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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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология және 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, 
the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді 
геология және техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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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 (Eі) – losses from product quality reduction (Ep), losses from product under-
receipt (Eс), costs of restoring or maintaining the normal state of the natural environment (Em). 

Socio-economic damage (ESі) – 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 (ESp), the 
cost of additional recreation due to the unsatisfactory state of the natural environment (ESr). 
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Social damage (Sі) – 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 (Sl). 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=Eі+ESі+Sі=(Ep+Eс+Ea+Em)+(ESm+ESp+ESr)+(Se+Sp+Sl),                     (1) 

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=(P1-P2)VP,                                                                    (2) 

where Ц1 and Ц2 are the purchase price of agricultural products before and after contamination of the 
water source; BП is the annual volume of agricultural production. 

Eс=∆VP(С2-С1+К),                                                                (3) 

where C1 and C2 are the annual production costs, respectively, before and after source pollution and 
humus removal; ∆ VP - decrease in annual production when a water source is polluted and soil fertility 
decreases; ∆K - 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: 

Eaі=144*бк*М,                                                                    (4) 

where бк 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

i
imAiМ

1

* ,                                                                  (5) 

where i - ordinal number of the discharged impurities; ті 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 / MPCр/х/,                                                                  (6) 

where MPCр /х/ is the maximum permissible concentration of the i-th substance in the water used for 
fisheries purposes, t/ m2. 

The Аі 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=(Сs1-Сs2)*Wi,                                                                 (7) 

where Сs1 and Сs2 are the cost of treatment per 1m3 of water before and after certain stages of water 
protection measures, tenge; Wi is the volume of contaminated water, m3. 

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+H1+H2,                                                                   (8) 

where U is the cost of under-delivered products, tenge; H1-funds spent on hospital treatment, tenge;                   
H2 - the same for medical examination of patients, tenge. 

U=O*Iwd,                                                                        (9) 
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where O is the average output of one worker per day, tenge; Iwd is the number of working days lost due to 
disability due to increased morbidity. 

H1=К*D,                                                                      (10) 

where K is the cost of hospital bed days, tenge: D is the number of days of hospital stay. 

H2=К1*D1,                                                                     (11) 

where К1 is the cost of one doctor's visit, tenge; D1 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=N1+Cc=(Aa*St)+(Ce*P),                                                     (12) 

N1 - 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+Hс*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. 

Sі=(Sm+ Sp + Sl)=F(С0+ Cеs),                                                    (14) 

where F is the area of the recreation area in river basins, ha; С0 - is the cost of land tenge/ha; Cеs 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. 

Рі=Qi(Kopi-Khi)*ti*10-6,                                                            (15) 

where Pi - weight of i-th contaminated substances, taken into account when calculating the damages (mi); 
Qi - flow rate of return water exceeds the i-th pollutant, m3/t; Kopi and Khi - 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/m3; ti - 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: 

Dі=Рі*Сs;                                                                      (16) 

where Уi is the damage caused by water pollution, tenge; Сs is the specific amount of losses caused to the 
national economy from the mass of discharged pollutants, tenge/t. 
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Table 1 – Estimated values for preventing economic damage when using wastewater for irrigation 
 

Indicators  
of pollution 

Reduced weight  
of annual discharge  

of impurities (mm) us, 
g/m 

Pollution 
concentration, content 
in wastewater before 

irrigation, g/m3 

Degree of soil 
purification 
(MPC), g/m3 

Amount of dirt 
removed by  

the soil, m, g/m3 

Indicator for the 
dangerous discharge 

of impurity i of  
the substance (Аі) 

Suspended solids Municipal sewage 485,4 20,0 465,4 0,05 

*BOC5 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 

BOC5 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 

BOC5 5,4 – – – – 

COD 
Animal and water 

complex runoff (cattle) 
214,0 6,0 5208,0 0,17 

Total nitrogen 98,4 805,0 10,0 795,0 0,10 

Suspended solids – 143,0 20,0 123,0 0,05 

BOC5 885,4 59,0 3,0 56,0 0,33 

COD 79,5 313,0 6,0 307,0 0,17 

Total nitrogen 
Standard clean waters 

of industrial 
enterprises 

29,0 10,0 19,0 0,10 

Suspended solids 6,2 800,0 20,0 780,0 0,05 

BOC5 18,5 – – – – 

COD 52,2 144,2 6,0 1436,0 0,17 

Total nitrogen 1,9 1288,0 10,0 1278,0 0,10 

Suspended solids 
Meat processing plant 

drains 
328,0 20,0 308,0 0,05 

BOC5 39,0 – – – – 

COD – 352 6,0 346,0 0,17 

Total nitrogen 244,1 23 10,0 13,0 0,10 

 
Drains of the cotton 

mill 
15,4 – 58,8 1,3 

* - 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 

 

Source of pollution 
Indicators 

Рі, mln.t Су, tenge/t Уі, mln.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 1297,3 

Surface runoff from urban 
areas 

0,20 128,7 25,74 

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. 
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СЫРДАРИЯ ӨЗЕНІНІҢ ТӨМЕНГІ АҒЫСЫНДАҒЫ ТӨГІНДІ 

ЖӘНЕ КОЛЛЕКТОР-ДРЕНАЖ СУЫНЫҢ (КДС) ЛАСТАНУЫНАН 
КЕЛЕТІН ӘЛЕУМЕТТІК-ЭКОЛОГИЯЛЫҚ ЗИЯНЫН БАҒАЛАУ 

 
Аннотация. Қазақстанның суармалы егіншілік аймағындағы табиғи-экологиялық жағдайға суарудың 

маңызды әсері Орта Азия мен Қазақстандағы ирригацияны дамыту тұжырымдамасы негізінде анықталды. 
Қазақстанның суармалы жерлерінде, әсіресе, оңтүстік және оңтүстік-шығыс аймақтарында қалыптасқан 

экологиялық жағдайды азайту және экологиялық-мелиоративті жағдайды 
Бізге осы елдерде ағып жатқан Сырдария өзені суының тұздылығы 1,75 г/л-мен келеді. Ол суармалы 

жерлерде қолданылатын пестицид, хлорорганикалық пестицидтермен – ДДТ (дихлордифенилтрихлорэтан) 
және HCH (гексахлорциклогексан) арқылы ластанған. Судың минералдануы Қазақстан аумағында да артып 
келеді. 

Жалпы суармалы жерлерде тұздың суармалы сумен келуі нәтижесінде топырақта және жерасты суында 
тұз қорының көбейгені байқалды. Олардың қарқындылығы көбінесе суармалы судың тұздылығына және су 
алу мөлшеріне байланысты.  

Сырдария өзенінің ағынды суын реттеу нәтижесінде суармалы жерлерді игеру және өзендерге құйыла-
тын КДВ (коллекторлық-дренажды су) көлемі мен өзендердің жоғарғы ағысындағы ағынды су мөлшері кең 
дамыған қайтымсыз топырақтық-экологиялық үдеріс жүреді. 

Түйін сөздер: минерализация, төгінді су, суғару жүйесі, тұз тепе-теңдігі, суғару режимі, коллектор-
дренаж су. 
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ОЦЕНКА СОЦИАЛЬНО-ЭКОЛОГИЧЕСКОГО УЩЕРБА ОТ ЗАГРЯЗНЕНИЯ СТОЧНЫМИ  
И КОЛЛЕКТОРНО-ДРЕНАЖНЫМИ ВОДАМИ В НИЗОВЬЯХ РЕКИ СЫРДАРЬЯ 

 

Аннотация. Значительное влияние ирригации на природную и экологическую обстановку в зоне 
орошаемого земледелия Казахстана было определено концепцией развития ирригации в Центральной Азии и 
Казахстане. 

Проблемы снижения существующей экологической обстановки на орошаемых землях Казахстана, осо-
бенно в южных и юго-восточных регионах, и нормализации эколого-мелиоративной обстановки непосред-
ственно связаны с различными водохозяйственными районами Кыргызстана и Узбекистана. 

Река Сырдарья, протекающая между этими странами, приходит к нам с  минерализацией воды 1,75 г/л. 
Они также загрязнены пестицидами, хлорорганическими пестицидами – ДДТ (дихлордифенилтрихлорэтан) и 
ГХГ (гексахлорциклогексан), используемыми на орошаемых землях. Минерализация воды и на территориях 
Казахстана. 

В целом на орошаемых землях в результате поступления соли из оросительных вод наблюдалось 
увеличение запасов соли в почвах и грунтовых водах. Их интенсивность во многом зависит от минерали-
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зации оросительной воды и объема водозабора. В результате регулировалось течение реки. Необратимый 
почвенно-экологический процесс с большой интенсивностью протекает в Сырдарье, где широко развито 
освоение орошаемых земель и объем сбросов ЦДО (коллекторно-дренажных вод) и сточных вод в верхних 
течениях рек. 

Ключевые слова: минерализация, сточные воды, оросительная система, солевой баланс, режим ороше-
ния, коллектор-дренажные воды. 
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