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ABSTRACT

Relevance: In 2004-2013, the cumulative cancer incidence was about 200 cases per 100 thousand in Kazakhstan, while in the dis-
aster area of Aral Sea — about 225 cases per 100 thousand. For comparison, cancer incidence in the prosperous region of Karaganda
was 140 cases per 100,000 people. As of 2021, the incidence of colorectal cancer in Kyzylorda was 17.73 compared to 5.81 per 100,000
people in 2015. Factors of the surrounding macro- and microenvironment are trigger factors for tumor initiation. Salt deposits of the
dried Aral Sea in the form of solonchaks spread to the territory of the entire Kyzylorda region. Pesticides and process water have been
discharged into rivers for many years, which has led to the accumulation of heavy metal salts in water and soil on the banks of the rivers

and in the place of the dried-up Aral Sea, which in turn can affect the increase in cancer incidence.
The aim was to study the dependence of cancer incidence on water pollution by ions of chlorine and lead in open water bodies in

the Kyzylorda region.

Methods: Analysis of cancer incidence in 2021 by localization: intestines, stomach, sarcomas, lungs, and melanomas in the Kyzy-
lorda region. Determination of the content of chlorine ions by titration with silver nitrate, spectrophotometric determination of lead
ions in the open water sources. Comparative correlation analysis of the concentration of chlorine ions and lead with cancer incidence

in this region.

Results: The maximum permissible chlorine and lead ions concentrations in all studied open water sources of the Kyzylorda region

exceeded the norm by 1.024-20.26 times and 1.4-14.1 times, respectively. The chlorides in the water increased intestine cancer incidence
by 17% with an approximation certainty of 0.38. The lead in water increased the incidence of melanomas by 22%, with an approximation
certainty of 0.79. The correlation coefficient was r=0.618; p=0.07 for exceeding chlorides’ MPC and bowel cancer incidence.
Conclusion: Heavy metals like lead in water samples in regions with increased cancer incidence indicate a co-dependent relation-
ship between these factors—pollutants such as chlorides and lead increase intestine cancer and melanoma incidence.
Keywords: Kyzylorda, melanoma, lung cancer, intestine cancer, chloride ions, lead ions.

Introduction: New approaches in tumor diagnos-
tics allowed studying the properties of tumor DNA and
RNA, including coding and non-coding regions, size,
structure, and other properties responsible for muta-
genesis and malignancy in the body [1]. More accurate
MN diagnostic methods can determine the influence
of DNA-altering factors on the tumor initialization,
prognosis, and response to treatment. K-ras and B-raf
are classic tumor process markers in the mitogen-acti-
vated protein kinases’ signaling cascade [2]. K-ras ac-
tivates B-raf, which transmits a signal to MEK and ERK
proteins. Then, the mitogen-activated protein kinase
cascade triggers cell proliferation and differentiation;
an excessive signal leads to malignization.

The surrounding macro- and microenvironment fac-
tors can initiate a tumor [3]. They affect the tumor vol-
ume and progression. Microenvironment factors in-
clude changes in the extracellular matrix’s function and
adipocytes, which support tumor progression close to

tumor cells. Macroenvironment factors are systemat-
ic changes in the body that affect the growth of blood
vessels and lymph nodes and changes in endocrine cas-
cades, which can accelerate tumor growth and provoke
resistance to therapy [4]. The pollutants, such as chlo-
ride and lead ions, originating from the environment,
impact both the tumor and the systematic changes in
the body, weakened by oncological processes. Mito-
gen-activated protein kinase cascade is also altered by
pollutants since chemical elements such as chlorine and
lead are specific ligands of enzyme proteins.

Studies of the environment and cancer develop-
ment risk factors describe NaCl salt and heavy metals,
including lead, as triggers for mutations and malignan-
cy. They weaken the immune barrier, leading to cardio-
vascular, allergic, and oncological diseases [5-7]. Heavy
metals can bind to receptors on the cell surface, ac-
tivating altered cellular cascades, including prolifera-
tion and cell survival [8, 9].
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Active agricultural activities such as cotton cultiva-
tion, a decrease in the water level in the Syrdarya and
Amudarya rivers, and a gradual drying of the Aral Sea
have increased the content of pollutants in the envi-
ronment [10]. Salt deposits of the dried Aral Sea in the
form of solonchaks spread all over the Kyzylorda re-
gion [11]. Many years of discharge of pesticides and
process waters into rivers resulted in the accumulation
of heavy metal salts in water and soil on the banks of
the rivers and the place of the dried-up Aral Sea.

From 2004 to 2013, the cumulative cancer incidence
in Kazakhstan was about 200 cases per 100,000 people,
while in the disaster area of the Aral Sea, it reached 225
cases per 100,000 [12]. As a comparison, in the prosper-
ous region of Karaganda, cancer incidence was 140 per
100,000. The colorectal cancer incidence in Kyzylorda was
17.73 in 2021 compared to 5.81 in 2015. This study was ne-
cessitated by an insufficient knowledge of chemical pol-
lutants’ effect on the Kyzylorda region population’s health.

The aim was to study the dependence of cancer in-
cidence on water pollution by ions of chlorine and lead
in open water bodies in the Kyzylorda region.

The study tasks included an ecological analysis of
chlorine and lead ions content in open water source
samples in the Kyzylorda region and a comparative
correlation analysis of chlorine and lead ions concen-
tration with cancer incidence in this region.

Materials and methods: The water samples were
taken from open sources (the Syrdarya River and its
tributaries) in Zhanakorgan, Shieli, Kyzylorda, Tereno-
zek, Baikonur, Kamysty Bas, and Aral localities to assess
the ecological state of the Kyzylorda region (March
20217). The samples were examined for the content of
chlorine and lead ions in the Republican Scientific Re-
search Center “"KAZEKOLOGIYA."

We determined water chlorides using the Mohr
method and the International Organization for Stan-
dardization (ISO) standard. Chlorides were determined
by titration with silver nitrate with potassium chro-

mate indicator. We used 25 ml burettes, conical flasks,
and graduated pipettes to conduct the reaction. If the
initial pH of the water sample was higher than 5, nitric
acid was used to titrate the probe to pH 4.4. If the sam-
ple pH was less than 5, calcium carbonate was used.

Lead was determined according to the ISO standard
by flame absorption spectrometric method. The meth-
od involves aspirating the sample into the flame of an
AAnalyst 400 atomic absorption spectrophotometer
(Perkin Elmer, MA, USA). Hydrochloric and nitric acids
were used to prepare the probe. Graduated pipettes,
measuring flasks, and burettes were used to conduct
the reaction. We used standard samples of lead ions
dissolved in nitric acid to construct the calibration
curve, which was measured and plotted as a standard.
The reference peak for lead is 283.3 nm.

Based on the statistical department of the Regional
Cancer Center of the city of Kyzylorda, incidence data
were obtained in 2021 by localization: intestines, stom-
ach, soft tissues, lungs, and melanomas.

The study was carried out as part of the dissertation
work “Studying the influence of environmental factors
on the occurrence of cancer in the Aral region” by F.K.
Rakhimbekova, a candidate at Satpayev University.

We determined the indicators of maximum permis-
sible concentrations (MPC) and compared them with
the incidence in this region. Due to their relatively close
location and similar environmental conditions, we unit-
ed the Zhalagash, Terenozek, Kazaly, and Karmakshi
districts. International sources recommend that the
content of chlorides and lead should be low and not
exceed 100 mg/I for chlorides and 0.005 mg/I for infor-
mation in water [13-14]. Based on this comparison, we
constructed graphs and analyzed the linear trend equa-
tions and the values of the accuracy of the R2 approx-
imation. Further, the correlation coefficient between
exceeding MPCs and cancer incidence was studied.

Results: All the studied water samples from open sourc-
es of the Kyzylorda region exceeded the MPCs (Table 1).

Table 1 - Chloride and lead ion content in open water sources in Kyzylorda region (March 2021)

Chloride and lead ion content in open water sources in Kyzylorda region (March 2021)

Locality Chlorln:l;/sl (), Norm (CI), mg/I Mu:\';;ggccltly of Pb?, mg/I Norm Pb?**, mg/I levlltF',%l 'Eg}i of
Zhanakorgan 175.2 100 1.752 0.022 0.005 4.4
Shieli 259.75 100 2.6 0.034 0.005 6.8
Kyzylorda 4355.5 100 43.555 0.0425 0.005 8.5
Terenozek 102.415 100 1.024 0.0206 0.005 4.12
Baikonur 256.6 100 2.566 0.007 0.005 1.4
Kamysty Bas 258.8 100 2.588 0.02 0.005 4
Aral 2025.97 100 20.26 0.0705 0.005 14.1

The highest cancer incidence (per 100,000 peo-
ple) was observed in intestine cancer — 17.13 in

Ky-zylorda vs. 8.6 in the Republic of Kazakhstan
(RK); stomach cancer - 8,685 in Terenozek and
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Zhalagash vs. 13.5 in the RK; breast cancer — 7.3 to
7.8 in Shieli, Zhanakorgan, and Kyzylorda vs. 26.3 in

Table 2 - Kyzylorda region population’s cancer incidence, 2021

the RK; lung cancer — around 13 in Terenozek and
Zhalagash vs. 18.9 in the RK.

. Incidence (per 100,000 people)
Sampling areas
Colorectal cancer | Stomach cancer Sarcomas Breast cancer Lung cancer Melanoma

Zhanakorgan 5.26 1.32 2.63 7.89 9.21 0
Shieli 5.1 6.36 3.82 7.64 11.46 2.56
Kyzylorda 17.13 3.26 4.1 7.35 14.7 245
;ﬁ;ﬁ;‘g;g'ﬁ - 10.18 8.685 1.395 1.395 12,975 0
Baikonur 10.14 5.1 5.1 2.5 5.07 0
ﬁg;’;};“hy‘ 8.66 3.25 13 7.15 8.435 1.52
Aral 4.11 1.3 2.5 1.3 5.48 0

The linear dependence of exceeding the MPCs
of pollutants and the increase in cancer incidence
showed a positive trend for chlorine ions, colorectal
cancer, lead ions, and melanomas (Figures 1, 2). The

chlorides in the water increased intestine cancer inci-
dence by 17% with an approximation certainty of 0.38.
The lead in water increased the incidence of melano-
mas by 22%, with an approximation certainty of 0.79.
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Figure 1 - Dependence of intestinal cancer incidence on exceeding
the chlorides MPC in the Kyzylorda region water
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Figure 2 - Dependence of melanoma incidence on exceeding
the lead MPC in the Kyzylorda region water

The correlation coefficient was r=0.618; p=0.07 for
exceeding chlorides’ MPC and bowel cancer incidence.
Discussion: Exceeding the chlorine and lead MPCs
indicates significant environmental pollution in the

Kyzylorda region (Table 1). As described by Morris et
al., exceeding the pollutants’ MPCs in water is a risk
factor for developing many diseases, including cancer
[15]. According to Li et al. [16], the pathogenic factor
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of pollutants significantly reduces the polluted local
population’s quality of life and health [16].

Not all linear graphs of the correlation of exceed-
ing MPCs and cancer incidence showed a significant in-
crease in incidence, proving a multifactorial etiology
of cancer [17]. Figures 1 and 2 show that pollutants in-
crease intestine cancer and melanoma incidence by 17-
22%. El-Tawil and Clapp et al. describe the pathogenic
role of chlorides and lead in cancer development [18, 19].

When entering the body with water and food, chlo-
rides mix with hydrogen protons, forming hydrochloric
acid in the stomach (1). Its excess can enter the upper
(esophagus) and lower (intestines) parts of the gastroin-
testinal tract [20].

Cl+H*=HCI m

A reliable correlation between exceeding the MPCs of
chlorides and intestinal cancer incidence increase indicates
the role of increased Cl-content as a factor contributing to
malignancy and subsequent cancer development [21].

Conclusion: Heavy metals like lead in water sam-
ples in increased cancer incidence regions indicate a
co-dependent relationship between these factors: pol-
lutants such as chlorides and lead increase intestine
cancer and melanoma incidence.
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AHJATIIA

KbI3bIJIOPAA OBJIBICBIHAAFbI ALIIBIK CY KO3AEPIHAEI'T XJIOPU /I IEH KOPFACBIH
MNOHBIHBIH XAJIBIKTBIH KATEPJII ICIK AYPYBIHA 9CEPI

@.K. Paxumbexosa'?, M.I. Opaszanuesa®, T.I'. ['onuaposa®

1«C.[0. AccheHaunsipos aTbiHaarsl Kas¥MY» KEAK, Anmatsl, KasakctaH Pecnybnukachi;
2«Catbaes yHusepcutetin KEAK, Anmatsl, KasakctaH Pecny6nukacs;
3«Ka3ak oHkonorus xaHe pagnonorus FuinbiMn-3epTTey MHCTUTYThI» AK, Anmatbl, KasakctaH Pecnybnukackl

Oszexminizi: 2004-2013 sicvrnoap apanvievinoa Kazakcmanoa oHKon02UsIbIK aypyiapobliy sdcublHmolk kepcemxiuwi 100 mviy adamea wak-
xanoa 200 xcazoaiiovt Kypaca, Apan menisiniy anammel atimazvinoa wamamen 100 mvinea waxkanoa 225 sxcazoaiiovt Kypaowl. Canvicmeipma-
a6l mypoe atimcar, epkeHoezer Kapazanowr enipinde xamepii icix aypysi 100 moiy mypevinea wakkanoa 140 scazoaiiovt Kypaowi. 2021 sncvinst
Kuvizvinopoa kanaceinoa mox iwex Kamepai icicimen coipxammanywolivik 2015 swcvinzor 100 000 mypevinea waxkanoa 5,81 kepcemxkiwnen

canvicmuipeanoa 17,73 Kypaoei.

Atinanaoazvl Makpo- dHcone MUKpoopma Yakmopaapsl iCik UHUYUAYUSCOIHbIY mpueeep gaxmopiapsl boavin maodwvliadvl. Keyin karean Apan
meHi3iniy copmany mypinoezi my30bl wezinoinepi Oykin Kpizvliopoa obnviceinbly aymazbina mapaodel. Kenmezew sicvlioap 6ol necmuyuomep
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MeH MeXHON02UANBIK CyIap o3endepae mozinyoe, by 03eH0epOil JcazaiayiapolHod JHcone Keyin Kaiean Apan meyiziniy opHbiHOA €Y MEH MOonbl-
pakma aybip Memai my30apuliblly HCUHALYbIHA OKENIN COKMbIPObL, OVl 63 Ke3e2inde ocep emyi MyMKIiH. Kamepai iciK aypyblHbll apmybLl.

3epmmeyoin maxcamut — Koi36110p0a 00161CoIHOARHL AULBIEK CY AUOLIHOAPLIHOA2bL XTIOP HCOHE KOP2ACHIH UOHOAPLIMEH CYObIH J1ACMAHYbIHA
KamepJi iCiK aypynapulHbly moyenoinicin sepmmey.

Aoicmepi: Kvizviniopoa obvicet bouvinwa 2021 dcolivl 10Kaiuzayust GOUbIHULA OHKOIOUSLIIK AYPYLApObl MAi0ay: iuekK, ACKa3aH, CapKo-
manap, exkne Jcone menanoma. Kymic numpameimen mumpney apKwlivl Xi0p UOHOAPBIHBIY KYyPAMbIH AHBIKIMAY, AUUbLK CY KO30epinoe2i Kopeacbli
UOHOAPBIH CREKMPODOMOMEMPUSILIK AHBIKMAY. XTI0p MeH KOpP2dCblH UOHOAPbIHbIY KOHYEHMPAYUACHIHbIY OCbl AUMAKmMA2bl iCIK aypybimeH
CANBICMBIPMATbL KOPPENAYUSNBIK MATOAY L.

Homuacenepi: Kvizviiopoa 06nvicoinblly OapavlK 3epmmeinzet aublk cy Ko30epinoe X10p MeH KOP2aCblH UWOHOAPBIHbIY WeKmi pyKcam emii-
2eH KoHyenmpayusicol Hopmaodan 1,024-20,26 eceze scozapol 601061, muicinwe 1,4-14,1 ece. Cyoa xnopuomep0iy 6oaysi 0,38 sncyvix cenimoi-
qixknen iwex Kamepai icieiniy aypyvin 17%-2a apmmuipost. Cyoa Kopeacwinnsiy 6oayel 0,79 scywik cenimoiriknen mearanoma aypyvin 22%-2a
apmmuipowi. Koppensyus kosppuyuenmi r=0,618; p=0,07 xnopuomepdin LLIPK acvin kemyi swcone iwex icieiniy dcuiniei.

Kopvoimuinowvr: Kamepni icik aypyul dcoeapol aumakmapoadzel ¢y yiziiepinoe Kopeacvli CUSKMbL Ayblp Memanioaposly 001ybl 0Cbl pakmop-
aapovly e3apa moyendi baunianvlcoln Kopcemeoi. Xnopuomep men Kop2acbli CUAKMbL TACMAYUulbl 3ammap iwex icici Men MenaHoma aypybli
apmmulpaobwl.

Tyiiinoi co3oep: Kvizviiopoa, mearanoma, okne pazul, iulex iciei, X10p UOHOAPbl, KOP2ACbIH UOHOADDL.

AHHOTAIIUA

BJAUAHUE COJEPKAHUA HOHOB XJIOPA 1 CBUHIA B OTKPBITBIX HCTOYHUKAX BOIbI
B KbI3bIJIOPIMHCKOM OBJIACTH HA OHKO3ABOJEBAEMOCTH HACEJIEHU S

@.K. Paxumoexosa'?, M.I. Opaszanuesa®, T.I. I'onuaposa®

'HAO «KasHMY um. C.[1. Acchenausiposar, Anmartel, Pecnybnuka Kazaxcra;
HAO «Cartnaes YHusepcuteT», Anmatsl, Pecnybnuka Kasaxcrah;
3AO «Kazaxckuit Hay4Ho-MCCnea0BaTeNbCKMA MHCTUTYT OHKONMOTMM W paguonoruny, Anmartsl, PecnyGnuka KasaxctaH

Axmyansrocms: B 2004-2013 200ax cymmapuas onkoszabonesaemocms cocmaguna okoro 200 cuyuaes na 100 moicsiu nacenenus no Ka-
3aXCMany, 6 mo epems Kaxk 6 30He beocmesusi Apanvckoeo mops — oxono 225 cayuaes Ha 100 moicau Hacenenus. /{ns cpaguenus, onkosabone-
saemocmo 8 6azononyunom pecuone Kapaeanovl cocmasuna 140 cayuaee na 100 moicsiu nacenenus. Ha 2021 200, 3ab0ne6aemocms koropex-
manvubim pakom 6 Kvizvinopde cocmasuna 17,73 no cpasnenuio ¢ 5,81 na 100 moicsay nacenenus 6 2015 200y.

Daxmopwl OKpyIHCaAIOWelt MAKPO- U MUKPOCPEObL ABNAIOMCA MPUeepHbiMU (hakmopamu unuyuayuu onyxonu. Omiuodcenus conu ablcoxuie-
20 Apanvbcko2o Mops 6 6uoe CONOHUAKO8 PACHPOCMPAHUIUCL HA meppumopuio eceti Kvizvinopounckou oonacmu. [lecmuyuovl, npumensemvie 6
CeNbCKOM XO3AUCMEe, U MEeXHUYECKAs 800d COPACHIBANUCH HA NPOMAICEHUU MHOUX JIem 8 PeKU, YUMo NPUeeio K HAKONJIEHUIO CONletl MANCETbIX
Memarnnos 6 gooe u nouee Ha bepe2ax pexk u Ha mecme 8blcoxuieco Apanrbcekoeo mMops, 4mo, 6 oo ouepedb, MOJcem 6aUsmb Hd NOBbIUECHUE
OHKO03a001€6AeMOCMU.

Henv uccneoosanun — uzyuums 3a6UCUMOCHb OHKO3a001€8AEMOCIU OM 3A2PA3ZHEHUT 800bl UOHAMU XA0PA U CEUHYA OMKPLIMBIX 6000€-
Mo6 8 KvizvLiopounckoti obiacmu.

Memoowt: [Iposeden ananusz onxosaboresaemocmu 6 2021 200y 6 KvizvliopouHnckoil obiacmu no J10KAIU3AYUAM: KUUEUHUK, HCETYO0OK,
capkombl, neekue u meaanomol. Onpedeieno memooom mumpuposanus HUmMpamom cepeopa cooepiucanue UOH08 Xaopd, CReKmpogpomomempu-
yeckoe onpedenenue UOHO8 CEUHYA 8 600€ OMKPLIMbIX 6000€MO08. Bbinonnen cpagnumenbublil KOpperayuoHHbIL AHANU3 KOHYSHMPAYuu UOHO8
XJ0paA U CBUHYA ¢ OHKO3A00]1e6AeMOCMbIO OAHHO20 PEUOHA.

Pesynomamet: IIpedenvro oonycmumvie konyenmpayuu (11JK) uonoe xnopa u ceunya 8o ecex ucciedyemvix omxpbimuix 6o0oemax Koizvi-
Jnopounckotll obracmu npegviuiany nopmy 6 1,024-20,26 pasz u 1,4-14,1 pas, coomsemcmesenno. llpucymemeue xa0puooe 6 600e noguicuio 3a60-
1e6aeMoCmb KOIOPeKManoHolM pakom na 17%, npu 0ocmogeprnocmu annpokcumayuu 0,38. Haruuue ceunya 6 600e nogvicuno 3abonesaemocns
menanomamu na 22%, npu oocmoseprocmu annpoxcumayuu 0,79. Koaghpuyuenm xoppensyuu npesviwenus I1/[K xropuoos u yseruuenus
3abonesaemocmu KorOpekmanbHulm pakom cocmasun r=0,618; p=0,07.

3aknwuenue: Hanuuue msoicenvix memanios, 8 0AHHOM Cryyae C8UHYd, 8 NPOOAX BOObL 8 PESUOHAX C NOBIUEHHOT OHKO3A001e84EMOCHIbIO
VKA3bl8aAem HA CO3AGUCUMYIO CBA3b IMUX hakmopos. Takue noanomanmsl, Kak X10puosl u cUHel, CROCOOCMBYIOM NOGblUEHUIO 3a001e6aeMO-
CMU PAKOM KUMMEYHUKA U MENAHOMOU.

Knwuegvie cnosa: Kvizviiopoa, menanoma, paxk 1e2kux, paxk KUleuHuKd, uoHbl X10pd, UOHbL CEUNY.
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