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CYTOGENETIC ANALYSIS OF THE POPULATION LIVING
IN CLOSE PROXIMITY TO THE DESTROYED
WAREHOUSES OF BANNED PESTICIDES

Assessment of genotoxicity of pesticides and biomonitoring of their impact on the population
living in the area of disposal of endangered stocks of pesticides are of exceptional importance for
regulating the ecological state of the environment and protecting the population. The purpose of
this study was to assess the level of cytogenetic damage (chromosomal aberrations) in residents of
the villages of Karakastek and Umbetala, Zhambul district, Almaty region, located in areas contami-
nated with pesticides banned for occurrence more than 10 years ago. The soils of the settlements
are contaminated with organochlorine pesticides such as aldrin, deldrin, eldrin, chlorobenzilate and
DDT. In food, their content does not exceed the MPC. However, there was an excess of MPC for
heavy metals — Ni and Co. The residents of v. Karakastek and Umbetali showed a significant excess
of the total frequency of chromosomal aberrations compared to the control (p<0.01). The occurrence
of cases of shift of mutations from the chromatid adrenal glands in the foci of inflammation, the de-
struction of the nature of chemical mutagenesis. An analysis of the state and dynamics of the level
of chromosomal aberrations in the population living in territories contaminated with pesticides can
help in developing a rationale for predicting long-term biomedical events and normal control over
the health of the population.

Key words: pesticides, persistent organic pollutants (POPs), chromosome aberrations (CA), chemical
mutagenesis, genotoxicity.
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TblIfibIM CaAbIHFAH MECTULIMATEPAIH, XXOMbIAFAH KOMMaAapbiHa
)KaKblH XKepAe TYpaTblH XaAbIKTbIH, LIUTOr€HETUKAABIK, TAAAAYbI

TypFbIABIKTbI aAAMAAPAbI KOPFay >KeHe KOopLUaraH OpTaHblH, 3KOAOMMSIABIK, KaFAAMbIH >KaKCcapTy
YLiH MaHbI3AbI LLeLLiMi 6ap, eCKipreH NeCTUUMATED KOPbI CaK TaAFaH aiMakTapAa TypPaTbiH TYPFbIHAAPFa
NecTMUMATEPAIH FEHOTOKCUMAIAITH Bararay >keHe OAapAblH dCepiHiH GMOMOHUTOPUHIIH XXYPrisy. bya
3epTTeyAiH Makcatbl 10 >KblAps@H acTam YakbIT 60Mbl KOAAAHYFA ThbibIM CaAblHFAH MECTULMATEPMEH
AaCTaHFaH aymakTapAa TypatbiH AAMaTtbl 06Abicbl, XXamObia ayaaHbl, KapakacTtek >kaHe YmbeTabl
AYbIAAAPbIHbIH, TYPFbIHAAPbIHBIH, LIMTOrEHETUKAABIK, 3aKbIMAQHY AEHreriH (XpoMOCOMaAapAblH abep-
paumnsirapbl) 6arasay 60AAbl. EAAI MEKEHAEPAIH TOMbIpaFbl AAbAPUH, AEAbAPUH, SAbAPWH, XAOPOEH-
3uAaT xeHe AAT CUSKTbl XAOPOPraHMKaAbIK, NMecTUUMATEPMEH AACTaHFaH, a3blK-TYAIK eHiMAepiHAe
oAapAbiH Meawepi LLIPK-aaH acnanabl. Araraa ayblp Metaapap — Ni xxeHe Co yuwiH LLIPK apTbik, 60-
AQTbIHbI aHbIKTaAAbl. Kapakactek neH YMGeTaAi ayblAAAPbIHbIH TYPFbIHAAPbIHAQ OaKblAQyTOObIMEH
CaAbICTbIPFAHAQ XPOMOCOMAAbIK, abeppaumsiAapAbiH, XKaAMbl XUIAIFIHIH aiTapAbIKTai acbin KeTKeHiH
kepceTTi (p<0,01). Eki erai MekeHAE Ae MyTaLMgIAap XPOMOCOMAAbIKTaH XPOMATUATIK e3repicke Kapan
bIFbICY KATbIHACh! XMUMUSIABIK, MyTareHe3AiH TaburaTbiHa 6anNAQHbICTbI EKEHAITH KepceTeai. MecTuuma-
TEPMEH AACTaHFaH ayMakTapAa TyPaTbiH TYPFbIHAAPAbIH, MOMYASILMSCbIHAAFbI XPOMOCOMAAbIK, abeppa-
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Cytogenetic analysis of the population living in close proximity to the destroyed warehouses of banned pesticides

UM AEHTEMIHIH XKaF AaiblH XK8He AMHAMMKACbIH TAAAQY Y3aK, MEP3IMAT OMOMEAMLMHAABIK, 3apAANTaPAbI
60oAXKay MPUHUMITEPIH B3ipAEYre KOMEKTECEA KBHE AEHCAYAbIK, CakTayAbl 6ackapyFa biKMaA eTeAi.

TyiiH ce3aep: necTMuMATEpP, TypaKTbl OpraHMKasblk Aactactaybiwitap (TOA), XPOMOCOMAAbIK,
abeppaumsarap (XA), XMMUSIAbIK, MyTareHes, reHOTOKCUHAIAIK.
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LinToreHeTM4yeCcKknit aHaAM3 HaCceAeHM$l, NMPOXKMBAIOLLLETO B HEMOCPeACTBEHHOM
6AM30CTU K pa3pyLUeHHbIM CKAAAAM 3arpeLleHHbIX K UCMOAb30BaHMIO MEeCTULIMAOB

OueHka reHOTOKCUMYHOCTM MeCTULUMAOB M OMOMOHUTOPUHI MX BO3AEMCTBMS Ha HaceAeHue,
MPO>KMBAIOLLEr0 Ha TEPPUTOPUSX 3aXOPOHEHMS YCTapeBLUMX 3aracoB NecTULMAOB, UMeIOT peLlato-
Lee 3HaYeHre AAS YAYYLLIEHWNS PEryAMpoBaHMs 3KOAOMMUYECKOrOo COCTOSIHUSI OKpY>KaloLlel CpeAbl
M 3aWMTbl HaceAeHus . LleAblo HacTosWero MCCAeAOBaHUS OblAa OLLeHKA YPOBHS LMTOreHeTUYeCKMX
NOBPEXAEHMIN (XPOMOCOMHbIX abeppauuit) y sxuteaen noceakoB Kapakactek u Ymbetaabl XKam-
6YyAbCKOro paioHa AAMATMHCKOM 06AACTU, MPOXKMBAIOLLMX HA TEPPUTOPUSIX, KOHTAMUHMPOBAHHbIX
3anpeLleHHbIMU K UCMOAb30BaHMIO nectuumaamm 6oaee 10 AeT Ha3aa. [ouBbl MOCEAKOB KOHTAaMM-
HMPOBaHbl TaKMMK XAOPOPraHWYeCKNMK MecTULMAAMM, KaK aAbAPUH, AEAbAPUH, SAbAPUH, XAOpP-
6eH3uaat u AAT. B npoayKkTax nuTaHus nx coaep>kaHue He npesbiwaet NAK. OaHako, oTMeYeHo
npeebiweHne MAK no taxeabim metaaram — Ni 1 Co. Y >kuteaeit nn. Kapakactek n YmbeTtaabl
OTMEUYEHO AOCTOBEpPHOE MpeBblleHre 06LLei YacTOTbl XPOMOCOMHbIX abeppaluii No CPaBHEHMIO
C KOHTpoAeMm (p<0.01). lNoAyyeHHOe COOTHOLIEeHNEe CABMIA MyTaLMIA B CTOPOHY XPOMAaTMAHBIX Haa,
XPOMOCOMHbIMK B 06eMX MOCEAKax, YKa3biBAeT HA MPUPOAY XMMMUUYECKOro MyTareHesa. AHaAM3 CO-
CTOSIHUSL U AMHAMWMKKM YPOBHSI XPOMOCOMHbIX abeppaumii B MOMNYASLMN XKXUTEAEN, MPOXKMBAIOLLMX
Ha TeppuUTOPMSX 3arpsi3HeHUs NeCcTULMAAMM, MOXET NOMOoYb pa3paboTaTbh MPUHLMMbI MPOrHO3M-
POBaHUSI OTAAAEHHbIX OMOMEAMLIMHCKMX MOCAEACTBUI M CMOCOOCTBOBATH YIPABAEHUIO 3A0POBbEM

HaCeAeHun4d.

KAtoueBble cAOBa: NecTULMAbI, CTOKWe opraHuyeckue 3arpsasHutean (CO3), XxpoMOCOMHble abep-
paumm (XA), XMMMYECKMiA MyTareHes, reHOTOKCMUYHOCTb.

Introduction

It is known that pesticides are widely used in ag-
riculture to control pests and diseases of cultivated
plants. Pesticides encompass hundreds of active
substances and tens of thousands of preparations of
various effects. The vast majority of pesticides be-
longing to the class of organochlorine compounds
are persistent organic pollutants (POPs) that poison
target organisms. POPs are not destroyed in the
environment for a long time, they are transported
through the air and water masses over long distanc-
es, far from the original source of pollution. They ac-
cumulate in the adipose tissues of living organisms,
causing irreparable damage to health. The long-term
effects of pesticides, especially at low doses, and
their possible synergy with other environmental pol-
lutants and disease vectors have been poorly stud-
ied. However, pesticide residues that persist in food
may not have toxic or lethal effects, but they reduce
disease resistance and gradually accumulate in the
body to a dangerous level [1-3].
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The mutagenic activity of pesticides is one of
the most dangerous manifestations of a negative im-
pact on human health and its offspring. Over the past
15 years, there has been a surge in research on the
impact of pesticides on human health [4-10]. It has
been proven that some pesticides are carcinogens
and cause the development of cancer [5,11]. More-
over, pesticides frequently contribute to the onset of
allergies, diathesis, and respiratory illnesses [12,13],
and are associated with the development of neurode-
generative disorders [5,14-16], such as Alzheimer’s
disease, Parkinson’s disease, or adolescent suicidal-
ity. In addition, pesticides have been linked to en-
docrine diseases [5], male and female reproductive
system disorders [17-19], type 2 diabetes mellitus
[5], metabolic syndromes and obesity [9], devel-
opmental disorders [20], among other deleterious
health outcomes. This list is not complete, but rather
representative of the range of health effects associ-
ated with exposure to pesticides.

The issue concerning the presence and concen-
tration levels of hazardous pesticides within the
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geographical borders of Kazakhstan remains unre-
solved. According to UNEP, as a result of the in-
ventory of obsolete pesticides in 2004, more than
1,500 tons of banned, unusable pesticides and their
mixtures of unknown composition were found in the
Republic, and in 2008 their number reached 10,000
tons [21-25]. According to the Ministry of Agricul-
ture, as of July 2012, about 6931.4 tons of obso-
lete, banned and unusable pesticides are stored in
warehouses in various regions of the republic [26].
Within the framework of the scientific internation-
al program, during the inventory process in 2009-
2010, 64 warehouses of chemical plant protection
products were found in 10 districts of the Almaty
region, they accumulated 68443 kg of obsolete and
unusable pesticides. These are pesticides: from the
class of s-triazine (atrazine, protrazine, propazine,
ziazine), organophosphorus (sayphos, metaphos),
chlorine-containing (nitrofen and illoxan), fluorine-
containing (treflan), thiocarbamate (temic), as well
as German and Chinese origin (50 % Thirams and
Hataonyag). When determining the content of or-
ganochlorine pesticides in the soil around the ter-
ritories of 64 former pesticide storage facilities in
the Almaty region, it was found that the soil of 24
former storage facilities were contaminated with
metabolites 2.4 DDD, 4.4 DDD, 4.4 DDT, 4.4 DDE
and isomers of a- HCCH, B-HCCH and y-HCCH.
The most polluted regions were Eskildinsky, Tal-
garsky, Karasaysky, Enbekshikazakhsky districts.
The main contaminants were lindane, the B-isomer
of HCH and the metabolites 4.4’DDE and 4.4’DDT.
In addition to these metabolites, a-HCH, 4,4-DDD,
and 2,4-DDD were present in the soil in many re-
gions, and their presence in the soil is unacceptable
under government regulations of Kazakhstan [26-
28]. It is known that they are highly toxic drugs with
marked skin-resorptive toxicity, and are known to
induce mutagenic, antimitotic, and embryotoxic ef-
fects. [2,5]. Disused pesticides represent a hazard-
ous source of environmental contamination, man-
dating immediate measures for their identification
and subsequent removal.

The Institute of Genetics and Physiology of the
Ministry of Education and Science of the Republic
of Kazakhstan implemented a program from 2018-
2020 aimed at the comprehensive evaluation of the
impact of non-utilized and banned pesticides on the
genetic status and health of the population of Alma-
ty region (state registration number BR05236379).
Within the framework of this program, a set of mea-
sures was carried out in 7 settlements of the Tal-
gar region, including a survey of the territories of

former warehouses of non-utilized pesticides. As a
result, a high level of contamination of soil, water,
plant and animal food products with chlorinated pes-
ticides, their breakdown products and heavy metals
was found in 6 locations. A low level of somatic
health was also found among the population living
in close proximity to the pollution sites (a total of
199 individuals, whose biomaterials are stored in
the gene bank). It should be noted that the high con-
tent of pesticides in food products and a low level of
somatic health correlated with a high frequency of
chromosomal aberrations (CA) [29]. In 2021-2022,
a survey was conducted of 2 locations of former pes-
ticide storage facilities in the villages of Karakastek
and Umbetali, Zhambyl district, Almaty region.

The aim of our study was a cytogenetic analy-
sis of the population living in close proximity to
sources of pesticide contamination in combination
with the determination of the content of non-utilized
POPs and heavy metals in the environment, as well
as in plant and animal food products.

Materials and research methods
Materials and objects of research

The study was approved by the local ethical
commission (Protocol of the Local Ethical Commis-
sion of the Republican State Enterprise “Institute of
Human and Animal Physiology” SC MES RK No.
6 dated 07.12.2020), which provides for the analysis
of the population living in the locations of non-uti-
lized pesticides prohibited for use, and conditionally
healthy people.

In order to expand the genetic bank of the pop-
ulation exposed to persistent organic pollutants
(POPs), peripheral blood samples were collected
from 25 residents of Karakastek village and 25 resi-
dents of Umbetaly village in Zhambyl district of Al-
maty region, who lived in close proximity to the de-
stroyed pesticide warehouses. Prior to participating
in the study, informed consent was obtained from
all volunteers, who willingly agreed to participate.
A questionnaire was administered to collect relevant
demographic and health-related information, and 5
mL of peripheral blood was collected from each par-
ticipant for the preparation of metaphase chromo-
some slides and subsequent cytogenetic analysis.

Research methods

Chemical analysis of soil, water and plant/ani-
mal food samples
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Water sampling was performed in compliance
with GOST 17.1.5.05-85, which specifies the gen-
eral requirements for collecting surface and sea wa-
ter samples, during the spring season. Soil samples
were collected from two different horizons (0-5 cm
and 5-25 cm deep) in accordance with the method-
ology that corresponds to the conditions of GOST
14.4.4.02-84 and GOST-29269-91, using the “enve-
lope” method. Food products of plant (apples, pears,
tomatoes, cucumbers, bell peppers) and animal (meat,
milk) origin were collected from household plots lo-
cated in the vicinity of former pesticide storage sites
(3 samples of each product type from each location).
The chemical analysis of the samples was conducted
by an accredited testing laboratory of Scientific Ana-
lytical Center LLP, as per the terms of the agreement.

Quantitative analysis of environmental samples
for the presence of 24 pesticides (hexachlorobenzene
(HCB); a, B, v, 6-isomers of hexachlorocyclohexane
(hexachlorane, HCCH); heptachlor; aldrin; hepta-
chlorepoxide; chlordan; endosulfan 1; endosulfan
2; dichlorodiphenyltrichloromethylmethane (DDT);
4,4’-dichlorodiphenyldichloroethylene (DDE); di-
chlorodiphenyldichloroethylene (DDD); 2,4’-DDD;
deledrin; chlorobenzilate; endrin; endrin aldehyde;
endosulfan sulfate; dibutylendan; methoxychlor;
hexabromobenzene) and eight heavy metals (zinc
(Zn), arsenic (As), cadmium (Cd), lead (Pb), cop-
per (Cu), cobalt (Co), nickel (Ni), and chromium
(Cr)) was conducted. The water, soil, and sediment
samples were prepared in accordance with GOST
29269-91 “Soils. General requirements for analy-
sis”. The chemical reagents used for the analysis
were of a purity grade not lower than the criterion
of “pure for analysis”. The measuring and testing
equipment used for the analysis were certified.

For the analysis of pesticides in the samples, gas
chromatography and mass spectrometry techniques
were utilized. The Agilent 6890N chromatography
coupled with an MSD 5975C (USA), Fluorat-02
liquid analyzer, and ACME 9000 HPLC mass spec-
trometer with UV/VIS detector were used for the
analysis. The methods employed in the study ad-
hered to international, Russian, and Kazakh stan-
dards, namely: 1) EU standard EN 15662:2008,
which outlines the determination of pesticide resi-
dues in plant-based food products using GC-MS
and/or LC-MS/MS after extraction/separation with
acetonitrile and purification using dispersive SPE
method QuEChERS; 2) GOST 32689.1-2014,
which details multimethods for gas chromatograph-
ic determination of pesticide residues in plant-based
food products, including general provisions, extrac-
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tion and purification methods, and identification
and result verification; 3) GOST 23452-79, which
describes methods for the determination of residual
amounts of organochlorine pesticides in milk and
dairy products; and 4) GOST 30349-96, which spec-
ifies methods for determining residual amounts of
organochlorine pesticides in fruits, vegetables, and
their processed products.

Cultivation of human peripheral blood lym-
phocytes and metaphase chromosome preparations

Lymphocyte cultivation and preparation of sam-
ples were carried out according to the standard proce-
dure: 0.5 ml of peripheral blood was added to 4.5 ml
of the cultivation medium, consisting of 80% HAM
medium with glutamine (2 mM), 20% bovine serum,
penicillin 100 units/ml, streptomycin 100 units/ml
[30]. Lymphocyte division was stimulated with 2%
PHA. Cells were incubated at 37°C for 48 hours. For
the accumulation of metaphase plates, colchicine at
a final concentration of 0.8 pg/mL was introduced
into the culture medium 2 hours before fixation. For
cytological preparations, the cells were hypotonically
treated with 0.075 M KCI at 37°C for 15 minutes,
fixed using a methyl alcohol/glacial acetic acid (3:1)
mixture, and stained with a Giemsa solution.

Stained metaphase plates were analyzed under
microscopes from Leica and Zeiss (Germany) using
oil immersion at a magnification of 10x100. Images
of metaphase chromosomes were processed with the
VideoTestKaryo 3.1 computer program. All types
of chromosomal aberrations detected during routine
staining of chromosome preparations were taken
into account, adhering to standard criteria for the
selection and analysis of cytogenetic preparations.
For each individual, at least 100 metaphases were
studied.

Methods of statistical processing of results

Traditional methods of variation statistics were
used in some experiments. Differences were regarded
as significant at p<0.05. The significance level (P)
was determined using Chi2 (y¥2) and Student’s t-test.

The calculation of the proportion of cells with chro-
mosome aberrations as a percentage of the total number
of analyzed cells was calculated using the formula:

P=X/N x 100%,
where X is the number of detected cells with aber-

rations,
N is the number of studied metaphase cells.
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Research results and discussion

Survey of locations of obsolete stocks of pesti-
cides, selection of 2 points

A survey of locations containing outdated pesti-
cide stocks was conducted in the Zhambyl district of
the Almaty region. Based on the monitoring results,
the two most suitable settlements for analysis were
selected: Karakastek village and Umbetaly village.

The warehouse in the village of Karakastek is
partially destroyed, the area of the warechouse is
100 square meters. m. GPS coordinates of the ware-
house: 43°08°25.7”N — 76°06’14.7”E. Residential
houses are located at a distance of 100 m from the
warehouse, livestock grazes around the warechouse
(Figure 1) and the local population handles/removes
parts of the foundation of the building. According to
the inventory carried out in 2008, 8 iron containers

were found rusty and without a label, and 7 plastic
packages torn and without a label. The plastic con-
tainers contained a white substance, while the iron
containers contained a yellow oily substance. The
total amount of pesticides is 10200 kg [29]. No pes-
ticides have been found in the warehouse building
at the moment.

In the village of Umbetali, the warchouse arca
is 100 sq. m., the warehouse building is destroyed.
GPS coordinates: 43°16°55.9”N — 76°19°58.9”E.
Residential buildings were built around the ware-
house, there is a lake nearby where children bathe
(Figure 2). According to the inventory data of 2008,
the soil surface was contaminated with green sub-
stances of unknown origin, old plastic bags from
pesticides were lying around [28]. The area is now
privately owned. Currently, no pesticides have been
found in this area.

A — GPS coordinates: 43°08°25.7"N — 76°06°14.7”E
B, C — pesticide contamination

Figure 1 — The territory of the former pesticide warehouse in the village of Karakastek Zhambyl district of Almaty region

A — GPS coordinates: 43°16°55.9”N 76°19°58.9”E
B, C — water sampling;
D — polluted area where sheep graze

Figure 2 — The territory of the former pesticide warehouse in the village of Umbetali, Zhambyl district, Almaty region
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Determination of POPs degradation products
in samples of water, soil and food of plant and ani-
mal origin

Chemical analysis of drinking water and natural
water showed that the content of pesticides in the
samples does not exceed the allowed concentrations.
Only a very slight excess of MPC for copper was
noted in a sample of natural water from the village of
Umbetaly. Chemical analysis of soil samples showed
an excess of MPC for a number of pesticides by 2-18
times in both studied settlements (Table 1). Thus, a
HCCH, B HCCH, aldrin, deleldrin, 4,4-DDE, 2.4-
DDD, endrin, chlorobenzilate, 4,4-DDT and endosul-
fan 2 were found in soil samples in Karakastek vil-
lage. In the soil of Umbetali village hexachloroben-

Table 1 — Content of organochlorine pesticides in soil, mg/kg

zene, aldrin, deleldrin, 4,4-DDE, 2,4-DDD, endrin,
chlorobenzilate, 4,4-DDT and endosulfan 2 were
found. Also, in soil samples of two studied locations,
an excess of the MPC of heavy metals (Zn, Pb, As ,
Ni, Cu, Cr) by 1.1-21.6 times (Table 2). So, in soil
samples from the settlement of Karakastek, the con-
tent of zinc exceeds the MPC by 4.5 times, lead by 1.1
times, arsenic by 8.0 times, nickel by 5.4 times, cop-
per by 15.2 times, chromium by 21 times. ,6 times. In
soil samples from the village of Umbetali, the content
of heavy metals was also increased: zinc (4.9 MPC),
arsenic (4.7 MPC), nickel (3.0 MPC), copper (10.2
MPC), chromium (19.7 MPC). Thus, soil samples
from the studied settlements are contaminated with
both pesticides and heavy metals.

Sampling locations I\R/III:%’/ v. Karakastek v. Umbetaly

Sample type mg/kg | Soil Nel | Soil Ne2 ?\;g Mean M+m | Soil Nel ]S\glzl ]SV(;;I Mean M+m

Hexachlorobenzene 0,5 <0,0001 0,05 0,06 | 0,0363+0,0329 | 0,05 0,07 0,08 | 0,0664+0,0163
a-HCH 0,1 0,66 0,05 0,04 | 0,2521+0,3540 | 0,03 0,04 0,08 | 0,0465+0,0265
y-HCH (lindane) 0,1 0,16 0,06 0,05 | 0,0941+0,0614 | 0,06 0,04 0,03 | 0,0408+0,0144
B-HCH 0,1 0,36 0,13 0,20 | 0,2317+0,1148 | 0,04 0,05 0,36 | 0,1479+0,1853
Heptahlor 0,05 0,10 0,02 0,02 | 0,0458+0,0497 | 0,02 0,02 0,03 | 0,0207+0,0042
d- HCH <0,0001 0,18 0,17 | 0,1171+0,1015 0,11 0,06 0,09 | 0,0865+0,0280
Aldrine 0,0025 0,02 0,06 0,07 | 0,0505+0,0272 | 0,06 0,03 0,04 | 0,0439+0,0133
Heptachlor epoxide 0,05 0,02 0,01 0,01 0,0122+0,0042 0,01 0,01 0,00 | 0,0055+0,0023
sHaocynbdan 1 0,1 0,09 0,03 0,05 | 0,0548+0,0334 | 0,02 0,02 0,04 | 0,0262+0,0116
Keltan 0,02 0,01 0,02 | 0,0157+0,0044 | 0,00 0,00 0,02 | 0,0066+0,0083
4,4- DDE 0,1 0,36 0,08 0,54 | 0,3250+0,2350 | 0,10 0,11 0,28 | 0,1659+0,1024
Chlordane 0,1 0,06 0,01 0,02 | 0,0304+0,0296 | 0,01 0,00 0,01 | 0,0086+0,0045
Dieldrin 0,0005 0,16 0,04 0,05 | 0,0817+0,0670 | 0,02 0,08 0,06 | 0,0511+0,0292
2,4- DDD 0,1 0,37 0,12 0,09 | 0,1929+0,1516 | 0,03 0,04 0,06 | 0,0451+0,0174
Chlorbezyate 0,02 0,28 0,02 0,12 | 0,1396+0,1297 | 0,02 0,02 0,05 | 0,0310+0,0191
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Endrin 0,001 0,36 0,01 0,32 | 0,2298+0,1903 | 0,05 0,17 0,09 | 0,1032+0,0609
4,4-DDD 0,1 0,07 0,01 0,05 | 0,0425+0,0322 | 0,01 0,05 0,02 | 0,0285+0,0175
Endosulfan 2 0,1 1,59 1,73 1,73 | 1,6825+0,0838 | 2,16 1,00 2,38 | 1,8457+0,7380
4,4-DDT 0,1 <0,0001 0,72 0,40 | 0,3714+0,3590 1,10 1,34 0,40 | 0,9483+0,4934
Endrin aldehyde <0,0001 0,08 0,06 | 0,0444+0,0398 | 0,03 0,02 0,03 | 0,0307+0,0054
Endosulfan sulfat 10,93 0,14 0,07 | 3,7168+6,2493 0,08 0,07 0,04 | 0,0658+0,0213
Dibutylendan <0,0001 | <0,0001 | 0,17 | 0,0561+0,0971 |<0,0001 | 0,02 0,16 | 0,0623+0,0881
Metoxichlor 0,28 0,19 0,20 | 0,2250+0,0517 | 0,88 0,16 0,71 | 0,5814+0,3752
Hexabromobenzene 0,35 <0,0001 | 0,61 | 0,3169+0,3037 |<0,0001 | 1,35 0,27 | 0,5382+0,7132
Table 2 — The content of heavy metals in the soil

lsoir:g(l)i:f MPC. v. Karakastek v. Umbetaly

tS;;;lple mg/kg Soil Nel | Soil Ne2 | Soil Ne3 | Mean M+m Soil Nel | Soil Ne2 | Soil Ne3 | Mean M+m

Zn 23 116,9 94,5 96,7 102,7000+12,3503 | 84,3 102,5 148,0 111,6200+32,8105
Cd 0,5 <0,01 <0,01 <0,01 0,0000+0,0000 <0,01 <0,01 <0,01 0,0000+0,0000

Co 5 <0,01 <0,01 <0,01 0,0000+0,0000 <0,01 <0,01 <0,01 0,0000+0,0000

Pb 32% 44,2 27,6 30,4 34,0833+8,9074 16,2 22,6 22,4 20,393343,6417

As 2% 15,0 18,4 14,9 16,0733+1,9989 11,9 6,6 9,8 9,4500+2,6583

Ni 4 29,9 35,2 <0,01 21,7133+18,9915 | <0,01 <0,01 36,4 12,1433+21,0329
Cu 3 38,9 50,3 47,6 45,6167+5,9580  [26,6 31,6 334 30,5367+3,5114

Cr 6 138,1 91,9 158,5 129,5067+34,1079 | 125,8 1194 101,9 115,7100+12,3773

For the elements Zn, Co, Ni, Cu, mobile forms are determined; for elements Cd, Pb, As — gross forms.

Chemical analysis of food of plant origin (ap-
ples, pears, tomatoes, cucumbers, bell peppers) and
animal origin (meat, milk), collected from private
gardens, orchards of Karakastek and Umbetali resi-
dents, who live near former pesticide warehouses,
showed that that the content of pesticides in product
samples does not exceed the maximum permissible
concentrations (Tables 3-4).

However, the products of both plant and animal
origin were contaminated with heavy metals, espe-
cially Ni and Co. Thus, the content of Ni (maximum
concentration limit: 0.5 mg/kg) in samples of cu-
cumbers from the village of Karakastek is 0.64 mg/
kg, in apples — 0.10 mg/kg, pears — 1.05 mg/kg, in
bell peppers from the village of Umbetali — 1.42 mg/
kg. kg.
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The content of Co (maximum concentration
limit: 0.1 mg/kg) in products from Karakastek is ex-
ceeded: in apples 10 times (0.97 mg/kg), pears 12
times (1.27 mg/kg), in tomatoes 4 times (0.43 mg/
kg). kg), in cucumbers 7 times (0.66 mg/kg), in bell
peppers 12 times (1.17 mg/kg). In products from the
village of Umbetala, the concentration of Co is: in

apples — 1.83 mg / kg (exceeded 18 times), in pears
—1.32 mg/ kg (13 times), in tomatoes — 0.50 mg / kg
(5 times), in cucumbers — 0.40 mg / kg (4 times), and
in bell pepper — 1.37 mg / kg (14 times).

In two villages, the nickel content in milk and
meat samples exceeded the permissible concentra-
tion by 3-4 times, and cobalt by 17-18 times.

Table 3 — The content of heavy metals in foods of plant origin, mg/kg

Ne Name of the | Qty Code Zn Cu Ni Co Pb As Cd
object of (pcs)
analysis
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg | mg/kg
MPC 10 10 0,5 0,1 0,4 0,2 0,03
1 2 3 4 5 6 7 8 9 10 1
1 Apple 5 1 BEDI 0,33 0,72 0,01 1,01 0,003 | <0.001 | <0.001
(1 site)
2 Apple 5 1 B2 0,36 0,51 0,03 1,01 <0.001 | <0.001 | <0.001
(2 site)
3 Apple 8 | B(D)3 0,32 0,69 0,02 0,91 <0.001 | <0.001 | <0.001
(3 site)
. +
Average 0.34 £0.02 | 0.64 £0.11 | 0.02 £0.01 009076
Pear
4 ) 5 | B 0,60 1,17 0,26 1,27 <0.001 | <0.001 | <0.001
(1 site)
Pear
5 ) 5 | B@M2 0,40 0,83 0,15 1,16 <0.001 | <0.001 | <0.001
(2 site)
Pear
6 ) 4 | B3 0,47 0,98 0,37 1,38 <0.001 | <0.001 | <0.001
(3 site)
Average 0.49£0.10 | 0.99£0.17 | 0.26 +0.11 16231*
7 | Tomato (1site) | 5 | B(DI 0,12 0,31 0,42 0,40 <0.001 | <0.001 | <0.001
8 | Tomato (2site) | 5 | B(II)2 0,15 0,35 0,49 0,46 <0.001 | <0.001 | <0.001
9 | Tomato 3site) | 5 | B(ID)3 0,21 0,33 0,45 0,43 <0.001 | <0.001 | <0.001
R +
Average 0.16 £ 0.05 | 0.33 £0.02 | 0.45+0.04 00433
Cucumber (1
10 it 5 | B(O)1 0,18 0,40 0,56 0,56 <0.001 | <0.001 | <0.001
Cucumber (2
11 it 5 | BOR 0,29 0,54 0,74 0,78 <0.001 | <0.001 | <0.001
Cucumber (3
12 it 5 | B(0)3 0,21 0,44 0,62 0,65 <0.001 | <0.001 | <0.001
Average 0.23+0.06 | 0.46 £ 0.07 | 0.64 = 0.10 066fli
13 | Bule Spifgper Al s | smy 0,33 0,79 0,08 1,12 <0.001 | <0.001 | <0.001
Prolongation of table
14 Bulg'gfgper @l s | pme 0,44 0,95 0,33 1,34 <0.001 | <0.001 | <0.001
15 Bu]g'gteep)per Gl 4| BE3 0,31 0,72 0,21 1,03 <0.001 | <0.001 | <0.001
Average 0.36%0.07 | 0.82£0.12 | 0.21%0.12 1(')117 6*
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1 2 3 4 5 6 7 8 9 10 1

1| Apple(lsite) | 5 | T (DI 1,04 1,19 0,11 1,99 <0.001 | <0.001 | <0.001
2 | Apple@site) | 5 | T (D2 0,98 0,90 0,10 1,67 <0.001 | <0.001 | <0.001
3 | Apple Bsite) | 5 | T'(s1)3 1,01 1,48 0,09 1,83 <0.001 | <0.001 | <0.001
Average 1.01 + 1.83 +
no3 | 119029 010001 |
4 | Pear(lsit)y | 5 | (D)1 0,30 0,76 1,05 1,38 <0.001 | <0.001 | <0.001
Pear (2site) | 5 | ['(D)2 0,37 0,90 1,22 126 | <0.001 | <0.001 | <0.001
6 | Pear(3site) | 5 | I'(I)3 0,24 0,61 0,88 1,32 <0.001 | <0.001 | <0.001
Average 0.30 + 132+
oo7 | 076015 1052017 | 0
7 | Tomato (1site) | 5 | [(IDI 0,19 0,18 0,25 0,67 <0.001 | <0.001 | <0.001
Tomato (2site) | 5 | T (I)2 0,12 0,23 0,33 0,33 <0.001 | <0.001 | <0.001
9 | Tomato 3site) | 4 | I (ID3 0,05 0,12 0,17 0,50 <0.001 | <0.001 | <0.001
Average 0.12 + 0.50 +
ooe | 0-18£0.06 | 0255008 | O
10 Cwi?;ger T s | ron 0,11 021 0,29 0,29 <0.001 | <0.001 | <0.001
1 C“”;ﬁ?fr @1 5 | rop 0,14 0,23 0,46 0,45 <0.001 | <0.001 | <0.001
Cucumber (3
12 site) 2 | ro)p3 0,14 0,33 0,46 0,45 <0.001 | <0.001 | <0.001
Average 0.13 + 0.40 +
ooy | 026£0.07 ) 041010 |
13 Bulg'gfgper Oy ren 1,48 1,39 1,42 137 <0.001 | <0.001 | <0.001
14 Bulg'gfgper @l 4 | rep 1,52 1,68 1,36 1,50 <0.001 | <0.001 | <0.001
15 Bulg'gfgper Gl 4 | res 1,45 1,10 1,48 1,24 <0.001 | <0.001 | <0.001
1.48 + 137+
Average 0.04 1.39+£0.29 | 1.42 £0.06 0.13

Table 4 — The content of organochlorine pesticides in food of animal origin

Ne | Name of the | Quantity Unit Zn Cu Ni Co Pb As Cd
object of
analysis
mg/kg mg/kg mg/kg mg/kg mg/kg | mg/kg | mgkg
10-Meat// 5,0- 0,5- 0,5- 0,05- 0,5- 0,05-
u 1-Milk | Meat/ Meat// Meat// Meat// | Meat// | Meat//
MPC 0,5-Milk | 0,1-Milk | 0,1-Milk 0,05- 0,05- 0,01-
Milk Milk Milk
1 milk (1 site) 1L mg/kg 0,83 1,83 1,28 1,63 <0.001 | <0.001 | <0.001
2 milk (2 site) 1L mg/kg 0,76 1,79 1,01 1,87 <0.001 | <0.001 | <0.001
milk (3 site) 1L mg/kg 0,91 1,81 1,55 1,40 <0.001 | <0.001 | <0.001
Average 1.81+ 1.28 + 1.63 +
83 +0.
0.83+0.07 0.02 0.27 0.24
4 meat (1 site) 300 g mg/kg 1,11 1,42 1,11 1,69 <0.001 | <0.001 | <0.001
5 meat (2 site) 300 g mg/kg 1,04 1,54 1,31 1,82 <0.001 | <0.001 | <0.001
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6 | meat(site) | 300g mg/kg 1,07 1,65 0.92 157 | <0001 | <0.001 | <0.001
Average 1.54 £ 1.11 £ 1.69 £
107004 74, 0.19 0.12
10 | milk (1 site) 1L mg/kg 0.82 2,04 1,12 186 | <0.001 | <0.001 | <0.001
11| milk (2 site) 1L me/kg 1,04 2.17 11 199 | <0.001 | <0.001 | <0.001
12 | milk (3 site) 1L mg/kg 0,98 1,90 1,12 1,67 | <0.001 | <0.001 | <0.001
Average 2.04 £ 1.84 £
0.95+0.02| SNF razxo | P
13 | meat(1site) | 300g mg/kg 0,61 1,66 122 193 | <0.001 | <0.001 | <0.001
14 | meat(2site) | 300g mg/kg 0,72 1,53 1,15 1,75 | <0.001 | <0.001 | <0.001
15 | meat(3site) | 300g mg/kg 0.49 1,59 1,18 1,61 | <0.001 | <0.001 | <0.001
Average 1.59 + 1.18 £ 1.76 £
0.61£0.111 ) o6 0.04 0.16

Questioning and collection of biosamples of
the population living near the centers of pesticide
contamination to replenish the gene bank

To determine the impact of long-term pesticide
pollution on the genetic status of the population, pe-
ripheral blood samples were collected from people
living in close proximity to the former pesticide
warehouses in the village of Karakastek (25 people)
and the village of Umbetali (25 people). When col-
lecting the material, voluntary informed consent to
the study was issued and at the same time a detailed
questionnaire was conducted, including both per-
sonal data and information on health status, pedi-
grees, consumption of food of plant and animal ori-
gin. Table 5 shows representative data for the stud-
ied cohorts. According to the questionnaire data,
the ethnic composition of the studied groups is not

very diverse and includes mainly representatives of
Kazakh nationality. The average age in the studied
groups is in the range of 40-50 years. Personal data
of people were also analyzed in relation to medi-
cal status. We also used the ROFES device to as-
sess the current state of health (see section 2.2.2).
The measurement results were evaluated according
to a five-point rating system. Table 6 presents data
on the types of diseases found in residents of the
studied settlements. It was found that the largest
percentage of people with chronic diseases is repre-
sented among the surveyed residents of the village
of Karakastek (100%), and 28% of them have arteri-
al hypertension. In addition, there was an increased
percentage of diseases of the genitourinary system,
gastrointestinal tract and vascular diseases. Also,
people with cancer were found in both cohorts.

Table 5 — Ethnicity, age, and sex of the individuals in surveyed cohorts

Settlement Number of indi- Ethnicity, Males, Females, Years of birth
viduals ind. (%) ind. (%) ind. (%) (mean age)
v. Karakastek 25 Kazakh — 24 (96%) 4 (16%) 21 (84%) 1939-1997
Other — 1 (4%) (50,48+3,14)
v. Umbetaly 25 Kazakh — 25 (100%) 10 (40%) 15 (60%) 1954-1999
(40,84+2,91)
Table 6 — Medical state of the individuals in surveyed cohorts
Diagnosis, Locality
number of individuals (%) v. Karakastek v. Umbetaly
CVD 2 (8%) 4 (16%)
DM 1 (4%) 2 (8%)
AH 7 (28%) 2 (8%)
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Bronchitis 1 (4%) -

Psoriasis 1 (4%)

GIT 3 (12%) -

Diseases of the genitourinary system 4 (16%) -

Diseases of the thyroid gland 3 (12%) 4 (16%)

Vascular diseases 3 (12%) 1 (4%)

Oncological diseases 1 (4%) 1 (4%)

Total 25 (100%) 9 (36%)

Notes — CVD — cardio-vascular diseases, DM — diabetes mellitus, AH-arterial hypertension, GIT — Diseases of the gastrointesti-
nal tract

Population cytogenetic analysis

From the heparinized blood samples of 50 peo-
ple (the village of Karakastek and the village of
Umbetali, Zhambyl district, Almaty region, collec-
tion 2021), living in close proximity to pesticide-
contaminated areas, metaphase chromosomes were

prepared for cytogenetic analysis. When studying
the frequency of chromosome aberrations, 8270
metaphase plates from 50 people were analyzed.
Table 7 shows the results of cytogenetic analysis
and reflects representative data for the studied co-
horts.

Table 7 — The frequency of chromosome aberrations in residents of the studied settlements

Cohort Karakastek Umbetaly Taukaratyryk (control)
Serveyed persons (males/females) 25 (4/21) 25 (10/15) 30 (12/18)
Average age 50,48+3,16 40.84+2.91 52.304+2.34
Number of studied metaphases 2500 4200 6108
Frequency of aberrations 0,02 0.018 0.008
Freequency of aberrations,%
Chromatid gaps 0 0 0
Chromatid breaks 0,72+0,17 0,84+0,18 0.61+0.09
Single fragments 0,52+0,15 0,68+0,16 0.04+0.02
Chromatid type aberration frequency 1,32+0,23** (p=0.01) 1,48+0,24**(p=0.002) 0.65+0,10
Chromosomal gaps 0 0 0
Chromosomal breaks 0,53+0,12 0,06+0,04 0.09+0,04
Paired fragments 0,08+0,06 0,20-+0,09 0
Dicentrics 0,04+0,04 0 0
Rings 0 0 0,01+0,01
Chromosomal exchanges 0 0 0,01+0,01
Chromosome type aberration frequency 0,40+0,13 0,28+0,011 0,19+0,05
Total aberrations 39 44 52
The number of cells studied 1,56+0,25%* (p=0.01) 1,76+0,26**(p=0.002) 6108
The number of cells with aberrations 2500 2500 52
The frequency of cells studied 39 40 0,85+0,12
Aberration frequency 1,56+0,25%* (p=0.01) 1,60+0,25%*(p=0.009) 0.85+0.12
The ratio of chromosomal and chromatid 1:2.9 1:2.8 1.3:1
aberrations

P>0,05 — not significant

Note: t>3, P<0,001 -*** high significance, t>2,5, P<0,01 -** moderate significance, t>2,0, P<0,05 -* low significance, t<2,0,

As a comparison cohort (control), we used pre-
viously obtained data on cytogenetic analysis of res-
idents of the village of Taukaraturik from an ecolog-
ically favorable region of the Almaty region [21].

When analyzing the spectrum of structural dis-
orders of chromosomes, both the overall frequency

of chromosome aberrations and their type (chromo-
somal and chromatid) are determined. Aberrations
of the chromosomal type were represented by pair
breaks and fragments, dicentrics and rings, chroma-
tid type — by single breaks and fragments (Figure 3).
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A : B

A) Karakastek — sample code PS-12, chromatid gap, x1000;
B) Karakastek — sample code PS-3, chromosome break, x1000;
C) Umbetaly — sample code PS-28, single fragment, x1000

Figure 3 — Typical aberrations of chromosomes in the studied cohorts

The residents of Karakastek and Umbetali
showed a significant frequency of chromosomal ab-
errations compared to the control (p<0.01). There
are no significant differences between Karakastek
and Umbetali in the overall level of chromosomal
aberrations and in individual types of mutations.
Significant differences (p<0.01) compared with the
control were noted in relation to the overall frequen-
cy of aberrations of the chromatid type, but not of
the chromosomal type (table 7).

The ratio of chromosomal and chromatid aber-
rations to a certain extent indicates the type of mu-
tagenic effect. In spontaneous mutagenesis, the fre-
quency of chromosomal abnormalities is lower than
or equal to the frequency of chromatid ones. The
predominance of chromosome-type aberrations may
indicate radiation exposure, which can cause dou-
ble-strand breaks of chromosomes. A shift towards
chromatid mutations, as in the case of the results
of a survey of residents of paragraphs. Karakastek
(1:2.9) and Umbetali (1:2.8), but not residents of the
village of Taukaraturik (1.3:1), testifies in favor of
chemical mutagenesis.

Populations who lived in the territory of old bur-
ied storage facilities were regularly exposed to pesti-
cides in various doses are of great interest for study-
ing their genetic and cytogenetic status. Chromosome
aberrations (CA) are an important tool for assessing
pesticide exposure. The genotoxic potential of pes-
ticides is a major risk factor for long-term health ef-
fects. The present study aimed to evaluate CA among
these populations. It was shown that the frequencies
of chromosome aberrations in human lymphocytes
from Karakastek significantly exceed the control
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level (village Taukaraturik) by 0.75 times, and Um-
betali — by 0.78 times (p <0.01). These data indicate a
higher frequency of aberrations in these cohorts com-
pared to representatives of other previously surveyed
villages from the Talgar region [29]. These results
are consistent with the results of chemical analysis
which showed that the content of pesticide residues
in foodstuffs in these villages was significantly lower
than in previously studied ones, as well as the fre-
quency of chromosome aberrations. However, the
observed shift of mutations towards chromatid over
chromosomal in both settlements indicates the na-
ture of chemical mutagenesis. In addition to POPs,
Ni and Co contamination in food products was found
in both settlements. It is likely that complex interac-
tions between pesticides and heavy metals (i.e., their
combined action) has a synergistic effect.

A large number of studies have been conducted
regarding chromosome aberrations in connection to
pesticides [31-35].

Thus, Bianco, G.E., et al. showed a significant
increase in CA in individuals exposed to pesticides
compared with the control group (4.20 £+ 0.15 vs.
1.00 £ 0.05, respectively; p <0.001), indicating that
pesticides are clastogenic agents causing DNA dam-
age [36].

DE, Manas FJ et al. analyzed chromosomal ab-
errations, micronuclei and comets in 30 workers in
the province of Cérdoba. They showed that occupa-
tional exposure to pesticides increases CA, MN, and
DNA fragmentation biomarkers, which are indica-
tors of damage to genetic material, suggesting that
chronic pesticide exposure is a potential health risk
for workers [37].
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Jelena Pajic, Dubravka et al. considered certain
cytogenetic parameters as valuable markers for pre-
ventive medical screening, as the degree of cytoge-
netic damage reflects the cumulative exposure and
possible health outcomes associated with chronic
occupational genotoxic exposure [38]. Claudia Bo-
lognesi and Nina Holland conducted a systematic re-
view of the use of micronucleus assays and reported
positive results for micronuclei associated with pes-
ticide exposure. The range of increasing frequencies
of micronuclei (FR=1.2 — 7.6) was associated with
the degree, duration and types of exposure. [39].

It is known that under the conditions of anthro-
pogenic load, pregnant women and children are the
most vulnerable groups, and that reproductive func-
tion and immune defense primarily suffer [40]. Co-
lombian researchers assessed infant exposure to one
of the most commonly used pesticides in agricul-
tural areas and showed a trend towards an increase
in the frequency of markers of cytogenetic dam-
age in the agricultural area groups compared to the
control group [41]. In another study, the effects of
exposure to organochlorine pesticides were studied
in a group of mother/child couples (N=50) in rural
Mexico where pesticides were applied from aircraft.
Significantly higher levels of pesticides were found
in cord blood than in maternal plasma. There is no
increase in the frequency of micronuclei associated
with pesticide exposure, but DNA damage assessed
by comet analysis was significantly higher in cord
blood of newborns than in mothers [42].

One of the most dangerous environmental pol-
lutants are heavy metals that can enter the soil, water
bodies and atmosphere as a result of not only natural
processes, but also as a result of human activities.
Two mechanisms of action of metals predominate:
the induction of oxidative damage to DNA and the
effect on DNA repair processes, which leads to an
increase in genotoxicity in combination with vari-
ous DNA damaging agents. In such heavy metals
as Cd, Ni, Co, Pb, and As, DNA repair processes
are disrupted at low, non-cytotoxic concentrations
of the corresponding metal compounds [43]. An im-
portant role is played by understanding the influence
of indirect mechanisms and their combined effects,
which can cause genotoxic effects, even if the con-
centration of individual heavy metals does not ex-
ceed the MPC [44].

Morales et al. noted that the number of inser-
tions increases under the influence of heavy metals
as a result of a significant effect on DNA repair
[45], other scientists have shown the ability of
heavy metals to lead to the formation of double-

stranded DNA breaks [46]. Lazutka et al. explain
that the increase in the frequency of chromosome
aberrations depends on the duration of exposure to
heavy metals, but not on the duration of exposure
to most organic substances and the ability of heavy
metals to accumulate in various tissues of the body,
and organic substances are usually metabolized
and excreted quickly [47]. Existing literature data
on the effects of metals give reason to believe that
their intake into the body, which exceeds its physi-
ological needs, can pose a serious genotoxic hazard
[48]. A number of literary sources show a positive
correlation between the degree of mutagenicity of
heavy metals and cancer incidence [49-51], which
indicates the need to exclude mutagenic factors
from the human environment and the need to use
preventive measures.

Conclusion

Environmental pollution with obsolete non-
utilized pesticides and products of their metabolism
through a variety of food chains affects the human
body. Studying the health and genetic status of the
population in Zhambul district, Almaty region, liv-
ing in close proximity to the locations of unutilized
banned pesticides, we paid attention to the compo-
nents of the human food chain. The results of our
study indicate the need to raise public awareness of
pesticide use practices and strengthen food safety
control services as a public health measure.

The study of genetic damage at the individual
and population level is of great importance for mon-
itoring the effectiveness of individual preventive
measures, and in the case of a disease, for monitor-
ing and correcting treatment. Analysis of the state
and dynamics of the level of chromosome aberra-
tions in the population living in areas contaminated
by pesticides can help develop principles for pre-
dicting long-term biomedical consequences and
contribute to public health management. To ensure
that there is no threat to public health, it is important
to involve the regional administrative resource and
private landowners in the sharing of unused stocks
of banned pesticides, land reclamation, and regula-
tion of the food safety control system against pesti-
cide contamination.
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