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(6)This assessment report details the results of the 2002
 AMAP assessment of the Influence of Global Change on
 Contaminant Pathways to, within, and from the Arctic.


It builds upon the previous AMAP assessment of path-
 ways of contaminants that was presented in ‘AMAP As-
 sessment Report: Arctic Pollution Issues’* that was pub-
 lished in 1998. In covering issues relating to the influ-
 ence of climate change on Arctic systems, this report
 also constitutes part of the AMAP input to the Arctic
 Climate Impact Assessment (ACIA) that is currently un-
 der preparation and due to be published in 2004.


The Arctic Monitoring and Assessment Programme
 (AMAP) is a group working under the Arctic Council.


The Arctic Council Ministers have requested AMAP to:


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


• identify possible causes for the changing conditions;


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


• recommend actions required to reduce risks to Arctic
 ecosystems.


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


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


The AMAP assessment is not a formal environmental
 risk assessment. Rather, it constitutes a compilation of
 current knowledge about the Arctic region, an evalua-


tion of this information in relation to agreed criteria of
 environmental quality, and a statement of the prevailing
 conditions in the area. The assessment presented in this
 report was prepared in a systematic and uniform man-
 ner to provide a comparable knowledge base that builds
 on earlier work and can be extended through continuing
 work in the future.
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(7)The Arctic Monitoring and Assessment Programme
 (AMAP) was established in 1991 to monitor identified
 pollution risks and their impacts on Arctic ecosystems. In
 1997 the first AMAP report, Arctic Pollution Issues: A
 State of the Arctic Environment Report* was published. 


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


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


The Arctic Council also decided to take cooperative
 actions to reduce pollution of the Arctic. As a direct fol-
 low up of the AMAP reports, the Arctic Council Action
 Plan to Eliminate Pollution of the Arctic (ACAP) was
 created to address sources identified through AMAP.


ACAP was approved in 2000 and several projects have
 begun. The AMAP information was also used in estab-
 lishing priorities for the Arctic Regional Programme of
 Action to Prevent Pollution from Landbased Sources
 (RPA), developed by the working group on Protection of
 the Arctic Marine Environment (PAME), and adopted
 by the Arctic Council in 1998. 


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



International Agreements and Actions


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


It is therefore recommended that:


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


• The Stockholm Convention on POPs be ratified and
 implemented.


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



Persistent Organic Pollutants


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


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


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


It has clearly been established that: 


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


Most of the total quantity of POPs found in the Arc-
 tic environment is derived from distant sources. The
 POPs are transported to the Arctic by regional and
 global physical processes, and are then subjected to bio-
 logical mechanisms that lead to the high levels found in
 certain species. Several potential source regions have
 now been identified within and outside of the Arctic.


A better understanding of local re-distribution mecha-
 nisms has also emphasized the important potential role
 of local processes and sources in determining observed
 geographical variability. 


There is evidence that:


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


It is therefore recommended that:


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


There is evidence that:


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


For other POPs, declines are minimal and some levels
 are actually increasing, despite low current emissions.


This illustrates the long period that may pass between
 the introduction of controls and the resulting decrease in
 levels in biota, as has been observed for PCBs, toxa-
 phene, and beta-HCH. 


It is therefore recommended that:


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


There is evidence that:


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


PBDEs are increasing in the Canadian Arctic. 


It is therefore recommended that:


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



Heavy Metals


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


It has clearly been established that:


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


There is evidence that:


Some of the deposited mercury is released to the envi-
 ronment at snowmelt, becoming bioavailable at the on-
 set of animal and plant reproduction and rapid growth.


Although poorly understood, this process may be the
 chief mechanism for transferring atmospheric mercury
 to Arctic food webs. 


It is therefore recommended that:


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


There is evidence that:


Despite substantial mercury emission reductions in
 North America and Western Europe during the 1980s,
 global mercury emissions may, in fact, be increasing.


Mercury emissions from waste incineration are likely
 underestimated. The burning of coal in small-scale
 power plants and residential heaters, principally in
 Asia, are major potential sources of current mercury
 emissions. These emissions are likely to increase signif-
 icantly due to economic and population growth in this
 region.


It is therefore recommended that:


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


There is strong evidence that:


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


It is therefore recommended that:


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



(9)There is evidence that:


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


It is therefore recommended that:


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


It has clearly been established that:


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


It is therefore recommended that:


• The Arctic Council support continued efforts to elimi-
 nate the use of leaded gasoline in all Arctic regions.


It has clearly been established that:


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


It is therefore recommended that: 


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


There is evidence that:


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


It is therefore recommended that: 


• The monitoring of cadmium in the Arctic be continued
 to support human exposure estimates.


There is evidence that:


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


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


It is therefore recommended that: 


• AMAP be asked to consider the need to monitor trends
 of platinum, palladium, and rhodium in the Arctic.



Radioactivity


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


It has clearly been established that:


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


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


The technetium information adds further weight to the
 recommendation made by AMAP to the Arctic Council
 in Barrow in 2000 that:


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


There is evidence that:


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


It is therefore recommended that:


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


It is apparent that:


There is continuing uncertainty about the amount of ra-
dionuclides present at a number of sources and potential
sources in the Arctic. Access to information about civil-
ian and military sources continues to be a problem. 



(10)It is therefore recommended that:


• The Arctic Council promote more openness of re-
 stricted information from any sources.


It has clearly been established that:


Compared with other areas of the world, the Arctic con-
 tains large areas of high vulnerability to radionuclides.


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


It is therefore recommended that:


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


It is apparent that:


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


It is therefore recommended that:


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


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


It is apparent that:


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


It is therefore recommended that:


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


It is noted that:


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


It is therefore recommended that:


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



Human Health


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


It has clearly been established that:


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


It is therefore recommended that:


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


There is evidence that:


Subtle health effects are occurring in certain areas of the
 Arctic due to exposure to contaminants in traditional
 food, particularly for mercury and PCBs. The evidence
 suggests that the greatest concern is for fetal and neona-
 tal development. In the Arctic, human intake of sub-
 stances with dioxin-like effects is a matter of concern,
 confirmed by recent results from Greenland. Increasing
 human exposure to current-use chemicals has been doc-
 umented, for example for brominated flame retardants.


Others such as polychlorinated naphthalenes (PCN) are
 expected to be found in human tissues. Some of these
 compounds are expected to add to the total dioxin activ-
 ity in humans. The AMAP human health monitoring
 program includes a number of measures of effects, rang-
 ing from biomarkers of effects at the molecular level to
 epidemiological outcomes.


It is therefore recommended that:


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


It has clearly been established that:


In the Arctic, diet is the main source of exposure to most
contaminants. Dietary intake of mercury and PCBs ex-



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


It is therefore recommended that:


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


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


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


It is noted that:


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


It is therefore recommended that:


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


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



Changing pathways


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


There is evidence that:


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


It is therefore recommended that:


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



(12)
(13)less, sufficient evidence has accumulated during the past
 decade to demonstrate that contaminant pathways can
 and will continue to change. Experience strongly suggests
 that the environment is likely to deliver surprises (Mac-
 donald et al., 2000b), one of these being the abruptness
 of change – something for which the Arctic has recently
 shown an unexpected predisposition (Alley et al., 2002;


Dickson, 1999; Macdonald, 1996; Mysak, 2001; Roth-
 rock et al., 1999). Other surprises lurk in the sometimes
 subtle and non-intuitive connections between global and
 regional pathways that put the Arctic at risk from con-
 taminants in the first place (Figure 1·1; AMAP, 1998;


Macdonald et al., 2000a,b).


To project how global change may alter contaminant
 exposure in the Arctic, this report builds on the founda-
 tion developed in previous assessments (AMAP, 1998;


Jensen et al., 1997), particularly those components ad-
 dressing pathways (Barrie et al., 1998; Macdonald et al.,
 2000a). This makes it possible to consider the implica-
 tions of model predictions that the world will experience
 a mean global air temperature rise of 3 to 5°C during the
 coming century (IPCC, 2002). Increased temperature
 Predicting how climate change will alter contaminant


transport in the global environment poses an excep-
 tional challenge. It requires detailed knowledge of the
 physical and chemical properties of contaminants, sub-
 jects in which much progress has been made during the
 past decade. It also requires a profound understand-
 ing of environmental pathways and how they might
 respond to change forced by, for example, alter-
 ation of the atmosphere’s greenhouse gas compo-
 sition. This depth of understanding is currently
 lacking. It is clear that aerosols and greenhouse
 gases such as carbon dioxide (CO2), methane
 (CH4), nitrous oxide (N2O) and chlorofluoro-
 carbons (CFCs) are being released to the at-
 mosphere by human activities (IPCC, 1990,
 1995, 2002), that the world’s hydrological
 cycle is being massively altered by damming
 for power and irrigation (Dynesius and Nils-
 son, 1994), and that humans are assaulting the
 global marine food web (Pauly et al., 1998).


Sufficient evidence has been assembled from pa-
 leorecords and much shorter instrumental obser-
 vations to convince most – but not all – climate sci-
 entists that these types of disturbance will contribute
 to global change if they have not already done so (e.g.,
 IPCC, 1990, 2002; Parsons, 1996; Showstack, 2001). 


As a component of the cryosphere with a large sea-
 sonal amplitude in ice and snow cover, the Arctic is piv-
 otal both as a region sensitive to change (sentinel) and as
 an exporter of change to other parts of the world (am-
 plifier) (Aagaard and Carmack, 1989; Vörösmarty et al.,
 2001; Walsh, 1995; Walsh and Crane, 1992). The 0°C
 isotherm is an especially important threshold of change
 because shifts between liquid and solid water have im-
 mense consequences for physical and biological systems
 and for humans.


Two major difficulties exist in understanding change
 in the Arctic and projecting its future. Firstly, recent
 trends are difficult to detect and comprehend due to
 short, sparse instrumental records. This is especially true
 of the Arctic where any climate trend must be discrimi-
 nated from an enormous seasonal amplitude in weather,
 and natural variation at time scales from annual to five
 years to centuries and longer (Fischer et al., 1998; Mc-
 Ghee, 1996; Polyakov and Johnson, 2000; Proshutinsky
 and Johnson, 1997; Stirling et al., 1999; Tremblay et al.,
 1997; Vanegas and Mysak, 2000; Wang and Ikeda,
 2001). Secondly, the understanding of environmental
 processes in the Arctic is not sufficient to establish, with
 confidence, the link between primary changes (sea-level
 air pressure, air temperature, ice cover) and those of
 higher complexity but of much greater significance (e.g.,
 thermohaline circulation, ecological structure and func-
 tion, the hydrological cycle). These difficulties currently
 form an insurmountable hurdle to making reliable pro-
 jections of how, exactly, exposure of Arctic biota to con-
 taminants will be affected by global change. Neverthe-
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Figure 1·1. The major physical pathways (wind, rivers and ocean
 currents) that transport contaminants to the Arctic.
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(14)will have direct effects on contaminants (e.g., enhanced
 volatility, more rapid degradation, altered partitioning
 between phases) and on the environment (e.g., loss of
 permafrost, change in the seasonal cycle of snow or ice).


However, a general air-temperature projection such as
 this is an insufficient basis for addressing the more im-
 portant changes that will inevitably occur in the connec-
 tions between the Arctic and the regions to the south
 and in the detail of pathways within the Arctic. Within
 the context of Arctic ecosystems and the humans who
 depend on them, it will not be temperature rise that is
 most important but, rather, the consequent change in the
 timing of seasons. During a contaminant’s voyage to the
 Arctic, it may spend varying proportions of time in air,
 soil, water, ice, and food webs or it may become de-
 graded (Figure 1·2). Each step along the path and every
 point of transfer can be altered by global change, which
 for a contaminant may mean dilution, concentration,
 transformation, bifurcation, shortcut, or delay.


1.1.
Objectives of this report


This synthesis focuses on the question of how global
 change might alter contaminant pathways to and within
 the Arctic. As such, this is neither a review of change nor
 is it a review of contaminant pathways or of newly emerg-
 ing contaminants. These topics have been, or are being,
 thoroughly reviewed elsewhere (AMAP, 1998; IPCC,
 1995, 2002; Macdonald et al., 2000a; Ruddiman, 2000).


Rather, this report seeks to highlight observations and
 projections of global change that appear most likely to
 play a significant role in the life history of contaminants
 headed for an Arctic destination. 


1.2.
Organization of this report


Change in physical pathways is the first subject dis-
 cussed, with the emphasis on observations during the
 past decade. Recent dramatic changes, many of which
 can be related directly to variation in atmospheric pres-
 sure fields (popularly referred to as the Arctic Oscilla-
 tion (AO) (Wallace and Thompson, 2002)), include
 changes in winds, sea-ice drift and cover, ocean cur-
 rents, precipitation, and other environmental pathway
 components (Morison et al., 2000; Serreze et al., 2000).


The contrast between high (positive) and low (negative)
 AO indices allows authoritative discussions on some of
 the ways in which the Arctic actually has changed. Sec-
 ondly, consideration is given to the likely consequences
 of these physical changes for biological pathways, not-
 ing that the organic carbon cycle and the food web are
 crucial pathway components for many contaminants
 (e.g., mercury, cadmium, and most organochlorine com-
 pounds). Brief consideration is then given to how
 human responses to global change are likely to alter
 contaminant pathways in the Arctic. The detailed re-
 view of physical and biological pathway changes that
 have occurred, or are likely to occur, then enables a dis-
 cussion of the consequences for each category of con-
 taminant of concern to AMAP (i.e., metals, persistent
 organic pollutants (POPs), radionuclides, and hydrocar-
 bons). Lastly, the difficulty of interpreting time-series
 data is discussed, within the context that contaminant
 trends observed in sediment, water, air, and biota col-
 lected from the Arctic may include aspects related to
 changing pathways as well as aspects related to changes
 in contaminant emissions.
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Figure 1·2. A simplified schematic diagram showing how physical pathways deliver contaminants emitted from northern industrial regions to
the Arctic where they may be concentrated in biota or removed through degradation and burial (after Stewart, 2000; Muir et al., 1999).
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