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Abstract. This research study's overarching goal is to assess the effects of industrial (chemical components) and agricultur-
al (Pesticide residues) activities on the Syr-Darya. This study has the following specific goals: 1. Assess the current state of
Syr-Darya's water quality; 2. Examining the agricultural and industrial activities in the Syr-Darya (Kazakhstan) downstream
portion. In this study we aimed to assess the current state of water quality in the downstream portion of Syr-Darya using the
Water Quality Index (WQI) arithmetic method. The study specifically focuses on the effects of industrial and agricultural ac-
tivities on water pollution, including metallic and non-metallic chemical components, PH, TDS, other minerals, and pesticide
residues. The importance of this research lies in the lack of up-to-date evaluations of water quality classification and the poten-
tial impact of pollutants (industrial and agricultural activities) over the Syr-Darya. The literature review highlights the high
levels of pollution in the river due to industries and agricultural activities. Both upstream and downstream countries contribute
to the pollution, with upstream countries adding pesticides and downstream countries polluting the water through industrial
activities. The research will involve collecting secondary data from existing studies on water pollution and indicators of water
quality in the region. The methodology involves calculating the WQI using the Weighted Arithmetic Index Method, which
provides an overall index number representing the water quality. This research is important for understanding and managing
water pollution in the Syr-Darya river basin.
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1. Introduction

Despite the Syr-Darya River’s significance and its long
history of agricultural production, few researches have exam-
ined the effects of agricultural and industrial pollutants in the
present day [5]. Although, water contamination in the Syr-
Darya is a major cause for concern, there are few research
papers on the subject, which emphasizes the significance of
this work.

Water pollution in Kazakhstan is more important than
water scarcity. Water contamination closely linked to agri-
culture in the irrigated regions along the Syr-Darya. Soviet
initiatives to boost agricultural output in the Syr-Darya basin
led to a dramatic increase in water diversion, which had a
substantial negative impact on the water's suitability for
irrigation, fisheries, and other uses [8]. There are various
older research studies that rated the Syr-Darya's water quali-
ty, for example according to [1]: the Syr-Darya River is clas-
sified over its whole course as a moderately contaminated
water body (I1l class water quality) by the water pollution
index. Though, in this study, we tend to provide an update.

According to a comprehensive report produced as a result
of joint work between the United Nations Economic Com-
mission for Europe (UNECE), and the International Water
Assessment Centre (IWAC), during 2021 - 2023, the major
source of pollution in the basin is agricultural activities ac-
counts for 90% pollution of water volume. Although indus-
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trial pollutants have a significantly smaller volume it is more
poisonous, making them more harmful [9].

When the polluted water is released into the rivers un-
treated or poorly treated, it is difficult to restore its previous
status. The issue of water quality is more important than
climate change, water availability, and other issues because
water quality can have major impacts on urban but also agri-
cultural water use. There should be stricter rules for compa-
nies to take water treatment precautions. If other countries
are capable of good regulations on industrial water use, then
Kazakhstan can also do so. Then we can conclude that one
important source of pollution in Kazakhstan is industrial use.

In general, water volume in Kazakhstan is not such a crit-
ical problem, there is not so little water overall in the coun-
try, but, it is unequally distributed. Kazakhstan is an econom-
ically powerful country, and it has a huge potential for im-
proving water management by also showing a good para-
digm for the neighboring countries. This management is also
applicable to water quality issues in the same way [3]

Both upstream (Tajikistan and Kyrkyzstan) and down-
stream countries (Uzbekistan and Kazakhstan) are responsi-
ble for the river’s pollution. Upstream countries mainly pol-
lute the water by adding pesticides, which residues return to
the water because flooding irrigation is usually common in
Central Asian countries and downstream countries by mining
and quarrying that pollute the water and use water to dilute
by everyday activities.
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Industrial accidents at hazardous chemical facilities, in-
cluding at tailings management facilities, as well as other
industrial activities can cause water pollution and can have a
significant transhoundary impact when they occur in a trans-
boundary river basin. The integration of industrial risks, nota-
bly tailings risks, in river basin management plans, as well as
the enhancement of cooperation between industrial safety and
water experts are key for effectively preventing water pollu-
tion and its negative impact in the Syr-Darya river basin [4].

2. Materials and methods

In this study, we adopted a secondary data collection ap-
proach to gather and analyze data. This approach allowed us
to leverage previously collected information and focus on
analyzing, interpreting, and drawing meaningful conclusions
from the available data. For analyzing purpose, it is im-
portant to understand the extent of water pollution in the
basin. Some (few) researches has already stated the amount
of water pollution in the river. For example, in all the sam-
pling events for Syr-Darya, residues of lindane (y-HCH)
which is ranged from 0.014 to 0.24 pg/L detected in water
samples, are among the highest concentrations reported for
rivers globally. Lindane is a chemical compound that is used
both as an agricultural insecticide and as a pharmaceutical
treatment for lice and scabies [5]. Hence, literature review
was an effective tool for data collection procedure.

According to [1], as presented in table 1, water quality
indicators for Syr-Darya is indicated. MAC 1 and 2 is for
fisheries and agriculture, and MAC 3 is for drinking uses in
open water bodies. These indications served as the basis for
each parameter's standard values in our analysis. The param-
eters' indicators and mean concentration values described in
the following tables and paragraphs.

Table 1. Priority indicators of water quality in Syr-Darya
River Basin Ref [1]

No. Indicator Unit MAC1 MAC?2 MAC3
1 | Oxygen mg/Il 6 - 0.005
2 | BOD mgO?/l 3 6
3 | COD mgO?/I 15 -
4 Nitrite Nitrogen mg/l 0.02 3
5 | Salinity mg/Il 1000 - up to 1000
6 Chlorides mg/l 300 350 350
7 | Sulphates mg/l 100 - 500
8 Magnesium mg/Il 40 <40
9 Sodium mg/l 120 - 120
10 | Total hardness ml/l 7 7 7
11 | Copper ng/l 1 1 1
12 | Zinc ng/l 10 5 1
13 | Chrome VI ng/l 1 - 0.5
No more
14 | Phenol mg/l 0.001 than 0.01
. No more
15 | Oil products mg/l 0.05 than 0.05
16 | Fluoride mg/l 0.75 15 15

Furthermore, the most recent study, which was published
in 2023 by [6], also examined the amount of metallic, non-
metallic chemical compounds, other minerals, and total dis-
solved solids on three different bases: minimum, average,
and maximum as shown in Table 2. In this study we used the
mean values. In this research the approach is calculation of
WQI (Water Quality Index) using Weighted Arithmetic Index
Method [11], which indicates the extent of water pollution or
quality of water.
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Table 2. Major ions and TDS (in mg L™) collected for Syr
Darya waters in August 2021 [6]

Mineral ' TDS HCO; CO% CL S0?% | Ca** Mg* Na' K*
Metal/

Non-metal NA = NA N N N M M M M
ions

Average 1359 | 140 125 | 737 130 95 175 4.1
Maximum | 1502 247 9 147 | 804 170 109 213 438
Minimum | 1257 98 ND 113 661 116 89 | 158 24

This unique parameter will help us better understand the
current water quality of Syr-Darya in terms of an index num-
ber, which represents overall quality of water for any intend-
ed use. It defined as a rating that reflects the composite influ-
ence of different water quality parameters taken into consid-
eration for the calculation of water Quality index (WQI). The
indices are among the most effective ways to communicate
the information on water quality trends to the public or to the
policy makers and in water quality management. In formula-
tion of water quality index, the relative importance of various
parameters depends on intended use of water. Arithmetic
index method [11] used to calculate WQI (Table 3):

Step 1: In the present study, the unit weight (Wn) values
for each parameter calculated by using the following formula
taken from [12].

k
W, =—,
Sn
where, K = 1 = 1 :
1 1 1 1 1
—t—t—F. = >
S1 S2 S3 Sn Sn

Sn — standard permissible value for the nth parameters;

W, — unit weight for nth parameter;

k — proportionality constant.

Step 2: Calculation of Sub index (Qn) value by using the
formula:

(Vn _Vo)

= x100,
(Sn—Vo)

Qn

Qn — quality rating;

n — water quality parameter;

Vn» — mean concentration of observed value;

V; — standard value;

V, — ideal value, in most cases V, =0 except in certain
parameters like PH, dissolved oxygen, etc.

Vpn —7)

=—"—-x100;
rH ="g5-7)
Therefore,
(8.21-7) _
=" _-x100;
PH ="55-7) "
1.2
=—-x100=0.8.
QpH L5) X
Step 3: Calculation of WQI, by combining step 1 and step 2:
wQl _ ZWhQn ;
2Wy
89.25

WQI === =89.25.
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Table 3. Calculation of WQI

. IDEAL
Parameters Stzzggz)ird 1/Sn | = 1/Sn 1 /(ZKl/_Sn) \}I(V/ISE \(/\a/|(L)l)e \'X,L 732 ((i?:) Vn/Sn Qn;%rgSn WnQn
PH 8.5 0.118 0.259 3.861 0.454 7 8.21 0.8 80.000 36.342
EC 300 0.003 0.259 3.861 0.013 0 318.4 1.0613 106.133 1.366
TDS 500 0.002 0.259 3.861 0.008 0 1359 2.718 271.800 2.099
Ca2+ 75 0.013 0.259 3.861 0.051 0 130 1.7333 173.333 8.924
Mg2+ <40 0.025 0.259 3.861 0.097 0 95 2.375 237.500 22.926
CL- 250 0.004 0.259 3.861 0.015 0 125 0.5 50.000 0.772
Na+ 120 0.008 0.259 3.861 0.032 0 175 1.4583 145.833 4.693
K+ 12 0.083 0.259 3.861 0.322 0 4.1 0.3417 34.167 10.994
SO(4) 2- 500 0.002 0.259 3.861 0.008 0 737 1.474 147.400 1.138
Sum 0.259 1.000002 89.254

3. Results and discussion

In 2011, a UNECE report conducted by Gapparov B.Kh.
and Beglov I.F. provided a numerical analysis of the priority
indicators of water quality in Syr-Darya for fisheries, agricul-
ture, and drinking water. These indicators were evaluated
based on the maximum acceptable concentration, as shown
in Table 1.

Our study determined that the median value for pH in
Syr-Darya was 8.21, the median value for electrical conduc-
tivity (EC) was 318.4 uS em™?, and the median value for total
organic carbon (TOC) was 2.75 mg/I.

Table 1 and Table 2, which are included in our study, serve
as the foundation for calculating the Water Quality Index
(WQI) and provide a description of the current water quality
status in Syr-Darya. To estimate the WQI, we took the average
values from nine different sites, focusing on the concentrations
of minerals in the river, as presented in Table 2.

Furthermore, we evaluated the suitability of the WQI
values for human consumption according to Mishra and
Patel's (2001) study [7]. The ratings for the WQI values are
as follows:

Table 4. Classification of Surface Water quality according to
Mishra and Patel

. WQI Yadav et WOI Rama-
Category Water Quality al. krichnaiah et al.
| Excellent 0-25 <50
1 Good 26-50 50-100
11 Poor 51-75 100-200
\Y Very Poor 76-100 200-300
V Unsuitable Above 100 >300

Our calculations and literature analysis revealed that the
water quality of the Syr-Darya falls under Mishra & Patel's
(2001) 1V category, as indicated in Table 4, which is «Very
Poor» and unfit for drinking purposes.

4, Conclusions

In conclusion, this research study aimed to assess the wa-
ter quality in the downstream portion of the Syr-Darya River
using the Water Quality Index (WQI) arithmetic method. The
study focused on the effects of industrial and agricultural
activities on water pollution, specifically metallic, and non-
metallic chemical components, and pesticide residues. The
findings from the literature review emphasized the high lev-
els of pollution in the river due to agricultural and industrial
activities. Both upstream and downstream countries contrib-
ute to the pollution, with upstream countries adding pesti-
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cides and downstream countries polluting the water through
industrial activities.

The research utilized the Weighted Arithmetic Index
Method to calculate the WQI, which provides an overall
index number representing the water quality. The results
showed that the water quality of the Syr-Darya falls under
the «IV» Mishra and Patel rating, of the «Very Poor» catego-
ry, rendering it unfit for drinking purposes, but suitable for
agriculture and fisheries.

This research is significant as it provides a modern evalu-
ation of water quality and highlights the potential impact of
agricultural and industrial pollutants in the Syr-Darya. It also
sheds light on the lack of research studies in this area, em-
phasizing the importance of further research and the need for
stricter regulations to address water pollution in the region.
By understanding, monitoring, and managing water pollution
in the Syr-Darya River basin, steps should be taken to protect
the ecosystem, ensure safe drinking water, and support sus-
tainable agricultural practices.
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Cy canacbIHbIH HHAEKCiHIH apu(pPMeTHKAJBIK diCi ApKbLIbI
ChipaapusiHbIH TOMEHTI aFbIC 06JIIrH/IEr] CY canachbIHbIH Kall-KYHiH
OaraJjiay

®.Canexut?", M.JI. Kycaunosa'

Kazax ynmmuix azpapavii sepmmey yuusepcumemi, Aimamot, Kasaxcmarn
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Annarna. Byn 3epTrey JKYMBICHIHBIH HETI3r MaKcaThl ©HEPKACINTIK (XMMUSIIBIK KypaMmaac OeIiKTep) *oHE aybulliapy-
aIIbUIBIK (TeCTHLUATED KaJIbIKTaphl) apekeTTepiHid Crlprapusra scepiH Oaranay Oosbin Tabbutaabl. by 3eprreynin keneci
HaKThl MakcarTapbl 0ap: 1. Cplpaapus CybIHBIH Ka3ipri xarnaiibiHa O0ara 6epini3; 2. Coipaapusubiy (KazakcTaH) TOMEHTI arbic
Oeutirinzeri aypUIapyallbUIBIK JKOHE OHEPKacin KbI3METiH 3eprrey. byn 3eprreyae 0i3 ChIpIapusiHbBIH TOMEHI1 arbIC
Oeutirinzeri Cy canachlHbIH arbiMiarsl skargaibiH Cy canaceinbly nHzaekci (WQI) apudmernkanbik 9/ici apKblibl Oaranaybl
MakcaT eTTiK. 3epTTey MeTaJll )KOHEe METaJT eMeC XUMHUSIBIK Kypamaactapasl, PH, TDS, 6acka MuHepaigap »oHe MeCTHIIU/-
TepAiH KaJIBIKTapblH KOCA alFaH/a, Cy/bIH JIACTAaHYbIHA ©HEPKACIIITIK )KOHE aybUIIapyallbUIbIK KBI3METIHIH 9cepiHe epeKIne
Hazap aynapazabl. by 3epTrey1iH MaHbI3/ABIIBIFGI Cy CallachIHBIH KJIACCU(HUKALMACH MEH JIacTayIbl 3aTTap/IbIH (@HEPKACINTIK
JKOHE ayBUIIIApyalIbUIBIK KeI3MeTi) ChIpaapusFa BIKTUMAN 9CEPiHiH Ka3ipri 3aMaHFbl OaranaylapblHBH OOJIMaybIHIA. One0n-
eTTepre IOy OHEPKACINTEp MEH aybUIapyallbUIBIK KbI3METiHE OaiIaHBICTBl ©3CHHIH JIACTAHYBIHBIH XOFapbl AEHreiiH
KepceTeli. AFBICTBIH JKOFapFbl )KaFbIHAAFbI eNAep /€, TOMEHT1 aFbICTarbl eNIep JIe JacTaHyFa YiIec KOCapl, )KOFapblIarbl ell-
Jiep TeCTULMATEPi KOCajpbl, all TOMEHI1 aFbIHAAFbl eJJep OHEPKACINTIK opeKeTTep apKbUIbI CyIbl JlacTaiasl. 3epTrey ai-
MaKTarbl CyJIbIH JIACTAHYbl MEH CY CalachIHbIH KOPCETKilTepi OolbiHIIa Oap 3epTTeyep/ieH KalTajaaMa JepeKTep/i KUHaY bl
KaMTUbl. ONICTEMe CyIblH CanachlH KOPCETETiH Kalllbl MHAEKC HeMipiH Oeperin CanmananraH apu()METHKAIIBIK HHIEKC
omicin maigananein WQI ecenteyai kamtuabl. byt seprrey Coipaapus e3¢Hi 0acceilHiHIETI CY/bIH JAaCTaHYbIH TYCIHY OHE
0ackapy YIIiH MaHBI3/IbL.

Heeizei co30ep: cy canacwin 6azanay, WQI, cy canaculibly UHOEKCI, apupMemuraivly 20ic, Memaioblk HcaHe Memaill emec
XUMUSTIBLK KOCBIILICIAD, CYObIY JACANYbl, NAU0aibl Ka30aiapobly KOHYEHMPAYUACHL, Cy Canacyl UHOEKCiHiy 6acbim Kopcem-
Kii.

OIIeHKa COCTOAAHMA KadyeCcTBa BOAbI B ITOTOKE Cblpﬂapbl/l C
HCIIOJIb30BaHUECM apH(l)MeTI/I‘leCKOFO METOJa HHAECKCA KaYyeCTBa BOAbI
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AnHorauus. OCHOBHOH NENbIO JAHHOTO HCCIIEIOBAHUS SIBISETCS OICHKA BO3JEHCTBUS MPOMBINIICHHONW (XMMHUYECKHUE
KOMITIOHEHTHI) U CENTbCKOXO3SIIICTBEHHOH (OCTaTKM MECTHIUAORB) AesTensHOCTH Ha Cripaapbio. JlaHHOE HCCIIe0BaHKE TIpece-
IyeT cleayromune KOHKpeTHble nenn: 1. OUeHuTs TeKyIiee cocTosTHNe KadecTBa BoAsl Ceipaaps; 2. M3ydeHne cerbCKoX03si-
CTBCHHOW U MPOMBIIIICHHOHN JesTeapbHOCTH B HMkHeM TedeHun Coipnapeu (Kasaxcran). B maHHOM uCClieIOBaHHU MBI CTpe-
MUWINCh OIICHUTHh TEKYIIEe COCTOSIHHUE KayecTBa BOJBI B HIKHEM TeueHHH ChIpAapbH, MCIONB3Ys apu(MeTHUECKU MeTo]
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nHaekca kadectsa Boabl (MKB). B uccnenoBannn ocoboe BHUMaHKE YAENISETCS BIMSHHUIO MPOMBIIICHHOW U CEIbCKOXO035H-
CTBCHHOMW JESATEIHLHOCTH Ha 3aTrpsA3HEHIE BOJBI, BKIIFOYAsi METAIUIMYECKIE W HEMETAUTHIECKHAE XUMIUECKrue KOMITOHEHTHI, PH,
TDS, apyrue MuHepajbl U OCTaTKHU MECTUIUAOB. BaXXHOCTb 3TOr0 MCCIEAOBaHUS 3aKIIIOYAETCS B OTCYTCTBHHM COBPEMEHHBIX
OIICHOK KJIacCH(HUKAIMU KaueCTBa BOJBI M MOTCHIIMATBHOTO BO3JICHCTBUS 3arpsA3HAIONIMX BEHICCTB (TPOMBINUICHHAS U CEIlb-
CKOXO3sIfiCTBEHHAasl JesATeabHOCTh) Ha ChIpmapbio. B 0030pe muTeparyphl MOTYEPKUBACTCS BHICOKUI YPOBCHB 3arps3HCHUS
peKH B pe3yJbTaTe MPOMBIIIICHHON U CENbCKOXO03SHCTBEHHOU AesaTenbHOCTH. CTpaHbl BEPXHETO U HIKHETO TEUEHUS! BHOCAT
CBOW BKIIaJ B 3arpsi3HCHUE: CTPAHBI BEPXHETO TEUYCHUS JTOOABISIOT MECTUIHIBI, & CTPAHBI HIDKHETO TEUCHHUS 3arPSA3HSIOT BOLY
B pe3yJIbTaTe MPOMEBIIUICHHON AesTebHOCTH. MccnenoBanue OyAeT BKIIOYATh COOp BTOPUYHBIX JAHHBIX U3 CYNIECTBYFOIIUX
HCCIIeIOBaHHUHN IO 3aTPsA3HEHHUIO BOIBI M TIOKA3aTeIsIM KadecTBa BOIHI B pernoHe. MeToamka BiitodaeT pacaer WQI ¢ ncnoss-
30BaHMEM METO/Ia B3BEIICHHOTO apU(pMETHIECKOTO WHAEKCA, KOTOPHIH JaeT o0Imee YiciIo MHACKCOB, OTpaXkarolee KadecTBO
BOJIBL. JTO MCCIIEIOBAaHNE Ba)KHO UIS IOHUMAHUS M YIIPaBICHUS 3arpsi3HEHHEM BOHI B Oacceline pexu CrIpaapbs.

Knroueewte cnosa: oyenxa kawecmsa 600vt, WQI, unoexc kauecmsa 800vl, apugpmemuieckuti Memoo, XumuvecKue coeou-
HeHuUsl, 3a2pA3HeHUe 800bl, KOHYEHMPAYUs MUHEPAT08, UHOEKCA Kauecmad 800bl.
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