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Abstract. The aim of the study was to monitor and assess the suitability of surface water in the intake
area of the Bereslav Reservoir for irrigation. During the growing season, water mineralization varied from
0.998 to 1.601 g-dm™. According to A.N. Kostyakov, the water is characterized as slightly mineralized and
belongs mainly to group III. According to O.A. Alekin, water at the beginning and end of the growing season is
classified as sodium sulfate-chloride class; in July and August, the water chemistry changes to sulfate class of
magnesium-sodium group. Observations of seasonal changes in the main components of mineral composition
of water relative to their maximum permissible concentrations revealed an excess of sulfate anion in May and
August by 7 and 91 mg-dm, respectively, and in July — almost 1.5 times. In the cation series, the main pollutants
were sodium (in combination with potassium), its highest concentration in May was 299 mg-dm, in July it
decreased to the maximum permissible value, as well as magnesium, concentration of which in July exceeded
the standard by 28 mg-dm. In terms of concentration of sodium chlorides and sulfates, the irrigation water is
of satisfactory quality. Actual values of mineral composition of the water and calculated values of irrigation
coefficients, considering variability of chemical composition of the water over time, indicate its possible negative
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impact on ionic equilibrium in soil absorption complex. As a result, in order to maintain ameliorative state of the
soils, it is necessary to develop and regularly carry out agrotechnical and agroameliorative measures to prevent
salinization processes.
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Introduction

Economic activity and environmental factors have a significant impact on ionic
composition of watercourses, hydrochemical regime and quality of surface water. The
resulting processes of chemical and biological transformation of water bodies determine
the type of water use [1, 2].

According to available long-term data, surface waters are regularly polluted with
biogenic elements, heavy metals, and other pollutants of anthropogenic origin, the actual
concentrations of which exceed the maximum permissible concentrations for open
water bodies [3, 4]. Therefore, all natural waters are characterized by a multicomponent
composition, which determines their classification according to the set of permissible
values of chemical elements, within which the use of a water body is recommended.

One of the important indicators of water quality is its mineral composition, in
particular ions of the 1st group (CO,*, HCO,, CI, SO,*, Ca*", Mg*, Na*, K*), which
determine its water-salt balance and mineralization. Seasonal concentration of these
ions is subject to change and the indicators of component composition of water vary
greatly depending on geological and climatic conditions, which creates problems for
interested water users [5].

In this regard, assessing the quality of natural waters used for irrigation is an important
task for monitoring meliorative state of soils.

The purpose of the study was to monitor and assess suitability of surface waters
in the water intake zone of the Bereslav Reservoir for irrigation.

Materials and methods

The object of the study was the waters of the Bereslav Reservoir. Water samples
were collected monthly from May to September 2023 from a depth of 0.30...0.35 m
in clean plastic bottles, pre-rinsed in the water. The study of water samples was carried

632 AFPOTEXHOSOT MW M MEJTMOPALIA SEMESTb



Novikov AE et al. RUDN Journal of Agronomy and Animal Industries, 2024;19(4):631-640

out in the testing laboratory of Russian Research Institute of Irrigated Agriculture using
known methods (Table 1).

Table 1
Methods for studying ion-salt composition of water samples
Indicator Research method
Carbonates CO,”" and bicarbonates HCO_~ Titrimetric'
Chloride ion CI- Titrimetric?
Sulfate ion SO,* Titrimetric®
Calcium Ca? and magnesium Mg? in complex Complexometric titration*
Sodium Na* and potassium K*in the complex Flame photometric®

The water was classified using O.A. Alekin’s method®: classes by the predominant
anion, %-eq: hydrocarbonate (CO,* + HCO,"), sulfate (SO,*) and chloride (Cl-); groups
by the predominant cation, %-eq: calcium, magnesium and sodium; types by the ratio
between ions, mg-eq/dm?.

The ion-salt composition of water was expressed using M.G. Kurlov’s formula in
general form”:

M am.ons pH,T, D,
cations

pl
where Sp —microelements (As, Fe, F, etc.) and free gases (CO,, H,S, N, etc.), mg/dm’;
M — total mineralization of water, g/dm?; in the numerator and denominator —
respectively, anions and cations in descending order with a content of at least 5%-eq;
pH — indicator of hydrogen cation activity, units; T — water temperature, °C;

"Interstate Council for Standartization, Metrology and Sertification. GOST 31957—2012. Voda. Metody opredeleniya
shchelochnosti i massovoi kontsentratsii karbonatov i gidrokarbonatov [Water. Methods for determining alkalinity and
mass concentration of carbonates and hydrocarbonates]. Moscow: Standartinform publ.; 2019. (In Russ.).
2Federal Service for Supervision of Natural Resources of the Russian Federation. PNDF 14.1:2.96—97. Kolichestvennyi
khimicheskii analiz vod. Metodika vypolneniya izmerenii massovoi kontsentratsii khloridov v probakh prirodnykh
i ochishchennykh stochnykh vod argentometricheskim metodom [Quantitative chemical analysis of water. methodology
for measuring the mass concentration of chlorides in samples of natural and treated wastewater by the argentometric
method]. Moscow; 1997. (In Russ.).

SFederal Service for Supervision of Natural Resources of the Russian Federation. PNDF 14.1:2.107—97. Kolichestvennyi
khimicheskii analiz vod. Metodika vypolneniya izmerenii massovykh kontsentratsii sul'fatov v probakh prirodnykh
i ochishchennykh stochnykh vod titrovaniem sol’yu bariya v prisutstvii ortanilovogo K [Quantitative chemical analysis of
water. methodology for measuring the mass concentrations of sulfates in samples of natural and treated wastewater
by titration with barium salt in the presence of orthanyl K]. Moscow; 1997. (In Russ.).

“Interstate Council for Standartization, Metrology and Sertification. GOST 31954—2012. Voda pit'evaya. Metody
opredeleniya zhestkosti [Drinking water. Methods for determination of hardness]. Moscow: Standartinform publ.;
2018. (In Russ.).

SMinistry of Natural Resources and Environment of the Russian Federation. RD 52.24.391—2008. Massovaya
kontsentratsiya natriya i kaliya v vodakh. Metodika vypolneniya izmerenii plamenno-fotometricheskim metodom
[Mass concentration of sodium and potassium in waters. Methodology for performing measurements by the flame
photometric method]. Rostov-on-Don; 2008. (In Russ.).

eAlekin OA. Osnovy gidrokhimii [Fundamentals of hydrochemistry]. Leningrad; 1970. (In Russ.).

’Reznikov AA, Mulikovskaya EP, Sokolov IY. Metody analiza prirodnykh vod [Methods of analysis of natural waters].
Moscow: Nedra publ.; 1970. (In Russ.).
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D — water flow rate (consumption), m*/day. The quality of irrigation water was
assessed by its total mineralization (Table 2), as well as the values of irrigation
coefficients considering the content of sodium chlorides and sulfates K, (> 18.0 —
good; 18.0...6.0 — satisfactory; 5.9...1.2 — unsatisfactory; < 1.2 — unsuitable for
irrigation), the probability of sodium K and magnesium Ky, alkalization of the
soil (> 1.0 — dangerous, < 1.0 — no danger).

Table 2
Water quality assessment according to A.N. Kostyakov?®
Group | 1l 1l \"
Mineralization, g-I"' <04 0.4..1.0 1.0..3.0 >3.0
Water quality Good Limited use Dangerous Soil salinization
for plants

Irrigation coefficients were calculated using formulas [6, 7]:

K; = = [c1 D ———for [Na"] < [CI7];
288 ¥
Ki meF[C1]+[SO4]>[Na]>[Cl]

K = 288
L™ (10-[Na*]-5-[Cl-]-9-[s0%7])

for [Na*] > [CI7] + [SOZ7];

__ [Na*]
Kva = gy
_ [Mg?*]
KMg T [cazt]’

Results and discussion

The results of the conducted studies of ion-salt composition of water samples were
presented in the form of graphs (Fig. 1) [8], which illustrate dynamics of anions and
cations of mineral composition by months of the growing season.

An increase in sulfate and magnesium ions and a sharp drop in concentration of
sodium ions in summer months were noted, which determined the choice of methods for
assessing impact of these macrocomponents on quality of water supplied for irrigation.
It is worth noting that the growth of Mg?* in natural water is a negative sign, since it is

8 Kostyakov AN. Osnovy melioratsii [Fundamentals of land reclamation]. Moscow: Selkhozizdat publ.; 1960. (In Russ.)
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toxic to plants. Moreover, increase in content of magnesium cation leads to increase in
hydration of silty part of soil.

During the growing season, mineralization of natural water in the water intake zone
varied in the range from 0.998 to 1.601 g/dm?. The maximum mineralization values were
observed in July, this indicator was slightly lower in May. According to A.N. Kostyakov,
the water is characterized as weakly mineralized and belongs mainly to group III, posing
a danger when used for irrigation of agricultural crops. According to O.A. Alekin, water
at the beginning and end of the irrigation season is classified as sodium sulfate-chloride
class, in July and August the water chemistry changes to sulfate class of magnesium-
sodium group (Table 3).
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£ 201 cr
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e 17 A
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A 8 -
S CO,>
HCO; / }
2 .
_1 — T I T I T I T ‘; 1
1.577 1.277 1.601 1.275 0.99
May June July August September

Water mineralization, g-dm

Fig. 1. Dynamics of water-salt composition of water
Sourse: compiled by A.E. Novikov, A.Y. Toropov using MS Excel, MS Word.

Table 3

Characteristics of natural water in the water intake zone by months of vegetation period

Month lonic-salt composition of water Water classification
according to M.G. Kurlov A.N. Kostyakov 0.A. Alekin
S0,44CI32HCO0522
Ma M1,577 =" T19,6pH8,2 ] .
Y Na54Ca24Mg22 Sulfate-chloride class,
50,42CI134HC0,22 sodium group
June M7 e Tacaz0 22 APHBY 1
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End tabl 3
Month lonic-salt composition of water Water classification
according to M.G. Kurlov A.N. Kostyakov 0.A. Alekin
S0,60C122HCO516
Jul M1,601 2223 2 15 9p 18,8 m
y Mg43Na35Ca22 Sulfate class,
50,64CI20HCO516 magnesium-sodium group
August M1,275 WTB,Z;JHB,S 1
50,50C128HC0,20 Sulfate-chloride class
M0,988 ————————T18,7pH8,3 4
September Na50Mg32Cal8 P g sodium group

Sourse: compiled by A.E. Novikov, A.Y. Toropov.

In observations of seasonal changes in main components of mineral composition of
water (Table 4) relative to their maximum permissible concentrations (for fishery water
bodies, MPC)), an excess of sulfate anion by 7 and 91 mg/dm?®, respectively, was noted
in May and August, and almost 1.5 times (715 mg/dm? against 500 mg/dm?) — in July.

The main cation pollutants were sodium (in combination with potassium), its highest
concentration of 299 mg/dm’ was noted in May, in July it decreased almost to MPC,
(202 mg/dm? against 200 mg/dm?), as well as magnesium, concentration of which in July
exceeded MPC, by 28 mg/dm®. The sharp increase in sulfate and magnesium ions in July
could have been caused by a decrease in water content of the reservoir intake zone due
to changes in hydrological regime, high air temperatures and absence of precipitation.
This conclusion is confirmed by earlier research results on water quality in natural water
sources in the considered territory of irrigated agriculture [9, 10].

In general, variability of water mineralization, on the one hand, is associated with
incoming volumes of Don water pumped by pumping stations to maintain shipping and
depends on the intensity of navigation. Another equally important source that increases
mineralization in the water intake zone of the Bereslav Reservoir is the Peschany erik
with a salt concentration of 3500...4900 mg/dm? having joint watershed with it [11, 12].

The calculations of irrigation coefficients (Fig. 2) considering variability of chemical
composition of water over time (Table 4) also indicate its possible negative impact on ionic
balance in soil absorption complex and meliorative state of soils as a whole [13—15].

Table 4

Chemical composition of natural water
in the water intake zone by months of growing season

Month
lons Average MPC,9, mg/dm-
May June July August September
3 4.0 5.0 5.0 2.0
2- == - il = = -
co, 0.10 0.13 0.1 0.16 0.06 100
- 243.2 20.0 263.0 239.0 193.0 201.0
HCO, 3.98 5.24 4.31 3.91 3.16 3.29 1000

90rder of the Ministry of Agriculture of Russia dated 13.12.2016 No. 552 «On approval of water quality standards
for water bodies of fishery importance, including standards for maximum permissible concentrations of harmful
substances in the waters of water bodies of fishery importance» (as amended by Orders of the Ministry of Agriculture
of Russia dated 12.10.2018 No. 454, dated 10.03.2020 No. 118, dated 22.08.2023 No. 687).
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End tabl 4
Month
lons Average MPC9, mg/dm™
May June July August September
o 198.6 273.0 231.0 202.0 138.0 149.0 350
.60 7.71 6.52 5.70 3.89 4.20
SO - 13.4 507.0 401.0 715.0 591.0 353.0 500
4 10.67 10.55 8.31 14.88 12.29 7.34
Ca?* 96.0 110.0 85.0 110.0 120.0 55.0 200
4.45 5.48 3.99 5.39 5.88 2.74
81.2 64.0 64.0 128.0 92.0 58.0
2+ - = - Pl == = e
Mg 6.67 5.26 5.26 10.53 7.57 4.77 100
e 208.0 299.0 228.0 202.0 139.0 172.0
Na'+K 9.04 13.0 9.91 8.78 6.04 7.47 200

Note. Above the line —mg-dm?, below the line —mg-eq-dm?.
Source: compiled by A.E. Novikov, A.Y. Toropov.

Irrigation with water having mineral composition formed during the spring flood
(May), the beginning of biological summer (June) and the end of crop vegetation
(September) contributes to leaching of calcium and magnesium cations from colloidal
phase into soil solution and development of sodium alkalinization. In July and August,
the risks of magnesium alkalinization of the soil increase, accompanied by deterioration
of its water-physical and filtration properties. The type of salinization of natural water
(a combination of Mg*" with Na*) in the water source that developed during the observed
period leads to the development of specific alkalinization of soils, which is based on
the processes of transformation from a gel to a sol state of soil colloids and lithogenesis
of the finely dispersed mineral part during vermiculitization of hydromica material.

12.6 12.3
9.7
8.8 ]
7.6 \
[ ] y
/L2
0.96 1.32 1.92 1.65 / 1.74
1.21 1.07 0.55 0.49 c 0.99
e B - - - - - -—l - - - - - - —I——— -
May June July August September
m] m] [m]
KNa KMg Ki

Fig. 2. Assessment of suitability of natural water for irrigation: A and B — satisfactory and

unsatisfactory quality; C and D — whether or not risk of salinization
Sourse: compiled by A.E. Novikov, A.Y. Toropov using MS Excel, MS Word.
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Calculations of the suitability of surface waters in relation to the content of sodium
chlorides and sulfates also indicate the possibility of accumulation of harmful salts in
soil and its alkalinization. Long-term use of such waters, it requires developing and
implementing agrotechnical and agro-ameliorative measures to prevent these negative
processes.

Conclusion

The hydrological regime and climatic factors significantly affect the dynamics of
water ion-salt composition in the water intake zone of the Bereslav Reservoir. Studies in
2023 showed that during the growing season of agricultural crops from May to September,
there remains the possibility of plant suppression and deterioration of melioration state of
irrigated lands due to irrigation with mineralized water having a total salt content of 1000
to 2000 mg/dm?®. According to the results of calculations of irrigation coefficients that
determine nature of salinization by equivalent ratio of cations, the studied natural waters
pose a danger to the established equilibrium in exchange processes of soil, and with a high-
quality water composition during the biological summer — risks of soil destructuring.
According to the concentration of chlorides and sodium sulfates, the irrigation water is
of satisfactory quality, therefore, long-term irrigation requires conducting agrotechnical
and agro-ameliorative measures to prevent salinization processes.
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AmnnoTanus. Lens ucciefoBaHust — OLeHUTH 110 UTOraM IPOBOAXMOIO MOHUTOPUHTIA IIPUTOAHOCTS I10-
BEpPXHOCTHBIX BOJ, BOf103a00pHOI 30HbI bepeciaBcKoro BoJOXpaHUIHLIA [JIsT OPOLLeHs1. 3a TIePHUO/, BereTaluu
KYJIBTYP MHUHepasii3aLus Bofibl u3MeHsiiack ot 0,998 o 1,601 r/am?. ITo A.H. KocTsKOBy Bojja XapaKTepu3yeTcs
Kak c/1aboMyHepasM30BaHHasl 1 OTHOCHUTCS NpenmMyiriectBeHHO K III rpymme. ITo O.A. AnekuHy Bojja Ha Hayano
Y KOHel] BereTallOHHOTO Meprofa KjIacCu(ULPyeTCst Kak HaTpHeBast Cy/Ib(aTHO-XIOPHUAHOTO KJlacca, B HIo/e
U aBryCTe XMMHU3M BOJIbI CMEHSIeTCs Ha Cy/ib(aTHBIN K/1acC MarHUeBO-HAaTPUeBO rpymbl. B HabmoeHusx 3a ce-
30HHBIMU U3MeHEeHHUsIMU OCHOBHBIX KOMIIOHEHTOB MUHepa/IbHOI'0 COCTaBa BOZIbI OTHOCUTE/ILHO UX Ipe/ie/IbHO-
JIOMyCTUMBIX KOHLIEHTpPAL OTMeueHO NpeBbIllIeHre aHUOHA Cy/ib(aTa B Mae U aBryCTe COOTBETCTBEHHO Ha 7
u 91 mr/gm°, a B urosie — noutH B 1,5 pasa. B KaTMOHHOM psily OCHOBHBIMH 3arpsisHUTE/ISIMU ObUTH HaTpUiA
(B KOMILJIEKCE C KajlieM) — ero HauboJIbIIIasi KOHI[eHTpaLus B Mae 299 mr/qm® CHU3U/Iach B UIOJie 0 TIPeAebHO
JIOMYCTUMOTO 3HaueHHs], a TAK)Ke MarHuk, KOHLIEHTPALMs KOTOPOTo B HIOJIe MTPEBBICK/IA HOPMaTHB Ha 28 mr/am?®.
ITo KoHIIeHTpaLH XIOPH/I0B U Cy/Ib(aToB HaTpHsi MOJIMBHASI BOJA Y/ 0B/IeTBOPUTEILHOTrO KauecTBa. PaKkTiuecKue
3HaJyeHHUs [T0Ka3aTesell MUHepanbHOro COCTaBa BOAbI U pacueTHbIe 3HaUeHUsl UPPUTALMOHHBIX KO3 QUIeHTOB
C y4eTOM M3MeHUMBOCTH XMMHUYECKOTO COCTaBa BOZbI BO BpeMeHU CBUIETE/IbCTBYIOT O ee BO3MOKHOM HeraTUBHOM
BO3/eliCTBIM Ha HIOHHOE PAaBHOBECHE B TIOYBEHHOM MOIVIOLAIoLIeM Komitekce. ClienaH BbIBOZ, O HeOOXOAUMOCTH
pa3paboTaTk U PeryssipHO ITPOBOJUTH arpOTeXHUUECKHe U arpOMe/IMOPaTUBHbIE MEPOIIPUSITHS 10 MPeyTIPeX-
JIeHUIO TIPOLIeCCOB 3aCOJIeHUs /ISl COXPaHeHHs] MeJIMOPaTUBHOIO COCTOSIHUSA T10YB.

KitroueBble c/10Ba: KaueCTBO BOZbl, MOHHBIN COCTaB, MUHepaIM3aliyisl, UppUraliioHHas OLieHKa, BUsSHIe
Ha TOUBY, 3aC0JIeHHe TI0uB

Bk/1aj aBTOPOB: BCe aBTOPHI IPYHAMA/IA HETIOCPeACTBEHHOe YUacTHe B TUVIAHUPOBAHUM, BHITIOTHEHHUH 1 aHa/3e
[TAHHOTO UCCJIeJOBAHUS, C/Ie/Ia/Ii SKBUBAJIEHTHBIN BK/IaJl B MOATOTOBKY MyO/IHUKALMH.

dunaHcupoBaHue. PaboTa oAroTos/ieHa B paMKax BBITIONHEHHs TOCYAapCTBeHHOTO0 3afanus FNFR-2022-0003.
3asB/ieHHe 0 KOH(IMKTe HHTEPeCcoB. ABTOPHI 3asIB/ISOT 06 OTCYTCTBHY KOH(IMKTa MHTEPECOB.
Hicropus crarbu: nocrynuna 11 Hos6ps 2024 r., npuHsTa K nybnukaryu 11 nekabpst 2024 1.
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