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Drinking water quality remains one of the key determinants of public health and sanitary-epidemio-
logical well-being. Despite the progress with access to centralized water supply systems in the Republic of
Kazakhstan, several medical and social challenges remain, including unequal access to safe drinking water,
particularly in rural areas, deteriorating infrastructure, contamination of surface and groundwater sources, and
insufficient efficiency of water treatment and quality monitoring systems.

The aim of this review was to analyze current scientific data on the major issues of drinking water sup-
ply and the impact of water quality on public health in Kazakhstan. This review used a combined approach,
including the analysis of scientific literature, international reports and official statistical data. Searches were
conducted using the PubMed, Scopus, Web of Science, eLibrary, and Google Scholar databases, as well
as official websites of the WHO, UNICEF, the World Bank, and governmental authorities of the Republic of
Kazakhstan. A total of 38 sources were included in the review. The findings indicate that drinking water in
several regions of Kazakhstan exceeds permissible limits for certain chemical parameters, including nitrates,
arsenic, lead, iron and mercury, due to both natural geochemical characteristics and anthropogenic impacts.
Cases of microbiological contamination have also been reported, particularly in rural areas and during flood
periods. Potential risks associated with both conventional and emerging contaminants, including PFAS and
microplastics, are analyzed. Long-term consumption of contaminated water is associated with an increased
risk of infectious, cardiovascular, oncological, nephrological, and reproductive disorders, especially among
vulnerable population groups. A comparative analysis of drinking water quality standards in the Republic of
Kazakhstan, the WHO, and the EU revealed that national regulations are less stringent for certain carcino-
genic substances. The findings highlight the need to modernize water supply infrastructure, improve the reg-
ulatory framework, strengthen laboratory monitoring, and implement advanced water treatment technologies
to ensure access to safe drinking water for the population of Kazakhstan.
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INTRODUCTION

Drinking water is a key indicator of popula-
tion health and development. According to the World
Health Organization (WHQ), more than two billion
people worldwide use water that does not meet sani-
tary standards [1, 2]. This contributes to a substantial
burden of infectious diseases (acute intestinal infec-
tions and viral hepatitis), as well as an increased inci-
dence of chronic diseases associated with the chem-
ical composition of drinking water. In response, the
United Nations identified ensuring safely managed
drinking water for all by 2030 as one of the priorities
of Sustainable Development Goal 6 (SDG 6). In Ka-
zakhstan, as in many other countries, the quality of
drinking water supply remains problematic. Despite
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abundant surface water resources (48,000 lakes and
over 85,000 rivers) [3], a lack of truly clean water is
observed across the country [4].

For the Republic of Kazakhstan, the imple-
mentation of SDG 6 is of strategic importance due to
limited water resources, high dependence on trans-
boundary rivers, and the need to ensure sanitary and
epidemiological safety of the population [5]. In recent
years, significant progress has been achieved in ex-
panding population access to water supply services
[6]. According to World Bank data, approximately 90%
of the population of Kazakhstan has access to safely
managed drinking water sources; however, this indi-
cator is about 60% in rural areas [2, 3, 7]. One of the
key challenges remains the unequal access to cen-
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Table 1 — Drinking water quality standards according to WHO, EU, and Kazakhstan regulations (MPC,

mg/L) [13, 15, 16, 17, 18]

Parameter

WHO

EU

Kazakhstan

Arsenic (As)

0.02 mg/L [6]

0.01 mg/L [6]

0.05 mg/L [13]

Nitrate (NOs)

50 mg/L [15]

50 mg/L [15]

45 mg/L [13]

bacteria

Lead (Pb) 0.01 mg/L [18] 0.01 mg/L [18] 0.03 mg/L [13]
E. coli Absent [17] Absent [17] Absent [17]
Thermotolerant coliform Absent [17] Absent [17] Absent [17]

tralized water supply systems, particularly in rural set-
tlements [8]. State programs aimed at the construction
and modernization of water supply networks in rural
areas are being consistently implemented [5, 9]. An
important component of SDG 6 is the improvement
of water quality and the development of monitoring
systems. In Kazakhstan, state sanitary and hygienic
control of drinking water quality is carried out, along
with environmental monitoring of surface and ground-
water bodies. However, some water bodies remain
exposed to anthropogenic contamination [4], which
requires further improvement of laboratory monitor-
ing and the introduction of advanced water treatment
technologies [7]. In several regions, projects aimed
at reconstructing wastewater treatment facilities are
being implemented; however, the level of wastewater
treatment remains insufficient and requires additional
investment and the adoption of modern technologies
[10]. Kazakhstan continues to face regional dispari-
ties in access to safe drinking water, deterioration of
infrastructure, contamination of water sources, and
the need to improve wastewater treatment efficien-
cy [4]. These data highlight the relevance of scientific
studies focused on assessing drinking water quality
and its impact on human health.

This review aims to analyze current scientific
evidence on the medical and social challenges asso-
ciated with drinking water supply in Kazakhstan.

SEARCH STRATEGY

This study used a combined approach, with a
systematic literature review and analysis of official data
sources. The search strategy included the Scopus, Pu-
bMed, eLibrary, Web of Science, and Google Scholar
databases, as well as the official websites of UNICEF,
WHO, the World Bank, the Ministry of Health of the
Republic of Kazakhstan, the Water Resources Agency
of the Republic of Kazakhstan, and the Committee for
Sanitary and Epidemiological Control. Inclusion crite-
ria comprised full-text, open-access peer-reviewed
scientific articles in Russian and English containing
the following keywords: «drinking water supply in Ka-
zakhstan», «drinking water quality», «water contam-
ination and health», and «drinking water standards».
Exclusion criteria included abstracts, closed-access
publications, and non-peer-reviewed sources. Priority
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was given to primary sources (regulatory documents
and official sources) and authoritative international re-
ports (WHO, UNICEF). A total of 38 sources that met
the inclusion criteria were selected.

Challenges in Drinking Water Quality

Management

According to WHO and UNICEF data (JMP,
2022), approximately 90% of the population of Ka-
zakhstan use safely managed drinking water sources
(an increase from 80% since 2015) [2]. However, this
indicator remains considerably lower in rural areas,
at approximately 60% [2, 3, 7]. The unequal distribu-
tion of centralized water supply is associated with low
population density in rural settlements and deteriorat-
ing infrastructure. In addition, despite full coverage by
centralized water supply systems, the city of Astana
experiences service interruptions due to system de-
terioration.

According to the Committee for Sanitary and
Epidemiological Control, up to 5% of drinking water
samples annually do not comply with sanitary stand-
ards, with a target compliance level of 0% [11]. The
use of unsafe drinking water directly contributes to an
increased incidence of gastrointestinal infections, in-
testinal helminthiases, and protozoal infections, and
increases the risk of exposure to carcinogenic and
mutagenic compounds [12].

Table 1 presents hygienic standards for drink-
ing water established by WHO, the European Union
(EV), and Kazakhstan. According to Order No. DSM-
138 of the Minister of Health of the Republic of Ka-
zakhstan dated 24 November 2022 «On Approval of
Hygienic Standards for Safety Indicators of Domestic
Drinking and Household Water Use», the maximum
permissible concentrations for lead and arsenic are
set at 0.03 mg/L and 0.05 mg/L, respectively [13],
which exceed WHO guideline values [1]. These dif-
ferences are attributed to environmental conditions
and economic factors. At the same time, the permis-
sible nitrate concentration in Kazakhstan (45 mg/L)
[14] is more stringent than WHO/EU standards (50
mg/L) [1, 13, 15].

National standards in Kazakhstan for certain
heavy metals (As and Pb) are less stringent than
those of the WHO and the EU, reflecting a balance be-
tween technological capabilities and economics. Risk
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management requires the implementation of Water
Safety Plans, which include risk identification at each
stage of the water supply and monitoring of key indi-
cators. Quantitative assessment relies on statistical
and threshold-based methods, such as the analysis
of correlations between diarrhoea cases and levels
of faecal coliforms in water samples. In the case of
emerging contaminants (PFAS and microplastics),
[19, 20] the «precautionary» principle is applied: cur-
rently, there are no established maximum permissi-
ble concentrations for these substances; however,
it is recommended to reduce their levels based on
evidence of toxicological effects [17, 19, 21]. In Ka-
zakhstan, the «Water Strategy of the Republic of Ka-
zakhstan until 2030» provides for the modernization
of water supply systems and wastewater treatment
facilities, including the rehabilitation of outdated wa-
ter sources, prohibition of untreated wastewater dis-
charge (with strengthened oversight by the Water Re-
sources Agency), and laboratory monitoring of water
quality in high-risk areas [9, 17]. However, it is nec-
essary to improve public awareness regarding water
hygiene practices, as well as to support vaccination
programmes and integrate water-related risk assess-
ment into epidemiological surveillance.
Drinking Water Quality Indicators

Microbiological indicators. According to the
sanitary rules and standards, drinking water must be
free of Escherichia coli, sulphite-reducing clostridia,
and thermotolerant coliform bacteria (per 100 mL)
[13, 17, 18]. Despite this requirement, cases of bac-
terial contamination of drinking water are still reported
in rural areas. For example, during spring flood peri-
ods in 2022 — 2023, an increase in cases of salmonel-
losis and dysentery was observed in several regions,
associated with the intrusion of wastewater into drink-
ing water sources [22].

Bacterial contamination is particularly high in
unprotected wells and open reservoirs. Up to 17%
of well water samples contained total coliform bac-
teria in studies conducted in neighboring regions of
Russia [23, 24] which may also reflect the situation
in remote northern regions of Kazakhstan. According
to epidemiological studies, waterborne pathogenic
microorganisms account for approximately 80% of
all gastrointestinal infectious diseases in Kazakhstan
and Central Asia [25], indicating a substantial burden
on public health.

Physical Characteristics and Contaminants.
According to official study data conducted between
2020 and 2024, in rural areas of Pavlodar and Ak-
mola regions of the Republic of Kazakhstan, drink-
ing water was frequently characterized by increased
turbidity associated with the presence of mechanical
impurities, whereas color parameters generally re-
mained within the established regulatory limits [26].
Elevated fluoride (F) concentrations in southern and
mountainous regions, such as Zhambyl and Turke-
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stan regions, are attributed to natural geochemical
features and hydrogeological conditions of ground-
water formation [27] and are often close to the per-
missible limit of 1.5 mg/L [13], requiring monitoring
for fluorosis. Increasing attention has been paid to mi-
croplastics and PFAS [19, 20]. Despite the absence
of officially established maximum permissible con-
centrations, the WHO recommends minimizing PFAS
levels and strengthening research on their potential
health impacts [17, 19]. Microplastic analysis has re-
vealed microparticles in 90% of samples; however,
current evidence regarding their toxicity remains in-
sufficient [21, 28].

Chemical Contaminants. Drinking water in Ka-
zakhstan is characterized by elevated salinity (miner-
alization and hardness), which is associated with the
region’s geochemical conditions and transboundary
water flows. The main hazardous elements include
nitrates, arsenic, lead, and other metals. Nitrates
(NO:,) arise primarily from intensive agricultural activ-
ities; their maximum permissible concentration is 45
mg/L in Kazakhstan [13] (WHO: 50 mg/L [1, 14, 15]).
In some southern regions of Kazakhstan, nitrate con-
centrations exceed the standards in approximately
30% of groundwater samples. Lead (Pb) enters drink-
ing water primarily through deteriorated water supply
systems (old pipelines) and industrial discharges. In
Kazakhstan, the permissible limit for lead in drinking
water is 0.03 mg/L [13] (WHO: 0.01 mg/L [1, 14, 18]).
Arsenic (As) levels are significantly higher in moun-
tainous regions [29]; the national limit is 0.05 mg/L
[13] (WHO: 0.01 mg/L [1, 17]). Long-term exposure
to arsenic and lead is associated with neurological,
oncological, and cardiovascular diseases in the pop-
ulation [26, 29, 30, 31]. In certain regions of the Re-
public, elevated levels of other heavy metals, includ-
ing iron (Fe), manganese (Mn), and mercury (Hg), as
well as pesticide residues in water sources exceeding
regulatory limits, have also been reported [20].

According to studies conducted in 2023 -
2025, exceedances of individual chemical parame-
ters such as lead, arsenic, and nitrates have been
identified in several regions of Kazakhstan, indicat-
ing regional heterogeneity in water quality [9, 27,
32, 33]. In addition, the study by Zh. Tleuova et al.
(2023) [27] demonstrated that groundwater in south-
ern Kazakhstan contains significant concentrations
of sulphates, sodium, nitrates, and lead. An analysis
of surface waters conducted in 2025 by the Republi-
can State Enterprise «Kazhydromet» of the Ministry
of Ecology and Natural Resources of the Republic of
Kazakhstan [34] showed that only four water bodies
in the country are classified as Class | water quality,
while the maijority of rivers are classified as moder-
ately or heavily polluted [35]. Therefore, contamina-
tion of drinking water sources with various chemical
substances remains a widespread environmental and
public health problem.
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Figure 1 — Mechanism of health effects of contaminated drinking water

Natural Contamination of Water Sources.
During floods, drinking water sources become con-
taminated with sewage and wastewater, leading to
outbreaks of diarrhoeal diseases [22]. For example,
following the largest flood in East Kazakhstan in
2010, an outbreak of enteroviral infection was record-
ed. In regions with intensive agriculture, particularly
livestock farming, elevated levels of coliphages and
nitrates have been observed in groundwater from
wells. According to data from the Ministry of Health
of the Republic of Kazakhstan, the incidence of in-
testinal infections typically increases after each emer-
gency situation. This is primarily due to outdated or
insufficiently effective water supply and wastewater
disposal systems. During outbreaks of waterborne
diseases, Giardia and Cryptosporidium are more fre-
quently detected. These pathogens are less sensitive
to conventional drinking water and wastewater treat-
ment methods than most bacteria and viruses [36].

Adverse Health Effects of
Drinking Water Quality on Population Health

Vulnerable population groups at risk of diar-
rhoeal diseases associated with the consumption
of contaminated water include children, particularly
those under the age of 5, pregnant women, low-in-
come populations, and elderly individuals [25]. Preg-
nant women represent one of the most vulnerable
population groups to adverse environmental expo-
sures, including heavy metals and chemical com-
pounds. Chronic exposure to lead, arsenic, and other
organic contaminants has been shown to exert tera-
togenic and embryotoxic effects, negatively influenc-
ing fetal development [33]. According to studies [33,
37], exposure to these factors is associated with an
increased risk of congenital malformations, intrauter-
ine growth restriction, low birth weight, and preterm
birth. Toxic substances are able to cross the placental
barrier and affect the formation of fetal organs and
systems. Residents of rural areas predominantly rely
on non-centralized water supply sources (wells, bore-
holes, and springs) and less frequently have access
to water treatment devices, which makes them a vul-
nerable population group. An additional risk factor is
the lack of systematic monitoring of water quality from
decentralized sources at the local level. Contaminat-
ed drinking water is a source of both acute and chron-
ic diseases. Microorganisms such as E. coli, Shigel-
la spp., and rotaviruses cause diarrhoeal disease,
contributing to substantial child mortality (according
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to WHO, approximately 444,000 children under the
age of 5 die annually from diarrhoeal infections world-
wide) [25]. Compliance with hygienic standards is an
important preventive measure for reducing infectious
disease incidence, particularly among children [38].
Long-term exposure to nitrates causes methemoglo-
binaemia in infants [1, 14, 15]. Chronic lead exposure
leads to reduced 1Q in children, as well as hyperten-
sion and nephrotoxicity in adults. Arsenic exposure
is associated with lung and skin cancers, as well as
chronic liver diseases [16, 29, 31]. PFAS and mi-
croplastics, as emerging contaminants, affect the en-
docrine and immune systems [17, 20, 21, 30]. How-
ever, due to their relatively recent identification, their
health impacts require further investigation (Fig. 1).

According to WHO, poor-quality drinking wa-
ter supply is responsible for approximately 4 million
deaths, including those caused by diarrhoeal and par-
asitic diseases [25]. In Kazakhstan, waterborne infec-
tions account for a substantial proportion of morbid-
ity; for example, acute intestinal infections represent
a significant share of infectious diseases, accounting
for up to 20% of all reported infectious conditions [1,
15]. The actual burden of disease is likely underes-
timated, as clinical diagnosis often fails to associate
chronic symptoms, such as dyspeptic disorders, hy-
pertension, and other pathological conditions, with
contaminated drinking water.

CONCLUSIONS

This literature review demonstrates that the
quality of drinking water supply in Kazakhstan re-
mains a critical issue. The main challenges include
the lack of universal access to safely managed drink-
ing water sources, particularly in rural areas, as well
as the continued presence of widespread biological
and chemical contaminants in drinking water, contrib-
uting to a significant increase in disease incidence
[23]. In addition, national sanitary rules and stand-
ards are often less stringent than international guide-
lines [1], indicating the need to revise the regulatory
framework, particularly by strengthening permissible
limits for carcinogenic substances such as arsenic
and lead. These findings highlight the need for sev-
eral measures, including the modernization of water
supply infrastructure, the adoption of advanced wa-
ter treatment technologies such as reverse osmosis,
disinfection, and activated carbon filtration, as well
as strengthened monitoring of drinking water quality
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[17]. Climatic factors should also be taken into con-
sideration. Floods increase the risk of water contam-
ination, which is especially relevant in the context of
global climate change. Regional cooperation within
the framework of the Eurasian Economic Commis-
sion may also contribute to addressing drinking water
supply challenges by facilitating coordinated action
for efficient transboundary water use and water re-
source protection.
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Ha cerogHSAWHMIA OeHb Ka4eCTBO NUTLEBOW BOAbI SBMASIETCS OAHUM U3 KIOYEBbLIX (DAKTOPOB, OTBEYa-
IOLLMX 3a COCTOSIHME 3[40POBbSA M CaHWTaApHO-3NMAEMMONOrMyeckoe bnaronony4dme HaceneHusi. Hecmotps
Ha OOCTUIHYTbIN NPOrpecc B NofyYeHMn JocTyna HaceneHnus Pecnybnuvkm KasaxcTaH K ueHTpann3oBaHHOMY
BOOOCHaOXEHUNI0, COXPaHSITCS MeaMNKO-CoLmarnbHble NPobnembl, CBA3aHHbIE C HEPaBHOMEPHOCTLIO obecne-
YeHus 6e3onacHoOM NMMTBLEBON BOOOW, B YACTHOCTY B CEMbCKUX PEMMOHAX, M3HOLLEHHOCTBIO MHAPACTPYKTYPHI,
3arpsi3HEHMEM MOBEPXHOCTHbIX M MOA3EMHbIX UCTOYHMKOB, @ Takke HeLoCTaTOvHOW 3hPEeKTUBHOCTLIO CU-
CTEM OYUCTKM U MOHUTOPUWHIa KayecTBa BOAbl.

Llenbio HacTosiero ob3opa SBMICS aHanvM3 COBPEMEHHbIX Hay4YHbIX AaHHbIX, MOCBSILLEHHbIX aKTy-
anbHbIM NpobnemMam NMUTbLEBOrO BOOOCHAOXEHUS M BNUSIHUIO Ka4yecTBa BOAbl HA 340poBbe HaceneHus Ka-
3axcTaHa. B pabote ncnonb3oBaH KOMOVMHMPOBAHHLIV NMOAX0, BKIOYAKOLWMIA aHanmn3 Hay4yHou nuteparypsl,
MeXOyHapOOHbIX OTHETOB M OoduLManbHbIX CTAaTUCTUYECKUX OaHHbIX. [Monck ocywecTensncs B 6asax gaH-
Hbix PubMed, Scopus, Web of science, eLibrary n Google Scolar, a Takke Ha oduumanbHbeix cantax BOS3,
UNICEF, BcemupHoro 6aHka 1 rocygapcTBeHHbIX opraHoB Pecnybnukm KazaxctaH. B 0630p 6biniv BKIHOYEHbI
38 uctoyHmka. YcTaHOBMEHO, YTO B OTAENMbHbIX permoHax KazaxcrtaHa coxpaHsatTCs NPeBbILLEHWS MO PSAY XuU-
MUYECKUX MoKasaTenen NMTLEBON BOAbI, BKIOYAs HATPAThI, MbILbSK, CBUHEL, XXeNe3o U pTyTb, 4TO 0bycnoBs-
NEHO KaK NpUpOOHO-TEOXMMUYECKMMN OCODEHHOCTAMM, TaK U aHTPOMOreHHbIM Bo3gerncTeneM. OTmevaroTcs
cry4Yan MMKpOOMONOrMYeCcKoro 3arpsi3HeHNst BoAbl, 0COBEHHO B CENMbCKOM MECTHOCTU 1 B NEpMoabl NaBOLKOB.
PaccmoTpeHbl NoTeHLManbHble PUCKM BO3OENCTBUS TPAANLMOHHBIX U HOBbIX 3arps3HuTenein, Bknoyasa PFAS
1 MuUKponnacTuk. [okasaHo, YTo AnuTensHoe noTpebrneHne 3arpsi3HEHHOW BOAbl aCCOLUMPOBAHO C MOBbILLE-
HMEM prCKa MHEKLNOHHbIX, CEpPAEYHO-COCYANCTbIX, OHKOMOTMYECKNX, HE(PPONOrMYECKMX N PENPOAYKTUBHBIX
HapyLleHnn, 0cobeHHO Cpeam ya3BMMbIX FPynn Hacenenus. [poBefeH CpaBHUTENBHbLIV aHann3 HopMaTMBOB
KayecTBa NuTbeBow Boabl Pecnybnukn KasaxctaH, BO3 n EC, BbiISiBUBLUMIA MEHEE CTPOrne OoTe4eCTBEHHbIE
TpeboBaHMsA MO OTAENbHBbIM KaHLEepPOreHHbIM BellecTBaM. [lonyyeHHble AaHHble NoAYepKMBaOT Heobxoam-
MOCTb MOAEPHM3ALMM CUCTEM BOAOCHAOXEHMWS, COBEPLUEHCTBOBAHNS HOPMaTUBHO-NPaBoBoW Gasbl, ycune-
HWUsi NabopaTopHOro MOHUTOPUHIA U BHEAPEHUS COBPEMEHHBIX TEXHOMOIMMIN BOAOOYUCTKM ANnga obecneveHuns
HaceneHusa Kasaxctana 6e3onacHom NMTLEBOW BOOOWN.

Knrouessbie crioga: Ka4eCTBO BOAbI; NMTbEBAsA BOAA; BOOOCHAOXXEHNE; 300POBbE HACENEHNS; 3arps3Hu-
Tenu; anMgemMuonorus
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ByriHri TaHaa aybi3 CyablH canachkl XanblKTbiH AeHCayYIbIfbl MEH CAHUTApPIbIK-3NMAEMUONOTUANbIK 911-a-
yKaTblHa >xayan 6epeTiH Herisri dakToprapabliH Oipi 6onbin Tadbiagbl. KasakctaH Pecnybnvkachk! xankpl-
HblH, OpTanbIKTaHAbIPbINFaH CyMeH XabablKTayFa KO XeTKi3yAeri KON XeTKi3reH XeTiCTIKTepiHe KapamacTaH,
aTan amTkaHga, aybingblk eHipriepde Kayinci3 aybl3 CyMeH kamTamachbl3 eTyaiH Oipkenki emecTiriHe, WH-
bpaKkypbIfbIMHBIH TO3YbIHA, XXEpP YCTi XoHe Xep acTbl Ke34epiHiH NlacTaHyblHa, COHAan-akK cy canacbiH Ta-
3apTy >XOHEe MOHWUTOPWMHIINEY XXyhMenepiHiH TMiMAINiriHiH xeTkinikciaairine G6amnaHbICTbl MeguKo-areyMeTTiK
Macenernep cakranyga.

Ochbl WonyabliH, MakcaTbl aybl3 CyMeH >xabablKTaydblH, ©3€KTi MacernenepiHe xaHe Cy canacbiHbiH Ka-
3aKCTaH XarKblHbIH AeHcaynblfblHA 8CepiHe apHanfaH Kasipri 3aMaHfbl FeiNbIMW AepekTepai Tangay oongpl.
XKymbicTa FeinbiMn 9a4ebveTTepai, Xxanbikapanblk eCenTepAi XXeHe pecMu cTaTucTuKanblK AepekTepai Tanga-
yAbl KAMTUTBLIH apanac Tacin konganbingwl. 13gey PubMed, Scopus, Web of science, elLibrary xxeHe Google
Scolar gepekkoprnapbiHaa, coHgan-ak OO¥, UNICEF, [OyHuexysinik 6aHk xeHe KasakctaH Pecnyonukachl
MEMIEKETTIK opraHAapblHbIH, pecMu canTTapblHga Xy3ere acblpbinigbl. Wony 38 gepekkesai kamTtbiabl. Ka-
3aKCTaHHbIH, XEeKenereH eHiprnepiHge HUTpaTTap, MbIWbSK, KOPFacbiH, TEMIP XX8He CblHaNTbl KOoca anfanga,
TabuF-reoXMMUANbIK epekLernikTepiMeH Ae, aHTponoreHaik acepiMmeH ae 6annaHbICTbl aybl3 CyablH Gipkatap
XUMUSATBIK KOpCeTKiTepi OoMbIHIWA ackin KeTynep cakranatbiHbl aHblkTanabl. CyablH MUKPOOMONOrnsnbIK
nacTaHy Xafgannapsbl, acipece aybiNablK XXeprnepae XaHe Cy TacKblHbl kesiHae bavkanagpbl. JacTypni xaHe
KaHa nacTayLubl 3aTTapablH, COHbIH iWiHae PFAS eHe MUKpPOMMacTUKTEPAIH acep eTy Kayni kapacTbipbina-
Obl. JlactaHFaH cygpl y3aK yakbIT TYTbIHY MHPEKUMANBIK, XKYPEK-KaH Tamblpiapbl, OHKONOrMAnbIK, Hedoponoru-
ANbIK )XOHE PenpoayKTMBTI Oy3binynap KaymniHiH >kofapbinaybiMeH 6annaHbICTbl, 8cipece XxanbIKTblH, 0can Torn-
Tapbl apacbiHa. XXekenereH kaHueporeHi 3attap 6oibiHWa OTaHabIK TananTtapablH KaTaHObIFbIH aHbIKTaraH
KasakctaH Pecnyonukacsl, 0¥ xxaHe EO aybl3 cyblHbIH cana HopMaTUBTEpPIHE carnbICTbipMarnbl Tangay xyp-
rizingi. AnbiHFaH gepektep KasakcTtaH XarkblH Kayinci3 aybl3 CyMeH kaMTaMachIi3 eTy YLiH CyMeH ababikray
XKYMeEnepiH XaHFbIpTy, HOPMATUBTIK-KYKbIKTbIK Ga3aHbl XKeTiNgipy, 3epTxaHanblk MOHUTOPUHITI KYLLENTY XXaHe
Cy TaszapTyAblH 3amMaHayun TEXHOMNOIMANapbIH EHri3y KaXeTTiriH kepceTeai.

KinT ce3gep: cyadblH canackl; aybi3 Cy; CyMeH abablKTay; XanblKTblH AEeHCayMbIfbl; NacTayllbl 3aTTap;
3NMAEMMONOTnS
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