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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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HYDROCHEMISTRY OF THE PYANJ TRANSBOUNDARY
RIVER UPSTREAM, MIDDLE AND DOWNSTREAM
AND THE CRITERION ITS USE FOR IRRIGATION

Abstract. The water quality of the transboundary Pyanj River in the formation zone and along the riverbed
before merging with another tributary of the transboundary Amu Darya River-the Vakhsh River was studied. The
water quality on the upstream river corresponds to the very soft class (> 1.5 mmol/dm?) and in the middle and the
downstream to the soft class (1.5-3.0 mmol/dm3). At the upper, middle and lower reaches of the Pyanj river the
concentration of alkaline earth exceeds alkali metals (Ca?" + Mg*> Na* + K*) at HCO5 > SO4* + CI" and according
to the Handa classification they are characterized by temporary rigidity. To assess the criterion of applicability of the
Pyanj river water for irrigation the coefficient of sodium adsorption (SAC) was calculated for water samples from the
upstream (Khorog), middle (Darvaz) and the downstream (Lower Pyanj) of the Pyanj river that were equal to 0.88;
1.07; 1.71, respectively. The SAC values for all water samples (from the upper, middle and lower reaches) of the
Pyanj river indicate their good qualities for irrigation of agricultural land. The concentration of heavy metals in the
Pyanj river is significantly lower than the maximum permissible concentration (MPC).

Key words: agriculture, underground water, solubility of cations, adsorbtion, irrigation.

Introduction. The problem of water quality of river systems and providing the population with safe
drinking water, preventing the transfer of water pollutants through crops are one of the Millennium
Priority Goals. Solving these problems requires an integrated approach to monitoring water quality from
the formation zone to downstream. River systems are polluted mainly in the middle reaches and in the
downstream dispersion zone. To determine the sources of river pollution and establish a balance of
polluting chemicals, it is necessary to determine the quantitative values coming from the upstream river
pollutants.

The formation of the quality of natural waters depends on their physical, chemical, biological and
radiological characteristics that are greatly influenced by the geological structures, climate and topography
of the zone of formation of water resources [1-5]. However, anthropogenic pressure is a major factor in
the pollution of water bodies and arteries [1,2,8,9,10]. A wide and comprehensive review of the literature
on the selection of optimal indicators for a comprehensive assessment of surface water quality was done in
[6,7,11,12]. The importance of systematic monitoring of water quality is determined by the fact that
pollutants in the aquatic environment, due to the occurrence of appropriate physicochemical processes,
can transform into more toxic components or generate the appearance of other compounds that are
dangerous to the environment and living organisms [13,14].

It is worth mentioning, the problem of water quality is especially relevant for Transboundary Rivers
when the formation and dispersal zone of river is located in two or more countries.
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For example, the water quality problem of the Zeravshan River the Transboundary River between
Tajikistan and Uzbekistan has long been the subject of heated debate and mutual claims arising from the
operation of the Anzob mining and processing plant in the middle reaches of the Zeravshan River on the
territory of Tajikistan [15,16].

The database on transboundary freshwater disputes (DBTFW) at Oregon State University (OSU) has
identified 263 water basins that cross national borders and cover more than 40% of the world's population.
Now, humanity is faced with the cataclysms of global climate change manifested in the reduction of water
resources and areas of glaciation, water scarcity and significant changes in the water cycle and increases
of emergencies [17-20].

A reliable and effective way to solve water quality problems of Transboundary rivers and prevent
conflicts and disagreements between neighboring countries is to create a database of real data on water
quality indicators in the formation and dispersion zone of river and their quantitative value in the border-
crossing zone.

The Pyanj river is one of the tributaries of the Transboundary Amu Darya river with the basin areas
113.6 thousand km? that about 73% (82.9 thousand km?) is located in Tajikistan, 27% (30.6 thousand km?)
in Afghanistan.

The average long-term runoff of the Pyanj River is 7.0 km® at the upstream and increase up to
39.8 km® in downstream. The norm of the average annual maximum discharge of the Pyanj River is
3670 m*/s and minimum water discharge (193 m?/s) is observed in December-February.

Water resources formed in the Aral Sea basin are 148.5 km*/year (116.5 km®/year — natural river flow
and about 32.0-33.0 km®/year-return water) and their distribution between the countries of the basin is as
follows: Uzbekistan — about 53%, Turkmenistan — 20%, Tajikistan and Kazakhstan — 10%, Kyrgyzstan —
less than 5% and Afghanistan — about 2% [21]. According to the World Bank, from 400 thousand ha
irrigated in northern Afghanistan of land about 100 thousand ha irrigated directly from the Pyanj and Amu
Darya Transboundary Rivers. The growth potential of irrigated lands in the Afghan territory in the basin
of these rivers is huge and the irrigation area of fertile lands can reach, according to various estimates,
about 500 thousand ha.

Consequently, after the stabilization of the political situation, Afghanistan will claim additional water
from the water resources of the Amudarya river basin, and Afghanistan's water withdrawal will reach
9.0 km®/year by the middle of the XXI* century that will lead to a runoff decrease in the downstream of
the Amu Darya.

This means that when the full potential of agricultural land in the north of Afghanistan is developed,
it is likely that the anthropogenic pressure on the water resources of the Pyanj River will increase with the
influx of municipal sewage and return water from agricultural land. The issue of water quality will appear
on the agenda — which country of the basin, in what quantities pollutes the waters of the Pyanj River. The
statement that in the mountainous territories of the river catchment in Tajikistan anthropogenic pollution is
minimized will not be sufficient to solve the problem. This will require evidence of river water quality in
the relevant sections of the river.

The aim of this work is to monitor the water quality of the Pyanj Transboundary River — the main
tributary of the Amu Darya.

Objects and Methodology. Water sampling in the Pyanj river upstream, middle and downstream
was performed at the Khorog (37°30°N 71°30’E) Darvaz (38°28°'N 70°53’E) and Nijniy Pyanj
(37°11’N 68°35’E) hydrological stations, respectively (figure 1). The physical and chemical analyses of
the waters samples were carry out by use of the «TaLab» spectrophotometer according corresponding state
standards.

At chemical analyses and interpretation of results was guided by the normative document «Sanitary
and epidemiological requirements to water sources, water intake sites for drinking purposes, drinking
water supply and places of cultural and domestic water use and security of water facilities» (Order of the
Minister of national economy of the Republic of Kazakhstan, March 16, 2015 No. 209). In addition, state
standards were relevant: Na" (State standart 26449.1-85, n.17.1), K" (State standart 26449.1-85, n. 18.1),
Ca®" (State standart 26449.1-85, m. 11.1), Mg*" (State standart 26449.1-85, m.12), NO;™ (State standart
33045-2014).
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Figure 1 — Sampling points of water from the Pyanj river (Khorog Darvaz, Nizhniy Pyanj)

Results and discussion. The World Health Organization (WHO) has developed international water
quality standards in the form of guidelines that are used as basic rules and standards in developing and
developed countries. According to these standards, the maximum permissible concentration of the total
hardness of drinking water is 15 mmol/dm’ and the most favorable is 3.0 mmol/dm’.

The results of chemical analyses of water samples from the formation zone (Gunt), the middle
(Darvaz) and the downstream (Nijniy Pyanj) of the Pyanj river are presented on the Table.

From the Table it follows that the water in all three section (upstream, middle and downstream) of the
Pyanj river meet the requirements for drinking water. In addition, the water of the Pyanj river in the
upstream corresponds to the very soft class (>1.5 mmol/dm?*), in the middle reaches and downstream to the
soft class (> 1.5-3.0 mmol/dm>).

At the upper, middle and lower reaches of the Pyanj river the concentration of alkaline earth exceeds
alkali metals (Ca®" + Mg”>"™> Na* + K") (figure 2) at HCO3™ > SO,* + CI (figure 3) and according to the
Handa classification they are characterized by temporary hardness.

The chemical indicators of water in the upstream (Khorog), middle (Darvaz)
and the downstream (Nijniy Pyanj) of the Pyanj river

Value
Indicators Unit — -
Khorog Darvaz Nijniy Pyanj
Hydrogen index pH 6.4 7.86 7.88
Total mineralization mg/dm? 86 257 286
Dry residue mg/dm3 22 190 224
Total hardness mmol/dm? 1.34 2.35 2.65
Permanganate oxidability mgQ0s/dm? 0.32 1.04 0.98
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Figure 2 — Concentration of water composition cations on the upstream (Khorog),
middle (Darvaz) and downstream (Nijniy Pyanj) of the Pyanj river
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Figure 3 — Concentration of water composition anions on the upstream (Khorog),
middle (Darvaz) and downstream (Nijniy Pyanj) of the Pyanj river

To assess water quality for irrigation purposes Na" or alkaline hazard expressed by the coefficient of
sodium adsorption (SAC), is widely used. If the water used for irrigation has a high Na and low Ca*"
contents the ion-exchange sites can be saturated by Na' that destroys the soil structure due to the
dispersion of clay particles. Such soils reduce plant growth

The sodium adsorption coefficient for the test waters is expressed as follows [22]:

SAC=Na"/ ((Ca*" + Mg*") / 2)'?

The concentration of cations at the Pyanj river upstream is insignificant and increases downstream. A
particularly noticeable increase of the Na" and Ca®" cations is observed (figure 2). According to Table at
the Darvaz and the Nijniy Pyanj hydrological stations, the water of the Pyanj river is slightly alkaline.
Therefore, it can be assumed that leaching of coastal ground sediments occurs downstream of the river and
water is enriched by Na* and Ca** cations.

Thus, the calculated SAC values for water samples at the three water sampling points of Khorog,
Darvaz, and Nijniy Pyanj correspond to 0.88; 1.07; 1.71 respectively. The obtained SAC values for all
water samples from the Pyanj River indicate their good qualities for irrigation of agricultural land.

The NO;™ content in upstream water samples corresponds to 0.3 mg/dm® and increases to 2.2 mg/dm’®
in the Pyanj river downstream. Relatively low concentration of the NOs™ anion along the Pyanj riverbed
indicate that there are no stationary sources of anthropogenic pollution from agricultural and municipal
wastewater.
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Figure 4 — Concentration of heavy metals on the water composition at the upstream
(Khorog), middle reaches (Darvaz) and downstream (Nijniy Pyanj) of the Pyanj river
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The content of heavy metals in the composition of the Pyanj river water in the formation zone, the
middle course and the Nijniy Pyanj river show that the concentration of heavy metals along the entire
channel of the Pyanj River is significantly lower the MPC (figure 4).

Conclusion. Summary of the results of chemical analyzes established that the transboundary Pyanj
river is not affected by stationary sources of anthropogenic pollution. The nature of the formation of the
chemical composition of water is due to the geological properties of the formation zone and the processes
of leaching of rocks. In terms of quality, the Pyanj river water throughout the river channel meets all the
requirements for drinking water. According to the values of the sodium adsorption coefficient (SAC), the
water flow of the Pyanj river is quite suitable for irrigation of agricultural land. The content of heavy
metals in the composition of water is significantly lower than the MPC.

W. 111. Hopmarog!, B. B. Fonuapyk?, H. A. Amupraaues’, A. C. Maaun6exos®, A. U. Hopmaros*

Toxik ynTTRIK yHUBEpCHUTeTi, [lymante, ToxkikcTaH;
2A. B. JlyMaHCKHii aTbIH/IaFbl KOJUIOU/ITHI HKIHE CY XMMHUSCHI HHCTHTYTHI;
Vkpauna ¥ITTHIK FRUTBIM akageMusichbl, Kues, Ykpauna;
3 «Teorpadus xoHe cy Kayincizairi uacturytey AK, KP BFM, Anmvarel, Kasakcran;
4ToKiKCTaH TEXHOJOTUSIIBIK YHUBEpcuTeTi, Jlymante, ToxikcTan

IIAHIK TPAHCIIEKAPAJIBIK ©O3EHIHIH KOF'APTBI, OPTA )KOHE TOMEHI'T ATBICBIHBIH
TUJIPOXUMUSACHI )KOHE CYAPY YIIIH MAHJAJIAHY KPUTEPUIJIEPI

Annotanusi. JKymeic IIsSHDK TpaHcIIeKapanblK ©3€HiHIH KalblNTacy aiiMarbiHaH Oacram, ©3¢H apHachl
OolipiMeH AMypmapus TpaHCIIEKapaiblK ©3CHiHIH 0acka caimackl — BaXm e3eHiHe KOCBUIFaHFa JCHIHTi CYBIHBIH
carachlH KeIeH i 3epTreyre apHairaH. [ISHIDK e3eHiHIH Cybl KaJbIITAcy aiiMarblHIa ©Te >KYMCAaK KiacKa (IIeKTi
MoHi 1.5 MMosb/IM®), ar opTalia KoHE TOMEHT] aFBICHIHIAFBI Cybl — JKYMCAK Ki1acka (mekti MoHi 1.5-3.0 mMois/nm?)
coiikec keneni. IISSHIK ©3€HIHIH >KOFAapFBI, OpTa arbIChl MEH TOMEHI| arbIChIHAaH AJIBIHFAH Cy ChIHaMaJjlapblH/a
ciTinik *xep Metanaapsl cintinikren acwin tyceni (Ca** + Mg?" > Na™ + K*) xoHe a1ci3 TuapoKapOOHaT KbIIIKBLIEL
KymTi Keiiksuiaapaan acei tyceni (HCOs;™> SO4* + CI), xanmsl kabbuinanran Handa sxikremecine colikec onapra
yakpITIIa KepMek ToH. Cyapy ymris [TsH/DK ©3eHiHIH CYbIH KOJIaHy KpuTepuidiepiH Oaranay ymriH coiikecinme 0,88;
1,07; 1,71 6onarsiH [Ianmx e3eHiHiH xoraprbl (Xopor), opta (lapBas) sxoHe TeMenri (Temenri IIsHIK) cy cbiHama-
Japsl yiiH Harpuiain agcopoumst koaddummenti (CAC) ecenrenai. [IsHIK ©3eHiHIH OapiblK cy yiriiepi YyImiH
SAC moHI (KOFaprbl, OPTa JKOHE TOMEHTI arbICTap/aH) ayblIapyallblIbIK JKepJIepiH cyapy YILIiH OJIap/blH JKaKChl
KacueTTepiH kepcereni. [ISHIK e3eHIHIET] ayblp MeTaIAap IbIH KOHIIGHTPAIMCH IEKTi PyKcaT eTiINeH KOHIIEHTpa-
musinad (ILIPK) annexaiina Temen.

Tyiiin ce3aep: aybuIIIapyalIbUIBIFBI, )KEPACTHI Cybl, KATHOH €PITiIlTiri, aJCOPOUNSUIIBIK, UPPUTALHS

W. 111. Hopmatogs!, B. B. Fonuapyk?, H. A. Amupraaues’, A. C. Maau6exos®, A. U. Hopmaros*

ITamKUKCKIH HAITMOHAIBHBIH yHuBepcuter, [ymanbe, Tamkukucras;
2MHCTUTYT KOJUIOMIHOM XMMUH U XMMHUHU Bojibl uM. A.B. Jlymanckoro,
Hanuonanenas Axkanemus Hayk Ykpaunsl, Kues, YkpauHa;
3AO «uctuTyT reorpaduu u BoAHOM Ge30nacHoCTH» MHUHHCTEPCTBA 06pa3oBaHus
u Hayku PecryOnmku Kasaxcran, Anmarel, Kazaxcran;
4Texnonoruueckuii yausepcutet Tamxukucrana, lymante, Ta/oKuKUCTaH

TUJIPOXUMUSA TPAHCTPAHUYHOM PEKU IISAH/IK B BEPXHEM, CPEJJHEM
U HWKHEM TEYEHUM Y KPUTEPUI EE UCIIOJIb30OBAHUA JIJIS1 OPOILIEHUSA

AHHOTanms. 3y4eHo kauecTBO BOJIbI TpaHCTpaHUIHOHN peku [IsHK B 30He GOPMUPOBaHUS U BJIOJIb PycCiia JI0
CIIHSHUS C JPYTUM INPUTOKOM TPaHCIPaHUUHOU peku AMynapbu — pekoil Baxm. KauecTBo BoJbl B BEpXHEM T€UEHUHN
PEKH COOTBETCTBYET OUEHb MATKOMY Kiaccy (> 1,5 MMoib/qm3), a B CpeiHEM U HIKHEM TEUSHUH — MATKOMY KJ1accy
(1,5-3,0 mmouns/nm3). B BepxHeM, cpesHEM M HYDKHEM TEUCHHMH pek IISHIK KOHIEHTpaIys MIeJI0YHO3EMENTbHBIX
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METaJUIOB MIPEBBIIACT KOHIIEHTPAHIO Me0uHBIX MeTaiuioB (Ca2+ + Mg2+> Na+ + K+) npu HCO3- > SO42- + Cl
— ¥ 1o kiaccuukanyu XaHJa OHM XapaKTepPH3YIOTCs BPEMEHHOM JKECTKOCTBIO. [l OLEHKH KpUTEepHs MPUMEHU-
MOCTH BOJbI peku [ISHIK tst oporneHus 60Ut paccuntad kodhduiuent aacoporwn Harpus (CAC) mis mpob Boabl
BepxHero (Xopor), cpennero ([lapsa3) n HmwkHero (Hmwkauit [Isamk) Teuennus pexu [ISHIK, KOTOpbIe OBUTH PaBHBI
0,88; 1,07; 1,71 coorBercTBerHo. 3HadeHuss SAC mist Bcex mMpoO BOABI (M3 BEPXHETO, CPETHETO M HIDKHETO TEUCHHS)
pexu [IHmK yKa3pIBalOT Ha UX XOPOIINE KadecTBA I OPOIICHHUS CeIbCKOXO3sMCTBEHHBIX yroanid. KoHmenTparus
TSOKEITBIX METAJJIOB B peke I SIHK 3HaUNTEeNbHO HIDKE TIPeAebHO nommycTuMoi koHnenTpanun (IT1K).

KiloueBble c/10Ba: CEIbCKOE XO3SHWCTBO, TIIOJ3EMHBIE BOJBI, PACTBOPHMOCTH KAaTHOHOB, aacopoOuus,
HppUTaIus.
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