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Abstract. Based on Thorium and Uranium determination in soil and plants samples collected in the region of 
Aktau, Kazakhstan the distribution pattern of environmental pollution by these elements was correlated with the 
radiation dose. The main radiation source was the waste deposit of the equipment used by the uranium processing 
(dose higher than 5 µSv/h). The mining area and also the transportation way from mine to the uranium factory has 
also an radiation impact which is difficult to estimate. Based on the data found by plants and soil samples all the 
area under study has a higher pollution level by Thorium and Uranium than the control area (about 0.1µSv/h). Due 
to observed strong wind blowing in different directions it is possible that the particle of uranium ore has been 
transported for long distance and polluted the plants and upper soil layer. The further investigations should get us 
more information about this supposition.  
 
KEYWORDS: Uranium, Thorium ICP-MS, plants and soil. 
 
1. Introduction 
 
The use of nuclear energy involves the work of several very different industrial activities: from mining, 
transportation and reprocessing of uranium ore. Each of these activities has a specific hazardous 
potential. It starts with the dust in uranium mine, continues with the environmental pollution around the 
transportation way. The ore is first crushed to a fine powder by passing raw uranium ore through 
crushers and grinders to produced pulped ore. This is further processed with concentrated acid, alkaline 
or peroxide solutions to leach out the uranium. The product, yellowcake is used in the preparation of 
fuel for nuclear reactors. The risk of radiation impact is connected to the working staff of nuclear 
facilities or people living nearby with normal operation or accidents. Kazakhstan has a uranium 
extraction and ore production industry consisting of uranium geological research agencies, several 
uranium mines, two facilities for the production of uranium oxide located in Aktau and Stepnogorsk, 
and one facility for the production of fuel pellets in Ust-Kamenogorsk. Aktau is the only in the world 
that lives entirely on sea water that has been desalinate with the help of nuclear reactor. In mining, the 
uranium and its decay products buried deep in the earth are brought to the surface, and the rock 
containing them is crushed into fine sand. After the uranium is chemically removed, the sand is stored 
in huge reservoirs. These left-over piles of radioactive sand are called "uranium tailings". Uranium 
tailings contain over a dozen radioactive materials which are all extremely harmful to living things. The 
most important of these are thorium-230, radium-226, radon-222 (radon gas) and the radon progeny, 
including polonium-210.If this radioactive sand is left on the surface and allowed to dry out, it can blow 
in the wind and be deposited on vegetation far away, entering the food chain. Or it can wash into rivers 
and lakes and contaminate them. 
Up to day all the activities bounded with the uranium industry are stopped. The aim of this work was to 
estimate the radiation potential risk for the citizen of Aktau. 
 
2. Experimental 
 
2.1 Samples and sampling areas 
 
Within a large part of Kazakhstan’s territory an ecological system has been formed under a continental 
climate with a low and unsustainable humidity. Due to a latitude change of climatic zones a change is 
taking place, from semi arid forest steppe in the north of Kazakhstan through to cold continental semi 
deserts and deserts to the warm moderate continental deserts in the south. The ecological systems 
within the limits of the latitude zones and sub zones such as the mountain ranges are characterized by 
clearly observed organizational features and a strange composition. Bunch grasses such as kovylok 
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(Stipa lessingiana), tyrsik (Stipa sareptana), and tipchak (Festuca valesiaca) dominate in the desert 
steppes. Sagebrushes (Artemisia austriaca, A. lerchena, A. lessingiana – to the west and Artemisia 
gracilescens, A. sublessingiana – to the east) constitute a significant portion of the plant communities. 
For bio monitoring of uranium and thorium the Artemisa austriaca has been collected. In some areas 
also the upper 5 cm layer of soil were sampled. Fig. 1 presents all the sampling area in Aktau region. 
For each point the leaves from 20 individual plants were collected and mixed to one sample. 
Additionally for some point’s three plants (roots, steams and leaves) together with surrounding soil 
were collected. All the samples were transported and stored in a PE bags. The plant samples were 
dried at room temperature for 48 h.  
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Figure 1: Sampling areas of plants and soil samples collected 2006 and 2007 in Actau region 
 
2.2 Sample preparation 
 
In the lab the plants and soil samples were dried at 80°C to constant weight. Soil samples were sieved 
and only the fraction with the particle size below 0.2 mm and below 0.12 mm were analysed. Before 
ICP-MS determination the samples were digested by micro-wave.  
 
2.3 Equipment 
 
2.3.1 Dose determination 
 
The dosis in the field was measured in the altitude of ap. 1 m using a digital hand held 
spectrometer and dose rate meter Identifinder (Target Systemelectronic, Tennesie, USA). The 
flow-through radon concentration in the sediment layers were done using AlphaGuard 
portable ionization chamber (Genitron Instruments GmbH, Frankfurt, Germany). 
 
2.3.2 Digestion 
 
The samples were digested in the MarsXpress™ (CEM GmbH, Kamp-Lintfort, Germany). 
About 0.2 g of sample were mixed with 5 ml of subboiled nitric acid (suprapur, Merck), 1 ml 
of H2O2 (suprapur, Merck) and 1 ml of HF (suprapur, Merck) and dugested with energy 
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program presented in Table 1. After digestion the solution was evaporated to dryness using 
the digestion system. The percipiatate was dissolved in 2 M nitric acid and transfered into 10 
ml volumetric flask and fulfil to the end volume with 2 M nitric acid. 
 
2.3.3 Determination 
 
For all the determinations a Varian 810-MS system was used. Core to this instrument is Varian’s 
patented high-efficiency 90 degree ion optics and double off-axis quadrupoles, which deliver 
exceptionally low background noise and unmatched sensitivity. 
For quality control reason standard reference materials NSZ ZC 73014 Tea, NIST 1547 Peach leaves 
(for plants) and IAEA S-6, IAEA Sl-3 (for soil) were digested and analysed parallel with the samples.  
 
Table 1: Micro-wave digestion program for plants and soil samples 

Power Time Temperature Time Cooling Step 
[W] [min] [°C] [min] [min] 

1 1200 10 130 10  
2 1200 20 230 30  
3     15 

 
3. Results and discussion 
 
Based on the information obtained from the co-workers of Institute of Nuclear Physics of NNC in 
Almaty (Kazakhstan) [1] in the Aktau region they are three points of interest for environmental 
pollution by natural radiation: (1) the tailing Kashkar-Ata, (2) the uranium mine and (3) the uranium 
processing factory.  
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Figure 2: The activity of 238U and 232Th found in sediment layers from the tailing Kashkar-Ata 
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To test the analytical procedure some certified reference materials (CRM) were analyzed. The data 
presented in Table 2 demonstrate that with used method it is possible to found the certified values. In 
each series of determinations all the CRM were processes parallel to the samples.  
The tailing Kashkat-Ata is partly dry with a salt crust on the surface (in the deeper layers the water 
content increase and up to 110 cm only a pulp exist) and partly cover with water saturated with salts 
eluted from the solid.  
Table 2: Results for uranium and thorium determination in certified reference materials (CRM) 

CRM Value U [µgkg-1] Th [µgkg-1] 
Certified 10 ± 2 38 ± 12 Tea  

NCSZC73014 Found (n=9) 10 ± 3 29 ± 10 
Certified 15 50 Peach leaves 

NIST 1547 Found (n=6) 11 ± 4  52 ± 4 
 
The dose measurements on the surface demonstrate that only in some “hot points” values higher than 
0.5 µSv h-1 were found. The determination of Th and Unat in different sediment layers have 
demonstrated, that they activities are lower than German government limits [2] of 400 Bqkg-1 for 238U 
and 30 Bqkg-1 for 232Th (Fig. 2).  

 

 
Figure 3: Results of radon measurements in soil gas in different depths 
 
Radon is continually being built up in soil and released to air as a result of the extended half-lives of 
uranium and radium and their abundance in the earth’s surface. To calculate the risk of environmental 
pollution by radon from tailing Kashkar-Ata a radon concentration in soil gas in different depths were 
determined. The obtained data have demonstrated, that the pollution risk to the people living in Aktau 
is negligible (Fig. 3). 
In the year 2006 and 2007 the sampling activity were pointed out to the areas around the uranium mine 
and uranium processing factory. The measured doses have demonstrated an elevated level of radiation 
in the mine area (about 0.5 µSvh-1) and in no protected area closely to the radioactive waste storage 
(up to 8 µSvh-1 with some “hot spots” with activity about 240 µSvh-1). 
Environmental bio indicators, such as pine needles, mosses, and lichens, represent a complementary 
tool for environmental monitoring systems, and could also overcome some of the shortcomings 
associated with the direct measurements of pollution. Bio monitoring directly depicts the impacts of 
environmental pollution on organisms, and can potentially detect the long-term exposure of a site to 
environmentally harmful chemicals. In addition, they also provide an overall picture of the impact of 
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environmental factors that often cannot be detected by measuring even a wide range of 
physiochemical variables. In our case vegetation cover around Aktau is in desert or semi-desert habits 
and Artemisia austriaca is the main steppe type. In some points a surface soil samples were collected 
parallel to plant samples. Due to the different pollution path-way the leaves represent more the 
pollution by dust, the element concentration in the roots represent more the part of biological available 
heavy metals. The caulis should present both: contamination due the dust and due to the transportation 
from the roots. The uranium and thorium determination in different part of the plants have 
demonstrated that in the leaves and roots similar concentration were found. In the steams significant 
lower levels of elements were observed (Fig. 4). The uranium and thorium concentration in dust is 
significant higher than in the leaves tissue. Due to the very high surface leaves accumulate a lot of dust 
per mass unit. On the end the total amount of heavy metals in leaves is higher than in caulis Different 
washing experiments for leaves have demonstrated that the main source of elevated thorium and 
uranium values is the dust. The elevated values found in the roots can be probably explained by 
bioavailability of these elements to roots of Artemisia austriaca.  
Based on these results mainly the leaves were collected. The problem with the bio indicators is a need 
to have some samples collected in “not polluted” areas. For our study this background area was 
Kurchatov, a small city in the east part of Kazakhstan. In Table 3 are the obtained values for uranium 
and thorium were summarized. The uranium values change in the range from 0.15 to 0.32 Bqkg-1. The 
values observed for thorium are higher than observed for uranium (range from 0.27 to 1.03 Bqkg-1).  

 
Figure 4: The variability of activity pattern for 238U and 232Th in different parts of Artemisia austriaca 
with the sampling area 
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Table 3: 238U and 232Th activity in plants samples from background area  
Coordinates for sampling areas Dose 232Th RSD 238U RSD 

North West [nSvh-1] [Bqkg-1] [%] [Bqh-1] [%] 

238U/232Th

50°45´32.0´´ 78°32´42.5´´ 100 1.03 10 0.32 19 0.31 
50°45´28.2´´ 78°33´33.7´´ 110 0.27 8.2 0.17 11 0.63 
50°46`08.9´´ 78°31´44.0´´ 110 0.66 7.7 0.38 13 0.56 
50°46´01.6´´ 78°31´23.1´´ 110 0.27 19 0.15 18 0.56 
50°46´01.6´´ 78°31´23.1´´ 110 0.27 27 0.21 18 0.78 
50°46´01.6´´ 78°31´23.1´´ 140 0.33 7.6 0,25 1.2 0.76 
50°46´01.6´´ 78°31´23.1´´ 140 0.37 9.3 0,20 11 0.54 

 
The ratio of 238U/232Th activity varies from 0.31 to 0.78. Based on the global content of Th (0.001 – 
0.002%) and U (4 mgkg-1) in the upper earth crust [3] the calculated ration for the activity can varies 
from 1.22 to 0.61. The observed activity ratio for the plants samples from Kurchatov is not far from 
these values.  
Fig. 5 present the data for uranium and thorium found in plant samples collected in uranium mine (Fig. 
5a) and close to the uranium processing factory (Fig.5b). Unexpected exist a very good correlation 
between the concentration of uranium and thorium (correlation coefficient = 0.977) in leaves of 
Artemisia austriaca which were collected in uranium mine area. The calculated activity ratio of 
238U/232Th based on these data is 0.61.  
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Figure 5: Correlation between uranium and thorium concentration found in leaves of Artemisia 
austriaca collected in the uranium mine (a) and close to the uranium processing factory (b). The line 
in (b) present the correlation from (a). 
 
In opposite, the data obtained for plants collected close to the uranium processing factory demonstrate 
not a good correlation between uranium and thorium concentrations. In comparison to data obtained 
for the uranium mine, the uranium concentrations found in these samples were higher. With great 
probability these elevated uranium values are a consequence of environmental pollution by uranium 
from uranium enrichment process.  
 
4. Conclusions 
 
Based on the obtained experimental data following conclusions can be made: 1) the Artemisia 
austriaca is a good bio-indicator for uranium and thorium pollution; 2) in the area closed to the 
uranium processing factory some “hot spots” with high activity were found; 3) the environmental 
pollution from mine activities is different one that from uranium processing plant; 4) the radiation risk 
for the Aktau population if exist, is low and decrease rapidly with the time due to the government 
activities and natural dilution by wind erosion. 
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