disease, hypertension, and diabetes, is to some ex-
tent determined genetically, e.g., through the response to
dietary fats, and so different populations should not
simply copy each other’s dietary recommendations.

Recent reviews of epidemiological and experimental
studies (Bjerregaard et al., 2000; Connor and Connor,
1997; Simopolous, 1999) show that the n-3 fatty acids
in the marine diet have important biological effects on
several pathways leading to atherosclerosis. Experimen-
tal studies show that n-3 fatty acids have antithrombotic
and antiarrhythmic vascular effects etc., and modify the
serum lipid pattern toward that associated with lowered
cardiovascular risk, in both the normal population and
in coronary heart disease patients, thereby lowering
coronary heart disease mortality.

A few studies have analyzed this phenomenon within
Arctic populations. During 1993/1994 a random sample
of Greenlanders (n=259) participated in a health study
(Bjerregaard et al., 1997, 2000). Multiple linear regres-
sion analysis showed a significant inverse correlation
between several cardiovascular risk factors and plasma
n-3:n-6 ratios, total Hg levels (as a dietary marker), and
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seal consumption. The pattern for serum lipids was the
same as that for the effects found in intervention studies
using fish or seal oil in other populations, namely that
n-3 significantly lowered VLDL (very low density lipo-
protein) and triglyceride levels, increased HDL levels
and had little effect on LDL and total cholesterol levels
(Bonefeld-Jorgensen et al., 2001b; Connor and Connor,
1997; Deutch et al., 2000).

The diet of Yup’ik living in southwestern Alaska is
based on fish and marine mammals and their EPA: AA
plasma ratios are 9 to 14 times higher than in non-in-
digenous Alaskan adults (Ebbeson et al., 1999). Based
on the outcome of an FFQ for Siberian Yupik in Alaska
(n=64), dietary nutritional intakes were correlated with
cardiovascular risk factors. The HDL levels were higher
and the triglyceride levels lower than in the general
North American Caucasian population (Nobman et al.,
1999), however, within the population sample studied,
beneficial effects of n-3 could not be demonstrated. Adi-
pose fat and plasma lipid profiles of polyunsaturated
fatty acids indicate that the diets of Alaskan Natives are
already more ‘Americanized’, with considerably lower
n-3 levels than the Inuit population of Greenland
(Deutch et al., 2000; Ebbeson et al., 1999; Pedersen,
2000). Their diets are basically similar to those of north
Europeans (Danes) and non-indigenous Canadians (see
Tables 7-5 and 7-6).

Prevalence of diabetes was relatively low among the
Alaskan Yup’ik and Canadian NWT/Nunavut Inuit
compared to other Natives in North America (Young et
al., 1992). This could be explained by lower fasting in-
sulin and lower insulin resistance. However, the preva-
lence of diabetes has increased over the last 30 years (see
chapter 3). Insulin resistance increases with increasing
obesity (Schraer et al., 1998). The reasons for the rap-
idly increasing prevalence of non-insulin demanding dia-
betes mellitus and impaired glucose tolerance among
Alaskan Yup’ik is only partly understood, but there is
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some evidence to suggest that they are associated with a
lower intake of fish and marine mammals, lower plasma
n-3 levels and higher levels of saturated fat (Ebbeson et
al., 1999). In the Greenland health study, fasting blood
glucose was significantly correlated with the plasma
n-3:n-6 ratio and the intake of seal (Bjerregaard et al.,
2000). While n-3 polyunsaturated fatty acids may pro-
tect against thrombogenesis and diabetes, very high lev-
els (as occur in Greenlanders) may be a risk factor for
hemorrhagic strokes (Pedersen et al., 1999). Canadian
standardized mortality statistics indicate 70 and 34 deaths
per 100 000 person-years due to cerebrovascular events
among Nunavik Inuit and Quebec citizens, respectively,
and 96 and 246 deaths per 100 000 person-years, re-
spectively, due to ischemic heart disease plus myocardial
infarction (Dewailly, 1998). Thus the benefits of an n-3
rich diet appear to be greater than the risks, but this may
depend on the level of n-3 intake. The incidences of dia-
betes and cardiovascular disease in northern areas are
confounded by other dietary factors, drinking water
composition, lifestyle, latitude/climate, and genetics; and
thorough consideration of all these factors is a vast area
of research, beyond the scope of this report.

Although single food items have been analyzed for
fatty acid content (Kuhnlein et al., 1991), for most Arc-
tic populations there are no studies providing compre-
hensive information about the total dietary content of
n-3 and n-6 fatty acids except for Canadian Sahtu
Dene/Métis (Kuhnlein, 1997; Kuhnlein et al., 1995b).

Several studies have indicated that adipose fat and
blood levels of fatty acids are good biomarkers of the di-
etary polyunsaturated fatty acids and good indicators of
the intake of marine mammals and fish (correlation co-
efficients: 0.4-0.5) (Andersen et al., 1999; Marckman et
al., 1995; Willet, 1998). Adipose tissue polyunsaturated
fatty acids show good correlation with long-term dietary
intake. Plasma fatty acids occur in different lipid frac-
tions and with different half-lives; total plasma fatty

Table 7-5. Polyunsaturated fatty acid profiles for subcutaneous adipose tissue from recent population studies. Fatty acids are ex-

pressed as a percentage of total lipid content.

18:2,n-6 20:4,n-6 20:5,n-3 22:6,n-3 3 n-3 3 n-6 n-3:n-6
linoleic acid AA EPA DHA fatty acids fatty acids ratio
Greenland!, n=99 7.57 0.14 0.2 0.56 1.74 7.71 0.23
Denmark?, n=77 11.88 0.3 0.06 0.16 1.18 12.7 0.09
Alaskan natives !, n=129 12.27 0.16 0.11 0.3 1.28 12.5 0.10
Alaskan non-natives!, n=115 13.06 0.2 0.05 0.13 0.95 13.3 0.07

1Pedersen (1999); 2Deutch et al. (2000a).

Table 7-6. Polyunsaturated fatty acid profiles for blood lipids (phospholipids) from recent population studies. Fatty acids are ex-

pressed as a percentage of total lipid content.

18:2,n-6  20:4,n-6 20:5,n-3 22:6,n-3 3 n-3 3 n-6 n-3:n-6

linoleic acid AA EPA DHA  fatty acids fatty acids ratio
Inuit, Nuuk!, n=15 14 5.24 4.9 7.89 14.6 21.4 0.68
Inuit, Uummanaq?, n=48 14.2 4.68 5.5 5.89 13.4 21.5 0.62
Alaska, Yup’iks®, n=436 24.8 5.4 5.05 4.3 15.3 36.4 0.42
Inuit, Canada*, n=426 19 6.22 3.01 4.95 9.7 28.4 0.34
Indigenous, Koryaks, Russia®®, n=74  28.6 6.13 0.98 1.92 3.7 36.2 0.10
Indigenous, Koryaks, Russia®’, n=57  23.6 3.32 4.67 3.24 9 28.3 0.32
Denmark?, n=42 29.9 6.3 0.82 2.53 4.5 36.2 0.13
Canada (general population), n=16 18.4 10 1.3 4.23 6.9 32.7 0.21

IStark et al. (1999); 2Deutch et al. (2002); 3Ebbeson et al. (1999); “Dewalilly et al. (2001b); *Klopov, pers. comm. (2001); éreindeer

breeders; “coastal population; ®Deutch et al. (2000a).
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acids represent intake within the last few weeks,
whereas erythrocyte or phospholipid fatty acids repre-
sent intake within the last month or so.

A recent dietary study of 426 Nunavik Inuit (De-
wailly et al., 2001b), based on 24-hour recall and using
measurements of plasma phospholipid fatty acids and
several cardiovascular risk indicators (total-cholesterol,
LDL, HDL, and triglycerides), showed that plasma n-3
was negatively correlated with the cholesterol:HDL ratio
and with the triglycerides:HDL ratio. These risk factors
were low among the study group. Plasma n-3 fatty acids
were positively correlated with plasma glucose but there
was no significant association with plasma insulin or
with diastolic and systolic blood pressure. However, De-
wailly et al. (2001b) do not report the correlation fac-
tors between individual fatty acid intakes, plasma fatty
acids, and the various cardiovascular risk factors.

7.3.6. Genetic aspects of metabolism

In addition to reflecting dietary composition, the fatty
acid profiles of adipose tissue and blood lipids in Tables
7-5 and 7-6 depend on the ability to elongate and desat-
urate dietary fatty acids such as linoleic and linolenic
acids. Linoleic acid levels are high in almost all types of
diet since linoleic acid is ubiquitous. Among Caucasian
populations linoleic acid is a major substrate for the for-
mation of the essential fatty acid AA by elongation and
desaturation.

Both AA and DHA are essential for the development
of the fetal brain and visual function (Innis, 2000), and
selective partitioning appears to exist between the devel-
oping fetus and its mother, namely a magnification of
the two essential fatty acids from maternal to cord blood
(see Figure 7-2). Furthermore, within the fetus DHA
is selectively partitioned between the liver and brain
(Crawford et al., 1989).

The ratio between linoleic acid and AA in plasma
phospholipids or erythrocytes is much higher among the
Inuit of Chukotka, Alaska, Canada and Greenland, than
among Caucasians. This indicates that the desaturation

Fatty acids ratio,
cord blood:maternal blood
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Figure 7-2. Selective partitioning of essential fatty acids from mater-
nal to cord blood. The ratio of essential fatty acids in cord blood:
maternal blood is based on 50 mother—infant pairs from the Disko
Bay area in 1996 to 1997.
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of linoleic acid is not optimal, with possible inhibition of
the metabolic pathway regulated by 3-5 and 3-6 desat-
urases (Young et al., 1999), and that AA is supplied di-
rectly by the diet from the same sources which supply
EPA. It is thus fortunate that AA is high in traditional
diets consisting of mammals and fish (see Table 7-6).
This highlights the importance of retaining these diets to
supply the essential fatty acids for fetal development.

7.4. Traditional food
as a source of anthropogenic substances

It has been known for more than twenty years that a
range of anthropogenic substances bioaccumulate and
biomagnify in the higher trophic levels with older and
more predatory fish, mammals and birds containing the
highest concentrations. These animals comprise the bulk
of the traditional diet of Inuit and other indigenous peo-
ples of the Arctic. A substantial amount of literature
highlights an association between a diet high in tradi-
tional food and high body burdens of anthropogenic
substances (AMAP, 1998), such as POPs and heavy met-
als. Epidemiological investigations, especially regarding
exposure parameters, are best supported by long-term
diet surveys. However, almost all dietary surveys con-
cern present daily intakes using methods such as 24-
hour recall or food diaries covering a number of days,
although some do attempt to cover longer periods, e.g.,
for up to a year, through retrospective FFQs. If their pur-
pose is to estimate exposure from persistent OCs or met-
als then it is generally assumed that present day dietary
intakes are the same, or similar to the long-term intake,
which may not actually be the case. For example some
individuals may have changed their dietary habits in
response to contaminant information and also most
diets exhibit day-to-day and seasonal variations (Willett,
1998). In Arctic areas, seasonal variations may be more
extreme because of the influence of climatic conditions,
supply problems, and extent of hunting and gathering
seasons. In Greenland, for example, seal consumption is
constant throughout the year, but the consumption of
other species such as walrus and birds varies seasonally.
The same is true for consumption of whales, with baleen
whales (e.g., bowhead whale) more commonly taken in
the fall and toothed whales (e.g., beluga, narwhal) in the
spring (Pars, 2000). Thus associations between reported
dietary intakes and human blood levels of contaminants
should be accepted with caution unless supported by
other techniques such as biomarkers.

7.4.1. Heavy metals

Contaminant databases for wildlife have recently been
established for several Arctic areas: Canada (Berti et al.,
1998; Chan, 1998; Kim et al., 1998) and Greenland
(Dietz et al., 1996; Johansen et al., 2000). Such data
may be combined with dietary survey data, concerning
relative and absolute intakes of traditional food, to esti-
mate the average habitual intake of heavy metals or
other contaminants and to indicate the major sources of
intake. Heavy metal concentrations in wildlife products
vary widely between species, and for the same species by
geographical location (Egeland et al., 1998a), as well as
by age, gender and size of the animal, tissue or organs.
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In general, fish liver and liver and kidney of large marine
and terrestrial mammals contain higher metal concen-
trations than muscle (meat). Caribou/reindeer and moose
liver contains very high concentrations of Pb, Cd, and
Hg; seal and toothed whale liver and kidney contain
very high concentrations of Cd and Hg (resulting in an
‘allowable lifetime weekly intake’ (ALWI) of 40 to 140 g
of the food source for Cd) (Egeland et al., 1998a). How-
ever, most of the Hg in liver is not methylated and has
low bioavailability (Egeland ez al., 1998a). Thus seal
meat and toothed whale meat are the most important
sources of Hg. Marine birds and bird liver can be impor-
tant sources of Pb (Berti et al., 1998; Chan, 1998; Jo-
hansen et al., 2000).

Tables (7-7 and 7-8) show estimates of dietary expo-
sure to heavy metals from traditional food for indige-
nous peoples in Greenland and Canada. These estimates
are based on the contribution from traditional food
items only and do not include the contribution from
market food. Since traditional food represents 20% to
30% of the total energy intake, market food (from Den-
mark or Canada) adds to the total contaminant burden,
most significantly for Pb.

In Greenland, contamination of waterfowl by lead
shot is considered the most important single dietary
source of Pb. The intake of one murre (Uria spp.) boiled
in soup could yield as much as 50 pg of Pb (Johansen et
al., 2000).

In Finland the nutritional and trace element intakes
of 147 pregnant Lappish (Saami) women were estimated
by FFQ and a 7-day food diary. The results of the two

Table 7-7. Estimated heavy metal intakes (pg/person/week) from ma-
rine food in the Disko Bay region, West Greenland 1995-96 (Johan-
sen et al., 2000).

Pb Cd Hg Se
Fish meat 1.7 26 24 34
Fish liver 0.5 63 1 75
Seal meat 6.2 62 147 129
Seal liver 2.0 693 507 212
Whale meat 1.7 7 52 36
Whale liver 0.03 7 6 6
Whale skin 0.8 11 60 3833
Bird meat 1.1 34 29 152
Bird liver 0.6 101 20 92
Total 15 1004 846 4569

AMAP Assessment 2002: Human Health in the Arctic

methods showed good agreement. Table 7-1 shows the
food diary results together with comparable data for
pregnant women in the Faroe Islands. A Nutrica data-
base was used to estimate daily trace element intakes
(see Table 7-2). The estimated weekly mean intakes in
Finland were: Pb 337 pg, Cd 73 pg, Hg 26 pg, and Se
476 pg (Mussalo and Soininen, pers. comm., 2002).
These are shown in Table 7-8 together with the esti-
mated heavy metal intakes in other Arctic/ Nordic and
Canadian populations.

All populations have additional Cd exposure from
smoking (Egeland et al., 1998a) and there are particu-
larly high rates of smoking among the Inuit (Bjerregaard
et al., 1997).

The total Hg intake of 850 pg estimated for Green-
land and Canadian Inuit includes a contribution of
about 500 pg from seal and whale liver. However, in
fatty tissue such as liver, inorganic Hg makes up than
90% of the total Hg (Egeland et al., 1998a). The bio-
availability of inorganic Hg, which is Se-bound, is low
and the estimated exposure should be modified accord-
ingly (Hansen, 1990), resulting in an estimate closer to
450 pg. Other dietary components (e.g., calcium, Se and
fatty acids) interact with the uptake, metabolism, and
probably the toxicity of Hg and vice versa. Thus to eval-
uate the possible health impacts of Hg many factors
must be considered (Chapman and Chan, 2000).

7.4.2. Persistent organic pollutants

Diet is the main source of human exposure to organic
xenobiotic compounds, chemicals foreign to the bios-
phere, although their transport to the Arctic is mainly
via winds and water currents. These lipophilic chemicals
accumulate in the fatty tissues of all biota, they accumu-
late with age due to their slow metabolism, and some are
biomagnified in food chains. They are therefore preva-
lent in large Arctic mammals, especially those at the top
of the food chains, and are concentrated in their fatty
tissues and organs, such as blubber, liver, brain, and kid-
ney. Almost without exception, OC levels are lower in
the terrestrial environment than the marine environment
due to the longer food chains and higher fat content of
marine mammals and large fish. But birds, especially
bird liver, can contain high concentrations of OCs due to
their high metabolic rate. Analyses of the OC content in
a growing list of wildlife species have been published

Table 7-8. Provisional tolerable weekly intake of heavy metals and the estimated weekly intake of heavy
metals from traditional food (pg/week) for a 60 kg person. The data are based on wildlife contaminant
databases for Greenland Inuit and Canadian Arctic populations and estimated daily food intakes. The
Finnish data are based on a dietary survey and calculated heavy metal data from the Nutrica database.

Pb Cd Hg Se
PTWI (World Health 1500 420 200 2800!
Organization unless 4000 (Canada)
otherwise indicated) 2400 (United States)
Greenland, Inuit? 15 1000 850 4500
Canada, Inuit? 470 1000 850
Canada, Dene/Métis3*+5 <42 32 (2409) 42
Denmark, general population? 162 100 35 340
Canada, general population? 168 88
Finland, Saami” 337 73 26 476

Yang et al. (1989); 2Johansen et al. (2000); 3Berti et al. (1998); “Chan (1998); Kim ez al. (1998); btra-
ditional food + market food + smoking; "Mussalo and Soininen (pers. comm., 2002).
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Table 7-9. Estimated daily intake of OCs by Inuit in towns and villages in south-western Greenland. Estimates based on a
semi-quantitative food frequency questionnaire for 410 adults with traditional food intakes (Pars, 2000) and contaminant
concentrations in Greenland species (Johansen et al., 2000). Canadian TDI guideline values are given for comparison (Berti
et al., 1998).

Chlordanes SDDT HCHs HCB SPCBy,
18-24 years, n=50 ng/day 9190 24765 5998 1759 21270
35-59 years, n=175 ng/day 11553 27095 6026 1737 22159
All, n=410 ng/day 9920 23992 5446 1578 19862
All, n=410, pg/kg/day 0.165 0.399 0.09 0.026 0.331
Canadian TDI, pg /kg/day 0.05 20 0.3 0.27 1 (Arochlor)
0.3 ZPCBy,

for Canada (Berti et al., 1998; Kuhnlein and Receveur,
1996) and West Greenland (Johansen et al., 2000). Berti
et al. (1998) combined a regionally adjusted contam-
inant database with a nutritional database and dietary
survey based on 24-hour recall for 1012 Dene/Métis and
compared the 99th percentile values with the present
Canadian guideline values. Only chlordane and toxa-
phene intakes approached the guideline values, with
three and five people, respectively, exceeding the guide-
line values. For the estimated intakes of all other OCs
the 99th percentiles are below 20% of the guideline
values. Compared with the Inuit, however, the Dene/
Métis are not consuming such large quantities of marine
foodstuffs.

Johansen (in prep.) presents concentrations of poly-
chlorinated biphenyls (PCBs) and DDT on a 5-decade
logarithmic scale, on which the lowest concentrations
occur in Arctic hare (Lepus arcticus) muscle and liver
and the highest in ringed seal (Phoca bispida) and minke
whale (Balaenoptera acutorostrata) blubber. In general,
the prevalence of the various OCs in the environment
strongly coincides although there may be minor differ-
ences from tissue to tissue. The distribution pattern is
also similar to that of total Hg.

Table 7-9 shows the estimated dietary POP exposure
for a 60 kg person from towns and villages of south
western Greenland (Disko Bay). The estimate was de-
rived using:

1. estimated dietary intakes in g/day of 25 different lo-
cal traditional food items (for which contaminant
levels are available) yielding a total intake of 200 g
traditional food per day (Pars, 2000); and

2. POP concentrations in Greenland animal species de-
termined by Johansen (in prep.).

p-HCH Chlordanes
Fish Birds 1.9%

7.2% 0.6%
/> 06%  Seal blubber 3.8%

Whale meat 44.2% 7.0%

14.6%

Whale blubber

29.1% Seal meat, liver and kidney

4.3%

1.6%1.0% 7.7% 9.2%

Contaminant levels have not been analyzed in rein-
deer, and have only been determined in one species of
saltwater fish from West Greenland (Aarkrog et al.,
1997). Also, only one whale species, minke whale, has
been included, even though the concentrations of con-
taminants in toothed whales, e.g., beluga and narwhal
(Monodon monoceros) are known to be higher (Kuhn-
lein and Receveur, 1996). Whale blubber was analyzed
but not whale meat. The contaminant level in whale
meat was estimated for the calculations based on the rel-
ative fat content of whale meat and was estimated to be
10% of the content in whale blubber.

The estimated contaminant intakes from the tradi-
tional food for Greenland Inuit are slightly lower but of
the same order of magnitude as for Baffin Inuit (Kuhn-
lein, 1995; Kuhnlein and Receveur, 1996), but are
higher than for Sahtu Dene/Métis by factors of 10 to 20
(Berti et al., 1998). Traditional food intake in Greenland
varies by district and is lower on the southwest coast
than on the east and northwest coasts. This is consistent
with measured blood levels of POPs in younger men and
women from seven districts in Greenland (Deutch and
Hansen, 2000; and section 5.2.1.2).

The estimated contributions from various tradi-
tional food items to daily B-HCH, total chlordanes,
hexachlorobenzene (HCB), 2PCB,,, and DDT expo-
sure are shown in Figure 7-3. These data are based on
relatively few species. However, the relative contribu-
tions from seal blubber and meat are so predominant
that the missing food items can be considered of minor
importance.

Seal is the most important source of dietary POP ex-
posure because it is the most common traditional food
item and its intake is greater than that of whale prod-
ucts. Traditional food intake in rural communities (30%)

DDTs Hexachlorobenzene PCBs

13.5% 3.6%

Figure 7-3. The contribution of different traditional foods to dietary exposure to organochlorines in southwestern Greenland. Relative OC
contributions from different food groups are based on estimates of daily food intake by Pars (2000) multiplied by contaminant levels reported
by Johansen et al. (2000). The relative contributions from terrestrial animals are not shown but are below 0.5%.
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Table 7-10. Average concentration of OCs (ng/g) in 0-3 year old male ringed seal blubber from four

districts in Greenland (AMAP, 1997).

>PCB >DDT SHCH HCB
Avernarsuaq, NW Greenland 505 4218 1636 116
Qegqertarsuaq, Disko Bay, W Greenland 275 4408 1256 116
Nanortalik, S Greenland 573 7464 1182 141
Ittogqortoormiit, NE Greenland 706 9649 1805 163

is greater than in towns (19%), especially regarding seal.
However, whale intake is higher in towns and accounts
for some of the difference in exposure to POPs. Tradi-
tional food accounts for 22% of the total energy intake.
The remaining 78%, from imported food, also adds to
the total contaminant burden (Pars, 2000). This addi-
tional contribution has not been measured directly, but
based on human blood levels of PCBs and DDT in
northern Europe and Canada it is estimated at 25% to
35% (AMAP, 1998). This implies that previous esti-
mates (based on traditional food alone) are too opti-
mistic and should be at least 25% to 35% higher. The
mean intakes of chlordanes and PCBs already exceed the
Canadian guideline values and the mean B-HCH intakes
represent one third. This means that a large proportion
of people exceed the guideline intake values as sup-
ported by measured blood levels of contaminants from
another study (Deutch and Hansen, 2000). Organochlo-
rine concentrations were analyzed in several marine ani-
mals from four locations in Greenland, Table 7-10
(Aarkrog et al. 1997). The data for ringed seals clearly
illustrate the general geographical distribution of pol-
lutants. Blood levels of OCs measured in 1997 in a
small geographical survey (Deutch and Hansen, 2000)
follow approximately the same pattern. The urban pop-
ulation in southwest Greenland has the lowest pollution
burden and Ittoqqortoormiit in the northeast the high-
est, with >60% of men exceeding the Canadian PCB
guideline level for action (100 pg PCB-Arochlor 1260
per liter plasma).

The estimated PCB intake of Inuit in southwestern
Greenland exceeds the TDI value (Table 7-9). If seal blub-
ber were the only source of PCB (and compared to the
TDI value it is the most critical), the daily intake of ringed
seal blubber should not exceed 300 g in Disko Bay or
100 g in Ittoqqortoormiit. However, seal blubber contri-
butes about 50% of the PCB intake, which changes
these limits to 150 g and 50 g respectively. In Disko Bay
the average daily intake of seal blubber is about 30 g
(Pars, 2000).

Taking another example, locally grown and pro-
duced farm products were collected in Arkhangelsk,
northern Russia, in 2000 and analyzed for pesticides

and PCBs. All the grain- and vegetable products had
very low concentrations of POPs, except for HCH
which was high. The meat and fats from farm animals
had considerably higher concentrations and were 3 to
10 times higher than the corresponding levels in Nor-
way (Polder et al., 2002b). This applied particularly to
pig meat and fat, for which the DDT concentrations
were 10 and 130 ng/g respectively. A 60 kg person con-
suming a pork chop per day (170 g meat and 30 g fat)
would consume 0.1 pg DDT/kg/day, however this is
still only 25% of the estimated intake in Greenland
(Table 7-9).

7.4.3. Dietary intakes, anthropogenic blood levels
and dietary indicators

A correlation between the intake of traditional food
items measured by dietary surveys and blood levels of
xenobiotic substances has been demonstrated on a
group and population basis for heavy metals (Hansen,
1990) and OCs (Van Oostdam et al., 1999). However,
to describe and analyze dietary risk behavior in more
detail it would be extremely useful to be able to demon-
strate this correlation at the level of an individual. This
is obviously more difficult to achieve owing to the large
day-to-day variation concerning dietary behavior and to
the seasonal variation in traditional food availability.
Also, individuals may accumulate contaminants at dif-
ferent rates owing to genetic causes and other lifestyle
factors modifying their metabolism.

Organochlorine compounds are metabolized by a
number of enzymes: CYP1A1, CYP1A2, phenobarbital-
CYP, etc., which are part of the P-450 cytochrome oxi-
dase system (Lagueux et al., 1999). Different OCs are
metabolized by the same enzyme systems and may com-
pete or interact with each other in terms of uptake and
excretion. These same enzymes metabolize nicotine and
its breakdown products, which may also influence en-
zyme expression. Tobacco smoking has been correlated
with higher OC levels in plasma (Deutch, 1999; Deutch
and Hansen, 1999, 2000). In residents of Nunavik,
northern Quebec, with a high marine food intake and
OC exposure, CYP1A1 activity in placenta tissue was

Table 7-11. Correlations between reported monthly intake of marine food items (based on a food fre-
quency questionnaire), plasma phospholipid n-3:n-6 ratios, whole blood Hg (pg/L) and lipid adjusted
plasma PCB levels (pg/kg lipid) in male Inuit hunters from Uummanaq, northwest Greenland, n=48 (bi-

variate Pearson correlation coefficients) (Deutch et al., 2002).

Marine food intake  n-3:n-6 ratio ~ Whole blood Hg ~ Plasma PCB
Marine food intake 0.39** 0.26 ns 0.22 ns
n-3:n-6 ratio 0.39%* 0.72%* 0.63%*
Whole blood Hg 0.26 ns 0.72%% 0.65%*
Plasma PCB 0.22 ns 0.63** 0.65%*

ns: not significant; *P< 0.05; ** P<0.01; *** P<0.001.
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statistically correlated with DDE, PCB congeners and
HCB levels, as well as with levels of smoking (Lagueux
et al., 1999). Therefore, to identify individuals at risk of
high OC burden is a multi-factorial issue, and is not just
a question of diet.

Thus, although it is well documented that marine
mammals in the traditional diet contain high levels of
OCs (AMAP, 1998; Chan, 1998; Johansen et al., 2000;
Kuhnlein, 1995; Kuhnlein and Receveur, 1996) at the
present time it is only possible to demonstrate:

1. the overall correlation between self-reported high in-
takes of traditional food and selected dietary bio-
markers such as blood Hg (Bjerregaard and Hansen,
2000; Deutch, 1999) or n-3 fatty acids in plasma,
phospholipids, erythrocytes or adipose tissue (Bjerre-
gaard et al., 2001; Deutch and Hansen, 1999, 2000);
and

2. the correlation between these dietary indicators (fat-
ty acids, blood Hg levels etc.) and OC levels.

In the Canadian reports (Chan, 1998; Kuhnlein,
1995; Kuhnlein and Receveur, 1996) the question of di-
rect associations between self-reported marine food in-
take and blood levels of OCs is not considered. In other
reports such associations are described as being weak or
non-significant (Bjerregaard and Hansen, 2000; Deutch,
1999; Deutch and Hansen, 1999, 2000; see also Table
7-11).

7.5. Conclusions and recommendations

Within the last five years most countries have performed
one or more dietary surveys among their Arctic indige-
nous populations. However, these have been undertaken
for different reasons, with different target groups, and
using different sampling and reporting methods. It is dif-
ficult to make direct comparisons between dietary sur-
vey data obtained by different methods, e.g., interviews
versus recording or food frequency questionnaires. Also,
some studies report results as intake frequency or weight
of listed food items whereas others calculate nutritional
profiles. Some dietary surveys report traditional food in-
take only, whereas others consider total diet. Therefore,
in most cases, only qualitative comparisons can be made
between countries, or between ethnic groups within
countries. This should be considered when planning
sampling methods for future dietary surveys and when
considering more standardized means of reporting. The
aim should at least be to report both daily intakes, e.g.,
g/day (rather than portions), and daily nutritional in-
takes in absolute and relative units, e.g., per 10000 kJ.
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The diet of Arctic indigenous peoples includes tradi-
tional food and imported (market) foods. Although
varying by country, location, gender, and age group, tra-
ditional food currently yields 10% to 40% of the total
energy intake; a considerably smaller percentage than 30
to 40 years ago. Traditional foods are the main sources
of protein, fat, most minerals (iron, Zn, Se, iodine), vita-
min D, and particularly the essential long-chain n-3 fatty
acids, which supply some protection toward heart dis-
ease and diabetes. The ratio between n-3 and n-6 fatty
acids in human lipid fractions serves as an indicator of
the relative intake of traditional food.

Imported foods are the main sources of carbohy-
drate, water-soluble vitamins, vitamin A, and calcium.
Composite diets are sufficient in terms of most nutri-
tional requirements. However, those elements of most
importance in relation to meeting required intakes in
Arctic populations are vitamin A, vitamin C, and folic
acid due to the low intake of vegetables, and calcium
due to the low intake of milk products. The iodine in-
take of inland indigenous populations is sometimes
below recommended levels.

Analyses of food items of animal origin have pro-
vided ample proof that traditional food is a major
source of heavy metals (Hg, Cd and sometimes Pb) and
persistent organic substances. Exposure estimates of
heavy metals calculated from dietary intake data show
good correlation with human tissue concentrations.
Dietary exposure estimates of POPs have so far only
been compared with human body burdens of POPs on a
population basis. Correlations between estimates of in-
dividual dietary intakes and individual blood levels of
xenobiotic substances are not yet available. However,
several studies show very significant positive associa-
tions between n-3 fatty acids in human lipid fractions
and blood levels of both Hg and POPs, which makes
a connection between intake of marine mammal fat
(e.g., blubber) and organic pollutants highly probable.
It is also evident that POP concentrations in animal fat
vary with the age, gender and geographical location of
the animals.

Uptake, metabolism, and excretion of OCs are influ-
enced, among others, by genetic factors. Tissue levels are
influenced by various lifestyle factors such as smoking
(Deutch, 1999; Deutch and Hansen, 1999, 2000; La-
gueux et al., 1999) and body mass index (Deutch et al.,
2002). Therefore, identification of individuals at risk of
accumulating high POP burdens is not just a question of
dietary exposure but also a more complex question of
interacting genetic and biochemical factors. These should
receive more attention in future studies.
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Chapter 8

Lifestyle Factors as Determinants of Health

in Arctic Communities,

with Emphasis on Pregnant Women
and Adverse Pregnancy Outcome

Jon Oyvind Odland

Summary

This chapter discusses lifestyle factors as determinants of
health, with emphasis on pregnant women and adverse
pregnancy outcome. An important issue is how to extract
reliable information on these very complex problems with
multi-factorial origins in modern, Arctic communities.
Questionnaires and biomarkers are two possible tools,
both currently valuable for assessment of, e.g., smoking
frequency and alcohol consumption. However, the de-
velopment of new and better biomarkers will possibly
change this in favour of biomarkers in the years to come.

Strategies to reduce smoking frequency through in-
formation campaigns and/or by increasing the price of
tobacco have not been particularly successful. The con-
cept ‘engineering of consent’ is more promising, using
the tobacco industry’s own strategy, but creating an
image of non-smoking rather than smoking as the at-
tractive lifestyle standard for women and youth. Differ-
ent national programmes to address alcohol problems
by community action also exist, mostly reflecting na-
tional and cultural differences. Medical professionals
and medical arguments generally play a secondary role
when it comes to the definition of the alcohol problems.
Engineering-of-consent is also relevant in the struggle
to reduce the general alcohol consumption in Arctic
populations.

Pregnant women in often harsh working environ-
ments are especially vulnerable. All Arctic countries
have tried to offer special benefits for working in the
north. Particular attention is now focused on the health
of workers in heavy industries of the Arctic, and a gen-
eral trend is to try to prevent fetal exposure to environ-
mental pollutants by removing pregnant women from
unhealthy work places when (and if possible before) a
pregnancy is recognized.

8.1. Effects of tobacco smoking
on human health

Cigarette smoke contains a number of substances with
known or potential negative effects on pregnancy end-
point factors such as gestational age, birth weight, new-
born body mass index, and congenital malformations
(Odland, 2000; Odland et al., 1999a,b,c, 2001; Shu et
al., 1995). It is causally associated with cardiovascular
disease; chronic obstructive lung disease; cancer of the
respiratory system, pancreas, renal pelvis, and urinary
bladder; and is also associated with cancer of the liver,
uterine cervix and myeloid leukemia (Hoffmann and
Hoffmann, 1997).

8.1.1. Contaminants in tobacco

Nicotine is recognized to be the major inducer of to-
bacco dependence (Hoffmann and Hoffmann, 1997).
More than 50 carcinogens have also been identified in
tobacco, including polycyclic aromatic hydrocarbons
(PAHs), aromatic amines, and N-nitrosamines, espe-
cially the tobacco-specific N-nitrosamines. Owing to
changing manufacturing methods, the nitrate content of
tobacco has changed, causing enhanced combustion of
the tobacco, decreased carcinogenic PAH concentra-
tions, but increased formation of carcinogenic N-ni-
trosamines.

Cadmium (Cd) is a component of tobacco and a
known human carcinogen (Shaham ef al., 1996). Animal
data suggest that oral exposure to Cd results in reduced
birth weight and more severe effects on the fetus, includ-
ing placental damage (WHO, 1992), and embryotoxic
and teratogenic effects (Hauptman et al., 1993; Luo et
al., 1993). However, in humans it is difficult to separate
the impact of Cd from the impact of smoking on birth
weight. The human placenta serves as a selective barrier
to Cd with an average attenuation of 40% to 50%
(Baranowska, 1995; Lauwerys ef al., 1978; Roels et al.,
1978). Individual variability related to metallothionein
induction in the placenta may occur. Animal data sup-
port this conclusion, with free transport of Cd through
the Wistar rat placenta, while the hamster placenta is to-
tally blocked (Hanlon and Ferm, 1989; Tsuchiya et al.,
1987). In humans, Cd accumulation is detectable in fol-
licular fluid. It accumulates in the ovaries of smokers in
a dose-dependent manner, and may reduce the quality of
human eggs (Zenzes et al., 1995). Milnerowicz (1997)
has documented a three-fold increase in Cd concentra-
tions in amniotic fluid of active smokers. A comprehen-
sive study of a British national cohort has revealed that
smoking is independently related to an earlier meno-
pausal transition, although the effect was particularly
marked among underweight women (Hardy et al., 2000).

Several interactions of toxic substances related to to-
bacco smoke are documented in human studies. Elling-
sen et al. (1997) suggest that Cd depresses the concen-
tration of selenium in blood, but smoking alone cannot
be regarded as a true predictor for this effect.

Recent Arctic studies also document associations be-
tween smoking frequency and Cd concentrations in
human fluids, as well as increasing concentrations of
mercury (Hg) and Cd with the consumption of marine
mammals (Bjerregaard and Hansen, 2000; Van Oost-
dam et al., 1999). Deutch and Hansen (1999, 2000)
have reported highly significant positive associations be-



tween maternal smoking status (never, previous, pres-
ent), cotinine, and plasma concentrations of organic pol-
lutants in both maternal blood and umbilical cord
blood. Traditional food is believed to be the source of
the contaminants, but smoking may influence the enzy-
matic turnover of toxic substances.

8.1.2. Smoking frequency in the Arctic

Smoking cessation among pregnant women may reduce
the number of fetal and infant deaths by 11% (Cnat-
tingius et al., 1988). Even so, a large proportion of wo-
men continue to smoke after they have become pregnant
(Madeley et al., 1989). A Norwegian study of pregnant
women in 1987 showed that 35% to 39% of pregnant
women smoked daily, and that 82% of the smokers con-
tinued to smoke throughout their pregnancies (Peen et
al., 1991). A study from southern Norway of a large
non-selected population showed a more optimistic re-
duction from 34% to 22% during pregnancy in 1994
(Eriksson et al., 1996). Eriksson et al. (1998) undertook
a study of 4766 pregnant women living in northern Nor-
way in 1994/1995. The point prevalence of self-reported
daily smoking among the women three months before
pregnancy was 34 %; at 18 weeks of pregnancy 21% of
the women reported smoking daily. A multiple logistic
regression analysis revealed that a low number of ciga-
rettes smoked per day during the last three months be-
fore pregnancy was the best predictor for smoking cessa-
tion. Educational level, maternal age, parity and civil sta-
tus were also significant positive contributors to smok-
ing cessation. Eighty percent of the women who were
unable to stop smoking reported a reduction in smoking
frequency, from 13.9 cigarettes per day to 7.3 in the
eighteenth week of pregnancy. In a Finnish study, 12%
of the delivering women reported daily smoking, while
11% were ex-smokers (Luopa et al., 2002). Odland et
al. (1999a,b,c) documented a significantly higher self-re-
ported smoking frequency in Arctic Norwegian pregnant
women compared to Russian population groups, inde-
pendent of self-reported ethnic relationship. Of the Nor-
wegian pregnant women, 22.7% smoked 1 to 10 cigaret-
tes per day, while 13.5% smoked more than 10 cigaret-
tes per day; the reported Russian results were 20.5%
and 2.6%, respectively. The highest Arctic smoking fre-
quency in pregnancy was registered in Greenland by
Deutch and Hansen (1999, 2000); 58% (78 out of 134)
of pregnant Greenlandic women reporting daily smoking.
The results by Odland et al. (1999a,b,c) from 1994/
1995 seem to reflect the increasing smoking frequency
of Arctic Russian pregnant women since perestroika.
Concurrent with the opening of the country to western
imports, and the advent of western-style advertising, the
smoking frequency of Russian pregnant women appears
to have approached the rates for Norwegian pregnant
women mentioned earlier (Eriksson et al., 1996; Odland
et al. 1999a; RFCSES, 1998). This was also observed in
a Polish study, which showed an increase in smoking fre-
quency in the adult female population of 4% between
1990 and 1995 (Jokiel, 1996). The women with the
highest smoking frequency had a high university level
education and high socio-economic status, possibly indi-
cating a tendency to associate smoking with high social
status in the new market economy of Eastern Europe.
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According to a national Finnish study, 16% of 2769
mothers of 14-year old school children, smoked during
pregnancy in 1981. In the same study, 22% of the fa-
thers and 21% of the mothers of these children smoked
in 1995 (Pekkanen et al., 1996).

The smoking status of school children in all schools
in Lapland was assessed in a recent report (Luopa et al.,
2002): 29% of boys and 30% of girls under 15 years of
age smoked daily. In the age range 15 to 16 years, 47%
of the boys and girls smoked, and in the age range 17 to
18 years, 22% of boys and 27% of girls smoked.

8.1.3. Methodological problems, self-reporting
and biomarkers

A well-known epidemiological problem is the validity of
self-reported smoking status based on questionnaires.
Biomarkers of tobacco smoke introduce new and impor-
tant approaches to the problem. In a recent Swiss study,
the validity of tobacco questionnaires was evaluated
using a single biomarker or a combination of two bio-
markers (Morabia et al., 2001). A comparison of the
questionnaire data with simultaneous measurements of
salivary thiocyanate and expired carbon monoxide posi-
tively indicated that valid responses can be obtained for
self-reported, current smoking habits in population-
based surveys.

Using a self-administered questionnaire, Jaakkola ez
al. (1994) assessed the role of a smoking parent’s educa-
tion and socio-economic status, and their child’s health,
as determinants of a child’s exposure to environmental
tobacco smoke at home. The risk of exposure to envi-
ronmental tobacco smoke was higher when the parents
had no professional education, compared to having had
a university or college education, although socio-eco-
nomic status was not associated with exposure level,
contrary to recent studies from Eastern Europe (Jokiel,
1996). The exposure risk was higher with a single par-
ent. The risk decreased significantly for atopic children,
indicating that knowledge of a child’s illness affects the
smoking behaviour of its parents.

In a study of 429 Spanish women, Pichini et al.
(2000) investigated the association between biomarkers
of fetal exposure to cigarette smoke at the end of preg-
nancy, which involved measurements of cotinine in cord
serum and in maternal and newborn urine samples, and
quantitative measurements of smoking intake and expo-
sure employing a self-administered questionnaire. The
questionnaire was completed in the third trimester of
pregnancy and on the day of delivery. Cord serum coti-
nine appeared to be the most accurate biomarker of fetal
exposure to smoking at the end of pregnancy, distin-
guishing active smoking from passive smoking, and en-
vironmental tobacco smoke from non-exposure.

Cotinine was also studied by Willers ez al. (2000) in
a non-pregnant study group. In this case the detailed
questionnaire gave only a rough picture of the environ-
mental exposure to active or passive smoking. It was
more strongly indicated by the cotinine levels in urine,
saliva and plasma. Children with a history of asthmatic
symptoms had significantly lower median cotinine levels
in urine and saliva compared to referent children, prob-
ably owing to the anti-smoking information received by
their parents. This factor must obviously be considered
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in any epidemiological assessment of environmental to-
bacco smoke risks.

Cotinine has also been employed as an indicator of
children’s exposure to passive smoking in British popu-
lation surveys (Jarvis et al., 2000). The conclusions were
that exposure to passive smoking among children has
been approximately halved since the late 1980s. This re-
duction might be explained by parental reduction in
smoking frequency, as well as by the reduction of smok-
ing in public places. Another valuable biomarker is uri-
nary 1-hydroxypyrene. Li et al. (2000) found that urinary
1-hydroxypyrene concentrations are strongly correlated
with the number of cigarettes smoked.

Thus, new and promising biomarkers such as coti-
nine and 1-hydroxypyrene are now available. Verkerk et
al. (1994) concluded that information bias is not likely
to have a large influence on effect estimates in studies
using current and retrospective information on both al-
cohol and cigarette consumption. Thus, biomarkers and
questionnaires are both valuable for evaluating health
risks connected to cigarette smoking.

8.1.4. Information, intervention,
and cultural aspects

The classic approach to reducing smoking frequency is
to increase the cost of tobacco products through higher
excise taxes (Nakamura, 1996). Local networks of
health workers and politicians in Alaska have also partly
succeeded in reaching at-risk groups with relevant infor-
mation campaigns. The Alaskan programme of educa-
tion on health risks of smoking has also been introduced
in the Russian Far East, with special emphasis on infor-
mation programmes in schools (Holder, 1998). A World
Health Organization programme, WHO CINDI (Coun-
trywide Integrated Program for Disease Prevention), has
also been introduced widely throughout Siberia (Alek-
seeva, 1998). The results are not yet evaluated. Brandt
(1996) introduced the concept of ‘engineering of con-
sent’. The tobacco industry, together with advertising
and public relations experts, has created a specific image
of smoking, designed to make cigarette smoking appeal
to women; smoking being associated with independence,
glamour, seduction, and sexual motives. The same idea
can be adapted to create sets of negative associations for
the cigarette as well (unhealthy, smelly, premature aging,
etc.). In general, neither propaganda nor ‘objective pub-
lic information’, have succeeded in reducing smoking
frequency in most countries (Eriksen, 1999). From a
public health perspective, the only solution to the physi-
cal dependence on smoking is to lower the nicotine con-
centration in cigarettes to a level at which there is no in-
duction of dependence on tobacco (Hoffmann and Hoff-
mann, 1997).

8.2. Effects of alcohol consumption
on human health

Alcohol use, or abuse, is a very controversial subject.
One related problem is that self-reported alcohol con-
sumption estimates are significantly influenced by
under-reporting (Verkerk et al., 1994). As described in
section 8.1.3., however, Verkerk et al. (1994) also noted
the view that information bias is not likely to have a
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large influence on effect estimates in studies using cur-
rent and retrospective information on alcohol and ciga-
rette consumption.

8.2.1. Alcohol in pregnancy

Consumption of alcohol during pregnancy can result in
damage to the developing fetus, including cognitive im-
pairment, small stature, poor growth, and altered devel-
opment of facial bones (Stratton et al., 1996). In its most
severe form, the combination of poor prenatal or post-
natal growth, poorly developed mid-facial bone structure,
and a variety of brain function impairments is referred
as to Fetal Alcohol Syndrome (FAS). Lesser degrees of
prenatal alcohol exposure can result in brain dysfunc-
tion without growth impairment or altered facial features.

Active surveillance for FAS carried out in the Alaska
Native health care system from 1988 to 1994, docu-
mented a rate of 4.2/1000 live births, compared to rates
of 0.3 to 1.0/1000 live births in the U.S. population.
Among Alaskan Natives, FAS is the most common cause
of preventable congenital mental retardation. It is quite
possible that rates of FAS are elevated in other Arctic
populations. An ongoing human health study, which is
being coordinated by the AMAP Human Health Expert
Group in the Russian Arctic as a sub-component of a
large scale project on ‘Persistent Toxic Substances (PTS),
Food Security and Indigenous Peoples of the Russian
North” will add new knowledge to this issue. Delivering
women consuming excess alcohol during pregnancy
need extensive help and professional care. Heavy mater-
nal alcohol consumption during pregnancy is consis-
tently linked to decreased birth weight (Faden and
Graubard, 1994). The main controversies of alcohol and
pregnancy outcome are connected to moderate alcohol
consumption during pregnancy.

Polygenis et al. (1998) have recently conducted a
meta-analysis of moderate alcohol consumption during
pregnancy and the incidence of fetal malformations. The
definition of moderate alcohol consumption was from 2
drinks/week to 2 drinks/day and the abstainer group in-
cluded those who drank 0 to 2 drinks/week. A total of
130810 pregnancy outcomes were evaluated, with
24 007 in the moderate alcohol group and 106803 in the
abstainer group. The relative risk for fetal malforma-
tions was 1.01 (0.94-1.08). Thus, no association was
found between moderate alcohol consumption and in-
creased risk of fetal malformations.

For birth weight, results are less consistent (Faden
and Graubard, 1994). A non-significant trend was seen
in the direction of greater numbers of low-birth-weight
babies born to mothers who drank more frequently dur-
ing pregnancy. A significant interaction between drink-
ing and smoking was found in which the negative effects
of smoking on birth weight were less for those women
who drank more heavily.

A connection between moderate alcohol consump-
tion and spontaneous abortion has not been verified
(Cavallo et al., 1995). These authors found a significant
increase in spontaneous abortion in the age group >30
years and in the higher parity category. As for premature
rupture of membranes, no association has been found,
in contrast to the situation for heavy smoking (Myles et
al., 1998). A comprehensive European multi-center study
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on infertility and sub-fecundity concluded that any causal
effect is restricted to females with a high (close to daily)
intake of alcohol within the range of normal consump-
tion reported in European countries (Olsen et al., 1997).

Growth retardation in the first two years of life has
been found to be significantly associated with maternal
moderate alcohol consumption during pregnancy (Day
et al., 1994). Behavior, however, is more difficult to
measure and poorly defined in relation to teratogenic
exposure. For that reason, only children who are clearly
affected (i.e., dysmorphic or growth retarded) or those
who are participating in well-controlled prospective stud-
ies have shown effects on global developmental tests
during this period (Jacobson et al., 1993).

Excess alcohol consumption during pregnancy has
serious and well-documented effects on pregnancy out-
come. Also, it is often linked to a variety of other fac-
tors, such as social and economic problems, nutritional
factors, and smoking. For this reason, alcohol abuse is
discussed in more detail under section 8.3.

8.2.2. Contaminants and alcohol

Sallsten et al. (2000) have studied Hg in end-exhaled air
and the influence of ethanol on Hg exhalation in sub-
jects with long-term Hg exposure from diet, amalgam
fillings, or the work environment. They concluded that
low levels of Hg could also be detected in end-exhaled
air in individuals without amalgam fillings, probably
due to the alcoholic oxidation of Hg. A five-fold in-
crease was seen 30 minutes after alcohol intake, the rel-
ative increase independent of the body burden of Hg.
However, exhalation of Hg represents only a small per-
centage of the total elimination of Hg.

8.2.3. Assessing consumption,
and methodological problems

In the studies of Odland et al. (1999a,b,c) on pregnant
women in the Norwegian and Russian Arctic, self-
reported alcohol consumption was difficult to assess in
the Russian group. The topic appears to have been
avoided by the interviewers and interviewees. In the
Norwegian group, the results were considered partly re-
liable and partly under-reported. In addition to the pre-
viously described information on smoking frequency,
Verkerk et al. (1994) collected prospective as well as re-
trospective information on alcohol consumption for
2806 women in all provinces of the Netherlands who
gave birth in 1978 and 1979. Outcome measures were
stillbirth, small-for-gestational-age, congenital malfor.
mations, preterm birth and low birth weight. The only
statistically significant result was found for smoking and
small-for-gestational-age. The results also indicated that
information bias was unlikely to have a large influence
on effect estimates.

Many biomarkers are now introduced in the assess-
ment of alcohol consumption (Sarkola et al., 2000).
Mean cell volume (MCV), g-glutamyl transferase (GGT),
carbohydrate-deficient transferrin and hemoglobin-ac-
etaldehyde adducts are some of the most explored.
These authors compared the usefulness of these four
biomarkers in a follow-up study of alcohol abuse during
pregnancy. The study concluded that MCV and GGT

appeared to be the most efficient laboratory markers for
detecting excessive alcohol consumption and the adverse
effects of alcohol on the fetus.

8.2.4. Information or intervention?

A number of prophylactic measures have been tried,
from the most alarming propaganda to much more ca-
sual approaches, as described by Koren et al. (1996).
These researchers characterized women’s perception of
the teratogenic risk of alcohol by studying the reactions
of 30 adult non-pregnant women to a videotape con-
taining alarming information. Most subjects had a
strong impression after being exposed to the most
alarming propaganda that even one drink during preg-
nancy could harm the fetus. The conclusion from this re-
search was that it is preferable to refrain from making
unfounded statements about fetal risks from mild alco-
hol consumption. In the worst case, it was considered
that an alarmist approach might even lead to termina-
tion of otherwise wanted pregnancies.

Another important aspect concerns the poor infor-
mation given by a substantial group of medical doctors
to their patients about risks related to alcohol consump-
tion during pregnancy (Leversha and Marks, 1995).
Doctors’ attitudes to alcohol consumption in pregnancy
do not reflect their reported clinical practice. Only 53%
of obstetricians and 48 % of general practitioners in this
study routinely advised women about alcohol consump-
tion at the first antenatal contact.

The complexity and incomplete nature of existing in-
formation about causes of women’s drinking habits, in-
cluding ethnicity, socio-economic class, occupation, and
even job category, has been documented by Ames and
Rebhun (1996).

Dejin-Karlsson et al. (1997) have tested the impact of
psychosocial resources on pregnant women in relation to
continued alcohol consumption. All women included in
the study (n=692) reported alcohol consumption in the
year before pregnancy. Almost a third (32.8%) contin-
ued to drink during pregnancy, even though their alco-
hol intake was moderate. Despite the official Swedish al-
cohol recommendation of total abstinence during preg-
nancy, more socially active and more highly educated
women continued drinking alcohol, with wine as the al-
coholic beverage of choice. Younger women, or women
with fewer years of education, tended to stop drinking
to a higher degree, but those who continued drinking
mostly consumed beer. Grimstad et al. (1998) reported
that alcohol and/or tobacco use during pregnancy may
be associated with a history of substance abuse.

Different national programmes to prevent alcohol
problems by community action are described and sum-
marized by Larsson and Hanson (2000), showing very
different approaches, mostly reflecting national and cul-
tural differences. A Baltic study on alcohol misuse as a
health and social issue concluded that the medical pro-
fession and medical and epidemiological arguments play
a secondary role in most of the countries when it comes
to the definition of the problem (Simpura et al., 1999). A
national experiment was performed in conjunction with
the legalization of strong beer in Iceland in 1989 (Olafs-
dottir, 1998). Total alcohol consumption peaked the
year after the drinking of strong beer was allowed, but
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leveled off very rapidly as real income in society declined
due to other economic factors. The survey data indicate
that almost all socio-demographic groups ultimately
moved from consumption of strong traditional distilled
spirits to weaker beverages. The groups contributing
most to this change were those living in the Reykjavik
area, women, people in academic professions, and men
employed in the service professions. Different results are
described in a report on Poland’s ‘anti-alcohol cam-
paign’, which effectively ceased in the early 1990s, with
no significant change in people’s drinking behavior
(Moskalewicz, 1993).

8.3. The influence of cultural change
on alcohol and substance abuse
8.3.1. Influence of cultural change
on alcohol consumption, and related problems

Alcohol consumption is closely associated with social,
economic and cultural factors. In the Russian Arctic, al-
cohol consumption is a major problem in society; a
problem that increased considerably in the years follow-
ing perestroika (RFCSES, 1998). Clearly this constitutes
a serious risk of adverse pregnancy outcome (Odland,
2000; Paschane, 1998; RFCSES, 1998). However, based
on fragmentary information, alcohol abuse is much less
of a population problem among women of child-bearing
age compared to adult men. In indigenous culture and
tradition, alcohol abuse during pregnancy is rare, and
typically connected to malnutrition and pregnancy re-
lated infections.

8.3.2. Influence of high latitude
on lifestyle and health determinants

Paschane (1998) suggested that factors associated with
high latitude, such as winter depression (or Seasonal Af-
fective Disorder, SAD), and a variety of socio-economic
factors may present unique risk indicators for substance
abuse. Environmental factors include extreme light and
dark cycles and long periods of cold harsh conditions.
Climatic patterns can be highly inconsistent, but the
light and dark cycles are very consistent. Another char-
acteristic is geographical remoteness, resulting in greater
isolation. Variation in alcohol consumption appears
more pronounced in northern climates (Levine et al.,
1994) and might therefore be partly explained by sea-
sonal changes (Lemmens and Knibbe, 1993). Studies of
isolated northern communities demonstrate a low fre-
quency of alcohol-related homicides and suicides, which
is attributed to cultural homogeneity and environmental
adjustment of the population (Stenback and Saukko,
1996). Risk of injury, however, is greater in northern
communities because work and recreational activities
are often dangerous (see chapter 3). Combined with al-
cohol, these activities can be life threatening (Landon
and Saylor, 1997).

One possible method in the further assessment of the
risk indicators associated with latitude is to use the alco-
hol-attributable proportions of injuries (Shulz et al.,
1991). Global data on three types of mortality have been
compared in six Arctic northern areas (Norway, Sweden,
Canada, Finland, Alaska, and Russia) and the United
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States as a whole (Paschane, 1998), including chronic
liver disease, motor vehicle traffic accidents, and homi-
cide. For chronic liver disease, the relative risk was twice
as high in Finland compared to Norway. For motor ve-
hicle traffic accidents, there was no difference between
Norway and Sweden, the risk in Finland was slightly
higher, the risk in Canada almost twice that of Norway,
and the risk for both men and women in Alaska and
men in Russia the most serious. The most dramatic risk
differences were observed in comparisons of alcohol-at-
tributable mortality for homicide, with men in Finland,
Alaska, and Russia at the top. The overall conclusion of
these comparisons is that there is a high degree of vari-
ability among northern areas and that alcohol-related
problems are serious in northern areas (Paschane, 1998).

Geographically isolated indigenous groups have
mostly adapted well to environmental conditions that
may affect their health status. However, changes in envi-
ronmental conditions, combined with dramatic social
and cultural change may destroy a group’s ability to
adapt and survive (Young, 1994). Such changes may af-
fect an epidemiological transition in health. For exam-
ple, a decline in infectious diseases, but increases in
chronic, non-communicable diseases, accidents, and vio-
lence have been reported. Abuse problems in indigenous
populations may affect adaptation skills and mask
unique historical problems facing the populations. Al-
though some indigenous groups appear to experience se-
rious substance abuse problems, this is not indicative of
a cultural or biological problem (Waldram et al., 1995).
It is only a minority inside the groups who experience
problems with substance abuse and the ability to adapt
to environmental hazards (e.g., homogeneity in a com-
munity, communal responsibility, behavioral cohesive-
ness) (Landon and Saylor, 1997).

In conclusion therefore, northern areas show sub-
stantial differences in their alcohol-related mortality
data, pointing to very complex underlying causes for the
patterns of variability.

8.3.3. Drug abuse

Cocaine and marijuana use represent major problems
in many Alaskan and Canadian Arctic communities
(WHO, 1995). Seasonal variations in their use have
been identified, with the highest levels in the fall and
winter (Romberg et al., 1992). Cocaine use may be
linked to seasonal depression (Sandyk and Kanofsky,
1992). Significant links have also been found between
cocaine use and seasonal affective disorder (SAD) (Satel
and Gawin, 1989).

Injection drug use appears to be as common in north-
ern areas as in other areas (Fisher and Booker, 1990).
There is, however, evidence that sharing of drug injec-
tion equipment may be greater in northern communities.
Registered HIV-infections increased almost exponen-
tially in northwest Russia in 2000, probably related to
drug addiction and needle contamination in 90 to 95%
of cases (RFCSES, prelim. data).

Studies in Ontario First Nations communities report
that as many as 25% of children aged 5 to 15 years in-
hale solvents (Remington and Hoffman, 1984). This be-
havior seems to be strongly correlated with parental al-
cohol abuse (Barnes, 1979).
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8.4. Working conditions
and adverse pregnancy outcome
8.4.1. Work and pregnancy

In a recent meta-analysis, working conditions and preg-
nancy outcome for 160 988 women participants in 29
individual studies have been extensively discussed (Mo-
zurkewich et al., 2000). Outcomes of interest were pre-
term birth, hypertension in pregnancy, pre-eclampsia,
and small-for-gestational-age. Physically demanding work
was significantly associated with preterm birth, small-
for-gestational-age, and hypertension or pre-eclampsia.
Other occupational exposures significantly associated
with preterm birth included prolonged standing, shift
and night work, and high work fatigue score (Luke ez
al., 1999). No association was found between long work
periods and preterm birth.

In Norwegian communities, Wergeland and Strand
(1998a,b) and Wergeland et al. (1998) have reported that
strenuous work increases the risk of low birth weight, par-
ticularly in non-smokers. The strongest factor was a lack
of influence on the pace of the work. The preventive effect
on pregnancy complications of job modification during
pregnancy is just as important as smoking cessation. Strand
et al. (1996, 1997a,b), from the same research group, re-
ported that fertility among employed women (based on
time-to-pregnancy calculations) was 17% higher than the
general fertility rate. They suggest that work status and
occupation should be included among the variables of
birth registries, in order to facilitate routine presentations
of fertility rates and pregnancy outcome for women in
paid work; the same conclusions were drawn from a U.S.
study by Gabble and Paige Turner (1997) who observed
an association between specific working conditions and
first-birth fertility. Wergeland ez al. (1996) and Wergeland
and Strand (1997) also reported that abstention from
smoking during pregnancy increased with opportunities
to limit total work load, and that control of working con-
ditions reduced the risk of pre-eclampsia. They concluded
that women with power to control their own work pace,
reduced their sick leave in general (Wergeland and Strand,
1998b) and had better pregnancy health than women with-
out such possibilities (Wergeland et al., 1998). General
working conditions in the Scandinavian countries have
improved since the 1960s, and thus results from these
countries cannot be generalized to situations where there
is a higher exposure to contaminants or more extreme
working conditions (Ahlborg et al., 1989). Nordstrem and
Cnattingius (1996) found that practically all social differ-
ences in birth weight are related to differences in maternal
age, parity, height, and smoking habit. No general pattern
could be seen for work environment characteristics.

Female health workers are found to have a high risk
of pregnancy complications in many studies, probably
owing to many factors, e.g., exposure to contaminants
and very stressful working conditions (Ortayli et al.,
1996; Saurel-Cubizolles et al., 1991a,b). Even occupa-
tional noise can be considered a form of risk during
pregnancy (Hartikainen et al., 1994). Pregnant immi-
grant women are a special risk group in the European
society; generally they have more heavy occupational ac-
tivity and duties at home (Stengel et al., 1986). This ob-
servation also reflects the rapid changes in the new East-
ern European states (RFCSES, 1998).

8.4.2. Working conditions and cultural change

Latitude offers unique risk etiologies in connection with
working conditions. Extreme light and dark cycles and
long periods of cold harsh conditions, geographical re-
moteness and resulting isolation, etc., require special
working arrangements and special adaptations to pre-
vent stress and burnout in general. Pregnant women
are especially vulnerable under harsh working condi-
tions. All Arctic countries have, to a greater or lesser
degree, tried to allocate special benefits for working in
the north, such as longer vacations, free breaks in the
south, higher salaries, tax incentives, subsidized ac-
commodation, cultural activities, and special educa-
tional programmes for children. However, the reduc-
tion in the quality of medical care associated with eco-
nomic downturns has been a great threat to these pro-
grammes in the last ten years, especially in the Russian
Arctic (Odland, 2000).

In the Russian Arctic, special attention is now fo-
cused on the health of workers in heavy industries, such
as the nickel, cobalt and aluminum refining industries,
and power plant workers. These are all working places
associated with high risk of accidents, as well as occupa-
tional exposure to toxic substances (Chashschin ef al.,
1994; Nieboer et al., 1997, 2000; Odland et al., 1999d;
Thomassen et al., 1999). In a preliminary study, Chash-
schin et al. (1994) reported increased risk of sponta-
neous abortion, premature birth and congenital malfor-
mations in the offspring of women working in the nickel
industry of the Kola Peninsula. Subsequently, Odland et
al. (1999d) evaluated the medical, statistical, and occu-
pational data sources of the Kola Peninsula, and con-
cluded that a comprehensive epidemiological study of
reproductive and environmental health is feasible. Inter-
national funding is now in place for such studies, and
these have been initiated.

8.5. Early onset of puberty, obesity,
and exposure to xenohormones

Obesity has started to become a serious health problem
in Arctic communities. Recently, a steep rise has oc-
curred in the prevalence of obesity among boys and men
in Denmark, in two phases related to the birth cohorts
of the 1940s and of the mid-1960s and later. This rise
suggests that environmental influences operating early in
life might lead to indirect effects, such as early onset of
puberty (Sorensen, 2000).

Gladen er al. (2000) have studied whether prenatal
or lactational exposure to background levels of PCBs or
DDT are associated with altered puberty, growth, and
development in a cohort of 594 North Carolina chil-
dren. They found that the height of the boys increased
with transplacental exposure to DDE, as did body mass
index. No effect was documented on the ages at which
pubertal stages were attained. No effect was shown of
lactational exposure to DDE or transplacental/lacta-
tional exposure to PCBs. Girls with the highest transpla-
cental PCB exposures were heavier for their heights than
other girls by 5.4 kg, but the difference was significant
only if the analysis was restricted to girls of Caucasian
ethnicity. The authors concluded that prenatal exposure
at background levels might affect body size at puberty.
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8.6. Conclusions and recommendations

Both questionnaires and biomarkers provide valuable
tools for assessing smoking frequency and alcohol con-
sumption. However, the development of new and better
biomarkers will possibly change this in favor of bio-
markers in the years to come.

Increasing the cost of tobacco products through
higher excise taxes is a well-documented and tested solu-
tion, often resulting in the unintended side-effect of illegal
import and distribution of cigarettes. Educational infor-
mation on health risks associated with smoking has also
been widely used, but with limited success. Propaganda,
as well as ‘objective public information’ seems to fail in
most countries. The engineering-of-consent approach ap-
pears to be more promising. There is an urgent need for
public authorities to try this approach, especially in areas
where smoking frequency in the female population, es-
pecially the pregnant female population, is very high
(e.g., Greenland), and in areas where female smoking
frequency is rapidly increasing (e.g., the Russian Arctic).

The only solution to physical dependence on tobacco,
from a public health perspective, seems to be a lowering
of the nicotine concentration in cigarettes to a level at
which there is no induction of dependence on tobacco.

National programmes to prevent alcohol problems
through community action are adapted to national and
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cultural differences. Medical professionals and medical
arguments mostly play a secondary role when it comes
to the definition of the problem. However, some lessons
can be learned: the legalization of strong beer in Iceland
led to a general decrease in alcohol consumption and a
change to weaker beverages. A confounding factor for
this process was the decline in socio-economic standards
over the same period. In Poland, the anti-alcohol cam-
paign disappeared almost completely in the early 1990s,
but with no associated significant change in drinking
behavior.

The engineering-of-consent, discussed in the context
of tobacco consumption, is just as relevant in relation to
strategies aiming to reduce the general level of alcohol
consumption in Arctic populations.

Pregnant women are a vulnerable group, especially
under the generally harsh working conditions often
found in the Arctic. All Arctic countries have, to a
greater or lesser degree, tried to allocate special benefits
for working in the north. Recent economic changes are
posing threats to these programmes. Special attention is
now being focused on the health of workers in heavy in-
dustries in the Arctic, with a general trend towards pre-
vention of fetal exposure by removing pregnant women
or women of child-bearing age from contaminated
working places at the moment (or where possible be-
fore) a pregnancy is recognized.
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The Effects of Arctic Pollution on Population Health

Eric Dewailly and Pdl Weibe

Summary

Very few major epidemiological studies on effects due to
exposure to environmental contaminants have been con-
ducted in the Arctic. Arctic studies are extremely diffi-
cult to undertake due to the remoteness of communities,
the cultural context, climatic factors, small populations,
and confounding social and behavioral factors, etc. The
special characteristics of the Arctic raises the question as
to how far results and conclusions from epidemiological
studies conducted outside the Arctic can apply to this re-
gion. Human exposure to contaminants generally in-
volves exposure to a mixture of many different sub-
stances simultaneously, it is therefore not appropriate,
and currently not even possible, in epidemiological stud-
ies to establish the risk associated with individual sub-
stances. Nevertheless, serious consideration should be
given to results from cohort studies into neurological dis-
orders associated with prenatal methylmercury (MeHg)
exposure (in the Faroe Islands) and immune dysfunction
in children exposed prenatally to persistent organic pol-
lutants (POPs) (in Nunavik). It is likely that the negative
effects, although small, can be detected at sites outside
the Arctic under similar exposure conditions. In adopt-
ing dietary recommendations intended to reduce the ex-
posure of Arctic populations, public health authorities
should give consideration to the possibility of negative
effects on public health caused by changes in lifestyle.
Inuit from the east coast of Greenland, who consume
large numbers of marine mammals, have the highest
proportion of the population exceeding the (Canadian)

guidelines for polychlorinated biphenyls (PCBs) in blood,
followed by west coast Greenland Inuit populations and
Inuit populations from the Baffin and Nunavik regions
of eastern Canada. A similar pattern occurs for ex-
ceedance of the blood Hg guidelines, but the data are
more limited. If the new U.S. EPA mercury guidelines are
applied, then it is evident that most Inuit populations
and a significant proportion of several other populations
exceed these guidelines.

9.1. General considerations

There is considerably more information on the effects of
environmental factors on the health of Arctic popula-
tions than existed at the time of the previous AMAP As-
sessment Report (AMAP, 1998), five years ago. This
chapter updates that information.

In addition, this chapter examines the risks to Arctic
peoples associated with exposure to the major contami-
nants, also taking into account some lifestyle factors.
These factors, when integrated, can result in risks that are
greater than or different to those resulting from any single
effect alone. This combined effects risk assessment is prob-
lematic. While it is intuitively obvious that exposure to
multiple risk factors should be of more concern than ex-
posure to one or two defined health risks, it is extremely
difficult to combine these risks in a quantitative or even
qualitative manner. It is possible to investigate the esti-
mated risks to populations based on their exceedance of
health guidelines; however these are few in number, and
change as scientific knowledge improves (Table 9-1).

Table 9-1. Guideline values for levels of environmental contaminants in human tissues.

Contaminant Media Guideline Value (pg/L) Source
DDT and DDE Plasma or serum 200 (total DDT) WHO
PCBs! Plasma or serum For women of reproductive age Canada
<5: Tolerable
5-100: Concern
>100: Action
For men and post-menopausal women Canada
<20: Tolerable
20-100: Concern
>100: Action
PCBs! Breast milk 50: For protection of infants Canada
Hg (total) Whole blood 20: Normal acceptable range Canada
20-100: Increasing risk
>100: At risk
>4.42 United States
Cd Whole blood 5: For occupational exposure Canada
Pb Whole blood 100: Action Level Canada
Pb Whole blood 100 United States

IPCBs measured as Aroclor 1260;

2Based on the US EPA’s 1999 re-evaluation of mercury: a BMDL of 44 pg/L (58 pg/L in cord blood), and

applying a 10-fold safety factor.
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9.2. Epidemiological studies on mercury
and persistent organic pollutants

The following discussion on epidemiology is restricted
to studies on MeHg and POPs, specifically PCBs. Other
contaminants such as cadmium (Cd) and lead (Pb) are
now considered of lower priority as the main sources
giving rise to human exposure (smoking for Cd and lead
shot or industrial emissions for Pb) are not Arctic-wide
environmental contamination and information on their
toxicity is in most cases already available, validated and
widely used. Furthermore, most of the health concerns
associated with the presence of contaminants in the Arc-
tic food chain are related to MeHg and POPs.

Over the past decades, epidemiological studies on
human health effects related to exposure to PCBs and
mercury (Hg) have been oriented toward prenatal expo-
sure and children’s health. Although, these have largely
focused on neurological systems, hormonal effects (re-
lated to reproduction and cancer), immune deficiency
and cardiovascular effects have recently gained consider-
able attention.

Very few epidemiological studies have been conducted
in the Arctic. This is because knowledge about levels and
exposure of northern residents to lipophilic pollutants is
relatively recent (dating from the mid 1980s). In addi-
tion, communities in this vast territory are small and
scattered, hence travel and fieldwork are extremely ex-
pensive and the power of epidemiological studies is
weakened by small population size. However, problems
associated with Hg contamination have been known for
many years; and recognized in the Arctic for nearly 25
years. As a consequence, effect studies have been con-
ducted all over the world, including the Arctic.

9.2.1. Neurobehavioral effects
9.2.1.1. Mercury

Mercury is a heavy metal that enters the environment
from both natural and anthropogenic sources. The main
anthropogenic sources include combustion of fossil
fuels, and waste incineration. Inorganic Hg is converted
to MeHg by bacteria in aquatic systems and this then
bioaccumulates in marine and freshwater food chains.
MeHg is highly fetotoxic. The developmental neurotox-
icity of MeHg first became evident during the 1950s
when Minamata Bay, Japan, was heavily contaminated
by industrial effluents discharged to the bay. Infants
born to women who had eaten fish from the bay exhib-
ited a range of impairments to the central nervous sys-
tem, including mental retardation, primitive reflexes,
cerebral ataxia, and seizures (Harada, 1995). A second
well-documented MeHg poisoning occurred in Iraq in
the 1970s when seed grain treated with a MeHg fungi-
cide was used in households to make bread (Amin-Zaki
et al., 1976). The affected Iraqi population was exposed
to higher levels than that in Japan, and the exposure
took place over a much shorter period of time, yet the
neurodevelopmental effects were similar, including se-
vere sensory impairment, general paralysis, hyperactive
reflexes, cerebral palsy, and impaired mental develop-
ment (Marsh et al., 1987).

Three well-designed, prospective, longitudinal stud-
ies have been performed which examine the effects of
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prenatal exposure to low doses of MeHg; in New
Zealand, the Faroe Islands, and the Seychelles (Davidson
et al., 1998; Grandjean et al., 1997; Kjellstrom et al.,
1986; Myers et al., 1995a). High dietary MeHg expo-
sure in the Faroe Islands population results from con-
sumption of pilot whale (Globicephala melaena) (Grand-
jean et al., 1992), while consumption of deep-sea and
reef fish is the source of exposure for the Seychelles
(Myers et al., 1995b) and New Zealand populations
(Kjellstrom et al., 1986). All these prospective MeHg
studies involved children without overt clinical symp-
toms of MeHg poisoning. Cord blood Hg was the main
indicator of prenatal exposure in the Faroe Islands
study, although maternal hair Hg concentration during
pregnancy was also determined. Maternal hair Hg con-
centration during pregnancy was the indicator of prena-
tal MeHg exposure in the Seychelles and New Zealand
studies. Hair Hg is approximately 90% MeHg and has
the advantage of providing an historical record of MeHg
exposure, whereas the MeHg half-life in human blood is
approximately 50 days (Cox et al., 1989; Kershaw et al.,
1980; Sherlock et al., 1984). Average maternal hair Hg
concentrations in these studies varied from 4.3 to 8.8
pg/g, and a significant number of infants studied had
hair Hg concentrations higher than 10 pg/g.

Two other studies investigated the effects of prenatal
Hg exposure resulting from fish consumption, the first
in Canada — more specifically in the James Bay Cree pop-
ulation — and the second in Peru. However, these did not
consider neurobehavioral outcome (Marsh et al., 1995;
McKeown-Eyssen ef al., 1983).

The Faroe Islands study reported associations be-
tween maternal hair Hg concentration corresponding to
the pregnancy period and children’s performance in neu-
robehavioral tests, particularly concerning fine motor
function, concentration, language, visual-spatial abili-
ties and verbal memory (Grandjean et al., 1997). How-
ever, neuropsychological dysfunction was the parameter
most closely associated with cord blood Hg concentra-
tion (Grandjean et al., 1999a).

The New Zealand study also found adverse effects of
prenatal MeHg exposure (Kjellstrom ez al., 1986). More
specifically, higher hair Hg levels were associated with
poorer neurodevelopmental test scores for similar do-
mains to those observed in the Faroe Islands study.

In the Seychelles study, in which the exposure and re-
search design were similar to that of the New Zealand
study, however, prenatal MeHg exposure was not found
to be related to neurobehavioral effects (Davidson et al.,
1995, 1998; Myers et al., 1995b).

Thus, prenatal MeHg exposure from marine food
consumption was associated with neurobehavioral
deficits in the Faroe Islands study but not the Seychelles
study. Less consideration has been given to the outcome
of the New Zealand study because, until recently, it had
not been subject to peer review. Differences in the neu-
ropsychological test battery, Hg exposure, age at testing,
and the source of Hg exposure are suggested to account
for the differences between the findings of the Faroe Is-
lands and Seychelles studies. When the New Zealand
data are considered, these factors no longer seem deter-
minative, because the exposure and research design of
the New Zealand study were similar to those of the Sey-
chelles study, yet adverse neurobehavioral effects were
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observed (as they were in the pilot study conducted
in the Seychelles) (NRC, 2000). One limitation of the
Faroe Islands study was that, owing to the confounding
effects of prenatal exposure to both Hg and PCB (r =
0.41 to 0.49) (Grandjean et al., 1997, 1999a), it was dif-
ficult to determine whether several of the neurodevelop-
mental deficits observed at age 7 years, especially those
in language and memory function, were due to prenatal
Hg exposure, to prenatal PCB exposure, or to both ex-
posures. However, patterns of neurobehavioral damage
produced by developmental Hg exposure in animals re-
semble those found in humans and include sensory sys-
tem effects, motor or sensorimotor system effects, and
cognitive effects.

The relationship between prenatal exposure to
MeHg and neurological and developmental abnormali-
ties was ascertained among 234 Cree Indian children
aged 12 to 30 months from four northern Quebec com-
munities (McKeown-Eyssen et al., 1983). A pediatric
neurologist, ‘blinded’ to the children’s level of exposure,
assessed neurological, physical, mental, and psychoso-
cial development. MeHg exposure was estimated from
maternal hair segments representing the period of preg-
nancy. Abnormality of the tendon reflexes, observed in
13 boys (11%) and 14 girls (12%), was positively asso-
ciated with MeHg exposure in boys only and there was
no consistent dose-response relationship. Other neuro-
logical disorders were less prevalent and none were pos-
itively associated with exposure; indeed, incoordination
was positively associated with exposure in girls.

Cord blood samples (n=42) from Qaanaaq (north-
west Greenland) were collected and analyzed in 1982
and the children examined at 7 to 12 years of age. Clini-
cal neurological examination did not reveal any obvious
deficiencies. However, neurophysiological tests (audi-
tory evoked potentials) showed possible Hg exposure-
associated deficiencies, although in only a few cases
reaching levels of statistical significance (Weihe et al.,
2002).

9.2.1.2. Polychlorinated biphenyls

The developmental toxicity of heat-degraded PCBs was
first recognized in Japan in the late 1960s and in Taiwan
in the late 1970s. In similar industrial accidents in both
countries, infants born to women who had consumed
rice oil contaminated with mixtures of PCBs and poly-
chlorinated dibenzofurans (PCDFs) had skin rashes and
exhibited poorer intellectual functioning during infancy
and childhood (Chen et al., 1992; Yu et al., 1991).
Effects of prenatal exposure to background levels of
PCBs and other organochlorine compounds (OCs) from
environmental sources have been studied since the 1980s
in prospective longitudinal studies in Michigan, North
Carolina, the Netherlands and Oswego (New York).
The source of PCB exposure was fish consumption from
the Great Lakes in both the Michigan (Schwartz et al.,
1983) and Oswego (Stewart et al., 1999) studies, and con-
sumption of dairy products in the Netherlands (Koop-
man-Esseboom et al., 1994a). Newborn infants from the
North Carolina cohort were exposed to background lev-
els of PCBs, and there was no specific source of exposure
(Rogan et al., 1986b). PCB exposure was associated
with less optimal newborn behavioral function (e.g., re-

flexes, tonicity and activity levels) in three of the four
studies (Huisman et al., 1995a; Rogan et al., 1986a,
Stewart et al., 2000). Adverse neurological effects of ex-
posure to PCBs were found up to 18 months of age in
the Netherlands study (Huisman ez al., 1995b). In Mich-
igan and the Netherlands, higher cord serum PCB con-
centrations were associated with lower birth weight and
slower growth rate (Fein et al., 1984; Jacobson et al.,
1990b; Patandin et al., 1998). In Michigan, prenatal
PCB exposure was associated with poorer visual recog-
nition memory in infancy (Jacobson et al., 1985, 1990a,
1992), an effect recently confirmed in the Oswego study
(Darvill et al., 2000), and was linked to poorer intellec-
tual function at 4 and 11 years (Jacobson et al., 1990a;
Jacobson and Jacobson, 1996), a finding recently con-
firmed in the Netherlands study at 42 months (Patandin
et al., 1999). In North Carolina, deficits in psychomotor
development at up to 24 months were seen in the most
highly exposed children (Gladen et al., 1988; Rogan and
Gladen, 1991). Although much larger quantities of PCBs
are transferred to nursing infants by breast feeding than
prenatally across the placenta, virtually all the adverse
neurobehavioral effects reported to date are linked
specifically to prenatal exposure, indicating that the em-
bryo and fetus are particularly vulnerable to PCBs.

A German cohort of 171 children showed average
PCB concentrations (based on CB138, CB153 and CB180)
in cord serum and maternal milk that were similar to
those reported in the Netherlands study (Winneke et al.,
1998). Negative associations between maternal milk PCB
levels and mental/motor development were reported at
all ages, becoming significant from 30 months onwards.
Over 30 months of age, for a PCB increase from 173 to
679 ng/g lipids in milk there was a decrease of 8.3 points
in the Bayley Scales of Infant Development mental scores,
and a 9.1 point decrease in the Bayley Scales of Infant
Development motor scores. There was also a negative
effect of postnatal PCB exposure via breast feeding, at
42 months. Home environment had a positive effect
from 30 months onwards (Walkowiak, 2001).

A prospective, longitudinal study set up to examine
the effects of prenatal exposure to low doses of MeHg
resulting from fish and pilot whale consumption was
performed in the Faroe Islands (Grandjean et al., 1992,
1997). Because pilot whale tissues contain other neuro-
toxins this cohort was also exposed to PCBs. This is the
only cohort studied to date where the main source of
PCB exposure was the consumption of marine mam-
mals, as is the case for the Inuit. However, it was diffi-
cult to determine whether several of the neurobehavioral
deficits observed at age 7 years, especially on language
and memory function (Budtz-Jorgensen et al., 1999),
were due to prenatal MeHg exposure, to PCB exposure
or to both. Nevertheless, after determining PCB concen-
trations in cord tissue for 50% of the cohort, detailed
statistical analyses showed that confounding factors
were limited, and interaction with MeHg-associated ef-
fects was unlikely. A complete review of epidemiological
studies related to PCB exposure and neurodevelopmen-
tal effects in newborn infants was published recently
(Ribas-Fito, 2001).

New findings on the effects of both MeHg and PCB
exposure have been made since the previous AMAP As-
sessment Report, increasing significantly the body of sci-
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entific evidence linking neurodevelopmental effects dur-
ing infancy and childhood with prenatal exposure from
maternal consumption of fish and marine mammals.
One prospective longitudinal study on this topic involv-
ing Nunavik and Greenland mothers and infants has
been ongoing since 1997 (Dewailly and Bjerrgard, pers.
comm., 2001). The data are still being analyzed and no
results have yet been published. In the Faroe Islands, the
cohort established in 1986/87 (Grandjean et al., 1992)
was re-examined at age 14 years. The examination was
basically the same as that undertaken when the children
were 7 years of age. However, at 14 years special atten-
tion was given to the maturation of the body. In 2001
and 2002 a cohort of 182 7-year old children was exam-
ined in same manner as for the 1986/87 Hg cohort at 7
years. A third cohort of 650 children will be examined
neuropediatrically during 2002 to 2004 at 54 months
(4.5 years), however the main emphasis of this study will
be on immunological deficits related to POPs.

9.2.2. Reproduction

Typical OC mixtures found in highly exposed human
populations contain a large variety of OCs, including
substances with estrogenic, anti-estrogenic or anti-an-
drogenic properties. Arnold et al. (1996) showed that
compounds such as endosulfan, dieldrin, toxaphene and
chlordane, which are practically devoid of estrogenic ac-
tivity on their own, caused synergistic activation of the
estrogen receptor when tested in combination in a yeast
estrogen system. It may thus be anticipated that complex
real life mixtures, composed of numerous compounds,
which can interact with different receptors, may result in
impaired male fertility in adulthood.

9.2.2.1. Hormones

No studies on hormones have been conducted in the
Arctic to date. However, a pilot study was recently un-
dertaken in Greenland (n=48 males) and the following
male hormones measured: DHEA, 35-diol, 84, testos-
terone, DHT, E1, and E2. There were no correlations be-
tween hormone levels and POP levels adjusted for age,
body mass index (BMI) and smoking (Dewailly, pers.
comm., 2001). A multi-center fertility study involving
600 males and 200 pregnant women began in Greenland
in 2002. Male fertility parameters and time-to-preg-
nancy are the most important endpoints of the study.
POPs are part of the exposure assessment (Pedersen,
pers comm., 2001).

9.2.2.2. Pregnancy outcome

From 1989 to 1991 Dewailly et al. (1993) undertook a
cohort study on the health effects of Inuit newborn pre-
natally exposed to OCs. A statistically significant
association was found between male newborn length
and PCBs and PCDD/Fs, even after adjustment for po-
tential confounding factors.

A study was initiated in 1994 because of public con-
cern about adverse reproductive health effects and preg-
nancy outcome in the Russian—-Norwegian border zone
near the nickel (Ni) producing industry on the Kola
Peninsula. The original objective was to assess the health
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of delivering women and their outcome within the gen-
eral population of the area, including an assessment of
essential and toxic trace elements. Over the course of the
study, the health of an occupationally exposed popula-
tion of female Ni industry workers and children living
on the Kola Peninsula also became an important focus.
Between April and June 1994, maternal information, de-
livery information, and maternal and neonatal blood
and urine samples were collected for approximately 50
deliveries in each of the Russian cities Arkhangelsk,
Nikel, and Monchegorsk; the three Norwegian study
areas were Kirkenes, Hammerfest, and Bergen. Urinary
Ni concentrations were significantly higher in the Russ-
ian study groups. Sources of Ni exposure for the Russian
population that could account for this remain unidenti-
fied. Environmental Ni exposure, as measured by uri-
nary Ni excretion, was not shown to be a predictor vari-
able of either low birth weight or newborn BMI. The
mineral status of delivering women in Arctic and subarc-
tic areas of Norway and western Russia was adequate,
with the exception of zinc (Zn). The variation in serum
Zn concentrations demonstrated differences between
Arctic and subarctic areas across national borders. Ma-
ternal serum Zn was a positive predictor variable for
birth weight. Maternal blood Pb was a negative predic-
tor of birth weight, even at the relatively low concentra-
tions in this study. The inclusion of maternal Pb in a
multivariate model caused the non-specific country dif-
ference to lose statistical significance. Blood Pb concen-
trations in school children living in remote areas of the
Kola Peninsula were up to a level of medical concern.
Mean birth weight and BMI were significantly lower in
the Russian study groups, suggesting possible nutritional
deficiencies during pregnancy in Russia. Congenital mal-
formations were too scarce to be assessed.

With the exception of the negative effects of mater-
nal Pb concentrations, the other pollutants studied had
no observed effects on pregnancy outcome, birth weight
or BMI. The statistically significant difference between
the Norwegian and Russian mean BMIs suggests that
malnutrition during pregnancy may occur in the Russian
study groups. Blood Pb concentrations up to a level of
medical concern were observed in children living in
remote areas of the Kola Peninsula (Odland et al.,
1999a,c, 2001).

9.2.3. Cancer

Results from early human studies generally supported
the existence of a relationship (Dewailly et al., 1994a;
Falck et al., 1992; Mussalo-Rauhamaa et al., 1990;
Wolff et al., 1993) or suggested a possible link (Krieger
et al., 1994) between breast cancer risk and OC expo-
sure, more specifically exposure to p,p'-DDE, the main
metabolite of DDT. In contrast, recent studies involving
larger sample sizes yielded negative results (Hoyer et al.,
1998; Hunter et al., 1997; Lopez-Carillo et al., 1997,
Moysich et al., 1998; van’t Veer et al., 1997). In particu-
lar, Hunter et al. (1997) and Hoyer et al. (1998) using a
nested case control study design, failed to observe a rela-
tionship between p,p'-DDE or PCB plasma concentra-
tions and breast cancer risk. However, Hoyer et al.
(1998) reported that high plasma concentrations of diel-
drin were associated with breast cancer risk. Previous
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studies have focused solely on the risk of developing a
new breast cancer. However, hormonally active OCs
might also modulate cancer growth and prognosis (De-
mers et al., 2000).

Rubin et al. (2001) reported on levels of DDT, DDE,
other chlorinated pesticides, and PCBs in serum samples
collected from 131 Alaska Native women between 1980
and 1987 to enable a comparison with other published
studies of DDE and PCB exposure in U.S. women. The
data collected during this case-control study of the rela-
tionship between OCs and breast cancer showed mini-
mal differences between cases and controls. Data for
case and control women were consequently pooled in
the statistical analysis. More than 99% of the women
had detectable levels of p,p'-DDE (mean 9.1 pg/L). The
mean total PCB level was 7.6 pg/L. Levels of exposure
varied according to geographical location and ethnic
identification, and may reflect dietary differences. Five
of the OCs were detected in at least half of the study
population. Alaska women had levels similar to those
reported for the United States.

9.2.4. Immune system effects

Several OCs display immunotoxic properties in both
laboratory animals and humans. In children and young
adults accidentally exposed to PCBs and PCDFs in Tai-
wan (“Yu-Cheng disease’), serum IgA and IgM concen-
trations 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 (Chang, 1981).
An investigation of delayed type hypersensitivity re-
sponses further indicated that cell-mediated immune sys-
tem dysfunction was more frequent among patients than
controls. Infants born to Yu-Cheng mothers had more
episodes of bronchitis and/or pneumonia during their
first six months of life than unexposed infants from the
same neighborhoods (Rogan et al., 1988). The authors
speculated that the increased frequency of pulmonary
disease could result from a generalized immune disorder
induced by transplacental or breast milk exposure to
dioxin-like compounds, probably PCDFs (Rogan et al.,
1988). Eight- to 14-year old children born to Yu-Cheng
mothers were shown to be more prone to middle-ear
diseases than matched controls (Chao et al., 1997).
Organic and inorganic Hg possess cytotoxic activi-
ties for cellular components of immune systems in sev-
eral species of rodent. Moreover, it has been demon-
strated that MeHg can affect the functions of B-cells and
therefore reduce the humoral-mediated response (Daum,
1993). Exposure to inorganic Hg induces allergies and
auto-immune problems in hypersensitive individuals.
There is limited evidence from epidemiological studies.
In Nunavik, an epidemiological study investigated
whether OC exposure was associated with the incidence
of infectious diseases in Inuit infants and with immune
dysfunction (Dewailly et al., 2000a). The number of in-
fectious disease episodes in 98 breast-fed and 73 bottle-
fed infants was compiled during the first year of life.
Organochlorine concentrations were measured in early
breast milk samples and used as surrogates for prenatal
exposure levels. Biomarkers of immune system function
(lymphocyte subsets, plasma immunoglobulins) were de-
termined in venous blood samples collected from infants

at 3, 7 and 12 months of age. None of the immuno-
logical parameters were associated with prenatal OC
exposure.

Otitis media was the most frequent disease with
80.0% of breast-fed and 81.3% of bottle-fed infants ex-
periencing at least one episode during the first year of
life. During the second follow-up period, the risk of oti-
tis media increased with prenatal exposure to p,p'-DDE,
hexachlorobenzene (HCB) and dieldrin. The relative risk
(RR) for 4- to 7-month old infants in the highest tertile
of p,p'-DDE exposure as compared to infants in the low-
est was 1.87 (95% confidence interval (CI) 1.07-3.26).
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 re-
current otitis media (23 episodes) was augmented by
prenatal exposure to these compounds. No clinically rel-
evant differences were noted between breast-fed and
bottle-fed infants with regard to biomarkers of immune
function and prenatal OC exposure was not associated
with these biomarkers. It was concluded that prenatal
OC exposure could be a risk factor for acute otitis media
in Inuit infants (Dewailly et al., 2000a).

In another cohort, the risk of experiencing frequent
infectious disease episodes was assessed in 89 children
exposed to PCBs and DDT in northern Quebec during
their first year of life. The risks were related to maternal
PCB and DDT blood levels during pregnancy. Ratios
were estimated using logistic regression and the results
were adjusted for maternal smoking during pregnancy,
the number of smokers in the house, crowding, breast
feeding duration, and gender. This study supports 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 (Dewalilly et al.,
2001b).

9.2.5. Cardiovascular effects

While there are no studies that report an association be-
tween cardiovascular disease and POPs, Salonen et al.
(1995) suggest that the high mortality from cardiovascu-
lar disease observed among fish eaters from Finland
could be explained by the high Hg content in fish
(mainly non-fatty freshwater species). They noted a sig-
nificant association between Hg concentration in the
hair of eastern Finnish men and the risk of coronary
heart disease. Mercury can promote the peroxidation of
lipids, resulting in more oxidized low-density lipopro-
tein, which has been implicated as an initiator of arte-
riosclerosis. An enhanced risk of death from coronary
heart disease in subjects with low serum selenium (Se)
concentrations, an antioxidant that can block the Hg-in-
duced lipid peroxidation, was previously observed in
this population (Salonen et al., 1982).

That both Hg and Se can modulate the risk of coro-
nary heart disease is also suggested by observations of
fish-eating coastal populations such as Inuit in Arctic re-
gions. Inuit consume large amounts of fish and marine
mammals and consequently receive large doses of Hg.
However, contrary to the situation in eastern Finland,
the mortality rate from coronary heart disease in Inuit is
extremely low (Dewailly et al., 2001a). This could be
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due to the high intake of Se in this population, through
the consumption of traditional food items rich in Se,
such as muktuk (beluga and narwhal skin) and marine
mammal liver or polyunsaturated fatty acids.

Blood pressure in childhood is an important determi-
nant of hypertension risk later in life and MeHg expo-
sure is a potential environmental risk factor. A birth
cohort of 1000 children from the Faroe Islands was ex-
amined for prenatal exposure to MeHg, and blood pres-
sure, heart rate, and heart rate variability were deter-
mined at seven years of age (Sorensen ef al., 1999). After
adjustment for body weight, diastolic and systolic blood
pressure were shown to increase by 13.9 mmHg (95%
CI 7.4-20.4) and 14.6 mmHg (95% CI 8.3-20.8) re-
spectively, when cord blood Hg concentrations increased
from 1 to 10 pg/L. Above this level, which corresponds
to the current exposure limit, no further increase 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
exposure, particularly from 1 to 10 pg/L cord blood, at
which point the variability was reduced by 47% (95%
CI 14-68%). These findings suggest that prenatal expo-
sure to MeHg might affect the development of cardio-
vascular homeostasis.

9.3. Risk assessment
of exposure at levels found in the Arctic

Epidemiological research should be used, if available, in
the risk assessment of exposure to contaminants. How-
ever, few epidemiological studies exist and those that do
cover few substances and only some of the possible clin-
ical endpoints. In most cases risk assessment is based
on animal studies. Of the contaminants in the Arctic,
MeHg is the best researched using epidemiological
methods; and of the several relevant endpoints, neuro-
toxic effects are the best described by epidemiological
methods.

The neurobehavioral performance of an individual in
response to contaminant exposure is affected by several
factors. The outcome may depend on specific character-
istics of the exposure, i.e., severity and chronicity, as
well as the possibility of simultaneous exposure to other
contaminants. Also, the effect depends on the vulnera-
bility of the subject, as indicated by age, lifestyle, gender
and premorbid status, etc. With prenatal exposure in
particular, the time of the neurobehavioral assessment is
of importance, as the effects may not become apparent
until the nervous system has matured sufficiently to ex-
press the dysfunction. Epidemiological data are not a
prerequisite for risk assessment. In fact, opportunities
for epidemiological studies of neurotoxicity may arise
only when prevention has failed, whether or not a risk
assessment has been carried out, and whether or not
the origin of the exposure is natural or anthropogenic.
Given that neurotoxic exposures continue to occur, the
best possible epidemiological studies should be under-
taken to ensure that the unfortunate incidents will at
least result in useful information that can provide a bet-
ter basis for intervention. Frequently, several exposure
factors must be determined, as the exposure under study
is associated with other chemical exposures originating
from the same source, e.g., in the Arctic, Hg and PCBs
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originating from consumption of marine mammals.
Given that neurobehavioral function varies considerably
within a population, even similar exposure circum-
stances may be associated with widely different perform-
ance results in a group of exposed subjects. Also, despite
results of functional tests remaining well within the
expected interval, differences can still be considerable
between groups of individuals with different levels of ex-
posure. Furthermore, although the individual may not
be aware of any dysfunction, even minimal changes can,
in some cases, have severe implications for daily life.
These considerations are important when interpreting
neurobehavioral data.

9.3.1. Methylmercury

By spring 2002 there was still no international agree-
ment on the risk assessment of MeHg. According to the
World Health Organization (WHO, 1990) a “prudent
interpretation of the Iraqi data implies that a 5% risk
may be associated with a peak mercury level of 10-20
pg/g in maternal hair.” The WHO expert committee that
drew up Environmental Health Criteria 101 on MeHg,
stated: “There is a need for epidemiological studies on
children exposed in utero to levels of methylmercury
that result in peak maternal hair mercury levels below
20 pg/g, in order to screen for those effects only de-
tectable by available psychological and behavioral
tests.”

Several major epidemiological studies have been per-
formed since this recommendation. Scientific commit-
tees under the WHO and the U.S. National Research
Council (NRC) recently reviewed the outcome of these
studies. However, their conclusions differ, as can be seen
in the following extracts from the conclusions.

In 2000, the fifty-third meeting of the Joint FAO/
WHO Expert Committee on Food Additives concluded
on limit values to Hg exposure (WHO, 2000) as follows:

“The studies in the Faeroe Islands and the Seychelles
that were evaluated by the Committee did not provide
consistent evidence of neurodevelopmental effects in chil-
dren of mothers whose intake of methylmercury yielded
hair burdens of 20 pg/g or less. The Committee could
not evaluate the risks for the complex and subtle neuro-
logical end-points used in these studies that would be as-
sociated with lower intakes. In the absence of any clear
indication of a consistent risk in these recent studies, the
Committee decided to maintain the PTWI of 3.3 pg/kg
and recommended that methylmercury be re-evaluated
in 2002, when the 96-month evaluation of the Seychelles
cohort and other relevant data that may become avail-
able can be considered. The Committee noted that fish
contribute importantly to nutrition, especially in certain
regional and ethnic diets, and recommended that nutri-
tional benefits be weighed against the possibility of harm
when limits on the methylmercury concentrations in fish
or on fish consumption are being considered.”

In 2000, the Board on Environmental Studies and
Toxicology of the U.S. NRC Committee on the Toxico-
logical Effects of Methylmercury concluded as follows
(NRC, 2000):

“On the basis of its evaluation, the committee’s con-
sensus is that the value of US-EPA’s current Reference
Dose (RfD) for MeHg, 0.1 pg/kg per day, is a scientifi-
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cally justifiable level for the protection of public health.
However, the committee recommends that the Iraqi
study no longer be used as the scientific basis of the RfD.
The RfD should still be based on the developmental neu-
rotoxic effects of MeHg, but the Faeroe Islands study
should be used as the critical study for the derivation of
the RfD. Based on cord blood analyses from the Faeroe
Islands study, the lowest BMD (Benchmark Dose) for a
neurobehavioral end point the committee considered to
be sufficiently reliable is for the Boston Naming Test.
For that end point, dose-response data based on Hg con-
centrations in cord blood should be modeled using the
K-power model (K>1). This approach estimates a BMDL
(BMD lower confidence limit) of 58 pg/L of Hg in cord
blood (corresponding to a BMDL of 12pg/g of Hg in hair)
as a reasonable point of departure for deriving a RfD. To
calculate the RfD, the BMDL should be divided by un-
certainty factors that take into consideration biological
variability when estimating dose and MeHg database in-
sufficiencies. As stated earlier, given those considera-
tions, an uncertainty factor of at least 10 is supported by
the committee.”

It is noted that the ‘reasonable point of departure’ for
deriving a reference dose is 12 pg/g in hair, which is
within the range of the 1990 WHO recommendations
(10-20 pg/g in hair). It is the chosen uncertainty factor
of 10 that leads to a limit value in hair of only 1.2 pg/g.
Not only will some of the Arctic populations exceed this
value, e.g., in Greenland and the Faroe Islands, but even
some non-Arctic populations in the United States (NRC,
2000).

From food consumption surveys, the U.S. EPA has
estimated that 7% of women nationally exceeded the
U.S. EPA Reference Dose (corresponding to hair Hg lev-
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els of around 1.2 pg/g and a maternal blood concentra-
tion of 4.4 pg/L). From a food consumption survey in
New Jersey it was estimated that 21% of women of re-
productive age exceed the Reference Dose. In general, the
concentration in hair is 250 to 300 times the simultane-
ous concentration in blood. Methylmercury is around
25% higher in cord blood than maternal blood. Hence
4.4 pg/L in maternal blood corresponds to 5.8 pg/L in
cord blood, which is the limit, when the lowest Bench-
mark Dose found by the U.S. NRC is divided by an un-
certainty factor of 10.

In the 1970s, Health Canada developed blood guide-
lines for Hg and indicated that <20 pg/L was the normal
range, 20 to 100 pg/L the increasing-risk range, and
>100 pg/L the at-risk range. Figure 9-1 also compares
Hg levels reported in the Arctic with the new U.S. EPA
level of 4.4 pg/L for maternal blood (comparable to a
cord blood level of 5.8 pg/L). Figure 9-1 is in fact based
on exceedance of 5.8 mg/L, which results in slightly
lower levels of exceedance than would have been the
case using the 4.4 mg/L value.

In Greenland, only 3% of mothers in the Nuuk Re-
gion exceeded the 20 pg/L blood Hg guideline, com-
pared with 31% of mothers in Ilullissat and 45% of
non-pregnant women in Ittoqqortoormiit (the corre-
sponding value for pregnant women from this region
was 13%). Non-pregnant Ittogqortoormiit women also
had the highest percentage exceedance of the 5.8 pg/L
blood Hg guideline — 93% - followed by mothers from
Iullissat (80%) and Ittoqqortoormiit women (both preg-
nant and non-pregnant) (68%). Although Nuuk women
showed the lowest percentage exceedance of the 5.8
pg/L guideline —27% - this is still a substantial propor-
tion (Figure 9-1).
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Figure 9-1. Mercury levels in blood of indigenous and non-indige-
nous women of reproductive age. Percentage of samples exceeding
U.S. EPA and Health Canada guidelines for increasing risk range.
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In Qaanaagq, in the Thule district of northern Green-
land, 43 children were examined in 1995. Their age
ranged from 6.2 to 12.0 years, with a median of 8.4. The
children’s hair Hg concentrations varied up to 18.4 pg/g
(geometric mean, 5.5 pg/g). Maternal hair samples (n=31)
showed a maximum Hg concentration of 32.9 pg/g and
geometric mean of 15.5 pg/g (Weihe et al., 2002).

The Canadian data show that among the Inuit
women from NWT/Nunavut, 3% exceeded 20 pg/L, the
Canadian Level of Concern for MeHg, and 34% ex-
ceeded the lower 5.8 pg/L U.S.-based guideline; Nunavik
and Baffin Inuit women had the highest percentage ex-
ceedance (16 and 9.7%, respectively). The percentage
exceedance of the 5.8 pg/L guideline among Canadian
Inuit women overall was 34%, and ranged from 16% in
Inuvik to 68% in Baffin. Among non-Inuit women (i.e.,
Caucasian, Dene/Métis, Others), none exceeded the 20
pg/L guideline and only 1%, all Dene/Métis, exceeded
the 5.8 pg/L guideline.

None of the blood Hg levels for women from the five
regions of Siberian Russia exceeded the 20 pg/L guide-
line, but 11% and 17% of those from Taymir and Ya-
mal, respectively — both indigenous regions — exceeded
the 5.8 pg/L guideline.

In Alaska, 48 % of women from Bethel had blood Hg
levels greater than or equal to the 5.8 pg/L guideline,
while all those from Barrow were below. Neither group
exceeded the 20 pg/L guideline.

In Finland, none of the maternal blood Hg levels ex-
ceeded the 20 pg/L guideline (no information was avail-
able on exceedance of the 5.8 pg/L guideline, but a pop-
ulation mean and range of 1.4 and 0. to 6.0 respectively,
suggests few individuals would exceed this level).

In the Faroe Islands the geometric mean hair Hg con-
centration at parturition in 1986/87 was 4.27 pg/g; in
1994, 4.0 pg/g; and in 1998/99, 2.1 ng/g. Public health
authority warnings about the consumption of pilot whale
meat by pregnant women have reduced hair Hg levels sig-
nificantly, but the concentration for the majority of the
Faroe Islands population is still above the 1.2 pg/g limit.
In 1986/87, 13% exceeded 10 pg/g, but by 1998/99 this
had reduced to 3%. In other words, less than 3% now
exceed the Benchmark Dose Limit of 12 pg/g in hair.

In order to understand and be able to mediate the
evaluation of risk, the implications of the results from
the research described in section 9.2.1.1. must be ex-
plained in generally understandable terms using the study
from the Faroe Islands as an example (Grandjean et al.,
1997). In this respect, it is important to note that the
children clinically do not differ from that expected. There
are no children showing any physical signs of Hg poi-
soning. Nevertheless, the Hg exposure is not negligible,
as illustrated by the calculations of delayed development
using regression analyses. A more differentiated interpre-
tation could be obtained by including the regression coef-
ficient for known factors, e.g., age, which also influence
the result. When the regression coefficients are compared,
it seems that a doubling of the Hg exposure corresponds
to a delay in development of 1 to 2 months for most test
results. Even if the regression coefficients are small, the in-
fluence is nevertheless considerable, when it is related to
the importance of age in a period where there is very fast
development. A supplementary interpretation can be based
on comparing intelligence quotients (IQ).

AMAP Assessment 2002: Human Health in the Arctic

Risk management in the Faroe Islands community
has now become a matter of finding an appropriate un-
certainty factor. There is no consistent approach in the
application of uncertainty factors. The adoption of an
uncertainty factor represents a scientific policy judgment
that has a major influence on what is acceptable to eat,
e.g., what types of marine food. An uncertainty factor of
10 is considered adequate by most risk assessment agen-
cies to address the variation in response between differ-
ent population groups.

The responsible public health authorities must find
the magnitude of this factor appropriate for the commu-
nities in the Arctic. They must evaluate whether the pop-
ulations they are responsible for are more or less sensi-
tive than the populations in the benchmark epidemiolog-
ical studies. The uncertainty comprises many contribu-
tors: nutritional status, levels of beneficial nutrients
(such as Se and fatty acids from seafood), general health,
genetic background, inter-individual variability in sensi-
tivity, exposure to other neurotoxins found in the Arctic,
e.g., PCBs, and peak exposures in critical periods of sus-
ceptibility for the developing fetal brain.

However, other health endpoints more sensitive than
neurotoxicity could be of greater relevance in some
areas. For example, the low incidence of coronary heart
disease in Greenland Inuit, possibly due to the fatty acid
composition of their diet, could be attenuated by high
Hg exposure, since recent studies indicate that Hg can
have a negative effect on the cardiovascular system (Ris-
sanen et al., 2000). The reason for this is still unknown,
but Hg could inhibit important antioxidative mecha-
nisms in humans. Mercury could promote the peroxida-
tion of unsaturated fatty acids such as docosahexaenoic
acid (DHA) and docosapentaenoic acid (DPA). Regard-
ing cardiovascular toxicity at low level MeHg exposures,
the first Faroe Islands cohort showed that blood pres-
sure tended to increase and heart rate variability tended
to decrease when prenatal Hg exposure increased in the
low-dose range (Sorensen et al., 1999). Alkylmercury poi-
soning is associated with increased blood pressure (H60k
et al., 1954) and children with Hg poisoning often have
increased heart rates and blood pressure (Warkany and
Hubbard, 1953). Experimental evidence shows that MeHg
toxicity results in irreversible hypertension that remains
many months after the cessation of exposure (Wakita et
al., 1987). Although insufficient for risk assessment pur-
poses, this evidence suggests that the cardiovascular sys-
tem should be considered a potential target for MeHg.
Even a slight negative impact on the cardiovascular sys-
tem could be of greater public health relevance than a
slight impact on the central nervous system.

9.3.2. Persistent organic pollutants

Over the years, a number of biological guidelines have
been issued by Health Canada through its Medical Ser-
vices Branch. In 1979, Health Canada issued a ‘Level of
Concern’ for PCBs in blood of 5 pg/L for pregnant
women, 20 pg/L for the general population, and 100
pg/L as an ‘Action Level’. These guidelines are expressed
as Aroclor 1254 concentrations, rather than Aroclor
1260 concentrations. Because PCB concentrations de-
rived from the AMAP datasets are expressed as Aroclor
1260 equivalents (as calculated from CB138 and CB153
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levels), the Health Canada guidelines may not be di-
rectly applicable, however, they are adequate for the
purposes of the general comparisons made below.

The guideline proposed by Health Canada for PCBs
in breast milk is 50 pg/kg (whole milk) (Information let-
ter DD24 - March 1978). Assuming a 3.5% fat concen-
tration in whole milk and an average lipid content of 10
¢/L in plasma, this guideline corresponds to a concentra-
tion of 1.43 mg/kg in milk fat and a plasma concentra-
tion of 14.3 pg/L in pregnant women.

It is also possible to use a guideline based on the
dose/response assessment of Jacobson’s data from the
Michigan cohort (see section 9.2.1.2.) developed by
Tilson et al. (1990). The proposed NOAEL (no observed
adverse effects level) for visual recognition memory was
estimated at 1 mg/kg of PCBs in milk fat. By extension
this 1 mg/kg threshold concentration, expressed on a
lipid basis, can be applied to all tissues and biological
fluids, including plasma.

The analytical and quantification methods are cru-
cial in elaborating sound biological guidelines. For ex-
ample, the 1 mg/kg lipid threshold for neurobehavioral
effects identified in Jacobson’s studies (Jacobson et al.,
1985, 1990a, 1992) corresponds to a 2 mg/kg lipid
NOAEL, using the quantification scheme developed in
laboratories involved in the AMAP database. This
threshold corresponds to the following plasma concen-
trations (whole weight): umbilical cord, 5 pg/L; preg-
nant women, 20 pg/L.

Jacobson and Jacobson (1996) followed-up their as-
sessment of the Michigan cohort at 11 years of age.
They reported a 1.25 mg/kg threshold PCB concentra-
tion in lipids for full scale IQ, based on the prenatal ex-
posure assessment, and rounded this to 1 mg/kg for gen-
eral use. This threshold concentration, derived using
PCBs as measured by the packed column/Webb-McCall

Iceland

Siberian Russia

Figure 9-2. PCB levels in blood of indigenous and non-indigenous
women of reproductive age. Percentage of samples exceeding public
health guidelines for PCBs as Aroclor 1260 for Level of Concern
(LOC, >5 and <100 pg/L plasma) and Action Level (>100 pg/L
plasma).

method, corresponds to concentrations of 2.5 mg/kg and
2 mg/kg (or 10 pg/L) respectively, using the capillary col-
umn method to determine PCBs (for an explanation of
the calculation of the correction factor used to compare
the two methods, see Rhainds et al., 1999). For interpre-
tation purposes the Health Canada guidelines are used.

In the Canadian Arctic, 43% of blood samples from
Inuit women from NWT and Nunavut had blood PCBs
at a ‘Level of Concern’ (i.e., above 5 pg/L); of these,
87% were less than 20 pg/L, and none exceeded 100 pg/L
(Figure 9-1). The extent of concentrations above the
5 pg/L blood guideline varied widely, with higher per-
centages in Baffin (73%), Kivalliq (59%), and Nunavik
(59%), where higher levels of PCBs were observed. The
corresponding values for Dene/Métis and Caucasians were
3.2% and 0.7%, respectively (Van Qostdam et al., 1999).

Among women of reproductive age in the Greenland
Disko Bay, Ilullissat, Nuuk, and Ittogqortoormiit dis-
tricts, the >5 pg/L ‘Level of Concern’ for PCBs as Aro-
clor 1254 was exceeded by 95%, 52%, 81% and 81%
of the women, respectively (Deutch and Hansen, 2000).
In Ittoqqortoormiit, 12% of pregnant women exceeded
the ‘Action Level’ (100 pg/L) for PCBs as Aroclor 1254,
relative to 52% of non-pregnant women. These marked-
ly higher proportions of the populations exceeding the
‘Level of Concern’ reflect the considerably higher PCB
levels in Greenland Inuit.

The four Icelandic regions for which maternal blood
samples were analyzed for PCBs as Aroclor 1260 showed
percentage exceedance of the ‘Level of Concern’ (5 pg/L)
ranging from 22% to 50%, with Reykjavik having the
highest value. The corresponding values for the Vestvagay
region of Norway, Sweden and Finland were 70%, 68%,
and 7.7% respectively. The higher percentages among the
Icelandic, Norwegian and Swedish women may be due
to higher fish intakes and thus higher PCB levels.



104

Lead in blood, % exceedance

AMAP Assessment 2002: Human Health in the Arctic

1 1
Faroe ) P .
Alaska | Canada | Greenland | |slands | Finland | Siberian Russia
| | | | |
10 1 1 1 1 1
| | | | |
I I I . I I I I
| - | | | |
0 T x| S Lo S0 Sa Fa s O ¥ ! s ¥ S S | Y 1 X, D, @, S, &
SEOF  STISTSEFT ST LI5S 68 'S S &8 ' F I8 S ST ES
S VS SE <Y <FFT FT F§ L& s LEIE §§ §§ N S L 58 oL &f
RN o N g & &£ S R o o @ S gf S99 Ko o
S [ N ~ e S = = O IO Q\Q e O
Q % S £ N §% &% ~ s o8 s S s
$ o & s & £ o8 & & &
& Q 5 5 < & d
(o) (o) o o o
£s &g S
S &
9
Figure 9-3. Lead levels in blood of indigenous and non-indigenous §

women of reproductive age. Percentage of samples exceeding the
blood guideline Action Level of 100 pg/L.

9.3.3. Lead

Blood guidelines have also been developed for Pb. Figure
9-3 shows that levels of exceedance of the guideline
value of 100 pg/L are low throughout the Arctic. The low
levels of exceedance found in some populations in Can-
ada and Greenland are thought to be related to local Pb
contamination from the lead shot used by hunters, rather
than environmental Pb from long-range transport.

9.4. Combined effects
9.4.1. Mixtures

Arctic residents are exposed to a variety of contaminants
present in the food chain. POPs are composed of numer-
ous compounds; most of which are capable of accumu-
lating both in the food chain and in humans. Similarly,
concomitant exposure to MeHg and POPs is often ob-
served. It is thus difficult to determine which compound
is responsible for any particular observed effect. Any
single substance risk assessment is therefore of limited
relevance for regulatory purposes.

In the Faroe Islands, prenatal exposure to PCBs was
examined by analyses of cord tissue from 435 children
from a birth cohort established in 1986/87 (Grandjean
etal.,1992,1997,2001). Among 17 neuropsychological
outcomes determined at age 7 years, the cord PCB con-
centration was associated with deficits on the Boston
Naming Test, the Continuous Performance Test reaction
time, and possibly, on long-term recall on the California
Verbal Learning Test. While no PCB effects were appar-
ent in children with low Hg exposure, PCB-associated
deficits within the highest tertile of Hg exposure indicated
a possible interaction between the two neurotoxins.
PCB-associated increased thresholds were seen at two of
eight frequencies in audiometric tests. No deficits oc-
curred on evoked potentials or contrast sensitivity. The
limited PCB-related neurotoxicity group in this cohort
appears to be affected by concomitant MeHg exposure.

The neurotoxic effects of MeHg may be attenuated
by protective effects of Se and n-3 polyunsaturated fatty
acids. Increased intake of Se and n-3 fatty acids would
be expected in peoples such as the Inuit who consume
relatively large quantities of fish and marine mammals.
Although the protective effects of Se on MeHg toxicity
have not been adequately documented in humans (NRC,
2000), there is strong evidence from animal studies that
Se can influence the deposition of MeHg in the body,
and some evidence that Se can protect against Hg toxic-
ity (Ganther et al., 1972; Whanger, 1992). n-3 polyun-

saturated fatty acids especially DHA are essential for
brain development (Crawford et al., 1976). DHA defi-
ciency impairs learning and memory in rats (Greiner et
al., 1999). Studies have shown that n-3 polyunsaturated
fatty acid supplements can enhance visual acuity and
brain development in preterm infants (Bjerve et al.,
1992; Uauy et al., 1990), but it is not clear whether in-
creased levels during the fetal period can protect full-
term infants against neurotoxicity associated with pre-
natal exposure to environmental contaminants.

Many health endpoints are multi-factorial and envi-
ronmental stressors contribute to a various extent to the
etiology of these diseases. Compared to the importance
of lifestyle and genetic factors in the etiology of most
diseases, contaminants are likely to play a modest role.
However, exposure to many persistent organic contami-
nants is preventable, and their presence in the remote
Arctic is unethical.

In risk assessment based on epidemiological studies
there are many confounding factors that should be con-
sidered. Epidemiological studies on children should in-
clude information on, at least: maternal and paternal
age at childbirth, parity, smoking, education, mothers
and if possible fathers intelligence, employment status,
migration, risk factors in past medical history, weight,
height, breast feeding, age at examination, gestational
age, number and age of siblings, day care, home envi-
ronment, and type of delivery.

9.5. Conclusions

Except for Hg- and OC-induced neurodevelopmental ef-
fects in the Faroe Islands, POPs and links with the im-
mune system in Nunavik (Canada), and links between
pregnancy outcome and metals on the Kola Peninsula,
very few major environmental epidemiological studies
have been conducted in the Arctic. This is because Arctic
studies are extremely difficult to undertake, owing to the
remoteness of communities, the cultural context, cli-
matic factors, small population sizes, and confounding
social and behavioral factors etc. The special character-
istics of the Arctic raises the question as to how far re-
sults and conclusions from epidemiological studies con-
ducted outside the Arctic can apply to this region. Mix-
tures of contaminants are also different. Due to the
properties of contaminants that lead to their distribution
throughout the Arctic, and their concentration in certain
food webs, the exposure profiles for the Arctic are likely
to differ from those reported at mid-latitudes where
local sources are more likely to contribute to the mix-
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ture. Patterns of exposure in the Artic can be influenced
by hunting and fishing seasons, and resulting occasional
high exposures, as opposed to constant exposure, may
have different toxic consequences. Arctic residents con-
sume wild animals and plants. This country food con-
tains specific components, which may influence or coun-
teract the toxicity of contaminants. For example, Inuit
are exposed to similar amounts of Hg as people from the
Faroe Islands, but their Se intake is much higher. Finally,
indigenous peoples may have specific genetic backgrounds
that influence their susceptibility to toxic agents.

The highest proportions of exceedance of blood
guidelines for contaminants parallel the patterns for the
concentrations of contaminants in blood. The Inuit from
the east coast of Greenland, who consume large num-
bers of marine mammals, have the highest proportion of
blood concentrations exceeding the Canadian PCB guide-
lines, thereafter followed by west coast Greenland Inuit
populations and Inuit populations from the Baffin and
Nunavik regions of eastern Canada. A similar pattern
occurs for exceedance of the blood Hg guidelines (used
by Canada and the United States), but the data are more
limited. When the new U.S. EPA mercury guidelines are
applied it is evident that most Inuit populations and a
significant proportion of several other populations ex-
ceed these guidelines. Lead levels are also elevated among
some Inuit groups in Arctic Canada and Greenland and
these are also reflected in the increased proportions ex-
ceeding the guidelines for Pb concentration in blood.
Most of the Pb contamination in these communities is a
local problem associated with lead shot used for hunting
game, as opposed to Pb from long-range atmospheric
transport. Northern Europeans from Norway, Sweden,
the Faroe Islands, and Iceland have higher levels of PCBs
and markedly higher proportions exceeding the PCB
blood guideline than Caucasians from Arctic Canada.

Exposures in many risk assessment studies are not
‘pure’ and most include more than one neurotoxin. The
Faroe Islands studies offer some potential for separating
the effects of different contaminants because PCBs and
Hg showed only moderate association and because Pb
exposures are very low (Grandjean ef al., 1992). How-
ever, the most serious problem in this regard is that envi-
ronmental PCBs do not comprise one well-defined chem-
ical but consist of 209 congeners. Several of these are
considered neurotoxic (Sauer et al., 1994), but few are
included in routine analyses, and as a result are not in-
cluded in risk assessments of persistent congeners. Fur-
thermore, PCBs occur in conjunction with other OCs,
such as p,p'-DDE, which may contribute to their com-
bined toxicity. The PCB exposure estimate may not ad-
dress differences in PCB profiles and other contaminant
profiles in different settings, and comparisons between
epidemiological studies must therefore be performed
with caution.

Among the reasons for different study outcomes are
differences in concomitant exposures and nutritional
factors. In addition, imprecision in exposure assessment

and outcome, as well as in statistical power, must be
taken into account. For marine food-mediated exposure,
confounding influences of, for example, n-3 polyunsatu-
rated fatty acids must be considered, because these nu-
trients are also essential for the development of the nerv-
ous system. Thus, birth weight and fatty acid status are
important cofactors for consideration.

Whenever possible, risk assessment of contaminants
should be based on epidemiological evidence, however
Arctic epidemiological studies are few in number, and
are difficult to perform. Serious consideration should be
given to the cohort study on neurological disorders asso-
ciated with prenatal MeHg (in the Faroe Islands) and the
study of immune dysfunction in children exposed pre-
natally to POPs (in Nunavik). As human exposure to
contaminants is to a mixture of many different sub-
stances simultaneously, as indicated by the exposure data
in this report, it is not appropriate and currently not
even possible to establish the risk from single substances
using epidemiological studies. The Faroe Islands study
shows there are negative effects related to Hg and PCBs
and perhaps DDT, DDE and other OCs. Similar expo-
sure levels have been found in other areas of the Arctic,
e.g., Greenland. It is likely that the negative effects, al-
though small in the Faroe Islands, can be found at other
places with similar exposures. It is the future responsi-
bility of the public health authorities to decide on suit-
able undertakings to reduce the human exposure levels.
Consideration should also be given to the possible nega-
tive effects on public health that could be caused by
changes in lifestyle.

In the risk assessment of exposure at levels presently
found in the Arctic, it is reasonable to conclude that the
traditional diet in the Arctic contains xenobiotic sub-
stances which have a negative influence on health.

9.6. Recommendations

The following recommendations are made in order to
improve the understanding of health effects associated
with contaminant exposure in the Arctic.

1. Circumpolar epidemiological studies should be im-
plemented.

2. MeHg- and POPs-related effects are still the key is-
sues. However the role of new contaminants (poly-
brominated diphenylethers, polychlorinated naph-
thalenes, etc.) should be investigated.

3. For exposure assessment, epidemiological studies
should consider mixtures and confounding factors
such as the interaction of nutritional components.

4. Epidemiological studies on the nutritional benefits of
traditional food should be included in the risk assess-
ment profile.

5. Tissue banking for samples collected in the course of
epidemiological studies should be carefully organized
to allow subsequent assessment of new contaminants
and time trend studies.
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Chapter 10

Risk Reduction Strategies for Arctic Peoples

Andrew Gilman

Summary

The Arctic region and its peoples are extremely sensi-
tive to global environmental pollution. The levels of
persistent organic pollutants (POPs) and metals in Arc-
tic peoples and their traditional food supply vary con-
siderably throughout the circumpolar region and there
remains a need for local risk reduction strategies in
some regions of the Arctic where current levels of POPs
and/or metals are above levels of concern. In general, it
has been most effective when local public health au-
thorities, working in concert with the community at
risk and experts from a variety of disciplines, develop
risk reduction strategies that address the risks and ben-
efits components for a specific concern. However, the
global nature of contamination by some POPs and met-
als and their capacity to travel to the poles from the
mid-latitudes also requires international, regional and
national risk management approaches to control their
manufacture, use, transportation, storage, and dis-
posal. Based on current global trends, and various ac-
tivities to manage risks, there are likely to be minor de-
creases in POPs in the tissues of Arctic populations in
Greenland, the Faroe Islands, eastern Canada, western
Alaska, and eastern and western Russia by 2010, and
minor increases in mercury (Hg) levels in Greenland
and eastern Canada. There are likely to be major de-
creases in both POPs and Hg levels in these same popu-
lations by 2030. In general, levels of most POPs and
metals in populations in western Canada, Iceland, Nor-
way, Sweden, Finland, and central Russia are already
reasonably low and are only likely to decline margin-
ally by 2030. These predictions will be heavily influ-
enced by prompt ratification and implementation of
the Stockholm Convention on POPs and other multina-
tional environmental agreements.

10.1. Introduction

The global nature of contamination by POPs and some
metals, and their capacity to travel from the mid-lati-
tudes to the poles requires risk management ap-
proaches that encompass international, regional, and
national strategies to control their manufacture, use,
transportation, storage, and disposal. Currently there
are several international agreements that have been ne-
gotiated to address regional pollution (e.g., the Arhus
Protocols on Persistent Organic Pollutants and Metals
under the United Nations Economic Commission for
Europe’s (UN ECE) Convention on Long-Range Trans-
boundary Air Pollution (LRTAP), and the North Am-
erican Agreement on Environmental Co-operation
(NAAEC), which is the side agreement to the North
American Free Trade Agreement), and others to ad-
dress global pollution issues (e.g., the Stockholm Con-

vention on POPs, the Basel Convention on Wastes, and
the Rotterdam Convention on Prior Informed Con-
sent). When ratified and fully implemented, these Con-
ventions, Agreements and Protocols should signifi-
cantly reduce new circulating sources of some of the
most dangerous POPs to which Arctic populations are
exposed. Considering the steady movement of these
compounds over months and years into the Arctic, and
their persistent nature, especially in polar regions, it
could take many years for significant reductions to be
observed in Arctic media, and especially in the fish and
wildlife which serve as the primary food supply for in-
digenous populations.

The levels of POPs in Arctic peoples vary consider-
ably throughout the circumpolar region (chapter 5).
Based on current data on physiological, biochemical
and genotoxic effects of POPs (chapter 6) and their im-
pacts on population health (chapter 9) there remains a
need for local risk reduction strategies in some regions
of the Arctic where current levels of POPs and/or met-
als are above levels of concern. In general, it has been
most effective for local public health authorities work-
ing in concert with the community at risk and experts
from a variety of bio-medical, biological and physical
disciplines to develop risk reduction strategies that ad-
dress each specific concern. These local strategies are
able to take account of the nature of the problem, the
at-risk group(s) most in need of protection, the primary
exposure route(s), the different levels of education and
understanding in the community, and the social and
cultural needs of the exposed group(s). Where a risk re-
duction strategy involves decreasing exposure to con-
taminants found in food, local advice can be extremely
specific, focusing on where and when animals are
caught, what normally consumed parts of the animal
are best avoided (chapter 7), how food can be prepared
to lessen contaminant intake, how much can be safely
consumed while still ensuring that nutritional benefits
are maintained, and when it is wise to decrease con-
sumption because of age or fertility status. The likeli-
hood that local advice is implemented is enhanced be-
cause the governance (e.g., the local legal authority)
and support structure (e.g., public health support staff,
phone information system, news media, etc.) are al-
most always in place prior to the issuance of the public
health strategy. As environmental, social, cultural, and
economic conditions change (due to a variety of inter-
related factors such as climate change, the appearance
of new contaminants or changing levels of existing con-
taminants, changes in local, regional and national gov-
ernance policies, behavioral changes in the population,
habits or genetics, etc.) so local risk reduction strate-
gies need to be developed that are more able to adapt
promptly and effectively to meet these changing local
conditions and needs.



10.2. Risk reduction case studies

This section discusses some recent risk reduction strate-
gies that have been applied in the Arctic countries. The
information is based on material submitted by the indi-
vidual countries and where possible describes the effec-
tiveness of the strategies employed.

10.2.1. Alaska

Following the issuance of national fish advisories by the
U.S. Environmental Protection Agency (EPA) and the
U.S. Food and Drug Administration (FDA), the latter
recognized that Hg levels in Alaskan fish were lower
than average levels in other fish consumed in the United
States and amended their original advisory; recommend-
ing that Alaskan consumers contact their local health
and food safety authorities for specific consumption ad-
vice. The Alaskan Division of Public Health has deter-
mined that Hg levels are very low in most of the fre-
quently consumed fish species and that there are docu-
mented health, social, cultural, and economic benefits
associated with fish consumption. This Agency through
a consensus process involving a variety of scientists,
health policy experts and community leaders concluded
that ‘the known benefits of fish consumption far out-
weigh the theoretical and controversial potential adverse
effects from mercury found in Alaska fish’ and that ‘sub-
stitution of other less healthy, less nutritious food for
Alaska fish would result in far greater harm to health’.
It is strongly recommended by the Alaskan Division of
Public Health (and endorsed by ten partner organiza-
tions) that all Alaskans, including pregnant women,
women who are breast feeding, women of child-bearing
age, and young children continue unrestricted consump-
tion of fish from Alaskan waters (SOA, 2001).

10.2.2. Canada

A number of experiences in Canada have lead to an ap-
proach where scientists, health policy makers, and com-
munity leaders work together to develop specific advice
pertaining to specific findings in a manner that is re-
spectful of cultural and social issues and of maximum
benefit to the health of local consumers.

10.2.2.1. High levels of persistent organic pollutants
in marine mammals

In 1995, Health Canada and Environment Canada offi-
cials presented research results on the levels of organ-
ochlorine compounds in Arctic marine mammals to the
Northwest Territories (NWT) Technical Committee on
Arctic contaminants. This committee comprised north-
ern indigenous representatives, government health and
research representatives, as well as representatives from
the national Inuit organization, the Inuit Tapiriit Kana-
tami (ITK) (previously the Inuit Tapirisat of Canada
(ITC)). The research indicated the presence of a number
of organochlorine compounds, including toxaphene,
dieldrin and polychlorinated biphenyls (PCBs), in high
concentrations in ringed seal (Phoca hispida) fat and
beluga whale (Delphinapterus leucas) fat and skin. The
Committee’s discussion of the data with regional repre-
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sentatives, the evaluation processes and decision-making
responsibilities lead to consensus building on necessary
future action. The regional representatives wanted to en-
sure that the release of the contaminant information was
well coordinated, that the approach of providing ‘ad-
vice’ be used rather than a restrictive advisory or warn-
ing, and that the communication of any message must
come from regional Inuit leaders in an easily understood
local language. The following national press release was
issued by the President of the ITK: “So far as we are
aware, the risks to public health from continuing to eat
beluga and seal blubber are very small and are out-
weighed by the benefits to you of these foods. However,
Inuit must judge for themselves what is an acceptable
risk for themselves and their families”. Regional leaders
presented the information to their communities in a co-
ordinated fashion and through the ITK. They supported
the basic message that the benefits of consuming these
foods outweighed the risks and that food consumption
decisions were ultimately individual decisions.

10.2.2.2. Mercury in Arctic waterfowl

In 2001, Health Canada released a health hazard assess-
ment for Hg and selenium (Se) levels determined by the
Canadian Wildlife Service in livers from waterfowl har-
vested in northern Canada between 1988 and 1994. The
evaluation of the data led to a recommendation that
“...it would be considered prudent to limit consumption
of the livers...” of some waterfowl species. The evalua-
tion information was immediately provided to the Yu-
kon Contaminants Committee, the NWT Contaminants
Committee, the Nunavut Contaminants Committee, the
Nunavik Nutrition and Health Committee, and the La-
brador Inuit Association. The diverse membership of
these environmental contaminants committees provided
the fora and perspectives necessary for a balanced dis-
cussion about the importance of the results for northern-
ers. Dietary survey information on consumption of wa-
terfowl livers was also of value in the discussions be-
cause it provided information on frequency and seasonal
consumption of duck livers, as well as on economic,
spiritual, cultural, and social benefits. Based on the dis-
cussions, the groups made the risk management decision
not to issue advice to limit consumption of waterfowl
livers, but to update current communication materials
and to provide a fact sheet discussing the elevated levels
of Hg found in some of the bird livers.

10.2.2.3. Lead shot in traditional foods

The results of studies on cord blood lead (Pb) carried out
between 1993 and 1995 show that 7.6% of Nunavik
newborns (n=238) had blood Pb levels of 100 pg/L and
over, compared to 0.2% for babies from the southern
part of Quebec (n=955). Subjects with high concentra-
tions were uniformly distributed across the territory.
Moreover, 2.1% of the samples from Nunavik showed
blood Pb levels of >150 pg/L. These data, together with
data collected in Nunavik during the 1992 Santé Québec
survey, revealed that 24% of women between 18 and 39
years had blood Pb levels of >100 pg/L. While Pb expo-
sure through contamination from industrial activities,
from vehicle emissions, from ingestion of old Pb-based
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paint or through drinking water was unlikely in the Inuit
communities of Nunavik, the consumption of contami-
nated game was a plausible source of exposure. Rela-
tively high levels of Pb have been reported in caribou
(Rangifer tarandus) and many species of waterfowl
that are key elements of the traditional Inuit diet. Cari-
bou pick up Pb via the consumption of lichens, which
in turn receive lead from the atmosphere. However, Pb
levels observed in waterfowl are generally thought to
be due to the ingestion by birds of lead shot used by
hunters. Isotopic analyses of the Pb in the blood of in-
fants from Nunavik and southern Quebec revealed that
the source of Pb found in the infants from the two re-
gions is different. Based on analyses of various brands
of lead shot it has become clear that elevated levels of
Pb in Nunavik infants come primarily from the direct
ingestion of lead shot, lead fragments and lead dust in
hunted game and less from airborne sources (as was the
case in children from southern Quebec). Furthermore,
X-rays of the abdomen of Nunavik Inuit reveal the
presence of lead shot in the digestive system, thus sup-
porting the hypothesis that lead shot ingestion is the
main source of contamination. This problem was also
observed in Cree communities from northern Ontario.
These findings in Nunavik support the current bans
in place in many countries on the use of lead shot (for
the protection of waterfowl). They also suggest that
less toxic shot, such as steel shot, be used by hunters
wishing to protect themselves and their families from
the health impacts of Pb exposure. Currently discus-
sions are underway with hunters associations and the
regional Health Board on a complete ban on lead shot
and retailers are being asked to purchase only non-
lead shot.

10.2.2.4. Mercury exposure in Nunavik women
and the Arctic char promotion programme

Studies in Nunavik have indicated elevated levels of Hg
in women of reproductive age. Most concentrations
reported were in the range of a ‘level of concern’ and
some at or above the ‘action level’, using Canadian ter-
minology (see chapter 9, Figure 9:1), and may pose a
risk to the health of the fetus. However, local public
health authorities took into consideration the high level
of intake of Se (which may counteract methylmercury-
induced toxicity) in the diet of these same women, and
consequently did not recommend a reduction in sea-
food consumption. Recently, a project to reduce risks
among pregnant women exposed to food chain con-
taminants has commenced in Nunavik. This pro-
gramme promotes the consumption of Arctic char (Sal-
velinus alpinus) among pregnant women living in three
selected communities in Nunavik. Arctic char contain
very few contaminants and are very nutritious. The
evaluation of this project will include how extensively
and consistently pregnant women participate in the
programme and how efficient the programme is at re-
ducing contaminant intake (especially Hg) while main-
taining or improving nutritional status. Results of this
project will help regional public health authorities de-
cide whether or not to recommend this moderate
change in eating pattern among a broader number of
communities in Nunavik.
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10.2.2.5. Seabird egg intervention
on the lower north shore
of the St. Lawrence River

Traditional consumption of seabird eggs in communities
along the lower north shore of the St. Lawrence River
has led to a pattern of contamination in human tissue
that is very similar to that observed in the eggs them-
selves. Evaluation of the temporal trends of several per-
sistent contaminants in umbilical cord plasma of new-
borns in these remote Canadian coastal populations, fol-
lowing advice to reduce seabird egg consumption, re-
vealed reductions of between 25% and 69% over a
seven-year period. No monthly or seasonal pattern was
detected. Using n-3 fatty acid concentrations in umbili-
cal plasma phospholipids as a surrogate for long-term
fish consumption, the decrease in tissue concentrations
of OCs could not be explained by a reduction in fish
consumption. These results suggest that prenatal expo-
sure to POPs has declined in this population. This de-
cline seems to be due to a decrease in the contamination
levels in the eggs themselves and a reduction in the con-
sumption of seabird eggs following the public health ad-
vice provided to the communities.

10.2.3. Greenland
10.2.3.1. Lead levels

As in other countries, levels of blood Pb have declined as
a result of the global reduction in use of leaded gasoline.
To further reduce human exposure to Pb, discussions are
underway with hunters associations to replace lead shot
with less toxic alternatives.

10.2.3.2. Consumption of traditional foods

Greenland health authorities encourage the consump-
tion of traditional foods for nutritional and cultural rea-
sons. Despite documented high intakes of several con-
taminants through some dietary components, no advice
has been given to reduce consumption of any specific
traditional food items.

10.2.4. Iceland

Levels of POPs and metals in the Icelandic population
are among the lowest in the Arctic. No risk management
initiatives related to reduction in exposure to POPs and
metals through food exposure are in place or contem-
plated at this time.

10.2.5. Faroe Islands
10.2.5.1. Consumption of pilot whale meat and blubber

Since 1989, research results from the Faroe Islands have
shown that dietary intakes of Hg, the primary source of
which is pilot whale (Globicephala melaena) meat and
organs, is likely to slightly impair neurological develop-
ment in children. It is also suspected that dietary PCBs,
the main source of which is whale blubber, affect the
central nervous system and sexual organs of the devel-
oping fetus. Based on the demonstrated effects of Hg ex-
posure and on a general assessment of PCBs, the follow-
ing dietary recommendation, which placed special em-
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phasis on protection of women of child-bearing age, was
issued in 1998.

Blubber — High PCB levels in blubber lead to a recom-
mendation that adults eat pilot whale blubber only once
to twice a month. However, the best way to protect the
fetus against the potential harmful effects of PCBs is for
girls and women not to eat blubber until they have given
birth to their children.

Meat — The mercury content of pilot whale meat is high
and is one of the main mercury sources. Therefore it is
recommended that adults eat no more than one to two
meals [based on pilot whale] 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 not be
eaten at all.

These recommendations are still considered by the Far-
oese Public Health Authority to be the most appropriate
advice at the present time. This dietary recommendation
may be revised as new information is acquired.

Recent examinations have demonstrated that, on av-
erage, the Faroe Islands population has a PCB intake
which is five to ten times higher than that of Danes. In
addition it has been established that the PCB content of
breast milk of Faroe Island women is very high compared
to average breast milk PCB concentrations in most other
Western European countries. Pilot whale meat and blub-
ber have for many years been considered healthy for
human consumption, and in recent years it has been
stated again and again that marine fats, as found in
whale blubber, can prevent cardiovascular disease. Pub-
lic heath authorities in the Faroe Islands do not claim
that pilot whale meat and blubber are unhealthy, but
rather point out that pilot whale meat and blubber con-
tain substances which international authorities consider
capable of causing health problems. Remarkably, levels
of Hg have declined by approximately 80% in the adult
population over the last nine years. Similar declines have
not been seen in the PCB levels. The decline in Hg levels
appears to be based on reduced consumption of pilot
whale products as proposed in the original public health
advisories, and the short biological half-life of Hg.

10.2.6. Norway
10.2.6.1. Blood lead reductions

Blood Pb concentrations have declined in the general
population in Norway over the last three decades,
mainly due to the change from leaded to unleaded gaso-
line. Concentrations of Pb in blood reported in the first
AMAP Assessment Report (AMAP, 1998) are some of
the lowest ever reported or determined. In 2001, Nor-
way decided to ban lead shot, based on the recent
knowledge of Pb impacts on reproductive health and
child development, even at relatively low levels.

10.2.6.2. Organic contaminants in fish

Fish taken from some coastal areas and fjords of south-
ern Norway have been found to contain concentrations
of POPs that exceed health guidelines. The same species
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are often regularly consumed by coastal populations.
Women in these areas have been advised to avoid con-
sumption during their child-bearing years and especially
during pregnancy and nursing. The same high concen-
trations have not been documented in coastal areas and
fjords north of the Arctic Circle.

10.2.6.3. Flame retardants in bird eggs

In early 2002, Norwegian health authorities announced
a severe restriction on the consumption of gull (Larus
spp.) eggs in northern regions because of findings of
high levels of persistent flame retardants in these eggs.
Gulls and other fish-eating birds are known to biocon-
centrate most POPs, sometimes as much as one million
times relative to levels in water. This is the first human
consumption advisory based on flame retardants.

10.2.7. Sweden

The Swedish National Food Administration revised its
advice on fish consumption in 1995 as a result of con-
tamination levels determined in the Baltic Sea and some
inland lakes and recommended as follows.

All consumers — A maximum of one meal per week of
pike (Esox lucius), Baltic herring (Clupea spp.), Baltic
salmon (Salmo salar), and eel and only occasional meals
of cod (Gadus morhua) livers.

Girls and women of child-bearing age — No cod livers, a
maximum of one meal per week of pike, eel and halibut
(Hippoglossus hippoglossus), and a maximum of one
meal per month of Baltic herring. For salmon the recom-
mendation is a maximum of one meal per month regard-
less of whether it comes from the Baltic or inland lakes.

Lactating women — No consumption of pike, halibut,
eel, or cod livers.

Pregnant women — No consumption of pike, halibut, eel,
or cod livers, a maximum of one meal per month of her-
ring from the Baltic and salmon from either the Baltic or
inland lakes.

10.2.8. Finland
10.2.8.1. Food and fish advisories

Finland has set national limits for commercial food con-
tamination and applies these to all food sold in the coun-
try, including the Arctic regions of Lapland. Levels of
contaminants in sport fish are also monitored and there
are no restrictions on fish consumption due to contami-
nants. There are also no restrictions on the consumption
of reindeer meat from Finnish herds. Radionuclide con-
tamination from the Chernobyl reactor accident in Rus-
sia in 1992 did not lead to contamination of reindeer in
Finland.

10.2.9. Russia
10.2.9.1. Blood lead levels

Blood Pb concentrations in populations of the bigger
cities of the Kola Peninsula are moderately elevated
compared to levels in populations from neighboring
areas in Norway. This is probably due to the continuing
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use of leaded gasoline. Elevated blood levels (up to con-
centrations that are of medical concern) have been docu-
mented in children living in remote areas of the Kola
Peninsula, with a diet based on natural, local products.
This has recently been linked to the use of lead shot. The
authorities are now working to prepare new guidelines
on the use of lead shot.

10.2.9.2. Social and cultural impacts of modernization
in the Kola Peninsula

The pollution problems associated with the nickel (Ni)
smelters and refineries of the Kola Peninsula present a
significant Arctic regional dilemma. Modernization of
the Ni producing facilities, which will also help to re-
duce environmental pollution in the area, is likely to
benefit the health of the workers and the general popu-
lation of the area. However, modernization may also re-
sult in up to 50% of the workers losing their jobs. This
level of job loss in remote regions is likely to have dra-
matic social consequences for communities and for the
well-being of workers and their families. The political
solution to date has been to slow the rate of the needed
industrial rehabilitation, to give people the chance to re-
tire, to retrain or to find other types of work. Authorities
believe that remediation of the environment is of sec-
ondary importance to maintaining social cohesion dur-
ing rapidly changing economic conditions. Recent new
economic development in the area is promising and may
enable more rapid environmental rehabilitation. A num-
ber of guidance documents for environmental health risk
evaluation have been published by Russian public health
authorities to promote the safety of populations in these
and other parts of Russia.

10.3. Long-term impacts of
risk reduction strategies and scenarios
for changing global conditions

This section discusses the long-term implications of cur-
rent and future risk management strategies on the expo-
sure of Arctic populations to pollutants, and the influ-
ence of changing global conditions on health in the cir-
cumpolar region.

10.3.1. The influence of Arctic food
on health risk management decisions

As omnivorous consumers, humans act as predators in
the food chain. As a result they become exposed to ever
increasing amounts of contaminants the higher up the
food chain they feed. It is clear that food is the primary
source of exposure to most POPs and a significant
source of most metals, especially methylmercury. We are
what we eat.

Strong evidence to support this reality occurs in recent
findings provided in this report (see chapters 5 and 7).

Example A. In Canada, the Inuit consume fish and ma-
rine mammals as part of their traditional diet whereas the
Dene/Métis consume fish and terrestrial mammals. Be-
cause marine mammals have significantly higher concen-
trations of POPs and metals than terrestrial mammals, the
PCB and Hg levels in Inuit are approximately five times
higher than the corresponding levels in Dene/Métis.
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Example B. In Greenland, a recent study of contaminant
levels among the Inuit living on the east and west coasts,
both groups consuming a traditional diet high in marine
mammals, indicated that while Hg levels in adults were
similar, PCB levels were almost five-fold different be-
tween the two groups. Dietary evidence revealed that
Greenlanders living on the east coast consumed polar
bear (Ursus maritimus) fat which has very high PCB lev-
els and moderate Hg concentrations, whereas the Green-
landers on the west coast eat more seals and walrus
(Odobenus rosmarus) which are moderate in both PCBs
and Hg.

Example C. Comparisons of non-indigenous and indige-
nous groups in Siberian Russia reveal that the non-in-
digenous group has a three-fold higher concentration of
DDT even though it is consuming lesser amounts of tra-
ditional food than the indigenous group. These data in-
dicate either contamination of the domestic food supply
or a local source as the most significant contributor of
DDT to population exposure in the region.

Examples A and B, and to the extent that food contami-
nation is the cause, Example C, illustrate both the pri-
mary role of food in determining human body burdens
and the importance of understanding local dietary pat-
terns and contaminant levels in the dietary components
when evaluating exposures and developing risk reduc-
tion strategies.

The health chapter of the first AMAP Assessment
Report (AMAP, 1998) introduced the concept of the
‘Arctic Dilemma’ (i.e., vigorously supporting the con-
sumption of traditional foods with their known nutri-
tional, social, cultural and spiritual benefits while recog-
nizing that these same foods are the primary source of
environmental contaminants). Data in the present report
strengthen this concept. The weight of evidence for
harmful effects of POPs and metals has been augmented
through epidemiological investigation (chapter 9) and
biomarker studies (chapter 6). Yet knowledge of the nu-
tritional value of traditional foods and the links they
have with social, cultural, and spiritual integrity are also
enhanced. Overall, the evidence is still compelling that
traditional food is more nutritious than market food, re-
duces risk factors for several disease conditions such as
heart disease and diabetes, and can bind communities
together in ways that market foods do not. It is also
clear that, in some areas of the Arctic, there is a need for
some groups such as women who are fertile or pregnant
to substitute their intake of the most contaminated food
items with less contaminated but similarly nutritious
items in order to minimize the risks for their babies. The
AMAP Human Health Expert Group affirms that, de-
spite the presence of contaminants in human milk,
breast feeding is the best and safest form of infant nutri-
tion, essential for optimal mother—child bonding, and
critical for proper development of the infant immune
system, and should therefore continue.

10.3.2. Global change and risk management

The development of risk reduction strategies for popula-
tion groups must take account of changing global condi-
tions and also changes in or surrounding the at-risk pop-
ulations themselves. These changes may impact social,
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cultural, spiritual, physical, or economic underpinnings
of life in the circumpolar region. Some examples follow.

The availability, quality and delivery of healthcare
can vary by region, size and location of community, and
as a consequence of competing governmental and public
health fiscal priorities. These factors can affect necessary
monitoring of population trends (e.g., diseases, contam-
inant exposure, food consumption patterns, etc.), med-
ical intervention and the availability of local advice from
health professionals. Nevertheless, there are encourag-
ing trends in health statistics that indicate overall popu-
lation health is improving in many areas.

The emergence of new contaminants in the Arctic
food chain (chapter 4), and, e.g., temperature changes
that affect the permafrost, wildlife movements, disease
vectors, food availability, water quality and other physi-
cal factors can significantly affect where communities
live or how communities live.

Changes in the diet of indigenous communities to-
ward consumption of less traditional food is, whilst low-
ering contaminant intakes, also leading to increased in-
take of carbohydrates, saturated fats and food additives,
probably lower levels of intake of essential dietary com-
ponents, and increased incidence of diabetes and heart
disease (chapter 7).

Levels of smoking undoubtedly vary among popula-
tion groups in the Arctic; however the rate is generally
high and increasing in children and adolescents (chapter
8) as has been seen in southern regions of the circumpo-
lar countries. Empowerment of communities to continue
to address smoking rates (greater than 35% of pregnant
mothers smoke in many areas) and a high intake of alco-
hol (rates of fetal alcohol syndrome up to five times na-
tional averages) will be essential to reduce these signifi-
cant stressors of individual and community health.

Economic recession, natural resource development,
increased immigration and tourism, low self-esteem
among individuals and within communities, and the
growing need for money to purchase commodities and
food associated with a changing way of life can also af-
fect community integrity and responses. These factors
and other social pressures are likely to be partially re-
sponsible for high suicide rates, increasing substance
abuse and the growing sense of poor self-worth associ-
ated with a lack of income (previously far less essential
for traditional community life).

The Arctic peoples appear to be extremely sensitive
to global pressures, supporting the need for ongoing
monitoring of social and ecosystem changes and popula-
tion health and well-being.

Change in tissue levels, %
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10.3.3. Future scenarios in the Arctic

Evaluating the combined effects of global pressures and
local and global risk management strategies is specula-
tive and can only be qualitative. There are, however,
some significant international initiatives and also some
scientific aspects that can be applied to speculation on
future outcomes related to POPs, metals, and disease
rates.

10.3.3.1. Speculation factors for POPs

1. The UN ECE Protocol on POPs is ratified by 2003
and primary sources of sixteen POPs are severely re-
duced or eliminated in Europe, Canada and the
United States by 2010 and in Russia by 2020.

2. The Stockholm Convention on POPs is ratified by
2004 and primary sources of several POPs are se-
verely reduced or eliminated throughout the North-
ern Hemisphere by 2020.

3. Secondary sources (environmental sinks) continue to
yield POPs that are transported to the Arctic through
2030, however, the extent of the airborne transport
from secondary sources declines by 20% by 2030.

4. Biological half-lives for POPs (the time it takes for
POP levels to decline to 50% of their starting value)
in human tissues are between one and seven years de-
pending on the POP. If there are no additional expo-
sures, and a mean half-life of five years is applied to
existing tissue concentrations, then current levels of
POPs in the Arctic population will decline by ap-
proximately 70% by 2010 and 98% by 2030.

5. Human intake of contaminants declines as the trend
toward less consumption of traditional food (espe-
cially marine mammals) continues over the next ten
years. In addition, human intake of contaminants de-
clines as levels of contaminants in food slowly begin
to decline after 20135 as a result of speculation factors
1 to 3.

Conclusions. Overall levels of POPs currently found in
the tissues of Arctic residents may decline by 5% to 10%
by 2010 and by 30% to 50% by 2030 (Figure 10-1).
These changes will be most noticeable for PCBs, toxa-
phene, hexachlorobenzene, chlordane, DDT and DDE.
The Arctic regions that will be most affected by reduc-
tions will be western and eastern Greenland and the Far-
oe Islands, followed by eastern Canada, western Alaska,
and western and eastern Russia. Lesser reductions will
be observed in western Canada, Iceland, Norway, Swe-

Figure 10-1. Predicted percentage change in levels of
POPs and metals in the tissues of Arctic residents by
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2010 and 2030 relative to 2000 levels. Speculation
factors and assumptions taken into account in the
predicted changes in tissue levels are described in
sections 10.3.3.1, 10.3.3.2, and 10.3.3.3.

Aggregated estimates for all existing POPs in tissues
are based on most affected Arctic areas (eastern/
western Greenland, Faroe Islands, eastern Canada,
western Alaska, eastern/western Russia). Hg: Green-
land and eastern Canada only. Pb: All areas. Cd:
Combined reductions (smokers and non-smokers).
Ni: Russian nickle refinery areas only. Darker and
lighter portions of columns show minimum and
maximun predictions, respectively.
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den, Finland, and central Russia (except for B-HCH)
where the levels are already low and there is almost no
reliance on marine mammals as a regular food source.

10.3.3.2. Speculation factors for metals

1. The UN ECE Protocol on Metals, which covers Hg,
Pb and cadmium (Cd), is ratified by 2005. A global
agreement is reached on metals emissions by 2010.

2. Total emissions and long-range transport of Hg con-
tinue and even increase from North America and
southeast Asia through 2010 with continued reliance
on fossil fuels (especially oil and coal) for energy.
Traditional food consumption continues to decline
over the next ten years. Unlike POPs, it is established
that the half-life for mercury in human tissues is rela-
tively short.

3. Global use of leaded fuels continues to decline and is
absent in the Northern Hemisphere by 2015. Lead
shot is replaced by less toxic alternatives in the cir-
cumpolar region by 2010, reducing Pb levels in the
environment and Pb fragments in food portions col-
lected through hunting. Traditional food consump-
tion continues to decline over the next ten years. Un-
like POPs, it is established that the half-life for lead
in human tissues is relatively short.

4. Smoking, which is the single largest contributor to
Cd levels in human tissues, decreases only marginally
in Arctic populations by 2010 and significantly by
2030.

5. Industrial emissions of Ni and other metals from
large smelting operations in the Arctic decrease sig-
nificantly in western Russia by 2010.

Conclusions. Mercury levels in populations living in the
eastern Canadian Arctic and Greenland will remain at
current levels or increase by 5% through 2010 and will
decline by 10 to 15% by 2030 (Figure 10-1). Lead levels
measured in blood will continue to be low and will de-
cline by 5% to 10% by 2010 and 15% to 20% by 2030.
The currently small proportion of individuals exposed to
lead shot fragments will reduce almost to zero by 2010,
eliminating blood Pb levels above 50 pg/L across the Arc-
tic by 2030. The percentage of the population with high
levels of Cd will decline by 30% by 2030 as the propor-
tion of smokers declines. Cd levels in individuals who
continue to smoke will only decline marginally by 2030
as the number of cigarettes smoked per day per smoker
gradually declines. The reduction in Cd levels in the gen-
eral population (smokers and non-smokers) will be mini-
mal by 2010 and between 10% and 20% by 2030. Ni lev-
els in individuals living near Russian smelters will decline

by 50% to 60% by 2010 and 80% to 90% by 2030.

10.3.3.3. Speculation factors for emerging POPs

1. National and international attention focuses on
emerging POPs, such as polybrominated diphenyl-
ethers (PBDEs) and perfluorooctane sulfonate (PFOS)
(see chapter 4), and on the current use pesticides such
as lindane, and others, leading to severe restrictions
or elimination of these chemicals under the UN ECE
Protocol on POPs or the Stockholm Convention on
POPs by 2010.
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Conclusions: Levels of PBDEs, PFOS and B-HCH (re-
sulting from use of lindane) will continue to increase by
5% to 10% through 2010 and will decline marginally
by 10% to 20% by 2030 (Figure 10-1). Fewer POPs will
be detected in the Arctic after 2010, and those found
will be at lower levels, as most European and North
American counties have been screening chemicals prior
to their entry into commerce and those ratifying the
Stockholm Convention on POPs will be developing
screening systems.

10.3.3.4. Speculation factors for population morbidity
and mortality

1. Globalization through to 2010 leads to more immi-
gration, tourism, resource development, and pressure
for income to afford commodities advertised globally
and increasingly in the Arctic. The number and range
of products consumed in the Arctic increases steadily
as does the potential for introduction of infectious
diseases.

2. Less traditional food and more commercial food are
consumed by Arctic populations through 2010 fol-
lowed by stabilization in the balance of traditional
and commercial food consumption by 2030.

3. Increased awareness of globalization and contam-
inant issues and higher levels of attained education
among Arctic populations through to 2030, leading
to greater awareness of risks and benefits of lifestyle
and diet choices.

4. Better healthcare and availability of services region-
wide by 2010 and greater emphasis on and accept-
ance of disease prevention and management and
health promotion by 2030.

5. Lower levels of exposure and body burdens of POPs
and metals by 2030, as described in sections 10.3.3.1
to 10.3.3.3.

6. New and/or changing disease vectors associated with
climate change.

Conclusions. Throughout the Arctic, disease rates for
circulatory disorders, diabetes and some cancers will in-
crease through 2010 as a result of globalization pres-
sures, poorer dietary components including changes
away from traditional foods, smoking and alcohol con-
sumption, less exercise and, for cancers, current levels of
POPs (Figure 10-2). These rates will begin to stabilize by
2030 as a result of lower levels of contaminants, greater
public awareness and acceptance of healthy lifestyle at-

by 2010 by 2030
Morbidity
(chronic vascular disease, obesity,  —
diabetes, cancers, AIDS)
Mortality
(all causes, especially accidental death) +
Alcohol and tobacco use —> +
Nutritional status + — >

Figure 10-2. Qualitative future changes in morbidity, mortality, al-
cohol and tobacco use, and nutritional status among Arctic resi-
dents. Speculation factors and assumptions taken into account in
the predicted changes are described in section 10.3.3.4. Orientation
of the arrows and length of the shaft indicate direction of change
and relative magnitude of change, respectively.
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tributes and better healthcare and disease management
approaches. Mortality rates will decline marginally by
2010 and significantly by 2030 as deaths due to acci-
dents are reduced and prevention and management of
diseases improves. Alcohol and tobacco use will con-
tinue unchanged through 2010 and decline by 2030 as
awareness and understanding of the driving forces be-
hind these lifestyle choices and greater community em-
powerment increase. Nutritional status will decline
through 2010 and stabilize by 2030 as Arctic popula-
tions return to consumption of nutritious traditional
foods that have lower levels of contaminants.

10.4. Conclusions and recommendations

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 ef-
fectiveness, 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 strate-
gies based on traditional food substitution should ensure
that the value of the dietary components is sustained.

It is essential that countries ratify and implement
multinational environmental agreements, especially the
Protocols on POPs and metals to the LRTAP Conven-
tion, and the Stockholm Convention on POPs as these
are the only effective long-term solutions for reducing
human exposure to POPs and metals.
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The complexity of changing conditions and the need
for inclusion of multiple determinants of health in deci-
sion-making makes forecasting future population trends
very difficult. Based on current global trends, and vari-
ous activities to manage risks, there are likely to be mi-
nor decreases in POPs in the tissues of Arctic popula-
tions in Greenland, the Faroe Islands, eastern Canada,
western Alaska, and eastern and western Russia by 2010
and minor increases in Hg levels in Greenland and east-
ern Canada. There are likely to be major decreases in
both POPs and Hg levels in these same populations by
2030. In general, levels of most POPs and metals in pop-
ulations in western Canada, Iceland, Norway, Sweden,
Finland and central Russia are already reasonably low
and are only likely to decline marginally by 2030. These
predictions are heavily dependent on prompt ratification
and implementation of the Stockholm Convention on
POPs and other multinational environmental agreements.

There remains a key need to fill in data gaps in order
to validate and update exposure and disease estimates
for various regions of the Arctic. Special emphasis
should be placed on children and youth, for whom data
are difficult to gather and who are most vulnerable to a
range of change agents, e.g., POPs, metals, early child-
hood nutrition, education, availability of health care, to-
bacco and alcohol use, etc.

Serious consideration by all Arctic countries should
be given to eliminating the use of lead shot as one rela-
tively simple means of reducing the small number of ex-
cursions in blood Pb among consumers (especially chil-
dren) of hunted game.
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Chapter 11

Conclusions and Recommendations

Andrew Gilman, Jens C. Hansen, Valery Klopov, and Jon OQyvind Odland

In this chapter the conclusions and recommendations
from the report on AMAP Phase I (AMAP, 1998) are re-
peated (shown in italics) in order to allow comparisons
with the conclusions and recommendations resulting
from AMARP Phase II (shown in bold). This chapter also
reviews progress since AMAP Phase I and provides con-
cluding remarks on the combined effects ‘multiple envi-
ronmental stressors’.

11.1. Conclusions

In some areas, the indigenous peoples enjoy the same
level of health as the non-indigenous populations, but in
most areas their health is significantly poorer. Among in-
digenous peoples, lifestyle-related conditions such as
obesity, diabetes, and circulatory disease have been more
frequent than previously reported. Suicides and injuries
also remain a significant cause of death in some parts of
the circumpolar region.

11.1.1. General

(1) Contaminants of anthropogenic origin, such as
POPs, metals and radionuclides, are spread globally,
and contaminate the Arctic. The combination of envi-
ronmental conditions and biomagnification in the ma-
rine and freshwater aquatic food webs results in accu-
mulation of certain persistent contaminants in local food
at levels which are often in excess of contaminant con-
centrations in the mid-latitudes where these contami-
nants originate. Consumed fish, marine mammals, ter-
restrial mammals, and birds are the major sources of
human exposure to environmental contaminants in the
Arctic and, as a consequence, several Arctic population
groups are much more highly exposed through the diet
than most populations in the developed world.

Conclusion (1) is still valid.

(2) The social, cultural, spiritual and physical health of
Arctic indigenous peoples depends on the collection and
consumption of country foods. A diet based on tradi-
tional foods is of high nutritional benefit. Consumption
of n-3 fatty acids found in marine mammals and fish has
been suggested as the component responsible for the
lower incidence of cardiovascular disease in Alaska,
Greenland, Canada and Japan. However, other nutrients
may also influence the rate of cardiovascular disease.
The consumption of local fish, meat, wild greens and
berries provides the necessary dietary intake of most vi-
tamins, essential elements and minerals. When market
foods are purchased to supplement current country food
diets, they should be selected for their nutrient quality. It
is unlikely that market foods currently available to most
Arctic indigenous populations can provide the nutri-
tional equivalent of traditional food.

Conclusion (2) is still valid. In addition, there is still dif-
ficulty in scientifically comparing the benefits and risks
of consuming a traditional or subsistence diet. These are
important to quantify as dietary intakes are changing
across the Arctic due to social pressures, perceived
threats of contaminants, the availability of traditional
food, and the availability and acceptability of store-
bought foods.

(3) The influence of contaminants on fetal and neonatal
development is of special concern. Preliminary results
indicate that POPs and methylmercury concentrations
are two- to ten-fold higher in breast milk and cord blood
in some Arctic areas than in breast milk and cord blood
from regions south of the Arctic. The fetus and the
neonate are very vulnerable to the effects of many of
these contaminants during this critical period of devel-
opment.

Conclusion (3) is still valid and has been strengthened by
new findings. For mercury, studies in the Faroe Islands
indicate an association between fetal and neonatal expo-
sure on the one hand and neurobehavioral deficits in
children or development of hypertension in later life on
the other. Similarly, preliminary findings from a larger
cohort study comparing breast-fed with bottle-fed ba-
bies have strengthened concern for fetal and neonatal
exposure to POPs in relation to respiratory infections in
highly exposed children.

There is still a paucity of population health effects
data (reproductive health outcomes, neurobehavioral
development, immune system response, hypertension
and cardiovascular diseases, etc.) for the Arctic. It is es-
sential to complete the current cohort studies in Quebec,
the Faroe Islands, Greenland and Finland. Meta-analy-
ses of these studies may be possible and this would con-
siderably increase the power of the individual cohort
studies. Additional studies may be warranted when these
are completed.

Fetal exposure to environmental contaminants may
also result from occupational exposure experienced by
the mother. All Arctic countries have, to a greater or
lesser degree, tried to give special benefits for working in
the north. Special attention is now focused on the health
effects of workers in heavy industries of the Arctic, and
the general trend is to decrease fetal exposure to harmful
substances by removing pregnant women from difficult
and contaminated working places when (or even before)
a pregnancy is recognized.

11.1.2. Persistent organic pollutants

(4) There is both scientific and public concern about the
possible adverse effects of POPs on pregnancy outcome,
fetal development, child development, reproduction,
male and female fertility, and the immune system. Sev-



eral of these effects may be mediated through endocrine
disrupting properties of some POPs. DDT and its
metabolites and some dioxin and PCB congeners have
been implicated.

Conclusion (4) is still valid. In addition there is strong
evidence from analyses of banked blood samples from
Norway (non-Arctic donors) of an exponential increase
in polybrominated diphenylethers since 1977. It is neces-
sary to include these compounds and other ‘new chemi-
cals of concern’ in future studies in order to evaluate
concentrations in relation to findings on biomarkers.

(5) Despite the number of controls on several POPs im-
posed during the 1970s and 1980s, there is no evidence
that levels in Arctic peoples have decreased. The persist-
ence of POPs, their presence throughout the ecosystem,
and the continued use of some POPs for disease vector
control, all contribute to the constant influx of POPs
into the Arctic environment and sustained levels of
human exposure. There is very little information on
temporal trends of POPs in Arctic populations. Moni-
toring of POPs in blood over the next decade is essential
to establish whether or not risk management strategies
for POPs are effective.

Conclusion (5) is still valid. Continued monitoring has
provided new data, but significant temporal trends can
not yet be observed due to the short period of observa-
tion. There are also few available banked (archived)
Arctic population samples for retrospective studies. Fur-
ther prospective monitoring of blood (and other biologi-
cal samples as per AMAP protocols) and tissue banking
are essential to establish these time trends in various
Arctic populations. To assess changes in dietary pat-
terns, information needs to be obtained from continued
dietary surveys.

(6) Elevated levels of toxaphene and chlordane, coupled
with current intake scenarios, suggest some indigenous
groups are exposed to levels of these contaminants sig-
nificantly above the Tolerable Daily Intake (TDI). Infor-
mation on the levels of toxaphene in human tissues is
limited.

No new information on dietary intake of toxaphene
has appeared since Phase 1. Conclusion (6) is still valid.
New information on toxaphene concentrations in
blood and breast milk confirms a high dietary intake of
toxaphene.

(7) There is insufficient information to conclude whether
the TDI for dioxins and furans and dioxin-like PCBs is
being exceeded in Arctic populations. Also, there is as
yet little conclusive scientific information directly linking
harmful human effects to low levels of exposure to these
contaminants.

New calculations of dioxin toxic equivalents from
data provided in Phase I indicate that human intake of
substances with dioxin-like effects (dioxins/furans, di-
oxin-like PCBs, and some organochlorine pesticides) is a
matter of concern. Analyses of dioxin and dioxin-like
compounds should be included in future human effect
studies in order to enable a further assessment of the
risks posed.
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(8) While current levels of exposure to POPs in the Arc-
tic are unacceptable, it is not always clear what public
health measures should be taken to reduce the exposure
of Arctic populations who rely on traditional foods for
spiritual, cultural, physical, and nutritional benefits. De-
cision-making would be greatly aided by studies of the
interactive effects of current levels of mixtures of POPs
found in the traditional food supply. In the interim, the
risks associated with a shift in dietary preference need to
be considered along with the risks associated with the
presence of contaminants in Arctic wildlife consumed as
traditional food. Weighing the uncertainty in some of
the TDI values (e.g., toxaphene) against the benefits of
traditional food gathering and consumption, it has been
recommended in most Arctic jurisdictions that con-
sumption continue.

Although far from complete, progress has been made in
studies on the interactive effects of current levels of mix-
tures of POPs in the traditional diet. Also, information
on concentrations found in species used for food and in
their various organs has improved. These scientific find-
ings have improved the basis for dietary advice aimed at
reducing exposure. Communication of public health ad-
vice and information differs in different areas of the Arc-
tic due to different exposures, cultures, and public
health practices, and is not commonly evaluated for its
effectiveness. There is a need for an evaluation of the
type, role and impact of public health advice or inter-
ventions.

(9) The concentrations of some POPs in breast milk
have raised justifiable concern among mothers in the
Arctic. The health benefits to newborns of breast feeding
are substantial, e.g. mother-child bonding, immunologi-
cal benefits transferred from mother to child, nutritional
value, and reduced risk of bacterial contamination from
poorly prepared formulas. Breast feeding should con-
tinue since the benefits of breast feeding outweigh the
currently known risks attributed to infant exposure to
contaminants through breast milk.

The substantial health benefits of breast feeding justify
the development of programmes to inform mothers how
adjustments within their traditional diets can signifi-
cantly reduce levels of some contaminants in their milk
without compromising nutritional value.

(10) Existing epidemiological evidence on the adverse ef-
fects of POPs in buman is inconclusive and needs to be
replicated because of the specific context in the Arctic in
which there are differences in genetics, climate, food
consumption patterns, and lifestyle among population
groups.

Epidemiological evidence on the adverse effect of POPs
on humans is emerging in Arctic and non-Arctic regions.
The high exposure levels found in some Arctic commu-
nities are suspected to have a negative influence on
human health. At the population level there is still no di-
rect evidence of adverse effects on health status (mortal-
ity and morbidity). However, based on the weight of all
available evidence within and outside the Arctic, there is
reason for concern and a need to continue to reduce
human exposure.
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11.1.3. Heavy metals

(11) Existing data from the literature do not allow a
valid estimate of spatial and temporal trends of expo-
sure of Arctic peoples to mercury and cadmium, while
for lead, a declining trend is observed. There is some ev-
idence that the general decline in lead exposure parallels
the decline in lead levels in industrialized areas.

Conclusion (11) is still valid for temporal trends during
the period of review by AMAP (1997 to 2002). How-
ever, analyses of historical human and animal hair sam-
ples from the Arctic have shown a three-fold increase in
mercury concentration and a ten-fold increase in lead
from the 1400s to 2000.

(12) The bhigh exposure of indigenous peoples to
methylmercury in some Arctic areas is a matter of con-
cern because of its neurotoxic effects on the fetus. Fur-
ther investigation of both the levels and the influence of
mercury on fetal development is warranted.

Dose-related, subtle neurotoxic effects of methylmer-
cury have been observed in children in some regions of
the Arctic. This emphasizes the concern for methylmer-
cury exposure in utero and warrants local public health
strategies in some regions to reduce the exposure of
women of child-bearing age and especially those that are
pregnant. The success of carefully developed public
health strategies has been demonstrated in the Faroe Is-
lands where interventions related to consumption of
pilot whale meat have resulted in an 80% reduction in
mean mercury body burdens.

(13) Lead levels in Arctic indigenous peoples have de-
clined since the implementation of controls on lead
emissions. Concentrations of lead in blood currently re-
ported are below a level of concern, however, continued
monitoring is warranted because of the potent effects of
lead on meurological development in the fetus and

children.

Conclusion (13) is still valid. In addition, recent data
have shown that lead shot can be a significant source of
human lead exposure.

(14) As elsewhere in the world, cadmium intake in the
Arctic is mostly through smoking. However, as with
mercury, the dietary exposure level will vary according
to choice of food. Recent research indicates that kidney
tubular dysfunction may occur at lower levels than pre-
viously considered.

The main source of cadmium exposure is smoking. De-
pending on food consumed, dietary intake in some Arc-
tic regions is above the WHO provisional tolerable
weekly intake (PTWI) and adds significantly to blood
cadmium concentrations. The health consequences are
at present unknown. Reduced smoking among Arctic
residents will significantly reduce cadmium exposure.

(15) Arsenic and nickel exposures are mainly related to
local industrial activities. The impacts on health of
organo-arsenicals in marine food is at present not well
understood. Studies of speciation of the naturally-oc-
curring arsenicals in various animals and organs and
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their potential interactions with essential trace ele-
ments are needed.

Conclusion (15) is still valid. Ongoing epidemiological
studies of occupationally exposed populations working
in the nickel industry of the Kola Peninsula might reveal
new information about the impact of nickel on fetal
malformations and pregnancy outcomes in general.

11.1.4. Essential elements

(16) In general, ample supplies of selenium are provided
through the diet in populations depending on marine
food. Muktuk (whale skin) is the richest source. Popula-
tions predominately depending on food of terrestrial ori-
gin may have a marginal deficit in selenium supply.
While animal experiments indicate selenium protects
against the effects of some heavy metals (i.e., mercury,
lead, and cadmium), its role as an antidote for metal
toxicity in humans is at present hypothetical. The role of
selenium as a protective factor against lipoprotein per-
oxidation and its purported beneficial effects in protect-
ing against cancer and cardiovascular disease remain to
be elucidated.

Most essential elements are amply supplied through
food of marine origin while populations predominantly
depending on food of terrestrial origin may have a mar-
ginal deficit. Recent data have shown that transition
from a marine food to a market food diet reduces the in-
take of most trace elements to a level below the recom-
mended daily intake.

11.1.5. Radiation

(17) The level of human exposure to anthropogenic ra-
dionuclides such as radiocesium in the Arctic has de-
clined dramatically since the cessation of above-ground
weapons testing. However, some Arctic populations still
have bigher exposures from anthropogenic radionu-
clides in the environment than those in the temperate
zone because of unique features of Arctic terrestrial and
freshwater ecosystems and the people’s use of traditional
foods. The cumulative dose to which a population is
exposed must also include an estimate of the natural ra-
dionuclides. In some geographical areas, levels of natu-
ral radionuclides (derived from, e.g., radiolead and ra-
diopolonium) have resulted in certain indigenous peo-
ples being exposed to higher levels of radiation than the
general population.

Human health effects associated with radioactivity are
not addressed in this report — readers should consult the
AMAP 2002 assessment on radioactivity in the Arctic
(AMAP, 2003a).

(18) Increased UV radiation due to ozone depletion is
not a major concern in terms of skin cancer because of
the amount of clothing worn in Arctic environments.
The primary health concern is the reflection of UV
from snow and ice causing snow blindness. In addition,
there is growing concern about the development of
cataracts.

Conclusion (18) is still valid but this issue has not been
further considered in this report.
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11.1.6. Estimates of exposure and effects

(19) Food is the major exposure route for contaminants
in the Arctic. The type and amount of human exposure
to envirommental contaminants varies throughout the
circumpolar region according to the level of contami-
nants in the food, the amount and type of food con-
sumed, and the method of food preparation. For these
reasons, wildlife monitoring data provide a very uncer-
tain basis for precise human exposure estimates. How-
ever, they are of great value for risk characterization as
they identify the contaminants present in wildlife used as
traditional food, and the most contaminated species,
and can, therefore, contribute to the basis for dietary
recommendations. Uniform methodology for dietary in-
take studies applied across the circumpolar region
would greatly assist risk assessment.

Conclusion (19) is still valid. However, in addition to di-
etary intake, recent studies have shown that uptake, me-
tabolism, and excretion of xenobiotic substances are
under genetic influence, also lifestyle factors, e.g., smok-
ing and body mass index influence the body burden.
These factors should be considered in future studies.

(20) Determining adverse health effects in human pop-
ulations due to the presence of contaminants in tradi-
tional foods and human milk is extremely difficult for
methodological and ethical reasons. Results are also dif-
ficult to interpret because of a wide range of confound-
ing factors (socio-economic, lifestyle and gender/age re-
lated). Monitoring contaminant concentrations in hu-
man tissues and using these data to estimate expo-
sures will continue to be necessary as will a general re-
liance on animal studies of the effects of mixtures of
contaminants and nutrients found in Arctic foods. Tis-
sue banks would greatly assist the requirements for ret-
rospective comparative studies of contaminant levels

and effects.

Conclusion 20 is still valid. Progress in molecular biol-
ogy has provided tools to identify biomarkers of effect
for contaminants in human samples. Implementation of
the human health effects programme combined with
continued monitoring of exposure (including new con-
taminants of concern) would allow identification of
early effects at the molecular level. It will also act as a
warning system to signal increases in exposure to levels
where overt signs of poisoning may appear. Little atten-
tion has been paid to the possible variation associated
with the collection of blood samples from fasted versus
non-fasted individuals. There is a need to set clear pro-
tocols for the collection and analysis of human tissue
samples to minimize biological and analytical variability.

(21) Risk assessments are, in general, conducted for in-
dividual contaminants and not mixtures of contami-
nants. They are based upon extrapolations from single
compound animal studies combined, when possible,
with data from occupational exposure or accidental in-
toxication events. These assessments do not adequately
account for the metabolic transformations of contami-
nants in the food chain, the possible interactions be-
tween contaminants concomitantly present in the envi-
ronment, or the modifying influences of nutrients, such
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as trace elements and antioxidants, naturally present in
Arctic traditional food. Consequently, the accepted
guidelines for exposure are not necessarily applicable to
Arctic communities.

Risk assessments have in general been conducted for in-
dividual contaminants and not mixtures of contami-
nants. New methodologies can integrate epidemiological
and mechanistic biomarker effect studies on human
samples making it possible to estimate the effects of cur-
rent exposure levels of the actual mixture of contami-
nants (and metabolites), possible interactions, and the
modifying effects of nutrients (combined effects). Guide-
lines on exposure levels in the Arctic should be based on
recommendations from national or regional public
health authorities.

(22) Very few studies of the effects of environmental
contaminants on Arctic populations have been com-
pleted, therefore, existing literature does not provide
convincing evidence of adverse health effects. On the
other hand, the health-promoting effects of traditional
diets have been well documented. This has lead to a re-
luctance to recommend changes to current patierns of
traditional food consumption. Based on this review,
there may be a need to consider providing food con-
sumption advice to some people in some areas in order
to protect the fetus from exposure to mercury and some
POPs. It would be prudent for local health care
providers to consider giving dietary advice to young
women and pregnant women in order to help them re-
duce exposure levels prior to and during pregnancy. The
consumption of less contaminated traditional food items
that provide the nutritional needs of women of child-
bearing age should be promoted.

Conclusion (22) is still valid. Evidence of subtle effects
of contaminants in traditional food is emerging in some
Arctic populations. On the other hand, the nutritional
and physiological benefits of traditional diets are well
known. This supports the need for dietary recommenda-
tions to be based on risk-benefit analyses. Carefully con-
sidered and balanced dietary advice that takes risks and
benefits into account is needed for children and adults of
reproductive age for both genders.

(23) Contamination of the Arctic is part of a global
process. While buman exposures in the Arctic can be
moderately reduced with some dietary modifications
(provided these are culturally, socially and nutritionally
suitable for the specific communities involved), it must
be recognized that long-term exposure reductions can
only be accomplished through international conventions
resulting in bans and restrictions on production and use
of the most toxic chemicals.

Conclusion (23) is still valid. There has been substantial
effort to evaluate the weight of evidence for effects on
human populations exposed to POPs and metals (from
cellular effects to epidemiological outcomes) through
various AMAP and national activities. There is a need to
continue this process and to conduct the research needed
to support this approach. Now that two international
agreements on POPs (the Stockholm Convention on
POPs and the POPs Protocol to the LRTAP Convention)
and one on metals (the Metals Protocol to the LRTAP
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Convention) have been successfully negotiated, it is
essential that they be promptly ratified and so enter
into force. These agreements will only succeed in re-
ducing environmental burdens and human exposures if
they are implemented and monitored. In addition, the
global assessment of mercury initiated by UNEP in
2000 provides an opportunity to ensure that Arctic
concerns are reflected in the considerations for global
action on mercury.

11.2. Recommendations
11.2.1. At the scientific assessment level

(1) Continue monitoring contaminants in human blood
and tissues in order to reveal temporal and spatial
trends.

Recommendation (1) is still valid. It has been five years
since the completion of most of the original circumpolar
blood monitoring survey. Re-sampling during AMAP
Phase IIl would enhance the ability to determine
whether or not human exposures are declining.

(2) Combine experiences from the rapidly expanding
disciplines of biomarker research and molecular epi-
demiology with existing monitoring programs.

Recommendation (2) is still valid. The AMAP Human
Health Expert Group has developed a human health ef-
fects programme that should be more extensively ap-
plied.

(3) Develop uniform methods and initiate studies which
will allow objective dietary assessments and exposure es-
timations.

Continue the process and apply uniform methods for the
objective assessment of diets and estimation of exposure.
In addition, promote studies on the nutrient content of
traditional food items.

(4) Complete human populations studies of contami-
nant-related effects on reproduction and fetal and child
development.

Continue to support human population studies of con-
taminant-related effects on reproduction and fetal and
child development, immune and hormone status, and
cancer.

(5) Revise existing guidelines for tolerable intakes of
contaminants based upon studies of interactions among
individual contaminants present in Arctic foods, and be-
tween contaminants and nutrients.

Guidelines for tolerable intakes of contaminants should
be based on regional and local needs and should strike a
balance between benefits from traditional foods and po-
tential negative effects from exposure to contaminants.

(6) Create and manage tissuelspecimen banks in the cir-
cumpolar region.

Recommendation (6) is still valid. In addition, support is
necessary for the implementation of laboratory harmo-
nization programmes to enhance the inter-comparability
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of data; and to ensure the collection of blood samples
that are based on standard protocols, including the col-
lection of samples from fasted subjects.

11.2.2. At the public health policy level

(7) Apply communication and consultation approaches
that enhance the development of local information and
advice for indigenous peoples about contaminant expo-
sures and effects.

Apply communication and consultation approaches that
enhance the development of local information and ad-
vice for indigenous peoples about benefits of traditional
food, contaminant exposure and effects.

(8)Advise Arctic peoples to continue to eat traditional
food and to breast feed their children, and develop diet-
ary advice for girls, women of child-bearing age and
pregnant women which promotes the use of less con-
taminated food items while maintaining nutritional ben-

efits.

Advise Arctic peoples to continue to eat traditional food
and to breast feed their children taking dietary recom-
mendations into consideration. Where necessary, as a
means of reducing exposure, ensure that the combina-
tion of traditional food and market food provides simi-
lar nutritional value to the original diet.

11.2.3. At the national and international
policy level

(9) Initiate measures to reduce and control regional in-
dustrial emissions of contaminants.

Recommendation (9) is still valid. Strengthen interna-
tional efforts to control production, use and emissions
to the environment of persistent organic pollutants and
mercury. Support the UNEP Global Mercury Assess-
ment.

(10) Strengthen international effort to control produc-
tion and use of persistent organic pollutants.

Ratify and implement the Arhus Protocols on POPs and
Heavy Metals and the Stockholm Convention on POPs,
including participating in the global monitoring of hu-
man exposure to be established under the latter.

Support a global assessment of the linkages between
health and the environment.

11.3. Progress since AMAP Phase |

During AMAP Phase I the Human Health Expert Group
prepared a comprehensive review of existing informa-
tion on the health implications of exposure to a defined
list of priority contaminants and included evidence of
exposure in various parts of the Arctic. Exposure was
predominantly dietary. The objectives of the first phase
of the AMAP Human Health sub-programme, devel-
oped in Nuuk in 1992, were however not fully met due
to logistical and financial problems. Thus the first phase
of the programme effectively became a pilot programme,
i.e., the first study of blood contaminant levels for most
of the eight Arctic countries in which sampling proce-
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dures and analyses were standardized to allow compar-
isons between countries and regions.

During AMAP Phase II a more extensive human
health programme was undertaken. The outcome of
the Phase II programme confirms the exposure levels
found during the pilot study and has extended the geo-
graphical coverage such that it is almost circumpolar.
Owing to the length of the monitoring period (1994 to
2001) temporal trends in human exposure to contami-
nants can not yet be established. Statistically significant
trend estimates will require a sustained monitoring
programme over several decades. Such a programme is
important as current exposure levels in certain areas
and for certain contaminants exceed existing health
guidelines.

During AMAP Phase II more information on con-
taminant concentrations in species relevant to human
diets was obtained from data produced by the AMAP
Heavy Metal and POPs Assessment Groups. This allows
more detailed and more specific dietary guidance.
Progress in procedures for dietary assessment and vali-
dation of dietary indicators (e.g., n-3:n-6 fatty acid ra-
tios) has also improved the basis for advice.

The mandates of AMAP Phases I and II defined the
priority contaminants to be monitored. However, as de-
scribed in chapter 4, new contaminants of concern have
since appeared. There is an urgent need to include such
contaminants in future monitoring programmes.

The main achievement of Phase II has been the devel-
opment and implementation of a human health effects
monitoring programme (see chapter 6). Although im-
plementation is now almost circumpolar, the process
should be continued and expanded in a continuous, co-
ordinated programme.

11.4. Concluding remarks on combined effects

Human health status is determined by an interaction be-
tween genetic endowment and the influence of environ-
mental factors. Genetic factors can exert an influence
through entire ethnic populations, in families, and at an
individual level. As a consequence, studies of genetic
susceptibility (genetic epidemiology) are important for
assessing the impacts of environmental exposure at all
levels of the population.

In terms of health, environmental factors may be
either positive (e.g., nutrients) or negative (e.g., con-
taminants and radiation). While the genetic determi-
nants of health at the level of the individual are sto-
chastic, the environmental influences are dose-related
and as such include both qualitative and quantitative
aspects. As a consequence, a holistic approach to de-
scribing the health-environment relationship is a huge
task and one which the current state of scientific
knowledge cannot support, despite considerable pro-
gress in this field over the last ten years. Although the
problems are mainly of a methodological nature, it is
the current lack of understanding within the scientific
community of the need for a multidisciplinary ap-
proach that is of most importance.

Environmental health determinants are chemical,
physical, biological, psychological, and societal in na-
ture. This means that besides geneticists, epidemiologists
and toxicologists, natural scientists, sociologists, psycho-
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logists, medical experts and anthropologists must also
be involved if a holistic approach to the description of
the health—environment relationship is to be developed.

During AMAP Phase I the mandate was to monitor
the specified priority contaminants and to evaluate the
potential risks to human health. In Phase II the mandate
was expanded through the Alta Declaration to an evalu-
ation of the influence on human health of ‘multiple envi-
ronmental stressors’. This expanded mandate has been
the focus of the present report. As the scientific back-
ground required to fulfill the Alta mandate is currently
insufficient, the work is not yet complete. Nevertheless,
it is generally agreed that significant progress has been
made and the work is headed in the right direction.

Recent scientific advances have improved the ability
to address the impacts of multiple stressors. Classical
epidemiology can identify the combined effects of envi-
ronmental exposures in a given population. However,
this is insufficient under Arctic conditions owing to
small population sizes, the lack of specificity concern-
ing which exposure causes which effect, and its capa-
city to measure only overt effects. An improvement has
been the coupling of epidemiological methods to sub-
clinical endpoints, e.g., neurophysiological effects such
as evoked nerve potentials (see chapter 9). In this man-
ner, lower exposure levels can be related to effects. Fur-
ther resolution of low-exposure related effects will
come from a coupling of epidemiological methods with
the experience obtained in molecular biology and gen-
etics (see chapter 6). While the effect that is measured
may be of decreasing immediate clinical significance, its
early detection will, in the long-term, be of increasing
significance for the development of disease prevention
policies.

The identification of new contaminants in the envi-
ronment often complicates and confounds efforts to
identify causal agents. Many of these new contaminants
have poorly defined acute, chronic and multi-genera-
tional toxicity. These uncertainties notwithstanding, the
finding of effects at a sub-clinical level is a strong ration-
ale for immediate reduction of the actual exposure level.
They also call for a more intensive focus of the AMAP
Human Health Effects Programme on the nature and ex-
tent of the adverse effects that may already be present in
Arctic populations.

Exposure to contaminants in Arctic populations is
almost exclusively the result of consuming traditional
food. This food, at the same time, is of great importance
to sustained physical health and cultural and spiritual
integrity. Therefore, there is an essential need to balance
risk assessments with evaluations of the nutritional ben-
efits of traditional food.

The main conclusion of this report is 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. In relation to potential effects on future genera-
tions, efforts to reduce the input of persistent substances
to ecosystems world-wide should be accelerated. Fur-
thermore, the process initiated through AMAP Phases I
and II should be continued and expanded to include all
relevant disciplines with the aim of pursuing a more ho-
listic assessment of the health of Arctic peoples.
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Abbreviations
AA Arachidonic acid (n-3 fatty acid) MeHg Methylmercury
AAS Atomic absorption spectrophotometry MMA Methylarsonic acid
AEPS Arctic Environmental Protection Strategy mRNA Messenger RNA (ribonucleic acid)
AHH Aryl hydrocarbon hydroxylase mtDNA Mitochondrial DNA (deoxyribonucleic acid)
AhR Aryl hydrocarbon receptor NAAEC North American Agreement
ALWI Allowable lifetime weekly intake on Environmental Cooperation
AMAP Arctic Monitoring and Assessment Programme NK cells Natural killer cells
anti-PRB  Anti polyribosylribitol phosphate NOAEL No observed adverse effect level
BFRs Brominated flame retardants NWT Northwest Territories (Canada)
BMD Benchmark dose 0OCs Organochlorines
BMDL Benchmark dose lower confidence limit ocCS Octachlorostyrene
BMI Body mass index OH-PCBs  Hydroxylated metabolites of PCBs
C-system  Complement system Ox-LDL Oxidized low-density lipoprotein
Cd Cadmium PAHs Polycyclic aromatic hydrocarbons
CFCs Chlorofluorocarbons Pb Lead
CHBs Chorinated bornanes PBBs Polybrominated biphenyls
CI Confidence interval PBDE 209 Decabromo diphenylether
CINE Centre for Indigenous Peoples’ Nutrition PBDEs Polybrominated diphenylethers
and Environment (Canada) PCAs Polychlorinated-n-alkanes
CYP Cytochrome P450 PCB Polychlorinated biphenyl
CYP1A1 Cytochrome P450 1A1 PCCs Polychlorinated camphenes
CYP1A2 Cytochrome P450 1A2 PCDDs Polychlorinated dibenzo-p-dioxins
DBCP Dibromochloropropane PCDFs Polychlorinated dibenzofurans
DDD 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane PCNs Polychlorinated naphthalenes
DDE 1,1-dichloro-2,2-bis(p-chlorophenyl)ethene PCP Pentachlorophenol
DDT 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane PeCP Pentachlorophenol
DES Diethylstilbestrol PFOS Perfluorooctane sulfonate
DHA Docosahexaenoic acid (an n-3 fatty acid) POP Persistent organic pollutant
DHEA Dehydroepiandrosterone PTS Persistent toxic substance
DHT Dihydrotestosterone PTWI Provisional tolerable weekly intake
DMA Dimethylarsinic acid QA Quality assurance
DMF Decayed, missing, or filled teeth QC Quality control
ECD Electon capture detection RDI Recommended daily intake
EDSTAC  Endocrine Disrupter Screening and Testing RfD Reference dose
Advisory Committee (U.S. EPA) RR Relative risk
EPA Eicosapentaenoic acid (an n-3 fatty acid) RSV Respiratory Syncytial Virus
ER Estrogen receptor SAD Seasonal Affective Disorder
EROD Ethoxyresorufin-O-deethylase SCCPs Short-chained chlorinated paraffins
FAS Fetal Alcohol Syndrome Se Selenium
FFQ Food frequency questionnaire SHBG Sex hormone-binding globulin
FSH Follicle stimulating hormone SIDS Sudden Infant Death Syndrome
GC Gas chromatography SIR Standardized incidence ratio
GF Graphite furnace SQFFQ Semi-quantitative food frequency questionnaire
GGT g-glutamyl transferase STD Sexually transmitted disease
GSHPx Glutathione peroxidase TBBPA Tetrabromobisphenol A
GSHRd Glutathione reductase TBG Thyroxin binding globulin
HCB Hexachlorobenzene TBT Tributyltin
HCH Hexachlorocyclohexane TBTO Tributyltin oxide
HDL High-density lipoprotein TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin
Hg Mercury TDI Tolerable daily intake
Hib Hemophilus Influenza type b TEF Toxic Equivalency Factor
HIV Human Immunodeficiency Virus TEQ TCDD equivalents
HPLC High-performance liquid chromatography TSH Thyroid stimulating hormone
HSV-2 Herpes Simplex Virus 2 UNECE  United Nations Economic Commission for Europe
ICI 182,780 Manufactured trivial name for a pure antiestrogen UNEP United Nations Environment Programme
ICP-MS Inductively-coupled plasma-mass spectrometry US EPA U.S. Environmental Protection Agency
1Q Intelligence quotient US FDA U.S. Food and Drug Administration
ITK Inuit Tapiriit Kanatami (ITK), US NRC U.S. National Research Council
previously the Inuit Tapirisat of Canada (ITC) UV-B Ultraviolet-B radiation
LDL Low-density lipoprotein VLDL Very low density lipoprotein
LH Luteinizing hormone WHO World Health Organization
lw Lipid weight YPCBy, Sum of specified number of
MCV Mean cell volume chlorobiphenyl congeners
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