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Abstract. From 1990 to 1998, estimations of the effective dose from external and internal irradiation due t o C s
and Cs were carried out for inhabitants in rural villages in theBryansk region, Russia, highly contaminated due to
the Chernobyl accident in 1986. Yearly expeditions were conducted in autumn. The external effective dose was
estimated from measurements with thermoluminescent (TL)- dosemeters worn by the participants during one month
each year. The internal effective dose was estimated from measurements of the urinary concentration of caesium
radionuclides, together with measurements of the body content using a portable detector. The mean effective dose
from external and internal irradiation varied between 1.2 and 2.5 mSv per year between 1990 and 1998. The total
mean effective dose decreased, on average, 7% per year, while the mean external dose decreased by 15% per year.
The dose rate from internal irradiation decreased more slowly than the dose rate from external irradiation, showing
large variations from year to year depending to a great extent on dietary habits. The contribution from the external
dose to the total dose was between 50-70%, depending on the village. The cumulated effective dose for the 70-year
period after the accident was calculated to be 100 mSv with the assumption that both internal and external dose will
decrease by 2% per year.
>,A

INTRODUCTION
The Chernobyl nuclear power plant accident in 1986 led to a high level of radioactive contamination in
the Bryansk area in Russia, some 150-250 km north-northeast of the nuclear power plant. An area of
approximately 2,400 km , having a population of about 112,000, was contaminated with C s , resulting
in a deposition greater than 0.55 MBq m" which meant that they were designated "controlled areas",
(CA) [1]. During some years after the accident countermeasures, such as relocation of inhabitants (in
1986 and in 1990), provision of uncontaminated foodstuffs and decontamination of a number of villages,
were undertaken in certain areas. Since the time of the accident, people living in the contaminated areas
have been exposed to both external and internal irradiation mainly from C s . In 1990, a joint NordicRussian programme was established to assess the effective doses to individuals in a number of villages in
a western district of the Bryansk area around the town of Novozybkov. Yearly expeditions were carried
out between 1990 and 1998, and the long-term changes in both internal and external irradiation were
investigated as well as different methods of estimating internal and external effective dose [2-6].
In this work the irradiation in terms of the effective dose to the inhabitants in the villages by external
as well as internal radiation from C s is further analysed, as well as the relation between internal and
external effective dose during 1986-2056, employing our own measurements and published data.
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2. MATERIAL AND M E T H O D S
2.1 Location and participants
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Due to rainfall when the radioactive cloud from Chernobyl passed over the area, the deposition was
high and its pattern very inhomogeneous. This means that the deposition can vary by a factor of up to 10
even over small areas. Various types of countermeasures were applied directly after the accident, and the
villages were decontaminated to various extents in 1989, usually by removing the topsoil around
kindergartens, schools and other public places as well as along the roads, and then covering the ground
with gravel or asphalt.

2.2 Assessment of body burden of caesium radionuclides
137

134

In vivo measurements of the body burden of C s and C s were carried out on the inhabitants of five
different villages with the additional collection of urine samples from a sub-group of the individuals,
Estimations of the body burden of C s in inhabitants from the various villages by means o f urine
samples has been performed yearly between 1991 and 1998 [7-9]. Single urine samples (20-100 ml) were
collected from around 50 individuals at the time of the whole-body measurements. A number of samples
were analysed by means, of gamma spectrometry at The Branch of Institute of Radiation Hygiene in
Novozybkov, Russia, using a scintillation spectrometer (SGS-200) before being transported to Sweden,
where the concentration of C s was measured at the Department of Radiation Physics either in Malmd
(HPGe, 35% relative efficiency at 1.33 MeV) or in Gôteborg (125 mm ( 0 ) x 100 mm Nal(Tl)). The
statistical uncertainty (1 SD) in the urine measurements was estimated to be less than 5% for all detector
systems.
A Nal(Tl) detector (63 mm ( 0 ) x 63 mm) and a single-channel scintillation spectrometer (RFT20046, Robotron, Germany) were used to perform direct in vivo determination of the
C s body
burden in about 500 inhabitants every year from 1991 to 1998 [3,5,10]. The measurements were carried
out with the individual in a sitting position, bending over the detector which was resting i n the lap
directed towards the abdomen. The calibration method for C s and C s measurements in vivo was
developed in a study with volunteers who ingested known amounts of the radionuclides, and verified with
measurements of the same persons in a well-shielded, stationary whole-body counter [11]. For a normal
background (close to natural levels), the minimum detectable body burden was estimated to be 1-2 kBq.
The coefficient of variation (CV) at that level was estimated to be ±50%, and at a body burden of 10 kBq
it was estimated to be 20%.
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2.3 Measurements of external irradiation
3

Thermoluminescent (TL) dosemeters, consisting of 3x3x0.9 mm LiF chips (Harshaw TLD 100), were
used to assess the absorbed dose to individuals in six villages from external irradiation in their
environment. The dosemeters were transported to Russia in a lead container with 10 mm thick walls,
together with reference dosemeters which were stored in the container during the whole process in order
to estimate the background signal accumulated during travelling and storage. The LiF chips were
mounted in a polyethylene dosemeter holder and worn by the participants on a cord around the neck for a
period of one month in September or October. Upon collection from the participants, the dosemeters were
put back into the lead container and sent to Sweden for evaluation.

2.4 Calculation of effective dose
The annual effective dose from internal exposure was calculated using the measurements of the
content of Cs and C s and the age-dependent metabolic and dosimetric parameters for cas
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radionuclides obtained from ICRP publications 56 and 67 [12,13]. The annual effective dose for an
individual was calculated according to the equation:
E

= r (m)-

M

sum

Aim

mSv

(Eq. 1)
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where r is
dose rate coefficient (mSv/y per kBq/kg) for the total content of C s and C s in a
person with body mass m (kg), as presented in [3], but recalculated using updated dose coefficients from
ICRP publication 67 [13]. The dose rate coefficients for people of different body masses were estimated
from values of the committed effective dose per unit intake at a certain age [12]. A is the measured sum of
the activities of C s and C s in the body (kBq). The yearly effective dose will be somewhat
overestimated for certain individuals, since our measurements were carried out in the autumn, when the
body burden of C s has been reported to be 60%-100% higher than during the spring and summer,
mainly due to an increased intake of forest products.
The effective dose from external radiation, E , was calculated according to the equation:
mm
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Eext ~ Dsurface '

(Kair/&surf ace) '

(E/K ir)
a

Sv

(Eq.

2)

where D face is the absorbed dose to the body surface, as measured with the dosemeter, and K i is the air
kerma. For adults (> 15 years), we used the values of 1.11 Gy/Gy for the ratio K JD f
[14] and 0.83
Sv/Gy for the ratio E/K
[15]. Thus, the product of the two conversion factors, E/D f
was 0.92 Sv/Gy.
For school children we multiplied the dosemeter reading by 0.95 Sv/Gy to obtain the effective dose. The
same values were used during the whole study period. The value of the effective dose per month
(September-October) was multiplied by 12 and by 0.94 [16] in order to obtain the annual effective dose,
corrected for snow cover during winter-time.
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3 . RESULTS AND DISCUSSION
The effective dose from internal irradiation did not show any clear temporal trends during the period of
the study. The activity concentration in milk has been found to decrease with a half-time of 10 years in
the area [17,18] in the remote period after the accident, and together with the fact that the activity
concentration in forest products decreases essentially with the physical half-life of
Cs, the slow
decrease in body burden is understandable, since this is the parameter with the greatest influence on the
body burden of Cs today.
The mean effective dose from external and internal irradiation due to
Cs and
Cs for both
children and adults varied between 1.2 and 2.5 mSv between 1991 and 1998, see Fig. 1. A pre-Chernobyl
background of 45 pSv per month [6] was subtracted from the external dose values. Although there is no
such temporal trend in the internal effective dose levels as for the external dose during this period, the
total effective dose from both internal and external radiation decreased with time, except in 1998. The
total mean effective dose decreased, on average, by 7% per year, while the mean external dose decreased
by 15% per year. Since the dose rate from internal exposure appears to be decreasing more slowly than
the dose rate from external radiation, its contribution to the total effective dose from Cs will become
more important in the years to come.
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Figure. 1. Mean relative contributions from annual internal and external effective dose from 1991 to 1998.

In Fig. 2, the mean ratio of the external effective dose to the total (internal plus external) effective
dose is presented as a function of deposition. Ratios for the deposition below 0.5 MBq m ~ was obtained
from UNSCEAR [19]. It is interesting to note the trend of higher relative contribution from external
irradiation with higher deposition. In areas with high deposition, a number of countermeasures aimed at
reducing the internal effective dose have been employed. This may have caused the internal doses to
become relatively lower compared with external doses, for which countermeasures such as
decontamination did not reduce the doses as efficiently.
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Figure.2. The ratio of external to total effective dose for different deposition levels in rural areas in Russia. The symbols
indicate measured values presented in this work ( • ) and values obtained from UNSCEAR [19] (•).
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By using published data for the years 1986-1989 [20,21] together with annual mean values for the
external and internal effective doses obtained from our own study the cumulated total effective dose
between 1986 and 2056 (a 70-year period) was predicted assuming various decrease rates for both
internal and external effective dose after 1998, Table 1.
Table 1. The cumulated effective dose between 1986 and 2056 for three different scenarios after 1998. In scenario 1, both the
external and the internal effective doses were assumed to decrease with arate of 2% per year (physical decay of C s ) after
1998. In scenario 2, the external and internal effective doses were assumed to have a rate of decrease of 8% and 2% per year,
l37

Scenario 1
Scenario 2
Scenario 3

External
65
50
45

Cumulated effective dose (mSv)
Internal
35
35
25

Total
100
85
70

The cumulated mean effective dose was estimated to be on average 100 mSv when making the
conservative assumption of a reduction rate after 1998 of 2% per year both for internal and external
irradiation. Assuming a more optimistic decrease rate of the effective dose where the external dose will
decrease with the same rate as today (15%), together with a 4% reduction in the internal dose after 1998,
gave a value of the cumulated effective dose of 70 mSv. However, this is not a likely scenario, since the
decrease rate of the external irradiation is expected to slow down in the future, due to a slowing down in
the migration of Cs in the ground. Therefore the assumption of a decrease rate of the external effective
dose of about 8% per year during the years to come is more likely to occur. Assuming a reduction rate
after 1998 of 2% and 8% per year, for the internal and the external effective dose, respectively, gave a
value of 85 mSv.
More than 50% of the effective dose was received before 1998, hence the assumptions made in the
prognosis for the future have no major influence on the cumulated effective dose. The cumulated
effective dose from internal irradiation in the different scenarios was estimated to be 25-35 mSv. For
comparison, a prognosis of the internal effective dose between 1986 and 2056 for the same area recently
published by UNSCEAR [19], showed a figure of 32 mSv per unit deposition of Cs (MBq m" ) in the
CA, presented together with a prognosis for the external effective dose of 65 mSv per MBq m" in rural
areas.
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