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ABSTRACT: In the Arctic, environment and health are linked in myriad ways. A key
emphasis has been on numerous long-lived contaminants in traditional foods, particularly
marine mammals, and their well-documented impacts on human, animal and environmental
health (“One health approach”). More recent concerns for Indigenous communities focus on
the (side) effects of the switch to a modern, processed diet, which is accompanied by a loss of
tradition and emerging health impacts. Furthermore, the availability of traditional foods is
increasingly threatened by the impacts of climate change, which also causes the emergence
and spread of new and old diseases, such as anthrax. Climate change, including thawing
permafrost and new forest fire regimes, threatens the built environment and infrastructure. In
particular, well-built, planned, and healthy housing is urgently needed, given that much time is
spent indoors. Health care, particularly for remote and Indigenous communities, is sparse, and
often ignores traditional knowledge and local languages. Indigenous communities in the
Arctic continue to suffer from marginalization, resource colonization/extraction, and the
impacts of racism. Recent examples of the green energy transition, such as in Norway,
continue a pattern of ignoring Indigenous rights and lifestyles. Overall, the connection between environment and health in the Arctic
is multifaceted and complex, and investigations and solutions ought to embrace an interdisciplinary and holistic approach toward
improving Environmental and Human Health in the region.
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Bl INTRODUCTION i.e. research, education, and administration, and by transferring

For readers of ACS journals, environment is typically knowledge to political decision-making and citizens.

considered the ext.ernal surroundings and Ianqscape, e}nd ?'ts B ENVIRONMENTAL IMPACTS IN THE ARCTIC
effect on health is often focused on pollution (primarily
contaminants, toxins) impacting the environment, animal and
human health." In the case of the Arctic region, it is home to
just over 4 Mio people, about 10% of which are Indigenous
Peoples with many different cultures and languages. Here, we
argue that to understand and assess health in (Arctic)
communities properly, a broader understanding of health,
environment, and well-being is needed (Figure 1). Such a
holistic approach was already formulated in the “One Health”
concept which is based on the idea that the health of people
and animals are linked not only to each other, but also to the
environment, where the changes that take place significantly
impact health. Health-related problems require global solutions
(“one world, one medicine, one health”). The One Health
concept was initially introduced as an operating model in the Received: August 11, 2023 = A
United States in the early 2000s to enhance research and fight Revised:  November 14, 2023
against new, globally threatening infectious diseases.””* The Accepted:  November 19, 2023
goal of the movement is to promote the well-being of all Published: December 12, 2023
species and the environment by combining expertise in

medicine, veterinary medicine and environmental sciences,

The Arctic is the region most strongly impacted by climate
change.™® Several of the so-called “tipping points” in Earth’s
climate are located in the Arctic, including the cascading effects
from the loss of the Arctic summer ice, the loss of the
Greenland ice sheet and its impacts on the Gulf Stream and
global overturning circulation, and associated effects on
permafrost and the stability of boreal forests.”

These environmental changes also affect the environment
and health of Indigenous communities and other residents of
the Arctic regions in myriad ways.'’ Yet beyond the visible
signs of a changing Arctic, Indigenous peoples, residents, and
newcomers to the Arctic also have to deal with invisible factors
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Figure 1. Multiple facets of health, environment, and well-being in the Arctic.

impacting health and well-being. The Arctic environment and
food are known to be contaminated by a wide range of
synthetic organic contaminants, typically via long-range
transport from the industrial and urban regions in the
temperate regions (North America, Europe and Russia/
Asia),"" including polychlorinated biphenyls (PCBs),'* per-
and polyfluorinated alkyl substances (PFAS),"* mercury
(Hg),"* lead and emerging contaminants.'> Several Arctic
communities are known to have elevated levels of these
contaminants, with known or suspected adverse health
impacts.'® Ongoing resource extraction of hydrocarbons and
minerals also contributes to air, soil, and water pollution.17_19

B THE ARCTIC DILEMMA

Many traditional subsistence foods, in particular marine
mammals, hugely important for spiritual, nutritional and
cultural reasons, are heavily contaminated by persistent organic
pollutants (POPs), other organic contaminants, and Hg. This
creates a choice between two evils, of either foregoing
traditions of hunting and eating, or knowingly consuming
contaminated foods that endanger human health for
Indigenous Arctic peoples.'

Switching to a modern, processed diet has probably
contributed to a decrease in body burdens of various organic
pollutants and Hg, but at the same time has resulted in an
increase in associated adverse effects, such as obesity, cardio-
vascular diseases and a lack of vitamin D.*

B FOOD SECURITY

A more recent development is that the actual migration
patterns of Arctic biota have been severely altered, endangering
the reliance on traditional foods. For example, ringed seals rely
on sea ice for reproduction and resting. In the Barents Sea, the
marginal ice zone has been contracting northwards.”" Similarly,
changes in sea ice in the Pacific Arctic Ocean also affect the
migratory pattern of Pacific Arctic beluga whales.”” The
warming Arctic Ocean also affects the ability to use the ice as a
solid basis for fishing and hunting.

Similar perturbations are also experienced by Arctic
terrestrial animals. Evidence from several decades of tracking

Arctic animal movements has shown changes in migration,
parturition and foraging.”® These changes will not only affect
the animal populations directly, but also the food availability
for their human and natural predators. In addition, food and
water security will also depend on preventing and minimizing
food- and water-borne diseases and contaminants.”*

The high cost of living, in particular the high food prices,
represents a major challenge for old and new residents.
Generally, purchasing fresh food and other dry goods in the
Arctic is more costly than in less remote and northern
regions.””~*® In Canada’s Arctic northern and Indigenous
communities, food insecurity affected between one and two-
thirds of surveyed households.”” For recent migrants and
refugees, these costs may also affect family or individual
economics in disproportionate ways, leading to reduced food
security. Initiatives of local, affordable food production should
be supported to provide for nutritious, affordable food.

B ENVIRONMENTAL AND HUMAN HEALTH
IMPACTS OF A CHANGING CLIMATE

Extreme climatic and weather events—heat and cold waves,
floods, droughts, etc.—are associated with anthropogenic
climate change and reflect growing climatic variability.”’~**
Significant and increasing direct and indirect effects of extreme
temperatures on human health—excessive morbidity and
mortality, negative consequences for mental health, human
and community well-being and health systems, are becoming
an increasingly urgent global problem.

An increase in the number of days with maximum
temperatures exceeding the threshold values is predicted by
the middle of the 21st century for some regions of Russia,
including Sakha (Yakutia) and the northern parts of
Chukotkskyi Autonomous Okrug.’”** As an example, a long
heat wave in 2020 in Siberia was recorded in Verkhoyansk, the
world’s “cold pole”, part of a major Arctic event, causing
thawing permafrost and wildfires over the vast area.”’ The
extreme heat of the 2021 summer has broken almost all
temperature records since the beginning of the 21st century
over the whole of Russia; temperatures in the Russian Arctic
for several days at the end of June were above 30 °C, and 15
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°C higher than normal (base period 1961—1990) in some
parts of Siberia. Wildfires in taiga forests covered Siberia and
the Far Eastern regions with smoke reaching the North
Pole.”"**

With the reduction of the permafrost, the taiga will come to
replace the tundra. From an epidemiological point of view, this
means the possibility of expanding the habitats of a number of
rodents and insects that are carriers of infections. A longer
period of high air temperature, early warm spring and long
autumn are the causes of the spread of certain types of rodent
vectors, which in turn creates prerequisites for the existence of
foci of tularemia, leptospirosis, hemorrhagic fever with renal
syndrome, and pseudotuberculosis.*®

Climate change also leads to the degradation of permafrost
zones. The issues of changing these zones are directly related
to the risks of natural focal infections, in particular, those
associated with spore-forming bacteria. There may be a
potential reappearance of anthrax associated with the melting
of permafrost in cattle burial sites, which poses a serious
danger in the northern regions. When the temperature
anomaly in the summer of 2016 reached 29—34 °C, it led to
an increase in the depth of seasonal permafrost thawing, and
likely mobilized the anthrax microbe with interpermafrost
waters to the soil surface. This led to the emergence of the
largest epizootic event among reindeer.”” Beyond anthrax,
tularemia, tick-borne encephalitis and others, depending on
climatic conditions, are activated with climate warming, so
detailed specific preventive measures should be developed for
the Arctic region. These include strengthening the system of
early meteorological warnings about the onset of heat and high
levels of atmospheric air pollution, floods, determining the
most vulnerable groups of the population in certain areas,
including those aged 65 years or older, and establishing
surveillance of emerging diseases in wildlife and people.

B ENVIRONMENTAL AND HEALTH IMPACTS FROM
A CHANGING ARCTIC INFRASTRUCTURE

The special characteristics of the Arctic region—coldness, long-
lasting snow cover, humidity, darkness, long distances and, in
some places, permafrost—affect the way of housing and
construction. The built environment is in a state of change.
Global warming causes, e.g. an increase in rainfall, an increase
in storm winds, and a decrease in snow cover and frost, which
affect construction solutions and the long-term durability of
buildings. As a result of climate change, the permafrost thaws
deeper and deeper, and can cause instability in the foundations
of houses in permafrost areas. When humidity and windiness
increase, moisture damage to structures also increases.

While urban settlements are no larger than about 5500
people in the North American Arctic, people live in cities in
the European and Russian arctics. Within Europe, concerns
about infrastructure exist, but the governments of Norway,
Sweden, and Finland are actively working to address the future
of one- to three-story buildings, roadways, and underground
infrastructure (e.g., utilities). The impacts of climate change
are very pronounced in the Arctic, and have so far resulted in
infrastructure deformations across the Alaskan, Canadian, and
Russian permafrost regions, in particular due to the large
presence of permafrost, or perennially frozen ground.”® More
than 80% of Alaska, 50% of Canada, and 65% of Russia are
underlain by permafrost. A combination of climatic and
anthropogenic factors have already resulted in significant
damage to permafrost infrastructure, including deformations of

buildings and linear infrastructure, and an overall reduction in
the usable lifespan of important infrastructure across the
circumpolar Arctic.”®” A study in Western Greenland
identified about 40% of roads as being established on
hazardous terrain, and that 12% of paved roads were highly
susceptible to permafrost thaw-caused damage.”” Infrastructure
damage is projected to continue: up to 50% of roads and
railroads, and 10—20% of buildings will be affected by
permafrost degradation by 2050, according to different
scenarios of global warming.*”*'

In many Arctic settlements, especially smaller and more
remote ones, there is a lack of infrastructure to support the
needs and desires of an aging population. For example, as
working-age individuals migrate to find work in other locales,
elders are left behind in existing, often decaying, housing. In
these settlements, there is little social infrastructure to support
pensioners and, often, the very young children are left with
elders for child care purposes. In many Arctic settlements,
sidewalks and outside stairs are often lacking or in disrepair. In
some places, the lack of infrastructure for living healthily
extends to reduced numbers of healthcare professionals, scaled-
down health facilities and reduced selections of items available
in drugstores. Across the Russian Arctic facilities where
pensioners can meet to talk or exercise are lacking, as are
childcare facilities. Programs like the One Arctic One Health
Program attempt to address these concerns, alongside those
more traditionally considered as environmental, such as access
to traditional and local food for food security.*

The plan of adaptation of the Arctic Region to climate risks
should provide a special section on the health risks caused by
the long-term permafrost degradation (assessment until 2050).

Bl BUILT AND INDOOR ENVIRONMENT

While Arctic wildfires have recently captured global attention
and shown the world the spectacular environmental changes
transpiring in this region, indoor health quality concerns in
local Arctic places are composed of a wide range of factors."
Humans in the Arctic spend lots of their time indoors, and
buildings need to meet the complex requirements of comfort,
satisfaction, health, while also responding to energy perform-
ance.”*™ One contributing factor to high rates of hospital-
ization for respiratory diseases in many parts of the Arctic is
poor indoor air quality in home environments; smoke, road
dust, and mold and moisture intrusion which all have a
negative impact on respiratory health, and put especially
children at a high risk of chronic illness.**~**

Slowing down global warming in construction involves not
only the transition to renewable energy, but also energy-
efficient construction. Increasing the efficiency of thermal
insulation and increasing the air tightness of buildings might
cause even more severe indoor air problems.”” In addition to
solving indoor air problems social and cultural aspects must
also be kept alongside technical solutions.

When standardizing housing construction to pursue good
quality, standardizing cultures by ignoring local values and
variations in living is not desirable.’” The housing challenges in
many countries are still being addressed at the planning table,
to which locals have yet to be invited. Participation and
inclusion also indicate environmental well-being: this does not
mean superficial and minimum consultation. Healthy housing
thus ought to integrate Indigenous knowledge of adaptive
living in the Arctic region, and incorporate tools for improving
indoor air quality and minimizing indoor air pollutants.”"

https://doi.org/10.1021/envhealth.3c00116
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B RESOURCE EXTRACTION AND THE GREEN
TRANSITION IN THE ARCTIC

Given the particular strong impacts of climate change in the
Arctic region, a transition to green energy seems an imperative
to minimize a further degradation of the environment. Sadly,
the current impacts of the green transitions seem to continue
the disrespect for Indigenous communities, and their historical
use of the region for caribou/reindeer herding and protecting
the environment (Figure 2).
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Figure 2. A successful green transition in the Arctic depends on a
strong foundation of attention to indigenous rights, food sovereignty,
health and well-being of all arctic human and nonhuman residents,

and careful attention to new infrastructure and development amidst
ongoing and utterly transformative climatic changes.
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For example, the Fosen wind turbine park in Central-
Norway violated laws and impeded Sami reindeer herding
practices.”” The wind park consists of six wind farms that are
part of the largest onshore wind power project in Europe, and
are located on the pastures of south Sami reindeer herders.
The wind farms faced resistance from the local south-Sami
reindeer herders’ communities from the beginning of planning
the wind farms in 2005, however their voices about losing their
winter pastures and the threat this had to the Indigenous Sami
culture, identity and language were not listened to. The Sami
reindeer herders then claimed that the wind farms interfered
with their right to enjoy their own culture according to UN
Article 27. Article 27 of the UN treaty states that minority
ethnic people “shall not be denied the right, in community
with the other members of their group, to enjoy their own
culture, to profess and practice their own religion, or to use
their own language”.>

On October 11, 2021, the Norwegian Supreme Court ruled
that the licensing decisions for the Fosen wind farms were
invalid because they violated the right of the Sami reindeer
herders to enjoy their own culture. Almost two years after the

Supreme Court decision the wind turbines are still running.>*
This serves as a reminder that to this day, Arctic, and in
particular Indigenous communities, have little say in matters
concerning the planning and development of their local
resources. Unfortunately, this is no isolated incident. At the
22nd Session of the United Nations Permanent Forum on
Indigenous Issues (UNPFII) held in New York in April, 2023,
the Cultural Survival advocacy group, called attention to how
the extraction of rare Earth elements is causing conflicts in
tribal communities in the US and around the world.>®

In the Russian Arctic, the green transition exists on paper as
attempts by Russian companies and regional governments to
reduce localized pollution, especially in cities where existing
factories and extractive industries exist (such as near
hydrocarbon extraction locations in the Yamal Peninsula)
and in/near fly infly out (FIFO) mining camps. However,
localized pollution—largely related to industrial and con-
struction chemicals—remains problematic for FIFO workers.*®
Few attempts are made to address these concerns via
environmental impact assessments and, as new industrial
complexes in the Russian North continue to operate without
international partners, and as Russia closes its borders to
scholars and journalists from the West, less will become known
about the overall environmental conditions and the green
transition. If prior observations from the takeover of
multinational-operated hydrocarbon development by state-
owned Rosneft and Gazprom in the sub-Arctic are any
indication, it may be likely that the future holds an overall
brown, rather than green, transition.>”

Many remote communities in the northern regions of the
US state of Alaska lack connection to national electricity grids,
resulting in their heavy reliance on costly imported fuels for
power generation. Yet several specific locations within Alaska
have taken a pioneering role in the development of community
renewable energy supplies.”® Energy systems encompass not
just technology and infrastructure, but also the communities
involved in generating, using, and benefiting from energy.
Significant capacity development is required, including the
need for support for local energy champions and the
establishment of networks that enable intercommunity energy
cooperation. A case study focusing on four Gwich’in
communities located in the Northwest Territories, Canada,
shows that the transition to renewable energy is closely
interlinked with socio-technical capacity required for it.>”

B HEALTH AND WELL-BEING OF INDIGENOUS
COMMUNITIES

It’s important to encompass a holistic view of health and well-
being that recognizes traditional knowledge: The health of
Indigenous communities can only be understood within the
context of colonization, which combined genocide, forced
dislocation, forced separation of families (children sent to
boarding schools), denigration of traditional values, cultures,
and practices. These traumas continue to exert a toll on
Indigenous communities, e.g., which continue to have high
rates of mental illness and suicide among Arctic youth, and the
lack of available resources to combat this problem. While
recognition of past evils has begun, the identities of Indigenous
people in Arctic societies remain at peril, as every generation
faces the choice of assimilation versus expression of their
traditional values, and a combination of both. While the
strength and resilience of northern communities is remarkable,

https://doi.org/10.1021/envhealth.3c00116
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additional environmental or societal stressors place an extra
burden on them.

The historical and ongoing oppression (racism) impacts of
colonialism on Arctic Indigenous peoples forms the backdrop
for many of the documented health disparities among Arctic
communities.”’ The colonization of Indigenous peoples and
territories by Arctic states accelerated in most regions of the
Arctic during the early 20th century,’" creating vulnerability to
many of the intergenerational health challenges that too many
Indigenous peoples struggle with today. Indigenous health can
thus not be reduced to biomedical conditions, but needs to
consider the ongoing impact of long-standing marginalization
and oppression faced by Indigenous people and communities
in the Arctic. Thus, marginalization, racism, and oppression
have been recognized as social determinants of health that
generate and maintain health inequities.””

Arctic community health care systems must consider the
influence of Indigenous peoples’ view of traditional health and
well-being and to rectify racism, develop specific interventions
to increase access and utilization among Indigenous
populations.”> The systematic neglect of culture in health
was attributed to be the single biggest barrier to advancement
of the highest attainable standard of health worldwide.®* This
requires incorporating traditional medical knowledge and
health practices in the healthcare sector and to understand
how socioeconomic, culture, social, political, and spiritual
determinants effect health and well-being for Indigenous
individuals and Arctic rural- and urban communities. Social
and built environments need to be transformed to create
equity-driven and barrier-free access to traditional medicine.”®

B HEALTH CARE OF ARCTIC COMMUNITIES

While health care varies from Arctic country to country,
isolated remote Arctic communities typically have less access
to good health care compared to other communities. In parts,
this simply reflects the difficulty in transport and the harsh
living conditions, but possibly also a lack of investment.
COVID hit many Indigenous tribes and remote communities
particularly hard according to several factors.”> These included
barriers to health services, poor housing conditions, higher
rates of pre-existing health conditions, like for instance,
respiratory infections, cardiovascular illnesses, diabetes, and
obesity.” Native Americans and Alaska Natives had a 1.8
higher risk of dying than their white counterparts.”” Also,
mortality rates for COVID have been a big risk for losing the
elders in the local Arctic communities, effecting traditional
knowledge transition between generations.65

Delivering culturally appropriate public health care and the
availability of quality medical care for the Indigenous Peoples
in the Arctic areas poses significant challenges.”® Indigenous
peoples in the Arctic are culturally and linguistically diverse,
and settlements are typically numerically small and remote.
Often, they must travel long distance to get health care or go to
hospital.*® Arctic Indigenous people also experience prejudices
and discrimination from non-Indigenous health care providers
when accessing health care services.”” To address Indigenous
health inequities there is an urgent need to incorporate
traditional medical knowledge and health practices in the
healthcare sectors, which take care of language barriers, cross-
cultural misunderstanding and make sure that health care is as
good as they are for the majority peers.®®

B OUTLOOK

As argued above, human, animal, and environmental health are
tightly intertwined in the Arctic (“One Health” approach). A
traditional focus in environmental chemistry has been on the
contamination of the Arctic environment, endangering the safe
consumption of local foods and traditional diets. This created
the original Arctic dilemma for Indigenous peoples: whether
and how to respect both traditional ways of living while
avoiding the adverse impacts of pollution.

The interconnected challenges for environment and health
in the Arctic are profound and evolving. Climate adaptation
plans in the Arctic Region should include a focus on the health
risks caused by the long-term permafrost degradation. Healthy
housing thus ought to integrate and include local and
Indigenous knowledge of adaptive living in the Arctic region,
and incorporate tools for improving indoor air quality and
minimizing indoor air pollutants. Improving participation and
fostering inclusion of local and traditional knowledge will not
only lead to better decision-making, but also empower Arctic
communities, and contribute to health and environmental well-
being. Respecting indigenous rights and traditions with
meaningful consultations will ideally prevent further violations
of land and cultural sovereignty in the Arctic region. To
improve food security, initiatives of local, affordable food
production should be supported to provide for nutritious,
affordable food. Given the rapidly changing climate and
environment, preventive measures should be developed for the
Arctic region, to strengthen systems of early meteorological
warnings about the onset of heat and high levels of
atmospheric air pollution and floods. The surveillance of
emerging diseases in wildlife and people needs to be
established given the recent disease outbreaks among animals
and humans. An improved health care system that incorporates
local and traditional knowledge, including health care workers
trained in the local languages is warranted. Initiatives and
solutions to improve environment and health must be
understood holistically, recognizing the multiple challenges of
the region and its inhabitants. While the rapidly changing
“new” Arctic might not resemble the past, its inhabitants will
continue to adapt to their new environment, as they have done
for millennia.
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