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Introduction

Following the findings of elevated concentrations of radioactive caesium (i.e., 137 Cs) in humans
consuming reindeer meat in the early 1960'ies, Norwegian authorities initiated a monitoring
programme among reindeer keeping Saamis in Kautokeino (690N, 230E) in 1965. Results of the
studies for the period 1965-1983 were summarised by Westerlund et al. (1987). Updates on the
results of the whole body monitoring (up to 1999) and analyses of reindeer meat samples (to 1996)
were presented by Skuterud et al. (1999).

From 1965 to 1990 whole body measurements were carried out on an annual basis. Since then, 3-
year cycles have been followed. In most years, the reindeer keepers have provided samples of
reindeer meat for radiocaesium analysis. In 1989-1990 and 1999 dietary surveys were performed in
conjunction with the whole-body monitoring. Earlier diet information is available from a separate
study in 1963.

Rough estimates of the radiocaesium intake by the studied population in Kautokeino have indicated
that the dietary surveys have overestimated the radiocaesium intake. The aim of the present study (a
part of the NKS-BOK-2.1.2 project) was to evaluate the available information from Kautokeino,
and to derive some conclusions regarding the reindeer meat consumption by today's reindeer
keepers, and what 137 Cs ingestion doses they are exposed to.

Materials and methods

Every year the monitoring has taken place in end March or early April, as this is assumed to give
results representative of the annual mean whole body activity concentrations (Berteig et al. 1972).

The dietary surveys carried out in Kautokeino in 1989 and 1990 focused both on household
procurement and individual consumption (with the aid of pictures with portion sizes, frequency of
intake etc.) during personal interviews (Bøe and Andersson SØrlie 1991).

In 1999 food consumption was studied using a questionnaire derived from a nation wide dietary
survey. The questionnaire was in two parts, the first focusing on household's procurement of
traditional foods. The second part focused on individual consumption of most products potentially
consumed (using a 69 points long detailed list), not only the traditional. Rough estimates of
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individual consumption were also made from the information received on household procurement
(by correcting for edible fractions, number of persons (incl. children and adults)) in the family. The
respondents were left to fill in the questionnaire themselves, with little involvement of the survey
personnel.

Studies of dietary habits in Kautokeino were also conducted in February-March of 1963 (Solvang
and Øgrim 1967), not related to studies of radionuclide intake. In that study, consumption was
estimated based on weighed and recorded food during one week per household.

Results and discussion

Table I presents some results of the dietary surveys among reindeer keepers in Kautokeino. The
quantities of reindeer meat consumed in 1989-90 were found to be similar to the values found in
1963. Note that the 1963 survey recorded consumption during winter, while the later surveys have
estimated the average annual consumption. The results estimated from the two parts of the
questionnaire in 1999, indicate lower reindeer meat consumption. About half of the respondents
(47 %) answered that there are seasonal differences in their dietary habits, with generally lower
reindeer meat consumption during summer.

Estimates of whole body activity concentrations can be made using results of the dietary surveys
and measurements of reindeer meat, by applying ICRP's model for caesium retention in "reference
man" (ICRP Publication 56). ICRP acknowledge that the long-term biological half-life (T2 = 110 d)
may be conservative, especially for females. No measurements have been done of the biological
half-life of caesium in the reindeer keepers in Norway. The average body masses of the female and
male reindeer keepers in Kautokeino in 1999 were 68 ± 12 and 82 ± 11 kg, respectively.

Table 1. Consumption of foodstuffs by adult reindeer keepers in Kautokeino in 1963 (Solvang and
Øgrim 1967), 1989 and 1990 (Bøe and Andersson SØrlie 19911), and 1999 (based both on

ousehold procurement and individual consumption). Average values (± SE in 1999), g d-I.
Fernales 3 Males I Average2

Product 1963 1989 1990 19993 1963 1989 1990 1999- 1999
n=26 n=26 n=21 n=9 n=16 n=19 n=22 n=9 n=19

Reindeer
meat 200 258 266 52± 13 380 433 384 68± 19 192±29
Othermeat 6.0 25 25 62 ± 16 6.8 52 36 77 ±20 -

Reindeer
entrails - - - 13.0 ± 7.5 - - - 5.3 ± 3.3
Milk 170 433 430 160± 60 220 778 690 450± 160
Freshwater
fish - 14 11 9.1±4.8 - 14 16 41±30 13.7±5.2
Wild berries - 38 41 30.7 8.8 - 36 22 59 ±22 41.3 ± 9.2
Most of the interviewees participated in the survey both years

2 Estimated from the household procurement part of the questionnaire
3Estimated from the individual consumption part of the questionnaire. One respondent did not state his gender and the
results on individual consumption are therefore for 18 persons totally.

The use of ICRP's caesium model requires some assumptions relating to the state of equilibrium of
radiocaesium intake and excretion. Radiocaesium activity concentrations in reindeer exhibit a
pronounced seasonal variation. In addition there are changes in the Saami diet during the year. An
early study in Finland showed that the annual average consumption among male Saamis was
410 g d-', while being 720 g d' in the period November-April (Miettinen et al. 1963). The seasonal
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monitoring of reindeer keepers in Kautokeino in 1970-1971 showed that the concentrations
measured in July were about 14 and 25 % higher than in March/April for males and females,
respectively, due to a longer period of consumption of winter slaughtered reindeer (Berteig et al.
1972). Using the model and the Finnish seasonal diet information, the average activity
concentration in reindeer keepers at the time of the monitoring in Kautokeino is estimated to 1.8-2.4
Bq kg-' per Bq d-' intake.

Table 2 compares the results of estimating the average 137 CS whole body activity concentration in
male reindeer keepers using the ICRP caesium model with the observed values for the years when
dietary surveys were performed. Also given is an estimate using constant intake and the revised
caesium retention model proposed by Melo et al. (1997), which gives an equilibrium caesium
activity concentration (normalised to the daily intake) in 80 kg males of about 1.4 d kg-'. The last
column in Table 2 also gives the ratio between estimated and observed concentrations in females, as
Melo et al. (1997) gives a separate value for T2 = 65 d for females. This gives a normalised
equilibrium caesium activity concentration in an average 70 kg female of about 1.16 d kg-'.

The results show considerable overestimated 137Cs whole body activity concentrations most years,
especially for the calculations using the ICRP model.

Results of other comparisons of estimated and measured 137 Cs whole body contents generally show
a discrepancy of a factor 2-6 or even higher (Andråsi 1994; Tracy et al. 1993). Caesium is lost
during most food processing and preparation (IAEA 1994) and this can probably explain the general
tendency of overestimating the caesium whole body contents. Therefore it may be concluded that
the lowest ratio in Table 4 is due to underestimated individual reindeer meat consumption.

The main reason for the overestimated intakes and body concentrations in Table 2 is probably that
reindeer meat traditionally is being boiled, with only limited consumption of broth (Solvang and
Øgrim 1967). According to IAEA (1994), boiling meat removes about 60 % of the radiocaesium,
and may thus explain about a ratio of 2.5 between estimated and observed 137Cs body
concentrations in Table 2.

Table 2. Observed and estimated 137Cs whole body activity concentrations in adult male reindeer
keepers in Kautokeino. Estimates were made using the caesium models of both ICRP and Melo et
al. (1997).

137Cs in "37Cs in male Estimated 137Cs concentrations
reindeer meat, reindeer keepers, in male reindeer keepers,

Year Bq kg'l Bq kg'l Bq kg" (range) Ratio estimated/observed
(mean ± SE) (mean ± SE) ICRP Melo et al. ICRP Melo et al.

1967' 2270 ± 130 473 ±27 1550-2070 1210 3.3-4.4 2.6 (2.6)2
1990 340 ± 30 45.9 3.0 230-310 180 5.1-6.8 3.9 (3.2)

55-733 43 2.0-2.7 1.6 (2.1)
1999 160 ± 27 26.7 2.9 62-834 48 2.3-3.1 1.8 (1.8)
_______ l_ l____________ ______________ 21-285 16 0.8-1.0 0.6 (0.7)

1967 was the first year when several reindeer meat samples were obtained. The consumption values from the 1963
survey were used in the estimate for this year.

2Number in brackets is the corresponding ratio for females.
3Estimates for 1999 based on household procurement (average consumption for females and males).
4Estimate based on household procurement, but adjusted to male consumption by assuming that males consume 1.3

times more reindeer meat than females (Table 1)
5 Estimate using the male consumption values in Table 1.
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Using only measured activity concentrations in winter-slaughtered animals in Table 2 will also
contribute to overestimated whole body concentrations, as about half the reindeer meat is obtained
during August-December. There is no information available on the 137Cs contamination in reindeer
in Kautokeino in autumrn. In Lovozero (Russia) the contamination of reindeer meat was 50 % higher
in winter than in autumn in 1998-1999 (Travnikova et al. in press). A similar difference in
Kautokeino would give 30 % overestimated whole body concentrations on the basis of winter
samples.

Studies of the gastrointestinal tract (GIT) uptake of caesium from caribou meat showed that it was
'virtually 100 %' (Tracy et al. 1993). Similar results with venison showed an average uptake of
about 80 % (Henrichs et al. 1989). Thus, probably the retention model is of more significance for
the whole body concentration estimates than the assumption of 100 % caesium uptake in the GI
tract, but some overestimated body concentrations may also be attributed to lower GIT uptake.

Accepting that the meat consumed on average has lost 50 % of its radiocaesium activity due to
preparation, and that applying results of winter slaughtered reindeer gives a 30 % overestimate, it
may be concluded that a ratio around 2.6 between estimated and observed 137Cs whole body activity
concentrations is acceptable. This is equal to the results for 1967 in Table 2 using the model by
Melo et al. (1967), assuming that the whole body concentrations have attained equilibrium. Using a
ratio of 2.6 suggests that the reindeer meat consumption in 1999 was about 240 and 310 g d' for
females and males respectively. This is in agreement with an average consumption of 192 g d-', if
the population consume twice as much reindeer meat during November-April as during May-
October, and assuming that male meat consumption is 30 % higher than female. A ratio higher than
2.6 is possible with a larger difference between summer and winter consumption. Thus, assuming
that the meat still is mainly prepared as in 1963, it seems that the average consumption of reindeer
meat has decreased in the period 1963-1999, and that the decline is due to reduced consumption by
the males mainly. This is also supported by the observed differences in 137Cs whole body activity
concentrations, which in 1965-1967 was a factor of 2-2.3, and in 1993-1999 about 1.6. Probably
there is also a decrease for females (and a larger decline for males), hidden in changed reindeer
meat preparation, which give less loss of 137Cs (e.g. use of casseroles).

The estimates in Table 2 are based on intake of 137CS via reindeer meat only. By including other
products the 137Cs intake estimates would increase. BØe and Andersson SØrlie (1991) found that
reindeer meat consumption contributed some more than 90 % of the total radiocaesium intake.
Following from the estimates and discussion above, it appears that this intake is overestimated.
Thus, reindeer meat might not contribute as much as 90 % of the intake. However, it is likely that
BØe and Andersson SØrlie (1991) also overestimated the 137CS intake via other products. The recent
results by Travnikova et al. (in press) suggest that reindeer meat consumption contributes about 83-
88 % of the annual 137CS intake by the reindeer keepers in Lovozero (Russia). Wild mushroom
consumption appear to be more common among Russian reindeer keepers than Norwegian, and it is
therefore likely that reindeer meat consumption plays an even more predominant role as 137CS
source for reindeer keepers in Kautokeino.

In conclusion, the analyses presented support the apprehension that the reindeer meat consumption
by the reindeer keepers and their families has been declining during the last 30-40 years. Annual
average values of 170 and 220 g reindeer meat (incl. entrails) per day for females and males,
respectively, are probably upper estimates of today's average consumption.

Applying a dose conversion factor of 2.5 mSv y-' per Bq kg-' (UNSCEAR 1988) the whole body
activity concentrations in 1999 corresponds to an annual average effective dose of about 0.055 mSv.
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Maximum concentrations were observed in 1965, corresponding to an annual average effective dose
of 1.3 mSv.
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