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Abstract Asaresult of atmospheric nuclear tests at the
Semipalatinsk test site‘ Polygon’, adjacent territorieswere
contaminated by radionuclide fallout. The population of
some districtsin the Semipal atinsk oblast were exposed to
elevated levels of radiation. Contamination and exposure
mostly resulted from early atmospheric tests. The radio-
logical situation of the Semipalatinsk oblast is described.
Effective dose estimates due to external and internal expo-
sure attributableto the 1949 and 1953 testsin villages near
the Polygon range from 70 mSv to 4470 mSv.

Introduction

Within the scope of the Soviet nuclear program, 498 nu-
clear tests® of military and civil purpose were conducted
at the Semipalatinsk Test Site (STS), located in the north-
east of the Republic of Kazakhstan. The population of the
Semipalatinsk oblast, which is defined as the administra-
tive region, numbers 811,000 people; the oblast capital is
Semipalatinsk City with 400,000 inhabitants.

In 1949, the STS was created as a large testing ground
of 19,000 km? |ocated about 150 kmwest of Semipal atinsk
City. Thetest ground in the northwestern part of the Sem-
ipalatinsk oblast also covers parts of the Pavlodar and Kar-
agandaregions (see Fig. 2).

A total of 118 atmospheric nuclear and thermonuclear
explosions were performed before 1962, 26 of them near
the ground. From 1965 to 1989, 370 underground nuclear

1 The numbers given differ slightly from the official statements by
the Ministry of Defense of the Russian Federation, since unsuccess-
ful explosions (which led to contamination though) were taken into
account by us. According to the official report by the Russian Min-
istry of Defense, atotal of 456 nuclear tests were performed at the
STS.
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explosions were carried out. Despite the first international
ban on atmospheric nuclear tests in 1963, two additional
atmospheric testswith deliberate soil excavation werecon-
ducted in 1965.

On February 12, 1989, the last underground nuclear ex-
plosion at STStook place. Thisexplosion led to an abrupt
increase of the radiation levels in, e.g., Chagan village,
about 100 km east of the Polygon. On February 13, the
level was 200 times above usual values due to aleakage of
the radioactive noble gases xenon and krypton. Theimpact
of this nuclear test stimulated the public’s efforts for pro-
hibition of nuclear testing near Semipalatinsk. Later in
1989, the government of Kazakhstan issued the edict pro-
hibiting nuclear tests at STS (see Fig. 1).

The nuclear tests resulted in considerable radioactive
contamination of large territories, and the most intensive
fallout of radionuclideswas registered in the Semipal atinsk
oblast. Based on this short and introductory first paper, we
will subsequently report on the health situation, e.g., can-
cer incidence and mortality relating to the affected area.

Radiation dosimetry

During the whole period of nuclear testing, the radiation
doses to the population in the territories adjacent to STS
were checked by the USSR Department of Defense with-
out any alternative monitoring by federal or local institu-
tionsinvolved in public health. In 1957, a secret medical
institution specialized in oncology was established, called
‘Dispensary No 4'. In addition to the usual clinical and bi-
omedical activities, radiation dosimetry was done by its
staff until 1991. During almost 20 years, only the param-
eters of the two most important atmospheric explosionsin
1949 and 1953 were used to assess the exposure, and cal-
culations were carried out according to the methodology
of the Department of Defense.

In 1991, as a successor to Dispensary No. 4, the Scien-
tific Research Institute for Radiation Medicine and Ecol-
ogy was established and inherited the formerly top secret
health archives.
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Table1l Estimates of mean
doses from external y-radiation

External radiation doses (mSv)

to individuals in the villages of

Dolon, Cheremushky, and Mos-  11me after explosion: 1 day 7 days 30days 90days 365days  Accumulated
tik, at different times after ex- dose
losion (first t n Au-
st 20 (1§',459t) estonAu Dose without shielding 810 1300 1600 1700 1900 2000
' Dose with shielding 600 960 1200 1300 1400 1600
Table 2 Estimates of mean . .
equivalent doses to individuals Organ doses from internal radiation (mSv)
f ifi from radio-
n%%ﬁ%%c: nlt%?(g :/%ﬁr;]sfogd ana(;ilo Time after explosion: 7 days 30 days 90 days 365 days 50 years
water, in Dolon, Cheremushky, Thyroid gland:
and Mostik, at different times :
after explosion (first test on adults 620 1100 1300 1300 1300
Aug. 29, 1949) infants, children 3100-6200 5500-11000 6500-13000 6500-13000 6500-13000
' Digestive tract 70 80 110 130 130
Bone marrow 30 50 70 0 90

Current radiological monitoring

The Division of Radioecology, which is part of the Insti-
tute for Radiation Medicine and Ecology, has been con-
ducting radiation measurements and radiochemical analy-
sesin the Semipalatinsk region since 1991. Soil, water, and
vegetation samples as well as food samples (meat, milk,
animal bones, vegetables, bread, etc.) have been analyzed
every 3 months, and natural and artificial radionuclides
have been identified.

Germanium detectors with a 10-cm lead shielding and
multichannel analyzersare used for ytsgectrometry, which
permits detection of theradionuclides?*°Pu, 2*Pu, Z°Am,
152gy, 15Ey, and transuranic elements.

Radiochemical investigations of 13’Csand *°Sr are car-
ried out aswell as y~ray surveyswith the help of DR5-OIT
dosimetersto assess exposures. Radionuclide depth migra-
tions have been analyzed in soil samples from defined lo-
cations. Flux densities of a- and 3-particles have been de-
termined by MKS-OI radiometers. A database hasbeen es-
tablished, and external and internal doses have been cal-
culated.

Atmospheric nuclear tests and radiation doses
to the population

First USSR nuclear test in 1949

On August 29, 1949, at 7:00 a.m., the first nuclear test in
the USSR was carried out at STS. The explosion occurred
at an altitude of 30 m above ground (or , on the table*, a
phrase used by the military) with an energy release of
22 000 metrictonsof TNT (trinitrotoluene). Thewind ve-
locity at test time was 45-50 km/h, and within 2 h ara-
dioactive cloud reached densely populated areas inside a

100-km radius from the hypocentre. Due to the resulting
radioactive fallout, theinitial doseratesat ground level in
some populated areas exceeded the natural level by mil-
lions of times. Territories located up to a distance of
2000 km from the explosion hypocentre were affected by
the radioactive fallout. About 500 000 people were ex-
posed to considerable doses of ionizing radiation. No ra-
diation safety measures (e.g., evacuation or remedial
measures) were taken, since the tests were conducted
under top secret conditions.

Table 1 shows the external y and x-ray doses to indi-
viduals in some villages northwest of the test site (Dolon,
Mostik, Cheremushky). Dueto the predominance of short-
lived radionuclides for near-site effects from atmospheric
explosions, the population received 64% of the total (ac-
cumulated) dose during the first week and about 85% dur-
ing the first 3 months following the explosion.

Table 2 showstheindividual s internal equivalent doses
for specified organs, related to radionuclide intake with
food and water. Thethyroid dosesduetoiodineintakewere
highly significant especially for children.

Hydrogen bomb test in 1953

Four years later, on August 12, 1953, the first USSR
hydrogen bomb test was performed at an altitude of
1000 m and with ayield of 470 000 metric tons of TNT,
the wind velocity at that time being 80-85 km/h. The
weather conditions — strong wind, low cloudiness, and
rain —intensified the radiological risk to the population.
By 1.2 h after the explosion, the cumulated exposure
reached 1800 R in the village Tailan, which is located
100 km distant from the explosion hypocentreand 70 km
from Sarzhal (situated on the eastern border of the Poly-
gon) and which was evacuated prior to the hydrogen
bomb test.
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Table 3 Estimates of mean
doses from external y-radiation

External radiation doses (mSv)

to individuals of some popul at-

ed areas in the Abaisky district, ~ Time after explosion: 1 day 7 days 30days 90days 365days  Accumulated
at different times after explo- dose
ion (h t
Ao ol PomBIESLON  boce without shielding 10 80 230 430 540
’ Doese with shielding 6 60 170 320 400 420

Table4 Estimates of mean - .

equivalent doses to individuals Organ doses from internal radiation (mSv)

f intake of radi lid

V\r,ﬂ?]]flgod aen% vrvatg?'niu nc A bi\i— Time after explosion: 7 days 30 days 90 days 365 days 50 years

sky District, at different times Thyroid gland:

after explosion (hydrogen :

bomb test on August 12, 1953) adults 20 130 180 180 180

infants, children 100-200 650-1300 900-1800 900-1800

Digestive tract 10 30 50 70 70
Bone marrow 1 10 10 10 10

Semipalatinsk Nuclear Test Site
Cumulative externaldose (Gy1
o4 POLYGON (Nuclear test site)

© Nuclear test area
S @l Reactor sites

Based on data from Kazakh and Russian Authorities
Institut fiir Strahlenhygiene. BES. $4.8. Germany. 3/96

Fig. 1 Provisiona map of falout trails from atmospheric and
ground tests on the Polygon test site near Semipalatinsk. 1sodose
lines give estimated cumulative unshielded external doses on the
ground

The doses of external and internal exposures are pre-
sented in Tables 3 and 4. The major proportion of the dose
dueto external exposurewasreceived during thefirst year.

Radiation risk zones

During the whole period of nuclear tests at STS, i.e,,
from 1949 to 1989, the population of the Semipal atinsk
region has been exposed to ionizing radiation. Some 6
surface and 15 underground explosionsare considered re-
sponsiblefor their high exposure. However, the most crit-
ical dose contributions resulted mainly from the follow-
ing four surface tests: on Aug. 29, 1949 (22 000 tons of
TNT), Sept. 24, 1951 (38 000 tons of TNT), Aug. 12,
1953 (470000tons of TNT) and Aug. 24, 1956
(26 500 tons of TNT). Based on an analysis of our data,
these explosions caused 85% of the collective effective
dose (Fig. 1).

M ost of the testswere conducted in therespectivelate
summer harvest seasons, with almost the entire adult
population of the rural areas working in the fields. The
external exposure for this part of the population can,
therefore, be considered almost equal to the dosein free
air.

According to the doses received by the population, four
different zones of radiation risk have been distinguished
(Fig. 2):

» Zone 1 with extremely high effective doses (more than
1000 mSv: e.g., 4470 mSvinDolon, 2460 mSv in Sarzhal,
2250 mSv in Cheremushky and Mostik, 1790 mSv in
Kanonerka); the territories of zone 1 are located within
zone 2

e Zone 2 with effective doses ranging from 350 to
1000 mSv (e.g., 880 mSv in Karaul, 680 mSv in Kainar,
620 mSv in Znamenka)
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Fig. 2 Zones of elevated radiation in the Semipalatinsk oblast

<70 mSv

» Zone3with elevated effective dosesfrom 70 to 340 mSv
(Chubartausky, Novoshulbinsky, Borodulikhinsky, Char-
sky, Zharminsky, Ayaguzky districts, and Semipalatinsk
City)

» Zone 4 with effective doses of lessthan 70 mSv (Makan-
chinsky, Urdjarsky, Taskeskensky, Kokpektinsky, and Ak-
suatsky districts).

These zones will be used for analyses and comparisonsin
our upcoming reports on the health assessment in the af-
fected areas.
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