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This study provides a comprehensive analysis of PFAS contamination in the environment. An analysis of published
scientific papers has shown that PFAS are exceptionally resistant to chemical, biological, and photolytic degradation,
exhibit significant mobility in water, and can be dispersed across long distances.

PFAS are known as «forever chemicals» with half-lives of thousands of years. PFAS contaminate surface water sources
and can accumulate in soil and air.

Detecting and analyzing their concentrations in the environment is crucial due to their extremely prevalent presence in
natural habitats, presenting risks to public health and the integrity of the ecosystem.

A review of literature sources revealed that no studies of this problem have been conducted in Kazakhstan. This paper
revealed a complete lack of publications on PFAS studies. The materials presented on the websites of Kazakhstani news
agencies merely reflect the results of research by foreign scientists studying PFAS in the environment and biomaterials,
reflecting the global problem of PFAS contamination.

The prerequisites for this area of research are the lack of publications in Kazakhstan, the lack of PFAS monitoring, the
lack of systematic studies, including foreign ones, as well as the lack of various methods for determining PFAS in envi-

ronmental objects, and this requires close scientific attention and study.

Keywords: perfluoroalkyl and polyfluoroalkyl substances (PFAS), contaminant pathways, pollution,

environment, toxicological behavior.

INTRODUCTION

Perfluoroalkyl substances (PFAS) comprise a broad
group of chemicals that are applied directly in, or used
during the manufacture of, non-stick surfaces, textiles,
paper-based materials, food packaging, certain firefighting
foams, and a wide range of other consumer and industrial
products. These compounds are extensively applied in the
production of consumer goods and industrial applications
because of their oil and water repelling properties, their
ability to withstand extreme temperatures, and their
ability to minimize friction. PFAS encompass a diverse
set of compounds that differ in molecular weight and
exhibit various structures and functional groups, yet they
are unified by a common characteristic: chains of carbon
atoms in which most or all bonding sites are occupied by
fluorine atoms. Over time, the extensive production and
application of these substances, together with their high
resistance to degradation, have led to their ubiquitous
presence in the environment. At the same time, scientific
research is increasingly clarifying the environmental
and health impacts associated with PFAS. Among
them, perfluorooctanoate (PFOA) and perfluorooctane
sulfonate (PFOS) are well-known examples of PFAS
that are highly mobile, persistent, and bioaccumulative,

with no evidence of transformation under environmental
conditions [1-3].

Sources of PFAS can include fire ranges, military
installations, airports, some manufacturing facilities,
and waste landfills. Since the 1950s, PFAS have been
extensively utilized in commercial and industrial products
like non-stick coatings, surfactants, food packaging
materials, and water-soluble foaming compounds due
to their hydrophobic, lipophobic, and thermally stable
qualities [4]. This has led to multiple environmental
releases [95, 6].

Due to increased use, PFAS have been found in a wide
range of environments, including the air, surface water,
drinking water, sediment, fish, and marine mammals
[7, 8]. Furthermore, numerous studies have shown that
PFAS are toxic and can accumulate in humans and other
biological systems [9]. PFAS are often referred to as
‘forever chemicals’ due to their extreme persistence and
resistance to chemical and thermal degradation, which
is attributed to the presence of multiple high-energy
C-F bonds (531.5 kJ mol™) [10]. They also exhibit high
mobility and have been identified in remote areas, even
at locations far removed from their original sources
of release [11]. Recent studies have even proposed a
new planetary boundary for PFAS, as concentrations
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measured in rainwater across the globe frequently surpass
the strictest regulatory limits established for PFAS in
drinking water [12].

The most extensively investigated PFAS (PFOA
and PFOS) have been found reported in drinking water
at concentrations up to several ug/L, while other PFAS
occur in much lower amounts within the ng/L range.
Several regulatory guideline values for drinking water
have been introduced to protect human health. Under the
European Union’s (EU) revised Drinking Water Directive
(implemented in December 2020), two regulatory limits
for PFAS were introduced: 0.5 ug/L for total PFAS and
0.1 pg/L for the combined concentration of 20 priority
PFAS [13]. EU member states are required to comply
with regulatory provisions by 12 January 2026; however,
a standardized method for determining ‘total PFAS’ has
yet to be established.

In April 2024, the United States Environmental
Protection Agency (EPA) adopted the National Primary
Drinking Water Regulations, setting enforceable limits for
six PFAS. The maximum allowable concentrations were
established at 4 ng/L for PFOA and PFOS, and 10 ng/L for
PFHxS, PFNA, and GenX and mixtures of two or more of

these substances along with perfluorobutanesulfonic acid
(PFBS) have a hazard index approach [13].

MATERIALS AND METHODS

The material was based on scientific papers published
by international scientists. Unfortunately, an analysis
of known works revealed a complete lack of domestic
research on this issue. All the studies reviewed are
presented as fully as possible in this paper. The search
terminology included PFAS, wastewater, surface water,
and drinking water treatment, PFAS removal, and
environmental and human health risks.

The primary platforms used to locate reliable sources
included eLibrary, Open Science, Google Scholar, Scopus,
Web of Science, ScienceDirect, and PubMed; these are
major international scientometric databases aggregating
scientific journal publications, patents, academic
literature, articles, books, and dissertations. Additionally,
the SCImago Journal Rank - a comprehensive service
displaying publication citation data was utilized.

The PRISMA flow diagram [14-15] was employed
to outline the literature sources used to analyze the issue
(Figure 1).

Publications identified Additional publications
through database searches identified through other sources
(77 (24)
Identification
Publications after removing duplicates (101)
. Publications that passed Execluded
Screening screening (73) publications (28)

NS

for eligibility (49)

Full-text articles assessed

Excluded full-text

Acceptability

Studies included in the
qualitative synthesis (73)

Studies included in the
quantitative synthesis
(meta-analysis) (101)

articles (0)

Figure 1. PRISMA flow diagram showing the literature sources used to analyze this issue [14-15].
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RESsuLTs

PFAS are frequently described as environmentally
persistent or “forever” chemicals and have recently
attracted significant attention because of growing
concerns regarding their possible harmful effects on
ecosystems and human health [16]. PFAS compounds are
extremely persistent and have high mobility: long-chain
PFAS exhibit high water solubility and sorption potential,
facilitating their leaching into groundwater, dispersion in
surface waters, and long-range atmospheric transport [17].
Consequently, even in isolated ecosystems like the Arctic,
PFAS contamination has been identified in a variety
of matrices, including soil, sediments, drinking water
supplies, and biota [16, 17]. As a result of their various
physicochemical characteristics, PFAS raise a variety of
concerns about bioaccumulation and negative effects,
even though the persistence linked to the perfluorinated
carbon chain is a fundamental concern [18].

PFAS’s behavior in the environment, including their
molecular state and distribution, is determined by their
physical and chemical qualities as well as environmental
factors. Neutral and ionic molecule forms, solid and
liquid states, and various habitats and biota (aqueous,

Foam fire extinguishers Polyvinylidene fluoride

(PVDF)

pure phase, soil/sediment, biota, and atmosphere) can
all undergo partitioning. The ambient behavior of certain
PFAS is further complicated by their surface-active
characteristics [19,20].

Toxicological evidence demonstrates adverse
effects in non-human species, including developmental
toxicity, cancer, endocrine disruption, hepatotoxicity,
immunotoxicity, and declined reproductive fitness [21].
Hazards associated with human health and environment,
along with persistent nature, have positioned PFAS
as emerging contaminants of global concern. Current
regulatory efforts are increasingly emphasizing source
reduction, environmental monitoring, and the development
of advanced remediation strategies to mitigate their long-
term ecological impacts [22,23].

PFAS are found everywhere in the environment,
marking a “planetary boundary” similar to climate change
or the ozone hole [24].

PFAS have been extensively utilized in a wide range of
everyday consumer goods, including non-stick coatings,
food wrapping, cosmetics, cookware, and hair detergents,
as well as in industrial applications including surfactants
and firefighting foams [25,26] (Figure 2).
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Frying pans with non-stick
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Figure 2. PFAS in different consumer products [25, 26].
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The Organization for Economic Co-operation and
Development (OECD) indicates that more than 4,730
different PFAS compounds exist. The United States EPA
DSSTox toxicity database contains 14,735 individual
PFAS chemicals [27, 28], while PubChem database
records over 6 million [29]. Exposure to PFAS leads to
hormonal imbalances, weakened immunity, cancer, and
impaired cognitive abilities [30,31]. Ina 2018 Washington
Post article, PFAS were termed “forever chemicals™ [32].
The production of PFAS generates approximately $4
billion in profits annually, while global environmental
cleanup costs for PFAS are estimated at about $17.5
trillion annually, representing 17.5% of the world’s $100
trillion GDP in 2022 [33]. Cleaning contaminated areas is
technically challenging and expensive, with annual costs
ranging from €170 to €821 billion in the EEA [34,35].

PFAS gained public attention with Todd Haynes’ 2019
film Dark Waters, which depicted the discovery of the first
evidence of this environmental contamination in 1998 at
a plant in Parkersburg, West Virginia, where the DuPont
chemical group manufactured Teflon.

Since the 1940s, substantial number of new PFAS
compounds have been introduced, including traditional
substances such as PFOS and PFOA, as well as emerging
short-chain and newly identified fluorinated alternatives.
These compounds vary considerably in their molecular
structure, carbon chain length, and electrical charge
[36,37]. PFAS have been identified in marine organisms
and in a wide range of aquatic environments, namely
rivers, lakes, tributaries, and groundwater, even at
trace concentrations in the nanogram-per-liter (ng/L)
concentration [38-40]. Despite these low concentrations,
exposure to PFAS has been linked with serious health
effects, including hormonal imbalance, elevated
cholesterol levels, pregnancy complications, cancer, and
immune system toxicity, making PFAS contamination a
significant environmental and public health concern [41].

Because developmental effects are considered
sensitive endpoints for long-chain PFAS, exposures
during critical developmental stages (e.g., fetal and infant
periods) are particularly important.

PFAS are able to penetrate the placental barrier and
move across the developing fetus, and they may also be
transmitted from mother to infant via breast milk. Among
the general population, breastfed infants can experience
higher exposure to long-chain PFAS than their mothers.
Moreover, infant exposure can be greater than that of
adults when formula is prepared using contaminated water
or when breastfeeding mothers consume contaminated
drinking water [42].

PFAS may also adsorb onto micro- and nanoplastics,
potentially intensifying their harmful effects [43]. PFAS
compounds have been successively recognized as
persistent organic pollutants (POPs) under the Stockholm
Convention: PFOS in 2009, PFOA and related compounds
in 2019, and PFHxS with its associated chemicals in 2022

[4, 44]. In addition, toxic long-chain perfluorocarboxylic
acids (LC-PFCAs) were scheduled for consideration by
the Conference of the Parties in May 2025.

Over the last twenty years, the production of
specific PFAS compounds has shifted toward Asia,
where oversight and regulation are less rigorous [11]. If
emissions continue, PFAS will accumulate further in the
environment creating significant challenges for a circular
economy in the world.

According to the revised EU Drinking Water Directive
(DWD) EU 2020/2184, the maximum limit of the total
PFAS concentration in drinking water is up to 0.5 ug/L.
However, concentrations exceeding 10,000 ng/L of water
have been found at 640 locations in the EU and the UK
[11].

Few peer-reviewed studies have evaluated PFAS
levels in tap water after point-of-use or outdoor
wastewater treatment processes, and only five of these
have assessed removal efficiency under real-world
conditions. Furthermore, the reported results suggest that
not all filters were effective, particularly for short-chain
PFAS [45, 46].

In this study, 81 PFAS were examined in tap water
derived from three major water sources in East China, a
region recognized as a global hotspot for PFAS emissions.
Comprehensive quantitative analysis identified 64 PFAS,
the highest number reported so far, including 28 newly
detected compounds quantified for the first time in Chinese
tap water. The conventional water treatment strategies are
not that effective, so PFAS concentrations and profiles in
tap water closely reflected those in the source water and
varied with seasonal changes. As a result, contamination
present in raw water was directly conveyed to tap water,
with total PFAS concentrations reaching as high as 8970.3
ng/L [47].

In the United States, drinking water quality in
Massachusetts is regulated by the Massachusetts
Department of Environmental Protection (MassDEP),
which has set a mandatory maximum contaminant level
(MCL) for PFAS to ensure safe daily and lifetime exposure.
These standards limit the combined concentration of six
PFAS in drinking water to 20 parts per trillion (ppt),
equivalent to nanograms per liter (ng/L). These six PFAS
include the following (Table 1):

Table 1. Abbreviations for some PFAS compounds

PFAS Name Abbreviation
Perfluorohexane sulfonic acid PFHXS
Perfluoroheptanoic acid PFHpA
Perfluorooctanoic acid PFOA
Perfluorooctane sulfonic acid PFOS
Perfluorononanoic acid PFNA
Perfluorodecanoic acid PFDA
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The Danish Environmental Protection Agency
recommends that drinking water contain no more than 2
ng/L. The highest contamination level has been recorded
in Zwijndrecht, Belgium, where a PFAS manufacturing
plant is located. Concentrations of up to 73 million
ng/L have been observed there - 36.5 million times the
recommended safe level. Currently, much of the global
funding allocated to addressing PFAS is related to

environmental cleanup efforts [35]. These results raise
serious concerns due to the persistence, toxicological
profile of PFAS and their ability to bioaccumulate in the
body and food chain [48].

As PFAS move along commercial pathways from
primary producer to commercial consumer to final
disposer, releases into the environment occur through both
controlled and uncontrolled waste streams (Figure 3).
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Figure 3. The ways of PFAS to enter the environment.

The main sources of PFAS in aquatic environments
are wastewater discharges from treatment plants [49,
50], emissions from manufacturing facilities [51, 52],
industrial plants, and landfill leachate [53].

Industrial PFAS sources include both primary and
secondary manufacturing facilities. Primary facilities
consist of those that synthesize PFAS-based products,
produce chemical feedstocks or finished articles,
and use PFAS as processing agents in fluoropolymer
manufacturing. PFAS-containing process aids are not
designed to be part of the final product; however, trace
residues may remain [54, 55].

There is a likelihood that secondary manufacturing
facilities utilize PFAS-containing substances and
fluoropolymers supplied by primary production plants
in industrial operations, including the coating of finished
products.

According to the U.S. Environmental Protection
Agency [56-58], PFAS manufacturers and formulators
are categorized within the Organic Chemicals, Plastics,
and Synthetic Fibers (OCPSF) point source category.
This category covers a wide variety of industries, raw
materials, and production processes that can generate or
utilize PFAS.

Common mechanisms and pathways for PFAS releases
atindustrial facilities are shown in Figure 3. Major sources of
PFAS include wastewater discharges, on- and off-site solid
waste disposal, accidental emissions including leaks and
spills, fire-fighting aqueous film-forming foam (AFFF), and
stack/fugitive emissions. PFAS can be deposited on surface
water bodies and soil systems (followed by leaching and
migration to groundwater) related to the facility [59—62] by
stack emissions, and transported by air both short and long
distances. Industrial facilities may include areas where fire
training or emergency response activities involving AFFF
have taken place, as well as AFFF storage locations and
building-integrated fire suppression systems. Similar to
other AFFF release sites, these facilities may also contain
co-occurring contaminants such as solvents or petroleum
hydrocarbons, which can influence the environmental fate
and transport of PFAS.

Identified environmental pathways for PFAS
migration include [42]: leaching from soil, advection and
dispersion from water and air, atmospheric deposition,
and diffusion in water/air. Through these pathways, PFAS
can be transported through the atmosphere and deposited
in distant locations, resulting in measurable accumulation
far from their original sources.
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The movement of PFAS through unsaturated soils
under rainfall or irrigation conditions varies by site and
is influenced by both environmental factors and PFAS
molecular characteristics. High PFAS concentrations
can lead to micelle formation and its growth, potentially
increasing their adsorption behavior on minerals
and carbon surfaces. The persistence of many PFAS
degradation products contributes to their widespread
presence in the environment. Moreover, the increasing
number of PFAS that undergo partial degradation further
complicates their detection and remediation [63].

PFAS distribution, transport, and transformation occur
in a variety of environments. Regulatory attention has
focused on PFOS and PFOA due to their toxic nature and
environmental persistence, even at trace concentrations
[42]. The transformation pathways of some PFAS are well
characterized, many others degrade through unknown
mechanisms, further expanding the already extensive list
of PFAS. For the PFAS that are identified, data on their
potential ecological impacts and effects on ecosystem
services remain limited. Only a small fraction of these
forever chemicals has been thoroughly investigated in
ecotoxicological studies, with PFOA and PFOS alone
representing 21% and 39% of the ECOTOX database,
respectively [64].

At the same time, most research on PFAS focuses on
concentration studies, while the removal of PFAS has
been poorly explored [37, 65].

The number of emerging PFAS with limited
information on their physical, chemical, and toxicological
properties is rapidly growing. These compounds exhibit
diverse chemical structures, varying volatility and
solubility, and uncertain potential impacts from exposure.

Kazakhstan, geographically located in the heart
of Eurasia, experiences a sharply continental climate,
including hot summers. The city of Almaty is characterized
by a growing population, expanding construction, and
agriculture. The development of Kazakhstan’s capital,
Astana, has increased anthropogenic pressure on surface
water sources, intensifying their role for recreation
purposes. The impact of municipal and industrial
activities is accompanied by pollution of both wastewater
and surface waters. Therefore, it is important to study
the spread of PFAS within the “wastewater-surface
water” system to understand the scale of the problem
and consider it when developing measures to clean these
water bodies. For these reasons, the city’s water bodies
represent a valuable system for studying the presence of
PFAS. According to Kazakhstani experts [66], improper
management of municipal wastewater in growing urban
areas of Kazakhstan leads to the contamination of rivers
with various substances. Since 2008, Kazakhstan has
significantly expanded its monitoring infrastructure, yet
PFAS monitoring of water resources is not conducted.

At the national level, the Republic has ratified the
Stockholm Convention, which implements plans for

the management and implementation of modern eco-
monitoring methods, but PFAS are not being studied in
the environment [67].

The analytical environmental agency Greenwomen
has prepared a review on PFAS in Kazakhstan and the
world. The article notes that Kazakhstan ratified the
Stockholm Convention on November 9, 2007 [67]. The
effective dates of amendments to Annexes A, B or C to
the Convention for PFAS in Kazakhstan include: PFHxS -
November 16, 2023. PFOA — December 3, 2020. Another
category of PFAS is used in Kazakhstan in the form of
gases and liquids, for example, refrigerants in refrigerators
or air conditioning systems. In 2024, Kazakhstan planned
to build an industrial complex for the processing of
refrigeration equipment and the thermal removal of ODS
(ozone depleting substances) and persistent pollutants
POPS and the complex is expected to operate in 2026 [68].

The materials of Kazakhstani news agencies only reflect
the results of research by foreign scientists, which show the
presence of PFAS in the environment and biomaterials,
reflecting the global trend towards pollution [69-73].

Issues related to PFAS contamination of water bodies
worldwide raise concerns about addressing environmental,
biological, social, and economic challenges.

DiscussioN

Although global data on PFAS concentrations in
water has been published, similar studies are lacking in
Kazakhstan. The only available research pertains to PFAS
content in sports gloves produced in Russia [67].

Unfortunately, most of the global studies on PFAS do
not meet established quality standards.

Based on the principle underlying the Water Safety
Plan, which involves controlling contaminants at
their source, it would be prudent to conduct research
aimed at improving wastewater treatment methods for
removing PFAS from their main pathway into the aquatic
environment. Environmental impact assessment is
complicated by the vast number of functionally diverse
PFAS and is further complicated by their presence as
complex mixtures.

All this leads to an understanding of the need for regular
monitoring of PFAS content in environmental water bodies,
adaptation of existing methods for surface water samples
in Kazakhstan and ultimately ensuring water purification
from PFAS and developing appropriate legislative and
regulatory frameworks tailored to local conditions.

CONCLUSION

Technological progress and active industrialization
lead to various environmental problems and the number
of environmental disasters continues to grow. Among the
most serious challenges requiring urgent solutions are the
health risks posed by per - and polyfluoroalkyl substances
(PFAS), their contamination of water resources and the
problem of their disposal.
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These problems require immediate attention, active
State policy and joint concerted efforts. At the same time,
the problem of reducing the health risks associated with
PFAS requires a multi-pronged approach that should
combine the following areas:

1. Regulatory measures: Governments should ensure
the development and enforcement of legislation to
control the production and use of PFAS, so that industrial
enterprises switch to safer alternatives.

2. Research and innovation: Investments in research to
develop effective technologies for removing PFAS from
water sources and contaminated sites are crucial.

3. Public awareness: Informing consumers about the
dangers of PFAS and promoting PFAS-free products can
help shift the market towards safer alternatives.
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KOPIIAFAH OPTAHBIH PFAS 3ATTAPBIMEH JTJACTAHY MOCEJIECIHE KbICKAIIIA IHOJIY

A. Kaman', A. Caraepa'’, A. Baiimenos’, 0. Meke6aesa', /I. Hypaxmer', JK. Illagusp’, E. Apxanreancku’

! Hazapobaee ynueepcumeminin KypoLuvic scane Kopuiazan opmansl KOp2ay uniicenepuscol Kageopacs,
Kopuwiazan opma zvinvimol scane mexnonozua moowt (ESTg), Acmana, Kazakcman

2 Caméaes amvinoazol Kazax ynmmotx mexnukansix ynusepcumemi Huscenepnix npogpuns sepmxanacwt, Anmamol, Kazaxkcman

* Baunanvic ywin e-mail: aliya.satayeva@nu.edu.kz

Byn 3eprrey kopmaran optamarbl PFAS nmacTanysIHBIH KemIeHIl TanfayblH YCBhIHAABL. JKapusimanraH FHUIBIMU
Makaianapasl Tangay PFAS XUMESIBIK, OHOJIOTHAIBIK JKOHE (OTONUTTIK BIABIpAyFa €peKIle Te3iMIi eKeHiH, cynaa
afTapibIKTail KO3FAIFBINITHIK TAHBITATBIHBIH JKOHE Y3aK KAIIBIKTHIKKA TaPalybl MyMKIH €KEHIH KOPCETTI.

PFAS mbiHaraH sxbl1ap OOkl )KapThiIail bIIBIPAY Ke3eHAepi 0ap «MOHTUIIK XUMHSIIBIK 3aTTapy peTiHze Oenrii.
PFAS >xep ycTi Cy Ke3/JepiH JacTaii/ibl )KoHe TOIBIPAK MIeH ayaJia JXUHAITYbl MYMKIH.

OJ'IapI[I)IH KopiiaraH opTaJgarbl KOHHECHTPALWACHIH aHBIKTAY JKOHE TaJlldy ©TC MAaHbI3/bI, cebe0i oJiap Taburu MCKCHAICY
opTajlapblHa 6TC KCH TapajiraH, 6¥J’I KOraM/IbIK JICHCAYJIbIKKA JKOHE 3KO)KYI71€HiH TYTaCTbIFbIHA Kayin TGH,Z[ipe)Ii.

Onebu mony PFAS 3eprreynepi OolibiHIIa )KaprsUTaHBIMIAPABIH MYJIIEM KOKTBHIFBIH KopceTTi. Ka3akcTaHapIK akmapar
areHTTIKTEPiHIH BeO-calTTaphIHAa YCHIHBUIFAH MaTepuangap Kopuiaran opramarbl PFAS mnen Onomarepmanmapibt
3epTTEHTIH MIETEIIIK FaIbIMIap/IbIH 3epTTEYJICPiHIiH HATHXKeNepiH FaHa kepcereni, Oy PFAS nactanysiabiH xahaHabIK
MoceJIeCiH KopceTeIi.

3eprTeymiH Oyl OarbITHIHBIH aNFbIIapTTaphl — KasakcTaHma >kapusuTaHBIMIOApAblH a3abiEbl, PFAS MoHUTOpHHTIHIH
OonMaybl, JKYHemdl 3epTTeyepHiH, COHBIH IMIHAES IETeNTIK 3epTTeYIepAiH OOoiIMaysl, COHAal-aK KOpIIaraH opTa
HeIcaHAapbiHAarel PFAS aHBIKTayIBIH OpTYpPIIi omicTepiHiH OOIMAybl, KoHE Oy MYKHSAT FBUIBIMH Ha3ap ayaapyasl
JKOHE 3ePTTEY/i KaKET eTe/Ii.

Tyiiin co30ep:neppmopankun sicane norugpmopankun 3ammap (PFAS), nacmaywwt scondap, iacmany, KOpuiagan
opma, MOKCUKOTOUSLIbLK MIHE3-KYIIbIK.

KPATKHM OB30P IMTPOBJEMBI 3ATPA3HEHUS OKPYXKAIOIIEN CPEJbI I®AC

A. Kaman', A. Caraea', A. Baiimenos?, 0. Mexebaesa', JI. Hypaxmer', 7K. lllagusp’, E. Apxanreabcku'

'Kagpeopa zparcoanckozo u sxonozuueckozo cmpoumenvcmea, Illkona unsicenepuvix u yugpoevix nayx,
I'pynna sxkonozuueckux nayk u mexunonoz2uii (ESTg), Ynusepcumem Hazapoaega, Acmana, Kazaxcman

2Tabopamopus unscenepnozo npoguns, Kazaxckuii nayuonanbuviii mexnuueckuii ynueepcument
um. Camoaesa, Anmamuwi, Kazaxcman

* E-mail ona konmaxkmos: aliya.satayeva@nu.edu.kz

B nanHOM HCce10BaHUN TPEACTABICH BCECTOPOHHUIN aHAU3 3arpsA3HeHus okpyxaromieil cpensl [IGAC. Ananus omy-
OJINKOBAaHHBIX Hay4YHBIX paboT mokasan, 4to [IPAC o0majgaroT HCKIIOYUTENBHONH YCTOWYMBOCTBIO K XHUMHUYECKOH,
Onosio-rHuecKko M (POTOIMTHUECKON Jerpagaliiy, MPOSBIAIOT 3HAYUTEIBHYIO MOJBIDKHOCTE B BOJE U MOTYT
pacnpoCTpaHsTHCs Ha OOJIBIINE PACCTOSHHSI.

[IOAC u3BecTHBI Kak «BEYHbIE XUMHUECKHE BEIIECTBAY C MEPHOAOM Iosrypacnaja B Teicsaun JeT. [IOAC 3arpsa3HsiorT
MTOBEPXHOCTHBIE BOJIHBIE MCTOYHUKH U MOT'YT HAaKaIIUBATHCS B ITOUBE U BO3IYXE.

BrisBnenue u aHanmm3 ux KOHHGH’I‘paHI/Iﬁ B Opr)I(aIOHICﬁ cpeac UMMCIOT pelIaroniee 3HaYCHUC U3-3a UX qpe3BBI‘IaﬁHO
IMHUPOKOro paCpoOCTpaHCHNA B IPUPOJAHBIX MCCT006I/ITaHI/IHX, MpEeACTABIIAIOIINX OIMMACHOCTD AJI 3J0POBbA HACCIICHUSA U
OEJIOCTHOCTHU 3KOCHUCTCMEIL.

O030p MUTEPaTYPHBIX NCTOYHUKOB ITOKa3al, 4o B KazaxcraHe He MPOBOAMINCH NCCIIEOBAHMS TI0 3TOH npobieme. O0-
30p JIUTEPATYpPhl BBISIBIII TTOJTHOE OTCYTCTBHE MyOnuKanuii o nccnenoanusiM [IOGAC. Matepuansl, npefcraBieHHbBIE
Ha calWTax Ka3aXCTaHCKHUX WH(OPMAIMOHHBIX AreHTCTB, JIMIIb OTPAXKAIOT PE3YNBTaThl MCCIICTOBAHUN 3apyOeKHBIX
yuenblx, maydarommx [IOAC B oxpyxaromed cpene W OMoMaTepHanax, YTO OTpakaeT TIIOOAIbHYIO IpoliemMy
3arpsizaenus [IOAC.

[IpennocemkamMu [UIE JAHHOTO HAINpPaBICHHWS WCCIEHOBAHUHA SBISIOTCS HENOCTaToK myOnmmkamuii B Kaszaxcrame,
orcyT-cTBue MoHHTOpHHTA [IOAC, OTCYTCTBHE CHCTEMAaTHIECKUX MCCICIOBAHNHN, B TOM YHCIE 3apyOeKHBIX, a TAKIKe
OTCYT-CTBHE pa3HooOpa3HbIX MeTogaoB omnpeaeneHns [IDAC B oObekTax OKpyKamomed cpeapl, 4To TpedyeT
MIPUCTAIBHOTO HAa-y9YHOTO BHUMAHUS U U3Y4EHHUS.

Knroueswie cnosa: nepipmopanxunvhvie u norugmopankuivivie gewecmea (IIDAC), nymu pacnpocmpanenus 3a2psashsi-
I0WUX 8elecms, 3a2pasHeHUe, OKPYHCAIoWas cpedd, MOKCUKOI02UYecKoe nosedeHue.
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