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Abstract

Arctic residents, whose diets comprise a large proportion of traditional terrestrial and

freshwater foodstuffs, have received the highest radiation exposures to artificial radionuclides
in the Arctic. Doses to members of both the average population and selected indigenous
population groups in the Arctic depend on the rates of consumption of locally-derived

terrestrial and freshwater foodstuffs, including reindeer/caribou meat, freshwater fish, goat
cheese, berries, mushrooms and lamb. The vulnerability of arctic populations, especially
indigenous peoples, to radiocaesium deposition is much greater than for temperate

populations due to the importance of terrestrial, semi-natural exposure pathways where there
is high radiocaesium transfer and a long ecological half-life for this radionuclide. In contrast,
arctic residents with diets largely comprising marine foodstuffs have received comparatively

low radiation exposures because of the lower levels of contamination of marine organisms.
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Using arctic-specific information, the predicted collective dose is five times higher than that

estimated by UNSCEAR for temperate areas. The greatest threats to human health and
the environment posed by human and industrial activities in the Arctic are associated with the
potential for accidents in the civilian and military nuclear sectors. Of most concern are the

consequences of potential accidents in nuclear power plant reactors, during the handling and
storage of nuclear weapons, in the decommissioning of nuclear submarines and in the disposal
of spent nuclear fuel from vessels. It is important to foster a close association between risk
assessment and practical programmes for the purposes of improving monitoring, formulating

response strategies and implementing action plans. r 2002 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

Over the last decade, there has been a focus on radioactivity and the Arctic. The
reason for this is the high number of nuclear sources in parts of the Arctic and the
vulnerability of Arctic systems to radioactive contamination (Wright, Strand, Sickel,
Howard, & Cooke, 1997). The arctic environment is also perceived as a wilderness of
high ecological value that needs protection against contamination. In addition,
information has been released concerning nuclear issues in the Arctic, which has
caused concern in many countries. Due to such concerns, the eight arctic states
launched the International Arctic Environmental Protection Strategy (IAEPS) in
1991 and the Arctic Monitoring and Assessment Programme (AMAP) was
established soon thereafter. AMAP is undertaking an assessment of pollutant
contamination of the Arctic, including radioactivity and its radiological conse-
quences.
AMAP presented a first Ministerial report in 1997 (AMAP, 1997) and a full

assessment report in 1998 (AMAP, 1998). There are also several other national,
bilateral and international programmes that deal with risk connected to nuclear
activity in the Arctic. This paper summarises some of the current knowledge about
sources of radioactive contamination, vulnerability, human exposures and potential
sources for radioactive contamination within the Arctic. It also gives some views on
future needs concerning radioactivity in the Arctic. This paper is based on some of
the work carried out in the AMAP Radioactivity Expert Group.

2. Past and present radioactive contamination

There are three main sources of current radioactive contamination in the Arctic:

* Global fallout from atmospheric nuclear tests .
* Liquid discharges from nuclear reprocessing plants in Western Europe .
* Chernobyl fallout.
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2.1. Global fallout

A total of 518 atmospheric nuclear explosions took place from 1945 up to 1980
with a peak in the early1960s and very few after 1963 due to the Nuclear Test Ban
Treaty. The highest fallout following these tests occurred during the period 1962–65.
As most of the explosions took place in the northern hemisphere, this hemisphere
also received the most substantial fallout (UNSCEAR, 1993). Estimated fallout
levels for the Arctic, based mainly on the known relationship between fallout and
precipitation, are shown in Fig. 1 (AMAP, 1997; Wright, Howard, Strand, Nylen, &
Sickel, 1999).

2.2. Liquid discharges from the Reprocessing Plant Sellafield

The major source of radiocaesium to the Arctic from West European nuclear
reprocessing plants is Sellafield in the UK. Releases started in 1952 and continue up
to the present day with the highest releases having occurred between 1974 and 1982.
The releases of 137Cs from Sellafield and subsequent contamination levels in the

Fig. 1. Estimated spatial distribution of 137Cs fallout from nuclear weapons testing (AMAP 1997, Wright

et al., 1999).
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Barents Sea are shown in Fig. 2; the figure is based on the collection of data of
several independent monitoring programmes and field studies compiled by the
AMAP Data centre. The 137Cs activity concentrations in surface water are shown as
yearly averages and a comparison with the discharge data for 137Cs (CEC, 1990;
Gray, Jones, & Smith, 1995) indicates a transport time of about 4 years. Releases of
99Tc from the reprocessing plant at Sellafield increased in 1994 and have recently led
to increased concentrations of 99Tc in northern European marine environments and
at greater distances into the Arctic Seas. Tc-99 activity concentrations in coastal
seawater near Troms� in the north of Norway are shown in Fig. 3 for 1997–2000.

2.3. The Chernobyl accident

Following the Chernobyl accident in the Ukraine in 1986, a major release of
radioactive material spread over large areas of Europe. Some Chernobyl fallout
reached arctic areas, mainly the North West Russia and Northern Fenno-Scandia,
with 137Cs depositions of 1–5 kBq/m2. Depositions of 10–100 kBq/m2 were, however,
observed just south of the Polar Circle in mid-Norway. In Fig. 4, 137Cs activity
concentrations are shown in reindeer meat from Kautokeino in northern Norway.
Global fallout was the major contributor to contamination up to 1986; after 1986 the
input from Chernobyl fallout is evident, causing an increase in 137Cs activity
concentrations in reindeer meat, although not high in comparison with those
measured during the period of major global fallout.
Although arctic terrestrial and freshwater systems were the most obviously

contaminated after the Chernobyl accident, arctic marine systems were also
contaminated, largely through indirect routes such as such as catchment runoff.

Fig. 2. Releases of 137Cs from Sellafield and contamination of the Barents Sea.
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Radioactive contamination of the North and Baltic Seas from Chernobyl fallout
provides continuous indirect contamination to the arctic marine environment via
transport pathways along the Norwegian coast.

Fig. 3. Releases of 99Tc from Sellafield and contamination in Norwegian Coastal Waters.

Fig. 4. Time development of 137Cs in reindeer meat in Kautokeino.
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2.4. Other sources

Several other sources also exist that have resulted in small or localized
contamination in the Arctic. These include the Thule accident in Greenland (where
an American plane carrying nuclear weapons crashed into the sea ice), the Novaya
Zemlya nuclear weapons test site, the sunken Komsomolets submarine in the
Norwegian Sea, radioactive waste storage sites and dumped radioactive waste in the
Arctic Seas.
The nuclear reprocessing plant at Mayak in the Urals has not contaminated arctic

areas to a substantial degree with earlier discharges (NRPA, 1997) but currently
represents a considerable potential source of contamination within the environment.
The discharges of radiocaesium and radiostrontium from Mayak were nearly 100
times higher than that from the Chernobyl accident (NRPA, 1997). Today, the
inventory of these radionuclides is mainly stored in lakes, swamps and reservoirs,
with the potential for leakage into the River Ob and the northern Seas (NRPA,
1997).

3. Doses to man from past releases

One of the objectives of the AMAP programme was to assess radiation doses to
the arctic population. However, the focus of the AMAP work was to assess internal
doses and activity concentrations in foodstuffs. In addition dietary information was
collected for different arctic countries.

3.1. External exposure

The main source of external exposure in the Arctic is global fallout. UNSCEAR
estimated that there was an effective dose commitment of 1mSv for external
exposure in the northern temperate zone (401–501N) (UNSCEAR, 1993), half of
which is due to 137Cs. The rest is due to short-lived radionuclides such as 95Zr, 106Ru,
54Mn and 95Nb. UNSCEAR (1988) estimates 137Cs deposition from global fallout to
be 5.2 kBq 137Cs/m2 in the 401–501N latitude belt. Assuming that external dose is
proportional to 137Cs deposition, the effective dose commitment in the 60–701N
latitude belt, where the majority of the arctic population lives, based on an integrated
deposition density of 137Cs in that latitude belt of E3 kBq/m2 (including the
contribution from the Chernobyl accident, can then be calculated to be 3/
5.2� 1mSv=0.6mSv. However, external dose will vary according to the amount
of precipitation and thus of global fallout. Thus, people living in areas of the Arctic
with high precipitation (and high global fallout; Fig. 1), such as the coasts of Norway
and Alaska, will have higher external doses than elsewhere.
External dose in the regions that received some Chernobyl fallout is also

enhanced. The external individual dose commitments from Chernobyl fallout to the
Norwegian, Swedish and Finnish average national populations were estimated to be
1.0, 0.6 and 1.7mSv, respectively (Strand, Strand, & Baarli, 1987; Moberg, 1991;
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STUK-A74, 1991). The external doses received by the arctic populations are, in
general, lower than the respective national means. The external doses from the
Chernobyl accident should be added to the 0.6mSv from global fallout estimated
from UNSCEAR values to obtain the total external exposure from anthropogenic
sources. It can therefore be estimated that external exposures to members of the
arctic population will be in the range 0.6–1mSv from all anthropogenic sources.

3.2. Internal doses

Internal doses arise from both ingestion and inhalation of radionuclides. The
inhalation pathway is of minor importance for most radionuclides and will not be
considered here. According to UNSCEAR (1993), the most important contributor to
internal doses from anthropogenic sources is ingestion of 14C occurring over many
thousands of years that will deliver an individual effective dose commitment of
2.6mSv to the average member of the world population. This dose will be the same
irrespective of where people live. However, only 10% of the collective dose will be
delivered before the year 2200. For current generations, the most important
anthropogenic contributors to internal dose are 137Cs and 90Sr (UNSCEAR, 1993).
These radionuclides have also been the most intensively studied in the environment.
Therefore the focus in this assessment for the Arctic was on 137Cs and, to a smaller
extent, on 90Sr.

3.2.1. Selection of population groups and their diet
Since the early 1960s it has been known that reindeer meat consumers received

elevated doses of radioactive fallout, especially 137Cs, compared to other population
groups (Nevstrueva, Ramzaev, Moiseer, Ibatullin, & Teplykh, 1967; Miettinen,
1969; Westerlund et al., 1987). Assessments of dose must therefore take different
population groups into consideration. In AMAP, dose assessments were carried out
for the ‘‘average’’ arctic populations in arctic countries (generally comprising the
majority of the population in the area), as well as for selected groups. For all the
arctic countries, except for Iceland and Greenland, the selected groups were sub-
groups within the reindeer-consuming indigenous populations. In Iceland and
Greenland no such population groups exist. In Iceland, the assessment was only
carried out for the average population group, whereas in Greenland, a hypothetical
critical group with characteristics similar to the other reindeer consuming population
groups was assumed. Table 1 shows the annual mean consumption rates derived for
the average populations and some selected groups within the arctic countries.
Assessments of ingestion doses to different population groups, both average
populations and indigenous population groups, depend on adequate information
on dietary habits. The diet information used in this assessment is based on the best
available information provided by each country for this initial assessment. The data
on temporal changes in food consumption were pooled for 5 year intervals to make
the diet data compatible with that available on contamination levels (see below).
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Table 1

Contemporary annual mean consumption of foodstuffs kg/y/cap for average (A) and selecteda (S) populations of the Arctic

Alaska Arctic Finland Green land Iceland Northern Canada Northern Russia Arctic Norway Arctic Sweden

DietFMainly imported products: A S A S A S A A S A S A S A S

Cow milk** B80 230 150 92 92 176 86 70 206 213 158 158

Other milk** F F F F F 10 F F
Cow cheese** 12 15 5.8 5.8 14 5 9.5 5 12.7

Other cheese** F F F F F 6.6 0.4

Grain products as flour B60 72 80 57 57 57 51 100 180 59 60 50

Potatoes B40 60 50 28 28 50 30 70 15 60 84 55

Leafy vegetables (e.g. cabbage) 10 F F 20 55

Root vegetables (e.g. carrots) B50 30 20 11.6 F 26 61 10 5 39 5

Fruit (imported) 60 10 36 F 57 30 20 65 55 55

Pork 60 F 15 15+

Beef B40 9 36 F 41 15+ 40 11 55 3

Poultry & eggs 10 5 F 15 5 F F

DietFMainly local products:

Lamb F F 9.1 F 24 6 1 2

Marine fish (incl. fish from fish farms) 14 5 23 F 27 10 40 20 14 15

Deer F F F F F 1.5 0.2

Elk or moose 1.5 0.1 F F F 28 364 3r 91y 1.6 6

Reindeer or caribou B10 B300 1.0 70 3.8 82 0.04 0.7 120 0.2 60

Freshwater fish (wild) B10 B10 4 20 F 23 0.6 12 12 5 70 1.2 5 1 15

Berries (wild) 10 20 F 10 F 10 15 2.6 12 4.5 3

Mushrooms (wild) 1.4 1 F F F 5 20 0.2 2.8

Various game (e.g. birds, hare etc.) B5 B10 0.3 1 F F 1.1 4.7 12 10 F 0.05 2

Seal B5 F F 30 30 6.2 F F
Whale F F 2.3 F 0 F F
Drinking water B700 B700 700 700 550 550 600 700 700 600 700 600 550 550

aThese groups are not necessarily directly comparable (see AMAP 1998); ** milk and milk products are locally produced in some countries; + for 90Sr

intake calculated as 0.25 kg bone; r for 90intake calculated as 0.05 kg bone; y for Sr-90 intake calculated as 1.5 kg bone (STUK-94A -A62 -A78) (Ris�
Reports, 1970, 1986–1993) (Steingrimsdottir et al., 1991) (Coad, 1994) (Tracy, Kramer, Zielinski, & Jiang, 1995) (Strand et al., 1987) (Moberg, 1991)

(Johanson and Bergstr .oom 1993).
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3.2.2. Levels of contamination in food products
For the AMAP assessment, data on radioactive contamination was gathered from

each of the arctic countries, and from refereed articles, monitoring reports and
relevant ongoing projects by the AMAP Datacentre. For all the data considered for
use in the assessment, the quality and reliability of the data was assessed using
available information on source laboratories and methods used. The assessment
work was based on more than 20,000 measurements of various (sample types from
the Arctic; 137Cs data are presented in Fig. 5 which shows the mean, minimum and
maximum values for the different foodstuffs. Generally, 137Cs activity concentrations
in terrestrial biota have been consistently higher than those in marine biota. Within
the terrestrial environment, the highest activity concentrations occurred in products
harvested from natural or semi-natural ecosystems, followed by products produced
by extensive farming. Typically, the order of contamination for 137Cs in foodstuffs
decreases as follows:
Reindeer, mushrooms, freshwater fish>lamb meat, goat cheese>potatoes,

vegetablesbmarine products.
In most arctic areas, levels of radioactive contamination in terrestrial biota

reached a maximum in the second half of the 1960s due to global fallout from
nuclear weapons tests. In parts of arctic Norway and Sweden, peak radiocaesium
activity concentrations in terrestrial biota following the Chernobyl accident reached

Fig. 5. Variation in contamination levels in different foodstuffs Min, mean and max levels are indicated.
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levels similar to those during the period of atmospheric nuclear weapons testing
(Fig. 4).

3.2.3. Estimated variation in 137Cs intake
The estimated yearly intake of 137Cs per capita is shown for seven of the arctic

countries in Fig. 6. The estimated intake is based on the estimated activity
concentrations in foodstuffs (shown in Fig. 4) and dietary information given in
Table 1. All the estimates give a maximum ingested intake of 137Cs in the 1960s due
to the peak in global fallout around 1962–1964 (Fig. 6). In some cases, the maximum
occurred in the first half of the decade, in others in the second half. The Chernobyl
signal was evident in 1985–89 in all arctic areas included in these calculations, except
for Canada. The strongest response to the Chernobyl fallout occurred in arctic
Sweden where the estimated 137Cs intake from 1980–84 to 1985–89 increased by a
factor of five. The highest intakes of 137Cs are those for the selected group in
Canada, which was assumed to have an extremely high consumption of reindeer
meat of 1 kg/day/cap.
The intake of radiocaesium for both the average population and the selected

groups in all the countries depends mainly on the intake of terrestrial food products
from natural or semi-natural ecosystems. For the natural radionuclide 210Po,
consumption of reindeer meat and fish that both contain enhanced 210Po
concentrations, can lead to doses in the order of 10mSv/y (Gray et al., 1995).
The intake of radiocaesium from different foodstuffs by the average arctic

populations during the period 1990–1994 in the 8 arctic countries is shown in Fig. 7.
The relative importance of the various dietary sources to 137Cs intake by the arctic
populations varied little with time. For the average arctic populations, a range of
different food products contributed to the total 137Cs intake. Canada is an exception,
with reindeer (caribou) meat consumption dominating the intake of radiocaesium. A
regional effect of dietary preferences is also clearly shown in Fig. 7. For example,

Fig. 6. Temporal variation of 137Cs intake, 5 years averages for selected groups and for the average

population. Notice different scales on the two diagrams.
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goat cheese was only an important source of radiocaesium intake in Norway, and
mushrooms were important in Sweden, Finland and Russia. However, there is a
considerable lack in knowledge concerning the importance of natural food products
in the transfer of radionuclides to man. In contrast, people, such as average
Greenlanders, who consume mainly marine products, such as marine fish and
mammals, have an intake that are at least an order of magnitude lower than people
consuming terrestrial products such as reindeer/caribou meat, freshwater fish and
mushrooms. The intake for the selected groups was considerably higher than that of
the average group, largely due to the major contributor to the intake of these groups,
namely reindeer meat.

3.2.4. Individual dose calculations
For calculation of internal doses, the estimated intakes and average activity

concentrations in foodstuffs were used for those periods where data were available.
Due to the lack of data for some years and areas, the data were pooled for fixed five-
year intervals for each area considered. From 1995 onwards, it was assumed that
activity concentrations of 137Cs and 90Sr in arctic diets would decrease with an
effective ecological half-life of 10 years and the future time integrals were calculated
according to this model. However, some measurements (for instance, in Canada)
suggest that the effective ecological half-life of 137Cs in the human arctic population
may be significantly lower than 10 years (Walton, 1995). In contrast, Scandinavian
studies indicate effective ecological half-lives in species of mushrooms and for moose
which approach the physical half-life of 137Cs of 30 years. Although the effective
ecological half-life obviously represents an important uncertainty it does not greatly
influence the overall dose commitment because the major part of the dose was
received between 1960 and 1994. Future doses, i.e. doses from 1995 onwards,
contribute less than 10% to the total dose commitment from 137Cs in the arctic
diet.

Fig. 7. Intakes of 137Cs from various foodstuffs in the period 1990–1994.
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The total estimated individual doses for the whole period from 1960 onward,
associated with 137Cs in the diets of the average populations vary between 0.74mSv
(Greenland) and 11.6mSv (Canada) and those for the selected groups range from
10.5mSv (Greenland) to 152mSv (Canada). If compared with dose estimates
based on whole body counting, it appears that the doses based on wholebody
measurements are about half of those derived from dietary data for Finland,
Sweden and Norway but, in the case of Russia, the two estimates are similar.
In the case of Canada, whole body measurements on the selected group from
Old Crow, where people are assumed to consume 1 kg reindeer meat/day/cap,
did not validate the high dose calculated from the dietary estimate. The wholebody
dose was, in this case, an order of magnitude lower than the dietary dose
estimate.
A tendency to overestimate doses when using dietary calculations is often

observed. This may be attributed to several factors, most important of which is
probably a tendency to overestimate the amounts of food actually consumed. Other
factors are losses of 137Cs during food preparation and a tendency for measurements
to represent maximum rather than average activity concentrations (Strand et al.,
1990). Furthermore, wholebody measurements might be biased because the
individuals participating in wholebody measurements may not be representative of
the population group within which they reside.
Total estimated individual doses from 90Sr were assessed using a similar method to

that for 137Cs, but the limited available data allowed such a calculation for only a few
countries. The effective dose commitment from 90Sr varied from 0.21 to 0.36mSv for
the average population and for selected groups between 0.06 and 4.4mSv. The doses
from 90Sr were thus significantly lower than those from 137Cs, particularly for the
selected groups. Reindeer meat is the predominant source of 137Cs in the arctic diet;
90Sr activity concentrations in reindeer meat are typically two orders of magnitude
less than 137Cs activity concentrations.

3.2.5. Collective dose calculations
The collective doses for 137Cs and 90Sr from dietary intake have been estimated by

multiplying the individual mean doses for the average populations in the various
arctic countries by the corresponding population numbers. The estimated collective
dose for the whole Arctic from 137Cs intake is 9000manSv and that from 90Sr is
estimated from the most comprehensive Russian and Greenland data, to be 25% of
the 137Cs dose, which is E2000manSv. The remaining collective dose is estimated to
be 6000manSv, assuming that the mean external dose and the internal doses from
radionuclides other than 90Sr and 137Cs (excluding 14C) is 1.5mSv (UNSCEAR,
1993) for the total arctic population of 3.8� 106. Hence, the total collective dose is
estimated to be 17,000manSv. This value may be compared with an estimate for
global fallout of 15,000manSv. Thus, the two estimates are in fairly good agreement,
particularly considering that the dose from Chernobyl is included in the
17,000manSv. In this calculation, it was assumed that the individual dose
commitment to the average population in Alaska from 137Cs is 2mSv and to the
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Faeroese population it is 3.3mSv. The estimated range of individual dose
commitments received by the average arctic inhabitant was 4–17mSv.
The transfer coefficients of UNSCEAR predict the doses to individuals at

temperate latitudes from ingestion, inhalation and external exposure pathways,
respectively. If the transfer coefficients are assumed also to be valid for the arctic
population and if the integrated deposition densities given above for the Arctic are
applied, average individual doses in the Arctic are, by simple multiplication, 0.1mSv
for 90Sr and 0.4mSv for 137Cs. For a total population of the Arctic of 3.8� 106, the
collective dose from 90Sr and 137Cs is, according to the UNSCEAR model, then
estimated to be approximately 2000manSv. This dose would be very unevenly
distributed. Population groups consuming local terrestrial products such as reindeer/
caribou meat would receive significantly higher doses than those people living on
imported products from temperate regions. In contrast, people consuming locally
produced marine products, such as fish and sea mammals, would receive lower doses
than those consuming largely imported products.
The transfer coefficients estimated by UNSCEAR do not consider the enhanced

intakes of 137Cs from arctic semi-natural and natural ecosystems. Therefore, the
estimated doses calculated above are lower than the actual doses received by arctic
populations. This has been estimated earlier in this paper to vary on a national level
between 0.7 and 11mSv. This is considerably higher for all countries than the
UNSCEAR estimate. Reindeer meat is the main contributor to 137Cs dose. The total
annual production of reindeer meat in the Arctic has been estimated to be
2.8� 107 kg (AMAP, 1997). If the integrated transfer coefficient for reindeer meat is
equal to the mean of that observed in this study for the arctic countries of 104 Bq
137Cs kg�1 y per kBq 137Cs/m2, the total intake of 137Cs from reindeer would be
2.8� 107� 104� 2.6E7.3� 1011 Bq 137Cs (assuming an integrated deposition density
of 2.6 kBq/m2 of 137Cs from global fallout in the Arctic). The dose intake factor is
13 nSv (Bq 137Cs)�1 and the collective dose thus becomes 9500man Sv. In other
words, if we conservatively assume that all reindeer meat produced in the Arctic is
consumed by arctic residents (i.e., a consumption rate of 7.4 kg/y/cap), this
would increase the estimated dose by 9500–12,000manSv. The individual
mean dose commitment from 137Cs then becomes 3.2mSv, which is eight times
higher than that estimated using the UNSCEAR methodology (0.4mSv). However,
it is unlikely that arctic people consume all the reindeer meat produced in the
Arctic. For instance, if the consumption data given in Table 1 are multiplied
by the respective populations of the arctic countries, the estimated consumption
of reindeer meat by arctic populations is only 1.5� 107 kg/y which is approximately
half the estimated annual production of reindeer meat of 2.8� 107 kg/y.
However, other terrestrial food products with enhanced 137Cs activity concentrations
are also consumed, such as freshwater fish, game, mushrooms and berries, and
these will also contribute significantly to the dose. On these grounds, the
collective dose from 90Sr and 137Cs in global fallout from atmospheric
nuclear weapons testing to the arctic population would more realistically be
about 10,000manSv, which is five-fold greater than the UNSCEAR-based
estimate.
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3.2.6. Arctic vulnerability and recommendations
The vulnerability of ecosystems, food pathways and communities to radioactive

contamination varies considerably, and depends on a wide range of factors. These
include the environmental transfer rates of radionuclides and the relative importance
of food products that are generally more highly contaminated than most products in
the diet. Many of these factors vary spatially, and thus some areas are more
vulnerable to contamination than others.
The higher vulnerability of the arctic areas can be illustrated by comparing

aggregated transfer coefficients for humans (Tag). The Tag for humans is quantified
as the activity concentrations of radiocaesium in the body (Bq/kg) divided by the
deposition (Bq/m2). In Fig. 8, an estimated Tag value for Saami living in arctic
Norway has been compared to that of other exposed groups. For the southern Saami
group, where Chernobyl fallout has contributed significantly to the dose, there is a
lower transfer resulting in a lower Tag value. However, this Tag value is influenced by
the countermeasures that have reduced 137Cs intake by between 70% and 90%
(Strand et al., 1990). Chernobyl fallout has contaminated areas in western Russia to
a much greater extent than for arctic regions. The Russian population groups shown
in Fig. 8 are located in temperate areas that were contaminated by Chernobyl fallout
and whose diet includes a significant contribution by semi-natural food products,
especially mushrooms (Strand et al., 1999). As would be expected, the Tag value
for the area where countermeasures have been used is lower than those where
they have not. There is a higher transfer to indigenous arctic population groups
than to Russian populations that also consume semi-natural products in temperate
areas.

Fig. 8. Aggregated transfer coeffecients (Tag) for population groups with and without countermeasures.
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In the AMAP assessment, it has been clearly demonstrated that terrestrial and
freshwater Arctic ecosystems are more vulnerable to radiocaesium contamination
due to the high rates of transfer to many food products (such as reindeer meat and
semi-natural flora) that are staple components of the diet of many arctic residents
and the long ecological half life of radiocaesium in many of these products.
Currently, the importance of natural food products in the diet of different

population groups is an area of considerable uncertainty. Much of the diet and food
contamination values are derived from only a limited number of data from a few
places in each country. For instance, the highest caribou meat consumption was
reported for one Canadian community. It is conceivable that there are other
population groups in arctic areas of other countries consuming similarly large
amounts of reindeer/caribou meat that may have resulted in correspondingly high
exposures to radiocaesium. However, no data was available during the time of the
AMAP assessment to support such a hypothesis. More complete and detailed
information on spatial variations in contamination, environmental transfer and diet
is needed for improved assessments, especially to consider variations among
individuals with time and among areas.

4. Potential threats to arctic and future need for risk and impact assessment

The concentration and number of nuclear installations and the associated
potential for releases in the Arctic cause concern, especially since the vulnerability
of arctic populations is much greater than for populations in temperate areas due to
the importance of terrestrial semi-natural exposure pathways. The largest threat to
the environment and the population in the Arctic today is connected to potential
accidents in nuclear power plants, during handling and storage of nuclear weapons,
decommissioning and refuelling of nuclear powered vessels and the storage of high-
level radioactive waste.
Future work should concentrate on an assessment of the possible consequences of

potential major radiation accidents or releases to arctic terrestrial or aquatic
environments. Knowledge gaps relating to important pathways of human exposure
and environmental contamination in the Arctic, such as long-term migration of
radionuclides, changes with time in characteristics of the diet of different arctic
population groups, reasons for the high variability in levels determined in different
foodstuffs, need to be addressed. To rectify some of these gaps, additional
experimental, surveys and modelling work will be needed. High priority should be
given to studying the site-specific vulnerability of particular arctic regions and
communities as an essential basis for the prediction of consequences of potential
radioactive contamination. Radiation monitoring in the arctic environment should
be continued, to acquire both spatial and temporal information as input data for
assessment. Finally, the development of a system for assessing the consequences of
radiation exposure of arctic flora and fauna has a high priority. There has,
historically, been a focus on the consequences for peoples’ health, not effects on the
environment itself, in assessing the impact of radioactive contamination.
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5. Risk managementFthe need for closer links between risk assessment and action

programmes

It is imperative that action to reduce the risks associated with radiation exposures
is based on risk and impact assessments and, furthermore, that the results of such
actions are reassessed. Currently, communication and interaction is poor between
the existing Risk and Impact Assessment Programmes devised to assess and monitor
contamination in the Arctic and the Action Programs tasked to devise strategies and
to respond to existing radioactive contamination sources by implementing short-
term or long-term solutions. It is vital to bridge these gaps and to foster closer
relationships between Risk Assessment and practical programmes to improve
monitoring, response strategies and the implementation of action plans.
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