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 The article presents the data about the ecological peculiarities of the animals of 

Chiropteraorder, which dwell in the Southern Urals in the vicinity of the nuclear 

industry plants. The authors have defined the species composition and biological 
peculiarities of the animals which dwell in the summer nidifugous colonies on the shore 

of the lake Akakul. The authors have stated that the bats are the source of local spots of 

radioactive contamination formation, which are formed in the places of nidifugous 
colonies, situated in the human buildings.  
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INTRODUCTION 

 

 Akakullake (Fig. 1) is situated in the North of the Chelyabinsk region. The basin is a place of the summer 

rest for the inhabitants of the nearby cities of Chelyabinsk, Ekaterinburg, Kyshtyma and Ozersk. The lake is 

quite far (4-10 km) from the zones of radionuclide contaminations of the areas of the radiation-hazardous plant 

of the nuclear fuel cycle [1, 2, 3]. The plant does not have a direct impact on the recreation area of the Akakul 

lake region. Exposure dose rate (EDR) of the [gamma]-rays on the shores of the lake is 0.15-0.17 mcSv/h, and 

the beta-particle flux density (BPFD) is approximately 20 part/cm
2
 per min.  
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 At the beginning of the 90s of the past century in the wooden building on the southern shore of Akakul lake 

(C1, Fig. 1) a focus of radioactive contamination was accidentally found. EDR of [gamma]-rays from the certain 

parts of the wall was 4-10 mcSv/h, and beta-particle flux density was 420 part/cm
2
 per min. [4]. The degrees of 

radioactive contaminations were much higher than those of tolerance limits which are permitted by the standard 

norms of Russia valid for that period [5]. The cut opening of the hidden cavities between the inner and outer 

walls of the building showed that the dry faeces of bats (Chiroptera), which had been accumulated for a long 

period, were the radiation emission source. 

 In the course of the radiometric survey of the caught bats there was found a significant radioactive 

contamination of animals. Exposure dose rate EDR of the [gamma]-rays from the separate animals of the colony 

was 150 mcR/h, and the beta-particle flux density BPFD was 900 part/cm
2
 per min. Urgent measures aimed at 

deactivation of the hidden cavities of the building were taken. Further, in the result of the extensive diagnosis of 

the buildings, situated on the shores of Akakul lake, there were found some more spots of the radioactive 

contaminations in the habitats of the Chiroptera colonies [2] (С2 and С3, see Fig. 1). 

 In summer of 2010 we have conducted the investigations of the bats dwelling in the buildings, situated on 

the shores of Akakullake as well as the mechanisms of the spots of radioactive contamination formation.  

 The aim of these investigations was the study of ecological and radio-ecological peculiarities of Chiroptera 

life and determination of the current degrees of radioactive contamination of the building as the result of the 

animals' living. 

The tasks of the investigation were as follows:  

1) search of the buildings, dwelled by Chiroptera and places of colonies of the spots of radioactive 

contaminations; 

2) defining of the species composition of Chiroptera ; 

3) study of the sex and age structure of animals of the colonies; 

4) study of the animals' behavioural peculiarities. 

 

Methods: 

 The objects of investigation were bats which dwell in the summer wooden buildings of the northern shore 

of Akakullake С2 and С3 (see Fig. 1). The presence of the animals was defined by means of the interview and 

revealing of the characteristic peculiarities of the animals' presence. During the night time the territory was 

scanned by the ultrasonic detectors Magenta Electronic MR II (England) and Pettersson D-100 (Sweden). 

Dosimeter measurement was performed with the help of dosimeters-radiometers МКС-05 «ТЕРРА» and ДСК-

96 (Russia). The exposure dose rate of [gamma]-radiators (EDR) and beta-particle flux density (BPFD) were 

being evaluated.  

 Chiroptera of the control group were caught and gathered at the distance of 150-200 km from Akakullake in 

the Sverdlovsk region ("Olenyiruchyi" Nature Park and Smolinskaya cave). 

 The animals were trapped by nets and then put to sleep with ether in order to define sex and age. 

 In order to measure specific activity of 
137

Cs and 
90

Sr the ears of the bats were ashed in the muffle under the 

temperature of 450° С. The ash was transferred into the solution and measured on the scintillation [gamma]-

spectrometer СГС-200 which is designed for the measurement of the specific activity of 
137

Cs, 
40

K and other 

separate radionuclides of [gamma]-rays in the samples of the environment.  

 In order to measure 
90

Sr specific activity stable and radioactive strontium was evolved from the solution by 

means of the oxalate-nitrate method and measured with the help of the [beta]-counter. 

 The specific activity of the radionuclides was calculated on the wet weight of the animals.  

 

RESULTS AND DISCUSSIONS 

 

 According to the results of the interview of the summer settlement С2 inhabitants we have stated that the 

bats dwelled in five summer houses. The observations showed that the colony of the animals preserved only in 

one 2-storied building. From the previous investigations we know that the colony was dwelled with the pond bat 

Myotisdasycneme[2]. 

 One of the houses had been repaired and the bat colony was destroyed several days prior to our 

investigation. According to the worker, the colony had not less than twenty animals. According to the quantity of 

excrements, which was placed together with the construction debris, one can conclude that the Chiroptera 

colony has existed for several years and had several dozens of zooids. Species composition is undefined. The 

exposure dose rate of the excrements sample (EDR) was 1-1.2 mcSv/h and the beta-particle flux density (BPFD) 

was 150 part/cm
2
 per min. While sampling we have found a mummified body of a Vespertiliomurinusmale aged 

less than a year. Exposure dose rate (EDR) of the found zooid was 1 mcSv/h, and the beta-particle flux density 

(BPFD) was 10 part/cm
2
 per min. 

 For many years most of the summer houses on the С2 territory were dwelled on weekends, and during the 

working days they were vacant. Now most of the houses are leased for the whole warm period. This has led to 
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the situation that people, who had leased a house, repair it and systematically destroy the animals, which churl, 

chirp and crinkle under the leads in the places of the colonies location.  

 In the settlement of С3 region we have found three colonies of bats and local spots of radioactive 

contamination on the walls of the building with the area of 300-400 cm
2
. Under the leads of the buildings A) and 

B) one can hear a peculiar noise, and the excrements of the animals can be found on the walls and on the 

ground. The results of [gamma]- and [beta]- activity measurements in the spots of radioactive contamination are 

presented in Table 1. 

 
Table 1:The results of EDR and BPFD measurements. 

Place of 

observation 

Object of BPFD measurement 

[beta]-particles/cm2×min. 

EDR, mcSv/h 

Group of the summer 

houses С3 

Radioactive spot on the wall of the building 

A) 

128 0.2 

Radioactive spot on the wall of the building 

B) 

2250 1.4 

Average value of the spots of contamination 

measurements in 1999. 

420 0.8 

 

 It is known that the Chiroptera have 2 peaks of activity: evening mass flight from the shelter and morning 

mass flight back to the shelter [6]. Our observations have proved this rule. 

 In spite of the annual checks performed by the sanitary services and the regular deactivation of houses, the 

radioactive contamination of some summer houses of the С3 group still remains very high.  

 On the territory С3 we have trapped 15 zooids and 1 zooid has been found dead (Table 2). 

 
Table 2: Species, sex and age composition of bats, trapped on the С3 group territory of summer houses.  

Trapping point Species Sex Age 

Building A) Vespertiliomurinus M Ad 

Vespertiliomurinus M Ad 

Vespertiliomurinus M Ad 

Vespertiliomurinus M Juv 

Myotisdasycneme F Ad 

Myotisdasycneme F Ad 

Myotisdasycneme F Ad 

Myotisdasycneme F Juv 

Eptesicusnilssonii M Ad 

Eptesicusnilssonii M Ad 

Vespertiliomurinus F Ad 

Building B) Myotisdasycneme F Ad 

Myotisdasycneme F Ad 

Myotisdasycneme F Juv 

Myotisdasycneme – Ad 

Vespertiliomurinus F Ad 

Note: M - males, F - females, ad - adult, juv - juvenile. 

* – M. dasycneme was found dead on the wall on the building 2 on July 30, 2010. 

 

 Basing on the data, presented in Table 2 we can conclude, that the colonies of bats, dwelling in the 

buildings A) and B), are formed by animals of different species and sexes. The presence of males in such a 

quantity is not characteristic for the nidifugous colony of M. dasycneme (Bolshakov and others, 2005). Possibly, 

adult males of V. murinusand E. nilssonii use this structure as a temporary shelter, which speaks for the 

attractiveness of this building for the representatives of the Chiroptera order [7]. 

 During the investigations of this territory in 1999 [2] 62 zooids of bats were trapped. The trapped animals 

were only of two species - M. dasycnemeand V. murinus. Modern changes of the species composition of the 

colonies and appearance of another one species which is 37.5% of all the trapped animals on the investigated 

territory is possibly the consequence of deactivation of buildings which is accompanied by the extermination of 

animals. V. murinus has partially occupied the vacant shelters. 

 The results of the outer dosimetry of animals trapped on the territory of С3 group of summer houses are 

presented in Table 3.  

 
Table 3: BPFD ([beta]-part/cm2×мин) and EDR (mcSv/h) of the bats' carcasses, trapped on the territory of С3 group of summer houses. 

Species (number of zooids) Value BPFD EDR 

MyotisdasycnemeBoie 
(8) 

min 10 0.12 

max 900 0.58 

average 230 0.2 

Vespertiliomurinus Linnaeus 

(6) 

min 1 0.11 

max 12 0.17 

average 6 0.13 
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EptesicusnilssoniiKeyserling et Blasius 

(2) 

min 10 0.15 

max 24 0.9 

average 17 0.53 

Note: BPFD and EDR of bats were measured with the help of dosimeter-radiometer МКС-05 «ТЕРРА» (Tables 3, 4). 

 

 Basing on the data, presented in Table 3, we can conclude, that according to two parameters the investigated 

species of bats have significant differences. That's why according to the decrease of BRFD they can be ordered 

as follows: M. dasycneme→ E. nilssonii→ V. murinus. According to the decrease of EDR - E. nilssonii→ M. 

dasycneme→ V. murinus. 

 It was stated that among the zooids of M. dasycneme from the С3 colony located on Akakul lake, one zooid 

contained 1∙10
4 

kBq/kgof 
90

Srand 3∙103kBq/kgof 
137

Csthe average value ofthis index for all the selection of this 

species being 2∙10
2 

and 10 kBq/kgrespectively. Average specific activity of 
90

Sr in the organism of M. 

dasycneme, V. murinusand E. nilssoniiwas 201 ± 73.8, 103.1 ± 82.4 and 41.8 ± 10.8 kBq/kgof the wet weight 

respectively.  

 Specific activity of the animals dwelling on the territory of the Sverdlovsk region (control territory) was 

0.05 ± 0.024, 0.193 ± 0.085 and 0.1 ± 0.5 kBq/kg respectively.  

 Specific activity of 
137

Сs in the carcasses of M. dasycneme, V. murinusand E. nilssoniion Akakullake was 

6.6 ± 3.3, 1.3 ± 0.72 and 5.9 kBq/kg respectively of wet weight of the bats compared to the index of 0.0001 

kBq/kg on the control territories of the Sverdlovsk region.  

 The organisms of all the investigated animals accumulate more 
90

Sr than 
137

Cs. The latter partially can be 

explained by the higher degree of 
90

Sr content comparing to the 
137

Cs content in the natural environment (soils, 

water of industrial reservoirs) of the investigated region as well as by the biological peculiarities of animals [1, 

3]. 

 All theChiroptera dwelling in the investigating colonies on Akakul lake had high degrees of radioactive 

contamination. We suppose that there exist two ways of anthropogenic 
90

Sr and 
137

Cs entry into the organisms of 

bats dwelling on the investigated territory. 

 The first way is the entry with the inhaled radioactive dust particles. A lot of Chiroptera aresynanthropic 

animals. In the Urals the animals spend winter period in caves, basements, abandoned mines and tunnels. There 

is a lot of shelters suitable for the wintering of Chiroptera such as hydraulic power stations, bomb shelters and 

others on the territory of the industrial site of the "Mayak" production enterprise. In the course of the chemical 

cycle on the "Mayak" "water technologies" are widely used. That's why a positive temperature and excess 

humidity is preserved in winter in the buildings of the chemical production. Perhaps, bats were systematically 

digesting industrial territories while the latter were developing. This supposition proves the fact of increase of 

radionuclides specific activities in the guano layers with the course of time [2], as well as the fact that the long-

term thorough searchings of the winter shelters of the contaminated animals in the nearby caves came to nought 

[7]. During the formation of winter colonies in the industrial rooms of "Mayak" production enterprise the 

radioactive contamination of animals can be performed due to the entry of the radioactive dust particles into an 

organism with the inhaled air, as well as sedimentation of the particles on the skin and hair covering. 

 The second way is the entry with the food. Chiroptera have high speed of metabolic processes, so they need 

a lot of food. During the feeding one zooid can eat 500-600 insects per hour and the weight of the consumed 

food can be 35-40% of the weight of the hungry zooid. Animals that dwell in big colonies have to fly for long 

distances. It is possible that the radioactive contamination of animals is caused by the entry of radionuclides 

according to the following chain: bottom deposits in the basins-storages of wastes - maggots which developing 

in the bottom of the basins - bats. Using their hearing and echo location, bats can arrive to the technological 

basins of "Mayak" production enterprise for feeding in the region of mass insects’ flight. [1]. 

 Till the present time one cannot define the actual way of anthropogenic 
90

Sr and 
137

Cs entry into the bats 

organisms. 

 The connection of the Chiroptera with the radioactive technical reservoirs of the nuclear-industry plants 

explains the high degree of radionuclides accumulation in tissues and excrements of the Chiroptera. Though in 

the Chernobyl zone, where there were no significant contamination of basins after the catastrophe, Chiroptera 

accumulate less quantity of radionuclides and the formation of radioactive focuses is not detected at all [8]. In 

this regard the detection of radioactive bats in the USA, Nevada, on the nuclear testing area of the same name is 

of great interest [9]. In the desert conditions Chiroptera are attracted by the drain basins of the testing area, 

which water is characterised by the high radiation activity. The problem of radionuclides removal from the 

accident zones performed by animals is very urgent since the contamination of the environment by the artificial 

radionuclides is still going on. This is proved by the accident of the Fukushima nuclear power station [10, 11, 

12, 13, 14].  

 

Report: 

 Our investigations showed that some buildings on the shore of Akakul lake are dwelled by nidifugous 

colonies of bats, represented by different species: MyotisdasycnemeBoie, Vespertiliomurinus Linnaeus, 
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EptesicusnilssoniiKeyserlingetBlasius. Usually nidifugous colonies are dwelled by one species of Chiroptera - 

MyotisdasycnemeBoie. 

 It is known that the animals aim to occupy previously chosen shelters and find way to them covering long 

distances [6]. Deactivation of buildings, where Chiroptera colonies were found, led to the fact that the animals 

left their shelters but inhabited those places in some years. Modern changes of the species composition of 

Chiroptera colonies can be caused by the systematic deactivation of buildings.  

  

Conclusion: 

1. Bats still remain a source of radioactive contamination of human buildings on the shore of Akakul lake. 

2. Till the present time one cannot define the actual way of anthropogenic radionuclides 
90

Sr and 
137

Cs entry into 

the bats organisms. 
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