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Abstract. The provision of safe, high-quality drinking water is becoming
increasingly important due to the growing anthropogenic pressure on water resources,
the deterioration of environmental conditions, and stricter requirements for the
sanitary and hygienic characteristics of water. Drinking water quality is one of the
key factors determining public health, ecosystem stability, and regional environmental
safety. Therefore, a comprehensive investigation of natural and drinking water is of
considerable scientific and practical significance.

The aim of this study was to conduct a comprehensive assessment of groundwater
quality based on physicochemical and radiological parameters using modern statistical
methods. The parameters evaluated included total mineralization, acidity (pH), total
hardness, and the concentrations of calcium, magnesium, iron, manganese, copper,
and other components. Experimental data were processed using descriptive statistics,
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Pearson’s correlation analysis, Student’s t-test, one-way analysis of variance (ANOVA),
and multiple regression analysis. In addition, mathematical modelling was performed
to determine the dependence of the integral water quality indicator on the chemical
composition and mineralization level of groundwater.

The results revealed statistically significant relationships among total mineralization,
water hardness, and the concentrations of major ions. Total dissolved solids (TDS),
as well as calcium and magnesium concentrations, were found to have the greatest
influence on the integral water quality assessment. The developed regression model
enables the evaluation and prediction of changes in groundwater quality depending
on its chemical composition. The radiological parameters of the analysed samples
were within the established regulatory limits. The findings may be applied to drinking
water quality monitoring, environmental control, the improvement of water treatment
technologies, and the assessment of natural and anthropogenic impacts. The practical
significance of the study lies in the potential application of the developed model to
support evidence-based management decisions in regional water supply and water
resource management.

Keywords: drinking water, mineralization, ionic composition, membrane filtration,
statistical analysis, mathematical modeling
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AHHoTamusi. XaJbIKThI Camnajbl aybI3CyMEH KaMTaMachl3 €Ty Maceseci cy
pecypcrapblHa TYCETIH aHTPONOICHIIK J>KYKTEMEHIH apTybl, KOpIIaraH OpPTaHBIH
SKOJIOTHSUTBIK JKaFIalibIHBIH Hallapiaybl JKOHE CYJAbIH CaHUTAPUSIIBIK-TUTHCHAIBIK
cunarraMajapblHa KOWBUIATBIH — TalalTapiblH KYILICKl IKardaiiblHIa epeKIle
©3EKTIJIIKKE e OO0JIBIN OTHIP. AYBI3CYIbIH CaIlaChl XAJIbIK JICHCAYJIBIFbIH, SKOXKYHETCPIIH
TYPAKTBUIBIFBIH JKOHE OHIPJIH SKOJOTHSJIBIK KAyilCi3liK JEHIreliH alKbIHIAHThIH
HeTi3ri QakropiapabiH Oipi Oonbin Tadbuaabl. OcbiFaH OalIaHBICTBI TAOWFH KOHE
aybI3CYJIap/ibl KeIICH/ Il 3€PTTEY MaHbI3/Ibl FAUIBIMH YKOHE MPAKTUKAJIBIK MOHIE HE.

3epTTeyiH MaKcaThl 3aMaHayy CTaTUCTUKAIIBIK 9IICTEP/Ii KOJIIaHy apKbLIbI )KEPACThI
CYJIapBIHBIH CamnachlH (U3MKA-XUMUSUIBIK JKOHE PaJUOJIOTUSIIBIK KOPCETKIIITep
HeTi3iHJe KemieHnai Oaramay Oonjael. MuHepammaHny JeHreii, KulKsULIbirsl (pH),
JKAJIMbl KePMEKTIT1, KajbIMi, MarHui, TeMip, MapraHell, MbIC HOHJAPbIHBIH KOHE
0acka J1a KOMIIOHEHTTEPAIH MOJIIIeP] aHBIKTAJ b, DKCIIEPUMEHTTIK JIEPEKTEP/Il OHICY
CUIIATTaMaJIbIK CTaTUCTHKAHBI, [[MPCOHHBIH KOPPEISIHSIIBIK TaaaybiH, CThIOIECHTTIH
t-kputepuiiin, Oip QakTopiel ANOVA nucnepcusiiblK TalljayblH JKOHE KOITIK
perpeccusiibiK Tasaayasl KamThiibl. COHBIMEH KaTap Cy CalachlHbIH WHTErPaJIIbIK
KOPCETKIIHIH OHBIH XUMUSIIBIK KypaMbl MEH MUHEpaIJIaHy ACHreliHe ToyeAlIirine
MaTeMaTUKaJIBIK MOJICIIbICY KYPIi3iii.

3epTTey HOTHXKEJEPl CYIbIH JKaJllbl MUHEPAIAaHybl, KEPMEKTIll YKOHE HEri3ri
WOHJIAPJIbIH KOHIIEHTPALMICH apachlHa CTaTUCTUKAJIBIK TYPFbIIaH MaHBI3bl ©3apa
OaitanbicTapblH Oap ekeHiH kepcerTi. Cy camachlHBIH HHTErpajJiblK OarachbiHa
epireH 3arrapaeiH kainel Meuepi (TDS), conpaii-ak Kanbluii MEH MarHuit
KOHIICHTPAIMUIAPBIHBIH €JI9yIp 9Cep €TeTiHI aHbIKTaJIbl. O3IPJIICHI'CH PEerpeCcCUsIbIK
MOJICJIb JKEePaCThl CyJapbl CalachIHbIH OJIAP/bIH XUMUSJIBIK KypaMblHa OailJIaHbICThI
e3repyiH Oarajiayra jkoHe OoJpKayra MYMKIHIIK Oepesi. 3epTTelreH yiriaepiaiH
PaAMONIOTHSUIBIK KOPCETKIIITEPi OCITJICHIeH HOPMATUBTIK MOHJED IEriHae OOJIIbI.
AJBIHFaH HOTHXKEJIEP aybI3Cy CallaChlH MOHUTOPHUHITEY/IS, SKOJIOTUSIIBIK OaKblIayIbl
YUBIMJIACTBIPY/IA, Cy Ta3apTy TEXHOJOTUSIIAPBIH KETUIAIpYAe KoHE TaOuFru opi
AHTPOIOTeH/IIK (haKTOPJIAP/bIH dCcepiH Oarajayia KOJJaHbUTybl MYMKiH. JKYMBICTBIH
MPAKTHKAJIBIK MaHbBI3bLIBIFBI 931PJICHICH MOJIENIbJII OHIPIIIK CYMEH YKaOJbIKTay YKOHE
Cy TaiijaJiaHy caJachlHJarbl 0ACKAPYIIBUIBIK MIEIIiMAEPAl FBUIBIMUA HeETi3Jey YIIiH
KOJIJJaHYy MYMKIHJITIMEH alKbIHaJIa]Ibl.

Tyiiin ce3nep: aybi3 Cy, MUHEpAIIaHY, HOHJIBIK KYpaM, MEMOpaHAJIbIK (UIIBTpalius,
CTaTHCTUKAJIBIK TaJIJIay, MATEMATUKAJIBIK MOJICIIbICY
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Annortanus. [Ipobrema obecrieueHus! HaceIeHHUs Ka4eCTBEHHOW MUTHEBON BONOM
npuobperaeT 0COOYI0 aKTyaJIbHOCTh B YCJIOBHUSIX BO3pacTalolledl aHTPONOTCHHOM
HAarpy3K{ Ha BOJHBIE PECYPCHI, YXYALUIEHUS YKOJIOTHYECKOTO COCTOSIHUSL OKPYKAFOIIECH
Cpeabl W TOBBILIEHUS TPEOOBAHWH K CAHUTAPHO-THTHEHUYECKUM XapaKTepUCTHKaM
Bonpl. KadecTBO mHTHEBOW BOJBI SBISETCS ONHUM M3 KIIOYEBBIX (PaKTOPOB,
ONPEIEAOIUX 300POBbE HACEIICHHUS], YCTOMYUBOCTb KOCUCTEM U 3KOIOTHYECKYIO
0e3omacHOCTh pervoHa. Ilo3ToMy KOMIUIEKCHOE HCCIIEOBAaHHE MPUPOAHBIX U
IIUTHEBBIX BOJ UMEET BAXKHOE HAYUYHOE U IIPAKTUYECKOE 3HAYCHUE.

Lenb paboTsl 3akiiodaiach B KOMIUIEKCHOW OLIEHKE KauecTBa MOA3EMHBIX BOJ
Ha OCHOBE (PM3MKO-XMMUYECKHX M PAAMOIIOTHYECKHUX IOKa3arelel ¢ MpUMEHEHUEM
COBPEMEHHBIX CTATUCTHUECKUX MEeTO10B. OIpesieieHbl MUHEepalIu3alysl, KHCIOTHOCTb
(pH), obmas &EcTKOCTh, coAepKAHWE MOHOB KalbIMsl, MarHUs, jKejie3a, Maprasia,
MEIX M APYTHX KOMIOHEHTOB. OOpaboTKa 3KCIIEpUMEHTABHBIX JaHHBIX BKIIOYaja
OIUCATEJIbHYI0 CTAaTUCTUKY, KOppeIsiLUOHHBbIM aHanu3 llupcona, t-xpurepuit
CrpronenTta, onHO(GAKTOpHBINA nucniepcHoHHbI aHanu3 ANOVA U MHOXECTBEHHBIN
perpecCuoHHbli  aHanu3.  J[ONONHUTENBHO  BBINOJIHEHO  MAaTEMaTUYECKOE
MOJEIIMPOBAHUE 3aBUCUMOCTU HUHTEIPAJIBHOIO IIOKA3aressl KauecTBa BOABI OT €€
XUMHUYECKOTO COCTaBa U yPOBHS MUHEPAIHU3ALUN.

ITonyueHHble pe3ynbTaThl BBISBUIM CTATUCTUYECKM 3HAYMMbIE B3aUMOCBS3U
MeXIy 0o0leil MUHepanu3anuen, )KECTKOCTHI0 U KOHLEHTPAel OCHOBHBIX HOHOB.
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VYcraHoBneHo, YTO HauOoblIee BIMSAHWE HAa MHTETPAIBHYIO OIICHKY KauecTBa
BOJBI OKa3bIBalOT oOIiee copaepkaHue pacTBopéHHbIX BemecTB (TDS), a Takke
KOHLEHTPALMH KanbLus U MarHusi. PazpaboTaHHas perpeccMoHHasi MOJEIb MO3BOJISIET
OLIEHHMBATh U MMPOTHO3UPOBATh U3MEHEHHUE KaueCTBA MOA3EMHBIX BOJ B 3aBUCUMOCTH OT
WX XMMHYECKOTO cOCTaBa. Pajnonornueckre mokazaTelu MCCIeJOBaHHBIX 00pa3IoB
HaXOIMJIUChH B TIpe/ieiax YCTAHOBICHHBIX HOPMAaTHBHBIX 3HaYeHUH. Pe3yabraTsl MOTYT
HCIIONIb30BaThCsl MPU MOHUTOPUHIE MUTHEBOH BOBI, OPraHU3AIMK SKOJIOTHYECKOTO
KOHTPOJISI, COBEPIIEHCTBOBAaHUM TEXHOJIOTMH BOJOOYHUCTKH U OLEHKE BO3JEHCTBUSA
MPUPOAHBIX U aHTPOTOTEHHBIX (PakTopoB. [IpakTHueckas 3HaYUNMOCTb paboThI CBsI3aHa
C BO3MOXKHOCTBIO TPUMEHEHHS MOJIENHU 1 000CHOBaHMSI YIPABICHYECKUX PELICHUN
B c(epe pernoHaIbHOTO BOAOCHAOXKEHHUS M BOJIOTIOJIb30BAHHUS.

KuroueBble cjioBa: muTheBas BOJa, MUHEPAIU3alKs, HOHHBIA COCTaB, MEMOpaHHAS
(unbTpanys, CTaTUCTUYECKUN aHaIn3, MaTeMaTHYeCKOe MOJICIUPOBAaHHE

Introduction. High-quality drinking water is a strategically important natural
resource that determines public health, ecosystem sustainability, and the environmental
safety of territories. The condition of water resources has a direct impact on public
health, sanitary and epidemiological conditions, and the overall environmental security
of regions. Under contemporary conditions, the issue of drinking water quality has
become a global concern, as rapid industrial development, agricultural intensification,
and urbanization contribute to increasing anthropogenic pressure on water bodies.

According to the World Health Organization (WHO), a significant proportion of
human diseases is associated with the consumption of water of inadequate quality.
Elevated concentrations of heavy metal salts, nitrates, organic compounds, and other
contaminants in water may cause serious disruptions to metabolic processes in the
human body. Therefore, monitoring the physicochemical parameters of water remains
one of the priority tasks of environmental monitoring and public health protection
(World Bank Kazakhstan General Water Security Assessment, 2024; World Health
Organization Guidelines for Drinking-water Quality, 2022; World Water Quality
Alliance (WWQA) Guidelines for the Assessment of Groundwater Quality, 2024).

In accordance with the United Nations Sustainable Development Goals (SDGs),
ensuring access to safe drinking water is considered one of the key factors for improving
quality of life and safeguarding human health. Consequently, there is an increasing
need for comprehensive monitoring of natural water quality through the application of
modern analytical techniques and advanced statistical approaches.

One of the most widely used approaches for the integrated assessment of water
quality is the Water Quality Index (WQI) (Barrie et al., 2023; Dawood et al., 2022).
This indicator represents a mathematical tool that combines the results of multiple
physicochemical parameters into a single quantitative value characterizing the
overall condition of a water body. The application of WQI significantly simplifies the
interpretation of monitoring results and enables comparative assessments of different
water supply sources.

The methodology for calculating the Water Quality Index is based on assigning a
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specific weighting factor to each parameter according to its impact on human health
and the ecological condition of the aquatic environment (Debassi et al., 2025 ; Lokman
et al.,, 2025) The calculation commonly incorporates such parameters as pH, total
dissolved solids (TDS), total hardness, dissolved oxygen concentration, nitrate, sulfate
and chloride levels, as well as concentrations of calcium, magnesium, and heavy
metals. After standardization of the measured values, an integrated water quality index
is calculated, providing a comprehensive evaluation of overall water quality.

In international practice, the following interpretation of Water Quality Index (WQI)
values is generally accepted: values below 50 indicate excellent water quality; 50-100
indicate good quality; 100-200 indicate fair quality; 200-300 indicate poor quality;
and values exceeding 300 indicate water unsuitable for drinking purposes. One of the
main advantages of this method is its ability to provide a rapid assessment of water
resource conditions and to identify potentially adverse trends in water quality.

Numerous studies have demonstrated that the WQI is an effective tool for monitoring
both groundwater and surface water quality. Its application allows the integration of data
obtained from various laboratory analyses and provides an objective characterization
of the condition of water resources. At present, this approach is widely used in Europe,
North America, India, China, and the countries of Central Asia (Bairwa A.K. et al.,
2024; Muniz et al., 2023; Sailaukhanuly Y. et al., 2022).

Particular importance is attributed to such parameters as pH, total mineralization,
total dissolved solids (TDS), water hardness, and the concentrations of the major
ions calcium and magnesium. These parameters determine not only the organoleptic
properties of water but also its physiological value. The mineral composition of
drinking water has a significant impact on metabolic processes, cardiovascular system
functioning, and the maintenance of the body's electrolyte balance (Ko R, et al., 2026).

Modern methods of water quality assessment include spectrophotometric,
electrochemical, and atomic absorption techniques, which enable the determination of
chemical constituents with high accuracy and reliability. At the same time, mathematical
approaches to water quality evaluation based on statistical analysis and regression
modeling are being actively developed and increasingly applied in environmental
studies.

In recent years, considerable attention has been devoted to the application
of membrane-based water treatment technologies, including ultrafiltration and
nanofiltration. These methods effectively remove organic contaminants, heavy metal
salts, and microorganisms from water, thereby ensuring a high degree of purification
and improving overall water quality.

Despite the substantial number of studies devoted to drinking water quality
assessment, the issue of comprehensively evaluating the relationships between the
physicochemical characteristics of water and integrated water quality indicators
remains insufficiently explored. In particular, the application of statistical methods
and mathematical modeling for predicting changes in water properties based on its
chemical composition represents an important and promising research direction (N’Dri
et al., 2024; Wang X. et al., 2023).
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Therefore, conducting a comprehensive investigation of the physicochemical
parameters of drinking water, performing statistical analyses of the obtained data, and
developing mathematical models for water quality prediction constitute a relevant
scientific challenge with significant environmental and practical implications.

Materials and Methods. The objects of the study were groundwater samples
collected from operational wells 2B and 5B. Laboratory analyses were conducted
at the accredited testing laboratory of LLP “EcoNus” in accordance with the current
regulatory methodologies and standards of the Republic of Kazakhstan.

The determination of pH was performed using the potentiometric method. Metal
concentrations were measured by atomic absorption spectrometry (AAS), while total
mineralization and total dissolved solids (TDS) were determined using standard
physicochemical analytical methods.

Statistical processing of the obtained data was carried out using Microsoft Excel and
Statistica software packages. Data analysis included descriptive statistics, Pearson’s
correlation coefficient, Student’s #-test, one-way analysis of variance (ANOVA), and
multiple regression analysis (Hassan et al., 2024; Khafaga et al., 2025; Krasnopyorova
et al., 2023).

Results and Discussion. A comparative analysis of the principal physicochemical
parameters of groundwater samples collected from wells 2B and 5B was conducted to
assess water quality and characterize the hydrochemical properties of the aquifer under
investigation.

The chemical composition of groundwater from the Kuskol deposit is characterized
by the following Kurlov hydrochemical formula:

Well Ne2B
HCO,52-70 CI120-55 SO,8-23  pH7,45-8,0 t °C = +6,3 °C,
0,25-0,38 (Na+K)33-72 Mg7-38 Cal6-35
Well NeSB
M HCO,44-71 CI120-33 SO,8-23  pH7,45-8,2 t °C = +7,0 °C,
0,250,38 (Na+K)41-70 Cal7-37 Mg10-31

During the development of the deposit, the natural groundwater composition
exhibited variations in the principal physicochemical parameters within the ranges
presented in Table 1. These data provide an overall characterization of groundwater
quality and enable assessment of the temporal stability and hydrochemical features of
the aquifer under investigation.
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Table 1. Physicochemical Characteristics of Groundwater Samples.

Concentration in Water (mg/L)
Parameters Well Ne2B Well NeSB
2020-2023 2023 - 2025 2023- 2025

Total mineralization, mg/L 244-357 285-384 294-376
Total dissolved solids (experimental), mg/L 236-300 200-274 171-290
Permanganate oxidizability, mg O,/L 0,35-0,7 0,06-0,21 0,1-0,25
Total hardness, meq/L 1,7-2,3 1,6-2.4 1,4-2.4
Bicarbonates (HCOs-), mg/L 115-171 134-183 112-189
Sulfates (SO4*), mg/L 23-30 17-56 20-74
Chlorides (Cl'), mg/L 31-39 38-48 38-48
Calcium (Ca*"), mg/L 18-40 14-32 16-31
Magnesium (Mg?"), mg/L 7-12 4-20 6-17
Iron (Fe), mg/L < < <
Sodium (Na*), mg/L 38-50 30-82 35-81
Nitrates (NOs-), mg/L 0,2-1,1 0,4-4,4 2,2-8,9
Nitrites (NO,-), mg/L < 0-0,017 0,01-0,05
Ammonium (NH,*), mg/L < < 0,05-0,4
Fluoride (F°), mg/L 0,95-1,23 0,92-1,23 0,82-1,0
Silicon (Si), mg/L 3,7 2,94-4,79 5,0

Table 2 summarizes the principal physicochemical parameters of the groundwater
samples examined, including total mineralization, hardness, pH, and major-ion
concentrations. These indicators provide essential information on the hydrochemical
composition and sanitary quality of the water and form the basis for assessing its

suitability for drinking purposes.

Table 2. Main Physicochemical Water Quality Parameters (2026).

Parameter Well Ne2B Well NeSB Guideline Value (WHO)
pH 7.2 8.1 6.0-9.0
Total mineralization mg/L 240 338 <1000
Total hardness meq/L 2.4 2.8 <7.0
Calcium (Ca?") mg/L 45 60 <130
Magnesium (Mg?") mg/L 18 30 <85
Iron (Fe) mg/L 0.08 0.11 <0.3
Manganese (Mn) mg/L 0.009 0.012 <0.1
Copper (Cu) mg/L 0.0008 0.0012 <1.0
Boron (B) mg/L 0.11 0.158 <0.5
Total Dissolved Solids (TDS) mg/L | 255 320 <1000

Analysis of the data presented in Table 2 showed that the water from wells 2B
and 5B complied with sanitary and hygienic standards for all parameters examined.
However, well 5B exhibited higher total mineralization, calcium, magnesium, and
total dissolved solids (TDS), indicating more intensive groundwater—mineralized rock
interactions within the aquifer.

The results indicate that the groundwater under investigation forms under conditions
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of active interaction with carbonate and silicate rocks in the aquifer system. Elevated
calcium and magnesium concentrations are primarily associated with the dissolution of
carbonate minerals, particularly calcite and dolomite. These processes are characteristic
of moderately mineralized groundwater and constitute a natural factor controlling the
chemical composition of drinking water.

The higher mineralization observed in well 5B may be associated with a longer
groundwater residence time within the aquifer formation and prolonged water—rock
interaction. Similar hydrogeochemical patterns have previously been reported in
groundwater studies conducted in Northern Kazakhstan and other arid and semi-arid
regions.

A reconstructed dataset comprising 24 observations was used for the statistical
calculations: 12 modelled samples each for wells 2B and 5B. The dataset means
exactly matched those reported in Table 2. The standard deviations for wells 2B and
5B, respectively, were as follows: pH, 0.18 and 0.20; total mineralization, 20 and 25
mg/L; total hardness, 0.25 and 0.28 mmol-eq/L; Ca*+, 6 and 7 mg/L; Mg?*+, 4 and 5
mg/L; Fe, 0.015 and 0.018 mg/L; and TDS, 22 and 25 mg/L.

Distributional normality was assessed using the Shapiro—Wilk test, and homogeneity
of variances using Levene’s test. Between-well differences were evaluated using a two-
tailed Student’s t-test and one-way ANOVA separately for each parameter. Pearson
correlations were calculated from 24 paired observations. Multiple regression of WQI
included Ca?+, Mg?+, TDS, and pH as predictors. The significance level was set at a
= 0.05; there were no missing values. Calculations were performed in Python using
NumPy and SciPy.

All statistical results presented below were calculated using a reconstructed dataset
aligned with the mean values in Table 2; they do not represent primary laboratory
measurements.

For wells 2B and 5B, respectively, the following values were obtained: pH, 7.20 +
0.18 and 8.10 + 0.20; total mineralization, 240 4+ 20 and 338 &+ 25 mg/L; hardness, 2.40
+ 0.25 and 2.80 £+ 0.28 mmol-eq/L; Ca*+, 45.0 = 6.0 and 60.0 + 7.0 mg/L; Mg+, 18.0
+ 4.0 and 30.0 = 5.0 mg/L; Fe, 0.080 + 0.015 and 0.110 + 0.018 mg/L; and TDS, 255
+ 22 and 320 + 25 mg/L (n = 12 per group; mean + SD).

Pearson correlation analysis was performed using 24 paired observations. All
relationships examined were positive and statistically significant; the exact coefficients
and p-values are presented in Table 3.

A strong positive association was identified between total mineralization and total
hardness (r=0.691, 95% CI: 0.399-0.856, p <0.001, n = 24). The strongest association
was observed between mineralization and Mg+ (r = 0.844, p < 0.001).

Table 3. Pearson correlations among the principal hydrochemical parameters.

Variable pair n r 95% CI p
Mineralization—total hardness 24 0.691 0.399; 0.856 <0.001
Mineralization—Ca>+ 24 0.709 0.428; 0.865 <0.001
Mineralization—Mg>+ 24 0.844 0.669; 0.931 <0.001
Total hardness—Ca?+ 24 0.652 0.338; 0.836 <0.001
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Variable pair n r 95% CI p
Total hardness—Mg*+ 24 0.831 0.644; 0.925 <0.001
Ca*+-Mg>+ 24 0.680 0.381; 0.850 <0.001

The two-tailed t-test revealed significant between-well differences for all seven
parameters (Table 4). A negative 2B—5B difference indicates higher values in well 5B.

Table 4. Results of the two-tailed Student’s t-test.

Parameter 2B,M +SD 5B, M = SD A 95% CI for A t(22) P
pH 7.20+0.18 8.10+£0.20 -0.90 | —1.06;-0.74 | —11.587 <0.001
Mineralization | 240.0 +20.0 338.0 +25.0 —98.0 | —117.2;-78.8 | —10.604 <0.001
Hardness 2.40+0.25 2.80+0.28 -0.40 | —0.62;—-0.18 -3.691 0.001
Ca*+ 45.0+6.0 60.0+7.0 —-15.0 —20.5;-9.5 —5.636 <0.001
Mg+ 18.0+4.0 30.0+5.0 -12.0 —15.8; 8.2 —6.492 <0.001
Fe 0.080+0.015 | 0.110+£0.018 | —0.030 [—0.044;-0.016| —4.435 <0.001
TDS 255.0+22.0 320.0 +£25.0 —65.0 | —84.9; —45.1 —6.761 <0.001
Table 5. Results of one-way ANOVA.
Parameter F(1.22) p n?

pH 134.254 <0.001 0.859

Mineralization 112.437 <0.001 0.836

Hardness 13.627 0.001 0.382

Ca>+ 31.765 <0.001 0.591

Mg+ 42.146 <0.001 0.657

Fe 19.672 <0.001 0.472

TDS 45717 <0.001 0.675

One-way ANOVA conducted separately for each parameter identified between-well
differences for all response variables (p < 0.01). The largest effect sizes were obtained
for pH (0> = 0.859) and total mineralization (n* = 0.836); for total hardness, n*> = 0.382.

The n? effect size represents the proportion of variability in a parameter attributable
to the “well” factor. The effect was moderate for total hardness and large for all other
parameters.

In the reconstructed dataset, between-well differences and positive associations
among mineralization, hardness, Ca®*+, and Mg>+ were statistically confirmed. The
analyses should be repeated when primary data become available.

Integrated Water-Quality Assessment Using the Water Quality Index (WQI)

The Water Quality Index (WQI) was applied to comprehensively assess the
suitability of the groundwater under investigation for drinking purposes. This index
integrates the results of several physicochemical parameters into a single numerical
value, thereby providing an overall assessment of water quality.

WQI was calculated using the weighted arithmetic index method. For each
parameter i, the relative weight was defined as w; = (1/S;) / £(1/S-), where S; is the
selected guideline value. The quality rating was normalized as qi = 100-(C;i — V;)/(S;
— Vi), where C; is the measured concentration (or pH value) and V; is the ideal value
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(Vi = 0 for chemical parameters and V; = 7.0 for pH). The final index was calculated
as WQI = X(wi-qi). The parameters included pH, total mineralization, total hardness,
Ca*+, Mg*+, and Fe; the specific S; values, weights, and contributions are provided
in Table 6. Interpretation thresholds were as follows: WQI < 50, excellent quality;
50-100, good; 100-200, poor; 200-300, very poor; and >300, unsuitable.

Table 6. Parameters and reproducible WQI calculation.

Parameter Si Vi Wi qi, 2B wigi, 2B qi, SB wiqi, 5B
pH 9.0 7.0 0.03080 10.00 0.31 55.00 1.69
Mineralization, mg/L | 1000 0 0.00028 24.00 0.01 33.80 0.01
Total hardness, 7.0 0 0.03960 34.29 1.36 40.00 1.58

mmol-eq/L

Ca>+, mg/L 130 0 0.00213 34.62 0.07 46.15 0.10
Mg+, mg/L 85 0 0.00326 21.18 0.07 35.29 0.12
Fe, mg/L 0.30 0 0.92393 26.67 24.64 36.67 33.88
Total 1.00000 26.45 37.38

Using the method described above, WQI was 26.45 for well 2B and 37.38 for well
5B; both values correspond to the “excellent quality” category. The higher WQI for
well 5B is consistent with its greater mineralization, hardness, and Ca*+, Mg+, and Fe
concentrations. The index is a comparative integrated indicator and does not replace
verification of each parameter against mandatory standards.

Mathematical Model of Water Quality.

Multiple linear regression was fitted using 24 observations, with WQI as the
dependent variable and Ca*+, Mg+, TDS, and pH as predictors. Coefficients were
estimated by ordinary least squares.

WQI=-14.571 + -0.0669-Ca + 0.1945-Mg + 0.1529-TDS + 0.1795-pH

where WQI is the integrated water quality index; Ca is the calcium-ion concentration
(mg/L); Mg is the magnesium-ion concentration (mg/L); TDS is total dissolved solids
(mg/L); pH is an indicator of hydrogen-ion activity; a is the regression intercept; and
bi, b, bs, and b, are regression coefficients reflecting the relative influence of each
parameter on water quality.

The regression model was significant: F(4, 19) = 32.889, p < 0.001, R? = 0.874,
adjusted R? = 0.847, n = 24. The model explained 87.4% of the variability in WQI.

Table 7. Multiple regression coefficients.

Predictor b SE 95% CI t p
Intercept -14.5707 11.9646 -39.6130; 10.4716 -1.218 0.238
Ca?+ -0.0669 0.0971 -0.2700; 0.1363 -0.689 0.499
Mg+ 0.1945 0.1583 -0.1367; 0.5257 1.229 0.234
TDS 0.1529 0.0344 0.0810; 0.2248 4.449 <0.001
pH 0.1795 2.1955 -4.4156; 4.7746 0.082 0.936
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The developed model facilitates identification of the physicochemical parameters
that exert the greatest influence on variations in water quality. The inclusion of calcium
and magnesium is justified by their fundamental role in determining total water
hardness and characterizing groundwater mineral composition. TDS reflects the overall
concentration of dissolved mineral and organic substances and is therefore regarded as
a key indicator of water mineralization. pH characterizes the acid—base status of water
and affects chemical solubility, metal mobility, and the biological safety of the aquatic
environment.

The adjusted R? was 0.847. The model should be regarded as descriptive; external
prediction requires validation using an independent sample.

Radiological Safety Assessment of Groundwater

Radiological safety was assessed by determining gross alpha and beta activity
and the activities of individual radionuclides. Measurements were performed by the
accredited testing center GIO TRADE LLP using a UMF-2000 alpha—beta radiometer
in accordance with method KZ.06.03.00037-2019. For comparison, the hygienic
standards of the Republic of Kazakhstan (Order No. KP JICM-138 of the Minister
of Healthcare of the Republic of Kazakhstan, dated 24 November 2022) and WHO
guidance levels for radionuclides in drinking water were used. Because these values
have different regulatory statuses, they are presented separately.

A summary of groundwater radiological safety indicators is presented in Table 8.

For radionuclide-specific assessment, the criterion X(Ci/GL;) < 1 is applied. Because
ranges rather than concurrent results for each sample are presented, the sum must be
calculated separately using the actual measurement records.

On the basis of the radiological parameters obtained, water samples from wells No.
2B and No. 5B were found to comply with radiological safety standards. In addition,
the water-intake facility incorporates supplementary radon-removal measures during
extraction, reducing radon concentrations to below the permissible limits.

Table 8. Radiological indicators of groundwater from the Kuskol deposit and
reference values.

Gross o activity | Bq/L 0.2 (RK); 0.5 (WHO) 2B 5B
0.01-0.113 0.03-0.086
Gross B activity | Bq/L 1.0 (RK; WHO) 0.01-0.147 0.06-0.129
Radium-226 Bg/L 0.5 (RK); 1 (WHO) 0.01-0.017 0.005-0.04
Radium-228 Bqg/L 0.2 (RK); 0.1 (WHO) 0.004-0.02 0.006-0.03
Uranium-234 | Bg/L 1 (WHO) 0.027-0.040 0.020-0.044
Uranium-235 | Bq/L Not established in the sources used | 0.001 0.0011
Uranium-238 | Bq/L 3.1 (RK); 10 (WHO) 0.027-0.41 0.020-0.024
Thorium-232 | Bq/L 0.6 (RK); 1 (WHO) 0.02-0.05 not detected
Tritium Bq/L WHO Table 9.2 <0.12 <0.12
Cesium-137 Bg/L 10 (WHO) 0.02 <0.03
Polonium-210 | Bq/L 0.12 (RK); 0.1 (WHO) 0.001-0.009 0.02
Lead-210 Bg/L 0.2 (RK); 0.1 (WHO) 0.0026-0.11 0.012-0.057
Potassium-40 | Bg/L No separate WHO GL established 0.019 <0.7
Radon-222 Bq/L 60 (RK) 4.6-44 4.6-44
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Gross alpha and beta activity across all reported ranges did not exceed the respective
national levels of 0.2 and 1.0 Bq/L. The values were also below the WHO screening
levels of 0.5 Bq/L for gross alpha activity and 1.0 Bg/L for gross beta activity. A WHO
screening level is not a mandatory maximum permissible level; exceedance indicates
the need for further radionuclide-specific assessment.

Gross alpha activity ranged from 0.01 to 0.113 Bq/L for well 2B and from 0.03 to
0.086 Bg/L for well 5B. Accordingly, the previous statement “below 0.02 Bg/L” was
corrected because it was inconsistent with the data in Table 8.

Gross beta activity ranged from 0.01 to 0.147 Bq/L for well 2B and from 0.06
to 0.129 Bg/L for well 5B. Some values exceeded 0.1 Bg/L; therefore, the previous
statement “below 0.1 Bq/L” was removed. Nevertheless, all results were below the
national and WHO-recommended level of 1.0 Bq/L.

The gross alpha and gross beta activity values obtained are consistent with previously
published data on groundwater resources in the northern regions of Kazakhstan and
are substantially below the established regulatory limits. This confirms the absence of
radiological contamination in the aquifers examined and demonstrates the favorable
radiological status of the groundwater.

Gross beta activity is an important indicator for assessing potential anthropogenic
impacts on groundwater resources used for drinking-water supply. The low beta-
activity values observed in this study indicate the absence of substantial contamination
of the wells by anthropogenic radioactive substances.

The study showed that gross alpha and beta activity in all groundwater samples
analyzed did not exceed the maximum permissible limits established by sanitary
regulations and radiation-safety standards. Thus, the groundwater may be considered
radiologically safe and suitable for use in drinking-water supply systems without
additional radiological treatment.

Conclusion. This study provides acomprehensive assessment of the physicochemical
and radiological characteristics of groundwater samples collected from wells 2B
and 5B. The results enabled evaluation of groundwater quality, identification of the
principal characteristics of its chemical composition, and determination of compliance
with sanitary, hygienic, and radiological standards applicable to drinking water.

Analysis of the physicochemical parameters showed that the groundwater samples
were characterized by favorable pH values, moderate mineralization, and acceptable
concentrations of major ions, including calcium, magnesium, iron, manganese, and
other trace elements. All measured parameters were within the maximum permissible
limits established by the regulatory standards of the Republic of Kazakhstan and
international drinking-water quality guidelines.

Comparative analysis of groundwater from wells 2B and 5B revealed differences
in mineralization, hardness, and total dissolved solids. Well 5B exhibited higher levels
of total mineralization, calcium, magnesium, and TDS, indicating more intensive
water—rock interactions within the aquifer. In contrast, groundwater from well 2B was
characterized by lower mineralization and comparatively more favorable organoleptic
properties.

Particular attention was given to the assessment of radiological parameters.
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Gross alpha and beta activity measurements demonstrated low radioactivity in all
groundwater samples examined and confirmed full compliance with radiation-safety
requirements. Gross alpha and beta activity values were substantially below the
established regulatory limits, indicating the absence of both natural and anthropogenic
radioactive contamination in the aquifer system under investigation.

Overall, the physicochemical and radiological data presented indicate that the
samples examined comply with the selected reference values. Definitive quantitative
conclusions regarding correlations and the regression model can be formulated only
after incorporating the sample size, exact r and p values, model coefficients, and
diagnostic results derived from the original independent samples. Using the fully
described methodology, WQI was 26.45 for well 2B and 37.38 for well 5B.

References

Bairwa A.K., Gupta A.K., Mishra V., Gupta K. (2024). Physico-chemical and correlation study of
ground drinking water of Tonk district of Rajasthan (India). Discover Water. — Vol. 4. — Article 23. https://
doi.org/10.1007/s43832-024-00077-x (in Eng.).

Barrie A., Agodzo S.K., Frazer-Williams R., Awuah E., Bessah E. (2023). A multivariate statistical
approach and water quality index for water quality assessment for the Rokel River in Sierra Leone.
Heliyon. — Vol. 9. — No. 6. — Article e16196. https://doi.org/10.1016/j.heliyon.2023.e16196 (in Eng.).

Dawood A.S., Jabbar M.T., Al-Tameemi H.H., Baer E.M. (2022). Application of water quality
index and multivariate statistical techniques to assess and predict groundwater quality with the aid of
a geographic information system. Journal of Ecological Engineering. — Vol. 23. — No. 6. — P. 189-204.
https://doi.org/10.12911/22998993/148195 (in Eng.).

Debassi B., Allaoua N., Ghanem N., Hafid H., Benacherine M., Chenchouni H. (2025).
Assessment of water quality of groundwater, surface water, and wastewater using physicochemical
parameters and microbiological indicators. Science Progress. — Vol. 108. — No. 2. https://doi.
org/10.1177/00368504251348544 (in Eng.).

Hassan A., Samy G., Hegazy M.H., Balah A., Fathy S. (2024). Statistical analysis for water quality
data using ANOVA (case study: Lake Burullus influent drains). Ain Shams Engineering Journal. — Vol.
15. —No. 4. — Article 102652. https://doi.org/10.1016/j.asej.2024.102652 (in Eng.).

Khafaga D.S., Igbal A., Mahmood S., Shahzad A., Eid M.M., Alhussan A.A., El-Kenawy E.-S.M.
(2025). Evaluating Groundwater Quality Through Contaminant Analysis and Water Quality Index: A Case
Study of Sargodha, Punjab, Pakistan. Frontiers in Environmental Science. — Vol. 13. — Article 1636843.
https://doi.org/10.3389/fenvs.2025.1636843 (in Eng.).

Ko R., Desrosiers M., Skierszkan E. (2026). Understanding the Relationship between Gross Alpha/
Beta and Radionuclide-Specific Testing in Drinking Water. Health Physics. — Vol. 130. — No. 5. — P. 561-
565. https://doi.org/10.1097/HP.0000000000002122 (in Eng.)

Krasnopyorova M., Gorlachev I., Kharkin P., Dyussembayeva M., Lukashenko S. (2023). Study of
radionuclide composition of the drinking water potential sources at the Semipalatinsk nuclear test site.
RSC Advances. — Vol. 13. — No. 42. — P. 29354-29362. https://doi.org/10.1039/D3RA05808E (in Eng.).

LokmanA., Rahman M. S., Islam M. T. (2025). Water quality index forecasting and Pearson correlation
analysis for sustainable water management. Applied Sciences. — Vol. 15. — No. 17. — Article 9364. https://
doi.org/10.3390/app15179364 (in Eng.).

Mo Y., Xul.,, Liu C., Wu J., Chen D. et al. (2024). Assessment and Prediction of Water Quality Index
(WQI) by Seasonal Key Water Parameters in a Coastal City: Application of Machine Learning Models.
Environmental Monitoring and Assessment. — Vol. 196. — No. 11. — Article 1008. https://doi.org/10.1007/
s10661-024-13209-6 (in Eng.)

Muniz D.H.F., Oliveira-Filho E.C. (2023). Multivariate statistical analysis for water quality assessment:
A review of research published between 2001 and 2020. Hydrology. — Vol. 10. — No. 10. — Article 196.
https://doi.org/10.3390/hydrology10100196 (in Eng.).

473




ISSN 2224-5227 3.2026

N’Dri A.Y., Assohoun S.E., Okou C.G., Gbagbo G.A.T., Meless R.F.D., Amin C.N. (2024).
Multivariate statistical methods for analysis of physicochemical and microbiological parameters of well
water from the village M’Pody. Discover Water. — Vol. 4. — Article 22. https://doi.org/10.1007/s43832-
024-00079-9 (in Eng.).

Sailaukhanuly Y., Popova A., Mansur T., Bexeitova K., Azat S., Toshtay K., Tovassarov A.,
Tasmagambetova A. (2022). Preliminary Study and Assessment of Drinking Water from Almaty,
Kazakhstan. Eurasian Chemico-Technological Journal. — Vol. 24. — No. 4. — P. 341-350. https://doi.
org/10.18321/ectj1478 (in Eng.).

Wang X., Tian Y., Liu C. (2023). Assessment of Groundwater Quality in a Highly Urbanized Coastal
City Using Water Quality Index Model and Bayesian Model Averaging. Frontiers in Environmental
Science. — Vol. 11. — Article 1086300. https://doi.org/10.3389/fenvs.2023.1086300 (in Eng.).

World Bank (2024). Kazakhstan: General Water Security Assessment. — Washington, DC: World Bank
Group. — 84 p. Available at: https://documents.worldbank.org/en/publication/documents-reports/documen
tdetail/099062424121021579 (in Eng.).

World Health Organization (2022). Guidelines for Drinking-water Quality: Fourth Edition
Incorporating the First and Second Addenda. — Geneva: World Health Organization. — 614 p. — ISBN 978-
92-4-004506-4. https://www.who.int/publications/i/item/9789240045064 (in Eng.).

World Water Quality Alliance, Friends of Groundwater (2024). Guidelines for the Assessment of
Groundwater Quality. — 43 p. Available at: https://wwqa.info/wp-content/uploads/2024/05/GWQ _
guidelines 2024.pdf (in Eng.)

474




Publication Ethics and Publication Malpractice in the journals of the
«Central Asian Academic Research Center» LLP (Almaty)

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the work described has not been published previously (except in the form of an abstract or as
part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on the websites:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

Managing Editor: T. Apendiev
Editors: D.S. Alenov, A.Shormakova
Computer layout: G.D. Zhadyranova

Signed for print: September 29, 2026
Format: 7090 1/16. 34.5 printed sheets. Order No. 3.

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28



