
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/1
6/

20
25

 6
:0

1:
58

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Study of radionu
aInstitute of Nuclear Physics, Ibragimov 1

marina.k@inp.kz
bInstitute of Radiation Safety and

Krasnoarmeiskaya 2, Semipalatinsk Region,
cRussian Institute of Radiology and Agroeco

Cite this: RSC Adv., 2023, 13, 29354

Received 25th August 2023
Accepted 2nd October 2023

DOI: 10.1039/d3ra05808e

rsc.li/rsc-advances

29354 | RSC Adv., 2023, 13, 29354–
clide composition of the drinking
water potential sources at the Semipalatinsk
nuclear test site

M. Krasnopyorova, *a I. Gorlachev,a P. Kharkin,a M. Dyussembayevab

and S. Lukashenkoc

The contamination degree with artificial radionuclides of the “Degelen” site streams, as well as the wells and

boreholes fed from the underground water sources, has been studied. These objects are the potential

sources of drinking water at the Semipalatinsk Nuclear test site. Such approach made it possible to

identify the most significant radionuclides-contaminants typical for the selected objects, to reveal the

nature of contaminants distribution, and to calculate the radionuclide indices for all the sampling points.

According to the obtained data, recommendations can be provided on water purification of the studied

objects in order to meet the hygienic criteria for drinking water quality.
1. Introduction

Semipalatinsk nuclear test site (SNTS) prior to its closure in
1991 was one of the largest test areas in the world where nuclear
weapons were actively tested for 42 years. The site covers 18 300
km2. There were 456 explosions held with 616 nuclear devices.
The tests were very diverse as in terms of the nature they were
performed (ground, air, in tunnels, in wells, excavations), in the
type of nuclear devices (nuclear, thermonuclear) as in the
degree of energy released (ultra-low, low, medium and high). In
combination with different landscape and geological condi-
tions of the explosion sites it resulted in a very diverse radio-
active contamination picture with different radiobiological
features.

In terms of soil radioactive contamination the territory of
SNTS is studied rather well. Almost all signicant sources of
radioactive contamination, the main routes and mechanisms of
the current and potential spread of radioactive substances
identied.1–4 One of the most important results of these activi-
ties is understanding that part of the SNTS territory is “clean”
and may be used for economical purposes.

In fact, large parts of the SNTS have been already used for
a long time as agricultural land, for example, for grazing. Some
other businesses are also active at the site territory now:
development of Karazhira coal eld, salt production at Zhak-
sytuz lake, geological surveys and explorations, haymaking.
Such activities are associated with a certain additional risk for
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the eld operation teams, population of the region and
consumers of the outcome products.

Since drinking water is the vital basis of human activities,
the quality of water in potential sources of water supply at the
SNTS territory that may be used by local population for potable
and economic purposes is very important.

As mentioned above, a large number of various nuclear tests
were performed at the SNTS territory. As a result, potential
sources of water supply may be contaminated with such arti-
cial radionuclides as 137Cs, 90Sr, 241Am, 152Eu, 154Eu, 155Eu, 3H,
239Pu and 240Pu. Among the presented radionuclides, 137Cs and
90Sr are the products of uranium and plutonium ssion during
nuclear explosions. Isotopes of europium and tritium were
formed as a result of induced activity during the capture of
neutrons by various chemical elements included in the muni-
tion structure, soil, water and other components surrounding
the area of explosion. The induced activity is especially impor-
tant while explosion of thermonuclear charges accompanied by
powerful neutron uxes. Finally, plutonium isotopes are
remnants of the ssile material. Plutonium isotopes are always
accompanied by 241Am. 241Am is a decay product of 241Pu. Its
content in weapons-grade plutonium is a sequence higher than
239Pu. With a relatively short half-life (14 years), 241Pu rapidly
decays into 241Am (T1/2 = 432 years).

There are a few potential sources of water supply at the site
territory. The most signicant are as follows:

(1) Shagan shallow River is the longest surface watercourse at
the SNTS territory. It ows along the eastern boundary of the
test site and is a le-bank feeder of the Irtysh River. The water of
the Shagan River now is used only for non-potable purposes.

(2) Streams of the Degelen area. Water from these streams is
very important for livestock watering. Nomurous cases of
unauthorized grazing of farm animals and vegetable feed
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Semipalatinsk nuclear test site.

Fig. 2 Map of the Karabulak and Uzynbulak streams location in the
Degelen mountain range with the mineral deposits.
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harvesting have been noticed at the Degelen area with vegeta-
tion represented by a diverse ora – meadow phytocoenosis, in
contrast to the rest of the SNTS territory.

(3) Groundwater – water wells, boreholes, springs (the main
sources of drinking water for the population). According to
tentative assumptions there are about 200 underground sources
of potable water on the SNTS territory in total.

Thus, the main purpose of the presented research was to
study radionuclide composition of the water in the Degelen
streams and underground water supply sources. Indices of
water pollution with articial radionuclides were calculated
based on the obtained data.

We did a similar analysis for water samples from the Shagan
River earlier.5 The survey was used as the basis to study possi-
bilities of using the water from the Shagan River for drinking
purposes and elaborate recommendations to improve quality of
the water from this river.

The similar analysis for the water samples of the Shagan
River was performed by us earlier.5 Based on the studies, the
possibility of using the water of the Shagan River for drinking
purposes was studied and the recommendations were prepared
to improve the water quality of the Shagan River.

2. Study area

Fig. 1 shows the boundaries of the Semipalatinsk test site and
location of individual objects. The Degelen area is marked there
as well and presented in more details in Fig. 2. Besides, Fig. 1
denes the Northern, South-Western and South-Eastern parts of
© 2023 The Author(s). Published by the Royal Society of Chemistry
the SNTS where water was sampled from water wells and
boreholes.

The Uzynbulak and Karabulak streams are the largest water
courses of the Degelen area. Both streams feed from pore and
fractured groundwater. Fig. 2 shows locations of the Uzynbulak
and Karabulak streams on the territory of Degelen mountain
range.

The main source of water for the Karabulak and Uzynbulak
streams is atmospheric precipitation. Therefore, there are areas
where the watercourses dry up in summer period. The streams
cross several small tectonic faults. There is a possibility of
groundwater inow with a different chemical composition in
the faulted zone.

Irreversible mechanical deformations in the form of cavities,
shear zones; crushing of rocks, induced fracturing, etc. occurred
in the Degelen rock massif in consequence of underground
nuclear tests carried out in the period from 1969 to 1989.
During the tests nuclear decay products released from indi-
vidual adits into the atmosphere and onto the earth's surface,
that formed a local radioactive contamination zone. Maximum
areal pollution near most of the adits is limited by the near-
portal territory and does not exceed several hundred square
meters. The exceptions are adits with emergency situations and
adits with watercourses where radioactive contamination may
spread over hundreds of meters around. The total number of
adits with water inows at the Degelen area varies from 8 to 12
depending on weather conditions in different years (high
impact of precipitation).

The Karabulak stream channel may be traced for up to 40 km
from the Degelen mountain range. Fig. 3 shows water sampling
points at the Karabulak stream and numbers of the adits
RSC Adv., 2023, 13, 29354–29362 | 29355
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Fig. 3 Sampling points at the Karabulak stream.

Fig. 4 Sampling points of water along the Uzynbulak stream.
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located along the channel of this stream. The adits 511, 505 and
506 have water inows.

The Uzynbulak stream valley spreads for about 20 km and
divides the massif along the South–North–West line. The
stream bed may also be traced outside Degelen area. Fig. 4
shows water sampling points along Uzynbulak stream and adits
located near the stream bed. About 50 adits adjoin the stream
and its tributaries.

Underground water sources, which are currently the main
sources of potable water, are particularly important in
assessing potential sources of water supply. The most
common structures for water extraction are mine wells and
boreholes as well as springs located apart or nearby summer
camps and wintering. Fig. 1 shows all potable water sources
currently in use: wells, springs, brooks, boreholes. 26
sampling points were selected, marked green in Fig. 1, to
assess the groundwater quality. To maximize coverage of the
entire study region sampling points are distributed across
different parts of the SNTS – North (8 points), South-West (5
points) and South-East (13 points).
29356 | RSC Adv., 2023, 13, 29354–29362
3. Materials and methods
3.1 Sampling

In May, August and October seasonal water samplings were
carried out at selected points of potable water supply facilities
(wells, boreholes) as well as along the Karabulak and Uzynbulak
streams. Sampling points are shown in Fig. 1, 3 and 4.

Sampling and preservation of water samples was carried out
in accordance with GOST R 51592-2003, adopted in the
Republic of Kazakhstan, which is applicable to all types of water
and sets general requirements for sampling, transportation and
storage preparation of water samples intended to determine
composition and properties of the water. GOST R 51592-2003
has been developed in accordance with the International Stan-
dards: ISO 5667-2-91 “Water quality. Sampling”, ISO 5667-3-94
“Water quality. Sampling” and ISO 5667-1-82 “Water quality.
Sample selection”. The following operations were carried while
water sampling: ltration of the water in order to remove
mechanical impurities through a paper lter “blue tape”;
preservation of samples by adding concentrated nitric acid
(HNO3) of high-purity grade at the rate of 3 ml of HNO3 per 1
liter of water sample. Filtration and conservation were done at
the site of sampling.
3.2 Radionuclide analysis of water samples
3H content study. 5 ml was taken from the ltered sample

and placed in a 20 ml plastic vial with addition of a scintillation
solution in a 1 : 3 ratio (sample – scintillator ratio). Ultima Gold
LLT scintillation solution developed specically for measuring
3H in natural samples (the detection efficiency for tritium in the
range of 0–18 keV is about 60%) was used for analysis of the
taken samples. TRI-CARB 2900 TR liquid scintillation spec-
trometer was used to determine volumetric activity of 3H in the
taken samples. The energy range for 3H denition was set in the
range from 0 to 15 keV. The measurement time for each sample
was about 120 minutes. The detection limit of the used
measurement technique while determining specic activity of
3H in free water was 5–6 Bq l−1. The analysis results are checked
using reference sample IAEA-381.

The chemical yield of 239+240Pu was calculated from the
results of alpha-spectrometric measurements, based on the
known activity of the input isotopic tag 242Pu. Iron hydroxide
was used for separation of plutonium concentrate. 40–70 ml of
ferric chloride(III) with concentration of 10 mg-Fe cm−3 was
introduced into the solution for this purpose. 20% NaOH
solution was added to the resulting solution in portions to
precipitate iron hydroxyl to pH = 7. The solution was allowed to
mature for 12 hours and decanted. The precipitate of iron
hydroxide, which is a plutonium concentrate, was put for
further radiochemical analysis to isolate the 239+240Pu isotope.
Specic activity of 239+240Pu in the prepared sample was deter-
mined on a Canberra alpha-spectrometer. The analysis results
are checked using reference samples IAEA-375, IAEA-381, IAEA-
300 and IAEA Soil-6.

Chemical yield of 90Sr and 90Y aer precipitation of
carbonates was determined from the results of gamma
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra05808e


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/1
6/

20
25

 6
:0

1:
58

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
spectrometric measurements based on the known activity of the
introduced 85Sr and 88Y isotopic tags respectively. Concentra-
tion of strontium isotopes was carried out by co-sedimentation
with calcium carbonate. 20% Na2CO3 solution was added to the
sample up to pH $ 9 level for this purpose. At the end of
sedimentation 85Sr was measured to determine the chemical
yield and the 88Y isotopic tag was added to the resulting solu-
tion. Specic activity of 90Sr was calculated from the specic
activity of 90Y aer 2 weeks accumulation of 90Y from 90Sr. The
beta source of 90Y was measured using a TRI-CARB 2900 TR beta
spectrometer. The analysis results are checked using reference
samples IAEA-375, IAEA-381, IAEA-300 and IAEA Soil-6.

Chemical yield of 137Cs was calculated from results of
gamma spectrometric measurements based on the known
activity of the input isotopic tag of 134Cs. Concentrating of 137Cs
was done by co-sedimentation with copper ferrocyanides. The
sediment of ferrocyanides with precipitated cesium was
measured using a Canberra GX-2020 gamma spectrometer. The
analysis results are checked using reference samples IAEA-375,
IAEA-381, IAEA-300, IAEA-444, IAEA Soil-6 and IAEA Soil-2.

Measurements of 241Am and europium isotopes were per-
formed by the direct gamma spectrometry using a wide-range
ultrapure germanium detector in the energy range 3–3000
keV. For this purpose, the method “Activity of radionuclides in
counting samples. Measurement methods with gamma spec-
trometers using the SpectraLine soware” is used, developed in
Russia and registered in the state register of the Republic of
Kazakhstan. The analysis results were checked using reference
samples: IAEA-381, IAEA-300, IAEA-444 and IAEA-Soil-2.
Measurements were carried out in cylindrical geometry with
a diameter of 60 mm and a volume of 200–250 ml.

It should be noted that detection limits of the used hardware
and methodological support are signicantly lower than the
intervention level (IL) in terms of the content of individual
radionuclides in potable water: 137Cs – 11 Bq l−1, 90Sr – 4.9 Bq
l−1, 239+240Pu – 0.55 Bq l−1, 3H – 7600 Bq l−1.6 The levels of some
studied articial radionuclides recommended for the pop-
ulation, approved by the World Health Organization,7 are as
follows: 137Cs – 10 Bq l−1, 90Sr – 10 Bq l−1, 239Pu – 1 Bq l−1, 3H –

10 000 Bq l−1, 241Am – 1 Bq l−1. For the majority of radionu-
clides, the requirements established in the Republic of
Kazakhstan are harder than approved by the WHO.
4. Results and discussion

In accordance with the regulatory documents of the Republic of
Kazakhstan,8 the following condition should be met when
several radionuclides are presented in drinking water:

RI ¼
Xn

i¼1

Ai

ILi

# 1; (1)

where RI – radionuclide index, Ai – average seasonal activity of
the i-th radionuclide, ILi – intervention limit of i-th radionu-
clide, n – the number of radionuclides with average seasonal
activities in water samples exceeding the detection limit.
© 2023 The Author(s). Published by the Royal Society of Chemistry
When natural and articial radionuclides in potable water
create an effective dose less than 0.1 mSv per year there is no
need for measures to reduce its radioactivity.9 When a person
consumes 2 liters of water per day this dose value corresponds
to the average annual values of the specic activities of indi-
vidual radionuclides (Bq l−1) - intervention limit (IL).

The water of the Karabulak and Uzynbulak streams is not
used by local population for potable purposes now. However,
this water is used to livestock watering. Furthermore, in view of
the shortage of potable water in the study region it is necessary
to consider the possibility that water of the streams aer all may
be used as drinking water in accordance with the potable water
quality hygienic criteria.
4.1 Karabulak stream

Nineteen water samples taken from the Karabulak stream were
studied for seasonal variations in the content of the articial
radionuclides.

First of all, equivalent dose rate (DER) of the samples was
measured for the gamma-emitting nuclides as well as ux
density of alpha and beta particles with MKS AT6130 dosimeter
radiometer while sampling process. Thus, the preliminary
information of the sum of emitting gamma, alpha and beta
nuclides may be obtained. DER values in the collected samples
varied from 0.10 to 0.19 m Sv h−1, which corresponds to the level
of background values typical for the researched area. No ux of
alpha particles in the samples was detected. Flux of beta parti-
cles was noticed below detection limit of the device (10 particles
per (min cm2)).

Subsequently, the specic activities of isotopes 90Sr, 3H,
239+240Pu, 241Am, 137Cs, 152Eu, 154Eu and 155Eu were measured in
laboratory conditions. Table 1 provides the 90Sr, 3H and
239+240Pu average seasonal specic activities (�x), standard devi-
ation for three seasonal data samples (SD) and activity variation
ranges (Range) as well as the intervention limits for these
isotopes currently established in Kazakhstan.10 Values,
exceeding the corresponding intervention limit, are highlighted
in red in the Table. The measured radionuclide activities of
241Am, 137Cs, 152Eu, 154Eu and 155Eu do not exceed the detection
limits: 241Am < 0.1 Bq l−1 (IL = 0.69 Bq l−1), 137Cs < 0.20 Bq l−1

(IL = 11 Bq l−1), 152Eu < 0.25 Bq l−1 (IL = 98 Bq l−1), 154Eu < 1.2
Bq l−1 (IL = 69 Bq l−1) and 155Eu < 0.34 Bq l−1 (IL = 430 Bq l−1).

As follows from Table 1, the average seasonal content and
upper boundaries of the variation range for 90Sr exceed IL at
four sampling points – T-1, T-63/1, T-55 and T-50 corresponding
to the tributaries 2, 3, and 4 of the Karabulak stream (Fig. 3). For
tritium, on the contrary, (except six points T-14, T-19, T-28, T-34,
T-37 and T-40) the average annual specic activities exceed IL
(7600 Bq l−1) for almost all sampling points. The seasonal
averages as well as maximum activities of 239+240Pu isotopes do
not exceed IL.

The error in determining 239+240Pu and 90Sr is not more than
15%, and no more than 10% for 3H determination. The
measurement uncertainty for instrumental gamma-
spectrometry is not more than 10%.
RSC Adv., 2023, 13, 29354–29362 | 29357
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Table 1 Specific activities of some artificial radionuclides in the Karabulak stream water samples

Sampling point

239+240Pu, mBq l−1 90Sr, mBq l−1 3H, Bq l−1

�x � SD Range �x � SD Range �x � SD Range

Tributary 1
T-9 <0.35 — 1100 � 1200 280–2000 8100 � 5600 4100–12000
T-14 0.54 � 0.30 <0.35–0.89 29 � 7 <21–35 5300 � 1100 4100–6200

Tributary 2
T-1 1.28 � 0.85 <0.35–2.0 27 000 � 21 000 13 000–51000 36 000 � 14 000 20 000–44000
T-30-1 0.98 � 0.56 <0.35–1.4 140 � 20 120–150 20 000 � 4000 17 000–23000

Common watercourse of the tributaries 1 and 2
T-7 <0.35 — 110 � 70 28–150 10 000 � 3000 8200–13000
T-19 <0.35 — 41 � 27 <22–60 7000 � 2800 5000–8900
T-20 <0.35 — 29 � 10 <24–40 20 000 � 2000 18 000–22000
T-22 <0.35 — 31 � 16 <22–50 20 000 � 2000 18 000–22000
T-25 0.44 � 0.10 <0.35–0.55 35 � 18 <22–47 18 000 � 4000 15 000–20000
T-28 0.46 � 0.11 <0.35–0.56 360 � 140 200–470 3600 � 3900 1100–8000

Tributary 3
T-63/1 0.82 � 0.53 <0.35–1.4 110 000 � 20 000 93 000–130000 69 000 � 23 000 43 000–87000
T-67/1 0.41 � 0.08 <0.35–0.46 1200 — 41 000 —
T-26 <0.35 — 38 � 21 23–52 11 000 � 3000 9400–13000

Common watercourse of the tributaries 1, 2 and 3
T-34 0.60 � 0.34 <0.35–0.99 150 � 40 120–200 3100 � 600 2600–3800
T-37 <0.35 — 48 � 22 <24–66 2100 � 400 1700–2400

Tributary 4
T-59 <0.35 — 1100 � 100 940–1200 18 000 � 5000 13 000–22000
T-55 <0.35 — 24 000 � 4000 19 000–27000 26 000 � 4000 22 000–30000
T-50 <0.35 — 17 000 � 3000 14 000–20000 22 000 � 5000 17 000–26000

Common watercourse of the tributaries 1, 2, 3 and 4
T-40 0.50 � 0.19 <0.35–0.72 57 � 10 50–69 1500 � 300 1200–1800
Intervention limit 550 4900 7600

Fig. 5 Possible paths of 90Sr migration with underground water to the
Karabulak stream.

Fig. 6 Possible paths of 3H migration with underground water to the
Karabulak stream.

29358 | RSC Adv., 2023, 13, 29354–29362 © 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Values of RI (green circles) at different points of Karabulak stream.
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Fig. 5 and 6 show distributions of 90Sr and 3H along the
Karabulak stream bed. Additionally, arrows at the gures indi-
cate possible routes of 90Sr and 3H migration with groundwater
into the Karabulak stream. The high contents of 90Sr and 3H in
water samples from the Karabulak stream are explained by the
adits with water inows in the streamhead formation area. Adits
no. 504 and no. 506 are located near sampling points 50, 55 and
Table 2 Some artificial radionuclide contents in the water samples from

Sampling point

90Sr, mBq l−1

�x � SD Rang

T-1 13 000 � 6000 6200–
T-2 28 � 25 10–46
T-4 15 000 � 1000 5200–
T-6 2800 � 1800 1000–
T-7 1900 � 700 1200–
T-8 1600 � 400 1300–
T-9 1500 � 500 900–1
T-10 1700 � 800 800–2
T-11 1900 � 1000 800–2
T-14 1800 � 800 900–2
T-17 1800 � 800 900–2
T-20 1900 � 1100 900–3
T-23 1500 � 800 560–2
Intervention limit 4900

© 2023 The Author(s). Published by the Royal Society of Chemistry
59. Adit no. 511 contributes to high concentrations of 90Sr at
sampling points 1 and 63/1 and tritium at points 1, 7, 20 and 22.

The radionuclide indices were calculated for all sampling
points of the Karabulak stream based on the data on the average
seasonal concentrations of radionuclides and in accordance
with formula (1). The values of RI (green circles) at different
points of the Karabulak stream are presented in Fig. 7. RI
the Uzynbulak stream

3H, Bq l−1

e �x � SD Range

18000 2900 � 2600 65–5200
320 � 250 140–490

25000 49 000 � 19 000 27 000–61000
4600 25 000 � 2000 23 000–26000
2500 24 000 � 3000 21 000–27000
2100 23 000 � 3000 21 000–27000
900 23 000 � 3000 22 000–27000
300 25 000 � 2000 23 000–28000
800 34 000 � 3000 32 000–38000
500 37 000 � 6000 33 000–43000
300 38 000 � 9000 32 000–49000
100 38 000 � 8000 33 000–48000
000 37 000 � 10 000 29 000–48000

7600
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Fig. 8 Distribution of the average seasonal activities of 3H and 90Sr,
normalized to IL, along the channel of the Uzynbulak stream.

Fig. 9 Distribution of RI index along the channel of the Uzynbulak
stream.

Table 3 Content of some artificial radionuclides in the water samples
from water wells and boreholes

Sampling point

90Sr, mBq l−1 3H, Bq l−1

�x � SD Range �x � SD Range

Summer hut Saba
(water well)

<29 — 12 � 0 —

Summer hut Saba 2
(borehole)

35 � 17 <22–55 8 � 2 <6–9

Summer hut Kokish
(water well)

30 � 9 <22–40 10 � 5 <6–13

Summer hut
Plohotnikov (water well)

34 � 10 28–46 14 � 1 13–14

Winter hut Sarymsak
(water well)

<29 — 9 � 4 <6–12

Summer hut
Zhamankudyk (water
well)

<29 — 10 � 3 8–12

Winter hut
Zhamankudyk (water
well)

<29 — 11 � 2 9–12

Winter hut Arshaly
(water well)

29 � 8 <21–37 7 � 2 <5–8

Winter hut Charipov
(water well)

<29 — 11 � 7 <6–16

Winter hut Kaldybai-2
(water well)

29 � 7 <22–36 14 � 1 13–14

Winter hut Kabanbai
(water well)

<29 — 10 � 7 <5–15

Winter hut Mazakpai
(water well)

<37 — 10 � 3 8–12

Winter hut Berle
(borehole)

<29 — 12 � 0 —

Winter hut Shurek
(water well)

43 � 21 <29–67 8 � 1 7–9

Winter hut Masten-2
(water well)

30 � 2 28–32 <6 —

Winter hut Zhanan
(borehole)

<29 — <6 —

Winter hut Sholadyr
(borehole)

34 � 11 <27–47 10 � 7 <5–15

Summer hut Toleugazy 32 � 4 <29–36 <6 —
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exceeds 1 at most of the sampling points. Exceptions are points
of the tributary 1 and stream beds aer conuence of
tributaries: 14, 19, 28, 34, 37 and 40. Thus, only these points
meet the hygienic quality criteria for drinking water (expression
(1)).
(water well)
Winter hut Tailan 1
(borehole)

<29 — 7 � 2 <5–8

Winter hut Bakizhan-2
(borehole)

31 � 2 <29–32 <6 —

Winter hut Sarapan
(borehole)

28 � 4 <29–31 11 � 7 <6–16

Winter hut Enbektas
(water well)

31 � 10 <29–42 10 � 7 <5–15

Winter hut 373 Akbiik
(borehole)

<30 — 14 � 3 12–16

Winter hut Berezka
(borehole)

<29 — <6 —

Winter hut Kyzyl zhar
(water well)

29 � 2 27–31 10 � 6 <5–14

Winter hut Kyzyl (water
well)

25 — 10 —

Intervention limit 4900 7600
4.2 Uzynbulak stream

Thirteen water samples taken from the Uzynbulak stream were
studied for seasonal variations in the content of articial
radionuclides. DER values in the collected samples varied from
0.10 to 0.19 m Sv h−1, which corresponds to the level of back-
ground values typical for the researched area. No ux of alpha
particles in the samples was detected. Flux of beta particles was
noticed below detection limit of the device (10 particles per
(min cm2)).

Table 2 provides the average seasonal content and variation
ranges of 90Sr and 3H in the water samples of the Uzynbulak
stream, and the intervention limits for these isotopes currently
established in Kazakhstan (Ionizing Radiation, 1999). Values in
Table 2 exceeding the corresponding intervention limit are
marked with red color. The measured radionuclide activities of
241Am, 239+240Pu, 137Cs, 152Eu, 154Eu and 155Eu do not exceed the
determination limits of the applied analytical techniques:
241Am < 0.1 Bq l−1 (IL= 0.69 Bq l−1), 239+240Pu < 0.30 mBq l−1 (IL
29360 | RSC Adv., 2023, 13, 29354–29362
= 550 mBq l−1), 137Cs < 0.20 Bq l−1 (IL = 11 Bq l−1), 152Eu < 0.25
Bq l−1 (IL = 98 Bq l−1), 154Eu < 1.2 Bq l−1 (IL = 69 Bq l−1) and
155Eu < 0.34 Bq l−1 (IL = 430 Bq l−1).
© 2023 The Author(s). Published by the Royal Society of Chemistry
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As follows from Table 2, average seasonal contents for 90Sr
exceed IL at two points T-1 and T-4 located near the streamhead
of the Uzynbulak stream. For tritium, on the contrary, the
average annual specic activities exceed IL (7600 Bq l−1) at all
sampling points, except points T-1 and T-2. Fig. 8 shows
distribution of average seasonal activities of 3H and 90Sr rated to
intervention limit in water samples along the bed of the Uzyn-
bulak stream.

The tunnel No. 177 is located close to the streamhead of the
Uzynbulak stream (Fig. 4) - near sampling points 1, 2 and 4. It,
apparently, explains high content of 90Sr at points 1 and 4 and
tritium at points 4–23 (Table 2). Low contents of 90Sr at point 2
and tritium at points 1 and 2 can be explained by the direction
of radionuclides migration. The high tritium contents along the
entire stream, starting from point 4, demonstrates high
migration abilities of the isotope.

Fig. 9 graphically shows the distribution of RI along the bed
of the Uzynbulak stream. RI exceeds 1 at almost all sampling
points. The exception is point 2 (RI = 0.05). Thus, the potable
water quality hygienic criterion is not met at all sampling points
of the Uzynbulak stream, except point 2.
4.3 Underground waters

Water from the underground water supply sources located on
the territory of SNTS, unlike the Karabulak and Uzynbulak
streams, is now used for potable purpose.

Seasonal variations in the articial radionuclide contents in
the water samples were studied for twenty-six water wells and
boreholes. The DER values in the collected samples ranged
from 0.10 to 0.14 m Sv h−1, which corresponds to the level of
background values typical for the researched area. No ux of
alpha particles in the samples was detected. Flux of beta particle
was below the detection limit of the device (10 ppm (min cm2)).

Table 3 provides the average seasonal contents and the
variation ranges of 90Sr and 3H in water samples from the wells
and boreholes. Specic activities for the rest of the studied
radionuclides do not exceed the detection limits of the applied
techniques. According to Table 3, average seasonal concentra-
tions for 90Sr and 3H at all sampling points are signicantly
lower than IL.

Indices of water contamination with articial radionuclides
were calculated in accordance with the formula (1). RI does not
exceed 1 at all sampling points. Thus, the potable water quality
hygienic criterion is met at all sampling points.
5. Conclusions

Findings of the completed study revealed that the most
sampling points of the Karabulak and Uzynbulak streams are
classied as objects with high levels of articial radionuclides
and may not be used for water supply. 3H and/or 90Sr contents
exceed the corresponding intervention limit at these points.
Thus, it is necessary to undertake measures on purication of
the water from 3H and/or 90Sr at all sampling points of the
Karabulak and Uzynbulak streams where the potable water
quality hygienic criteria is not met. Radionuclide index
© 2023 The Author(s). Published by the Royal Society of Chemistry
(expression 1) not exceeding 1 should serve as the target criteria
of purication.

Considering that the main sources of radionuclides entering
the Karabulak stream is, apparently, adits No. 511, No. 506 and
No. 505 with water inows, and for the Uzynbulak stream – adit
no. 177 with water ingress, it is necessary to take measures to
eliminate water from these adits entering the corresponding
streams.

The radionuclide index for the studied wells and boreholes
at all sampling points does not exceed 1. Thus, these water
supply sources meet the potable water quality hygienic criteria
at all sampling points.
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