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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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ASSESSMENT OF SOCIAL AND ENVIRONMENTAL DAMAGE CAUSED
BY SEWAGE AND COLLECTOR-DRAINAGE WATER POLLUTION IN
THE LOWER REACHES OF THE SYRDARYA RIVER

Abstract. The significant impact of irrigation on the natural and ecological situation in the zone of irrigated
agriculture in Kazakhstan was determined by the concept of irrigation development in Central Asia and Kazakhstan.

The problem of reducing the existing environmental conditions on the irrigated lands of Kazakhstan, especially
in the Southern and South-Eastern regions, and the normalization of the ecological and meliorative situation are
directly related to various water management regions of Kyrgyzstan and Uzbekistan.

The Syrdarya river, which flows among these countries, comes to us with a water salinity of 1,75 g/l. They are
also contaminated with pesticides, organochlorine pesticides — DDT (dichlorodiphenyltrichloroethane) and HCH
(hexachlorocyclohexane), used on irrigated land. Water salinity is also increasing in the territories of Kazakhstan.

In general, on irrigated lands, as a result of salt intake from irrigation waters, there was an increase in salt
reserves in soils and ground waters. Their intensity largely depends on the salinity of irrigation water and the volume
of water intake. As a result of regulating the flow of the river. An irreversible soil-ecological process is taking place
in the Syrdarya with great intensity, where the development of irrigated land and the volume of CDW (collector-
drainage water) and wastewater discharged into the rivers in the upper reaches of the rivers has been widely
developed.

Key words: mineralization, wastewater, irrigation system, salt balance, irrigation regime, collector-drainage
water.

Introduction. Thus, as a result of anthropogenic impact in the natural environment of the river basin,
in the Syrdarya, salt accumulates mainly in ground water, which can dramatically worsen the reclamation
and environmental situation on irrigated lands and transfer it from the zone of controlled and accounted
for consequences to the zone of uncontrolled and not accounted for, as in the Aral sea basin.

Therefore, the system of economic levers should include such management parameters as cost
estimates of damage from water pollution. This will encourage the introduction of environmental and
resource-saving technologies in agriculture, as well as compensation for damage caused to agriculture as a
result of water pollution.

A full calculation of the damage to the national economy and the state caused as a result of the
negative impact of economic activities on water resources is possible on the basis of an economic
assessment and consideration of factors affecting the environmental situation of the region, which include
economic, socio-economic and social damage.

Economic damage (£i) — losses from product quality reduction (Ep), losses from product under-
receipt (Ec), costs of restoring or maintaining the normal state of the natural environment (Em).

Socio-economic damage (ESi) — losses in health and social security related to the increase in
morbidity (Esm), losses due to migration caused by the deterioration of the natural environment (£Sp), the
cost of additional recreation due to the unsatisfactory state of the natural environment (ESr).

— 4 ——
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Social damage (Si) — ecstatic losses due to the destruction of the natural environment (Se),
psychological losses caused by the unsatisfactory state of recreation areas (Sp), losses caused by the
deterioration of the environmental conditions of life of members of society (S/). All this is the amount of
transformable damage caused to the national economy from pollution of water sources and is defined as
the sum of individual damages, i.e.:

> Di=Ei+ESi+Si=(Ep+Ec+Ea+Em)+(ESm+ESp+ESr)+(Se+Sp+Sl), D

The economic damage caused by water sources pollution caused by water consumers who carry out
various measures to restore lost products is determined by the formula:

Ep=(P,-P,)VP, (2)

where []; and /{; are the purchase price of agricultural products before and after contamination of the
water source; BII is the annual volume of agricultural production.

Ec=AVP(C>-C;+K), 3)

where C1 and C2 are the annual production costs, respectively, before and after source pollution and
humus removal; A VP - decrease in annual production when a water source is polluted and soil fertility
decreases; AK - increase in specific capital investments of a water consumer when a water source is
polluted and loss of fertile soils.

The economic assessment of the annual damage from the annual discharge of pollutants into the
water management area is determined by the formula:

Eai=144*6.*M, ()

where 6, is a constant that characterizes water management areas and river basins; M is the reduced mass
of the annual discharge of impurities by this source of pollution into the water source, conditionally T/year
and is determined by the formula:

N
M:ZAi*m[, )
i=l1

where i - ordinal number of the discharged impurities; m; is the total mass of the annual reset of the i-th
impurity, T/year; N is the total number of impurities, discharged into the water source; A - the relative
hazard of resetting the i-th substance in reservoirs, conditionally T/year, determined by the formula:

Ai=1/MPCp/x/, (6)

where MPCp /x/ is the maximum permissible concentration of the i-th substance in the water used for
fisheries purposes, t/ m’.
The 4; value for some common pollutants, depending on the type of wastewater, is shown in table 1.
Economic damage from the cost of restoring or maintaining the normal state of the natural
environment is determined by the formula:

Em=(Cs;-Csz)*W; @)

where Cs; and Cs; are the cost of treatment per 1m® of water before and after certain stages of water
protection measures, tenge; Wi is the volume of contaminated water, m’.

Methods. Socio-economic damage due to increased morbidity is determined by the direct counting
method, which consists in comparing the incidence rates in the studied polluted and control (non-polluted)
areas. In this case, the damage due to increased morbidity (ESm) is defined as the sum of the cost of
"unexpected" products and treatment costs.

ESm=U+H,+H;, (8)

where U is the cost of under-delivered products, tenge; H;-funds spent on hospital treatment, tenge;
H; - the same for medical examination of patients, tenge.

U=0*1yq ©)
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where O is the average output of one worker per day, tenge; /..« is the number of working days lost due to
disability due to increased morbidity.

H=K*D, (10)
where K is the cost of hospital bed days, tenge: D is the number of days of hospital stay.
H>=K;*D;, (11)

where K is the cost of one doctor's visit, tenge; D; is the duration of medical examination.
Losses due to migration caused by environmental degradation (ESp) and is defined as the sum of
"non-produced products and compensation costs".

ESp=N;+Cc=(Aa*St)+(Ce*P), (12)

N - the cost of non-produced products due to migration of personnel, tenge; Aa - average annual output of
one employee, tenge; St - staff turnover due to deterioration of the natural environment, h;
Cc - compensation costs due to migration caused by deterioration of the natural environment, tenge;
Ce - the amount of compensation expense received due to migration; P - the number of people changing
their residence due to deterioration of the natural environment, people.

The cost of additional recreation required due to the unsatisfactory state of the natural environment
(ESr) is determined as the amount:

ESr=U+Sm=A*Nr+Hc*Hr, (13)

where Nr is the number of working days lost for additional rest necessary due to the unsatisfactory state of
the natural environment; Hc is the cost of bed days in holiday homes and resorts; Hr is the number of days
spent in a holiday home and resort.

Results. The most difficult task was to determine the social damage received by the national
economy from water pollution and depletion. Since the payment for social damage caused by
environmental pollution has not been established, they can be estimated based on the standards for the cost
of new land as a means of production in the national economy, i.e.

Si=(Sm+ Sp + SI)=F(Cy+ Ces), (14)

where F is the area of the recreation area in river basins, ha; Cy - is the cost of land tenge/ha; Ces is the
capital investment spent on restoring the ecological situation of the recreation area, tenge/ha.

Losses from water pollution are equated to the costs necessary to restore the quality of contaminated
water to the required condition. The amount of losses is determined depending on the mass of discharged
pollution (Pi), specific values of losses, type of pollution (i) and categories of water body and is
determined by the formula.

Pi:Qi(Kopi'Khi) *Zi*IO_é, (15)

where Pi - weight of i-th contaminated substances, taken into account when calculating the damages (m;);
O - flow rate of return water exceeds the i-th pollutant, m*/t; K,,; and Kj; - average for the reset period of
the concentration of the i-th pollutant, respectively, the actual and permissible according to the standards
and agreed with the authorities on regulation of use and protection of water, g/m’; t' - is the reset period of
the i-th contaminated substances hour.

At this concentration, the amount of damage can be determined by the reduced cost of cleaning water
from a contaminated source to the requirements of the "rules for the protection of surface water" using the
formula:

D;=P; *Cs; (16)

where V; is the damage caused by water pollution, tenge; C; is the specific amount of losses caused to the
national economy from the mass of discharged pollutants, tenge/t.

—— 48 ——
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Table 1 — Estimated values for preventing economic damage when using wastewater for irrigation

Reduced weight Pollution . . Indicator for the
. X . Degree of soil | Amount of dirt .
Indicators of annual discharge |concentration, content . . dangerous discharge
. . . . purification removed by . L
of pollution of impurities (mm) us, | in wastewater before (MPC), g/m® | the soil, m, g/m’ of impurity i of
g/m irrigation, g/m3 '8 M8 the substance (4i)
Suspended solids Municipal sewage 4854 20,0 465,4 0,05
*BOCs 23,3 120,0 3,0 117,0 0,33
#%COD 38,6 152,0 6,0 146,0 0,17
Total nitrogen 24,8 13,4 - 3,4 0,10
Suspended solids 0,3 595,0 20,0 585,0 0,05
BOC:s Poultry factories 1500,0 3,0 1497,0 0,33
COD 29,3 850,0 6,0 844,0 0,17
Total nitrogen 494.0 64,0 10,0 54,0 0,10
Suspended solids 143,5 1987,0 20,0 1967,0 0,05
BOC:s 5,4 - - - -
COD Animal and water 214,0 6,0 5208,0 0,17
complex runoff (cattle)
Total nitrogen 98,4 805,0 10,0 795,0 0,10
Suspended solids - 143,0 20,0 123,0 0,05
BOC:s 885,4 59,0 3,0 56,0 0,33
COD 79,5 313,0 6,0 307,0 0,17
Standard clean waters
Total nitrogen of industrial 29,0 10,0 19,0 0,10
enterprises
Suspended solids 6,2 800,0 20,0 780,0 0,05
BOC:;s 18,5 - - - —
COD 52,2 1442 6,0 1436,0 0,17
Total nitrogen 1,9 1288,0 10,0 1278,0 0,10
Suspended solids | Mieatprocessing plant 328,0 20,0 308,0 0,05
drains
BOC:s 39,0 - - - -
COD - 352 6,0 346,0 0,17
Total nitrogen 2441 23 10,0 13,0 0,10
Drains of Fhe cotton 15.4 B 58.8 13
mill
* - Biochemical oxygen consumption
** -Chemical oxygen demand

Based on the use of hydrogeological and hydrochemical data. We have determined the amount of
social and environmental damage from the mass of discharged wastewater and CDW, taking into account
the type and chemical composition, as well as its specific features (table 2).

Table 2 — Socio-economic damage from Syrdarya river pollution with in the Republic of Kazakhstan

) Indicators
Source of pollution
Pimin.t Cy, tenge/t Vi, min.tenge

Industry 0,25 130,14 32,535
Communal service 0,52 130,32 67,766
Agricultural industry 0,015 126,0 1,894
CDW from irrigated land 10,09 129,6 12973
Surface runoff from urban 0.20 128.7 2574
areas

TOTAL: 11,075 644,76 1425,235
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As can be seen from table 2, huge social and environmental damage was caused by the South
Kazakhstan and Kyzylorda regions in the basin of the river Syrdarya, where irrigated agriculture and
industry are widely developed, which amount to 1425.235 million tenge.

Thus, today every sovereign state has the right to demand compensation for social and environmental
damage that occurs when water resources are polluted by water users located in the upper reaches of
rivers. To do this, it is necessary to develop an economic mechanism for nature management that would
ensure the most complete coordination of individual, collective and state interests in the protection of the
environment and the rational use of natural resources.

K. K. Auyap6exos!, E. T. Kaiin6aes', I'. K. Menni6aena’

'Kasak yITTHIK arpapiblK 3€pTTey YHUBEpCHUTETI, Anmatel, Kazakcran;
2K JKuembaeB aThIHAarbl 6CIMIIK KOPFAY oHE KAPaHTHH FhLIBIMH-3€PTTEY HHCTHTYThI

CBhIPIAPHA O©3EHIHIH TOMEHI'T AFBICBIHIAYBI TOTTHAI
ZKIOHE KOJIJVIEKTOP-APEHAK CYBIHBIH (KIC) JACTAHYBIHAH
KEJIETIH 9JIEYMETTIK-9KOJIOI'UAJIBIK 3UAHBIH BATAJIAY

AunHoTanusi. Ka3akctaHHbIH CyapMalbl eriHIIUTK aiiMarblHIaFrbl TAOUFU-OKOJIOTHSIIBIK JKaFdaiFa cyapyablH
MaHbI3/161 9cepi Opra Asust men KazakcTaHarbl HPPUTALMSIHBL JAMBITY TY)KBIPBIMIAMAChHI HETI31H/I€ aHBIKTAIIIbI.

KazakcTaHHbBIH CyapMalbl KepiIepiHie, 9cipece, OHTYCTIK jKOHE OHTYCTIK-LIBIFBIC aiiMaKTapPbIHIA KaJbIITACKAH
9KOJIOTHSUIBIK HKAF A bl a3aUTY JKOHE IKOJIOTHSLIBIK-METMOPATUBTI HKAaF [ali bl

Bisre ocel ennepae arein kaTkaH CeIpiapus ©3€Hi CYBIHBIH TY3IBUIBIFEI 1,75 r/m-meH kememi. On cyapmaibl
JKepIiep/ie KOJIAHBUIATBIH MECTUIM, XJIOpopraHukanbik nectunuarepmer — T (quxiopau(eHUITpUXIopITaH)
sxone HCH (rekcaxmoprukiiorekcan) apkpuibl stactanrad. Cy/ipiH MuUHEpanaanybl Kazakcran ayMarbIHAa J1a apThill
KeJeni.

XKanmbl cyapmanbl )xepiaepae TY3AbIH CyapMalibl CyMEH Kellyl HOTHIKECIH/IE TOMBIPAKTa KIHE JKEPACThI CYbIH/A
TY3 KOPBIHBIH KeOeireHi Oaiikanmpl. OnapablH KapKbIHABUIBIFE KoOiHECe CyapMaibl CYABIH TY3IBUIBIFBIHA KOHE CY
ary MeJmiepiHe OaiaHBICTHI.

Crlpmapust ©3¢HIHIH aFbIHIBI CYBIH PETTEY HOTHKECIHAE CyapMalbl JKepJepai Urepy KoHe e3eHIepre Kyhblia-
ThH K/IB (KOJUIEKTOPIBIK-APEHAXKABI Cy) KoJIeMi MEH ©3eHIEPIiH JKOFapFhl aFbICHIHAAFbl aFbIHABI Cy MOJIIepi KeH
JIAMBIFaH KA TBIMCBI3 TOMBIPAKTHIK-IKOJIOTHUSUIBIK YEPIC KYpeii.

Tyiiin ce3mep: MuHepanm3anus, TOTiHII Cy, CyFapy JXYHeci, Ty3 Tele-TeHMIri, CyFapy peXuMi, KOJUIEKTOp-
JIPEHAXK CY.

K. K. Anyap6ekos!, E. T. Kaiin6aes!, I'. K. Menau6aesa’

'Ka3zaxckuii HAMOHAIBHEIN arpapHBIi HCCIIEI0BATENLCKII YHUBEPCUTET, AMatsl, Kazaxcran;
ZKa3axCKuil HayYHO-UCCIIEN0BATENBCKMI HHCTUTYT 3aIIUTHI U KapaHTHHa pactenuii uM. XK. XKuemGaena

OLIEHKA COLUAJIBHO-3KOJIOIT'HMYECKOI'O YHHEPBA OT 3ATI'PSI3HEHUSA CTOYHBIMUA
N KOJUVIEKTOPHO-JAPEHAKHBIMHA BOJAMM B HU30BbAX PEKHN CBIPJIAPBSI

AHHOTanusi. 3HAYNTENbHOE BIMSHUE WMPpPUrallid Ha IMPUPONHYIO M 3KOJIOTHYECKYI0 OOCTAaHOBKY B 30HE
oporraemoro 3emienenns Kazaxcrana ObuIo onpesienieHo KOHIENIHell pa3BuTus uppuraunu B LleHrpansHoil A3un n
Kasaxcrane.

[IpoOmeMBl CHIKEHHUS CYIIECTBYIOMIEH SKOJOTHISCKOW 00CTaHOBKH Ha OpoIIaeMbIX 3eMisix Kazaxcrana, oco-
OCHHO B I0XKHBIX M IOT0-BOCTOYHBIX PErMOHAaX, M HOPMAIM3ALMH 3KOJIOT0-MEIHOPAaTUBHON 0OCTAaHOBKH HEIOCpE.-
CTBEHHO CBS3aHBI C PA3IMYHBIMU BOJOXO3SIHCTBEHHBIMU paifoHaMu KbIprei3ctana n Y30ekucraHa.

Pexa Cripmapps, MpoTeKarommas MeXIy dTUMH CTpaHaMHM, IPUXOIUT K HaM ¢ MHHepaim3anueii Boasl 1,75 /.
OHH TaKKe 3arpsi3HeHbl NECTHLIUAaMHU, XJIopopranndeckumu necrunuaamu — /1T (quxsopandeHnnTpuxiopITad) u
I'XT" (rexcaxJIopuUUKIIOreKCaH), UCTIONb3YEMBIMU Ha OpOIIaeMbIX 3eMJIIX. MUHepanu3aiys Bosl U Ha TEPPUTOPUAX
Kazaxcrana.

B menom Ha opomraeMmbIX 3eMIISIX B Pe3yJIbTaTe MOCTYIUICHHS COJM W3 OPOCHUTENBHBIX BOJ HAOII0AaIoCh
YBEJIMYEHUE 3allacOB COJIM B MOYBAaX M TPYHTOBBIX BOoAax. MIX MHTEHCHBHOCTb BO MHOTOM 3aBHCUT OT MUHEpaIH-
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3allil OPOCHTENIbHOI BOJbI M 00beMa Bono03abopa. B pesynbrare perynupoBasioch TeueHue peku. HeoOpaTumpiii
MTOYBEHHO-3KOJIOTUIECKHN IIpoIiece ¢ OONBIION MHTEHCHBHOCTHIO IpoTekaeT B CreIpAapke, Ie IIMPOKO Pa3BUTO
OCBOCHHE OpOIIaeMbIX 3eMelib i 00beM cOpocoB 1[I0 (KOMIEKTOPHO-APEHAKHBIX BOJ) M CTOYHBIX BOJ B BEPXHUX
TEYEHUAX PEK.

KiroueBble c10Ba: MuHepaIn3alys, CTOUHbIE BOJIbl, ODPOCUTENIbHAS CUCTEMa, COJIEBOH OallaHC, PeKUM OpoIllIe-
HUs, KOJUICKTOP-APCHAXKHBIC BO/IbI.
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