Report

on the contract "Sampling for conducting measures on non-proliferation in Kazakhstan" for the1st  year of work.

(Project "Navruz")

Introduction

The international project "Navruz" is aimed at increase of transparency of Central Asian states in nuclear sphere and consolidates 4 countries: Kazakhstan, Uzbekistan, Kyrgyzstan and Tajikistan. Sandy National Laboratory and Energy Ministry of the USA assist the project. The project representative on behalf of Kazakhstan is INP NNC RK.

The core of the project is ecological and radiation monitoring of Amudarya and Syrdarya rivers, which waters belong to all the enumerated participant countries. Duration of works on the project – 2 years. Each country on its side determined 10-15 checkpoints. Twice in a year, in spring and in autumn, on these points there are planned field investigations and sampling of environmental objects (water, soil, bottom sediments, and vegetation) for further laboratory investigations. Controlled parameters of the studied objects are natural and artificial radionuclids (226Ra, 228Th, 210Pb, 137Cs, 90Sr, 239Pu, 241Am and etc.) and toxic dopes (U, Pb, Se, Sb, As, Be and etc.). As executors of analytical works there are assigned two organizations: INP NNC RK (Kazakhstan, c. Almaty) and INP SA UR (Uzbekistan, c. Tashkent).

The right for selection of sites for the rivers monitoring on the each participant country territory is presented to organization, responsible for realization of the Project on behalf of that country. 

NNC RK Institute of Nuclear Physics as a result of thorough consideration of all geographical, geological, industrial and economical aspects, related to Syrdarya river and its environment, as well as after discussion of specific geological matters with specialists on uranium exploring and mining (Industrial corporation "Volkovgeologiya") has offered the following 15 checkpoints, for inclusion to radiation monitoring system:

1. Syrdarya river, below junction with Keles river, abuilding bridge via Chardara reservoir.

2. Syrdarya river, 1 km below Chardara reservoir dam.

3. Keles inflow, Saryagash town (upper).

4. Keles inflow, Saryagash town (lower).

Theses two points allow controlling of situation in a resort zone (mineral water sources). 

5. Badam inflow, Shymkent town (higher), Sairam village.

6. Junction Badam and Arys inflows, Shymkent town (lower).

These two points allow evaluation and control of big industrial centers effect degree, Shymkent town. 

7. Syrdarya river, opposite Turkestan town, Baltakol village.                                                                                                                              

Control of agricultural activity effect. Control of Turkestan channel state.

8. Syrdarya river, Shieli town (upper), Tomenaryk village.

9. Syrdarya river, Shieli town (opposite), Bulanbaybauy village.

10. Syrdarya river, Shieli town (lower), Zhuantobe village. 

Control of uranium deposits effect (points 8-10).

11. Syrdarya river, Kyzylorda town (upper), Tasbuget village.

12. Syrdarya river, Kyzylorda town (lower), Terenozek village.

These two points provide control of big industrial Kyzylorda town effect.

13. Syrdarya river, Dzhusaly town.

This point provides control of Terenozek, Dzhalagash and Dzhusaly towns and Karaozek inflow total effect.

14. Syrdarya river, Kazalinsk town (upper), Baikozha village.

15. Syrdarya river, Kazalinsk town (lower), Karlan village.

These points provide (in comparison with point 2) total effect control of all situations and forms of activity connected with Syrdarya river.

The offered scheme was viewed and adopted on the project work meeting in the city of Tashkent (August 2000). In this meeting there were viewed and approved the main objects and top-priority tasks of the Project.

In the present report there have been presented results of analytical investigations, obtained by INP NNC RK during the first year of the Project realization. There is also presented a preliminary interpretation of these results. Final conclusions will be presented by the end of the second year, on the ground of data on analysis of environmental objects selected within all four expeditions.  

Experimental part

Methods and facilities

In the present work for study of environmental objects compound, there were mainly used methods of instrumental (gamma-spectrometric) radionuclid analysis and instrumental elemental (activation and X-ray-fluorescent) analysis. There is given a short description of these methods.

Radionuclid analysis.

For determination of a radionuclid compound there was used a gamma spectrometric method, based on gamma radiation measuring of investigated samples. The measurements were conducted on three, with different parameters, semiconductor detectors. Detector characteristics are given in the Table 1. Measurement time of each sample made up from 3 to 30 hours.












Table 1

Characteristics of spectrometric equipment used at analysis

Detector type and model 
Relative registration efficiency, %
Energy resolution on 1332 keV line

Coaxial GEM-2018 "PRTEC"
20
1.7

Wide-range GX-1520 "CANBERRA"
15
1.9

Planar "CANBERRA" BE-2020
15
1.5

Wide-range and planar detectors have thin intake windows made of soft low gamma radiation absorbing material (beryllium and all-carbon composite respectively). This peculiarity allows efficient determination of radionuclids on their relative soft gamma lines, for example, 210Pb on 46.5keV line and 234Th on 63.3keV line. 

The selected for analysis samples of soil and bottom sediments have been dried and homogenized by milling up to the size of 150-200 micron in a ball mill and by quartering of the obtained material there have been selected analytical subsamples of 200gr. mass. Prior to measuring, the subsamples have been placed into Petri cups with diameter of 70mm, with bottom made of polyethylene film of 100 microns thickness. Water samples have been evaporated up to obtaining of dry radicals or strong brine and packed in fluoroplastic ditches with capacity of 25 ml and fluoroplastic bottom with thickness of 100 micron. All samples for measuring have been placed directly on detector intake window. The measured specters have been treated by software package for gamma spectrometric analysis, successfully used and tested during last several years, developed by the laboratory members. In this package, in particular, there was the treatment program of complex gamma and X-ray specters, using algorithm, based on nonlinear method of the smallest squares and analytical description of the line apparatus form. This method at the present moment assures minimally possible fault at determination of full uptake peak area and consequently maximal analysis sensitivity. Another program of the indicated package allowed calculation of gamma radiation registration total efficiency depending on geometrical sizes, detector sample material and possible between them absorbents.  After determination of evaporated water sample activities there were introduced to the results amendments, taking into account concentration degree.

There have been calculated activities of radionuclids from three natural families – uranium, thorium and actinouranium and activity of natural radionuclid 40K and artificial radionuclids 137Cs, and 241Am, conditioned by global fall-outs after nuclear tests and Chernobyl accident. List of determinate nuclides ended by those nuclides, which had a quantum yield not less than 1-5%. In the Table 2 there are presented characteristics of determinate nuclides. As it is seen from the table, some of nuclides had more than one sufficiently intense gamma lines. In these cases at calculations there was used a weight-average activity value, at that as weight of each value, included in calculation, there were taken reverse activity values of fault squares of activity determination.












Table 2

Characteristics of determinate nuclides and used gamma lines

Radionuclid 


Family 
Energy, keV 
Quantum yield, %

234Th
238U – 206Pb
63.29
4.8

226Ra
238U – 206Pb
186.211
3.59

214Pb
238U – 206Pb
241.997

295.224

351.932
7.43

19.3

37.6

214Bi
238U – 206Pb
609.312

1120.287

1238.11
46.1

15.1

5.79

210Pb
238U – 206Pb
46.539
4.25

228Ac
232Th – 208Pb
338.32

911.204

968.971
11.27

25.8

15.8

224Ra
232Th – 208Pb
240.986
4.1

212Pb
232Th – 208Pb
238.632
43.3

212Bi
232Th – 208Pb
727.33
6.58

208Tl
232Th – 208Pb
583.191
30.42*

235U
235U – 207Pb
163.33

185.72

205.31
5.08

57.2

5.01

227Th
235U – 207Pb
235.97
11.65

223Ra
235U – 207Pb
269.46
13.6

219Rn
235U – 207Pb
271.23

401.81
9.90

6.64

211Pb
235U – 207Pb
404.85

832.01
3.83

3.80

211Bi
235U – 207Pb
351.06
12.76

40K
-
1460.75
10.67

137Cs
-
661.657
85.1

241Am
-
59.541
35.9

*- value of 208Tl quantum yield is given by taking into account 36% branch for convenient comparison of its activity with parent nuclide and daughter nuclide. 

At analysis of obtained results each of natural radionuclids families was divided into several subfamilies, inside of which determinate nuclides should be in the state of equilibrium even at natural and man-caused redistribution, conditioned by physical-chemical processes in soil and water. This equilibrium is conditioned by little period of half-decay, not exceeding time in several months or years. Examples of such groups are 214Pb and 214Bi from uranium family, 212Pb, 212Bi and 208Tl from thorium family and 227Th, 223Ra, 219Rn, 211Pb and 211Bi from actinouranium family. Activity parity of each of radionuclids inside of each such subfamily should indicate on the one hand to conducted analysis correctness and on the other hand, give more objective bases for comparison, for example of two progenitors of different subfamilies from the sight of their equilibrium.

Neutron activation analysis.
Elemental analysis of bottom sediments samples and dry water remainders was conducted by neutron activation analysis (NAA). Preliminary preparation of bottom sediment samples and water consisted of drying and abrasion of dry samples in a porcelain mortar. 

From prepared sample by quartering there were selected analytical subsamples of 0.2 gr. For NAA the selected subsamples were packed in double polyethylene packets and aluminum container and irradiated in the nuclear reactor. In the same container there were placed nichrome comparators for determination of neutron fluence and specter at irradiation. Irradiation of samples during three hours was conducted in the WWR-K reactor central channel, heat rating of reactor made up 300kVt, at that the neutron flux on the spot of irradiation made up n 1012  neutron cm-2 s-1. The irradiated samples after 4 day "cooling"and repacking were delivered for measuring.

Measurements have been conducted on semi-conducting gamma-spectrometers of LNPAM (laboratory of nuclear-physical analysis methods) with germanium detector GEM-20180 (certificate on State control #4-016/0-415 dated 26.01.99). During the first measuring performance there were determined: Na, K, Ca, As, Br, Cd, Sb, La, Sm, Au, U. The second performance of measuring was conducted in 30-32 days. In these measuring there were determined: Sc, Cr, Co, Fe, Zn, Se, Rb, Cs, Ba, Eu, Tb, Yb, Hf, Ta, Hg, Th. Simultaneously with work samples there were measured nichrom comparators and standard samples: SGD-1a, Sl-1, TM-2a, GXR-1, GXR-5, irradiated in the same container. Calculation of the element concentration was fulfilled on the measured activities of analytical isotopes, nuclear-physical parameters (activation section, half-decay period, quantum yield of gamma-radiation) and flow data and neutrons specter, calculated from results of comparators measurements.

X-ray fluorescent analysis.

X-ray-fluorescent analysis method (XRFA) was used as one of methods for characterization of an elemental compound. At analysis of soil, bottom sediments and dry water remainders samples after evaporation was used XRFA with isotope excitation. As excitation source there was used isotope 109Cd with activity of approximately 3mKi. For registration of X-ray radiation of the analyzed elements and back scattering radiation of excitation source there was used Si(Li) detector with an active surface of 80mm2 and resolution on line of 5,9keV 180eV. Intake detector window was made of beryllium with thickness of 25 micron. At the indicated characteristics of spectrometric cluster and 30-minute exposition the method allows simultaneous determination of approximately 15 elements with sensitivity from hundreds and tens to units and portions of mkg/gr. Most of the elements were analyzed on K-series characteristic X-ray radiation lines, except lead, which were determined on L-series lines. Analysis samples passed standard preparation, including drying and homogenization and were placed in 10ml. ditches with bottom of polyethylene of 100 micron thickness. The ditches for analysis were disposed on a special holder containing excitation source. The holder construction assured protection from direct source radiation on the one side and minimized distance between sample and detector intake window from the other side. A special program, developed by the laboratory members treated the selected specters. For calculation of matrix effect there was used a back scattering radiation of excitation source. For calculation of selective absorption by elements with significant concentrations (approximately 10000mkg/gr. and higher) there were introduced special amendments. The analysis correctness was many times tested on IAEA comparison samples during several last years.

The results and their discussion.

By potentiometric analysis method (standard methods) there was carried out determination of minor- and major elements in samples of water selected on Kazakhstan territory within the 1st and 2nd expeditions. The results are presented respectively in the tables 3 and 4. Comparison of table data indicated on higher concentration of water components in winter than in spring. The greatest water mineralization corresponds to P3 and 4 (Sary-Agach resort). 

By method of X-ray-fluorescent analysis there was determined micro-compound of bottom sediment and soil samples selected on Kazakhstan territory (1st and 2nd expeditions), Uzbekistan (1st expedition), Kyrgyzstan(1st expedition) and Tajikistan(1st expedition). The results are presented in tables 5-9, respectively. Comparison of obtained with values of "average concentrations for sediment rocks" indicates on high concentrations of calcium in all studied samples of soil and sediments. 

By method of neutron-activation analysis there was determined compound of micro-dopes (and definite micro-dopes) in samples of water, bottom sediments, soil and vegetation, selected on Kazakhstan territory during the 1st expedition. The results are presented in the tab.10-12, respectively. The obtained data indicated on very high content of selenium in all studied objects. Concentration of this element in water arouses alertness as it exceeds health sanitary standards of maximal tolerant concentration (MTC-1mkg/l) for drinking water by 1.5-4 times. In some water samples there are noted high concentrations of definite elements: P13-Fe (940 mkg/l), Ag(0,713mkg/l), Th(0.13 mkg/l); P4-Hg(0.4 mkg/l); pp5 and 6-Re(0.7-1.4 mkg/l). The largest concentration of micro-dopes in bottom sediments corresponds to P1, what can be related to their import with water from neighboring countries. Also one can note significant concentration of As in bottom sediments and soil in the proximity of industrial center of Shymkent town (PP4 and 5).

There was conducted a radionuclid analysis of environment objects, selected within the first expedition on the territories of all countries: Kazakhstan (water, soil, bottom sediments), Uzbekistan (soil, bottom sediments), Kyrgyzstan (water, soil, and bottom sediments). Tadjikistan (soil and bottom sediments). The results are presented in the tab.13-22, respectively.

On table data there was made a graphic structure of natural radionuclids distribution in soil and bottom sediments along Syrdarya riverbed on Kazakhstan territory. The results are presented in the tab1. It is seen that the largest concentration of natural radionuclids in bottom sediments matches up to eastern part of Chardara reservoir (point 1). Probably the reason of this is hydro-geological and landscape properties of this place, contributing to redistribution of radionuclids from water to bottom sediments. Mechanism of uranium deposits industrial engineering effect in headstreams of Syrdarya river (Uzbekistan, Tajikistan, Kyrgyzstan) is also could be taken into account. There are legibly distinguished with the increased concentrations of all natural radionuclids the point 9(soil) and points 10, 11(bottom sediments) – uranium deposits near Shieli town.     

Radionuclid compound comparison of bottom sediments in vicinity (upper and lower with stream) of big towns Saryagash (points 3 and4), Kyzylorda (points 11 and 12) indicates on significant decrease of content level (30-50%) in lower courses. One can assume that those technical facilities on river at these towns serve as distinctive barriers for further distribution of radionuclids. 

On Uzbekistan territory the highest content of natural radionuclids in soil and bottom sediments is detected in samples selected on 7, 8 and points. In these samples concentration of radionuclids of 238U and 232Th families frequently exceeds 100Bq/kkg. 

On Kyrgyzstan territory the highest content of natural radionuclids of 238U and 232Th families in soil matches up to the point 1. It is necessary to note that on the territory of this country there was revealed place with the highest content of 137Cs artificial radionuclids in soil (point 5-38Bq/kg.).

The highest concentration of natural radionuclids (up to 100Bq/kg) in 238U and 232Th families of Tajikistan soil matches up to the points 3, 4,5 and 14. On this country we can also note the highest contamination by artificial 137Cs radionuclid (average content in soil – 6.7 Bq/kg).
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Fig.1 Distribution of natural radionuclids (238U and 232Th families) along 

Syrdarya river bed (a-in soil, b- in bottom sediments)

Besides the enumerated analytical investigations in a reporting year there were conducted analyses of definite soil, bottom sediments and water samples by mass-spectroscopy, as well as AES-ICP and ICP-MC. The obtained results and their interpretation, in combination with the other data analysis, will be presented in the final report, after completion of the second year work on the Project.

Conclusion

The first results of analytical investigations obtained on International project "Navruz" allowed conducting of preliminary evaluation of radiation and ecological situation in definite regions of the Project participant countries and revealing a number of peculiarities at distribution of radionuclids in Syrdarya and Amu-Darya rivers watersheds. 

On the whole investigated region there was revealed high concentration of selenium. Content of this element in Syrdarya river water notably exceeds norm of maximal tolerant concentration for drinking water.

Radionuclid analysis data allowed revealing in each participant country the most contaminated by natural radionuclids areas. 

Duration of the Project works will give an idea of radiation situation dynamics in Syrdarya and Amu-Darya rivers watersheds.

Research Manager of works on 

the Project "Navruz" on behalf of Kazakhstan  


V.P.Solodukhin

Results of determination of macro- and microcomponents in water (Kazakhstan - 1)

Sample code 
Ca2+,
mg/l
Mg2+, 

mg/l
Na+,
mg/l
Cl+,
mg/l
HCO3,
mg/l
SO4 2- ,
mg/l

KZ-01WD
137.88
59.34
80.7
3.12
73.20
501.21

KZ-02WD
143.49
74.42
119.0
2.76
87.84
623.01

KZ-03WD
219.64
109.44
276.0
3.30
82.96
1106.94

KZ-04WD
179.16
84.63
180.0
2.36
73.20
863.33

KZ-05WD
85.77
43.78
70.8
3.40
92.72
244.43

KZ-06WD
80.56
43.78
69.7
3.40
112.24
263.36

KZ-07WD
143.49
59.83
111.0
3.05
117.12
595.85

KZ-08WD
148.25
46.69
123.0
3.15
97.60
656.75

KZ-09WD
146.69
71.50
122.0
3.76
92.72
626.30

KZ-10WD
149.10
74.42
127.0
3.48
97.60
667.45

KZ-11WD
151.5
79.28
136.0
4.21
97.60
707.78

KZ-12WD
131.86
78.80
124.0
4.24
92.72
629.6

KZ-13WD
149.1
79.77
131.0
3.9
73.20
684.74

KZ-14WD
161.12
83.17
141.0
4.38
82.96
747.28

KZ-15WD
149.10
79.28
128.0
4.18
73.20
699.55

Average
145.11
71.20
129.3
3.51
89.79
641.17

СО-18
146.29
9.73
414.0
715.0

388.46

СО-18 attest.
146.0
9.5
424.0
687.0

390.0

СО-20
29.66
15.56
108.0
120.0

172.83

СО-020 attest.
29.00
15.0
112.0
123.0

196.0

Elements determination fulfiled on GOST (all-Union State Standard) 23268.5-78; GOST 26449.1-85; GOST 23268.3-78

Table 4

Results of determination of macro- and microcomponents in water (Kazakhstan - 2)

Sample code
Ca2+,
mg/l
Mg2+, 

mg/l
К+,

mg/l
Na+,
mg/l


Cl+,
mg/l


HCO3,
mg/l


SO4 2- ,
mg/l

Kz-01WD
164.33
97.28
5.25
226.0
1.91
24.4
859.21

Kz-02WD1
124.25
63.23
5.19
130.0
2.58
24.4
562.11

Kz-02WD2
128.26
62.02
5.27
136.0
2.48
30.5
568.69

Kz-03WD
192.38
89.98
3.44
296.0
1.29
36.6
996.65

Kz-04WD
152.30
48.64
2.88
166.0
1.83
36.6
684.74

Kz-05WD
72.14
51.07
2.60
65.7
2.42
61.00
232.09

Kz-06WD
72.14
36.48
2.03
57.4
2.50
42.7
181.06

Kz-07WD
112.22
60.80
5.03
103.0
1.51
42.7
513.55

Kz-08WD
120.24
36.48
5.38
119.0
2.62
36.6
522.61

Kz-09WD
120.24
55.94
5.20
118.0
1.60
26.84
528.37

Kz-10WD1
108.22
58.37
5.25
103.0
1.88
42.7
511.91

Kz-10WD2
112.22
58.37
5.17
107.0
2.26
48.8
516.84

Kz-011WD
112.22
55.94
5.55
98.7
1.84
30.5
509.44

Kz-012WD
104.21
60.80
5.04
112.0
2.35
42.7
508.61

Kz-013WD
112.22
68.10
5.55
128.0
1.92
36.6
564.58

Kz-014WD
116.23
68.10
5.77
129.0
2.01
30.5
590.91

Kz-015WD
120.24
75.39
6.02
133.0
2.72
61.0
628.77

Average
120
62
4.7
131.0
2
38.5
558

St. 026
66.13
29.18
19.1
35.5
57.5

274.10

St. 026 (At. cont.)
66.5
29.0
20.0
34.5
559.0



279.50

Elements determination fulfiled on GOST 26449.1-85; 23368.5-78; 23268.3-78; 26449.1-85.

Table 5
Results of XRF analysis of samples of bottom sediments, soils and vegetation, collected  along riverbed Syrdarya river (Kazakhstan-1)

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t
Pb, g/t

KZ-01 B 
7.1 ± 0.2
0.42 ± 0.04
0.06 ± 0.01
3.43 ± 0.02
< 24
106 ± 13
< 30
91 ± 3
340 ± 4
18 ± 2
113 ± 2
11.9 ± 1.3
< 1.4
499 ± 28
< 12

KZ-02 B 1
6.9 ± 0.1
0.44 ± 0.03
0.03 ± 0.01
2.01 ± 0.01
< 17
40 ± 9
< 21
68 ± 2
194 ± 2
12 ± 2
173 ± 2
8.6 ± 0.9
1.3 ± 0.7
612 ± 26
< 9

KZ-02 B 2
6.9 ± 0.1
0.44 ± 0.03
0.02 ± 0.01
1.98 ± 0.01
< 17
41 ± 9
< 22
68 ± 2
195 ± 3
11 ± 2
148 ± 2
7.9 ± 0.9
1.2 ± 0.7
607 ± 26
< 9

KZ-03 B 
5.4 ± 0.1
0.37 ± 0.03
0.03 ± 0.01
1.84 ± 0.01
< 15
46 ± 8
< 20
79 ± 2
326 ± 3
13 ± 1
170 ± 2
9.7 ± 0.9
1.7 ± 0.6
758 ± 25
< 8

KZ-04 B 
5.4 ± 0.2
0.40 ± 0.04
0.04 ± 0.01
2.02 ± 0.02
< 22
50 ± 11
< 28
64 ± 2
267 ± 3
18 ± 2
242 ± 3
11.8 ± 1.2
< 1.4
597 ± 28
< 10

KZ-05 B 
9.6 ± 0.2
0.49 ± 0.05
0.04 ± 0.01
2.18 ± 0.02
< 26
67 ± 13
< 33
60 ± 3
294 ± 4
14 ± 2
134 ± 3
8.8 ± 1.3
1.7 ± 0.9
513 ± 28
< 12

KZ-06 B 
11.0 ± 0.2
0.39 ± 0.04
0.03 ± 0.01
1.59 ± 0.01
< 19
62 ± 10
< 24
51 ± 2
319 ± 3
11 ± 2
153 ± 2
7.0 ± 1.0
1.6 ± 0.7
417 ± 26
< 10

KZ-07 B 
6.4 ± 0.2
0.35 ± 0.03
0.04 ± 0.01
2.20 ± 0.02
< 19
66 ± 10
< 24
69 ± 2
286 ± 3
16 ± 2
154 ± 2
9.5 ± 1.1
1.1 ± 0.7
578 ± 28
< 10

KZ-08 B 
7.1 ± 0.1
0.45 ± 0.03
0.03 ± 0.01
2.03 ± 0.01
< 18
45 ± 9
< 23
68 ± 2
203 ± 3
14 ± 2
243 ± 3
9.5 ± 1.0
1.6 ± 0.7
572 ± 27
< 9

KZ-09 B 
6.4 ± 0.2
0.36 ± 0.03
0.03 ± 0.01
1.89 ± 0.01
< 19
51 ± 10
< 24
72 ± 2
206 ± 3
13 ± 2
145 ± 2
8.7 ± 1.0
< 1.1
600 ± 28
< 9

KZ-10 B 
6.6 ± 0.1
0.37 ± 0.03
0.04 ± 0.01
2.11 ± 0.01
< 17
50 ± 9
< 21
72 ± 2
228 ± 3
15 ± 2
174 ± 2
9.8 ± 0.9
1.7 ± 0.7
593 ± 25
< 8

KZ-10 B 1
6.3 ± 0.1
0.38 ± 0.03
0.04 ± 0.01
2.08 ± 0.01
< 18
50 ± 9
< 22
72 ± 2
226 ± 3
14 ± 2
169 ± 2
9.5 ± 1.0
1.6 ± 0.7
612 ± 26
< 9

KZ-11 B 
8.3 ± 0.1
0.53 ± 0.02
0.03 ± 0.00
2.63 ± 0.01
< 10
68 ± 5
< 13
74 ± 1
281 ± 1
18 ± 1
155 ± 1
11.1 ± 0.5
1.4 ± 0.4
530 ± 10
< 5

KZ-12 B 
6.5 ± 0.2
0.38 ± 0.04
0.03 ± 0.01
1.87 ± 0.01
< 22
47 ± 11
< 28
67 ± 2
210 ± 3
12 ± 2
146 ± 2
10.2 ± 1.2
< 1.3
588 ± 28
< 10

KZ-13 B 
6.6 ± 0.1
0.39 ± 0.03
0.04 ± 0.01
2.11 ± 0.01
< 18
57 ± 9
< 22
70 ± 2
272 ± 3
15 ± 2
169 ± 2
10.2 ± 1.0
1.3 ± 0.7
591 ± 26
< 9

KZ-14 B 
1.1 ± 0.1
0.18 ± 0.04
0.01 ± 0.01
0.74 ± 0.01
< 18
17 ± 9
< 23
31 ± 2
78 ± 2
4 ± 1
84 ± 2
4.4 ± 0.9
< 1.0
210 ± 20
< 8

Average
6.7 ± 0.1
0.4 ± 0.03
0.03 ± 0.01
2.0 ± 0.01
< 19
54 ± 10
< 24
67 ± 2
245 ± 3
14 ± 2
161 ± 2
9.3 ± 1
1.4 ± 0.9
555 ± 25
< 9


















KZ-02 S
7.6 ± 0.2
0.44 ± 0.03
0.04 ± 0.01
2.06 ± 0.01
< 19
53 ± 10
< 24
77 ± 2
204 ± 3
14 ± 2
158 ± 2
9.8 ± 1.0
1.8 ± 0.7
645 ± 28
< 9

KZ-02 S1
6.2 ± 0.1
0.40 ± 0.03
0.03 ± 0.01
1.92 ± 0.01
< 18
47 ± 9
< 23
69 ± 2
189 ± 3
13 ± 2
163 ± 2
9.1 ± 1.0
1.2 ± 0.7
620 ± 27
< 9

KZ-02 S2
6.5 ± 0.1
0.42 ± 0.03
0.03 ± 0.01
1.97 ± 0.01
< 18
48 ± 9
< 23
70 ± 2
192 ± 3
14 ± 2
163 ± 2
9.1 ± 1.0
1.2 ± 0.7
627 ± 27
< 9

KZ-03 S
5.9 ± 0.1
0.49 ± 0.03
0.05 ± 0.01
2.16 ± 0.01
< 18
49 ± 9
< 23
81 ± 2
256 ± 3
18 ± 2
284 ± 3
11.8 ± 1.1
1.8 ± 0.8
772 ± 30
< 9

KZ-04 S
4.6 ± 0.1
0.38 ± 0.03
0.05 ± 0.01
2.27 ± 0.01
< 18
63 ± 9
< 22
76 ± 2
227 ± 3
18 ± 2
224 ± 3
10.9 ± 1.0
1.5 ± 0.7
622 ± 27
< 9

KZ—05 S
6.6 ± 0.1
0.36 ± 0.03
0.05 ± 0.01
2.51 ± 0.02
< 18
93 ± 10
< 22
70 ± 2
208 ± 3
18 ± 2
150 ± 2
10.3 ± 1.0
1.8 ± 0.7
466 ± 24
26 ± 6

KZ-06 S
8.8 ± 0.2
0.36 ± 0.04
0.03 ± 0.01
1.62 ± 0.01
< 19
53 ± 10
< 24
51 ± 2
247 ± 3
13 ± 2
159 ± 2
8.0 ± 1.0
1.8 ± 0.7
392 ± 25
< 9

KZ-07 S
8.0 ± 0.2
0.43 ± 0.03
0.04 ± 0.01
2.41 ± 0.02
< 19
73 ± 10
< 24
73 ± 2
309 ± 3
17 ± 2
164 ± 2
10.1 ± 1.1
1.7 ± 0.8
574 ± 28
< 10

KZ-08 S
7.6 ± 0.2
0.46 ± 0.03
0.05 ± 0.01
2.72 ± 0.02
< 20
77 ± 10
< 25
79 ± 2
362 ± 4
19 ± 2
155 ± 2
11.4 ± 1.1
1.6 ± 0.8
611 ± 28
< 10

KZ-09 S
6.6 ± 0.2
0.44 ± 0.05
0.04 ± 0.01
2.36 ± 0.02
< 26
75 ± 13
< 32
67 ± 3
312 ± 4
17 ± 2
151 ± 3
10.4 ± 1.3
< 1.4
569 ± 29
< 12

KZ-10 S1
6.0 ± 0.1
0.36 ± 0.03
0.04 ± 0.01
2.44 ± 0.02
< 19
74 ± 10
< 24
72 ± 2
397 ± 4
15 ± 2
132 ± 2
9.8 ± 1.0
2.8 ± 0.7
560 ± 27
30 ± 7

KZ-10 S2
6.0 ± 0.2
0.36 ± 0.03
0.04 ± 0.01
2.38 ± 0.02
< 19
82 ± 10
< 25
72 ± 2
392 ± 4
15 ± 2
135 ± 2
9.6 ± 1.1
2.6 ± 0.8
563 ± 28
32 ± 7

KZ-11 S
7.0 ± 0.2
0.44 ± 0.05
0.04 ± 0.01
2.38 ± 0.02
< 25
74 ± 13
< 31
68 ± 3
288 ± 3
16 ± 2
149 ± 3
10.4 ± 1.3
1.5 ± 0.9
534 ± 28
< 11

KZ-12 S
7.0 ± 0.2
0.45 ± 0.05
0.05 ± 0.01
2.73 ± 0.02
< 28
104 ± 14
< 35
71 ± 3
452 ± 4
16 ± 3
113 ± 3
9.6 ± 1.3
2.1 ± 0.9
480 ± 28
53 ± 9

KZ-13 S
6.7 ± 0.2
0.39 ± 0.04
0.04 ± 0.01
2.33 ± 0.02
< 23
73 ± 12
< 30
61 ± 2
461 ± 4
14 ± 2
116 ± 3
9.8 ± 1.2
< 1.3
393 ± 26
< 11

KZ-15 S
3.0 ± 0.1
0.33 ± 0.04
0.02 ± 0.01
1.77 ± 0.01
< 20
40 ± 10
< 25
50 ± 2
157 ± 2
12 ± 2
144 ± 2
8.4 ± 1.1
< 1.2
345 ± 23
< 9

Average
6.5 ± 0.16
0.4 ± 0.04
0.04 ± 0.01
2.25 ± 0.02
< 20
67 ± 11
< 26
69 ± 2
291 ± 3
16 ± 2
160 ± 2
9.9 ± 1.1
1.7 ± 0.9
548 ± 27
16 ± 9

KZ-06 V
11.5 ± 0.2
0.52 ± 0.05
0.04 ± 0.01
2.06 ± 0.02
< 25
75 ± 13
< 32
51 ± 2
472 ± 4
14 ± 2
153 ± 3
8.9 ± 1.3
< 1.5
427 ± 27
< 12

Av. conc. for sediments
2.5
0.45
0.07
3.33
57
80
6.6
200
450
30
200
20
2.0
800
-

Table 6

Results of XRF analysis of samples bottom sediments and soils, collected at the territory of Kazakhstan (Kazakhstan-2)

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
As, g/t
Rb, g/t
Sr, g/t
Y, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t
Pb, g/t

kz01b01r
6.0 ± 0.3
0.26 ± 0.07
0.05 ± 0.02
2.61 ± 0.03
< 42
62 ± 22
< 56
78 ± 5
244 ± 6
19 ± 4
176 ± 5
10.9 ± 2.3
< 2.4
605 ± 46
< 21

kz02b01r
4.9 ± 0.3
0.17 ± 0.07
0.04 ± 0.02
1.62 ± 0.03
< 38
< 29
< 53
70 ± 4
202 ± 5
8 ± 4
102 ± 4
7.4 ± 2.0
< 2.1
688 ± 46
< 19

kz03b01r
5.8 ± 0.3
0.26 ± 0.07
0.03 ± 0.02
2.01 ± 0.03
< 39
42 ± 20
< 53
77 ± 4
311 ± 6
16 ± 4
238 ± 5
10.3 ± 2.1
< 2.3
780 ± 48
< 19

kz04b01r
6.0 ± 0.3
0.32 ± 0.08
0.04 ± 0.02
1.91 ± 0.03
< 40
32 ± 21
< 54
72 ± 4
263 ± 6
19 ± 4
233 ± 5
11.4 ± 2.2
< 2.4
680 ± 47
< 20

kz05b01r
9.0 ± 0.4
0.15 ± 0.08
0.04 ± 0.02
2.42 ± 0.03
< 42
55 ± 22
< 58
63 ± 4
267 ± 6
16 ± 4
148 ± 5
9.7 ± 2.2
< 2.4
539 ± 44
< 21

kz06b01r
9.8 ± 0.4
0.17 ± 0.08
0.04 ± 0.02
2.08 ± 0.03
< 42
94 ± 23
< 59
59 ± 4
388 ± 7
16 ± 4
201 ± 5
8.7 ± 2.3
< 2.4
428 ± 41
< 21

kz07b01r
6.1 ± 0.3
0.19 ± 0.08
< 0.02
1.85 ± 0.03
< 39
35 ± 20
< 53
70 ± 4
197 ± 5
12 ± 4
162 ± 4
8.3 ± 2.0
< 2.2
607 ± 44
< 19

kz08b01r
7.1 ± 0.3
0.25 ± 0.08
< 0.03
2.04 ± 0.03
< 41
36 ± 21
< 56
69 ± 4
219 ± 6
15 ± 4
174 ± 5
9.8 ± 2.2
< 2.3
633 ± 46
< 20

kz09b01r
7.2 ± 0.3
0.24 ± 0.08
0.03 ± 0.02
2.06 ± 0.03
< 41
35 ± 21
< 55
71 ± 4
210 ± 5
14 ± 4
182 ± 5
9.1 ± 2.1
< 2.3
621 ± 45
< 20

kz10b01r
6.9 ± 0.3
0.24 ± 0.08
0.04 ± 0.02
2.08 ± 0.03
< 41
41 ± 21
< 55
70 ± 4
235 ± 6
17 ± 4
155 ± 5
10.9 ± 2.2
< 2.3
610 ± 45
< 20

kz11b01r
7.4 ± 0.4
0.22 ± 0.08
0.04 ± 0.02
2.68 ± 0.03
< 42
58 ± 22
< 57
76 ± 5
307 ± 7
16 ± 4
134 ± 5
10.6 ± 2.3
< 2.4
572 ± 46
< 20

kz12b01r
6.3 ± 0.3
0.15 ± 0.07
0.03 ± 0.02
1.69 ± 0.03
< 39
< 30
< 53
74 ± 4
206 ± 5
12 ± 4
102 ± 4
7.6 ± 2.0
< 2.1
656 ± 45
< 19

kz13b01r
5.5 ± 0.3
0.16 ± 0.07
< 0.02
1.50 ± 0.02
< 38
< 29
< 51
74 ± 4
185 ± 5
12 ± 4
136 ± 4
7.2 ± 1.9
< 2.1
652 ± 44
< 18

kz14b01r
7.1 ± 0.3
0.32 ± 0.08
0.04 ± 0.02
2.31 ± 0.03
< 40
42 ± 21
< 54
68 ± 4
271 ± 6
16 ± 4
188 ± 5
10.4 ± 2.2
2.9 ± 1.6
522 ± 43
< 20

kz15b01r
6.0 ± 0.3
0.18 ± 0.08
0.03 ± 0.02
1.84 ± 0.03
< 40
37 ± 21
< 54
76 ± 4
219 ± 5
13 ± 4
110 ± 4
8.9 ± 2.1
< 2.2
642 ± 45
< 19

Average
6.7 ±  0.3
0.22 ± 0.08
0.03 ± 0.02
2.05 ± 0.03
< 40
44 ± 23
< 55
71 ± 4
248 ± 6
15 ± 4
163 ± 5
9.4 ± 2.1
2.3 ± 2.2
616 ± 45
< 20

kz02s01r
6.9 ± 0.3
0.26 ± 0.08
0.04 ± 0.02
2.17 ± 0.03
< 41
45 ± 21
< 55
72 ± 4
217 ± 6
17 ± 4
195 ± 5
9.4 ± 2.2
< 2.3
639 ± 46
< 20

kz03s01r
4.7 ± 0.3
0.33 ± 0.07
0.03 ± 0.02
2.06 ± 0.03
< 39
40 ± 20
< 53
76 ± 4
246 ± 6
17 ± 4
274 ± 5
10.9 ± 2.2
2.5 ± 1.6
740 ± 48
< 19

kz04s01r
4.4 ± 0.3
0.29 ± 0.07
0.05 ± 0.02
2.45 ± 0.03
< 38
61 ± 20
< 51
77 ± 4
262 ± 6
18 ± 4
171 ± 5
11.9 ± 2.1
< 2.2
544 ± 42
< 18

kz05s01r
6.3 ± 0.3
0.23 ± 0.07
0.05 ± 0.02
2.72 ± 0.03
< 40
74 ± 21
< 54
77 ± 4
203 ± 5
18 ± 4
148 ± 5
10.5 ± 2.2
< 2.3
427 ± 40
24 ± 13

kz06s01r
8.2 ± 0.3
0.19 ± 0.08
0.03 ± 0.02
1.83 ± 0.03
< 41
125 ± 23
< 56
58 ± 4
257 ± 6
13 ± 4
190 ± 5
8.8 ± 2.2
< 2.4
512 ± 42
29 ± 14

kz07s01r
7.0 ± 0.3
0.22 ± 0.08
0.03 ± 0.02
2.08 ± 0.03
< 40
44 ± 21
< 55
69 ± 4
268 ± 6
15 ± 4
154 ± 5
10.1 ± 2.2
< 2.3
575 ± 44
< 19

kz08s01r
6.1 ± 0.3
0.23 ± 0.07
0.03 ± 0.02
2.38 ± 0.03
< 40
58 ± 21
< 55
68 ± 4
381 ± 7
14 ± 4
141 ± 5
9.2 ± 2.2
< 2.3
534 ± 43
< 20

kz09s01r
6.6 ± 0.3
0.23 ± 0.07
0.04 ± 0.02
2.62 ± 0.03
< 40
65 ± 22
< 55
74 ± 5
309 ± 7
17 ± 4
143 ± 5
11.7 ± 2.3
< 2.3
515 ± 43
< 20

kz10s01r
6.8 ± 0.3
0.22 ± 0.08
0.03 ± 0.02
2.10 ± 0.03
< 41
41 ± 21
< 56
71 ± 4
260 ± 6
17 ± 4
163 ± 5
9.3 ± 2.2
< 2.3
567 ± 44
< 20

kz11s01r
6.6 ± 0.3
0.23 ± 0.07
0.04 ± 0.02
2.15 ± 0.03
< 40
82 ± 21
< 54
60 ± 4
491 ± 8
13 ± 4
118 ± 5
8.6 ± 2.1
< 2.2
465 ± 40
< 20

kz12s01r
6.1 ± 0.3
0.19 ± 0.07
0.04 ± 0.02
2.38 ± 0.03
< 41
51 ± 21
< 55
75 ± 4
264 ± 6
17 ± 4
130 ± 4
10.1 ± 2.2
< 2.3
571 ± 44
< 20

kz13s01r
6.7 ± 0.3
0.25 ± 0.07
0.04 ± 0.02
2.83 ± 0.03
< 42
64 ± 22
< 57
76 ± 5
352 ± 7
19 ± 4
121 ± 5
10.2 ± 2.2
< 2.3
539 ± 44
< 20

kz14s01r
6.0 ± 0.3
0.20 ± 0.08
0.03 ± 0.02
1.95 ± 0.03
< 40
38 ± 20
< 53
68 ± 4
245 ± 6
15 ± 4
153 ± 5
9.8 ± 2.1
< 2.3
569 ± 43
< 19

kz15s01r
6.4 ± 0.3
0.23 ± 0.08
0.03 ± 0.02
2.09 ± 0.03
< 41
38 ± 21
< 54
71 ± 4
252 ± 6
13 ± 4
165 ± 5
9.8 ± 2.1
< 2.3
596 ± 44
< 20

Average
6.3 ± 0.3
0.24 ± 0.07
0.04 ± 0.02
2.27 ± 0.03
< 40
59 ± 21
< 55
71 ± 4
286 ± 6
16 ± 4
162 ± 5
9.8 ± 2
2.3 ± 2.2
557 ± 43
21 ± 19

Table 7

Results of XRF analysis of samples bottom sediments and soils, collected  along riverbed Syrdarya river (Uzbekistan-1)

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t
Pb, g/t

UZ-01 B
8.6 ± 0.3
0.75 ± 0.06
0.04 ± 0.01
3.05 ± 0.02
< 30
55 ± 15
< 40
60 ± 3
274 ± 4
24 ± 3
349 ± 4
11.3 ± 1.6
2.7 ± 1.2
417 ± 28
< 14

UZ-02 B
7.8 ± 0.3
0.55 ± 0.05
0.03 ± 0.01
3.08 ± 0.02
< 29
66 ± 15
< 39
70 ± 3
254 ± 4
18 ± 3
180 ± 3
9.7 ± 1.6
< 1.6
385 ± 27
< 14

UZ-03 B
5.3 ± 0.2
0.46 ± 0.05
0.03 ± 0.01
2.92 ± 0.02
< 28
61 ± 14
< 36
68 ± 3
221 ± 4
20 ± 3
185 ± 3
11.5 ± 1.5
< 1.6
359 ± 25
< 13

UZ-04 B
7.8 ± 0.2
0.50 ± 0.05
0.03 ± 0.01
2.11 ± 0.02
< 27
54 ± 14
< 37
72 ± 3
191 ± 4
13 ± 3
139 ± 3
8.7 ± 1.4
< 1.5
758 ± 33
< 13

UZ-05 B
12.6 ± 0.2
0.49 ± 0.06
< 0.02
1.75 ± 0.02
< 27
77 ± 14
< 37
49 ± 3
507 ± 5
8 ± 2
92 ± 3
5.7 ± 1.4
3.4 ± 1.0
533 ± 29
< 14

UZ-06 B
7.0 ± 0.2
0.47 ± 0.05
0.02 ± 0.01
1.92 ± 0.02
< 27
47 ± 14
< 36
76 ± 3
193 ± 3
11 ± 3
116 ± 3
8.5 ± 1.4
< 1.5
681 ± 31
< 13

UZ-07 B
2.8 ± 0.2
0.40 ± 0.05
0.06 ± 0.01
2.38 ± 0.02
< 27
70 ± 14
< 36
181 ± 4
122 ± 3
24 ± 3
242 ± 3
23.8 ± 1.7
3.0 ± 1.1
747 ± 32
24 ± 9

UZ-08 B
2.8 ± 0.2
0.42 ± 0.05
0.06 ± 0.01
2.70 ± 0.02
< 27
117 ± 15
< 37
157 ± 4
173 ± 3
24 ± 3
212 ± 3
20.9 ± 1.7
2.6 ± 1.1
808 ± 34
46 ± 10

UZ-09 B
8.5 ± 0.2
0.39 ± 0.05
0.96 ± 0.02
2.49 ± 0.02
< 28
106 ± 15
< 37
76 ± 3
233 ± 4
15 ± 3
116 ± 3
8.5 ± 1.5
2.7 ± 1.1
577 ± 31
< 14

UZ-10 B
7.7 ± 0.3
0.50 ± 0.05
0.13 ± 0.01
2.88 ± 0.02
< 29
169 ± 17
< 41
92 ± 3
266 ± 4
14 ± 3
140 ± 3
11.3 ± 1.5
< 1.6
1102 ± 40
31 ± 10

UZ-11 B
6.6 ± 0.2
0.42 ± 0.05
0.03 ± 0.01
2.38 ± 0.02
59 ± 19
91 ± 14
< 36
74 ± 3
212 ± 4
10 ± 2
136 ± 3
10.1 ± 1.4
< 1.5
851 ± 34
< 13

UZ-12 B
7.2 ± 0.2
0.44 ± 0.05
< 0.02
1.70 ± 0.02
< 26
45 ± 13
< 35
106 ± 3
231 ± 4
9 ± 3
91 ± 3
8.5 ± 1.4
< 1.4
833 ± 34
< 13

Average
7.06 ± 0.2
0.48 ± 0.05
0.14 ± 0.01
2.45 ± 0.02
30 ± 27
80 ± 15
< 37
90 ± 3
240 ± 4
16 ±2
167 ± 3
12 ± 1.5
2.1 ± 1.4
670 ± 32
19 ± 13


















UZ-01 S
6.1 ± 0.2
0.55 ± 0.05
0.03 ± 0.01
2.43 ± 0.02
< 27
45 ± 14
< 36
48 ± 3
247 ± 4
21 ± 3
388 ± 4
8.8 ± 1.5
2.5 ± 1.2
351 ± 25
< 13

UZ-02 S
8.1 ± 0.2
0.66 ± 0.06
0.03 ± 0.01
2.53 ± 0.02
< 28
49 ± 15
< 38
56 ± 3
241 ± 4
18 ± 3
271 ± 4
7.8 ± 1.5
1.9 ± 1.1
411 ± 27
< 14

UZ-03 S
5.3 ± 0.2
0.40 ± 0.05
0.02 ± 0.01
1.78 ± 0.02
< 25
49 ± 13
< 34
58 ± 3
195 ± 3
10 ± 2
109 ± 3
6.4 ± 1.3
< 1.4
483 ± 26
< 12

UZ-04 S
8.8 ± 0.3
0.59 ± 0.06
0.02 ± 0.01
2.42 ± 0.02
< 29
62 ± 15
< 39
76 ± 3
231 ± 4
16 ± 3
172 ± 3
9.4 ± 1.5
< 1.6
822 ± 36
< 14

UZ-05 S
9.1 ± 0.2
0.54 ± 0.06
0.03 ± 0.01
2.15 ± 0.02
< 27
74 ± 15
< 37
62 ± 3
220 ± 4
13 ± 3
159 ± 3
8.6 ± 1.4
2.1 ± 1.0
696 ± 32
19 ± 9

UZ-06 S
6.8 ± 0.2
0.46 ± 0.05
0.03 ± 0.01
1.99 ± 0.02
< 26
86 ± 14
< 35
77 ± 3
196 ± 3
12 ± 2
105 ± 3
7.8 ± 1.3
< 1.4
698 ± 31
17 ± 9

UZ-07 S
2.4 ± 0.2
0.42 ± 0.05
0.07 ± 0.01
2.89 ± 0.02
< 27
150 ± 15
< 37
160 ± 4
145 ± 3
26 ± 3
223 ± 3
21.1 ± 1.7
5.4 ± 1.1
666 ± 31
73 ± 10

UZ-08 S
2.0 ± 0.2
0.40 ± 0.05
0.04 ± 0.01
2.68 ± 0.02
< 27
191 ± 16
< 37
177 ± 4
176 ± 3
26 ± 3
230 ± 3
19.9 ± 1.6
3.8 ± 1.1
868 ± 34
62 ± 10

UZ-09 S
8.1 ± 0.2
0.47 ± 0.05
0.02 ± 0.01
2.33 ± 0.02
< 28
111 ± 15
< 38
116 ± 3
239 ± 4
20 ± 3
170 ± 3
13.9 ± 1.6
< 1.6
764 ± 34
27 ± 10

UZ-10 S
6.3 ± 0.2
0.44 ± 0.05
0.04 ± 0.01
2.50 ± 0.02
< 27
93 ± 15
< 37
89 ± 3
228 ± 4
13 ± 3
116 ± 3
10.4 ± 1.4
< 1.5
696 ± 32
< 14

UZ-11 S
7.6 ± 0.2
0.49 ± 0.05
0.04 ± 0.01
2.45 ± 0.02
< 28
74 ± 14
< 37
78 ± 3
210 ± 4
15 ± 3
149 ± 3
10.3 ± 1.5
1.9 ± 1.0
580 ± 30
< 13

UZ-12 S
7.7 ± 0.2
0.51 ± 0.05
0.03 ± 0.01
2.04 ± 0.02
< 27
62 ± 14
< 37
102 ± 3
231 ± 4
14 ± 3
133 ± 3
11.4 ± 1.5
1.6 ± 1.0
785 ± 34
< 13

Average
6.5 ± 0.2
0.5 ± 0.05
0.03 ± 0.01
2.35 ± 0.02
< 27
87 ± 15
< 37
92 ± 3
213 ± 4
17 ± 3
185 ± 3
11 ± 1.5
2.2 ± 1.3
652 ± 31
24 ± 12

WSO
< 0.2
0.20 ± 0.04
0.04 ± 0.01
3.22 ± 0.02
< 22
52 ± 11
< 29
66 ± 3
218 ± 4
20 ± 3
167 ± 3
12.7 ± 1.5
< 1.5
274 ± 22
< 11

Av. conc. for sed.
2.5
0.45
0.07
3.33
57
80
6.6
200
450
30
200
20
2.0
800
-

Table 8
Results of XRF analysis of samples bottom sediments and soils, collected at the territory of Kyrgyzstan (Kyrgyzstan -1)

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
Pb, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t

kg0100b
7.1 ± 0.4
0.41 ± 0.07
0.04 ± 0.02
3.57 ± 0.04
< 44
50 ± 23
< 21
< 59
112 ± 5
331 ± 7
30 ± 5
243 ± 6
14.8 ± 2.5
2.7 ± 1.7
761 ± 51

kg0200b
11.0 ± 0.4
0.39 ± 0.08
< 0.03
2.73 ± 0.03
< 42
< 32
< 20
< 56
104 ± 5
129 ± 5
16 ± 4
175 ± 5
13.9 ± 2.3
< 2.4
536 ± 44

kg0300b
10.0 ± 0.4
0.41 ± 0.07
0.04 ± 0.02
3.27 ± 0.03
< 42
44 ± 22
< 20
< 56
87 ± 5
369 ± 7
25 ± 4
257 ± 6
12.1 ± 2.4
< 2.5
681 ± 48

kg0400b
10.6 ± 0.4
0.40 ± 0.08
0.04 ± 0.02
3.25 ± 0.03
< 43
37 ± 22
< 21
< 58
42 ± 4
228 ± 6
17 ± 4
132 ± 4
9.5 ± 2.2
< 2.3
484 ± 43

kg0500b
8.6 ± 0.4
0.38 ± 0.08
0.06 ± 0.02
3.53 ± 0.04
< 44
53 ± 23
< 21
< 59
78 ± 5
237 ± 6
22 ± 4
191 ± 5
11.4 ± 2.4
< 2.5
508 ± 45

kg0601b
3.4 ± 0.3
0.38 ± 0.06
0.03 ± 0.02
2.96 ± 0.03
< 38
57 ± 20
< 19
< 51
122 ± 5
118 ± 4
29 ± 4
195 ± 5
14.8 ± 2.2
< 2.2
544 ± 41

kg0701b
9.4 ± 0.4
0.29 ± 0.08
0.04 ± 0.02
2.85 ± 0.03
< 43
49 ± 22
< 21
< 58
82 ± 5
227 ± 6
19 ± 4
187 ± 5
11.6 ± 2.3
< 2.5
626 ± 47

kg0801b
11.7 ± 0.4
0.32 ± 0.08
0.04 ± 0.02
3.26 ± 0.04
< 47
< 36
< 22
< 62
108 ± 6
443 ± 8
17 ± 5
129 ± 5
10.0 ± 2.4
< 2.5
1310 ± 67

kg0901b
7.4 ± 0.4
0.41 ± 0.07
0.04 ± 0.02
4.17 ± 0.04
< 47
99 ± 25
< 22
< 60
112 ± 5
219 ± 6
22 ± 5
159 ± 5
11.3 ± 2.4
< 2.4
632 ± 48

kg1001b
5.4 ± 0.3
0.31 ± 0.06
0.03 ± 0.01
1.90 ± 0.02
< 34
60 ± 18
20 ± 11
< 45
62 ± 4
170 ± 4
16 ± 3
140 ± 4
8.6 ± 1.8
< 1.9
417 ± 34

kg1101b
8.7 ± 0.4
0.40 ± 0.08
0.05 ± 0.02
3.52 ± 0.04
< 45
68 ± 24
< 21
< 59
77 ± 5
149 ± 5
17 ± 4
160 ± 5
9.9 ± 2.3
< 2.5
728 ± 51

kg1201b
8.4 ± 0.4
0.47 ± 0.07
0.04 ± 0.02
4.07 ± 0.04
< 46
40 ± 24
< 22
< 60
66 ± 5
159 ± 5
17 ± 4
189 ± 5
9.8 ± 2.3
< 2.5
1124 ± 61

kg1301b
7.6 ± 0.3
0.30 ± 0.08
0.03 ± 0.02
2.27 ± 0.03
< 40
79 ± 21
< 19
< 53
89 ± 5
132 ± 5
13 ± 4
119 ± 4
7.0 ± 2.0
< 2.2
624 ± 45

kg1401b
6.0 ± 0.3
0.45 ± 0.07
0.04 ± 0.02
3.38 ± 0.04
< 42
71 ± 23
< 21
< 57
86 ± 5
178 ± 5
23 ± 4
207 ± 5
12.4 ± 2.3
< 2.4
551 ± 44

kg1501b
5.3 ± 0.3
0.36 ± 0.07
0.06 ± 0.02
3.49 ± 0.04
50 ± 30
403 ± 29
33 ± 14
< 56
76 ± 5
131 ± 5
18 ± 4
138 ± 4
9.8 ± 2.2
< 2.3
693 ± 49

Average
8.4 ± 0.36
0.37 ± 0.07
0.04 ± 0.02
3.21 ± 0.03
43 ± 42
85 ± 23
22 ± 20
< 56
89 ± 5
215 ± 6
20 ± 4
175 ± 5
11.1 ± 2.2
2.4 ± 2.3
681 ± 48

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
Pb, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t

kg1101s
9.7 ± 0.4
0.48 ± 0.07
0.05 ± 0.02
4.45 ± 0.04
< 49
< 38
< 22
< 63
58 ± 5
166 ± 5
24 ± 4
195 ± 5
8.6 ± 2.4
< 2.6
839 ± 55

kg1201s
8.9 ± 0.4
0.39 ± 0.08
0.05 ± 0.02
3.54 ± 0.04
< 45
69 ± 24
< 21
< 59
73 ± 5
165 ± 5
19 ± 4
210 ± 5
9.6 ± 2.3
2.8 ± 1.7
791 ± 52

kg1301s
6.8 ± 0.3
0.33 ± 0.07
0.03 ± 0.02
3.53 ± 0.03
< 44
< 33
< 20
< 56
69 ± 4
119 ± 4
11 ± 4
78 ± 4
5.1 ± 2.0
< 2.2
456 ± 41

kg1401s
8.2 ± 0.4
0.43 ± 0.08
0.03 ± 0.02
2.80 ± 0.03
< 43
< 33
< 21
< 57
89 ± 5
156 ± 5
16 ± 4
215 ± 5
9.3 ± 2.2
< 2.4
737 ± 49

kg1501s
6.5 ± 0.4
0.36 ± 0.06
0.03 ± 0.02
4.60 ± 0.04
< 47
< 36
< 21
< 60
47 ± 4
127 ± 5
16 ± 4
79 ± 4
8.0 ± 2.2
< 2.3
390 ± 40

Average
8.0 ± 0.4
0.39 ± 0.07
0.04 ± 0.02
3.78 ± 0.03
< 46
42 ± 33
< 21
< 59
67 ± 4.6
146 ± 5
17 ± 4
155 ± 4.6
8.1 ± 2.2
2.5 ± 2.2
642.6 ± 47.4

Table 9
Results of XRF analysis of samples bottom sediments and soils, collected at the territory of Tadjikistan (Tadjikistan-1)

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
Pb, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t

tj0200b
3.5 ± 0.3
0.22 ± 0.07
0.03 ± 0.02
2.30 ± 0.03
< 37
72 ± 20
< 19
< 51
106 ± 5
184 ± 5
13 ± 4
95 ± 4
7.6 ± 2.0
< 2.1
622 ± 44

tj0300b
3.9 ± 0.3
0.26 ± 0.07
0.03 ± 0.02
2.24 ± 0.03
< 38
42 ± 19
< 18
< 50
108 ± 5
223 ± 5
10 ± 4
86 ± 4
7.2 ± 1.9
< 2.0
724 ± 46

tj0400b
4.1 ± 0.3
0.28 ± 0.07
0.04 ± 0.02
2.62 ± 0.03
< 39
69 ± 21
< 19
< 53
91 ± 5
198 ± 5
18 ± 4
159 ± 4
10.6 ± 2.1
< 2.2
521 ± 42

tj0500b
8.0 ± 0.4
0.33 ± 0.08
0.04 ± 0.02
2.91 ± 0.03
< 41
66 ± 22
< 20
< 56
98 ± 5
256 ± 6
19 ± 4
157 ± 5
10.2 ± 2.3
< 2.4
507 ± 43

tj0600b
3.5 ± 0.3
0.27 ± 0.07
0.03 ± 0.02
1.96 ± 0.03
< 37
48 ± 19
< 18
< 51
70 ± 4
149 ± 5
15 ± 4
296 ± 5
7.9 ± 2.0
2.4 ± 1.6
528 ± 41

tj0700b
7.5 ± 0.3
0.20 ± 0.08
0.03 ± 0.02
2.17 ± 0.03
< 40
< 31
< 19
< 54
46 ± 4
213 ± 5
13 ± 4
87 ± 4
5.6 ± 2.0
< 2.1
388 ± 38

tj0900b
11.1 ± 0.4
0.19 ± 0.08
0.03 ± 0.02
1.89 ± 0.03
< 39
34 ± 20
< 19
< 53
55 ± 4
410 ± 7
12 ± 4
125 ± 5
5.8 ± 2.1
< 2.3
375 ± 38

tj1000b
7.9 ± 0.4
0.27 ± 0.08
0.04 ± 0.02
2.67 ± 0.03
< 42
42 ± 22
< 20
< 56
39 ± 4
290 ± 6
13 ± 4
136 ± 5
6.5 ± 2.0
< 2.3
299 ± 35

tj1300b
6.9 ± 0.3
0.30 ± 0.08
0.04 ± 0.02
2.48 ± 0.03
< 42
47 ± 22
< 21
< 57
73 ± 5
231 ± 6
17 ± 4
287 ± 6
11.6 ± 2.3
2.6 ± 1.7
950 ± 55

tj1400b
11.7 ± 0.4
0.24 ± 0.08
0.05 ± 0.02
2.89 ± 0.03
< 43
108 ± 24
84 ± 16
< 59
84 ± 5
497 ± 8
16 ± 4
155 ± 5
10.0 ± 2.4
< 2.5
809 ± 54

tj1500b
7.9 ± 0.3
0.23 ± 0.08
0.03 ± 0.02
2.32 ± 0.03
< 42
61 ± 22
< 20
< 57
77 ± 5
306 ± 6
14 ± 4
105 ± 4
9.3 ± 2.2
< 2.3
958 ± 55

Average
6.9 ± 0.3
0.25 ± 0.07
0.03 ± 0.02
2.48 ± 0.03
<40
59 ± 21
25 ± 19
<54
77 ± 4.6
269 ± 5.8
14.5 ± 4
153 ± 4.6
8.3 ± 2.1
2.3 ± 2.1
607 ± 44.6

Sample
Ca, %
Ti, %
Mn, %
Fe, %
Cu, g/t
Zn, g/t
Pb, g/t
As, g/t
Rb, g/t
Sr, g/t
Y_, g/t
Zr, g/t
Nb, g/t
Mo, g/t
Ba, g/t

tj0200s
8.1 ± 0.3
0.28 ± 0.07
0.04 ± 0.02
2.85 ± 0.03
< 43
154 ± 24
39 ± 14
< 56
111 ± 5
195 ± 5
19 ± 4
152 ± 5
9.9 ± 2.2
< 2.3
633 ± 46

tj0300s
4.3 ± 0.3
0.30 ± 0.07
0.04 ± 0.02
2.72 ± 0.03
< 40
134 ± 22
67 ± 14
< 54
110 ± 5
212 ± 5
17 ± 4
184 ± 5
10.0 ± 2.2
< 2.3
741 ± 48

tj0400s
5.0 ± 0.3
0.33 ± 0.07
0.03 ± 0.02
2.37 ± 0.03
< 39
47 ± 21
< 20
< 53
102 ± 5
196 ± 5
18 ± 4
260 ± 5
8.7 ± 2.2
< 2.4
714 ± 47

tj0500s
0.9 ± 0.2
0.38 ± 0.07
0.02 ± 0.02
2.60 ± 0.03
< 38
44 ± 20
< 19
< 52
94 ± 5
152 ± 5
33 ± 4
701 ± 8
10.6 ± 2.3
4.0 ± 1.9
553 ± 42

tj0600s
4.3 ± 0.3
0.18 ± 0.07
0.04 ± 0.02
1.71 ± 0.03
< 37
37 ± 19
< 18
< 51
73 ± 4
179 ± 5
11 ± 3
122 ± 4
6.0 ± 1.9
< 2.1
526 ± 41

tj0700s
9.3 ± 0.4
0.31 ± 0.08
0.05 ± 0.02
2.86 ± 0.03
< 43
36 ± 22
< 20
< 56
56 ± 4
339 ± 7
18 ± 4
146 ± 5
7.7 ± 2.2
< 2.4
357 ± 38

tj0900s
7.7 ± 0.4
0.31 ± 0.07
0.05 ± 0.02
3.35 ± 0.04
< 43
50 ± 22
< 21
< 58
86 ± 5
222 ± 6
21 ± 4
183 ± 5
9.8 ± 2.3
< 2.5
437 ± 41

tj1000s
10.4 ± 0.4
0.38 ± 0.08
0.04 ± 0.02
3.00 ± 0.03
< 44
51 ± 23
< 21
< 59
50 ± 4
272 ± 6
19 ± 4
176 ± 5
7.6 ± 2.3
< 2.5
343 ± 38

tj1300s
8.4 ± 0.4
0.35 ± 0.08
0.04 ± 0.02
2.74 ± 0.03
< 43
59 ± 23
< 21
< 59
79 ± 5
240 ± 6
17 ± 4
182 ± 5
9.0 ± 2.3
< 2.5
803 ± 52

tj1400s
7.7 ± 0.3
0.30 ± 0.07
0.05 ± 0.02
2.82 ± 0.03
< 42
126 ± 23
41 ± 14
< 55
95 ± 5
317 ± 7
16 ± 4
157 ± 5
12.2 ± 2.3
< 2.4
1046 ± 57

tj1500s
8.5 ± 0.4
0.34 ± 0.07
0.04 ± 0.02
3.30 ± 0.04
< 43
85 ± 23
< 21
< 57
98 ± 5
287 ± 6
19 ± 4
135 ± 5
12.8 ± 2.4
< 2.4
1041 ± 58

Average
6.7 ± 0.3
0.31 ± 0.07
0.04 ± 0.02
2.75 ± 0.03
< 41
75 ± 22
28 ± 18
< 55
86.7± 4.7
237 ± 6
19 ± 4
218 ± 5
9.4 ± 2.2
2.5 ± 2.3
654 ± 46

 Table 10

Results of activation analysis of water of Syrdarya river (Kazakhstan-1)

Na
K
Cr
Fe
Co
Zn
As
Se
Br
Rb
Mo
Ag
Cd
Sb

kodobr
(mg/L)
(mg/L)
er%
mkg/L
mkg/L
mkg/L
mkg/L
mkg/L
mkg/L
(mkg/L)
mkg/L
mkg/L
mkg/L
er%
mkg/L
er%
mkg/L

kz-01W
71.5
0.05
100
60.5
505
0.28
17.1
1.5
1.85
8.0
1.32
3.48
0.034
32
0.4
100
0.48

kz-02W
80.3
0.06
100
41.7
88
0.20
6.3
1.7
1.61
11.0
0.87
4.18
0.036
26
0.7
100
0.59

kz-03W
214.8
13.25
48
186.5
262
0.37
10.0
1.2
3.95
37.0
1.38
3.22
<0.028
100
2.8
83
0.50

kz-04W
152.1
0.69
100
241.6
307
0.38
7.9
1.1
3.11
23.6
5.68
2.09
0.032
55
1.8
88
0.36

kz-05W
43.3
1.92
83
87.6
160
0.23
25.4
1.8
2.36
7.0
2.57
1.99
0.017
39
0.2
100
0.65

kz-06W
58.5
0.91
100
68.7
211
0.24
7.2
2
2.78
16.5
2.36
1.56
<0.01
100
1.2
81
0.77

kz-07W
84.3
4.82
69
98.3
259
0.25
5.7
1.3
1.44
8.6
2.25
3.55
0.022
59
0.4
100
0.64

kz-08W
102.4
0.08
100
64.8
422
0.20
4.8
1.1
1.53
7.1
3.03
4.52
<0.008
100
0.5
100
0.60

kz-09W
92.9
5.45
70
22.0
119
0.17
7.4
0.7
1.44
12.2
1.20
3.46
0.025
68
0.5
100
0.55

kz-10W
98.8
4.80
79
25.4
224
0.26
7.8
1.1
1.62
10.5
1.31
4.66
<0.007
100
0.4
100
0.63

kz-11W
103
6.90
60
23.0
299
0.30
5.3
1.2
1.64
12.9
1.09
4.73
<0.008
100
1.5
60
0.70

kz-12W
97.1
2.28
100
29.6
440
0.36
7.5
0.9
1.49
10.5
1.68
4.22
0.107
13
2.8
38
0.59

kz-13W
112.3
6.64
68
38.2
943
0.46
33.9
1.8
1.69
9.1
2.16
4.40
0.713
3
1.2
73
0.77

kz-15W
124.8
11.07
43
21.3
105
0.24
7.7
1
1.66
7.9
0.86
4.27
0.043
33
0.5
100
0.73

Average
102.6
4.2
80
72
310
0.28
11
1.3
2.0
13
1.98
3.6
0.08
59
1.06
87
0.6


Cs
Ba
La
Ce
Nd
Sm
Eu
Tb
Yb
Hf
Re
Au
Hg
Th
U

kodobr
mkg/L
mkg/L
(mkg/L)
mkg/L
mkg/L
(mkg/L)
mkg/L
mkg/L
mkg/L
mkg/L
mkg/L
mkg/L
mkg/L
er%
mkg/L
(mkg/L)

kz-01W
0.18
45.87
0.96
5.21
0.70
1.32
0.021
0.001
0.015
0.040
0.12
0.0154
0.083
25
0.059
16.6

kz-02W
0.15
64.05
0.98
5.69
6.15
1.44
0.003
0.006
0.012
0.028
0.14
0.0290
0.037
35
0.007
18.1

kz-03W
0.19
41.77
1.07
6.66
0.00
1.54
0.149
0.003
0.030
0.121
0.06
0.0283
0.025
50
0.080
19.8

kz-04W
0.57
40.68
1.14
7.36
9.14
1.50
0.025
0.004
0.023
0.053
0.02
0.0513
0.378
17
0.065
17.7

kz-05W
0.29
46.05
0.77
3.79
2.20
0.90
0.013
0.003
0.000
0.034
0.73
0.0104
0.036
30
0.064
11.1

kz-06W
0.27
54.03
0.77
3.22
4.29
0.73
0.019
0.003
0.015
0.034
1.43
0.0114
0.022
35
0.056
9.1

kz-07W
0.28
48.59
1.06
5.68
5.19
1.49
0.031
0.003
0.030
0.030
0.19
0.0192
0.040
35
0.042
18.8

kz-08W
0.33
37.92
1.28
7.05
3.79
1.64
0.008
0.002
0.066
0.032
0.21
0.0179
0.014
50
0.054
20.1

kz-09W
0.18
44.22
1.15
6.11
9.90
1.60
0.027
0.007
0.018
0.067
0.20
0.0189
0.015
58
0.023
20.0

kz-10W
0.18
38.69
1.25
6.70
9.88
1.69
0.018
0.000
0.019
0.047
0.16
0.0097
0.013
39
0.066
20.0

kz-11W
0.18
50.98
1.35
6.75
8.98
1.71
0.008
0.002
0.003
0.099
0.26
0.0208
0.014
38
0.064
21.0

kz-12W
0.24
50.14
1.30
6.91
0.00
1.78
0.030
0.006
0.040
0.061
0.19
0.0141
0.018
37
0.114
21.3

kz-13W
0.18
33.45
1.57
7.84
7.95
1.91
0.057
0.006
0.055
0.077
0.20
0.0185
0.112
25
0.126
23.1

kz-15W
0.15
45.05
1.56
8.00
3.20
1.98
0.023
0.003
0.000
0.046
0.15
0.0418
0.115
25
0.017
24.6

Average
0.24
45.8
1.16
6.2
5.1
1.5
0.03
0.003
0.023
0.05
0.29
0.02
0.07
36
0.06
18.7

Table 11 

Results of activation analysis of bottom sediments of Syrdarya river (Kazakhstan-1)

Na
Sc
Cr
Fe
Co
Ni
Zn
As
Se
Br
Rb
Sr
Cd
Sb
Cs
Ba

kodobr
mg/g
mkg/g
mkg/g
(mg/g)
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mg/g
mkg/g
er%
mkg/g
mkg/g
mkg/g

KZ-01 Sd
4.77
15.5
100
41.5
16.9
26.6
155
7.80
2.25
4.85
146
457
0.55
100
1.55
9.0
569

KZ-02 Sd
9.00
8.1
65
23
8.0
11.7
67
7.70
3.15
2.35
130
429
0.50
100
1.20
4.5
774

KZ-03 Sd
9.51
7.1
77
20.1
7.4
12.9
57
4.30
1.66
0.35
105
244
0.40
100
0.80
2.9
545

KZ-04 Sd
8.61
10.1
84
26.2
9.9
19.7
83
6.55
3.09
1.85
113
387
0.30
100
1.35
4.6
622

KZ-05 Sd
4.29
8.7
66
26.3
10.0
13.2
88
11.05
2.44
2.50
97
394
0.35
100
1.90
4.4
487

KZ-06 Sd
5.37
6.8
75
18
6.9
11.0
81
4.60
1.96
2.80
76
430
0.20
100
1.00
2.9
403

KZ-07 Sd
7.97
10.3
86
27.3
11.1
17.1
93
6.35
1.87
2.65
107
387
1.20
90
0.90
4.7
549

KZ-08 Sd
8.50
8.3
82
23.7
8.8
14.0
65
3.80
3.34
0.55
105
259
0.15
100
0.85
3.3
536

KZ-09 Sd
8.77
8.2
67
22.4
9.0
17.2
68
4.75
1.68
1.10
114
286
0.15
100
0.90
3.9
566

KZ-10 Sd
8.61
9.7
81
25.9
10.2
15.8
79
4.15
2.24
0.80
113
313
0.40
100
1.00
4.7
558

KZ-11 Sd
7.44
11.7
81
30.6
12.5
20.6
100
7.30
2.46
1.40
117
354
0.50
100
1.10
5.9
542

KZ-12 Sd
8.64
8.8
63
23.4
9.5
16.5
74
5.50
2.17
1.05
114
311
0.25
100
0.90
4.3
594

KZ-13 Sd
9.59
10.1
72
26.2
10.7
20.6
83
6.20
2.16
2.35
118
409
0.75
100
1.05
5.1
619

KZ-15 Sd
3.19
3.1
63
8.9
3.6
5.1
31
1.95
1.55
0.65
53
116
0.10
100
0.40
1.7
263

Average
7.45
9.0
76
25
9.6
15.9
80
5.86
2.29
1.8
108
341
0.41
99
1.06
4.42
545

Av. conc. for sediments
6.60
10.0
100
33.3
20.0
95.0
80.0
6.60
0.60
6.00
200
450
0.30

2.00
12.0
800


La
Ce
Nd
Sm
Eu
Tb
Yb
Hf
Ta
Hg
Th
U

kodobr
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
er%
mkg/g
mkg/g

KZ-01 Sd
7.80
61.1
28.6
2.90
1.22
0.74
1.70
4.5
0.9
0.035
91
15.6
3.55

KZ-02 Sd
7.70
51.2
26.3
2.45
1.15
0.63
1.49
8.59
0.9
0.017
95
14.0
2.10

KZ-03 Sd
4.30
33.7
18.9
1.70
0.83
0.46
1.05
5.45
0.7
0.002
100
8.1
1.20

KZ-04 Sd
6.55
62.3
29.7
2.75
1.33
0.80
1.95
10.52
1
0.01
91
14.6
2.05

KZ-05 Sd
11.05
44.1
18.9
2.00
1.03
0.57
1.34
5.99
0.7
0.008
94
10.3
1.60

KZ-06 Sd
4.60
38.2
19.9
2.00
0.85
0.57
1.39
6.32
0.7
0.014
99
8.5
1.65

KZ-07 Sd
6.35
49.8
26.4
2.35
1.05
0.65
1.61
6.53
0.9
0.007
91
11.5
2.30

KZ-08 Sd
3.80
43.3
20.0
2.15
1.01
0.63
1.60
10.6
0.9
0.003
100
9.5
1.70

KZ-09 Sd
4.75
45.0
21.7
2.20
0.94
0.63
1.53
5.84
0.8
0
100
9.6
1.65

KZ-10 Sd
4.15
47.0
21.2
2.30
1.04
0.65
1.84
7.8
0.9
0.004
100
12.0
2.00

KZ-11 Sd
7.30
53.4
23.9
2.70
1.18
0.76
1.72
6.07
0.9
0.004
100
13.3
2.30

KZ-12 Sd
5.50
45.1
24.3
2.25
1.01
0.63
1.46
5.55
0.8
0.003
100
11.6
1.60

KZ-13 Sd
6.20
50.7
20.5
2.55
1.12
0.75
1.79
7.8
1
0.014
95
13.2
2.05

KZ-15 Sd
1.95
17.8
8.5
0.90
0.46
0.26
0.73
5.79
0.4
0.001
100
3.3
0.70

Average
5.86
45.9
22.1
2.23
1.02
0.62
1.51
6.95
0.82
0.009
97
11.1
1.89

Av. conc. for sediments
40.0
50.0
23.0
6.5
1.00
0.30
3.00
6.00
3.5
0.400

11.0
3.2

Table 12

Results of activation analysis of soils and vegetation along riverbed of Syrdarya river (Kazakhstan-1)

Na
Sc
Cr
Fe
Co
Ni
Zn
As
Se
Br
Rb
Sr
Cd
Sb
Cs
Ba

kodobr
mg/g
mkg/g
mkg/g
(mg/g)
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mg/g
mkg/g
er%
mkg/g
mkg/g
mkg/g

KZ-02 S
12.24
9.3
87.1
26.1
9.7
17.6
81
5.20
2.12
0.30
119.1
281
0.25
100
1.15
3.95
660

KZ-03 S
10.46
9.8
69.6
26.8
9.4
15.6
84
7.50
2.2
1.80
124.0
333
0.15
100
1.30
4.73
769

KZ-04 S
8.49
11.5
96.3
30.1
11.5
16.3
102
8.85
2
2.75
125.5
327
0.15
100
1.30
5.72
656

KZ-05 S
4.86
10.6
98.6
30.4
12.3
20.0
133
11.80
2.28
3.80
108.2
295
0.55
98
2.45
5.81
449

KZ-06 S
6.59
8.3
120.7
20.8
8.3
13.5
72
4.20
1.7
2.10
84.8
378
0.25
100
0.80
3.19
394

KZ-07 S
8.12
10.5
84.0
27.8
11.2
20.2
99
6.00
1.9
2.85
111.7
403
0.35
100
1.05
5.20
579

KZ-08 S
11.49
12.8
91.0
33.5
13.8
20.2
114
6.85
2.22
5.90
124.2
473
1.60
96
1.25
6.56
559

KZ-09 S
8.71
11.7
83.7
30.8
12.4
20.3
110
7.20
2.46
4.65
114.1
440
1.10
91
1.05
5.88
598

KZ-10 S
11.43
11.7
91.9
30.9
12.5
22.2
122
6.05
2.3
6.95
119.6
556
0.45
100
2.05
6.03
588

KZ-11 S
14.76
11.2
155.0
29.8
12.0
21.1
106
5.35
2.49
5.65
117.8
391
0.55
93
1.05
5.67
550

KZ-12 S
8.20
11.4
86.5
33.5
13.0
27.3
144
7.25
2.21
11.25
117.5
608
1.15
95
8.40
6.13
547

KZ-13 S
25.13
10.1
73.6
26.2
10.8
15.8
96
6.15
1.54
9.85
92.8
572
0.40
100
1.05
5.34
468

KZ-15 S
4.88
8.9
99.7
22.9
9.0
13.6
72
3.90
1.85
1.00
91.1
223
0.30
100
0.70
4.29
418

Average
10.4
10.6
95
28.4
11.2
18.8
103
6.64
2.1
4.53
112
406
0.56
98
1.82
5.27
557

kzV-06
6.06
8.5
150.7
22.7
9.5
16.3
91
6.30
1.92
8.20
76.8
570
0.45
100
0.90
3.80
429

Av. conc. for sed.
6.60
10.0
100
33.3
20.0
95.0
80.0
6.60
0.60
6.00
200
450
0.30

2.00
12.0
800


La
Ce
Nd
Sm
Eu
Tb
Yb
Hf
Ta
Hg
Th
U

kodobr
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
mkg/g
er%
mkg/g
mkg/g

KZ-02 S
5.20
52.7
27.36
2.80
1.19
0.664
1.518
8.02
1
0
100
13.06
1.90

KZ-03 S
7.50
66.07
30.93
3.10
1.393
0.834
1.786
10.93
1.1
0.008
96
15.63
2.45

KZ-04 S
8.85
64.66
35.18
3.10
1.362
0.855
2.027
9.3
1.8
0.005
100
15.04
2.15

KZ-05 S
11.80
49.92
29.04
2.55
1.102
0.671
1.603
5.82
0.8
0.005
100
11.70
1.90

KZ-06 S
4.20
46.26
20.67
2.25
1.05
0.558
1.362
6.71
0.8
0
100
9.42
1.70

KZ-07 S
6.00
51.36
22.19
2.50
1.124
0.723
1.711
6.4
0.9
0
100
12.06
2.45

KZ-08 S
6.85
56.36
24.61
2.65
1.183
0.716
1.665
6.99
1
0.012
97
13.87
2.80

KZ-09 S
7.20
53.32
23.3
2.65
1.187
0.762
1.669
6.3
0.9
0
100
12.73
2.45

KZ-10 S
6.05
50.98
24.05
2.55
1.116
0.705
1.729
6.22
0.9
0.009
92
12.35
2.00

KZ-11 S
5.35
51.78
22.68
2.55
1.106
0.686
1.711
6.38
0.9
0.02
97
12.00
2.40

KZ-12 S
7.25
48.6
21.13
2.35
1.026
0.649
1.536
4.84
0.8
0.006
99
11.93
1.85

KZ-13 S
6.15
42.7
19.34
2.35
0.952
0.575
1.273
4.81
0.7
0.007
73
10.45
2.30

KZ-15 S
3.90
41.07
19.4
2.15
0.993
0.614
1.371
6.05
0.8
0
100
9.24
1.40

Average
6.64
52
24.6
2.58
1.137
0.693
1.612
6.83
0.95
0.006
96
12.27
2.13

kzV-06
6.30
39.87
23.48
2.25
0.858
0.542
1.086
5.8
0.7
0.012
96
8.95
2.10

Av. conc. for sediments
40.0
50.0
23.0
6.5
1.00
0.30
3.00
6.00
3.5
0.400

11.0
3.2

Table 13

Results (mBq/l) of radionuclide analysis of water samples of Syrdarya river and its tributaries (Kazakhstan-1)

Probe code
Th-234
Ra-226
Pb-214
Bi-214
Pb-210
Ac-228
Ra-224
Pb-212
Bi-212
Tl-208
U-235
Th-227
Rn-219
Ra-223
Pb-211
K-40
Cs-137
Am-241

KZ-01WD
55 ± 29
< 121
< 18
< 33.2
< 31
< 42
< 119
< 12
< 203
< 43
< 12
< 38
< 55
< 54
< 199
< 515
< 14.0
< 4.1

KZ-02WD
150 ± 15
< 49
24 ± 5
38 ± 11
< 12
25 ± 11
< 48
12 ± 4
< 70
17 ± 11
15 ± 4
< 15
< 21
< 23
< 66
< 214
< 4.9
< 1.6

KZ-03WD
170 ± 27
< 94
17 ± 8
39 ± 17
< 24
< 30
< 86
16 ± 6
< 116
35 ± 21
17 ± 6
< 26
< 35
< 40
< 127
< 397
< 7.6
< 3.0

KZ-04WD
93 ± 25
< 91
24 ± 10
40 ± 19
< 23
< 31
< 97
21 ± 7
< 118
< 35
11 ± 6
< 27
< 43
< 43
< 134
< 419
< 8.9
< 3.1

KZ-05WD
76 ± 14
< 58
33 ± 6
39 ± 12
< 13
< 19
< 54
10 ± 4
< 78
< 21
10 ± 4
< 17
< 24
< 28
< 83
< 252
< 5.2
< 1.8

KZ-06WD
62 ± 16
< 63
19 ± 7
20 ± 13
< 15
< 23
< 64
10 ± 5
< 100
31 ± 17
7 ± 5
< 20
< 28
< 31
< 100
< 300
< 6.9
< 2.3

KZ-07WD
81 ± 16
< 60
26 ± 7
34 ± 13
< 14
< 22
< 60
9 ± 4
< 83
< 20
9 ± 4
< 19
< 27
< 30
< 88
< 269
< 5.6
< 2.0

KZ-08WD
190 ± 25
< 81
16 ± 7
< 20
< 20
< 25
< 72
16 ± 5
< 110
< 26
18 ± 5
< 20
< 29
< 35
< 103
< 314
< 7.1
< 2.5

KZ-09WD
196 ± 39
< 130
18 ± 12
< 36
< 31
< 42
< 129
16 ± 9
< 155
< 42
18 ± 9
< 34
< 49
< 51
< 179
< 548
< 13.5
< 4.2

KZ-10WD
174 ± 30
< 98
< 13
< 27
< 21
< 33
< 91
19 ± 7
< 121
< 30
19 ± 7
< 29
< 41
< 43
< 117
< 411
< 9.0
< 3.0

KZ-11WD
184 ± 40
< 138
< 18
40 ± 27
< 34
< 43
< 120
17 ± 9
< 167
< 50
17 ± 9
< 37
< 55
< 56
< 188
< 560
< 11.6
< 4.3

KZ-12WD
177 ± 30
< 101
< 13
< 28
< 23
34 ± 22
< 87
12 ± 6
< 140
< 30
17 ± 7
< 25
< 40
< 37
< 127
< 420
< 8.9
< 3.3

KZ-13WD
194 ± 25
< 84
27 ± 8
34 ± 15
< 21
< 28
< 74
13 ± 6
< 111
< 28
19 ± 6
< 22
< 34
< 37
< 118
< 351
< 7.4
< 3.1

KZ-14WD
217 ± 24
< 71
12 ± 6
< 18
< 16
< 24
< 60
12 ± 5
< 94
< 23
19 ± 5
< 21
< 29
< 31
< 92
< 297
< 6.3
< 2.4

Average
144 ± 25
< 88
19 ± 5
32 ± 9
< 21
< 30
< 82
14 ± 6
< 119
< 30
15 ± 6
< 25
< 36
< 39
< 123
< 376
< 8.3
< 3

Table 14

Results of determination of radionuclide content (Bq/kg) of soil samples, collected  along riverbed Syrdarya river

(Kazakhstan-1)

probe code
Th-234
Ra-226
Pb-214
Bi-214
Pb-210
Ac-228
Ra-224
Pb-212
Bi-212
Tl-208
U-235
Th-227
Ra-223
Rn-219
Pb-211
K-40
Cs-137
Am-241

Kz-02s
23 ± 4
39 ± 20
32 ± 2
28 ± 3
43 ± 5
37 ± 3
35 ± 7
40 ± 2
39 ± 8
32 ± 3
2.3 ± 1.4
3.1 ± 1.5
< 4
< 3
< 9
600 ± 30
3.0 ± 0.6
< 0.5

Kz-03s
33 ± 4
50 ± 20
39 ± 2
33 ± 2
49 ± 5
53 ± 3
56 ± 7
57 ± 2
51 ± 9
44 ± 3
1.9 ± 1.2
4.1 ± 1.7
< 4
< 4
< 9
740 ± 30
1.4 ± 0.5
< 0.6

Kz-04s
30 ± 5
42 ± 27
38 ± 2
33 ± 3
72 ± 7
49 ± 4
53 ± 9
53 ± 2
58 ± 12
43 ± 4
3.6 ± 1.6
4.2 ± 2.1
< 6
< 4
< 10
680 ± 40
4.3 ± 0.9
< 0.7

Kz-05s
27 ± 2
48 ± 12
33 ± 1
28 ± 2
76 ± 4
41 ± 2
43 ± 4
43 ± 1
38 ± 5
35 ± 2
1.9 ± 0.7
2.4 ± 1.0
< 3
2.3 ± 1.4
< 6
560 ± 20
5.5 ± 0.4
< 0.3

Kz-06s
23 ± 7
< 60
27 ± 3
25 ± 5
42 ± 9
27 ± 5
34 ± 14
31 ± 3
< 20
25 ± 5
< 3.5
< 4.6
< 8
< 7
< 20
470 ± 60
< 1.6
< 1.0

Kz-07s
32 ± 8
< 70
34 ± 3
29 ± 5
50 ± 10
42 ± 6
58 ± 17
42 ± 3
34 ± 18
36 ± 7
< 4.1
< 5.2
< 9
< 7
< 20
510 ± 60
< 1.8
< 1.2

Kz-08s
41 ± 5
54 ± 27
41 ± 2
35 ± 3
43 ± 6
46 ± 3
43 ± 9
48 ± 2
46 ± 11
38 ± 4
< 2.4
3.2 ± 2.1
< 5
< 5
< 12
610 ± 40
1.7 ± 0.7
< 0.7

Kz-09s
34 ± 7
< 60
41 ± 3
37 ± 5
48 ± 9
48 ± 5
52 ± 14
54 ± 3
46 ± 17
40 ± 6
< 3.6
< 4.5
< 8
< 7
< 17
580 ± 60
2.4 ± 1.1
< 1.0

Kz-10s
30 ± 3
43 ± 17
36 ± 2
32 ± 2
50 ± 4
40 ± 3
42 ± 6
44 ± 2
45 ± 8
34 ± 3
2.0 ± 1.0
2.6 ± 1.3
< 4
< 3
< 8
650 ± 30
3.0 ± 0.6
< 0.5

Kz-11s
31 ± 4
40 ± 23
28 ± 2
24 ± 3
36 ± 5
32 ± 3
36 ± 8
37 ± 2
36 ± 10
31 ± 3
2.9 ± 1.4
< 2.6
< 4
< 4
< 10
420 ± 40
< 0.8
< 0.6

Kz-12s
30 ± 4
62 ± 25
38 ± 2
35 ± 3
61 ± 6
44 ± 3
47 ± 9
48 ± 2
35 ± 3
38 ± 4
< 2.2
< 2.9
< 5
< 4
< 12
640 ± 40
5.1 ± 1.0
< 0.6

Kz-13s
35 ± 8
< 70
36 ± 3
33 ± 6
56 ± 10
39 ± 6
34 ± 16
42 ± 3
43 ± 20
35 ± 7
< 4.3
< 5.5
< 10
< 8
< 20
560 ± 80
3.3 ± 1.5
< 1.1

Kz-15s
21 ± 4
34 ± 20
23 ± 1
21 ± 2
43 ± 5
29 ± 3
28 ± 7
29 ± 1
30 ± 8
24 ± 3
< 1.9
< 2.4
< 4
< 4
< 10
430 ± 40
4.0 ± 0.7
< 0.5

Average
30 ± 5
46 ± 21
34 ± 2
30 ± 3
51 ± 7
41 ± 4
43 ± 10
44 ± 2
42 ± 11
35 ± 4
2.4 ± 1.2
3.3 ± 1.6
< 6
< 5
< 13
580 ± 40
3.4 ± 0.8
< 0.7

Table 15
Results of determination of radionuclide content (Bq/kg) of samples of bottom sediments, 

collected  along riverbed Syrdarya river (Kazakhstan-1)
№ probe
Th-234
Ra-226
Pb-214
Bi-214
Pb-210
Ac-228
Ra-224
Pb-212
Bi-212
Tl-208
U-235
Th-227
Ra-223
Rn-219
Pb-211
K-40
Cs-137
Am-241

Kz-01b
50 ± 4
63 ± 20
43 ± 1
37 ± 2
72 ± 5
65 ± 3
75 ± 7
73 ± 2
64 ± 8
58 ± 3
3. 3 ± 1. 2
5.4 ± 1.5
<  4
<  3
<  9
730 ± 30
3. 6 ± 0. 6
<  0. 5

Kz-02b
18 ± 4
35 ± 10
28 ± 2
24 ± 3
25 ± 4
27 ± 3
30 ± 8
31 ± 2
26 ± 4
25 ± 3
2. 0 ± 1. 0
3.0 ± 1.0
<  3
<  2
<  5
590 ± 30
0. 4 ± 0. 2
<  0. 3

Kz-03b
31 ± 4
38 ± 20
34 ± 1
30 ± 2
39 ± 5
48 ± 3
51 ± 8
50 ± 2
44 ± 9
40 ± 3
2. 1 ± 1. 3
3.5 ± 1.7
<  4
<  4
<  10
800 ± 30
1. 1 ± 0. 5
<  0. 6

Kz-04b
33 ± 5
56 ± 30
40 ± 2
35 ± 3
42 ± 6
47 ± 3
47 ± 9
52 ± 2
50 ± 10
43 ± 4
<  2. 3
<  3
<  5
<  4
<  10
610 ± 30
1. 3 ± 0. 6
<  0. 7

Kz-05b
31 ± 3
52 ± 15
35 ± 1
31 ± 2
40 ± 3
37 ± 2
40 ± 5
39 ± 1
36 ± 6
32 ± 2
1. 7 ± 0. 9
2.6 ± 1.1
<  3
<  3
<  7
550 ± 20
0. 9 ± 0. 3
<  0. 4

Kz-06b
23 ± 2
39 ± 11
27 ± 1
23 ± 1
34 ± 2
30 ± 1
31 ± 4
32 ± 1
30 ± 4
25 ± 2
1. 7 ± 0. 6
2.8 ± 0.9
<  2
<  2
<  5
460 ± 20
2. 3 ± 0. 3
<  0. 3

Kz-07b
35 ± 5
50 ± 25
38 ± 2
36 ± 3
43 ± 5
45 ± 3
46 ± 9
48 ± 2
50 ± 10
39 ± 4
2. 8 ± 1. 5
<  3
<  5
<  3
<  10
580 ± 40
<  0. 9
<  0. 6

Kz-08b
24 ± 4
34 ± 20
32 ± 2
28 ± 2
30 ± 4
34 ± 3
36 ± 7
37 ± 1
25 ± 8
29 ± 3
<  1. 8
2.9 ± 1.6
<  4
<  3
<  10
560 ± 30
<  0. 6
<  0. 6

Kz-09b
23 ± 6
65 ± 35
31 ± 2
26 ± 4
26 ± 7
35 ± 4
45 ± 10
37 ± 2
49 ± 17
31 ± 5
<  3. 2
<  4. 3
<  7
<  6
<  20
630 ± 50
<  1. 3
<  1

Kz-10b
28 ± 5
45 ± 25
34 ± 2
31 ± 3
33 ± 5
40 ± 3
43 ± 9
42 ± 2
40 ± 10
33 ± 4
<  2. 5
3.5 ± 2.0
<  5
<  4
<  10
620 ± 30
<  0. 8
<  0. 6

Kz-11b
34 ± 5
47 ± 27
41 ± 2
35 ± 3
37 ± 5
51 ± 4
58 ± 10
57 ± 2
50 ± 10
47 ± 4
2. 9 ± 1. 6
3.3 ± 2.0
<  5
<  5
<  12
580 ± 40
1. 3 ± 0. 6
<  0. 7

Kz-12b
25 ± 3
44 ± 14
31 ± 1
29 ± 2
30 ± 3
36 ± 2
41 ± 5
39 ± 1
37 ± 6
30 ± 2
1. 4 ± 0. 8
2.7 ± 1.1
<  3
<  3
<  6
600 ± 30
<  0. 4
<  0. 4

Kz-13b
29 ± 4
38 ± 20
36 ± 2
33 ± 3
37 ± 5
44 ± 3
48 ± 8
45 ± 2
42 ± 9
34 ± 3
<  1. 9
3.6 ± 1.7
<  5
<  4
<  10
570 ± 40
<  0. 7
<  0. 6

Kz-15b
9 ± 5
<  42
10 ± 2
9 ± 3
17 ± 6
13 ± 3
<  13
12 ± 2
<  18
9 ± 3
<  2. 6
<  3. 4
<  6
<  6
<  16
330 ± 60
<  1. 1
<  0. 8

Average
28 ± 4
46 ± 20
33 ± 2
29 ± 3
36 ± 5
40 ± 3
43 ± 7
42 ± 2
40 ± 8
34 ± 3
2.3 ± 1.1
3.4 ± 0.9
< 4
< 4
< 10
590 ± 30
1.0 ± 0.5
< 0.6

Table 16

Results (Bq/kg) of radionuclide analysis of  soil samples, collected at the territory of Uzbekistan (Uzbekistan-1)

Probe
Th-234
Ra-226
Pb-214
Bi-214
Pb-210
Ac-228
Ra-224
Pb-212
Bi-212
Tl-208
U-235
Th-227
Rn-219
Ra-223
Pb-211
Cs-137
K-40
Am-241

UZ0100S
38.9 ± 10.0
< 87
55.9 ± 4.4
50.8 ± 7.7
45 ± 12
64.0 ± 8.2
73 ± 22
66.2 ± 4.4
71 ± 28
62 ± 10
< 5.3
< 7.4
< 10
< 13
< 31
< 2.1
425 ± 70
< 1.3

UZ0200S
29.7 ± 4.7
47 ± 27
39.8 ± 2.0
34.8 ± 3.4
33.0 ± 5.7
44.6 ± 3.6
54 ± 10
49.8 ± 2.0
52 ± 13
40.3 ± 4.4
2.6 ± 1.6
< 3.5
< 5.0
< 5.5
< 13
< 0.9
478 ± 37
< 0.6

UZ0300S
21.0 ± 7.3
< 62
27.1 ± 3.1
22.5 ± 5.5
29.8 ± 9.6
28.0 ± 5.8
24 ± 15
29.3 ± 2.9
41 ± 22
25.0 ± 6.6
< 3.9
< 5.8
< 8.0
< 10
< 24
2.3 ± 1.4
529 ± 72
< 1.0

UZ0400S
25.5 ± 1.9
45 ± 12
35.4 ± 0.8
30.5 ± 1.5
38.2 ± 2.6
39.7 ± 1.6
39.9 ± 4.3
41.5 ± 0.8
37.5 ± 5.2
34.6 ± 1.8
2.0 ± 0.7
2.0 ± 1.0
< 2.1
< 2.5
< 5.7
1.9 ± 0.3
649 ± 19
< 0.3

UZ0500S
27.6 ± 4.1
15.0 ± 8.2
36.7 ± 1.8
32.2 ± 3.1
35.0 ± 5.3
34.0 ± 3.1
45.6 ± 8.9
36.9 ± 1.6
37 ± 11
29.9 ± 3.7
2.4 ± 0.8
3.7 ± 2.1
< 4.5
< 4.9
< 12
1.8 ± 0.7
518 ± 36
< 0.6

UZ0600S
20.9 ± 7.7
< 68
28.6 ± 3.1
23.8 ± 5.4
31 ± 10
34.1 ± 6.0
37 ± 17
38.8 ± 3.2
38 ± 22
32.7 ± 7.1
< 4.0
< 6.3
< 8.3
< 9.1
< 26
< 1.4
746 ± 79
< 1.1

UZ0700S
136.2 ± 9.2
269 ± 53
170.0 ± 4.0
147.1 ± 6.6
216 ± 13
112.7 ± 5.8
115 ± 16
120.4 ± 3.2
107 ± 19
99.6 ± 7.0
7.6 ± 2.9
11.6 ± 3.9
8.1 ± 5.3
< 9.4
< 21
4.7 ± 1.2
1195 ± 57
< 1.1

UZ0800S
63 ± 15
< 130
72.0 ± 6.0
62 ± 10
100 ± 21
118 ± 13
130 ± 34
126.2 ± 7.1
115 ± 42
100 ± 15
< 7.7
< 11
< 16
< 18
< 39
< 3.5
1249 ± 125
< 2.2

UZ0900S
40.7 ± 5.0
29.7 ± 9.4
47.8 ± 1.9
42.6 ± 3.4
54.9 ± 6.4
80.6 ± 4.1
90 ± 11
83.3 ± 2.3
80 ± 13
67.3 ± 4.8
4.7 ± 0.9
4.2 ± 2.4
< 4.7
< 5.9
< 14
3.7 ± 0.9
974 ± 43
< 0.7

UZ1000S
34 ± 12
< 30
47.6 ± 4.9
41.6 ± 8.7
83 ± 18
65.8 ± 10.0
72 ± 27
63.7 ± 5.1
62 ± 33
52 ± 11
5.0 ± 1.8
< 8.9
< 12
< 14
< 38
< 2.7
842 ± 107
< 1.5

UZ1100S
31 ± 11
< 34
40.6 ± 4.9
32.0 ± 8.5
58 ± 16
60 ± 10
59 ± 27
61.3 ± 5.3
80 ± 37
51 ± 12
3.5 ± 1.9
< 8.7
< 12
< 16
< 42
< 3.6
637 ± 104
< 1.4

UZ1200S
33 ± 11
< 31
35.5 ± 4.2
30.9 ± 7.5
38 ± 13
59.9 ± 9.2
56 ± 24
60.4 ± 4.8
54 ± 31
48 ± 11
< 2.5
< 8.5
< 11
< 13
< 34
< 2.1
855 ± 105
< 1.5

Average
42 ± 8
34 ± 9
53 ± 3
46 ± 6
64 ± 11
62 ± 7
66 ± 17
65 ± 3.6
65 ± 23
54 ± 8
3.97 ± 1.5
1.8 ± 0.8
< 8.4
< 10
< 25
2.88 ± 0.9
758 ± 71
< 1.1

Table 17
Results (Bq/kg) of radionuclide analysis of samples of bottom sediments, collected at the territory of Uzbekistan (Uzbekistan-1)

Probe
Th-234
Ra-226
Pb-214
Bi-214
Pb-210
Ac-228
Ra-224
Pb-212
Bi-212
Tl-208

UZ-01 B
34.0 ± 9.2
< 84
51.0 ± 4.1
46.2 ± 6.9
44 ± 12
66.7 ± 7.8
59 ± 20
66.7 ± 4.2
66 ± 26
56.4 ± 9.1

UZ-02 B
22.5 ± 9.0
< 88
36.6 ± 4.2
35.1 ± 7.5
42 ± 13
45.8 ± 8.2
37 ± 21
52.3 ± 4.4
64 ± 30
40.9 ± 9.8

UZ-03 B
31.9 ± 7.8
< 71
39.9 ± 3.4
39.8 ± 6.3
42 ± 10
53.6 ± 6.7
55 ± 18
58.0 ± 3.6
53 ± 22
44.1 ± 8.0

UZ-04 B
20.5 ± 1.8
41 ± 11
29.2 ± 0.8
25.2 ± 1.4
30.5 ± 2.5
31.7 ± 1.5
36.9 ± 4.1
34.1 ± 0.8
33.0 ± 5.0
29.0 ± 1.8

UZ-05 B
56.5 ± 4.1
46 ± 23
35.8 ± 1.5
32.3 ± 2.6
31.0 ± 4.1
46.6 ± 2.9
36.4 ± 7.2
31.5 ± 1.3
27.5 ± 8.5
27.6 ± 3.0

UZ-06 B
19.8 ± 1.8
37 ± 11
27.6 ± 0.7
24.0 ± 1.3
27.5 ± 2.4
28.9 ± 1.4
30.5 ± 3.8
31.7 ± 0.7
31.6 ± 4.6
26.4 ± 1.6

UZ-07 B
89 ± 13
157 ± 76
105.6 ± 5.5
97.2 ± 9.4
111 ± 17
120.6 ± 9.9
123 ± 27
121.8 ± 5.4
127 ± 33
99 ± 12

UZ-08 B
75.1 ± 4.4
110 ± 25
85.2 ± 1.8
75.8 ± 3.0
109.0 ± 5.9
116.2 ± 3.5
132.3 ± 9.4
122.2 ± 1.9
117 ± 11
102.9 ± 4.1

UZ-08 B
76.7 ± 3.4
114 ± 19
87.1 ± 1.4
75.5 ± 2.3
104.1 ± 4.5
119.4 ± 2.7
128.5 ± 7.2
121.6 ± 1.5
120.5 ± 8.7
99.9 ± 3.1

UZ-09 B
83.2 ± 6.0
158 ± 38
87.8 ± 2.6
78.7 ± 4.4
153.0 ± 8.6
221.1 ± 6.5
135 ± 14
132.2 ± 2.9
139 ± 18
105.8 ± 6.1

UZ-09 B
84.4 ± 7.3
132 ± 46
91.8 ± 3.2
84.3 ± 5.4
147 ± 10
222.2 ± 7.8
144 ± 17
140.6 ± 3.5
133 ± 21
118.3 ± 7.7

UZ-10 B
29 ± 11
< 99
39.0 ± 4.6
32.2 ± 7.9
62 ± 16
65.0 ± 9.9
70 ± 25
59.6 ± 5.0
59 ± 33
49 ± 11

UZ-11 B
35.1 ± 3.8
53 ± 22
40.3 ± 1.5
34.8 ± 2.6
45.9 ± 5.0
57.8 ± 3.1
66.4 ± 8.5
62.2 ± 1.7
56 ± 10
48.4 ± 3.6

UZ-11 B
33.6 ± 4.6
46 ± 27
41.7 ± 1.9
37.8 ± 3.3
49.2 ± 6.2
60.8 ± 3.9
64 ± 10
62.4 ± 2.1
62 ± 13
48.2 ± 4.4

UZ-12 B
23 ± 10
< 97
31.6 ± 4.3
26.7 ± 7.5
31 ± 13
50.4 ± 9.3
35 ± 23
51.6 ± 4.8
< 43
42 ± 11

Average
48 ± 7
78 ± 21
55 ± 3
50 ± 5
69 ± 9
87 ± 6
77 ± 14
76 ± 3
75  ± 16
62 ± 6

Probe
U-235
Th-227
Ra-223
Rn-219
Pb-211
K-40
Am-241
Cs-137

UZ-01 B
< 4.8
< 7.0
< 10
< 9.9
< 27
462 ± 67
< 1.2
< 2.2

UZ-02 B
< 5.2
< 7.6
< 12
< 11
< 34
501 ± 85
< 1.3
< 2.5

UZ-03 B
< 4.2
< 6.5
< 9.9
< 8.6
< 23
588 ± 70
< 1.0
< 2.0

UZ-04 B
< 1.0
1.9 ± 1.0
< 2.3
< 2.0
< 5.7
630 ± 19
< 0.3
1.3 ± 0.3

UZ-05 B
3.8 ± 1.3
< 2.4
< 4.4
< 3.5
< 9.9
420 ± 28
< 0.4
1.3 ± 0.6

UZ-06 B
1.4 ± 0.6
< 1.4
< 2.2
< 1.9
< 5.4
616 ± 18
< 0.2
< 0.4

UZ-07 B
6.7 ± 4.4
9.6 ± 6.2
< 15
< 12
< 34
1365 ± 101
< 1.7
3.4 ± 1.9

UZ-08 B
5.3 ± 1.4
6.1 ± 2.0
< 5.0
4.4 ± 2.8
< 11
1321 ± 35
< 0.6
2.7 ± 0.6

UZ-08 B
4.7 ± 1.1
5.9 ± 1.5
4.0 ± 2.6
< 3.2
< 8.3
1316 ± 27
< 0.4
2.8 ± 0.5

UZ-09 B
6.3 ± 2.2
5.1 ± 2.9
< 7.7
< 6.4
< 16
623 ± 38
< 0.7
2.6 ± 0.9

UZ-09 B
4.9 ± 2.6
5.8 ± 3.5
< 9.7
< 7.2
< 21
632 ± 46
< 0.9
2.7 ± 1.1

UZ-10 B
< 5.7
< 8.8
< 15
< 12
< 36
694 ± 100
< 1.4
< 3.0

UZ-11 B
< 2.0
3.1 ± 1.9
< 4.6
< 3.9
< 10
759 ± 34
< 0.5
1.0 ± 0.6

UZ-11 B
2.7 ± 1.6
< 3.5
< 5.7
< 4.5
< 13
774 ± 42
< 0.6
< 1.0

UZ-12 B
< 5.9
< 8.8
< 13
< 11
< 36
832 ± 110
< 1.5
< 2.6

Average
4 ± 2
6 ± 3
< 8
< 7
< 20
770 ± 55
< 0.8
2 ± 1

 Table 18

Results of radionuclide analysis of  soil samples, collected at the territory of Kyrgyzstan (Kyrgyzstan-1)


Th234
Ra226
Pb214
Bi214
Pb210
Ac228
Pb212
Bi212
Tl208
K40
Cs137

kodobr
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg














kg0100s
63 ± 31
49 ± 2
53 ± 2
51 ± 3
 < DL
70 ± 3
75 ± 2
73 ± 9
82 ± 7
910 ± 30
< DL 

kg0200s
< DL 
26 ± 1
25 ± 2
25 ± 3
 < DL
48 ± 3
50 ± 2
55 ± 10
48 ± 6
800 ± 30
1.0 ± 0.6

kg0300s
38 ± 24
36 ± 2
38 ± 2
38 ± 3
 < DL 
58 ± 3
62 ± 2
64 ± 11
43 ± 8
750 ± 30
3.8 ± 0.7

kg0400s
< DL 
25 ± 2
28 ± 2
21 ± 2
 < DL 
30 ± 2
34 ± 2
42 ± 8
31 ± 6
320 ± 20
< DL 

kg0500s
58 ± 13
35 ± 1
37 ± 1
32 ± 2
 < DL 
45 ± 1
50 ± 1
46 ± 5
50 ± 3
710 ± 20
37.9 ± 0.7

kg0601s
< DL 
34 ± 2
36 ± 2
31 ± 3
 < DL
78 ± 3
76 ± 2
68 ± 9
73 ± 7
1240 ± 40
3.3 ± 0.7

kg0701s
61 ± 12
38 ± 1
41 ± 1
34 ± 1
52 ± 36
47 ± 1
55 ± 1
50 ± 4
55 ± 3
750 ± 10
3.2 ± 0.2

kg0801s
30 ± 13
38 ± 1
43 ± 1
32 ± 1
 < DL 
46 ± 1
49 ± 1
48 ± 4
42 ± 3
950 ± 10
1.7 ± 0.3

kg0901s
51 ± 24
45 ± 1
50 ± 2
46 ± 3
 < DL 
58 ± 3
62 ± 2
58 ± 9
65 ± 5
970± 30
1.3 ± 0.4

kg1001s
19 ± 12
38 ± 1
42 ± 1
38 ± 1
 < DL 
43 ± 1
44 ± 1
44 ± 4
45 ± 3
470 ± 10
2.5 ± 0.2

kg1101s
32 ± 20
45 ± 1
49 ± 2
42 ± 3
 < DL 
31 ± 2
33 ± 2
27 ± 7
30 ± 5
570 ± 20
3.0 ± 0.6

kg1201s
23 ± 6
21 ± 1
25 ± 1
16 ± 2
46 ± 6
22 ± 2
22 ± 4
15 ± 5
23 ± 3
430 ± 20
3.2 ± 0.4

kg1301s
36 ± 20
25 ± 2
30 ± 2
28 ± 2
 < DL 
39 ± 2
39 ± 2
38 ± 8
26 ± 6
810 ± 20
0.9 ± 0.4

kg1401s
11 ± 4
28 ± 1
32 ± 2
20 ± 5
74 ± 10
27 ± 2
28 ± 7
28 ± 6
36 ± 5
450 ± 20
3.7 ± 0.5

kg1501s
14 ± 5
12 ± 1
13 ± 1
8 ± 1
16 ± 5
16 ± 1
19 ± 4
8 ± 4
18 ± 3
390 ± 20
2.1 ± 0.4

Average
36 ± 15
33 ± 1
36 ± 2
31 ± 2
47 ± 14
44 ± 2
47 ± 2
44 ± 7
44 ± 5
700 ± 20
4.5 ± 0.4

Table 19

Results of radionuclide analysis of  samples of bottom sediments, collected at the territory of Kyrgyzstan (Kyrgyzstan-1)


Th234
Ra226
Pb214
Bi214
Pb210
Ac228
Pb212
Bi212
Tl208
K40
Cs137

kodobr
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg

 kg1101b
45 ± 11
26 ± 1
26 ± 1
22 ± 1
 < DL
23 ± 1
28 ± 1
30 ± 4
31 ± 3
550 ± 10
1.4 ± 0.2

kg1201b
43 ± 12
33 ± 1
36 ± 1
34 ± 1
 < DL
27 ± 1
33 ± 1
46 ± 4
38 ± 3
700 ± 10
1.3 ± 0.2

kg1301b
13 ± 4
15± 1
20 ± 1
10 ± 2
 < DL 
11 ± 1
13 ± 5
17 ± 4
10 ± 6
400 ± 20
1.2 ± 0.3

kg1401b
< DL 
27± 1
33 ± 2
24 ± 2
 < DL 
32 ± 2
36 ± 1
30 ± 8
26 ± 5
820 ± 20
0.8 ± 0.4

kg1501b
28 ± 7
36 ± 1
42 ± 2
25 ± 3
40 ± 7
44 ± 2
48± 7
46 ± 7
38 ± 5
550 ± 20
1.3 ± 0.4

Average
26 ± 7
27 ± 1
31 ± 1
23 ± 2
40 ± 7
28 ± 2
32 ± 3
33 ± 6
29 ± 4
610 ± 20
1.2 ± 0.3

* DL – Detection Limit

Table 20
Results of radionuclide analysis of  samples of  water, collected at the territory of Kyrgyzstan (Kyrgyzstan-1)


Th234
Ra226
Pb214
Bi214
Pb210
Ac228
Pb212
Bi212
Tl208
K40
Cs137

kodobr
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l
mBq/l














kg0100wd
< DL
< DL 
< DL
< DL 
 < DL
1.1 ± 0.7
< DL
< DL 
< DL 
< DL 
< DL

kg0200wd
< DL
3.8 ± 0.6
< DL 
< DL 
 < DL
< DL 
< DL 
< DL 
< DL
< DL 
< DL 

kg0300wd
< DL 
< DL 
< DL 
< DL
 < DL 
< DL 
< DL 
< DL 
< DL 
< DL
< DL

kg0400wd
< DL
< DL
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL 
< DL 
< DL 
< DL 

kg0500wd
14 ± 7
< DL 
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL 
< DL
67 ± 15
< DL

kg0601wd
< DL 
< DL 
< DL 
< DL 
 < DL 
< DL 
< DL
< DL
< DL 
< DL
< DL 

kg0701wd
< DL 
< DL
0.6 ± 0.4
< DL 
 < DL
< DL 
< DL 
< DL
< DL 
< DL
< DL 

kg0801wd
10 ± 5
2.4 ± 0.5
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL 
< DL 
82 ± 10
< DL 

kg0901wd
9 ± 5
< DL
< DL
< DL
 < DL
< DL 
< DL 
< DL
< DL
35 ± 12
< DL 

kg1001wd
< DL 
< DL
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL
< DL 
< DL 
< DL 

kg1101wd
< DL 
< DL 
< DL 
1.9 ± 0.8
 < DL
< DL 
< DL
< DL
< DL 
< DL 
< DL 

kg1201wd
1.3 ± 0.9
< DL 
< DL 
< DL 
 < DL 
< DL
< DL 
< DL
< DL 
< DL
< DL

kg1301wd
< DL 
< DL 
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL 
< DL
< DL 
< DL

kg1401wd
< DL 
< DL
< DL 
< DL 
 < DL 
< DL 
< DL 
< DL 
< DL 
< DL 
< DL

kg1501wd
< DL 
< DL 
< DL 
< DL
 < DL 
< DL 
< DL
< DL
< DL 
< DL 
< DL 

Table 21

Results of radionuclide analysis of  soil samples, collected at the territory of Tadjikistan (Tadjikistan-1)


Th234
Ra226
Pb214
Bi214
Pb210
Ac228
Pb212
Bi212
Tl208
K40
Cs137

kodobr
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg

tj0200s
37 ± 7
44 ± 1
51 ± 2
32 ± 3
 < DL 
57 ± 2
64 ± 6
77 ± 8
50 ± 6
620 ± 20
3 ± 0.5

tj0300s
72 ± 18
54 ± 1
62 ± 1
49 ± 1
 < DL
92 ± 2
103 ± 1
95 ± 6
91 ± 3
890 ± 10
12.8 ± 0.5

tj0400s
65 ± 14
59 ± 1
66 ± 1
55 ± 2
 < DL
102 ± 2
108 ± 1
98 ± 5
98 ± 4
870 ± 10
3 ± 0.3

tj0500s
66 ± 8
78 ± 1
90 ± 2
70 ± 3
82± 10
108 ± 3
107 ± 9
120 ± 9
90 ± 7
610 ± 20
< DL 

tj0600s
< DL 
31 ± 1
37 ± 2
26 ± 2
 < DL
47 ± 2
42 ± 2
44 ± 7
49 ± 5
690 ± 20
1.7 ± 0.4

tj0700s
< DL 
33 ± 1
39 ± 2
37 ± 2
 < DL
40 ± 2
39 ± 2
37 ± 7
33 ± 5
540 ± 20
3.6 ± 0.5

tj0900s
< DL 
37 ± 2
42 ± 2
36 ± 3
 < DL 
47 ± 2
49 ± 1
56 ± 7
51 ± 5
790 ± 20
2.6 ± 0.4

tj1000s
52 ± 25
33 ± 1
35 ± 2
40 ± 2
 < DL 
38 ± 2
42 ± 2
43 ± 8
43 ± 5
450 ± 20
10.1 ± 0.8

tj1300s
74 ± 17
41 ± 1
45 ± 2
34 ± 3
 < DL 
34 ± 2
47 ± 2
54 ± 8
40 ± 6
640 ± 30
14.6 ± 0.8

tj1400s
48 ± 16
70 ± 1
79 ± 2
68 ± 2
 < DL
98 ± 2
106 ± 1
112 ± 7
98 ± 5
770 ± 20
5.7 ± 0.4

tj1500s
86 ± 30
60 ± 2
67 ± 3
47 ± 4
 < DL 
57 ± 3
61 ± 2
72 ± 10
57 ± 6
740 ± 30
9.6 ± 0.8

Average
62 ± 17
49 ± 1
56 ± 2
45 ± 2

66 ± 2
70 ± 2
74 ± 7
64 ± 5
690 ± 20
6.7 ± 0.5

Table 22

Results of radionuclide analysis of samples of bottom sediments, collected at the territory of Tadjikistan (Tadjikistan-1)


Th234
Ra226
Pb214
Bi214
Pb210
Ac228
Pb212
Bi212
Tl208
K40
Cs137

kodobr
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg

tj0200b
52 ± 28
52 ± 2
62 ± 2
50 ± 3
 < DL
120 ± 4
131 ± 3
132 ± 11
121 ± 8
930 ± 30
3.8 ± 0.5

tj0300b
< DL 
45 ± 2
46 ± 2
33 ± 3
 < DL 
62 ± 2
69 ± 2
67 ± 9
53 ± 6
1100 ± 30
1.7 ± 0.5

tj0400b
< DL 
47 ± 1
52± 2
50 ± 2
 < DL 
65 ± 3
77 ± 2
73 ± 8
65 ± 6
790 ± 20
5.5 ± 0.6

tj0500b
49 ± 16
45 ± 1
48 ± 1
42 ± 2
 < DL 
64 ± 2
65 ± 1
73 ± 6
56 ± 4
840 ± 20
4.6 ± 0.4

tj0600b
13 ± 4
15 ± 1
19 ± 1
9 ± 2
44± 6
21 ± 1
22 ± 4
15 ± 4
22 ± 3
350 ± 20
3.5 ± 0.4

tj0700b
16 ± 10
31 ± 1
33 ± 1
30 ± 1
 < DL
34 ± 1
39 ± 1
47 ± 4
33 ± 2
420 ± 10
0.4 ± 0.1

tj0900b
24 ± 16
30 ± 1
32 ± 1
28 ± 2
 < DL 
43 ± 2
42 ± 1
40 ± 5
33 ± 3
590 ± 10
1.6 ± 0.2

tj1000b
< DL 
30 ± 1
32 ± 2
30 ± 2
 < DL 
30 ± 2
34 ± 1
21 ± 7
26 ± 5
330 ± 20
0.6 ± 0.4

tj1300b
42 ± 16
49 ± 1
56 ± 1
48 ± 1
 < DL
54 ± 2
57 ± 1
61 ± 5
65 ± 3
650 ± 10
2.1 ± 0.2

tj1400b
140 ± 17
57 ± 1
64 ± 1
54 ± 2
 < DL 
59 ± 2
59 ± 1
66 ± 5
65 ± 4
720 ± 10
4.7 ± 0.3

tj1500b
41 ± 7
44 ± 1
49 ± 2
32 ± 3
52 ± 9
39 ± 2
40 ± 5
48 ± 6
39 ± 4
460 ± 20
1.1 ± 0.3

Average
47 ± 14
40 ± 1
45 ± 1
37 ± 1
-
54 ± 2
58 ± 2
58 ± 6
53 ± 4
650 ± 20
2.7 ± 0.3
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