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One way

« Banners (badges)
« RSS Feeds
« Podcasts

« Collaborative projects
eg. Wikipedia

« Content communities
eg. YouTube

Two way
Sender

« Blogs and microblogs

» Social networking sites eg. Facebook,
Twitter, LinkedIn

6.6.2 Social media as a tool and opportunity
for risk communication in the Arctic

Social media as a tool for health risk communications can
provide opportunities in the circumpolar North to enhance risk
communication strategies. For communities with few resources
to put towards the communication of health risks, social media
could help overcome cost barriers as several social media tools
offer a relatively cost-effective means of communication (Schein
et al. 2010), especially for reaching out in-person to remote
communities. Two-way communication and community
engagement via social media is one means to build mutual
trust among public health officials and community members;
this is especially critical in the north where there is much health
research underway related to contaminants and scientists and
health officials are unable to make sufficiently frequent visits
to communities to provide updates.

Health messages being delivered by northerners to northerners,
can provide optimal trust in the message. For example, for
the Nunavik Child Development Study (see Sect. 6.4.2.1), the
Nunavik Assistant Director of Public Health was chosen as
the spokesperson for the YouTube capsules. As an Inuk, she
was considered by the communities as both a representative
of the people and a credible professional (Muckle pers. comm.
2014). In this case, the YouTube capsules were included in an
effort to increase messaging effectiveness to youth and young
women of childbearing age. Videos were purposefully kept to
less than two minutes and just provided the basic results of the
study (Muckle pers. comm. 2014). Longer video clips may be
useful for other target audiences for which more background
information to the study would be valuable.

Not all communities in the Arctic have reliable access to
broadband internet, an essential component for effective
social media messaging. Among the circumpolar countries,
Iceland, Alaska and Norway have the highest percentages of
population using the internet, followed by Sweden, Finland, and
northern Canada (Nordregio 2011). Greenland has over 90% of
its population connected to internet (IWS 2014). Arctic Russia
has the lowest percentage of the population using the internet.
In those countries and regions with limited internet availability,
radio may continue to be a better communication tool for
widespread distribution of risk communication messages.

Three confounding factors make the evaluation of risk
messaging in social media fora difficult: a general lack of
understanding of how social connections impede or validate/
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Figure 6.4 Schematic illustration
of different communication forms
within social media.

Receiver

support behavior change; whether or not to have confidence
in forum moderators (in terms of how they might direct or
influence the conversation); and knowing who might have
joined a social networking group and why (e.g. their motivation
and bias) (Bennett and Glasgow 2009; Schein et al. 2010). These
factors need to be taken into account when considering the use
of social media tools for undertaking research on disseminating
risk messages, evaluating public perceptions of messages, or
gathering research data on effectiveness of messaging.

6.6.3 Considerations for social media use
in Arctic risk communications

There are several Arctic-specific considerations which would
enhance risk communication through social media; many are
common to the traditional one-way communication forms:

o Preservation of indigenous language in an online world that
works primarily in English

« Risk message text which can be combined with audio,
video and/or in-person communication and community
workshops

o Establishing trustworthy and credible channels and sources
for the social media tools available

« Monitoring and managing the communications online
continuously (see Tinker and Fouse 2009)

« Avoiding anxiety and fear by providing correct and clear
information on contaminants in traditional foods and the
benefits of these foods

o Directing health messages to the correct target populations
and consulting broadly on the messages prior to issuing a
risk message

o Streamlining message approval processes to enable real time
communications (see Schein et al. 2010)

 Avoiding information overload

o Enhancing staff knowledge of social media tools and promoting
technological/IT capacity (see Tinker and Fouse 2009)

« Improving the availability of technical infrastructure and
internet access/bandwidth to enable reliable use of some
social media tools

» Recognizing that social media tools may not be as effective
for reaching certain demographic groups, for example seniors.

There is very little published literature on the impact of social
media on vulnerable populations. The social media practices
of community organizations have yet to be formally evaluated
(Taylor 2011). Therefore, given the fairly recent introduction of
social media as a tool for risk communication, particularly in
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the North, it is difficult to say whether such campaigns are or
will be effective at reaching target audiences. Research aimed
at examining the effectiveness of social media campaigns will
assist health communicators in the future use of these tools.

6.7 Optimizing risk communication
in the Arctic

Many authors have provided information on best practices for
risk communication, and several have focused on indigenous
populations. They point to the need to understand the target
population and culture (DeWeese et al. 2009) and especially
those groups most vulnerable to the impacts of the exposure
event. For environmental contaminants those most at risk are
elders, women of childbearing age, infants and children, residents
with chronic diseases and those on medications that affect the
immune system. Other authors highlight the importance of
trust (DeWeese et al. 2009; Jardine et al. 2013) and the role of
indigenous communities and indigenous knowledge in risk
communication (Friendship and Furgal 2012). Friendship and
Furgal (2012) proposed a set of common guiding principles
rather than a prescriptive rigid framework for bringing people,
different cultures and knowledge systems together.

The importance of the right language and tone of the message,
good visualization of the message, and the advantages of
framing have been highlighted by several authors (Connelly
and Knuth 1998; Tan et al. 2011). Other authors particularly
highlight the need for monitoring, evaluating and adjusting
risk communication campaigns (Covello and Allen 1988; Wylie
et al. 2001; Coffman 2002).

Table 6.3 Inuit views on effective risk communication (ICC 2012).
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The ICC survey of Inuit in Alaska, Canada, Russia (Chukotka),
and Greenland (see Sect. 6.4.6 and ICC 2012) provided the
following comments about best practices for risk communication
(Table 6.3). These comments are consistent with those reported
above and also contain a summary of best practices (see the
section on ‘General Comments’ in Table 6.3).

Consideration could be given to the following points when
using and evaluating social media tools for risk communication
in the Arctic:

o Provide messages in multiple formats, that is, use social
media tools alongside more traditional forms of risk
communication.

o Adopt low-risk social media tools first, that is, those which
also allow a good entry point into the use of social media,
and then expand into other tools.

o Make strategic choices and understand the level of effort
needed to develop and maintain the social media tools selected.

o Understand the target group and their preferred social
media sites; the most effective messages are those tailored
to specific cultural or demographic groups. Choose
communication tools that would enhance the receipt of
information, for example, consider using video or audio
tools for communities or target groups with low reading or
computer literacy, consider short clips for youth who may
be used to shorter bursts of information.

« Develop social media messages and tools in collaboration
with the communities they are designed to assist.

o Make it easy for people to share the health messages by
using social media tools with sharing features that can be

Region What are the most effective ways to do risk communication?

Alaska, US Input by Inuit into risk communication
Good relationships between co-management entities is most important

Canada Views and preferences on how to do risk communication can vary extensively between different regions and even within
one region

Russia (Chukotka) Visual digital messaging (e.g. in the form of a film and/or television program) is likely to be successful and efficient for
distributing messages

Greenland Use television and radio for messages and make messages available online for a more in-depth review afterward

Have local face-to-face meetings with scientists
Have a local perspective with clear messages

Avoid ‘scare’ campaigns

General Comments

Recommendations from Inuit on best practices for risk communication include:

+ risk communication should be made by Inuit for Inuit

risk communication is being done properly

of skepticism

messaging needs to be clear and consistent

very quickly

the context of the message is important

sources of data should be locally available, and if there is overall local involvement in the research, chances are higher that

the trust factor is important; it matters very much who does the risk communication. A non-trusted source will create a lot

workshops should be held with all groups involved in research (scientists, communicators, locals)
the use of social media in risk communication should be explored
the messages should not be just about ‘doom and gloom’

there needs to be a higher frequency of risk communication — a single fact sheet or just one workshop is forgotten

it is important that there is enough time allocated to develop proper messaging
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used by others on their organizational or personal websites
or social networking pages.

o Evaluate the social media communication efforts throughout
the full lifecycle of the communication campaign.

o Acquire feedback from community members to gather
information on the effectiveness of the messages and social
media tools. Feedback from the community can also help
with message adaptation and can help build relationships
and engagement with communities.

o Use a flexible framework to allow the risk communication
strategy to move toward the most useful social media tools.

6.8 Conclusions, recommendations
and knowledge gaps

6.8.1 Conclusions

There has been little growth in both the scientific activity and
publication productivity on risk communication research
and specifically on the evaluation of the effectiveness of
risk communication initiatives. Modern advisories focus on
changing behavior patterns by recommending an overall
healthy diet and consumption of the safest (least contaminated)
traditional (country) foods. Their overall objective is better
health and social well-being for the individual and the family.

A diversity of approaches is necessary for effective communication

of risk, for example, tone, presentation of information, reading

level, balanced messages, a variety of ways to reduce risk, and

messages targeted to particular groups. Optimal practices for

risk communication in the Arctic include the following aspects:

o Full awareness of the most vulnerable groups in the
community

« Involvement of Arctic indigenous peoples in research and
communication

o Clear and consistent messages

» Balanced information delivered by trusted sources

o Multi-pronged approach using a variety of media realistic
for the region

o Adapted use of social media

o Communicating risk more frequently and for sustained
periods (years)

o Workshops with all stakeholders (scientists,
communicators, locals)

o Evaluation of all risk communication before, during and
after the risk communication period.

Insufficient effort has been directed toward learning how
best to inform or influence public decision-making to protect
health and culture in the Arctic compared to the identification,
monitoring and assessment of effects of human exposure to the
environmental contaminants. Evaluations of the outcomes or
impacts of risk communication activities in the Arctic are rare.

While some authors have concluded that there was a
successful outcome because human tissue levels declined
after communication of a contaminant intake advisory, other
factors unrelated to the advisory may be responsible for the
declines reported.
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Effectiveness evaluations also apply to risk messages used
to heighten international awareness of contaminant-health
issues in the Arctic. Risk messages have been effective in global
negotiations related to contaminants (both the Stockholm
and Minamata Conventions have been successfully launched
and mention the particular vulnerability of the Arctic and
indigenous communities); however, the same messages have
sometimes resulted in confusion in some local areas where the
message has been received through the mainstream media and
may seem to conflict with local advice.

Social media tools can be a way to overcome some of the
obstacles to communicating in the North by using appropriate
language and literacy, enhancing reach to remote communities
or particular target groups (e.g. youth), and engaging the
communities in two-way communications without the physical
presence of a health communicator. Health communicators and
several Aboriginal organizations and governments targeting
Aboriginal people in the circumpolar North have begun to
incorporate social media tools into their communication
strategies online.

6.8.2 Recommendations

o The previous AMAP human health assessment (AMAP
2009) called for more research on the effectiveness of
communication initiatives. Little work appears to have been
undertaken and published. There is a need for a focused
effort in risk communication research that includes
the evaluation of how successful a risk communication
strategy has been. The measure of success of a risk
communication initiative cannot be based solely upon
declining contaminant levels in the target populations.

o AMAP (2009) recommended that risk communication
needs to be developed together with target communities,
ensuring the use of culturally appropriate methods that are
tailored to the communities’ needs. This recommendation
is strongly endorsed. Dialogue with communities may
include workshops with all stakeholders, use of traditional
media such as radio messages and/or the adapted use of
internet/social media.

o AMAP (2009) emphasized the importance of undertaking
risk communication with great care and respect for the
receiver culture. This remains a strong recommendation.
Communicators need to be aware of the possible spread
of messages to audiences that were not originally targeted.
Messages should be balanced and avoid possible conflicts
with communications at local versus international levels.
Identifying vulnerable groups within communities (e.g.
elders, women of childbearing age, infants and children,
residents with chronic diseases and those on medications
that affect the immune system) can improve adaptation
strategies to reduce their risk of exposure to dietary
contaminants and disease.

« Experience to date has shown that developing culturally
appropriate messages, evaluating their effectiveness, as
well as the overall coordination of risk communication
are likely to be important components of successful risk
communication. Therefore, good risk communication may
require the establishment of a group of experts with a range
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of backgrounds (toxicologists, researchers, community
representatives, public health officials, etc.) who can work in
a collaborative manner to balance varying perspectives and
needs. Arctic countries should consider the creation of such
groups in their respective regions, with the ultimate goal of
connecting these groups to form an overarching network
for risk communication in the circumpolar Arctic.

o Risk communication is not a solution to the Arctic
contaminant issue. AMAP (2009) endorsed the need for
strong support of international efforts to restrict the use
and emission of substances which are persistent, toxic and
able to accumulate in food chains. This strong support needs
to continue globally to reduce levels of contaminants in
the Arctic. It includes supporting and ratifying global
agreements to regulate contaminants, such as the
Stockholm Convention on POPs and the Minamata
Convention on Mercury.

6.8.3 Knowledge gaps

This chapter highlights the clear lack of information on how
risk communication on contaminants is practiced in several
Arctic countries. For those countries where information about
risk communication exists, further research on the evaluation
of risk communication methods and messages is required to
promote the development and deployment of more effective
risk communication strategies. This research should focus on
methodology for developing and deploying risk communication
messages, understanding the types of messages and how they
are received, and identifying methods for evaluating the
effectiveness of the communication strategies.
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7. Adaptation in Arctic circumpolar communities:
Food and water security in a changing climate

LEAD AUTHOR: JAMES BERNER

CONTRIBUTORY AUTHORS: MICHAEL BRUBAKER, BORIS REVITCH, JAKE BELL, MOSES TCHERIPANOFF, EvA KRUMMEL

7.1 Introduction

This is the first AMAP human health assessment report to
contain a chapter that focuses on adaptation to the environmental
impact of climate change, with an emphasis on those small
rural communities with a high dependence on local wildlife
resources, stable permafrost, ice for winter subsistence hunting,
and other temperature-critical environmental or ecosystem
characteristics. Regardless of the Arctic nation in which these
small communities are located, they share many of the same
vulnerabilities. These include a small resident population;
little or no wage-based economy; a remote location, often
with dependence on air or water transport at great expense;
unreliable and expensive power generation; susceptibility to
forest fire, flooding, and coastal erosion of village sites by storms
or flooding; and failure of key infrastructure owing to thawing
permafrost, including loss of permafrost containment of tundra
pond water sources and village sewage lagoons (Huntington
and Fox 2005; AMAP 2011).

For the purposes of this chapter, Adaptation is defined as the
ability of a small rural community to tolerate change imposed by
climate regime change. The changes discussed in this chapter are
major environmental changes, which directly threaten the security
of subsistence food (traditional country food) and community
water supply, and so threaten community sustainability. In this
context, adaptation is the ability of the community to change, or
adopt new behaviors, in order to avoid or minimize risk, and to
be able to continue the most important cultural, economic and
health-related benefits of the present way of living. The most
recent assessment of the Intergovernmental Panel on Climate
Change (IPCC) concluded with a major recommendation that all
levels of government, in all regions, emphasize the development
of Adaptation Strategies (IPCC 2014).

This chapter addresses climate-mediated impacts on remote rural
communities. Some of these impacts are already occurring in
parts of the Arctic, while other regions have experienced relatively
few impacts. Adaptation activity is underway in some regions but
is still at the planning stage in others. Examples of community-
based adaptation strategies are used to illustrate the wide range
of strategies currently in use. Because this chapter focuses on
the impacts of environmental change, socio-economic impacts
and changes in national policy are not addressed here. The often
profound impacts on infrastructure, especially those related to
permafrost and ice, are also beyond the scope of this assessment.
Readers interested in this topic are referred to the relevant
sections of the Arctic Climate Impact Assessment (Berner and
Furgal 2005; McCarthy and Long Martello 2005).

Recent completion of the EU-funded project ArcRisk
(www.arcrisk.eu; see also Sect. 7.5) has resulted in a number of
findings concerning the influence of climate change on the long-

range transport of contaminants to the Arctic, their accumulation
in Arctic food webs, and ultimately human exposure through
the consumption of Arctic wildlife species (fish and marine
mammals). These findings have provided new insights for further
work on modeling and estimating the impact of climate change
on the accumulation of anthropogenic contaminants in the Arctic
environment, and ultimate human exposure.

7.2 Categories of environmental threat

The major categories of environmental threat emerging in
the Arctic are climate change (principally climate warming),
anthropogenic contaminants, and zoonotic diseases (diseases
of wildlife communicable to humans). These impacts, and the
ways in which they interact, present an existential threat to small
communities through their potential effects on subsistence food
and community drinking water security. How communities are
responding to such issues is important. Ideally, the response
would include assessing the impacts of climate warming on
infrastructure, food security and water security; prioritizing
existing threats; identifying the most vulnerable residents;
developing community-specific adaptation strategies designed
to reduce risk to the most vulnerable subset of the population;
and establishing metrics to monitor trends in established
environmental threats and to detect emerging threats. Human
biomonitoring is not addressed here as it is fully discussed
in Chapter 3.

7.2.1 Climate change in the Arctic region

Climate regime change in the circumpolar north varies widely as
it is greatly affected by proximity to the Arctic Ocean, the Bering
Sea, the North Pacific Ocean, and the northern extensions of the
Atlantic Ocean. In addition, seasonal variation in the strength of
the stable low atmospheric pressure fields (the Aleutian Low in
the North Pacific and the Icelandic Low in the North Atlantic)
and high atmospheric pressure fields (over Siberia and Arctic
Canada) gives rise to very different regional weather patterns.
The northern extension of the North Atlantic thermohaline
circulation (known as the Gulf Stream) warms the Labrador
Sea, and an eastern extension (known as the North Atlantic
Drift) warms western Europe. Changes in water temperature
around the eastern shore of the North Pacific (known as the
Pacific Decadal Oscillation) result in significant differences
in air temperature over adjacent land masses. There are many
other cyclical atmospheric and oceanic changes that also
drive environmental and ecological change, but these are not
described here further. The annual Arctic Report Card (NOAA
2014) provides a recent discussion of Arctic climate trends,
while the Arctic Climate Impact Assessment (ACIA 2005) gave
an in-depth discussion of many of the underlying mechanisms.
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7.2.2 Anthropogenic contaminants

Environmental contaminants of anthropogenic origin are mostly
produced and released by sources at lower latitudes and then
transported to the Arctic by winds, ocean currents, and rivers.
After entering the northern environment, toxic heavy metals
(such as mercury and lead) and persistent organic pollutants
(POPs) enter the Arctic food chain and bioaccumulate through
successively higher trophic levels. Tissue concentrations of
lipid-soluble POPs, which have a long half-life in fat tissue,
may be many hundreds of times higher in top predators than
in organisms at the lowest trophic level, putting consumers of
these top predators at risk from toxic effects (see Chapter 4).
Among the many toxic effects,a major concern is suppression
of the immune system, making humans, and animals, more
likely to develop an active infection.

7.2.3 Zoonotic diseases

A number of microbial infections occur in both humans and
the animals with which they come into contact, and in healthy
individuals are most often suppressed by the immune system,
offering no health risk to the animal or human. However,
under some circumstances, animals and humans can develop
an infection that has been suppressed for many years. This is
usually associated with the occurrence of factors that affect
the immune system such as a decrease in natural immunity
with age; an immature immune system in infancy; changes
in immunity during pregnancy, or during treatment with a
medication that suppresses the immune system such as cancer
chemotherapy or steroid medications; and exposure to high
tissue levels of immunosuppressive contaminants.

The most common zoonotic infections are caused by three
types of bacteria — Brucella, Toxoplasma, and Coxiella — which
are found in marine mammals, terrestrial mammals, birds
and many other animals throughout the circumpolar north.
There are many other similar infections, which are common
in some regions, but more localized in their distribution. New
zoonotic pathogens are spreading north as climate warming
has made conditions more favorable. Examples include West
Nile Virus in North America (which has reached the prairie
provinces of Canada) and tick-borne encephalitis in northern
Europe. Studies suggest that existing infectious threats may be
present in greater numbers of subsistence animals and that
pathogens new to the Arctic may continue to spread northward
(Hueffer et al. 2013).

7.2.4 Combined effects of climate warming,
anthropogenic contaminants and
zoonotic disease

A change in temperature may directly affect community
infrastructure (including water treatment and sewage treatment
facilities, power supply, and runways, harbors, roads and schools)
and community food and drinking water security (defined here
as adequate supply, adequate access, and adequate information
concerning food-borne threats such as contaminants and food-
borne disease agents). However, the combined effects of climate
warming, anthropogenic contaminants, and zoonotic diseases
also represent a significant risk to the security of subsistence

AMAP Assessment 2015: Human Health in the Arctic

food and drinking water supplies. Many circumpolar
communities, particularly small rural communities, will need
to develop monitoring and adaptation strategies to deal with
these interacting risks.

o The warming climate has resulted in changes in ocean
and atmospheric contaminant transport, which may have
increased the movement of organohalogens and mercury
from lower latitudes to the Arctic (Kallenborn et al. 2012).
Warmer water in freshwater lakes, tundra ponds and streams
may result in greater bacterial methylation of mercury, and
mercury released from thawing permafrost (Stern et al. 2012).

o Climate-mediated changes in the transport of anthropogenic
contaminants to the circumpolar region may result in higher
exposure in subsistence wildlife which could increase the
risk of immunosuppression, and thus active zoonotic
infection in these animals. This could result in risk to human
consumers of infection and toxic effects from contaminant
exposure (Fisk et al. 2005).

 The warming climate is enabling southern plant, insect and
animal species to expand their ranges further north,in some
cases, into Arctic regions. These species may bring new
zoonotic diseases with them. Higher winter temperatures
in the Arctic may increase the winter survival of infected
animals, raising the risk of hunter/consumer exposure.

 The northward expansion of new species has brought new
water-borne disease, such as tularemia (Rydén et al. 2009;
Hueffer et al. 2013), and warmer waters in tundra ponds and
estuaries and nearshore ocean waters can support toxin-
producing cyanobacteria and toxin-producing algal blooms
(Greene et al. 2011).

« Longer Arctic summers and warmer winters, with less sea-
ice cover, may increase use of the Northern Sea Route by
commercial shipping from northern Europe and western
Russian ports (IPCC 2013), raising the possibility of new
rat-borne infection from Europe to the North American
Arctic. Tick-borne encephalitis is one such example
(Revich et al. 2012).

o The warming climate may drive changes in the forage
resources of subsistence species,and thus in the range, health
and abundance of those subsistence species. The ecosystem
changes could also impact on existing and newly emerging
zoonotic pathogens of subsistence species.

7.3 Developing a community-based
adaptation strategy

The environmental impacts of climate warming, anthropogenic
contaminants and zoonotic disease on subsistence food species
and rural drinking water represent direct threats to the
sustainability of small rural communities and create the need
for community-based adaptation planning. There are four steps
in the development of a community-specific adaptation strategy.

1. An assessment of the known, and potential,
environmental threats. This may require the assistance
of regional tribal and/or government agencies, as well as

academic institutions with this assessment capacity.
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2. A community review of the data available and a
community decision, taking into account traditional
ecological knowledge (TEK), on prioritizing existing
and potential threats and selecting the highest priority
threats for further assessment. Communities rarely have
in-depth information on the prevalence of zoonotic
infections or tissue levels of contaminants in subsistence
species and may require the assistance of regional
wildlife managers to acquire the necessary data. Such
as water quality data from regional authorities for use
as a historical baseline, long-term weather observations,
permafrost data, and other regional baseline data.

3. Once the relevant data have been obtained, adaptation
planning can start. A critical part of adaptation planning
involves identifying the subset of residents most at risk
for the prioritized threats, which may require assistance
from regional medical providers. The adaptation strategy
should be directed at reducing risk for this group.

4. Plans for monitoring key indicators in order to follow
the trends in threat development, and to identify newly
emerging threats are the final step in developing a
community-specific adaptation strategy. Community-
based monitoring will give the community trend data
on increasing or decreasing risk from the prioritized
threats, and will allow the adaptation plan to be modified
accordingly. This activity may benefit from assistance
by regional agencies with relevant monitoring capacity
and the ability to train residents and provide equipment
and supplies.

Data metrics in current use include long-term local
weather data; environmental parameters, such as water
temperature and water levels of nitrogen, mercury
and phosphorus; permafrost temperature; river- and
sea-ice data; filter paper sampling of animal blood
by village hunters for the presence of antibodies
to zoonotic infections (Curry et al. 2014), mercury
(Hansen et al. 2014), and other contaminants (Burse et
al. 1997); biological toxin levels (such as from harmful
algal blooms) in subsistence marine species; shoreline
changes; and insect vector sampling for the presence of
pathogenic bacteria.

A useful component of any adaptation strategy, or monitoring
plan, is to use residents as local environmental observers
to link new environmental events or observations with
networks of regional wildlife management agencies, health
care providers, and academic consultants. This type of
observer network has proved very useful for early detection
of significant environmental events and conditions. In Alaska,
the network of local environmental observers (LEO) often
provides the first warning of a significant environmental
event, such as a mass wildlife mortality event in an otherwise
unobserved remote area. The LEO network of observers
has also noted the appearance of new species, and signs of
new wildlife disease events, and can quickly communicate
each observation via a network of internet-connected LEOs
(ANTHC 2014).

7.4 Managing the response to
environmental threats

One of the most important benefits of the multi-step process
used for developing community-based adaptation strategies
is that it enables residents to help plan, contribute TEK, and
participate in the investigation, and so build understanding of
the most important environmental threats to their community.
As part of the process, the entire community is involved in
managing the response to the environmental threats. An equally
important benefit is the recognition of vulnerable subsets of
the population, and the development of strategies to reduce
exposure, and thus risk, where exposure cannot be prevented. In
terms of harvest plans, for example, this might involve harvesting
younger and smaller seals to reduce the exposure of infants,
children and pregnant women to mercury and organohalogens.
It might involve changing food preparation practices for these
populations, and for residents on chemotherapy, or those
with chronic diseases, when a particular species is known to
have a high prevalence of zoonotic exposure. Using informed
adaptation plans, the health, cultural and economic benefits
of the traditional diet can be preserved, and risk to the most
vulnerable residents can be understood and reduced. The
following sections provide examples of successful adaptation
strategies (Sect. 7.4.1 and 7.4.2) and an example of the critical
role of an LEO network (Sect. 7.4.3).

7.4.1 Seasonal changes to whale hunting
in Wainwright, Alaska

Coastal communities in the Arctic have long-established
expertise in traveling on the frozen sea and using sea ice as a
platform from which to harvest a wide range of food resources.
In the Inupiat village of Wainwright in Alaska, this includes
hunting for bowhead whale, walrus, seal, polar bear, fish, and
birds. In Wainwright, a sustained west wind in winter will
‘ground’ the sea ice and cause it to build into large stacked
sheets attached to the sea floor. An east wind during spring will
then create a break between the shore-fast ice and the floating
sea ice, known as a ‘lead’ The lead provides a passage of open
water through which whales pass on their northward migration.
The grounded ice provides a platform from which to camp,
launch boats, and haul out the enormous whales for processing.
In recent years, however, conditions have been changing.
Warming has resulted in a decline in sea ice, particularly in
the thick multi-year ice, and there has been a breakdown of
the historical wind regimes that are crucial for safe travel and
hunting conditions on the sea ice. Winds from the northwest
and south have prevented the grounding of the ice and the
formation of an accessible lead. The result is new challenges for
ice-based hunting in Wainwright and other parts of the Arctic.

Starting in the 1980s, hunters in Wainwright began to notice
changes in the sea ice and to discuss the need for entirely new
hunting methods. Traditionally, Wainwright hunters pursued
bowhead during spring, working off the ice shelf on the edge of
the open water; launching skin boats when a whale was sighted
and paddling in pursuit to harpoon a passing whale. Only a
limited number of harpoon strikes are currently allowed by the
International Whaling Commission, so each attempt must be
taken with great care. In recent years, unusual wind and poor
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With climate change, a new whaling tradition is developing on the North
Slope of Alaska. Early retreat of spring ice along the Alaskan Arctic coast
is making a spring ice-based hunt impractical; traditional skin whaling
boats (above) are being replaced by more modern boats (below) as ice
in spring becomes unpredicatable. Photos: Mike Brubaker

ice conditions have combined to prevent hunting, sometimes
for weeks. In some years, ice conditions only improved after the
whales had passed Wainwright. So,in autumn 2011 with unused
harpoon strikes available and open water across the Chukchi
Sea, Wainwright hunters harvested their first autumn bowhead
whale in the memory of current residents. It may even have been
the first autumn bowhead harvested from Wainwright since
the early American whaling era in the Arctic (late 1800s). To
accomplish this, the hunters had had to acquire larger boats that
could go further and handle the growing ocean swell generated
by miles of wind across ice-free seas. If warming continues,
boat-based hunting may also become common for spring
hunting. The end result is a new and successful adaptation
strategy, adding autumn sea-based hunting to the traditional
spring ice-based hunting and increasing food security for one
Arctic community.

7.4.2 Maintaining food security — an example
from the Canadian Arctic

Caribou herds are currently declining in several regions of
Arctic Canada. For example, the George River migratory
caribou herd, whose range spans Quebec and Labrador was
probably around 800,000 animals 25 years ago, was counted
to around 74,000 animals and declining in 2010, and later
estimated to be only 20,000 animals. The low numbers
caused the Government of Newfoundland and Labrador to

AMAP Assessment 2015: Human Health in the Arctic

impose a five-year ban on harvesting in early 2013, and the
Government of Quebec halted sports hunting indefinitely. Prior
to the five-year ban, the Nunatsiavut Government called on all
beneficiaries of the Labrador Inuit Land Claims Agreement to
suspend harvesting immediately for a two-year period, and
encouraged other aboriginal groups to do the same.

While the size of caribou herds appears to fluctuate as part of
their population dynamics, climate change may represent an
additional stress (www.caribou-ungava.ulaval.ca) that could
weaken herds to the point of no recovery. A recent survey
on Baffin Island caribou found that herds there are also
severely reduced.

Inuit communities that rely on caribou as a staple country
food are adapting in different ways. For example, Aboriginal
groups in Quebec and Labrador formed the Ungava Caribou
Aboriginal Roundtable to work on a conservation plan, while
several Inuit populations are likely to be consuming more seal as
a partial replacement for caribou in the diet. However, because
contaminant levels in seals are generally higher than in caribou
this could result in increased contaminant exposure for some
populations, unless they switch to less contaminated foods
such as musk ox and anadromous Arctic char. Various studies
are underway on whether climate change is causing higher
levels of contaminants in marine mammals such beluga and
seals. Concerns around contaminants and human health in
the Canadian North prompted the creation of the Northern
Contaminant Program in 1991, which has regularly measured
and reported levels, sources and transport of contaminants in
environment, biota and subsistence species in this region for
many years (NCP 2013)(See Box 6.1 on page 115).

7.4.3 Applying local observation in response
to food safety concerns

Climate change in Alaska is causing a wide range of impacts
on the environment and on the health of animals and people
(Markon et al. 2012). But in this vast and sparsely populated
state, systems for monitoring changes in weather, landscape,
biota, and public health are limited. However, improvements
in communications and local environmental capacity have
led the Alaska Native Tribal Health Consortium (ANTHC) to
develop a system for sharing information on environmental
impacts and community health effects. This local environmental
observer network (LEO; see also Sect. 7.3) documents time-
and location-specific events and encourages communication
between communities, academic institutions and resource
agencies to increase understanding about climate and other
drivers of change and to develop adaptation strategies. LEO
applies traditional knowledge, western science, and modern
technology to achieve a robust and effective environmental
health surveillance system.

LEO is an association of environmental and wildlife managers
and health professionals located in tribal organizations in Alaska
and western Canada. There are LEO network members in about
140 communities. They share observations about unusual
and unique environmental events, which are then posted on
public Google maps. Since the program was initiated in January
2012, the network has compiled a database of observations on
topics including extreme weather, floods, erosion, ice changes,
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permafrost thaw, invasive species, infrastructure damage,
environmental contamination and changes in the health, range
and behavior of fish, insects, birds and wildlife. The utility of
public observer networks for connecting remote communities
with technical experts to help address food safety and other
public health concerns is demonstrated in Box 7.1.

With the likelihood that climate change will continue to
grow as a global public health challenge, it is important that
communities have the capacity to monitor, respond, and adapt
to new events, impacts and health effects. The LEO network
provides one possible template for engaging communities to
perform environmental monitoring, improve communication,
and connect with technical experts and resources as required. It
is a powerful tool for documenting local events and developing
effective adaptation strategies for communities in the changing
Arctic (Brubaker et al. 2013).

Village-based environmental monitoring data can also be used
for broader applications. For example, data on contaminant
levels in animal tissue can lead to a better understanding of
the impact of climate change on the transport and fate of
contaminants within the Arctic, and on regional trends in
contaminant levels. Such information can be used to indicate
the efficacy of national and international programs to reduce the
production and release of contaminants. Another application
of village-based environmental monitoring data concerns
zoonotic diseases. Climate change is affecting the distribution of

Box 7.1 A village LEO investigates an alarming color change
in the village harbor water

In September 2012, the Environmental Program Manager for
the tribal government of St. George Island (and also the LEO
for St. George) was informed that the water in the harbor
had turned red. On St. George Island, residents harvest food
locally from the land and sea. Their intimate knowledge of the
climate, environment, and biota translates into exceptional
observational skills and a wealth of TEK. Consulting with
local experts and elders, the LEO confirmed that there was
no memory of this type of event ever having occurred in
the past. Suspecting a harmful algal bloom and concerned
about the safety of wild foods harvested from local waters for
subsistence, he began to acquire information about the event.
He collected surface and underwater photos (by placing his
camera in a plastic bag and tying it to an oar), took a video of
the harbor water, and collected water samples. He then used
the only microscope on the island, his daughter’s ‘My First
Microscopé, to examine the samples and find that the cause
of the red harbor water was a living organism. He then took
photomicrographs using a point and shoot digital camera
and posted the observations, images and video on the LEO
Network website, including details of the event and comments
about why the event was of local significance.

Once reviewed at the ANTHC Center for Climate and Health,
the observation was transferred to a public, web-based Google
map. The map link and a request for assistance was emailed
to consultants at the University of Alaska Fairbanks (UAF)
Institute of Marine Science and then by further referral,
to consultants at the Woods Hole Oceanographic Institute

known pathogens within the Arctic and causing the emergence
of pathogens new to the Arctic, and this is creating a need to
make residents aware of the possible importance of modifying
food preparation and storage methods. Regional public health
and wildlife managers can then follow trends in pathogen
prevalence in subsistence species. Archived biosamples should
be preserved for baseline reference in identifying emergence
of new pathogens or contaminants.

7.5 ArcRisk — key findings for
community adaptation

One aim of the ArcRisk project (see Box 7.2) was to estimate
the potential impact of climate change on the bioaccumulation
of contaminants in an Arctic food web. Although there were
sufficient data to model the basic structure of an Arctic marine
food web near Svalbard (such as food web composition, feeding
relationships, and species-specific properties), there were
insufficient data, or the uncertainties were too great, to quantify,
evaluate, and improve the model. This was basically due to alack
of good monitoring datasets for multiple species and abiotic
media. For the bioaccumulation study, seawater samples were
not taken when the biological sampling was done (2010) and
species-specific properties such as growth and feeding rates
were taken from a much earlier study (around 2000). These
factors were considered largely responsible for the discrepancy

(WHOI). Water samples collected by the LEO were sent to
WHOI for genetic analysis and academic consultants used
the data to provide a preliminary identification of the bloom
source; not a dinoflagellate plankton such as is commonly
associated with toxic red tides, but instead a harmless non-
toxic ciliate called Mesodinium rubrum. Within a week of
posting his observation, the LEO and the village had the
answer and the findings were distributed to St. George Island
residents. The outcome and guidance for future events were
posted on the original Google map and shared with the LEO

membership via webinar. Based on concerns about harmful
algal blooms in Alaska, a topic-based web map was then
developed by UAF, WHOI and LEO to track related future
events posted by the network.
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The LEO for the community of St. George, Alaska, with a home-made
sample bottle, and his daughter’s school microscope.
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Box 7.2 Overview of the ArcRisk project

The ArcRisk project (Arctic Health Risks: Impacts on health
in the Arctic and Europe owing to climate-induced changes
in contaminant cycling),an EU-funded project implemented
between mid-2009 and 2014, aimed to investigate the potential
influence of climate change on the exposure of humans to
contaminants in the Arctic and, for comparison, several areas
of Europe. The contaminants were mainly persistent organic
pollutants (POPs) and mercury.

The project had three main components: modeling long-range
transport of contaminants to the Arctic and the anticipated
influence of climate change on these transport pathways;
field and laboratory studies of contaminants in the Arctic
environment and in fish and other animals consumed as
traditional foods by indigenous peoples; and studies of
contaminant levels in cohorts of human populations in the
Arctic and northern Europe and, for comparison, in exposed
populations in the Mediterranean area. Critical reviews of the
effects of several contaminants on specific health outcomes
were also conducted based on the results of studies published
in the scientific literature.

The ArcRisk project has contributed to a better knowledge
of climate change impacts on the transport pathways of
contaminants to the Arctic, their transfer through abiotic
Arctic ecosystems, and their accumulation in food webs, as
well as to a better understanding of human exposure and
the health effects of contaminants in the Arctic and selected
populations in Europe. ArcRisk results indicate that the direct
effects of warmer conditions on the transport of contaminants
from source regions to the Arctic will not be large; however,
climate change will increase the exposure risk for some
contaminants and decrease it for others, depending on the
specific physico-chemical properties of the contaminant.

observed between measurements and model predictions. Given
the difficulty of evaluating models of bioaccumulation in
Arctic food webs under present-day climate conditions, it was
considered almost impossible to predict how global climate
change might affect bioaccumulation in the future, and thus
human exposure, with any degree of certainty. Datasets are
needed in which multiple species and abiotic media are sampled
at the same time and analyzed for organic pollutants. Such
datasets should enable improved understanding and more
accurate bioaccumulation models for Arctic food webs. Basic
research is also needed on how food webs, and ultimately
human diets, are likely to respond to global climate change.

Dietary transitions, which may be partly a consequence of
changes in the availability of local food items due to climate-
mediated changes in habitats, are expected to play a greater
role in future changes in POPs exposure (Armitage et al. 2011;
Quinn et al. 2012; Gouin et al. 2013).
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Future climate-mediated changes in the Arctic, such as altered
biotopes and thus availability of fish and marine mammals
used for human consumption, and increased exploitation of
natural resources, may have a far greater influence on human
exposure to contaminants than direct climate effects.

The project highlighted the need for better characterization of
sources and more accurate quantification of POPs emissions
in order to improve prediction of environmental exposure
to these contaminants. More information is needed on
the transformation products that may be formed under a
warmer climate and on their impact on the health of Arctic
ecosystems and humans. Improved modeling of contaminant
bioaccumulation in ecosystems is also needed to reduce the
large uncertainties involved in quantifying and evaluating
human exposure to contaminants in the Arctic. More effort
is needed to generate datasets in which multiple species and
abiotic media are sampled at the same time and analyzed for
organic pollutants.

The ArcRisk project has highlighted the importance of
systematic and well-documented epidemiological research on
the human health impacts of contaminants. Reviews of health
outcomes in relation to several POPs were prepared within the
project based on the screening of a large number of scientific
studies in the literature. However, the complexity and diversity
across studies in terms of variables selected and reporting
practices made it difficult to combine and compare the original
studies to obtain a coherent meta-analysis. To permit meta-
analyses of results on health outcomes of contaminants to
determine the magnitude of effects, reports should provide
more background details, including tables of the basic data
and descriptive statistics on the distributions of response and
explanatory variables.

7.6 Conclusions and recommendations
for addressing gaps in knowledge

The challenges posed by the combined impact of climate
change, anthropogenic contaminants and zoonotic diseases
on small, isolated Arctic communities will need to be met with
adaptation strategies that aim to ensure effective responses to
these challenges in order to maintain and enhance the stability
of the community. Several examples of community-based
responses have been presented in this chapter. Some conclusions
based on these examples include the following:

o The community impacts of Arctic warming differ across the
circumpolar region and tend to be more severe in regions with
infrastructure dependent on permafrost stability and where
ice is needed for travel, hunting and the protection of shoreline
from coastal erosion during autumn and winter storms.

« Disruptive impacts on subsistence food species include changes
in their range and a possible increase in the transport of some
contaminants to the Arctic from source regions at more
southerly latitudes and thus higher levels in top predators. This
creates the potential for increased susceptibility of subsistence
species to existing and emerging zoonotic pathogens.
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 Disruptive climate-mediated impacts on rural drinking
water systems and freshwater ponds and lakes include newly
arriving species carrying potential waterborne pathogens,
harmful algal blooms, and thawing permafrost containment
of ponds used for community drinking water.

o Environmental threat assessment methods allow a
community to establish existing and emerging threats,
and to identify those residents that are most vulnerable to
the prioritized threats. With appropriate technical support
from the relevant agencies, communities can then develop
adaptation strategies for responding to the threats identified.
These strategies will focus on reducing exposure and risk.
With the various elements of the strategy having been
developed, metrics are selected to monitor trends in priority
threats, recognize new threats as they emerge and evaluate
the success of the adaptation strategy.

« Community-based environmental monitoring networks can
help provide the data needed to better understand the effects
of global climate change on movement of contaminants and
pathogens through the Arctic region.

Gaps in knowledge concerning adaptation strategies for Arctic
communities in a warming climate, particularly in terms of
food and water security, may be addressed by:

« Continuing the development of culturally-specific risk
communication.

o Developing regional models of contaminant transport,
especially local release from thawing permafrost.

« Improving regional and circumpolar knowledge of the
prevalence and trends in zoonotic pathogens in key
subsistence species, and identifying intermediate and
transport host species for key pathogens.

o Undertaking a systematic international circumpolar
evaluation of pathogen and contaminant monitoring
protocols, and basic public health adaptation strategies, to
ensure the comparability of different monitoring data sets.
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8. Key findings and recommendations

AUTHORS: SHAWN DONALDSON, BRYAN ADLARD, JoN ODLAND

The Arctic Monitoring and Assessment Programme (AMAP)
2015 human health assessment is an update of the previous
human health assessment published by AMAP in 2009. The
objectives of the 2015 assessment are two-fold. First, to report
on recent AMAP human health-related work to fulfill requests
from the Arctic Council Ministers at their meeting in Kiruna
(Sweden) in 2013 regarding the health of Arctic peoples in
relation to pollution, climate change and the combined effects
of stressors. Second, to fulfill AMAP’s commitments to support
the Stockholm Convention on Persistent Organic Pollutants
(POPs) and the Minamata Convention on Mercury, regarding
human health-related issues. This report also provides further
information and policy-relevant scientific recommendations
for Arctic governments in their efforts to take remedial and
preventive actions relating to contaminants. Moreover, the report
addresses, for the first time, the effects of multiple stressors on
small remote communities. Most of these communities are
highly dependent on local wildlife resources for food, and are
also highly impacted by environmental changes following a
climate regime shift.

Evaluations of individual and population-based impacts
of contaminants must be placed within the context of the
general health status and vulnerability of indigenous and
non-indigenous Arctic residents. Changing economies, climate,
and social structures within the circumpolar region also play
a significant role in health and well-being. In general, the
conclusions and recommendations of the AMAP 2009 human
health assessment are still valid. However, new monitoring data
and scientific research, and the detection of emerging threats
from zoonotic diseases (diseases of wildlife communicable
to humans), have led to a strengthening of the previous
conclusions as well as to several new conclusions.

The purpose of this chapter is to summarize the key findings and
recommendations from the preceding chapters on human health
in the Arctic. The ultimate goal is to identify clearly what has
changed over the past six years in knowledge of contaminant-
health interactions and to provide recommendations for
consideration by public health practitioners, health and
environment policy makers, and governments.

The main conclusions of the report are as follows:

o Human exposure to most POPs and metals is declining
across many parts of the Arctic, but remains high among
certain populations including some Inuit in Canada and
Greenland. Even where levels of contaminants have declined
significantly, current levels of several contaminants, such as
mercury, are still a concern and still exceed blood guidance
levels in some regions.

o Compounds such as certain brominated flame retardants
and perfluorinated contaminants (PFCs) have been
measured in human populations living in the Arctic. These
and several other emerging contaminants can be transported
to the Arctic from their source regions at lower latitudes,

where they may not be internationally regulated, and thus
can still be in widespread use.

o Dietary advice can be complex for several reasons: varying
contaminant levels in different traditional foods and
different areas of the Arctic; limited access to, or choice of,
imported foods in remote communities; and shifting food
preferences or availability of traditional foods among Arctic
populations. Consumption of most traditional foods is still
recommended as a healthy food choice, although preference
is given to foods that are lower on the food chain, containing
lower concentrations of contaminants.

o Several ongoing cohort studies in the Arctic and
elsewhere provide increasing evidence for effects of
contaminant exposure on fetal growth and development
and cardiovascular effects and neurodevelopmental effects
related to dietary mercury exposure. In addition, recent data
indicate a reduced vaccine response in children associated
with exposure to fluorinated substances.

o Interactions between climate change and contaminant
transport have the potential to change human exposure in
the Arctic significantly. Current understanding is inadequate
to determine the likelihood and magnitude of the health
impacts of these changes in exposure.

8.1 Key findings from the 2015 human
health assessment

This human health assessment has documented several new
findings that support previous conclusions as well as some
that support new conclusions. These findings were drawn
from research and monitoring activities that have taken place
since the previous AMAP human health assessment report
was released in 2009.

8.1.1 Biomonitoring

Biomonitoring is key to understanding past and current
human exposure to contaminants, as well as for understanding
whether levels are staying the same, increasing or decreasing
spatially and/or temporally. This is important for tracking the
effectiveness of international agreements such as the Stockholm
Convention on Persistent Organic Pollutants and the Minamata
Convention on Mercury. Biomonitoring can also aid in tracking
the effectiveness of local dietary advice from health authorities
intended to reduce human exposure to harmful substances.

» Levels of most POPs and metals measured in human tissues
are declining in many regions of the circumpolar Arctic,
although the decline is not uniform. Despite significant
declines, certain sub-populations remain at risk.

o Human tissue concentrations of many POPs,
including polychlorinated biphenyls (PCBs) and
dichlorodiphenyltrichloroethane (DDT), remain
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elevated in some areas, particularly in eastern Canada
and Greenland.

o Human tissue concentrations of polybrominated diphenyl
ethers (PBDEs) do not behave like most other POPs, which
suggests an alternative exposure route. Baseline levels of
several PFCs such as perfluorooctane sulfonate (PFOS)
have been established in several Arctic regions; however
there are insufficient data to describe trends.

o Inuit continue to have the highest exposure levels of
dietary mercury in the Arctic and their blood mercury
concentrations are among some of the highest in the
world. In Canada and Greenland, a substantial number
of Inuit pregnant women and women of childbearing age
still exceed some national blood guidelines.

o The results of the Tromse Study, a population-based health
survey in which POPs data were collected systematically
between 1979 and 2008, indicated that human tissue
concentrations followed calendar year dependent patterns.
This trend and the changing composition of different POPs
in serum over the past three decades, reflects the overall
trends in production, use and release of the different POPs
along with compound-specific persistence, bioaccumulation
potential and global transport mechanisms.

8.1.2 Health effects

Different epidemiological studies in the circumpolar area
have shown associations between contaminants and various
health outcomes. It is important to note that associations
are not the same as causal relationships between exposure
to a single substance (or substances) and an effect. When
finding an association between a contaminant and an
effect, it is important to bear in mind the possibility that
the studied substance is a proxy for other substances in the
mixture of contaminants to which the study population has
been exposed - both harmful and beneficial. The effects
reported below are findings from different communities in
the Arctic. However, due to differences in genetic composition,
socio-cultural practices, local food consumption patterns
and exposure mixtures, a finding in one population should
not be extrapolated to another population without careful
investigation and comparative information.

Neurobehavioral effects: Effects associated with methylmercury
exposure have been documented in humans at successively
lower exposures and it is clear that the developing brain is the
most vulnerable organ system. Studies in the Faroe Islands
and in Nunavik show that children exposed to methylmercury
in utero exhibit a range of neurobehavioral effects (e.g. decreased
motor function, attention span, verbal abilities, memory, and
other cognitive functions including IQ, attention problems and
hyperactive behavior) and that the effects are dose-dependent:
the greater the mercury exposure, the greater the effect. Follow-
up studies suggest that the deficits could be permanent. Given
the continued development of the nervous system after birth,
postnatal exposure to methylmercury is also likely to cause
adverse effects, although the evidence is inconsistent. Some of
the adverse effects of methylmercury on neurodevelopment
may be masked by beneficial effects of seafood nutrients.
Neurobehavioral effects of lead and PCB exposure are less clear.
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Immunological effects: Certain environmental pollutants can
adversely affect the development of the immune system.
Young children in Nunavik have had a high incidence of
infectious diseases (such as meningitis, bronchopulmonary
infections, and middle ear infections) for many years. Recent
studies to investigate the possibility that this could be partly
due to maternal transfer of organochlorines with known
immunotoxic properties during breastfeeding show that
that prenatal exposure to organochlorines does increase
susceptibility to infectious diseases (in particular otitis media).
Most experimental evidence points to the role played by the
dioxin-like PCB congeners. Perinatal exposure to PCBs and
(especially) perfluorinated compounds in Faroese children
has been associated with lower than expected antibody
production after routine childhood immunizations. This
decreased effect of childhood vaccines may indicate a more
general immune system deficit through immunotoxicant
exposure. The implications of inadequate antibody production
highlight the need to significantly reduce immunotoxicant
exposure in Arctic populations, as well as the need for long-
term assessments of the health risks associated with exposure
to immunotoxic contaminants.

Reproductive effects: There has been a significant and widespread
decline in sperm count since at least the mid-20th century, with
semen quality in Danish and Faroese men particularly low
compared to men from other European countries. Although the
causes of this decline are still unclear, high levels of PCBs have
been linked to low semen quality. Other studies have found no
consistent links between reproductive function in men and, for
example, PFCs or high PBDE levels. Prenatal lead exposure is
known to cause poorer growth in school-age children. Further
study is needed on the influence of environmental exposure
and genetic factors, particularly in relation to semen quality.

Cardiovascular effects: Studies show that the cardiovascular
system may be vulnerable at high methylmercury exposures.
Results are inconsistent, however. Some studies find a link
between mercury and higher blood pressure (Nunavik adults
and male whale hunters in the Faroe Islands) while others do not
(Greenland adults). Heart rate variability is also affected, with
decreased variability observed in mercury-exposed Nunavik
adults and children, and James Bay Cree adults. The Faroese
cohort study found prenatal mercury exposure affects cardiac
autonomic activity in children. Whether this could be used
as a predictor of chronic heart disease in adults is unknown.

Endocrine effects: Endocrine-disrupting chemicals can mimic,
interfere with or block the function of endogenous hormones
and so cause adverse developmental, reproductive, neurological,
cardiovascular, metabolic and immune effects in humans.
Exposure during early stages of fetal and neonatal development
is especially critical and can disrupt the normal pattern of
development and thus dramatically alter disease susceptibility
in later life. The hormone disruptive effects of extracted
lipophilic POPs from human serum have been demonstrated
in epidemiological studies in Greenland. The combined effects of
the POPs mixtures in serum was shown to include interference
with steroid hormone receptor functions as well as the dioxin Ah-
receptor. In addition, the combined effects of POPs mixtures in
serum on the androgen receptor was a significant risk biomarker
for breast cancer development in Inuit women.
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Carcinogenic effects: During the latter half of the 20th century,
cancer incidence increased substantially among all circumpolar
Inuit in the Arctic region, especially for the lifestyle-associated
lung, breast and colon cancers. Lung cancer now constitutes
about 20% of all cancers in Inuit. Overall cancer rates now seem
comparable to those of the United States, Canada and Denmark.
The recent change in lifestyle and diet and thus environmental
contaminant exposure of the Inuit might play a role in this.

Effect modifiers: Different chemical substances may target the
same organ and induce similar effects in an additive or non-
additive way. Because most studies concern human exposure
to single chemicals rather than chemical mixtures, negative
confounding could cause underestimation of those chemicals
causing toxicity (e.g. methylmercury in seafood) and those having
benefits (e.g. polyunsaturated omega-3 fatty acids in seafood).

8.1.3 Risk description

Risk assessment of the effects of environmental contaminants
is an essential tool in the overall process for protecting the
health of Arctic residents. A number of methods are available.
One of the biggest challenges is how to translate contaminant
concentrations measured in blood into information useful for
risk characterization (i.e. the likelihood that specific effects will
occur at these concentrations). Risk profiles are tools used in the
Stockholm Convention review process for assessing whether
particular chemicals are possible POPs. The risk profiles
describe hazards, exposures and national/regional action on
the substances under consideration.

ArcRisk was a project funded by the European Union and
coordinated by AMAP. The health-related aspects of the project
were implemented to compare diets, sources of exposure,
blood contamination levels for mercury and POPs, and the
influence of changing climate on human levels of contaminants
in Arctic cohorts and, for comparison, cohorts from several
areas of Europe.

o There was a large amount of inter-individual variation in
mercury concentration within the ArcRisk study groups.
Consumption of fish in the Mediterranean region and
consumption of some species or parts of fish and marine
mammals in the Arctic are the main sources of exposure
to mercury in humans in both regions. Other sources of
mercury exposure can also be important (dental amalgam,
inhalation of elemental mercury in air, and ingestion
of inorganic mercury in food particularly in highly
contaminated areas) but their contribution is minor
in comparison.

o ArcRisk results indicate that the direct effects of warmer
conditions on the transport of contaminants from source
regions to the Arctic will not be large; however, climate
change will increase the exposure risk for some contaminants
and decrease it for others, depending on the specific physico-
chemical properties of the contaminant. Future climate-
mediated changes in the Arctic, such as altered biotopes
and thus availability of fish and marine mammals used for
human consumption, and increased exploitation of natural
resources, may have a far greater influence on human
exposure to contaminants than direct climate effects.
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8.1.4 Risk communication

The objective of risk communication activities is to inform
individuals and communities of ways to improve their health
and social well-being. Modern food advisories in the Arctic
focus on changing behavior patterns by providing high quality
information and recommendations for an overall healthy diet,
including the consumption of the safest traditional foods.

o There has been little progress in evaluating the effectiveness
of risk communication activities in the Arctic. While it is
reported that declining human tissue levels are due to
successful local food advisories, scientific evaluations which
attempt to measure the success of risk communication
activities and that take into account declining marine
mammal and fish consumption and environmental
concentrations, are lacking.

o While risk messages have been effective at several levels
(including internationally during UN treaty negotiations),
the messages can be misconstrued in subsequent media
reporting. This can cause confusion in local areas where the
messages are received through various mainstream media
and can appear to conflict with local advice.

 The use of electronic two-way social media tools (e.g. blogs,
tweets and social networking sites) is likely to increase in the
Arctic over the next five years and may be suitable in some
situations for providing and receiving messages related to risk
reduction strategies. Social media tools may help overcome
some of the obstacles to communicating in the North by
using appropriate language and literacy, enhancing reach to
remote communities or particular target groups (e.g. youth),
and engaging the communities in two-way communications
without the physical presence of a health communicator.

o Risk communication on contaminants is an important
interim mechanism to reduce peoples’ exposure to harmful
chemicals. While there has been a significant reduction in
exposure to contaminants in the Faroe Islands since the
implementation of risk communication messaging regarding
consumption of pilot whale, this has also had a considerable
impact on Faroese cultural identity.

8.1.5 Climate change adaptation

Climate change is resulting in major environmental changes
within the Arctic that directly threaten the security of traditional
foods and community water supply and thus threaten community
sustainability. In this context, climate change adaptation is defined
as the ability of a community to change, or adopt new behaviors,
in order to avoid or minimize risk, and to be able to continue the
most important cultural, economic and health-related benefits
of the present way of living.

 The most pronounced impacts of climate change in the Arctic
occur in small communities in regions with infrastructure
dependent on permafrost stability and where ice is needed
for travel, hunting and the protection of the shoreline from
coastal erosion.

o Climate change will have impacts on food species and
contaminant transport as well as on existing and emerging
zoonotic pathogens. A disruptive impact on drinking water
systems is also likely.
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8.2 Knowledge gaps

8.2.1 Biomonitoring

» Knowledge gaps remain for the main routes of human
exposure in the Arctic for contaminants such as PBDEs. In
addition, there are few data available for some new POPs,
including contaminants newly listed under the Stockholm
Convention, or those substances being considered for
addition. Screening studies are needed to identify the
presence and accumulation of these contaminants in the
Arctic. Insufficient information is available on sources,
health effects and exposure information.

o Studies suggest that climate-mediated environmental
changes are occurring in the Arctic, affecting the safety
of transport, hunting, trapping and fishing practices.
The impact on wildlife health and availability/access of
wildlife species as a traditional (country) food resource
for Arctic residents is not fully understood. Information
on contaminant transport and behavior in response to
climate change is lacking, because many predictive models
of contaminant transport and behavior do not account for
a changing climate.

8.2.2 Health effects

o Follow-up studies on mother-child cohorts are needed to
elucidate the impact of contaminant exposure during fetal
life and the risk of disease later in life.

« Some studies have suggested potential effects of PCBs
and PFCs on the immune system of children in the
Arctic, however further studies are needed to improve
understanding and quantify this relationship.

« Studies have suggested that exposure to certain POPs, such as
PCBs, DDE, brominated flame retardants and perfluoroalkyl
acids, are associated with an increased risk of developing
Type 2 diabetes in Arctic populations. Despite recent studies,
current knowledge remains limited.

» Cancer incidence has increased substantially among all
circumpolar Inuit, especially for lung, breast and colon
cancers, and the reasons for this are unclear, including
the contribution of lifestyle changes and/or exposure to
environmental contaminants. Studies are needed that focus
on the relationship between cancer incidence, lifestyle
changes and exposure to environmental contaminants in
Arctic populations.

o Genetic predisposition to mercury neurotoxicity due to
heterogeneities in relevant genes has been suggested,
however studies in the Arctic are limited and are needed
to explore this possibility.

8.2.3 Risk description

o Methodological approaches are lacking for estimating risks
of single substances and mixtures of substances. These
approaches could build on current toxicokinetic modelling
(estimating exposure and risk from blood concentrations)
and CoZMoMAN models (calculating human body
burden from environmental emissions and exposures).
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Systematically collected monitoring data are essential
for future risk estimation in Arctic populations. Further
development of in vitro/ex vivo methods using serum POPs
mixture extracts would also be useful for risk estimation
and understanding the underlying cellular mechanisms.

Most Arctic populations are living in large or medium-
sized cities, and this trend will continue; for example, in
Arctic Russia half the population is living in nine big cities.
However, there are few studies or follow-up programs about
Arctic urban environmental health risks.

There is a lack of information about the genetic factors which
could play a role in heightened health risks of some isolated
populations in the Arctic.

High inter-individual variations in mercury levels were
identified in the ArcRisk project in some population groups;
the reasons for this are unknown and further follow-up is
needed on the causes, as well as on the underlying biological
mechanisms.

8.2.4 Risk communication

There is a lack of information on how risk communication
on contaminants is practiced in several Arctic countries.

For those countries where information about risk
communication does exist, there is a lack of information
on the success of the risk communication. The measure of
success cannot be based solely on declining contaminant
levels in the target populations.

There is currently insufficient information on the possible
use and effectiveness of electronic two-way social media
tools in risk communication efforts.

Research is needed on the development and deployment
of risk communication messages, how they are received,
understood and implemented, and methods for evaluating
the effectiveness of the communication strategies, notably
among different risk groups (elders, youth, pregnant women,
and women of childbearing age).

8.2.5 Climate change adaptation

Monitoring is lacking for early detection of climate-induced
human health threats. Essential monitoring elements
include contaminant levels in humans and consumed food
species, zoonotic diseases in wildlife (i.e. animal-borne
diseases communicable to humans), and observations
of environmental parameters such as water quality, ice,
permafrost, and weather.

o Regional models of contaminant transport are lacking,
especially concerning local release from thawing
permafrost.

o There is limited understanding of the prevalence and
trends in zoonotic pathogens in key subsistence species,
particularly at the regional level.

o There is a lack of regional information on availability
and accessibility of wildlife as traditional foods, and
information on shifts in traditional foods consumed in
relation to a changing environment.



Chapter 8 - Key findings and recommendations

8.3 Key recommendations

Based on the key findings of this assessment, recommendations
for policy makers and for future research activities in the Arctic
are as follows:

o Further monitoring of contaminants is needed in all
Arctic regions to determine whether the declining trends
of some POPs continue, and monitoring of ‘emerging’
chemicals is also needed. Additional studies are needed
to better understand recently observed health effects and
risks associated with current levels of exposure in the Arctic.

o Itis critical to continue to generate biomonitoring data
in a coordinated, international approach, as this is key
to providing a globally comparable data set which will aid
in understanding trends. This is important for tracking
the effectiveness of international agreements such as the
Stockholm Convention on Persistent Organic Pollutants
and the Minamata Convention on Mercury.

 Biomonitoring studies show that mercury exposure is still
very high among women of childbearing age and pregnant
women in certain regions of the Arctic. Recent studies in
Nunavik and the Faroe Islands confirm persistent, significant
and multiple adverse neurodevelopmental outcomes in
children and teenagers. Strong international efforts
should be made to reduce mercury emissions from all
anthropogenic sources as quickly as possible.

o Based on strengthened associations between prenatal exposure
to methylmercury and neurobehavioral deficits at school age
after adjustment for seafood nutrients such as polyunsaturated
omega-3 fatty acids, future studies on the effects of mercury
should include and incorporate an analysis of seafood
nutrients to avoid underestimating the associations between
childhood deficits and methylmercury exposure.

o Evaluation of the impacts of environmental contaminants
on human health in the Arctic is complex, due to the many
factors jointly influencing health. While many persistent
substances have been regulated or banned and others are being
phased out, new chemicals are being introduced that have not
been studied adequately under the conditions of an Arctic
ecosystem. Precautionary approaches to chemical evaluation,
introduction and general management are required for the
‘emerging’ chemicals in the absence of full test data.

« Conclusions drawn in the literature about the effects of
contaminant exposure on health outcomes are based on
a variety of methods, study designs and techniques for
analysis, which has made it very difficult to combine and
compare original studies. Studies should focus more on
reporting descriptive statistics about the distributions
of response variables and explanatory variables which
are needed when summarizing and meta-analyzing the
magnitude of effects.

« During the past five years there have been several EU-funded
research projects on the health risks of environmental
contaminants which have included Arctic population data sets.
Study protocols should be harmonized wherever practical
to improve opportunities for comparing contaminant levels
and effects data between different regions of the world.
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Biomonitoring research that is linked to environmental
change is required to understand how climate change may
influence contaminant levels in wildlife and humans as well
as the availability/access of Arctic populations to traditional
foods including wildlife food species.

As environmental contaminants are not the only threat to
Arctic populations, adaptive strategies need to be developed
at the community level that address contaminants,
climate change and emerging zoonotic diseases, as well
as interactions between these factors. Development of
comparable international and circumpolar monitoring
protocols for pathogens and contaminants would simplify
the development of generalized human and wildlife public
health adaptation strategies. As the effects are not uniform
across the Arctic, region-specific adaptation strategies will be
required and could be built in part upon the general strategies.

Continued participation of analytical laboratories in an
external QA/QC program is critical to ensuring high quality
and comparability of human biomonitoring data on POPs and
metals across the Arctic. Small errors can have large impacts
on interpretations of data, and therefore it is recommended
that laboratory participation in an external QA/QC program
is mandatory, in order for AMAP to demonstrate convincingly
that spatial and temporal trends in exposure levels are real
and not a result of analytical artifacts.

Communicating the risks and benefits associated with
dietary choices of both traditional and imported foods
must be done carefully and in partnership with affected
communities, taking into account a wide range of factors
(social, economic, cultural), to ensure that advice is culturally
appropriate.

Communicators need to be aware of the possible spread
of messages to audiences that were not originally targeted.
Messages should be balanced and avoid, where possible, conflict
with communications at regional versus international levels.

Vulnerable individuals in communities should be
identified as this can improve the development of
population-specific adaptation strategies to reduce their
risks of exposure to dietary contaminants and disease.
Such individuals include elders, women of childbearing
age, infants and children, residents with chronic diseases
and those on medications that affect the immune system.

Risk communication is not a solution to the Arctic
contaminant issue. Continued efforts globally are required
to reduce levels of contaminants in the Arctic. This
includes ratifying and supporting global agreements to
regulate contaminants, such as the Stockholm Convention
and the Minamata Convention.
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5-cx-MEPP
5-OH-MEHP
5-oxo-MEHP
7-cx-MMeHP
7-OH-MMeOP
7-0x0-MMeOP

ACCEPT

ADHD
AhR
AMAP
ArcRisk
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BFR
BMI
BPA
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cx-MiNP
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DDE
DDT
DHA
EPA
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FSH
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MeHg
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Mono(2-ethyl-5-carboxypentyl) phthalate;
Mono(2-ethyl-5-hydroxyhexyl) phthalate
Mono(2-ethyl-5-oxohexyl) phthalate;
Mono-(4-methyl-7-carboxyheptyl)phthalate
Mono-(4-methyl-7-hydroxy-octyl)phthalate;
Mono-(4-methyl-7-oxo-octyl)phthalate;

Adaptation to Climate Change, Environmental
Pollution, and Dietary Transition (project)

Attention-deficit hyperactivity disorder

Aryl hydrocarbon receptor
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Arctic and Europe owing to climate-induced
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Brominated flame retardant
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Centers for Disease Control (US)
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Se

SHBG
TBBPA
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TEK
TSH
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Northern Norway mother-and-child
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Monitoring of Trends and Determinants in
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Northern Contaminants Program (Canada)
Nunavik Child Development Study (Canada)
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Protection Strategy (AEPS). AMAP is now one of six working groups of the Arctic Council, members of which include the eight
Arctic countries, the six Arctic Council Permanent Participants (indigenous peoples’ organizations), together with observing
countries and organizations.

AMAPs objective is to provide ‘reliable and sufficient information on the status of, and threats to, the Arctic environment, and
to provide scientific advice on actions to be taken in order to support Arctic governments in their efforts to take remedial and
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