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Following the cold war, extensive uranium mining and production took place at selected sites in 

Kazakhstan and Kyrgyzstan as a vital part of the nuclear weapon program in the former Soviet 

Union. The uranium deposit situated in the Southern Kazakhstan and the adjacent territory of 

Kyrgyzstan contains about 15 % of the world reserves of uranium. The deposit represents an area of 

roughly 60 000 km
2
. The full industrial cycle of uranium recovery and processing of uranium ores 

have been undertaken in this region for about 50 years. Moreover, all types of uranium recovery 

have been undertaken: open-cast extraction; underground mining; in situ leaching with pumped 

sulphuric acid solutions. This densely populated territory was an administratively “closed area” 

within the USSR and information of the ecological state of this region is limited. Results available 

suggest that significant ecological damages, including radionuclide contamination and chemical 

pollution have occurred. Moreover, serious medical-pathological problems within the local 

population have been reported and these are claimed to be related to the environmental situation. 

Consequently, the Governments of Kazakhstan and Kyrgyzstan, and IAEA have expressed their 

concern about the radioecological situation within this region. 

 

In previous work [1], we characterised the terrestrial TENORM (Technologically Enhanced 

Naturally Occurring Radioactive Material) contamination at the former U mining sites Kadji-say, 

Kyrgyzstan and Kurday, Kazakhstan to obtain information on the solid state speciation and hence 

potential mobility of U from minerals. The presence of radioactive heterogenities in soils and 

minerals at both sites was documented and individual U containing particles were isolated and 

characterised by electron microscopy and synchrotron radiation based scanning micro-x-ray 

fluorescence (XRF)/micro- x-ray diffraction (XRD) at HASYLAB BL. U in the particles isolated 

from soil originating from Kadji-say, Kyrgyzstan, was identified as the relatively insoluble 

uraninite (log Ksp of UO2 = -60.6) and Na-zippeite (log Ksp = -116.5). In the present work, we have 

probed new U mineral specimens from the abandoned Kadji-say U mine with a micro-x-ray 

fluorescence (XRF)/micro- x-ray diffraction tomographic set-up to identify U minerals and their 

association with metals in cross sections of mineral grains. 

 

A focussed 27 keV monochromatic X-ray microbeam of 20 μm diameter, having a divergence of ca 

4 mrad was used for the investigations. This beam was obtained by employing a 200 period Mo/Si 

multilayer monochromator with mean layer thickness of 2.98 nm for energy band selection 

(ΔE/E=1%) and a single-bounce elliptical capillary for beam focusing [1]. A MarCCD camera 

(2K×2K, 80µm pixel size) at approx 20 cm behind the sample, was used for collecting diffraction 

patterns in transmission mode, along with 2 XRF detectors (Vortex; silicon drift detectors), 

positioned at 90 degrees relative to the primary X-ray beam, for simultaneous detection of the XRF 

signals. 

 

Diffraction patterns of Kadji-say mineral particles coincide with those of U4O9+y or UO2+x, which 

may be interpreted as uraninite. The diffraction patterns are indistinguishable at the resolution 

obtained during these experiments thus frustrating the exact identification. Na-zippeite, which was 

identified in samples from the same site in previous experiments was surprisingly not identified in 

the present samples. Uraninite (log Ksp of UO2 = -60.6) is relatively insoluble. 



  

Figure 1: Diffractogram obtained from a TENORM particle from the former Kadji-say U mining site 
in Kyrgyzstan. 

For all the investigated samples, the elemental distributions show the presence of toxic metals. 
Furthermore, V, Se, Mo and Pb coexist with U in the investigated mineral grains. 

 

Figure 2: Distribution maps of metals and uraninite from a TENORM particle from the former Kadji-
say U mining site in Kyrgyzstan obtained by micro X-ray fluorescence and diffraction tomography. 
The maps represent an area of 620 µm × 620 µm. 

The present results highlight the need to also include information on trace elements of 
environmental concern in risk assessment studies at TENORM sites. 
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