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Radioactive waste near the industrial zones of the mining administrations of the
Stepnogorsk Mining and Chemical Combine, which occupy vast areas of the

territory, remains an urgent problem for Northern Kazakhstan. For example, waste
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rock processing referred to as “tailings”, is contained in huge industrial basin-
lakes, called tailings. Each liter of jelly-like “pulp”, in addition to carbonates of

arsenic, molybdenum, phosphorus and other chemical elements, contains up to
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1 g of active uranium, as well as radium and thorium. As a result of the pedestrian
gamma survey, the authors identified a locally contaminated area in the northwest

direction from the sanitary protection zone of the tailing dump of the Stepnogorsk
Mining and Chemical Combine. It has been established that, according to the
indices of radioactive contamination of water bodies, the stagnant water bodies of
the Manybaiskiy and Sulukamysskiy thalweg located behind the sanitary protection
zone of the tailing dump of the Stepnogorsk Mining and Chemical Combine are

classified as contaminated.

1. Introduction

Technogenic pollution of the environment with
radionuclides in the process of mining and process-
ing of minerals is a problem in many countries, in-
cluding Kazakhstan, which has deposits of natural
uranium and other minerals.

Because of the activities of uranium mining
enterprises in the Republic of Kazakhstan, more
than 170 million tons of radioactive waste which
require constant radiation monitoring, as well as
the rehabilitation of the territory have been accu-
mulated. At the same time, in the northern region
alone, about 61 million tons of radioactive waste
with a total activity of 168.4 thousand curies have
accumulated [1-2]. In 2001-2008, work on the
conservation and liquidation of uranium deposits
in the specified region was carried out [3]. At pres-
ent, several tailing dumps of radioactive waste are
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used in the republic, and the largest among them
is the tailing dump of the Stepnogorsk Mining and
Chemical Combine (SMCC), which has been op-
erating since 1956. The main types of industrial
waste at SMCC are tailings from the processing of
uranium ores, which, in terms of their radionuclide
content, are classified as hazard class I.

Behind the sanitary protection zone of the tail-
ing dump, there are Sulukamyssky and Manybays-
ky thalweg. For watering cattle, the population
uses water near the located rural settlements. The
tailings dump is located 4 km west of the hydro-
metallurgical plant, 3—5 km north of the villages of
Aksu, Zavodskoy and Kvartsitka, Akmola region,
where over six thousand people live. By the con-
tent of radionuclides and their isotopes in natural
waters, it is very difficult to judge the rate of their
migration from the tailing dump, since these pa-
rameters vary within wide limits and for obvious-
ly “clean” natural waters. The only exceptions are
“hurricane” concentrations when the introduction
of radionuclides from the tailing dump is obvious.
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In this regard, for an unambiguous answer to the
question about the possible entry of radionuclides
from the tailing dump into natural waters, it is nec-
essary to measure the radiation background of the
coastal part of natural waters and determine the
content of radionuclides in water samples; to re-
duce the concentration of radionuclides in water
[4-5]. At the same time, taking into account that
other unaccounted factors may act in real condi-
tions, it is justified in predictive calculations to use
the maximum values of the calculated parameters
[6].

In this regard, complex radioecological studies
of the territory beyond the sanitary protection zone
of the storage of radioactive waste and laboratory
radiochemical analyzes of the content of radionu-
clides to assess their migration paths in environ-
mental objects (air, water, soil) is an urgent task.

2. Materials and methods

The objects of the study were the territories
beyond the sanitary protection zone of the tailing
dump of radioactive waste.

Field radiometric studies. Pedestrian measure-
ments of gamma background in background areas,
on the territory were carried out using dosimeters
DKS-96, DKS-AT-1123, RKS-01-SOLO. At each
point of the survey, the ambient dose equivalent
rate of gamma radiation (ADER GR) was mea-
sured. To determine the coordinates, a Garmin
satellite navigation device, which allows you to
determine the location of points in a geographic
coordinate system has been used. Measurement of
ADER GR on the territory was carried out accord-
ing to the methodology “Methods for measuring
the gamma background of territories and premis-
es” approved by the Deputy Chief State Sanitary
Doctor on 06 August 1997. An exploration gamma
survey of the study area was carried out using a
mobile automobile radiological laboratory “Gam-
ma-Sensor”.

Soil samples were taken by the triangle method
(3 points — at the corners and in the center) at a
depth of 0—5 cm. Deep soil samples from 1 cm to
55 cm with a step of 5 cm were taken at each point
where the ADER GR exceeded the background
value. Water samples were taken in accordance
with the guidelines of GOST 17.1.5.05-85 “Nature
protection. Hydrosphere. General requirements for
the selection of surface and sea waters, ice and at-
mospheric precipitation” and GOST P 51592-2000
“Water. General requirements for sampling”.

Laboratory radiochemical and radio spectro-
metric analyzes of samples were carried out at the
Testing Laboratory of Radio Spectrometry and Ra-
diochemistry of the Institute of Radiobiology and
Radiation Protection of the NJSC “Astana Medi-
cal University”, which is accredited in the accred-
itation system of the Republic of Kazakhstan for
compliance with the requirements of GOST ISO/
IEC 17025-2009 “General requirements for the
competence of testing and calibration laborato-
ries”.

The total alpha and beta activities in water
samples were carried out according to the meth-
odological recommendations “The total activity
of alpha and beta emitting radionuclides in natu-
ral waters (fresh and mineralized)”, registration
No. KZ.07.00.01080-2010, and were measured on
the UMF radiometer-2000 “(No. KZ.07.00.00441-
2005 “Methods for measuring the total alpha and
beta activity of water samples with the alpha and
beta radiometer UMF-20007).

Uranium-238 in natural water samples was in-
vestigated in accordance with the “Methodology
for measuring the volumetric activity of uranium
isotopes (234, 238) in natural waters with miner-
alization up to 5 g/dm?® by the alpha spectromet-
ric method with the radiochemical release. Reg-
istration No. KZ.07.00.01641-2012. Detection
of alpha particles was carried out using an alpha
spectrometer “Progress-alpha” with software
“Progress-2000”. The uranium content in water
samples was also determined using an Agilent
7800 IS MS mass spectrometer.

The measurement of the volumetric activity of
radium-226 in samples of natural waters was car-
ried out according to the “Procedure for measur-
ing the volumetric activity of radium (226, 228) in
samples of natural waters with a salinity of up to
5 mg/dm’ by the alpha, beta radiometric method
with radiochemical preparation”. The measure-
ments were carried out on a UMF-2000 low-back-
ground alpha-beta radiometer certified for measur-
ing radium isotopes (226, 228) in the geometry of
a powder sample weighing 100 mg in a standard
cuvette. The processing of the measurement results
was carried out by calculating the volumetric ac-
tivity of radium-226 and assessing the total uncer-
tainty of the result.

Measurement of the activity of radionuclides
in soil samples was carried out on the spectro-
metric complex “Progress” No. 0104-G gamma
and beta spectrometric paths, according to the
methodology “Methods for measuring the activi-
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ty of radionuclides using a scintillation gamma”,
beta-spectrometer with software “Progress”, No.
KZ.07.00.00303-2004.

Statistical processing of the results was carried
out by conventional methods using Microsoft Ex-
cel and Statistica 6.0 programs.

3. Research and discussion

The tailing dump is a flat, bulk type that has
been in operation since 1968, it has accumulated
44455.984 million m® of waste. The tailing dump
complex includes:

— map number 1 with the size of 900x1800 m
(162 ha), has been worked out by now;

— valid card No. 2 with the size of 1500%1800
m (270 ha), used by the Stepnogorsk hydrometal-
lurgical plant;

— evaporation map 1500x2000 m (300 ha), has
been worked out by now (Fig. 1). It should be not-
ed that map 1 and the evaporation map of the tail-
ing dump are not transferred to the balance of the
regional executive authority, they are ownerless.

The conducted field studies of the territory be-
yond the sanitary protection zone of the tailing
dump showed that the ADER GR varies from 0.19
to 0.69 pSv/h. In the eastern part of the tailing
dump, ADER GR ranges from 0.12 to 0.15 puSv/h,
in the western part — from 0.09 to 0.11 puSv/h, in the
southern part — from 0.09 to 0.12 puSv/h.

The carried out comprehensive studies of the
northern part of the tailing dump confirmed the

previously revealed facts on the contamination of
a site with an area of 500x3000 m with ADER GR
from 0.35 puSv/h to 0.85 uSv/h [7]. Studies have
shown that the area of contamination in this area
is preserved and the ADER GR varies from 0.41
to 0.69 uSv/h. At a distance of up to 2200 m to the
north of the radioactively contaminated area, the
value of ADER GR decreases to 0.23 pSv/h. In
this area, the flux density of alpha particles varies
from 0.32 part/(minxcm?) to 0.61 part/(minxcm?).
At 3 km from the radioactively contaminated area,
the flux density of alpha particles reaches up to
2.26 parts/(minxcm?), which indicates the contin-
ued transfer of radioactive dust from the tailing
dump.

As a result of a pedestrian gamma survey in the
northwestern part of the tailing dump, a radioac-
tively contaminated site with an area of 420 m?
with an ADER GR value of up to 0.33 puSv/h was
revealed for the first time. It was found that a part of
the surveyed territories, where increased values of
ADER GR (above 0.12 puSv/h) and alpha-particle
flux density (above 2.0 parts/(minxcm?) were reg-
istered, is located in the northern and north-west-
ern parts tailing dumps outside the sanitary protec-
tion zone.

When carrying out work on assessing the lev-
els of radioactive contamination of environmental
objects, attention has been paid to the study of the
radionuclide composition of the soil sampled for
the sanitary protection zone of the tailing dump.
To study the nature of the areal distribution of the

Manybay thalweg |
5|

Fig. 1. Tailings storage facility for radioactive waste.
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main dose-forming radionuclides and their vertical
distribution at a number of sampling points, sur-
face soil samples were taken (layer by layer with a
depth of 0-5, 5-10, 10-15, 15-20, 20-30, 30-35,
35-45, 45-50 cm) at a distance of 400 and 1100 m
from the border of the sanitary protection zone of
the tailing dump.

A radio spectrometric study revealed that the
average specific activity of radionuclides in soil
samples taken in the northern part behind the san-
itary protection zone of the tailing dump varied:

— at a distance of 400 m:
for *°K — from 286 + 175 to 770+369 Bq/kg;
for 2?°Ra — from 2849 to 558+88 Bq/kg;
for 22Th — from 69420 to 328+66 Bq/kg;
for ¥’Cs — from 9+2 to 189+44 Bg/kg;

— at a distance of 1100 m:
for “K — from 297+177 to 734+317 Bq/kg;
for *Ra — from 18+9 to 290+55 Bq/kg;
for #2Th — from 100+30 to 249453 Bq/kg;
for ’Cs — from 11+4 to 115+32 Bq/kg.

The maximum values of the specific activity of
22Ra and **Th were noted in the surface layers of
the soil at a depth of 0—5 cm at distances of 400 and
1100 m from the border of the sanitary protection
zone of the tailing dump (Fig. 2). So, in soil sam-
ples taken at a depth of 0—5 cm from the bound-
ary of the sanitary protection zone in the northern
part of the tailing dump at a distance of 400 m,
the excess of the specific activity of radionuclides
for 22*Ra was 37 times compared to the background
area and for #**Th — 25 times.

600
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200

control 400 m

from SPZ
Ra-226 Th-232

m0-5 cm

control 400 m
from SPZ

m5-10 cm

At a distance of 1100 m from the border of the
sanitary protection zone of the tailing dump, the
concentration of *Ra and **Th in the upper soil
layer was 19 times higher than the background
values.

The surface waters of the Manybaiskiy and
Sulukamyskiy thalweg are predominantly sulfate
and chloride-sulfate, refer to neutral and slightly
alkaline, SO,? (1.15-2.70 g/1) and Na*+K"* (0.31—
2.22 g) ions prevail/l) (Table 1). The dry residue
in these reservoirs varies from 0.93 to 23.34 g/I.

The standard for the content of radioactive sub-
stances, established in the hygienic standards for
drinking water, indirectly applies to the regulation
of the water quality of various water bodies used
for domestic drinking water supply, including
for irrigation of agricultural land. Radiochemical
studies of water samples taken from open reser-
voirs showed that the total alpha activity reach-
es up to 144.47+47.15 Bq/kg, beta activity up to
24.9+7.4 Bqg/kg. In the water sampled from the
Manybai and Sulukamysk thalweg, the specific
activity of 28U is 3.17 and 3.95 Bq/l, respectively
(Table 2).

Thus, the high activity of the studied radionu-
clides is observed on surface soil samples and de-
creases with depth. Investigation of the nature of
the vertical distribution of various radionuclides
in the soil layer makes it possible to determine the
main method for the entry of radioactive pollutants
into the soil [9]. Thus, for radionuclides **°Ra and
22Th, a pronounced exponential form of vertical
distribution is noted with a maximum concentra-
tion in the surface layer and its sharp decrease as
the depth of sampling increases. An exponential

100 i'

control  1100m  control 1100 m
from SPZ from SPZ
Ra-226 Th-232

10-15 cm m 15-20 cm

H20-30 cm m30-35 cm M35-40 cm M 45-50 cm

Fig. 2. Average specific activity of radionuclides in the soil behind the sanitary protection zone of the tailing dump of

SMCC, Bg/kg. (SPZ — sanitary protection zone).
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Table 1
Hydrochemical indicators of water bodies

Water Anions, g/l Cations, g/l
HCOy SO, Cr Ca? Mg* Na*+K*
The reservoir of the 0.4140.03  2.70£0.06  0.43£0.10  0.43£0.06 0.46+0.05  0.310.10
Manybayskiy thalweg
Reservoir of Sulukamysskiy 74,007 1.1500.07  0.5240.13  0.8120.08  0.10£0.01  2.22+0.65
thalweg
Table 2
Total alpha-, beta-activities and specific activities of radionuclides in water, Bq/l

Name of the reservoir Total alpha activity ~ Total beta activity B8y 26Ra
The reservoir of the Manybayskiy thalweg 7.32+1.43 24.9+7.4 3.17+1.02 0.04+0.01
Reservoir of Sulukamysskiy thalweg 144.47+47.15 17.92+5.67 3.95+0.70 0.16+0.05
Interference levels of radionuclides 0.2 10 3.0 0.49

in drinking water [8]

distribution is characteristic of pollution, the entry
of which into the soil is due to atmospheric deposi-
tion. The main mechanism of ?°Ra and ***Th input
is wind erosion of the tailing dump surface and sub-
sequent dust transfer. The specific activity of K
practically does not depend on the depth of sam-
pling of layer-by-layer samples and is in the range
of values typical for the soils of the region; thus, we
can conclude that there is no “’K introduced.

High concentrations of alpha and beta emitting
radionuclides were found in water samples taken
from natural reservoirs located behind the sanitary
protection zone of the tailing dump. The authors
propose methods for combating pollution of nat-
ural waters: detoxification using biodegradation;
localization of the spread of pollutants by convert-
ing them into an insoluble form; pumping out con-
taminated waters with their subsequent purification
[10]. The data presented indicate the presence of a
negative impact of the tailing dump of the Stepno-
gorsk Mining and Chemical Combine on the en-
vironment of the adjacent territories, due to wind
erosion of the object’s surface and subsequent con-
tamination of the surface layers of the soil as a re-
sult of the spread of radioactive dust.

4. Conclusion

1. On the territory beyond the sanitary protec-
tion zone of the tailing dump, local, radioactive-
ly contaminated areas with an ambient equivalent
dose rate of gamma radiation up to 0.69 uSv/h
have been identified.

2. The specific activity of natural radionuclides
226Ra, #**Th in surface soils (0—5 cm) of radioac-
tively contaminated areas exceeds the control lev-
els from 19 to 37 times.

3. In water samples taken from natural reser-
voirs of the Manybaiskiy and Sulukamyskiy thal-
weg, the total alpha and beta activities are more
than 700 times higher than the control values.

4. The degree of contamination by man-made
radionuclides of natural objects around the radio-
active waste storage facility is many times higher
than the control levels, requires intervention, con-
stant radiation monitoring and environmental and
sanitary-hygienic measures.

Acknowledgements

This research was funded by the Science Com-
mittee of the Ministry of Education and Science
of the Republic of Kazakhstan (No. AP09261208).

Reference

[1]. M.N. Aumalikova, D.S. Ibrayeva, K. Ilbekova,
P.K. Kazymbet, M.M. Bakhtin, D.D. Janabaev,
N.Z. Altaeva. Eurasian Journal of Physics and
Functional Materials 4 (2020) 336-342. DOI
10.29317/ ejpfm.2020040407

[2]. V.G.Jazikov, Uranium resources of the Republic
of Kazakhstan [Uranovye resursy Respubliki
Kazahstan]. Uranium and nuclear energy [Uran
i jadernaja jenergetika], London. Study of
the Uranium Institute, 1993, P. 132-1137 (in
Russian).

Eurasian Chemico-Technological Journal 23 (2021) 283-288


https://www.ephys.kz/jour/article/view/12
https://www.ephys.kz/jour/article/view/12

288 The Current Radiation Situation of the Territory Near the Uranium Mining Enterprises
[3]. Postanovlenie Pravitel’stva Respubliki [8]. Hygienic Standards “Sanitary and
Kazahstan “Ob  utverzhdenii Programmy Epidemiological Requirements for Ensuring
konservacii uranodobyvajushhih predprijatij Radiation Safety” Order of the Minister of
i likvidacii posledstvii razrabotki uranovyh National Economy of the Republic of Kazakhstan
mestorozhdenij na 2001-2010 gody”: July 25, dated February 27, 2015 No. 155. Registered
2001, No 1006 (in Russian). with the Ministry of Justice of the Republic of
[4]. L.Monte, J.E. Brittain, L. Hakanson, J.T. Smith, Kazakhstan on April 10, 2015 No. 10671.
M. der Perk, J. Environ. Radioactiv. 78 (2005) [9]. H. Koch-Steindl, G. Prohl, Radiat. Environ.
123-124. DOI: 10.1016/j.jenvrad.2003.11.004 Bioph. 40 (2001) 93-104. DOI: 10.1007/
[5]. S.V. Barbashev, Voprosy Atomnoj Nauki i s004110100098
Tekhniki 3 (2021) 128-131. [10]. K. Kyser. 3 — Exploration for uranium. Uranium
[6]. W. Rohnsch, S. Przyborowski, E. Ettenhuber, for Nuclear Power, 2016, P. 53-76. DOI:
Radiat. Prot. Dosim. 45 (1992) 127-132. DOI: 10.1016/B978-0-08-100307-7.00003-X
10.1093/rpd/45.1-4.127
[7]. P.K. Kazymbet, M.M. Bakhtin, E.T.
Kashkinbaev, D. Janabaev, Zh.S. Dautbaeva,
M.K. Sharipov, Medical Radiology and

Radiation Safety 63 (2018) 40-47. DOLI:
10.12737/article_5a855¢9d951169.76703405

Eurasian Chemico-Technological Journal 23 (2021) 283-288


https://www.sciencedirect.com/science/article/abs/pii/S0265931X03002832?via%3Dihub
https://academic.oup.com/rpd/article-abstract/45/1-4/127/5091715?redirectedFrom=fulltext
https://academic.oup.com/rpd/article-abstract/45/1-4/127/5091715?redirectedFrom=fulltext
https://naukaru.ru/en/nauka/article/20074/view
https://naukaru.ru/en/nauka/article/20074/view
https://link.springer.com/article/10.1007/s004110100098
https://link.springer.com/article/10.1007/s004110100098
https://www.sciencedirect.com/science/article/pii/B978008100307700003X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B978008100307700003X?via%3Dihub

