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RADIATION DOSES IN SWEDEN AS A RESULT OF THE CHERNOBYL
FALLOUT

Introduction

The radiation doses from the Chernobyl fallout originate
mainly from two sources: External irradiation (ground ra-
diation) and internal irradiation from radioactive mate-
rials accumulated in the human body via food. In addition
there are an inhalation dose and a radiation dose from the
radioactive cloud. The magnitude of the various average
dose contributions is shown in Table 1 (1 /JSV = 0.001
mSv) . - _ _

Table 1

1. Radiation from the cloud 0.1- 1 //Sv
2. Inhalation dose (many radionucl ides) 1 -16 //Sv
3. Inhalation dose from plutonium 0.5- 5 /JSV
4. Inhalation dose "hot" particles 0 - 2 mSv
5. Ground radiation (first year,

mainly Cs-134 and Cs-137) ' 0.1- 6 mSv
6. Internal irradiation via food (first

year, mainly Cs-134, Cs-137 and Sr-90) 0.1- 1 mSv

Radiation doses from the cloud •£=
KO

The collective dose from external radiation from the cloud
has been calculated to be about 1 manSv, which means that
the averge dose contribution is less than 1 ^Sv (0.001
mSv) .

Inhalation doses (gamma radiation)

Values for all counties have been calculated on the basis
of measurements performed on radionuclides that emit gamma
radiation. These measurements were carried out on filters
from FOA's (National Defence Research Institute) six air
filter stations. The calculated values lie in the interval
1-16 >i/Sv. The collective dose has been calculated to be
about 100 manSv. Thus, these dose contributions do not in-
clude the contributions from nuclides that emit alpha ra-
diation .

Inhalation dose from plutonium

The calculations include dose contributions from the plu-
tonium isotopes Pu-238, 239, 240, 241.

The half-lives are: Pu-238 = 87.7 years
Pu-239 = 24 065 years
Pu-240 = 6 537 years
Pu-241 = 14.4 years



Measurements performed at EML and Battelle in the USA on
FOA's air filters (Grindsjön, Ljungbyhed, Gothenburg) give

highest concentions for Grindsjön (Stockholm) of 7 x 10

Bq/m . This gives an inhalation dose on the order of 5

The plutonium deposition lies in the range 0.2 to 2 Bq/m .
It should be pointed out that measurements have only been
performed thus far on three of FOA's air filter stations.

Inhalation dose from "hot" particles

The radioactive materials that fell over the country were
mainly carried by ordinary atmospheric dust particles
(aerosols), with relativly little activity per particle.
The fallout also includes individual dust particles with
more radioactivity. Such particles have been found in
FOA's filters.

At most, there have been about 1-10 particles per 1 000 m
of air with activities on the order of 1 000 Bq (air fil-
ter, Grindsjön). This means that the probability of a
person having inhaled such a particle during a 24-hour
period outdoors is 0.02-0.2. The probability of such a
particle reaching the lungs and its retention time in the
lungs are currently being determined. Two types of such
particles have been identified (FOA and Battelle, USA).

1. The first type contains zirconium-95, niobium-95,
ruthenium-103, ruthenium-106, barium-140, cerium-141,
cerium-144 and neptunium-239. This type contains about
1 000 Bq per particle.

2. The second type is more unusual and contains ruthenium-
103, ruthenium-106 and molybdenum-99 (which has a short
half-life and can no longer be measured). The total
beta activity is 10-30 kBq per particle.

The "hottest" particles that have been found thus contain
10-30 kBq of ruthenium. Radioactive particles in, for ex-
ample, the lung can give rise to a very high local dose.
The dose rate has been estimated at about 250 Gy/h for 1
kBq of ruthenium-103 or ruthenium-106 within a radius of
0-25 fjm from the particle; about 2 Gy/h within a radius of
50-100 pm and about 0.02 Gy/h within a radius of 500-1 000
fjm (1 000 /jm = 1 mm). Naturally, such particles have been
the subject of discussion for more than ten years after
claims that they are more hazardous than, for example,
plutonium particles.

Because the dose from the radioactive materials was con-
centrated to a small area in e g the lung, it was assumed
that it would do more damage than if it had been evenly
distributed. As far as the risk of organ damage is con-
cerned, strong irradiation of small areas is known from
radiation treatment with locally applied radioactive pre-



parations. The tissue death that can result is very local
(on the order of a millimetre) and is not expected to have
any serious side-effects. As far as the risk of cancer is
concerned, it has been found that a concentrated presence
of a radioactive material does not entail a greater risk
than if an equivalent quantity of the material is distri-
buted over a larger volume. One reason for this may be
that the cells located closest to the radioactivity source
die from the radiation and are thereby prevented from con-
tributing towards the risk of cancer. There is ample sup-
port for this hypothesis from animal experiments with
alpha-emitting nuclides. Fewer animal experiments have
been conducted with be ta-emi tting nuclid-es, but the re-
sults "of these experiments point in the same direction.

From the viewpoint of risk, SSI believes that the particu-
larly radioactive particles should not be judged any dif-
ferently than the same amount of radioactivity spread out
over a larger number of particles. This means that the
dose from one particle with an activity of N Bq is calcu-
lated as if the dose originates from N particles with an
activity of 1 Bq each. For the 37 particles analyzed at
Battelle in the United States, the highest dose contribu-
tion on inhalation will then come from a particle found at
Västervik. The dose contribution from this particle has
been calculated to be about 0.3 mSv for an adult and about
1.5 mSv for a one-year-old (provided that the particle has
reached the lung). The dose contribution mainly originates
from Ru-106. One of the analyzed particles (found in the
Gävle area) contains about 20 % by weight of plutonium.
The dose contribution from this plutonium has been esti-
mated to be about 0.03 mSv. Nine "hot" particles have also
been analyzed by FOA 215. Three of these nine particles
have a high activity of ruthenium. On the same assumptions
as above, one of these particles will give the same inha-
lation dose as the particle found in Västervik whereas the
two others will give a three times higher inhalation dose,
i e about 1 mSv to an adult and about 5 mSv to an infant.

Gamma radiation from the ground

FOA 215 has produced a second version of its dose calcula-
tions (ordered by SSI). They are still preliminary. The
essential difference compared with the initial calcula-
tions derives from a revised calibration factor for SGAB's
aerial measurements. The cesium deposition calculated as
equivalent surface activity has thus been overestimated on
average by 60-70 % and by more than a factor of 2 in areas
with dry deposition (the southern parts of the country).
The deposition determination is still uncertain, since the
calibration factors are highly dependent on the depth dis-
tribution in the ground, and it has not yet been possible
to determine this distribution with sufficient accuracy.

The collective dose has now been calculated to be -aboufe-
1 100 manSv for the first year and 4 000 - 6 000 manSv-for
50 years. These calculations are based on an average time
out-doors of 15 % and a protection factor of 0.04 for mul-



ti-family buildings (50 % of the population) and 0.40 for
single-family houses. The protection factor is a measure
of the shielding provided by the building, i e the ratio
between indoor radiation dose from the Chernobyl fall-out
to the equivalent outdoor radiation level. The average
individual dose is about 0.15 mSv for the first year and
about 0.6 mSv for a 50-year period.

The collective dose for the two counties of Gävleborg and
Västernorrland is estimated to be about 285 manSv for the
first year and about 2 000 manSv for 50 years, i e nearly
half of the total collective dose. The average individual
dose_in these counties is 0.5 mSv for the first year and 4
mSv for fifty years.

The variation in individual doses is currently being cal-
culated but the following can serve as an example: In the
County of Gävleborg, it is estimated that about 25 000
persons will receive 5 mSv during the first year and 35
mSv during a period of fifty years (for an average depo-
sition of about 100 kBq/m of Cs-137). These radiation
doses assume constant presence outdoors. Approximately
half of these persons are estimated to live in single-
family houses and of these perhaps 10-20 % are outdoors
eight hours a day. This would mean that a few thousand
persons receive a radiation dose of about 3.5 mSv during
the first year and about 20 mSv during fifty years. There
may be smaller areas with twice the deposition, with per-
haps one or a few hundred persons. These individuals could
therefore receive 6-7 mSv during the first year and about
40 mSv during fifty years. The approximate dose contribu-
tions from ground radiation are presented in Table 2.

Table 2

Dose contributions from ground radiation

Enti re
X and Y
25 000
1 500

100?

country
counties
people (X
people (X
people

county)
county)

First year
(mSv)

0.15
0.5
2
3.5
7

50 years
(mSv)

0.6
3
12
20
40

The values in the above table are taken from a calculation
performed by FOA 215. This calculation is based on SGAB's
aerial measurements and FOA's in situ ground measurements.
As already mentioned, the time spent outdoors has been set
at 15 % in the calculations and the average value for the
protection factor for buildings at 0.22.

The above collective dose calculation is based at the pre-
sent time on population statistics down to the parish
level. This is insufficient in parts of the wet deposition



area. More exact calculations for these areas will be
carried out. The uncertainties will thereafter mainly be
due to insufficient knowledge of (a) the depth distribu-
tion of cesium in the ground (b) the protection factors
for buildings and (c) the outdoor habits of the popula-
tion.

The collective dose calculation for the time up to 50
years is an estimate where the predominant uncertainty
factor is the migration of cesium in the surface layer of
the ground. FOA 215 has, in agreement with UNSCEAR,
assumed an exponential depth of 3 cm, constant over time.
Moderate deviations from the model—have a large impact on
Che deposition rate. It is therefore impossible to make a
dose forecast with reasonable accuracy on the basis of
currently available data. Nevertheless, the calculation
model used should not underestimate the collective dose.

Finally, it can be mentioned that the calculated dose con-
tributions for the first year can be compared with mea-
surements during August-October 1986. These measurements
were carried out by the Environmental Laboratory at SSI on
49 persons living in the Gävle area equipped with personal
dosimeters. The external radiation dose is about 1 mSv on
average for the first year, if the values are corrected
for a higher radiation level during the first months after
the Chernobyl fallout. These persons live in areas with a

2
Cs-137 deposition of 50-60 kBq/m , and according to Table
2, an average of 1 mSv would then be expected for the
first year in extra dose contribution. However, it should
be pointed out that the protection factors for the build-
ings in which the persons participating in the study live
are not known.

Radiation doses from food

The dose contribution from food has been calculated on the
basis of the average food consumption given in the Agri-
cultural Statistical Yearbook of 1986 and the measured (in
some cases estimated) levels of Cs-137 in the various food
products. The calculated results are reported in Appendix
1 and summarized in the table below.

Table 3

Calculated average radiation dose from food (first year)

Entire country 0.09 mSv
Counties with highest ex-
posure (AC, Y, X, C and U
counties) 1) 0.25 mSv

1) AC = County of Västerbotten
Y = "- Västernorrland _
x = "- . ~ Gävleborg ~
C = "- Uppsala ~
U = "- Västmanland



These values refer to dose contributions from Cs-134 and
Cs-137. The contribution from other radioactive materials
is estiamted to be less than 10 %. The calculated values
in Table 3 can be compared with the wholebody measurements
that have been performed at SSI (see Fig 1). As is evident
from this figure, relatively good agreement exists between
the calculated and the estimated values. The calculated
values also agree fairly well with the results of the Na-
tional Food Administration's food basket surveys.

The collective dose for the first year has been estimated
as follows:

Table 4

Collective dose from different foods

Food ~ Dose contribution (manSv)

Agricultural products 650
Moose (elk) meat 25
Reindeer meat 2
Lake fish 28
Berries (lingonberries, blue-
berries, cloudberries) 75

TOTAL 780

The values in Tables 3 and 4 have been calculated under
the assumption that no foods with concentrations in excess
of 300 Bq/kg of Cs-137 have been consumed.

A more detailed account of the dose contributions from
foods is provided in SSI report 87-06, which is published
(in Swedish).

Strontium-90

Sr-90 (half-life 28 years) exhibits similarities to cal-
cium and is incorporated into the skeleton, givning it a
long biological half-life. Excretion of Sr-90 from the
human body is complicated. After an intake of Sr-90, ap-
proximately 80 % is excreted within 100 days. The re-
maining amount is accumulated in bone tissue and excreted
slowly. Thus, approximately 11 % is left after 1 000 days
(about 3 years) and about 3 % after 10 000 days (27
years) .

Sr-90 has been analyzed in milk from 11 dairies and 4 test
farms. These analyses show an Sr-90/Cs-137 ratio of 1 % or
less. This ratio will increase in coming years, due to the
fact that the Cs-137 activity decreases. However, it
should be pointed out that Sr-90 is still left since nu-
clear weapons test fallout. For the dairies where Sr-90
analyses were carried out up to 1982, no increase or only
a very slight increase of the Sr-90 levels has been ob-
served (see Fig 2). Analyses performed on air filters and



ground samples show an Sr-90/Cs-137 ratio of 1-2 %. The
same ratio in measurements of grass samples is 2-3 %. The
reason for this difference has not been clarified.

An intake of 1 Bq of Sr-90 gives 2.5 times as high a dose
contribution (effective dose equivalent) as an intake of 1
Bq of Cs-137. This applies to adults and children more
than 10 years old. In the case of younger children and
newborn infants, 1 Bq of Sr-90 can give 5-15 times as
large a dose contribution as 1 Bq of Cs-137. The dose con-
tribution from the intake of Sr-90 during the first year
is estimated for children to be no more than 10-15 % of
-the dose contxibution from Cs-137— and is consequently
"lower for adults. In comparison, it can be mentioned that
during the fallout from the nuclear weapons tests during
the 1960s, Sr-90 was present in relation to Cs-137 in a
ratio of 0.6:1. The dose contribution for all time to come
for internal irradiation from muclear weapons test fallout
has been estimated at 0.2 mSv for Sr-90 and 0.3 mSv for
Cs-137 (average over the northern hemisphere).

The collective dose, i e the average individual dose
multiplied by the number of inhabitants in Sweden, is
given by the table below.

Table 5

Collective dose from Chernobyl (manSv)

Yea r I 5~Ö years

Ground radiation

Internal irradiation
via food

Inhalation dose
(gamma radiation)

Note: The collective dose from "hot" particles has not yet
been estimated.

100

800

100

4

2

000-6

000-3

100

000

000
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Appendix 1 (1)

AVERAGE DOSE FROM FOODSTUFFS (ENTIRE COUNTRY) WITH THE
SWEDISH GUIDELINE VALUE OF 300 Bq/kg (FIRST YEAR)

Foodstuff Consumption Concentration Total intake
kg/person Bq/kg Bet

Bread and cerial
products

Meat and meat
products

Beef
Pork
Mutton
Moose (elk) meat
Reindeer meat

Milk
Cheese

Egg

Butter

Margarine

Fish, shell-fish
Lake-fish

Vegetables

Fruits and berries
Lingon-, blue- and
cloudberries

Potatoes

Sugar, syrup

80

17
36
1
1.5
0,2

188
15

11

7

14

15
2

38

58

4

70

19

3

20
2

70
80
150

6
8

3

4

3

10?
100

5

5

70

5

3

240

340
70
70

120
30

1 130
120

30

30

40

150
200

190

290

280

350

60

TOTAL 578 3 740

These corresponds to 0,09 mSv or a collective dose of
approximately 780 manSv for the first year.



Appendix 1 (2)

AVERAGE DOSE FROM FOODSTUFFS FOR THE INHABITANTS OF THE MOST
AFFECTED COUNTIES WITH THE SWEDISH GUIDELINE VALUE OF 300Bq/kg
(FIRST YEAR)

Concentration Total intake
Bq/kg Bq

240

Foodstuff

Bread and cerial
products

Meat and meat
products

Beef
Pork
Mutton
Moose (elk) meat
Reindeer meat

Milk
Cheese

Egg

Butter

Margarine

Fish, shell-fish
Lake-fish

Vegetables

Fruits and berries
Lingon-, blue- and
cloudberries

Potatoes

Sugar, syrup

Consumption
kg/person

80

_

17
36
1
2
1

188
15

11

7

14

15
2

38

58

7

70

19

60
6

200
150
150 •

19
27

3

12

3

20?
250

10

10?

200

10

3

1 020
220
200
300
150

3 570
405

30

90

40

300
500

380

580

1 400

700

60

10 185TOTAL 581

This corresponds to 0,25 mSv or a collective dose of approxi-
mately 330 raanSv for the first year.
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Appendix 1 (3)

SUMMARY OF DOSE CONTRIBUTION ASSUMING DIFFERENT ACTION LEVELS

FIRST YEAR:

Foodstuff

Foodstuff

Agricultural
products

Moose meat

Reindeer meat

Lake fish

Berries (wild)

300

650

25

2

28

75

COLLECTIVE DOSE (manSv)

Action

1 000

650

60

15

38

77

level. Bq/kg

3 000

650

70

43

65

77

None

650

70

192

112

77

TOTAL 780 840 905 1 101

Note: The estimate of the dose contribution from lake-fish is
uncertain.
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