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REMOTE CONSEQUENCES OF PESTICIDE POLLUTION
ON THE LEVEL OF DEVELOPMENT
OF COGNITIVE FUNCTIONS

Abstract. The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal pollution.
The study of cognitive functions in residents was performed using the special Neurosoft computer base program. A
significant decrease (by 20%) in the number of people with a high level of development of short-term memory by
numbers and images was revealed. An increase of 18% in the number of people with poorly developed cognitive
abilities is shown both when remembering information on numbers and images, as well as when concentration and
stability of attention is on the desired object. At the same time, the memory capacity of residents with a high level of
development of the function of memorizing information, both for numbers and images, was at the same level as the
benchmarks and ranged from 61% to 67% of the amount of information proposed for memorization. The study
showed that living in a zone of long-term pesticidal pollution worsens cognitive functions - memory and attention,
upsets the balance of the main nervous processes - excitation and inhibition, and increases the risk of developing
nervous disorders.

Keywords: pesticides, pollution, living environment, human health, cognitive functions.

Introduction. Most pesticides used are to varying degrees toxic to humans and warm-blooded
animals. Pesticides accumulate in the liver, kidneys and heart, bind to blood proteins and are carried
throughout the body, metabolized and excreted at different rates from the body. Many studies have shown
that pesticides have a mutagenic, carcinogenic and toxic effect, directly or indirectly inhibiting the nervous
system of a living organism [1,2]. Pesticide metabolites have the ability to accumulate, especially in the
adipose tissue of a living organism and slowly destroy the cells of the mucous membranes, tissues, organs,
disrupting the interaction and functions of internal organs. As a result, the level of public health is falling,
the incidence of blood, digestive organs, mental and endocrine disorders, as well as cancer pathologies is
growing [3-5].

On the territory of Kazakhstan, there is the problem of the disposal of obsolete and disposable
pesticides widely used in the Union, in particular, dust - DDT. According to various estimates, pesticides
belonging to the group of persistent organic pollutants (POPs pesticides), mainly DDT, make up 10-15%
of all stored obsolete pesticides. The potential and real environmental and toxicological hazard of such
pesticides remains quite high [6]. Directly on the territory of the Talgar region near the city of Almaty, the
population of which we examined, pollution of abandoned storage facilities with organochlorine pesticides
(metabolites 2,4 DDD, 4,4 DDT, 4,4 DDE and isomers of a-HCH, B-HCH and y-HCH), the concentrations
of which are significantly higher than the MPC, the presence of obsolete and unusable pesticides in
warehouses was revealed [7]. It should also be taken into account that the territory adjacent to the storage
sites of unused pesticides has a high level of pollution and has long been a source of secondary
environmental pollution with pesticides [8].
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The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal
pollution.

Object and research methods. The control group consisted of 102 residents of 2 villages of the Almaty
region located in and near the Altyn Emel nature reserve. This is 54 residents. Basshee and 48 inhabitants
with. Taukaraturyk of Almaty region. The experimental group included 149 residents aged 20 to 70 years,
living the last 10 years on the ground or in the immediate vicinity of the former pesticidal storage facilities
and warchouses of the Almaty region (date from 2018 and 2019). These are residents from. Beskainar
(44 people), Kyzylkairat (41 people), Belbulak (43 people) and s. Amangeldy (21 people - brigade 1 and 2).

To identify the state of cognitive functions, the amount of short-term memory was determined by
numbers, images, stability and concentration. At the same time, the number of correct answers, the
number of errors, the search time for numbers or an image, the amount of memory, as well as the accuracy
of reproduction were taken into account. Depending on the accuracy of the responses, a high, medium, and
low level of reproduction was determined. For this, tests were used according to the basic program of a
computer complex for psychophysiological testing NS-PsychoTest Neurosoft LLC Russia, 2012 [9, 10].

The results were statistically processed using the Microsoft Excel program, while M is the arithmetic
mean, SD is the standard deviation, m is the standard error of the arithmetic mean. Data processing was
carried out taking into account the unpaired Fisher-Student test and was considered reliable at p < 0.05.

In human studies, they were guided by the decision of the LEC of the Kazakh-Russian Medical
University (KRMU), protocol No. 52 of September 5, 2017.

Research results. Cognitive functions are the most complex functions of the brain, which include
memory, attention, reaction speed, the ability to assimilate and preserve skills [11]. In chronic pesticide
poisoning in humans, various functional and dynamic cognitive impairment is often noted - a decrease in
memory, instability of attention, and a low reaction rate [4, 5]. A study of the cognitive sphere of the brain
activity of residents of rural settlements living in places especially contaminated with pesticides showed
the following.

Control group. In the test “Memory for numbers”, more than half (55.61%) of the respondents
showed a high level of reproduction of numbers with memorization of 62.55% of numerical information.
In the test “Memory for images”, more than 51.80% of respondents showed a high level of reproduction of
images in short-term memory and memorized 70.40% of information in the form of images (figure 1, 2).
Introduction Most pesticides used are to varying degrees toxic to humans and warm-blooded animals.
Pesticides accumulate in the liver, kidneys and heart, bind to blood proteins and are carried throughout the
body, metabolized and excreted at different rates from the body. Many studies have shown that pesticides
have a mutagenic, carcinogenic and toxic effect, directly or indirectly inhibiting the nervous system of a
living organism [1,2]. Pesticide metabolites have the ability to accumulate, especially in the adipose tissue
of a living organism and slowly destroy the cells of the mucous membranes, tissues, organs, disrupting the
interaction and functions of internal organs. As a result, the level of public health is falling, the incidence
of blood, digestive organs, mental and endocrine disorders, as well as cancer pathologies is growing [3-5].

On the territory of Kazakhstan, there is the problem of the disposal of obsolete and disposable
pesticides widely used in the Union, in particular, dust - DDT. According to various estimates, pesticides
belonging to the group of persistent organic pollutants (POPs pesticides), mainly DDT, make up 10-15%
of all stored obsolete pesticides. The potential and real environmental and toxicological hazard of such
pesticides remains quite high [6]. Directly on the territory of the Talgar region near the city of Almaty, the
population of which we examined, pollution of abandoned storage facilities with organochlorine pesticides
(metabolites 2,4 DDD, 4,4 DDT, 4,4 DDE and isomers of a-HCH, -HCH and y-HCH), the concentrations
of which are significantly higher than the MPC, the presence of obsolete and unusable pesticides in
warehouses was revealed [7]. It should also be taken into account that the territory adjacent to the storage
sites of unused pesticides has a high level of pollution and has long been a source of secondary
environmental pollution with pesticides [8].

The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal
pollution.
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Object and research methods. The control group consisted of 102 residents of 2 villages of the
Almaty region located in and near the Altyn Emel nature reserve. This is 54 residents. Basshee and 48
inhabitants with. Taukaraturyk of Almaty region. The experimental group included 149 residents aged 20
to 70 years, living the last 10 years on the ground or in the immediate vicinity of the former pesticidal
storage facilities and warechouses of the Almaty region (date from 2018 and 2019). These are residents
from. Beskainar (44 people), Kyzylkairat (41 people), Belbulak (43 people) and s. Amangeldy (21 people -
brigade 1 and 2).

To identify the state of cognitive functions, the amount of short-term memory was determined by
numbers, images, stability and concentration. At the same time, the number of correct answers, the
number of errors, the search time for numbers or an image, the amount of memory, as well as the accuracy
of reproduction were taken into account. Depending on the accuracy of the responses, a high, medium, and
low level of reproduction was determined. For this, tests were used according to the basic program of a
computer complex for psychophysiological testing NS-PsychoTest Neurosoft LLC Russia, 2012 [9, 10].

The results were statistically processed using the Microsoft Excel program, while M is the arithmetic
mean, SD is the standard deviation, m is the standard error of the arithmetic mean. Data processing was
carried out taking into account the unpaired Fisher-Student test and was considered reliable at p < 0.05.

In human studies, they were guided by the decision of the LEC of the Kazakh-Russian Medical
University (KRMU), protocol No. 52 of September 5, 2017.

Research results. Cognitive functions are the most complex functions of the brain, which include
memory, attention, reaction speed, the ability to assimilate and preserve skills [11]. In chronic pesticide
poisoning in humans, various functional and dynamic cognitive impairment is often noted - a decrease in
memory, instability of attention, and a low reaction rate [4,5]. A study of the cognitive sphere of the brain
activity of residents of rural settlements living in places especially contaminated with pesticides showed
the following.

Control group. In the test “Memory for numbers”, more than half (55.61%) of the respondents
showed a high level of reproduction of numbers with memorization of 62.55% of numerical information.
In the test “Memory for images”, more than 51.80% of respondents showed a high level of reproduction of
images in short-term memory and memorized 70.40% of information in the form of images (figure 1, 2).

0,
7 55,6

60 - 51,8
41,0
37,5 2
40 32,86’5 32,0 32,0
26,0 27,0
20 | 12, 16,2
0
High | Middle | Low High | Middle | Low
Memory on numbers Image memory

m Control ™ Experience

Figure 1 - The number of respondents in the control and experimental groups (%)
with different levels of development of short-term memory

More than a third of participants (35-36%) showed an average level of memorization of information -
the amount of memorization of numerical information ranged from 42.10%, images - 39.6%. The
remaining respondents (28%) when memorizing both numerical and figurative information showed a
minimum level of memorizing information, ranging from 18 to 20% (figure 2).
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Figure 2 - The volume of memorized information (%) among the respondents in the control
and experimental groups in the tests “Memory for numbers” and “Memory for images”
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Figure 3 - Stability and concentration of attention (%) among respondents in the control
and experimental groups in the test “Attention Assessment”

Experienced group. The number of test participants with a high level of memory development for
numbers and images amounted to 37.50% of the total number (figure 1). The amount of information they
memorized was 60.54% for numbers and 66.77% for images (figure 2). The number of people with an
average level of development of short-term memory ranged from 34 to 35% - for numbers and images,
with a memory volume of 30 to 40% of the total amount of information. The remaining respondents,
comprising from 28 to 29% of the total number of respondents in the experimental group, showed a low
level of memory development both in numbers and in remembering images. Moreover, the amount of
information they memorized ranged from 17% to 19% (figure 1.2).

A comparative assessment of the state of cognitive functions among participants in the experimental
and control groups showed that the number of people with a high level of information reproduction on
numbers and images living in places of pesticidal pollution is significantly (20%) less than in the control
group. Nevertheless, the amount of memorized information in people with a high level of memory
development was at the same level in both the experimental and control groups. Accordingly, the number
of people with a low level of memory development in the experimental group was significantly larger
compared to the control data. At the same time, the volume of memorized information in both groups did
not exceed 20% level.
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An objective assessment of attention as one of the main characteristics of a person’s cognitive
functions includes the state of concentration (concentration) and absent-mindedness, mobility, and
stability of this reaction when presenting various kinds of objects, which plays a leading role in human life
[12]. A high level of attention stability was shown by more than half (51.72%) of the residents of the
control group, but only 31% showed the ability to concentrate, the rest of the subjects were divided
between medium (from 30% to 36%) and low (from 20 to 33%) , respectively, stability and concentration
(figure 3).

In the experimental group of respondents with a high level of attention stability, less than half of the
participants (47.5%) were identified, and only 21% of the total number were able to concentrate. The
remaining respondents were distributed at an average level (from 33 to 43% of participants) and at a low
level, their number was from 18.75% in terms of attention stability and 35% in terms of concentration. As
can be seen from the data presented, the number of respondents from the experimental group with a high
level of stability and concentration of attention is 10% less than in the control group. The number of
people with a low level of ability to concentrate and sustain attention in the experimental group reaches
35% of the total number examined, the number of respondents with an average level of 44% and above.

The results of a study of the main cognitive functions of rural residents living in places of non-utilized
pesticidal storages and depots showed that the number of people with a high level of development of
short-term memory is 20% less, while with a low level of information storage, it is 18% more than in the
control population. At the same time, the memory capacity of respondents with a high level of
development of the function of memorizing information, both for numbers and images, was at the same
level as the control data (from 61% to 67%). When assessing attention as one of the main indicators of
cognitive functions, a decrease of 5% and 10% in the number of persons in the experimental group with
highly developed ability to concentrate and sustain attention was revealed, compared with the data in the
control group. Both memory and attention assessment showed a decrease in the number of individuals
with a high level of development of cognitive functions living in places of pesticidal pollution. An
increase in the number of persons with poorly developed opportunities for memorization, concentration
and stability of attention, reflecting the main properties of the nervous system - excitation and inhibition in
the central nervous system, was also noted.

Human health is a reliable indicator of the ecological well-being of the environment. With pesticidal
contamination, prerequisites appear for increasing the incidence of, primarily, the respiratory system and
disorders of the nervous system, directly cognitive functions [13]. Recent studies show the negative
impact of pesticidal pollution on the nervous system, are characterized by a neurotoxic and psychotropic
effect caused by direct or indirect effects on M- or N-cholinergic receptors, which leads to an increase in
diseases in children with attention deficit hyperactivity disorder [14].

On the territory of the Talgar district of the Almaty region to date, there are 64 destroyed storages of
insecticides and herbicides, the metabolic products of which regularly pollute the environment,
accumulate in vegetables and fruits, water and plants serving as animal feed [15]. Long-term residence in
these places led to an increase in the number of people (up to 30%) with a low level of development of
memory and attention, the amount of memorization of information which does not exceed 1/5 of the
proposed level.

Conclusion: Living in a zone of perennial pesticidal pollution is one of the factors that worsen
cognitive functions - memory and attention, upsets the balance of the main nervous processes — excitation
and inhibition, and increases the risk of developing nervous disorders.

The study was carried out as part of the implementation of the scientific and technical program No.
BR05236379 "Comprehensive assessment of the impact of unused and prohibited pesticides on the genetic
status and health of the population of Almaty region."
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V.H. Kanbiesa, LII.K. baxTtusipoBa, A.K. bBaumoeroBa
KP BFM 'K «Anam >xoHe >xaHayapiap (GU3H0N0oruacs HHCTUTYTh! PMK

MECTUIAATIK JIACTAHYJIBIH TAHBIMJIBIK ®@YHKIIASIJIAPIBIH
JIAMY JEHTENIHE Y3AKMEP3IM/I OCEPI

AHHOTanusl. 3epTTEeyIiH MakcaThl — y3aKMep3iMIl MEeCTHIUATEPMEH JIACTaHFAH JKEpAe TYPaThlH ayblUl TYPFBIH-
JApBIHBIH KbICKAMEp3iMIi ecTe cakray KYHiHiH, TYPaKThUIBIFBI MEH Ha3apbIHBIH IIOFBIPIAHYBIH aHBIKTay. Pe3uneHt-
Tepaeri TaHBIMABIK (YHKUIUSUIApIbl 3epTTey apHaiibl Neurosoft kommbroTepiik 0a3a OarmapiaMachl apKbUIbI JKYPri3isiii.
Can MeH cyperrep OOHBIHINA KbICKAMEP3IMAI €CT€ caKTay KaOuleTi »KOFapbl aJaMIaplblH alTapiblKTail TeMeHJEreHi
(20%-ra) Oafikanael. TaHBIMABIK KaOireTi Hamiap JaMblFaH anaMmaapiaslH 18%-ra apTyel caH MEH CypeTTep Typalibl
aKImapaTThl €CTe Cakray Ke3iHJe Je, 3eHiHHIH IIOFBIpJIaHybl MEH TYPaKTBUIBIFBI OapbichiHAa aa Oaiikanansl. COHbIMEH
KaTap, caH MEH CypeTTep OOMbIHIIA Ja aKmaparThl cakTay (QyHKUHSCBIHBIH JaMy AEHreHi TYPFBIHIAPABIH KOFaphl eCTe
cakTay KaOileTi KepceTKilTepiMeH AEHIeiec jkoHe caKTay YIIIH YCBHIHBUIFAH aKmapaT kenemi 61%-naH 67%-ra neifinri
apajbIKThl KOpCETTi. 3epTTey KOpCEeTKEHMACH, y3aKMep3iMIi TMEeCTHIMATIK JlacTaHy aiiMarblHAa eMip CYypy TaHBIMJBIK
(yHKOMSIIApIBl — eCTe caKkTay MEH Ha3apibl MIOFBIPIAHIBIPY JKaFJalblH Hallapia-Tajabl, HETi3ri KyWKe YAepicTepiHiH —
KO3y MEH TEXENy/IiH Tele-TeHAIrH 0y3apl, *KyiKe OY3bUIBICTAPBIHBIH AaMy KayIiH apTThIPaIbl.

TaiiganaHpUIaThIH MECTUIMATEPAIH KOMIILTITT 9pTYpIi I9pexkeae agamMaapra KoHE JKbUIBIKAHIbI XKaHyapiapra YIbl
6omnbin keneni. [lecrunmarep Oaybipaa, OyHpeKTe KoHE KYPEKTe KUHAKTANIA/Ibl, KaH MPOTEHHIepiMeH OailiaHbIca bl XKOHE
OyKil AeHele >XYpeai, opTypii Menuiepie MeTa0oIU3IeHEl XOHE OpraHM3MHEH MiblFapbuiaibl. KenrereH seprreyinep
MECTUIUATED Tipi OPraHU3MHIH KYHKe )KyHeciH Tikelel HeMece )KaHama TYp/ie TOMEHIETETIH MyTareH ik, KaHIIePOTeHIIK
’KQHE YBITTBI 9cepre ue eKeHIiriH kepcerti. [lectunna MetaboauTTepi, acipece Tipi ar3aHbIH aObICKAK TiHIHJE KUHAJIbII,
MIBIPBIITHl KaOBIKTApIBIH, YIAaTapablH, aF3aiap/blH KacylladapblH Oasy Oy3anbl, iIIKi ar3aJapAblH ©3apa dpeKeTi MeH
(yHkuusapeiH  Oy3aabl. HoTiokeciHIOe XanbIKTBIH JICHCAYJIBIFBIHBIH JCHreWl TOMEHJAEH/Ii, KaHHBIH, ac KOpPBITY
OpraHJapbIHbIH, ICUXUKAJIBIK XKOHE YHIOKPHUH/IK aypyJIapIblH, COHIAi-aK OHKOJOTHSUIBIK, TATOJIOTHS TOMEHICHII.

Kazakcran aymarsinna Onakra KeHIHEH KOJIIAHBUIATBIH €CKIPreH JKOHE JKOMBIIAThIH MECTULUATEPAL KoMy Macerneci
Ke3zeceni, atamn aitkanna, Tozad — JJJIT. Typumi Oaranayra colikec, TYpaKThl OPraHUKAJIBIK JIACTAFBIIITApP TOOBIHA JKATATHIH
necrurparep (TOJI (TypakThl OpraHUKaNbIK JIACTAFBII) eCTHIUATED), HeridiHeH [IJIT, GapibiK ecKipreH necTUIMATEPAiH
10-15% xypaiinsl. MyHnail NeCTHOUATEPIIH BIKTUMAT XOHE HAKTHl SKOJOTHSUIBIK JKOHE TOKCHKOJIOTHSUIBIK KayiNTuTiri
alitapnbikTail xorapsl. bi3 KapacTeipran AJIMaThl Kajachl MaHbIHIAFel Tajrap ayAaHbIHBIH ayMarblH/a, KapayChl3 KallFaH
KoiMasap opraHoxJopiisl nectuiuarepmer (merabonurrep 2,4 IO, 4.4 JAT, 4.4 IJE xone o-I'XITH, B-I' XL xone
v-I'XUI" u3oMmepiepiMeH) JlacTaHFaHbl aHBIKTANbI, KoHUeHTpauusacel [IIPK-nen enoyip acatbiH, KoiiManapnia ecKipreH
JKOHE TalpanaHyFa jXKapaMcChl3 NMECTUIUATEPAIH OONaThIHBI aHBIKTaJAbl. [lalimanaHpUIMaraH MECTUIUATEP CaKTalaThIH
KoliMara aKblH OpHaJacKaH ayMaKTbIH JAaCTaHy JEHIeHi KOFaphl )KOHE Y3aK YaKbIT KOPLIAFaH OPTaHbl MECTULUATCPMEH
JacTayIblH K31 OOJbIN caHasabl.

Tyiiin ce3aep: necTuMATED, JaCTaHy, KOPIIaraH OpTa, aJlaM JICHCAYJIbIFbI, TAHBIM KbI3METI.

Y.H. Kanbiesa, III.LK. BaxTtusipoBa, A.K. bBaum6erosa
PI'TI na IIXB «MucTuTyT dusnonorus yenoseka u skuBoTHeix» KH MOH PK

OTAOAJIEHHBIE NIOCJIEACTBUSA NECTUHHUJIHOI'O 3AT'PSA3HEHU S
HA YPOBEHb PA3BUTHUSI KOTHUTUBHbBIX ®YHKIUA

AnHoTauus. llenp naHHOrO HCCIENOBaHUS — BBIABUTH OCOOCHHOCTH COCTOSIHUM KpPaTKOCPOYHOW MaMsTH,
YCTOHUYMBOCTH M KOHIICHTpPAIlMM BHUMAHUS Yy JKUTENCH CENbCKOM MECTHOCTH, MPOXKHBAIOIIMX B MECTaX MHOTOJICTHETO
MECTUILUIHOTO 3arps3HeHus. lccienoBaHWe KOTHUTHBHBIX (YHKUMH Yy JKUTENed NPOBOAWIM C HCIOJIb30BAaHHEM
CHeLHaIbHON KOMIBIOTEpHOW 0a3oBoil mporpammbsl «HefipocodT». BrisiBneHo 3HauurtensHOe yMmeHblieHHe (Ha 20%)
Yucya JI0JIEH ¢ BBICOKMM YPOBHEM pa3BUTHS KPaTKOCPOUYHOM MaMsATH Ha yucia U oOpasbl. Ilokazan pocrt Ha 18% uucna
JofIeH €O €1abopa3BUTHIMH KOTHUTHBHBIMH CHOCOOHOCTSMHU KakK MPH 3allOMHHAHMM MH(POMAIMKM HA 4MCia U 00pasbl, a
TaKXKe NMPH KOHLUEHTPAalUUd M YCTOWYMBOCTH BHUMaHUS Ha TpeOyemom oObekre. [Ipu 3ToM 00beM MaMsTH Yy KUTENed ¢
BBICOKHUM YPOBHEM pa3BUTHs (YHKIIMHU 3alIOMHUHAHUS MH(OpMAIIMK KaK Ha YMCIIa, TAK U Ha 00pa3bl ObLJI HA OJIHOM ypOBHE
C KOHTPOJIHBIMH ITOKa3aTes MU M cocTaBiisil oT 61% 1o 67% ot oObema npeanaraeMoil K 3allOMUHAHUIO UHPOPMAIMH.
HccnenoBanne Mokaszano, 4TO TPOKHBAHWE 4YEJIOBEKAa B 30HE MHOTOJICTHErO MECTHUIMIHOTO 3arpsA3HEHHs YXYALIaeT
KOTHUTHBHBIC (DYHKIIMHM — MaMsATh U BHUMaHHE, HApyIIaeT OajlaHC OCHOBHBIX HEPBHBIX INPOLECCOB — BO30YXKICHUS U
TOPMOXKCHUS, YBEIIMUUBACT PUCK PA3BUTHUSI HEPBHBIX PACCTPOMCTB.

BoJIbIIMHCTBO MPUMEHSEMBIX TIECTHUIIMOB B PA3HOW CTENEHM TOKCHUYHO IJISl YEJIOBEKAa U TEIUIOKPOBHBIX KUBOTHBIX.
IecTuuabpl HAKATUTMBAIOTCS B MEYCHH, MOYKAX U CEPJIE, CBA3BIBAIOTCS C OENKaMU KPOBH M PA3HOCATCS MO OPraHU3MY,
MOJIBEPraloTCs METa00IM3MY M BBIBOISTCS C PA3HOM CKOPOCTHIO M3 OpraHn3Ma. Bo MHOTHX HCCICIOBaHUSIX ITOKA3aHO, YTO
MECTUIUIbI 00JIaaI0T MYTAareHHBIM, KAHIIEPOI€HHBIM M TOKCHUYECKHUM 3((EKTOM, MPSMO WM KOCBEHHO YTHETAIONIMM
HEPBHYIO CHCTEMY XHBOTO OpraHu3ma. MeTaOoJHThl NMEeCTHUHIOB 00JalaloT CBOWCTBOM HaKalUIMBAThCS, OCOOCHHO B
JKUPOBOHM TKaHHU >KUBOTO OpPraHM3Ma W MEUICHHO Pa3pyIlalT KICTKH CIM3HCTBIX 000JIOYEK, TKAHH, OpraHbl, HapyIlas
B3auMoJieiicTBUEe U (PyHKIMKM BHYTPEHHHUX OpPraHOB. B pesynbraTe 3TOro majgaer ypoBeHb 30POBbsl HACEJICHHS, PacTeT
3a00JIeBacMOCTh KPOBH, OPTaHOB IHUINEBAPCHHS, ICHXUYCCKAX M SHIOKPHHHBIX PACCTPOMCTB, a TAKXKE OHKOJOTHYECKHX
MaTOJIOTHIA.
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Ha Tteppuropun Kazaxcrana cymecTtByeT mpoOiieMa 3aXOpPOHEHMs YCTapeBIUMX W IOJISKANIMX YTHIM3ALUH
SIIOXMMHUKATOB, IIMPOKO npumeHseMbix npu Corosze, B yactHoctu aycta — JJIT. Tlo pasnuuHbIM OLIEHKAM, MMEeCTHIIUIBI,
OTHOCAILIMECS K IpyMIe cTOWKuX opranndeckux 3arpssaureneii (CO3-nectuunasr), npenmymectsenno AT, cocraBnsior
10-15 % ot Bcex XpaHSIIMXCS yCTapeBIIMX MECTHUUAOB. [loTeHIManbHAas W peaibHas 3KOJIOTO-TOKCHKOJIOTHYECKas
OIMaCHOCTh TAKHMX IMECTUIMIOB OCTAETCS JOCTAaTOYHO BBICOKOHM. HemocpencrBenHo Ha Teppuropun Tanrapckoro paiioHa
613 . AJMaThbl, HaceJIeHUEe KOTOPOro ObLIO HaMu OOCIIEOBAHO, YCTAHOBIEHO 3arpsA3HEHUE 3a0pOLICHHBIX XPaHMIHIL
XJIOpOpraHHUuecKuMH mectuiaamu (mMeradonuramu 2,4 1, 4,4 JAT, 4,4 O3 u uzomepamu o-I' XU, B-I'XUI" u
v-I'’XII'), KOHIEHTpauuy KOTOPBIX 3HAYMTENbHO mHpeBblmaioT IIJIK, Ha ckiazax BBIIBICHO HAJIUYUE YCTAPEBIIUX U
HETIPUTOJIHBIX K MPUMEHEHUI0 necTuiunoB. Heo6Xxonumo Takxke y4MTBIBAaTh, YTO TEPPUTOPUS, IPUIIEraonias K MecTaM
CKJIQAUPOBAHMSI HEUCIIOJIB30BAaHHBIX IECTULNIOB, MMEET BBICOKUN YpOBEHb 3arpsi3HEHUS U JOJr0€ BpPEMs CIYXHUT
UCTOYHMKOM BTOPHYHOTO 3arpsi3HEHUS OKPYKaIOLIEeH cpe/ibl MECTUILIUIAMH.

KioueBble ci10Ba: necTULIXIbI, 3arps3HEHKE, Cpeia POKUBAHUS, 3I0POBbE YEIOBEKA, KOTHUTHBHBIC ()YHKIIUH.
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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 only
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.
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