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Abstract

The article summarizes the results of the study of the Issyk-Kul coastal zone - exposure dose, total alpha- and beta-activity, radon in the lake water, and soil cover. 
Our studies have established that radionuclide contamination is mainly natural in some coastal areas (thorium sands of Zhenish and Ak-Terek) and of natural-technogenic 
nature in the area of Kadzhi-Sai tailing dump. The nature of contamination is spotty, where rocks are enriched and located closer to the soil cover. Gamma-radiation 
exposure dose rates of the coastal zone of Lake Issyk-Kul by soil types showed that in general at the background level (from 19 ± 3 to 34 ± 6 μR/h) and below the accepted 
norm. On separate natural-technogenic sites (Kadzhi-Sai tailing dump, thorium sands Zhenish and Ak-Terek) gamma radiation exposure dose rate, total alpha-activity, and 
isotopic composition are increased from 2 to 8 times compared to background sites. 
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Relevance

It is known that the Issyk-Kul basin on the territory 
of Kyrgyzstan is a natural uranium province (Kovalsky, 
Vorotnitskaya, 1968). The study of natural radioactivity is not 
only of scientifi c interest but also of great practical importance. 
The importance of this problem was repeatedly emphasized by 
famous scientists and Academicians V.I. Vernadsky (1927), A.P. 
Vinogradov (1957), Professors V.V. Kovalsky (1964), and other 
researchers. The scientifi c importance of this problem increased 
after the discovery of artifi cial radioactivity. It was established 
that a certain “radiation”, called radioactivity, penetrates the 
living body. This radiation turned out to be strongly affecting 
the living body as a whole and human beings [1-3].

Of great theoretical and practical interest is the non-
uniformity of radioactive background in natural conditions, 
which depends on latitude and altitude above sea level. The 
lake is located at an altitude of 1600 m above sea level and 
is the second largest mountain lake after Titicaca in South 
America It is a brackish water lake surrounded by forests 

and mountain ranges. To preserve the unique ecosystems of 
Issyk-Kul as an object of world historical and cultural heritage 
allowed the creation of the biosphere territory “Issyk-Kul” on 
September 25, 1998 year, and included in the UNESCO World 
Network of Biosphere Reserves (2001 year). Also, in the Tien 
Shan mountains, there is another wealth - hydrothermal 
radioactive springs with hot water, which are located mainly in 
the northern part of the country in the Issyk-Kul Basin (radon 
springs Kadzhi-Say, Bar-Bulak, and Jeti-Oguz) [2,4,5]. 

At the same time, the Issyk-Kul Basin is a resort area and is 
of international importance with more than one million tourists 
per year. Since in general the Issyk-Kul Basin is a natural 
uranium province and there are tailings of former uranium 
production (Kadzhi-Sai), therefore it is periodically necessary 
to conduct radioecological monitoring of environmental objects 
in this province. 

Materials and methods

We measured total alpha- and beta-activity, radon in lake 
water and soil cover of the coastal zone of Issyk-Kul, in the 
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laboratory of biogeochemistry and radioecology of the Institute 
of Biology of the NAS of the KR. To measure the total alpha- 
and beta-activity in water, the method of evaporation and 
sulfation of mineral residue was used, and to measure the total 
alpha- and beta-activity of soil samples, their preliminary 
ashing was carried out. Measurements were carried out on 
the radiometer UMF-2000. Measurement of Radon-222 fl ux 
density radon fl ux density (WEP) from the soil surface is based 
on the determination of the amount of radon-222 accumulated 
in the sampler or the measuring chamber due to the infl ow 
from the soil surface of a known area. Measurements of VAR 
(volumetric activity of radon) in water are based on the use of 
the circulation method of radon transfer together with air from 
the sample volume to the PPA working chamber in the process 
of bubbling on Radon Radiometer RRA-01M- [6-10].

Results of the study

Exposure background: According to our measurements in 
the coastal zones the power of natural radiation background by 
gamma-radiation of the coastal zone of the lake averages from 
17 to 25 μR/h, in some areas up to 40 μR/h. As one moves away 
from the lake towards the mountain slopes, its level in some 
places increases up to 40 μR/h, especially in some mountainous 
areas, gorges, the basis of which are rocks, granites, their 
small fragments, red sand, which have slightly increased 
radioactivity. Small areas with slightly elevated natural 
radiation background include the coastal zones of beaches in 
the villages of Zhenish and Ak-Terek villages, located on the 
coastal areas of the beaches of Zhenish and Ak-Terek villages. 
Ak-Terek is located on the southern shore of Lake Issyk-Kul. 
Their radioactivity is 30-60 μR/h, and in places with increased 
content of black fl ecks in the sand, the level of exposure dose 
increases up to 200 μR/h. In general, in the cities of Kara-Kol, 
Cholpon-Ata, and Balykchy the radiation situation is quite 
favorable, the average level of gamma radiation exposure 
does not exceed 20 - 22 μR/h. Insignifi cant variations of 
natural radiation background for different types of soils in the 
Issykkul region are also observed, probably connected with the 

heterogeneous distribution of natural radionuclides dispersed 
in soils, earth rocks, surface and underground waters, and other 
objects of the natural environment. For gray-brown soils, its 
values vary in the range of 20-28 μR/h, for light-brown soils 
- 16-26 μR/h, for mountain-valley light-chestnut soils - 21-
24 μR/h, for mountain-valley chestnut soils - 18-21 μR/h, for 
mountain-valley dark chestnut soils - 17-21 μR/h [1,10]. Our 
obtained data on exposure dose in comparison with earlier data 
of researchers generally corresponds. However, we studied in 
more detail the coastal zone of the lake and identifi ed some 
areas where the level (Ak-Terek and Zhenish) is elevated with 
the background (Figure 1). 

Radon in soil cover: On the top layer of soil cover radon 
level of coastal areas is below permissible concentrations and 
at the background level, but in some areas, there is a slight 
increase in the area of hot springs - v. Oruktu - 24.24 mBq/
m2s, v. Bar-Bulak - 28.48 mBq/m2s and Biologic - 28.48 mBq/
m2s. In the area of Kadzhy-Sai, Jenish and Ak-Terek villages on 
average at the same level. The situation in developed countries 
is well-studied. For example, in the USA, the typical soil radon 
content per liter is 7.4-74 mBq/m2s. By chemical composition, 
the water of Issyk-Kul Lake belongs to the sulfate-chloride 
class, magnesium group, and has an alkaline reaction (pH 8,30 
- 9,00). Total mineralization of water in the water area reaches 
6193,9 mg/l and only near the mouth of rivers and in bays the 
salt content decreases and makes 797,0 - 5243,1 mg/l. The 
oxygen regime of the lake is satisfactory. The level of pollution 
of lake water is not high. The content of biogenic elements is 
insignifi cant: ammonium nitrogen 0.00-0.16 mg/l (MAC - 0.00 
- 0.41), nitrate nitrogen 0.09-0.040 mg/l (MAC - 0.01 - 0.04). 

Radon in the aquatic environment: Our studies of the lake 
water showed that radon concentrations in the lake are on 
average at the same level and range from 1.34 to 3.31 Bq/l, with 
an average of twice as much radon in the coastal hot springs 
area compared to other areas of the lake. For example, c. 
Oruktu (hot spring) - 3.31 Bq/l village. Bar-Bulak (hot spring) 
- 2.57 Bq/l. This weak increase is related to the hot springs 

Figure 1: Exposure dose rate map of external gamma radiation in the coastal zones of Lake Issyk-Kul.
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and it is within the background, which is below the accepted 
norms [10,11]. Alpha- and beta-activities, following the norms 
of Sanitary Rules and Norms 2.1.4.002-03 control levels for 
drinking water of alpha-emitters are 0.2 Bq/l, beta-emitters - 
1 Bq/l. The results of analyses of river water samples from the 
Issykul region showed that the levels of total alpha activity vary 
within 0.10 - 0.25 Bq/l, beta activity 0.06 - 0.13 Bq/l, which is 
within the normal range. We studied radon in soils and water 
for the fi rst time comprehensively. Earlier data are data are 
fragmentary in separate sections.

Conclusion  

The results of the study revealed that radionuclide 
contamination is mainly natural at some coastal sites and 
of natural-technogenic character at the site of Kadzhi-Sai 
technogenic uranium province. The nature of contamination 
is spotty, where rocks are enriched and located closer to the 
soil cover. Gamma radiation exposure dose rates of the coastal 
zone of Lake Issyk-Kul by soil types showed that in general at 
the background level (from 19 ± 3 to 34 ± 6 μR/h) and below 
the accepted norm. On separate natural-technogenic sites in 
the area of Kadzhi-Sai tailings, thorium sands Zhenish and 
Ak-Terek DER, total alpha-activity, and isotopic composition 
increased from 2 to 8 times compared to background sites. In 
the area of hot springs of the coastal zone of the lake the radon 
level is on average twice as high, compared to other areas of the 
lake: Oruktu village (hot spring) - 3.31 Bq/l; Bar-Bulak village 
(hot spring) - 2.57 Bq/l, at the level of the accepted norm or 
increased up to 2 times. It is necessary to create a long-term 
program on radiation monitoring of the Issyk-Kul biosphere 
territory (Lake Issyk-Kul, coastal zone, uranium technogenic 
site Kadzhi-Sai, etc.) and accordingly, it should be fi nanced by 
the state and international funds.
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