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KEY FINDINGS AT A GLANCE

Climate change is directly
and indirectly impacting the
sources, transport pathways,
and fate of persistent organic
pollutants (POPs) and
chemicals of emerging Arctic
concern (CEACs), which, in turn
is influencing the exposure to,
and potentially the effects of,
these contaminants on Arctic
wildlife and other biota, as
well as people.

2

hie @ 7 Climate-associated changes
Q¢ ') @ in Arctic food webs are

influencing the exposure of top predators, such
as polar bears and certain seabirds to POPs.
These changes include the northward movement of
species inte and within the Arctic, and dietary and
food web shifts associated with, for example, the
loss of sea ice. However, the degree and direction of
such chamges on contaminant exposures cannot be
generalized due to differences beoween pollutants,
species, and locations.

AL SR D TR

2. Recent studies confirm that some earlier
K O\ predictions of climate change impacts

on POP sources, pathways, and fate in the
Arctic are actually occurring. Mew observations
imclude the warming-induced release of previously
accumulated POPs from permafrost, snow and ice
melt and the redistribution of POPs among water,
sediments, snow, and air. However, to date these
findings stem from a limited number of studies
of a few, specific Arctic locations, and itis not yet
known whether these impacts are widespread
throughout the region.

. = Based on climate and emissions
,P\ "/ modelling projections, levels in

the Arctic of most POPs included under the
Stockholm Convention will continue to be
influenced mainly by global emissions from
primary sources rather tham by climate change
effects on secondary sources such as (relemissions
from scils, glaciers or permafrost.
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Chimate change may be contributing to

v observations that levels of some POPs,
including polychlorinated biphenyls (PCBs), are
no longer dedining in the Arctic to the extent
that would be expected given known decreases
in their primary source emissions. Trends of
POPs have generally been decreasing in the Arctic
due to measures introduced both before and since
the establishment of the Stockholm Convention to
reduce emissions and releases; however, some are
levelling off, and even showing upward trends in air
and biota in recent years, and dimate change may
be part of the reason.

@ = Many l!rmledgegqls nama'n_

‘¥ regarding the current and projected
impacts of climate change on POPs and CEACs
in the Arctic. These include the extent to which
primary sources of these contaminanits within
the Arctic, as well as secondary effects of climate
change will contribute to local and regicnal
contamination. The potential for climate change
to influence pathways and fate of some CEACS can
be inferred from their physical-chemical properties
but field and modelling studies are needed, in
particular for CEACs that may be considered for
listing under the Stockholm Convention. Knowledge
is also lacking about the potential changes to Arctic
ecosystems and food-webs that may alker pathways
of wildlife and human exposure to contaminanis.

S Studies of POPs in Arctic air and
"-9\‘ biota have revealed associations

between temporal trends observed at specific
locations and climate-related parameters. This
information can be useful for processes that use
time trends data to assess the effectiveness of
regulatory measures to reduce POPs emissions
and releases, such as the Stockholm Convention
effectiveness evaluaton.
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CONTEXT & SCOPE:
UNDERSTANDING CONTAMINANT FATE
IN A RAPIDLY CHANGING ARCTIC

Arctic landscapes and ecosystems are being rapidly transformed by dimate change. The loss of snow
and sea ice, increass in sea water temperature, thawing of permafrost, and occurrence of wildfires
and extreme weather events condnue to intensify, and in some cases are accelerating. Changes in the
physical emvironment are driving shifts in the abundance, distribution, and behavior of Arctic biota,
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altering food webs, and leading to increased hwman activity in the region. While significant in their own
right, these climate-related changes also have the potential to alter the sources, transport. and face of
anthropogenic contaminants, many of which are associated with effects on wildlife and human health.

POLICY RELEVANCE — WHY THIS IS IMPORTANT

Climate-related changes in contaminant transport
and fate have potential consequences for the
exposure and health of Arctic wildlife and human
populations, particularly, Arctic Indigenous
Feoples and Local Communities. Understanding
such changes is thus critical for predicting futare
risks to wildlife and human health so that such
risks may be addressed through national, multi-
lateral or global policy actions.

POPs AND CEACs:

Previous AMAP assessments' and joint work with the
United Nations Environment Programme? examined the
potential influences of cimate change on the long-renge
transport and fate of POPs in the Arctic, highlighting its
relevance to the Stockholm Convention on Persistent
Organic Pollutants (POPs) Mew scientific information is
providing increasing evidence that predicted impacts of
climate changes on Arctic confaminant levels and trends
indeed taking place and need to be taken into account in
some policy- and decision-making,

CHARACTERISTICS & INFLUENCES OF CLIMATE CHANGE

The outcome of interactions between climate and contaminants depends not only on the
type and magnitude of environmental changes, but also on the sources, properties, and
regulatory status of the chemicals, Two broad groups of environmental contaminants are

referred to in this assessment:

Persistent Organic Follutants (POPs):
Chemicals that are listed under the Stockholm
Convention based on evidence of their
environmental persistence, hicacoumulation,
long-range transport, and toxicity. Their presence
in the Arctic to date mainly stems from long-range
transport. Resulting from restrictions on their
production and use, levels of many, but not all
POPs are declining in the Arctic. However, as a
consequence of past use, repositories of POPs may
exist in environmental reservoirs, such as Arctic
glaciers and sea ice that could be re- releaszed

in a rapidly warming Arctic. Examples include
pesticides (e.g, DDT) and industrial chemicals such
as PCRs, flame retardant chemicals (e g, PEDEs) aor
fluorinated surface protectants (FFOS, FROA).

Chemicals of Emerging Arctic Concern (CEACs):
Chemicals that are not presently (as of 2020) listed
under the Stockholm Convention but have been
recognized as a potential concern based on their
dooumentsd comurrence in Arctic ecosystems?,

Muost are current-use chemicals that are largely
unregulated, and some are altternatives for banned
chemicals and possible candidates for nomination
under the Stockholm Convention. Some are found in
consumer products and their presence in the Arctic
is likely to originate from both long- range transport
and local sources within the Arctic. Less information
exists for CEACs and the projectad impact of climate
change on their fate in Arctic ecosystems. Examples
include per- and polyfluoroallyl substances

(PFA%s) not already listed under the Stockholm
Convention, ourrent-use pesticides (C1/Ps), and
organophosphate esters (OPEs),
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Enowledge of the influences

of climate change on Arctic
contaminants is important for
evaluating past and informing
future actions of the Stockholm
Convention and other chemical
regulatory bodies.

The presence of chemical
contaminants in the remate Arctic
Presents a unique opportumnicy to
provide evidence of environmental
persistence and long-range
transport, both of which can be usad
to evaluate chemicals for potentizl
managemeant under the Smockholm
Convention. Climate change also has
the patential to influence long-term
contaminant temparal trends usad
in processes to track the efficacy

of chemical restrictions and bans,
such as the Stodkholm Convention
effectiveness evaluation.

The AMAP amsessment®
summarized here reviews the
current state of knowledge on
climate-related impacts on the fate
of POPs and CEACs. The assessment
findings provide insight into where
to direct research and policy efforts
for understanding future changes
in Arctic podlution, informing
regulatory decisions, and protecting
the health of Arctic wildlife and
people. These findings are the basis
for the recommendations of the
AMAP working group given later
in this document.

withie, ared frofm (he Arcte. AFetic Monlerng
anel Assessment Prograrme [AMAP].

2. Baport of the UNER AMAP Ex

ek o 75 e 1t 3 5 S L o 2 IC B 3 5 H
WX, A by 7R LSRR Z oL YE IO
W OB O E O TE 2 5 L. fFk 0 iEE)
SRR 2 -0 ICEETH 5,

T H 2 AR T DL G R E ORI, BREE
R D FEEE & REFEERE DO REEZ M B 2= — 7 7k
2%EoTw3, ZNHEMAED, A by ZFL
LMD T oA RE R B HIC B 3 2 L2 EE @ SRl
DOEICEATE 2, At v 7R A LER DGR
fili 72 &AL EPE O IR 55 1k OB 31 % B3 %
HEFEC RN 2 G E o B UEm 23 < v Tn
20, RAEZACITE N O IR A JIT SR HEE 2 B
5,

T ZICERK T T 3 AMAPEH X, POPs&

CEACsDEhREIC T3 2 SUEBE 02 BI 3 % 4
ORI E L2 —L T3, OO R
. AL DFH RO R DAL & B L, HH o E
WIERZIRME L, At B4 A & A & D% (7
T D -0ICiE, L BERORLY A% & D5
KRF 2 REPICOVTOREL it 2, 2n
b OWFERERIZ, o FETHRIAT 2AMAPY —*
VN — T OHREREIEDOBIIC 7> T\ B,

1.AMAPT7 &% X~ +2002 : dtii~a, LN <D, F
X AR A & O F RPNV RRFC N T 2 HIBRA B D,
LI E B R EHL 7' e 7° 5 & (AMAP)

2. UNEP / AMAPHEFR 7' L — 72011 DfEE « Krs
bt & POPs : & Filll, EEEREIEHE (UNEP) &t
B EARFAL 7 v 2775 2 (AMAP)

3. AMAP#EAMi2020 : POP L LG CHiZz ic e d T \n 3
{Le « [AEEL e, JURmEE R 7w 77
2 (AMAP) ,

4. AMAPi2016 : dLMECHi 72 I & X LT v 2{L2EY)

g, LB EAREHE 7 v 25 4 (AMAP)

REDILE

M:m mmumm Under future cimate change conditions the Arctic will be subject
anel Assessiment Programess [AMAP]L. to numenous changes including loes of ice, snow, and
4. AMAP Assessment T01& Chamicals of E‘ﬂﬁmmmwﬂfﬂ%mﬂwhwﬂ
Concern acean droulation patterns - could alter the - - T N > \ o N 3
e g . Py, drbion s e f oncamiars. Pk O QEZACKI T <3, bk, B, AABCLoBK, ABIES) & HIRo

BN, R EHREEER D X X — v 02 L Y, S EIE L Mr R oG, Thb
5 BT GRMEORAIR, R, o B R L Z 5 RN D B,



IMPACTS OF CLIMATE CHANGE
ON CONTAMINANT PRIMARY SOURCES
& PATHWAYS TO THE ARCTIC

Contaminants found in the Arctic originate from various sources. Some
substances, such as pesticides and industrial chemicals, are predominantly
released during production and use at lower latitudes and carried to the Arctic

via atmospheric and oceanic currents, Other substances, such as flame retardants

and PFASs, are present in materials and products that are imported, used, and

disposed of locally within the Arctic.

Cuantifying the impacts of climate change on
contaminant sources and pathways is challenging;

therefore, models based on availabl ical
emizzions and environmental monitoring data are
often employed to derive estimations of current and
future impacts.

How is climate change affecting
primary sources of contaminants
to the Arctic?

= Although environmental phenomena and

__# human activities that are known primary
sources of contaminants are expected to intensify
in the Arctic as climate warms, few studies that
directly link these changes with contaminant levels
are available, Wildfires are projected to increase
in the Arctic and are sources of POPs and CEACs,
including polycyclic aromatic hydrocarbons (PAHs)L
Predicted shifis in the geographic range or numbers
of agricultural pests and insect disease vectors
may eventually increase use of pesticides, Homan
activities in northern latitudes are also expected
to increase as climate warms, and as populations
and economic activity grow in the region, primary
sources of contaminants are expected to be brought
closer, or even into the Arctic,

Is climate change altering
contaminant long-range transport
pathways to the Arctic?

> Model-based studies suggest climate change
@ will affect contaminant transport pathways
to the Arctic, Changes in temperature and large
srale climate patterns have the potential to increase
chemical volatilization, enhance degradation,
and alter long-range transport pathways, and
will impart chemicals differently depending
on their primary method of transport to the
Arctic. Howewer, the effects of climate change on
contaminant transport to the region as projected
by modelling studies to date are small compared
to the expected effects of global regulatory efforts
on reducing contaminants emissions, Model
projections for the year 2100 estimated that climate
change could contribute up to a four-fold increase
in concentrations of some POPs in Arctic air and
water, whereas global emissions reductions could
drive concentration declines greater than 1000-fold.

How will local sources compare

to long-range transport sources of
contaminants under future climate
change scenarios?

o Climate change is expected to lead to an

"/ increase in human populations, activities and
developments in northern regions that are likely wo
be accompanied by an increased presence of CEACS,
Therefore, primary sources of contaminants within
the Arctic are likely to increase in the future as well,
Previous AMAP assessments concluded that long
range transport was the predominant contributor
to current contaminant levels in the Arctic region;
howewver, the relative contribution of long-range
transport and local releases to Arctic contamination
may change for certain chemicals at local-scales,
especially for areas in close vicinity to sources,
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NANTS WITHIN

THE ARCTIC

An expanding human footprint in the Arctic
is expected to directly as well as indirectly
contribute

precipit.ntim,merer

that are associated with potential for local
inari lavels

oo % T ities,
have limited possibilities for waste management
whith may include open incineration of waste
and discharge of liquid waste in sewage lagoons.
As climate warms, the permafrost underneath
lagoans and waste dumpsites may

degrade and nolonger prevent contamination
of adjacent soil, aquifers and water courses. Any

increases inlocal releases would ocour alongside
the continued input of long-range transported
pallutants from distantly located sources.

nfﬁﬂﬁ: are found in fire-fighting foams -
bocal source of CEACS within the Arctic
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INFLUENCE OF CLIMATE CHANGE
ON CONTAMINANTS IN ARCTIC
ECOSYSTEMS & WILDLIFE

The Arctic is a large region that
encompasses diverse ecosystems
and species connected through
complex biogeochemical and
ecological pathways - many of which
also mediate the transport and
bioaccumulation of POPs. As climate
change alters ecosystem structures
and connections between species,
levels and trends of contaminants in
the environment and biota are also
being affected.
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What are the key climate-related
changes influencing contaminant
levels and fate in Arctic ecosystems?

Numerous climate-related changes
Q@

to Arctic environments amd
ecosystems are ocowrring with both observed and
projected effects on contaminant movement and
distribution within the region. Confidence in the
linkages between climate change and effects on
contaminants varies depending on availability
and frequency of ohservations,
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OBSERVATIONS OF CLIMATE CHANGE-RELATED EFFECTS OM ARCTIC CONTAMIMANTS

influgncing the movement and accumulation of contaminants. Although such ecosystem changes are likely
ocourring throughout the region, evidence to date of cdimate-related effects on contaminants comes from a
relatively small number of studies conducted &t only & few locations

PERMAFROST ALTERED ECOLOGICAL
@ SHIFTING SEASOMS DEGRADATION COMMUMITIES AMD
AMD THAW FOODWEBS
Altered timing of seasonal changes, Thaw and erosion of permalrost Changes in the abundance, distribution
giich &% enow et and sea ice break- surraunding Ardic lakes remaobilizes and eguonal rmovernents of Arotic
up, affect the tming of ecosystem stored contaminants into fresiwater spedes are creating new ecological
responses, such as phytoplankton walersheds, cammunities and relationships that

bloams, migration, and food I the Canadian Aretic, permalress alter contaminant expodune patiways
availability, with indirect effects on thiaw has besn linked to increased and levels in wildiife.

contaminant expodure. Shorter sea-ice POP concentrations in Ireshwater,
s@asons are assoclated with declining

POPs in 2eak in West Greanland and
the Canadian Arctic archipelags and
Hudsan By,
. For seahirds, POP levels at
surnrmer Arotic breeding
grounds reflected higher
expasures from their
southern wintering
grounds, therefore,
changes in the time
spent at winter and
breading grounds
could affect POP
EXpOSUre,

Dietary shifts of polar bears

associated with diminishing sea
ice have been linked with changes in
their tissue POP comncentrations.

benthic irvertebrates and Arcic char,

Examples of studies
where cliimate change.
reloted effects on Arche
confaminants hove
heen obsenved

CHANGING DIMINISHING
CLIMATE PATTERMS CRYOSPHERE

Altered global and reglonal dimate HORTHWARD Sea jce boas, glacier retraat and

patterns can influence the distribution MOVEMENT OF reduced snow Cover remobilizes

and movement of chemicals to previously deposited contarminants

SUB-ARCTIC SPECIES

and within the Arctic. Statistical Lo air, Fivers, lakes, and seswater, and

associations hive been reported
between contarninant levels in biota
and dimate parameters, incuding
predipitation, sea ice conditions, and
variations in regional dimate patterns.

Associations between climate

asclllation indices and POPs
have been observed for Arctic air,
seawater, and biota.

The increasing presence in the Arctic of
biota from more contaminated regions
al lower latitedes rmay introduce higher
levels of contaminants inbo e Arctic
food web,

In the Canadian Arctic, sub-arctic

capelin showed higher POP
concentrations than Arctic cod.

alters the behavior of ce-dependent
wildlife, with consequences for their
diet and contaminant exposure,

Higher inpuls of POPs and CEACS

to Seawater, glacier-lad lakes
and flords have bean assodated with
Increased ice melting due to dimate
change. Contaminant levels in seals and
palar bears have shown relationships
with ice coverage and quality.
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How are climate-related changes

affecting contaminant accumulation

and movement within the Arctic
physical environment?

Observations indicate that climate change
iz clearly intenzifying the mobility and

transfer of POPs between physical environmental
compartments of the Arctic; however, the overall
net effect on levels in specific environmental
compartments, such as gir or seawater, is less
clear. Climate change influences biogeochemical
and contaminant pathways from multiple and
sometimes opposing directions, making it difficult
to estimate the combined impact of these changes.
Moreover, many effects appear to be site- or
region- specific, and, therefore, cannot be widely
applied to all Arctic regions.
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How will climate change influence
the levels of POFs in Arctic biota
and food wehs?

@@ Current findings indicate that climate
change is affecting Arctic biota and food

whs through numerous, overlapping mechanisms.
As a result of these complex and interconnected
environmentzl changes, the overall impacts on
contaminant exposure in Arctic ecosystems are
poorty understood. The direction and extent of
changes in POP concentrations in biota are not

consistent but depend an the species, ecosystem, and

location and are not currenthy predictable; still, they
are orowrming. Climate- related impacts on a broad
range of habitats, species, and processes are certain,
which in turn are likely to disrupt the dynamics of
POPs in Arctic food webs.
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ard emironmental fate are further acted upan by effects of abundance, habkat range,
saasonality, prey accessibilty, and physiolagy of indiidusl wildide species in Anctic ecological communibes. Thie highly connected nature of Arctic food
webs and wanous pobential influences of cimate change makes it dfficult to eximate the overall iImpacts on contaminant exposune on Andic species
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How can Indigenous Knowledge and Local Knowledge contribute
to the discussion of climate-related effects on contaminant trends?

Maorthern Indigenous Peoples and Local Communities
hawve been directly connected to Arctic ecosystems
for centuries and have a rich repository of related
knowledge. Indigenous Enowledge and local
kr"mledgsl combined with current chservations
of sea-ice conditions and ecological changes, could
significantly enhance understanding of climate-
related effects on contaminant trends in the Arctic.

The present AMAP assessment revealed the importance
of long-term, site-specific monitoring efforts and the
need for improwved access to data on local and regional
changes in climate-related conditions.

¥

Maorthern communities are well-positioned to help
address these needs. Some Indigenous communities
already monitor sea-ice thickness, break-up dates,
and ather climate-related parameters. However,
additional communities, especially those with a
history of contaminant monitoring in the Arctic,
could also lead or parmer in the collection of
climate-related information. Such community-led

u arch based on needs
of the community and sustain monitoring projects
aver the decadal time scales needead to identify
climate influences on POPs trends.

O Communiysampling
- Rrged seal

s Beiuga

-, Cnherwhales

= Fish

* Camboudreindesr
% Seabirds

M Polar bear

Marny northern communities are
irmvalved in long-term manitoring

of POPs. These comrmunilies are
contributing or could contribute to tha
co-production of knowledge on bocal
wildlife and environmental changes.
Shudies combining contarminant and
climare research are particuarty useful.
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INFLUENCE OF CLIMATE CHANGE
ON LONG-TERM TEMPORAL TRENDS
OF CONTAMINANTS IN THE ARCTIC

On-going environmental monitoring results in time series that further our understanding
of contaminant trends in the Arctic. Temporal trends are critical for evaluating the
effectiveness of global and regional POP regulations, supporting any new regulatory
actions for CEACs, and protecting the food security and human health of Indigenous
peoples who rely on traditional diets. Yet, the complex influences of climate change on
contaminant sources, pathways, and fate in Arctic ecosystems can influence time end
data, thus impacting the interpretation of temporal rends used for decision-making.

Are temporal trends of POPs linked
with climate parameters or food
web changes?

. Although many decadal time series for

= POPs now exist for Arctic air and hiota, few
hawve been explored for connections with cimate
parameters. Monetheless, available findings indicate
climate- related factors, incloding sea ice conditions
and climate patterns reflected in oscillation indices,
may influence the magnitude of contaminant
trends in the Arctic physical environment and biota
including fish, seahirds, seals, and polar bears.
Howewver, the relationship between climate and
contaminant temporal trends are not uniform, and
vary among locations, species, and compounds
measured. Additicnally, there may be a time lag
between climate changes and effects on POP

levals, thus, we may only be seeing the beginning
of potentially larger climate influences on Arctic
contaminant trends.
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Do climate influences on contaminant
temporal trends have implications for
national and international regulations
of chemicals?

Modelled and measured results for some
@ POPs included under the Stockholm
Corwention suggest that primary emissions are,
and will continue to be, the main driver of Arctic
contaminant trends. However, some time series show
climate-related influences on trends that could affect
the interpretation of contaminant time series used to
evaluate the effectiveness of the Stockholm Convention
and other POP regulations. Current findings suggest
that climate impacts on contaminant trends cannot be
generalized or applied widely across the Arctic, as the
degree and direction of the climate influence can vary
between pollutants, species, and locations. Location-
specific factors may introduce a strong local or regional
component inta long-term POPs trends, thus, continued
environmental monitoring for both contaminant and
climate-related data will be essential for informing
future regulatory actions.

Associations between climate indicators ard
contaminant trends in Arctic bicta, including
fish, seabirds, seals and polar bears have
been absenved, and in some cases, may be
atrributed ta changes in prey species related
ta climate change.

Changes in sea loe extent alter prey availabity
and body condition in palar bears, with
consequences for contaminant levels. Under
conditions of reduced sea-ice extent, polar bears
hawe reduced access o their preferred prey of
seals, were thinner, and exnibited higher nosue
concentrations of lipophilic POPs.
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SLOWING OF POPs DOWNWARD TREMDS:
POTENTIAL INFLUENCES OF CLIMATE CHANGE

\Commentration in &, pgeim?
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In some locations, the dedine of certain FOPs is siowing, and even reversing drection, potentially in assodation with cimate-related
changes. Leweds of PCB-52 and FCB-101 in air are now increasing at the coastal site of Starhof3l, Iceland in dicse: proximizy to retreating

ice caps, after earfier decreases.

How well can we anticipate how
contaminants will impact the Arctic
under future climate change?

The present assessment has revealed a high

complexity of overlapping direct and indirect
effects of climate change on POPs in the Arctic. The
overall impact of climate on contaminant levals and
trends is dependent on numerous factors, including
changes to contaminant sources, transport pathways,
Arctic environments and ecological communities.
Some of these changes will be apparent within weeks
aor manths, while others will take years or decades
to develop. Adding to this complexity, outoomes will
depend on the chemical characteristics of individual
pollutants and will vary by location and species.
Underbying all of these variahles is the inherent
uncertainty associated with the progression of
climate change globally.

Although there is now a growing amount of evidence
indicating climate is influencing the contaminants
within the Arctic, the complex factors controlling
these changes are far from well understood, imiting
the ability to predict future outcomes. However, at a
large, regiomal =cale, and over the longer term, current
findings suggest that primary emizzions continue to be
the dominant factor controlling POPs exposure in the
Arctic. Thus, global repulatory efforts are, and will be,
essential in reducing future contaminant impacts 1o
the region. At the same time, additional regional and
national controls will be important for limiting the
effects of currently unregulated CEACS.

To improve the ability to forecast climate influences
an the Arctic, models that combine multiple
environmental processes can be used, however,

the accuracy of their projections are dependent

on the understanding of ecosystem processes and

interconnections, as well as the availability of data
on emission estimates, physical-chemical properties,
environmental levels, and trophic relationships
hetween species. Thus, greater availability and access
to environmental and ecological data will be key to
improving future projections.

Knowledge gaps & needs for
understanding climate influences
on Arctic contaminants

While there are many uncertainties regarding
¢ the impacts of climate change in Arctic
ecosystemns, some knowledge gaps especizlly limit
our understanding of contaminant fate under
ongoing climate change and are thus recommended
to be the forus of future research:

+ Physicalchemical properties of contaminants,
especially CEACS

+ Levels and sources of primary emissions of POPs
and CEACs

+ Methods to distinguish between local, regional,
and distant contaminant sources, induding
long-range transport

+ Climate-induced alterations in the Arctic physical
environment

+ Changes in wildlife movemnents and structure
of Arctic food webs

+ Mechanistic understanding of correlations between
climate parameters and contaminant levels in the
physical environment and biota

+ Data on contaminant and climate-related changes for
terrestrial environments and low-trophic level biota
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RECOMMENDATIONS HIREIR

Based on the findings of this AMAP assessment, the AMAP Working 5SRO AMAPFHii D FH R ICH D WT, AMAPY —F% v 7 7V — 73RO & 25T 5,
Group recommends the following steps:

EFFECTS ON CONTAMINANTS INTO REGULATORY
PROCESSES ADDRESSING POPS:

'| S L s S an g 1 -QC PoPsiR-TLBIBIEEIC, FRNBICHT 3 RBELCONEICET SABEMAAL :
« R by 2R LEMB X CEBEECEARE RSN (BENBRIEARHELICHET 34M) cB3 2 A3iis
» The groups responsible for effectiveness evaluation and risk assessment SRV R 7FEEZHY T3 70— 71k, BEFOPOPsE X U—FDCEACsD L RN iCH§ 3 [URZE{L D Bgm

under the Stockholm Convention and UN ECE Air Convention ., 4= =
(Conwvention on Long-Range Transboundary Air Pollution) implement ‘j- % %g %%ﬁj— % ﬂE% %ﬁ 2o

procedures to account for the increasing influence of climate change
on lewels of POPs and some CEACs observed in the environment.

2 @) POPs# & U'CEACSICEIY 3 EMEH & BRET 5 :

(‘ >\ REAFFIRMING CALLS FOR ACTION
2 '13"?) ON POPS AND CEACS:
s LBFHBED A VA—EBLUPR by 750 LR ORKIEIX, POPsO—RBFHE % HIRT 3 720 DHLY A
» Arctic Council Member States and Parties to the Stockholm Convention AL, Xty 7 FVLER~DCEACsOEFORREEICOWTT E & Hat 32, [ iR =T Y
B AP B e D Y ICEET b R PRI B S 5 IS5 S I X N B AR, SREH R LRSS &

e D A AT e S e PIHIC 51 BPOPSL XAV Z G & A FET 2 EEABRTH O 5. [URELICHEET 2 & # 2 5h bR

regulatory efforts on reducing emissions will remain the primary factor % E s K%j—o

o T S et AR D A S —E 2 4 7F = ik, BEFOIY Hed CHEFE L T\ e\ CEACs DL 2B AL & BEO 7:
cimate change. DOE, R, BIVCHRNEFFEOA =T F 72X BT oL L bIH IR L, BHEY X7 i3 53L&

» Arctic Council Member States and Observers support existing and ﬁEE’\‘fo\‘%ﬁ&% &%‘j— 5%, j[:*ﬁi?’{u%.ﬂﬁ'ftj_ 5LZD i‘@iﬂif D }\Fﬁﬁéﬁ 6ii§ﬂl] L. % nﬁ‘ﬁ&ﬁ%ﬁiﬁ%ﬂ;%%
consider new national, regional, and global initiatives for chemicals ’,”é@*ﬁ‘rﬁﬂ %ﬁ% L f:%ﬁ@ﬁﬁﬂ& @%ﬁﬂ‘ ich 5 %ﬁ INb 'ﬂf‘?%g& &@%ﬁ't’. &(ﬁg%%g@i&ﬁ:f @ﬁiﬁ
e I LT oL Oy e . Db T HREED D 2, BEFOEHEOH L L CTid, EULEYERIG (REACH) B X U7 F X BB REE
et e e et e It b i e e (CEPA) #5553, [FEELEWEER~DWIANT 78— (SAICM) | ofei s L. BiE, {L¥mE
il B stk 9 ol o o paslbnie. s eemicl IRV OEELREHD -0 0 HEMW R RS A DI ITh T3 25, EWNEDKRE & Eis, o
emerging concern that fall cutside the scope of the existing mechanisms for Eg UAN %% o TWn3 °
the regulation of long-range transported pollutants. Examples of existing

lepislation wchde the EU Chemical regaiation (REACH) and the Canadian o JUEREEEIX, ARSI O, [RICBT 2 MR, KARLEORfEOR R L L AL 2 HToFEEYA
Enwvironmental Protection Act {CEPA). Development and implementation of V7 7 OREERNRIICER#ET 2 02 &0, HITOERRZBEBRNICEET 5 20 0ME D78 25T 2,

national legislation is a key element of the woluntary global framework for
sound management of chemicals and waste currentdy under negotiation
a8s a successor to the Srategic Approach to International Chemicals
Management [SAICM).

= Arctic 5tates, consider independent actions to proactively control local
contaminant sources, including those associated with increased human
activities, extreme weather events, and structural failure of local waste
infrastructure as a consequence of permafrost thaw.




3 () mammicas s REEOBEIHT 3 NMBBOIA

LtE & A 7Y — N —EHO BT, I X CEFEN B X 0% E OB kR 1L

3 @ EXTENDING THE KNOWLEDGE BASE ON CLIMATE

CHANGE EFFECTS ON CONTAMINANTS s [EELE X VEET 3 £RROE{LHPOPsE X WCEACsic 5 2 2 B2 E R L -5 %2 Ik
Governments of Arctic States and observer coungries, and imtermational gﬁ‘j— 6 o Z *HC ci\ Eﬁﬁﬁﬁﬁﬁﬁic i” ‘j' 6 l;\% Dﬁiﬁﬁﬁﬁe&ﬁj%\ :‘Ai? J: U%ﬂhwg%ﬁ 2
- States - : LOBEREENE, CNODOMFIE, MFHEEL FEA T 2OMREZUET L7201,

and natonal research funding agencies:

» Expand studies considering the impact of climate change and related

HUY % 5 R D HipH & HBLAEIPH O W77 IC DO W TR S 2 A H 5,

ecosystem changeson POPS and CEACS, icudin th roleof extreme - CEACst &t & 5 VTR R ISV, MBI REWE, SN, b1 USIE/ART— % O
and local :mtmmamgsuunrfes.Thesdeies should be expanded in %‘j— 5Z¢ %ﬁb\ fthﬂE‘Ji? X U:ﬁﬁ Dﬁﬁ Dﬁ)ﬁ yiQ rD E%ﬁ%%g%ﬁj u 7 7 L %jﬁ\‘gﬁj—
both scope and geographical coverage, to improve the knowledge base %, SfEZeA & IGRWE O oM M AR O IE, ALRD A RER D LRk & KK L |
suxl e Mg O ey Dricemes, HHRYE O R O A BER AN 2 WREIC T 2 [N T, BREESEM. B X OHEEY O
':ﬁ:;&::ﬂzn:;ﬂ::xm;meﬁzsfawk @Ciiﬁkg- B3 27 — % 285k L - RIAM 2 oG S N2 BREEH O Y A 2 8L X &
CEACs, and collection of ancillary biological, ecological, and dimatef °

Faisec-ogas ke The ¢ vsplad ek s oion et ctingie $II2=F A EBWEEINL . MO T I 2 =5 4 EREHE T 025 LMo
?nnn:tum'in::er;:rt_'—i ::t-:;‘ler‘: H:E&m";i;nnfirficaemr;!:;::::d % % Z‘LE DL LTy ~ ﬂ]ﬁoJ:/H\:ﬁéEE %ﬁﬁj— %, POPs® %'ﬂ:ft‘,ﬁ\ ﬁ & ?ﬂ%%'ﬂ: & D Egi% %
include ancillary data on ciimate parameters, envirenmental conditions, ﬁﬁ*}—\]j‘ 2720 RFEROME L MIcOMEOERT 5 2 L ik, BRI %ﬁ;f"’: L. %,ﬂ: ¥
andt:till:.llifer::p:.la:?rﬁ which allow for meaningful interpretation of the éﬁ{g’gﬁ%ﬁ:{k %‘ﬁﬁ;\% @ FTPOP & CEAC @Eﬁi% L Ej]% Iz %2% x &bi“ LTWw2Fat2D LY
contaminant findings. WER AT 5 L B,

* Promote increased o oduction of krowl by encouragin,

comuriy b et ramaig copacy kg - SURBDERIT £ X 0 EYIICHESAL, 2 OBREEET 5 01, MRINELERSIF
E‘:L"IE”I;‘;:"’:r:“i:mﬁﬁ;ﬁaﬁi:zij;iﬁpfiri"ﬁ;ﬁﬁr = ?f(temgi)ral trend analytical method) & Z DEX D MHAF 2 X bICKE I 2z LT, ThEBFED
with climate change, would complement scentific studies and facilitate a H#’% ﬁu 7 2 D@ﬁ (aels T;@&E@ ‘Cﬁﬁ*ﬁ‘j— % f’ﬁ% ‘:FH w3 o Z NIZE-T N /%\ i To BE 6
better understanding of processes that affect POP and CEAC transport and N7 OBEFIE» OELNZHFRIC L > THL I T2 2 3 TE B,

fate under changing dimate conditions and ecosystemns.

e e TS « PER, LR, EVEREBROMMES & KIBIHL L LROEROT BT 3 SE k5
better incorporate and investigate relationships with climate-related E ’i’)iﬂﬂ& LTw3 #%E‘J fa‘.ﬁgﬁ %ﬁlﬁ?ﬁ‘ %) o C @%éﬁ@ &Hy D ;ﬁﬂ%‘ bi\ E%?ﬁﬂﬁﬁ\ BUH:\ j:
parameters and apply these to retrospectively re-analyze trends in ¥ EERB LBt AT I fThns Z itk o THRZR T2 TH S 9,

existing time- series, thus building on the knowledge gained from the
limited number of studies where such work has been done so far.

* Encourage interdisciplinary research that reflects the complexity of
physical, chemical and biological processes and the rapid developments
both with regard to climate change and chemical contamination. This
integrative approach would benefit from collaboration among disciplines,

EOvernment, universities, and Indigenous pecples and local communities. [N v P
-~ - -l'.
- Qc: : ?
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AMAP (Z, 19914F 12877 [E D ALk BRI PR FE I 1 He D TRRAZ T 41, 753 & SR LIS B 3 5 de stk
K> TEHR Ll 21T > T2, AMAPIZ, BORE ERERE 7 v e X iclfmz gt 2 201c, #
KDV BORBSE 0 FHliSCE & —Rm I 0T v b ) —FREY EAER L T b, 199643k, AMAP
AMAP, established in 1991 under the eight-country Arctic o e BALBRIES D6DD T —F v 7 A —T D0 ED L LTHEH L T 5,

Environmental Protection Strategy. monitors and assesses the ¥ I

status of the Arctic region with respect to pollution and dimate

change. AMAP produces sdence-based policy-relevant assessments

and public outreach products to inform policy and decision-making

processes. Since 1996, AMAP has served as one of the Arctic

Coundl's six working groups.

TOXEIT, EBEHETE S e 75 4 (AMAP) Itk o TEREN=doTh b, LT L dImTES
DAY N=F T - N—FEORMRERT I DTIER,

e e L ey b T The AMAP Assessment 2020 : POPs and Chemicals of Emerging Arctic Concern: Influence of Climate

Assrswn‘npr'c-sran’;meNW}mdaws nct mecessarily represent A0y ; Change (AMAPEE‘ZfIEZOZO : POPs & :I[:’Fﬁf‘%?fc el %ﬁ: é nf 2] 5 'ﬂ:#%g : ﬁﬁg'ft @%g) Li\ 2021—"'5!5

95 1801 7 e s 5 i _ I AMAPIC X > TRIT & 7 A O BESR UFFIH OO L 5 Th 5. Gk 5o BHEIC BT 5 34
o BFHConTiR, ZheUToREELZSHT 5L 2E#D 5,

The AMAP Assessment 2020: POPs and Chemicals of Emerging Arctic
Concern: Influence of Climate Change is one of several reparts and . . .
assessments published by AMAP in 2021, Readers are encouraged to et ey o + AMAP Assessment 2021: Mercury in the Arctic

review this, and the reperts below, for mone in-depth Information an (AMAPZEEA2021 = defE oo AKER)
glimate and pnllutlun BT
« AMAP Assessment 2021: Impacts of Short-lived Climate Forcers on Arctic Climate, Air Quality, and
Human Health
(AMAPFHi2021 = & Fmr Sfgamfil I K 723 b o &ifi, K5VE. B X A ORI I 3528
« AMAP Assessment 2021: Human Health in the Arctic
(AMAPZ#i2021 : Jbtid A 4 DfgEE)

« AMAP Arctic Climate Change Update 2021: Key Trends and Impacts
(AMAPILASIRZLD 7 v 7°F — 12021 : FE 2 Lff & 2

- AMAP Assessrent 2021 Mereury in the Aretic
« AMAP Agsessment J021: Impacts of Share-lved Climote
Forcers on Aretic Climete, Air Quality, and Huraan Health
- AMAP Assessrnent 202 Hurnan Health in the Arctic
« AMAP Arctic Clmate Charyge Updite 2021:
Ky Trends and impects

AMAP Secretariat

The Fram Centre,
Box 6606 Langnes,
9296 Tromsa, Norway

Tel. +47 21 08 04 B0
Fao +47 21 08 04 B5

%
AMAPHESR JF3(E 4 : POPs and Chemicals of Emerging Arctic Concern: Influence of Climate Change

FATHE - FITH © Arctic Monitoring & Assessment Programme (AMAP) | 20214
HAGERFATE - ArCS EHEK R (EN 7 AT ERCAUEERET S+ v 2 — )
R E - R, KEEHE (BN brsemm)

WEBH#HAE : 20214E

7T LRy R—,

Ry 7 R6606R % v 7T+ —F v,
9296t v LY, JNT x—

Eaf +47 21 08 04 80

7 7 v 7 A+4721 08 04 85
amap@amap.no

WWW.amap.no

amap@amap.no
WIAW_amap.no

(P Ay e pruopny boedan oaf svgy mogouny shues sopuey s sasgp iy miby = e s

202149 AR




