ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 35, Number 437 (2019), 237 — 243 https://doi.org/10.32014/2019.2518-170X.148

UDC 574.51

A. Omarbayeva', B. Zhapparova', S. Bekbossynova',
G. Abileva', A. Zhamangara', K. Szoszkiewicz’

'L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan,
*Poznan University of Life Sciences, Poland.
E-mail: aynur.omarbaeva@mail.ru, zhapparovab@mail.ru, samal1212@mail.ru,
gulmira-abileva@mail.ru, kashagankizi@mail.ru, krzysztof.szoszkiewicz@up.poznan.pl

ANALYSIS OF ECOLOGICAL CONDITION OF THE NURA RIVER
ACCORDING TO THE BASIC BIOGENIC ELEMENTS

Abstract. The Nura River is an important water artery of Central Kazakhstan, feeding the network of lakes of
the Korgalzhyn Nature Reserve, normal functioning of which depends on the quality of incoming Nura river waters,
since the river flows through the territory of two regions undergoing technogenic and anthropogenic pollution.

Assessment of quality of waters flowing into lakes is an important element in monitoring studies.

The article assesses the ecological state of the Nura River by biogenic elements in three observation points - the
village of Romanovka, the village of Sabyndy, the village of Korgalzhyn during the period from 2015 to 2018. An
analysis of the dynamics of receipt ofbasic biogenic elements, such as ammonium salt, nitrite nitrogen, nitrate nitro-
gen, and phosphates was carried out. The results of the analysis indicate pollution of the river in all the investigated
points with ammonium salts and nitrite nitrogen. The content of nitrate nitrogen and phosphates does not exceed the
maximum permissible concentrations (MPCs). The main source of pollution can probably be nearby settlements, the
main activity of which is related to agriculture. The main periods of pollution are the summer seasons in all years.
The investigated points on the degree of pollution belong to a moderate level of pollution.

Keywords: the Nura River,environmental monitoring, pollution, biogenic elements.

The Nura River is an important water artery of the Tengiz-Korgalzhyn depression, feeding the
network of lakes inscribed in the UNESCO's World Heritage List in Kazakhstan and Central Asia -
“Saryarka - Steppe and Lakes of Northern Kazakhstan™.

Nura is the river in Central Kazakhstan, the largest of the rivers of the Nura-Sarysu basin. Most of the
Nura river runoff belongs to the internal drainage Aral-Caspian basin. In some high water years, part of
the runoff overflows into the river Ishim, then in the river Irtysh, and further to the Ob River, which flows
into the Kara Sea. The Nura River originates from the western spurs of the Kyzyltas mountains and flows
into Lake Tengiz, where the Korgalzhyn Nature Reserve is located, normal functioning of which depends
on the flow of the Nura River waters[1]. The length of the river is 978 km, the catchment area is
58.1 thousand km®, and it flows within the Kazakh Upland [2]. The terrain relief varies from low-
mountain to plain with some swamps.In the floodplain near the settlements, there are plantings of garden
and melon crops; varieties of willow and rose grow near riverbed zone. Thewidthofthechannelis 15-80 m.
The average water consumption is 19.5 m’/s. The Nura River is characterized by sharp fluctuations in the
level and consumption of water. High water occurs in the upper and middle reaches from mid-April, in the
downstream - in May, duration is 1.5-3.5 months; a depth in this period is 3.1 m.

Mineralization of the NuraRiver water varies in the upper and down reaches from 0.2-1.6 mg/dm’ to
0.2-1.2 mg/dm’. During a period of high water, upstream water is characterized by hydrocarbonates, in the
lowwater period — by sulfate-sodium composition, ranging from 0.1-0.3 mg/dm3 to 2 mg/dm’ . The sum of
salts of the middle and down reaches varies in the range of 0.5-4.0 mg/dm’ Thus, the composition of salts
ensures softness of water in high water period and hardness in low water period [3].
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Analysis of literature data on the quality of surface waters of the Nura River basin has revealed the
presence of technogenic pollution associated with wastewater discharges by industrial and agricultural
enterprises and settlements [4, 5]. Anthropogenic impact on river waters is provided by municipal and
industrial effluents of cities and enterprises along the Nura river [3]. Pollution by manganese, iron,
chlorides, phenols, nitrogen-containing substances and the most dangerous pollutants — mercury and its
compounds occurs along with wastewater [6-10].

The purpose of our research is to analyze an ecological state of surface waters of the Nura River by
the content of biogenic elements. Biogenic elements are part of organisms, formed in water and included
in the process of life; ensure the existence of living organisms. An insufficient or excess amount of
biogens in water reduces the biological productivity of aquatic biogeocenoses. Exceeding the MPC values
for biogens is a sign of eutrophic pollution that causes water flowering and development of cyanobacteria
that release toxic substances, which leads to poisoning of people and animals, killing of acrobic organisms
due to oxygen deficiency and degradation of aquatic ecosystems in general [11, 12].

Sections of the Nura River with a length of 432 km, in three observation points — a village of
Romanovka, a village of Sabyndy, and a village of Korgalzhyn, located outside the industrial zone, were
analyzed (table 1).

Table 1 — Coordinates of investigated points

# Investigated point N W

1 Romanovka Village 50°49'28.3" 71°21'31.6"
2 Sabyndy Village 50°49'43.8" 70°33'53.9"
3 Korgalzhyn Village 50°35'42.7" 70°01'04.1"

The Romanovka Village (Tselinograd district, Akmola region) is located on the left bank of the Nura
River, a population is 1680 people, key economic sectors are meat and dairy production.

TheSabyndy Village (Korgalzhyn district, Akmola region), the population is 1775people. There are
40 enterprises of agroindustrial complex (ten limited liability partnerships (LLP), including seven
agricultural, eight livestock, and 22 farms).

TheKorgalzhyn Village (Korgalzhyn district, Akmola region).the left bank of the Nura River, the
population i1s4034people. There are 44 agricultural enterprises in the livestock and crop sectors: 4 LLPs,
2 social entrepreneurship corporations, 38 peasant farmings (figure 1) [13].

TR pa

Vouih Ne2 Tennr N1 /)

Figure 1 — Map-scheme of the study area:
18'point - Romanovka Village, 2™ point - Sabyndy Village, 3 point - Korgalzhyn Village
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Figure 2 — Indicators of ammonium salt (NH,"), 2015-2018
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Figure 3 — Indicators of nitrite nitrogen (NO,"), 2015-2018
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Using data from Kazhydromet, the content of basic biogenic elements: ammonium salt (NH,"),
nitrites (NO,), nitrates (NO5"), andphosphates (PO,>) for the period 2015-2018,was taken into conside-
ration [14- 17].

The results of the analysis of the content of biogenic elements at observation points are given below
(figures 2, 3).

The content of ammonium salt (NH,") (figure 2).

Analysis of the ammonium salt content in the Romanovka point shows the excess of the MPC values
in 2015-2017. The range of indicators of the content of ammonium salt varies from 0.01 and above 1
mg/dm’. The maximum values were noted in 2015 in August - 1.03 mg/dm’. Also, the excess of MPC was
noted in 2016 (June, December) and in 2017 (May, August). In other periods, the level of ammonium salts
does not exceed the maximum permissible concentrations.

In the observation point of Sabyndy of the Nura River in 2015 and 2018, the MPC was not exceeded.
Whereas in 2016 in June the excess of salt ammonia amounted to 0.9 mg/dm’, in October - 0.8 mg/dm’.
Frequent and high excess rates were observed in 2017 in May, August, and October. The maximum values
of ammonium salt for all years were noted in August 2017 - 1.07 mg/dm’.

The control point in the Korgalzhyn area also noted an increase in the level of ammonium salts. So, if
in 2015 an excess was noted only in winter (January, February), then in 2016 an excess of MPC was found
in March, June, and September, in 2017 - in February, June, July, and a sharp increase in MPC in
November - 2.25 mg/dm’. In 2018, ammonia levels were not exceeded.

Analysis of the data on the content of ammonium salts showed that the most polluted year is 2017,
becauseof excess is noted at all observation points. In 2018, the state of the river stabilized. Thus, starting
from 2013, pollution with ammonium salts intensifies reaching a maximum in 2017.

The most polluted waterwas near the settlements. This indirectly proves that the intensive activity of
agricultural enterprises, flushing fertilizers from fields and animal waste by rain wastewater can be
sources of pollution.

The content of nitrite nitrogen (NO5) (figure 3).

The presence of nitrite nitrogen in water and an increase in its level characterizes the ongoing
oxidative processes of decomposition of organic substances as a result of the vital activity of micro-
organisms and is an indicator of pollution. The presence of nitrite nitrogen in large quantities indicates
recent organic pollution, as well as ongoing processes of mineralization of organic matter [18].

According to the content of nitrite nitrogen at the Romanovka control point in 2015 and 2017 in the
winter period (January, February), the MPC level is exceeded. In 2016, nitrite nitrogen pollution was not
observed. 2018 is characterized by a sharp excess from the MPC level in the summer period (July,
August).

At the Sabyndy point, an increase of the nitrite nitrogen content was insignificant in 2015 and 2016;
in 2017 and 2018, there was a sharp excess of the MPC level by several times (January 2017, the third
quarter of 2018).

The nitrite nitrogen content in the Korgalzhynpoint is marked by an excess of the MPC level for all
studied years. The highest nitrite nitrogen values are observed in January, February and July 2015 and in
July and August 2018.

The phosphate and nitrate contents are shown in table 2.

Table 2 — The content of phosphates and nitrates

Investigated 2015 2016 2017 2018
point min max min max min max min max
. NOy 0,090 0,580 0,040 0,850 0,020 2,91 0,030 0,950
Romanovka Village Z
PO, 0,006 0,102 0,003 0,137 0,008 0,091 0,005 0,100
) NOy 0,09 0,55 0,04 0,87 0,02 3,39 0,07 1,87
Sabyndy Village .
PO~ 0,005 0,091 0,001 0,12 0,007 0,078 0,006 0,080
) NOy 0,09 0,72 0,07 0,81 0,05 2,36 0,06 1,81
Korgalzhyn Village 3
PO, 0,008 0,075 0,0009 0,043 0,009 0,072 0,007 0,070
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According to the list of maximum permissible concentrations of harmful substances for water of
fishery reservoirs, MPC for nitrates is 9.1 mg/l, maximum concentration limit for phosphates is not
established.

Analyzing the above data, it can be stated that the content of phosphates and nitrates at all obser-
vation points show values that do not exceed the maximum permissible concentrations.

According to published data, nitrates up to 10 mg/l do not adversely affect aquatic organisms [19-21].

Many factors affect river pollution, including the rural areas through which the river flows. Domestic
water is supposedly discharged from settlements to the Nura River, and pollution is caused by organic
residues from animal husbandry.

Analyzing the data, it can be noted that the Nura River at the observation points is polluted with
organic residues. This is evidenced by the presence of periodically elevated ammonia values of salt and
nitrite nitrogen. It can be explained by the location of nearby settlements, agricultural land and livestock
farming.

Comparative analysis of nutrients through observation points has allowed to identify the main periods
of pollution, which is the summer seasons in all years.

A. H. Omapoaesa’, b. K. Kamnaposa', C. A. Bek6ocpmosa’,
I. A. AGnaesa’, A. K. Kamanrapa', K. Inmkesny’

'J1. H. Tymunes atsmaarst Eypasus yrrteik yausepcureri, Hyp-Cyoran, Kasakctan,
“[ospma YKapaThImbICTARY FRUTBIMIAPH Y HUBEPCHTETI, [103Hanb, [Tombma

BUOTI'EHAI KOPCETKIIITEP BOfIBlHH.IA
HYPA O3EHIHIH 3KOJOTI'IAJIBIK KAFJTAUBIH TAJIJIAY

Annortamust. Hypa e3eHi KOpraKsIH KOPBIFBIHBIH KOJIEP TOPAOBIH KOPEKTCHAIPETIH MAHBI3IBI CY K631 OOJIbII
TaObIIaasl. KOPBIKTarsl KeXAepAiH KaIbIITHl TIPHIITi OCBI ©3C¢H CYJAPbIHBIH KYWBIIyBIHA TOyendi, ceOedi e3¢H
TEXHOTCH/IK YJHE AHTPOIIOTEH/IIK JJACTAHYFA YIIBIPAI €Ki OOJIBICTHIH ayMarbl APKbLIBI AF I 6TE.

Kemmepre KyATBHIH ©3CHACPAIH CamachlH OaFaiay MOHHTOPHHITIK 3CPTTCYJICPIIH MAHBI3ABI Oemiri 0o
TaOBLIATIBL.

Makanama Hypa escHiHIH camacelH OHOTCHII 37CMCHTTCP OOHBIHIIA Oaramay ym Oakpuiay OCKeTTepi —
PomanoBka, Cabemas! aysurgapsl MeH KopramkeH TypreH emiHae 2015-2018 xpurnap apaieFbIHIA XKYPri3immi.
AMMOHMI Ty3bI, HUTPHTTI a30T, HHUTPATTHI a30T, (ocdarrap cekinmi Herisri OMOTEHAl 3aTTapAbIH TYCY AMHA-
MHKACBIHA TamAay Kypriziaai. Tamaay HOTHOKCTCpPI ©3CHHIH OapIbIK 3CPTTCITCH HYKTCICPIHAC AMMOHHH TY3XAphI
MCH HHTPHTTI a30TIICH JTACTAHFAHIBIFBIH KepceTTi. HuTpaTThl a3oT meH (ocdar Memmmepi MEKTI PYKCaT CTiIATCH
ronueHrpanuigan (IIIPK) acmaitasr. JlacraHyAbIH HETIr Ke31 >KAKbIH OPHAIACKAH €Il MEKCHACP OONyBl MYMKIH,
ONAPIBIH HETIRr KBI3MCTI ayBLI MIAPYAIIBLIBIFBIMEH OafimaHbICTBL Herisri jactany mepsimaepi — Oyr Oapiibik
JKBITIAP OOWBIHINA KA3 ME3TLI. 3SPTTCITCH HYKTCICP JACTaHy Aopekeci OOMBIHINA OpTaIma JacTaHy ACHTCHIHC
JKaTaapl.

Tyiiin ce3nep: Hypa e3¢Hi, 3K0TOTHUILIKMOHHTOPHHT, JTACTAHy, OMOTEH/II 3JIEMCHTTEP.

A. H. Omap6aesa’, B. K. Kanmaposa', C. A. BekGochiHoBa ',
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'Espasmiickuii yausepcuter mv. J1. H. Tymunesa, Hyp-Cynran, Kazaxcran,
YHUBEPCUTET €CTECTBCHHBIX HAYK, [To3HaHb, I1ompma

AHAJIA3 3KOJOI'HYECKOI'O COCTOAHUA PEKH HYPBI IO BHUOTI'EHHBIM 3JIEMEHTAM

Annorammsi. Peka Hypa sBnserca BakHOH BommOoW aprepmeit Llenrpamsaoro Kasaxcrana, muraromeil cetsb
o3ep KoprankbIHCKOro 3amoBeIHHKA, HOPMAIbHOS ()Y HKIHOHMPOBAHHE KOTOPOTO 3aBHUCUT OT KAUSCTBA IOCTYIAKO-
mEX pevuHbIX BoA HypbL Tak kKak peka, MPOTEKas IO TEPPHTOPHH ABYX 0OJACTEH MOABEPracTCs TEXHOTCHHOMY H
AHTPONIOTCHHOMY 3ArPA3HCHHIO.

OrieHKa Ka4eCTBA BIIAJAIOIINX B 03¢pa BOJ SIBJLICTCS BAXKHBIM 3JICMEHTOM MOHUTOPHHTOBBIX HCCIICAOBAHUI.
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B crarbe maHa OIEHKA 3KOJOTHYESCKOTO COCTOSHMSA pekn Hypa mo OHMOTGHHBIM 3JIEMEHTAM BTPEX IyHKTAX
HaOmroneHM — ceno Pomanoska, cemo CaOwiHnpl, mocenok Kopramxem B mepuon ¢ 2015 mo 2018 rr. IIposencH
aHATM3 JWHAMUKH IIOCTYIJICHHUS] OCHOBHBIX OMOTCHHBIX 3JIEMCHTOB, TAKUX KaK, aMMOHHH COJICBOH, HUTPUTHBIH a30T,
HATPaTHBI a30T, (ocdarsl. Pe3ynprarhl aHamm3a yKa3plBalOT HA 3arPsI3HCHHEC PEKM BO BCEX MCCICIOBAHHBIX
MYHKTAX COJSIMH aMMOHHS W HHTPHTHBIM a30ToM. ConepikaHwe a30Ta HHUTPATHOTO M (ocaroB HE NMPEBHILACT
nmpeaenbHO momycTuMbix KoHueHTpamuil (I1JK). OCHOBHBIM HCTOUHHKOM 3arPA3HCHUS BEPOSTHO MOTYT SBIIATHCSI
OJmm3Ie;)KaIue HACEICHHBIC MyHKTHI, OCHOBHAS ACATEIFHOCTh KOTOPBIX CBA3aHA C CEBCKUM XO3IHCTBOM. OCHOBHBIC
TIEPHOABI 3aTPS3HEHUS — 3TO JICTHHE CE30HBI BO BCE roaa. MiccienoBaHHBIE TOUKH IO CTETICHH 3aTPsI3HCHHS OTHO-
CATCSA K YMEPCHHOMY YPOBHIO 3arPSI3HCHISL

Kimouessie cioBa: pexa Hypa, 3K010ruecKkuii MOHHTOPHHT, 3arPs3HCHAC, OHOTCHHBIC 3IEMCHTBL
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