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Abstract

The paper studies hydrochemical characteristics of waters of the Salgir and Biyuk-Karasu
Rivers in summer, when the anthropogenic load is increased. Data were obtained on dis-
solved oxygen concentration, five-day biochemical oxygen demand (BODs), alkaline per-
manganate oxidizability, concentrations of silicate, mineral and organic forms of nitrogen
and phosphorus. The samples were collected in July, August and September 2023 in Simfe-
ropol and in the Krasnogvardeisk, Nizhnegorsk and Belogorsk regions in the Republic of
Crimea. The analyses were performed according to the generally accepted methods. Com-
pliance of the obtained results on hydrochemical indicators with water quality regulations
was assessed. A high level of oxygen content was noted at all stations. BODs values varied
from 0.98 to 3.34 mg/L (the village of Molochnoye) and exceeded the limit for fisheries
by up to 1.6 times. The oxidizability values exceeded the maximum allowable value by 2
to 4 times. The concentrations of the mineral forms of nitrogen did not exceed maximum
permissible concentrations, except for nitrite concentration (maximum exceedance by 2.8
times). The phosphate concentration exceeded the maximum permissible concentrations near
the villages of Novogrigoryevka and Molochnoye (maximum by up to 5.6). The study results
allow determining the areas of Molochnoye and Novogrigoryevka as most polluted.
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AHHOTAIMA

[IpuBeneHs! THAPOXUMHUYECKHE XapaKTepucTUku Box pek Canrup n burok-Kapacy B met-
HUHM NEpUOJ NP BO3PACTAIOLIEH aHTpONOreHHOW Harpyske. IlomyuyeHsl naHHBIE O comep-
JKaHUHM PACTBOPEHHOT'O KHCIOPOAa, OMOXMMHYIECKOM IOTPEOICHUN KHCIOpOJa Ha IIAThHIC
CYTKH, TIEpMAaHIaHATHOM OKHCISEMOCTH B IIEJIOYHOW cpejie, KOHIIEHTPAlMH KPEMHUS,
MUHEpPAJbHBIX B OpraHudeckux (opm azota u ¢ocdopa. IIpoOsr oToOpaHs! B Hrone, aBry-
cre u centsiope 2023 r. B Cumdepononsckom, KpacHorsapaetickom, Hmkuaeropckom u
Benoropckom paiionax Pecry6onuku KpsiM. AHaju3bl BBIMOJHEHBI COTVIACHO OOIICIIPHHS-
To Meronuke. OIEHEHO COOTBETCTBUE IMOIYYECHHBIX PE3YIbTAaTOB IO THIPOXMMUYECKUM
MOKazaTeJsiIM HOPMAaTHBHBIM TPEeOOBaHMSAM K KauecTBY BoJ. OTMEUEH BBICOKHH YPOBEHb
COJIEp)KaHMsl KHCIIOPOZa Ha BCEX ydyacTKaxX; OMOXMMHYECKOE IOTpeOJIeHHE KHCIopoja
Ha IAThIe CyTKU u3MeHsutock ot 0.98 1o 3.34 mr/a (c. Mono4Hoe) 1 NpeBhINIago HOpMaTuB
JUISL BOIHBIX OOBEKTOB PHIOOXO3AHCTBEHHOTO 3HAYEHUS] MakCUMyM B 1.6 pasa, 3Ha4eHHS
OKHCIIIEMOCTH TIPEBBIMIAIH MIPEAETBHO AOIMyCTUMBIE TOKa3zaTenn B 2—4 pasza. KoHuenTpa-
IIMA MHHEPAIBHBIX (JOPM a30Ta HE MPEBBIIAIN MPEACIBHO JOMYyCTUMYIO KOHIEHTPALHIO,
KpOMe HUTPUTOB (MaKCHMaJIbHOE TIpeBHIIIeHHE B 2.8 pa3a). 3aUKCHPOBAHO TaKXKe Ipe-
BBIIIICHHUE MPEICTHHO JOMYCTHMOM KOHIeHTpanuu ¢ochaToB B paiioHax c. HoBorpurops-
eBKa 1 c. MonodHoro (MakcuMyM B 5.6 pasa). Pe3ynbraTel ncciiefOBaHHA TTO3BOJSAIOT BBI-
JIeNTUTh HanOoJiee 3arpsi3HEHHbIe pailoHbl, TakKue Kak ¢. MosouHoe u c. HoBorpuropbeBka.

KiroueBble cjioBa: THIPOXUMHUECKUE TTOKa3aTeNd, OMOTeHHBIE BEIIeCcTBa, KaYeCTBO BOJ,
aHTPOTIOTE€HHas Harpy3ka, peka Cairup, Kpsmm

BaaronapuocTu: pabdora Bemonnena no temam HUIL IICI' 102320600002-2-1.6.17
«M3yuenne ocoOEHHOCTEH CTPYKTYpHl M ANHAMUKH MPECHOBOAHBIX 3KocucTeM CeBepHOTo
IIpuuepromopes» u GUL[ UuBIOM 1023032700554-2-1.6.16 (FNNZ-2024-0032) «Kom-
TUIEKCHOE HCCIIeI0OBAHNE MEXaHN3MOB (DYHKIIMOHHPOBAHHS MOPCKUX OMOTEXHOJIOTHIECKUX
KOMIUIEKCOB C LIEJIBIO MOYYEeHHsI OMOIOrMYECKN aKTUBHBIX BELIECTB U3 THAPOOHOHTOBY.

Jus mutupoBanus: ['mapoxumudeckoe coctosaue Bog pek Camrup m burok-Kapacy
(moyoctpoB Kpbim) B netHuit cezon 2023 roxa / H. I1. KoBpuruna [u ap.] // Dxonornydeckas
0e301acHOCTh IPUOPEKHOI U 1IeNb(poBoii 30H Mopst. 2024. Ne 3. C. 139-148. EDN SZZDMX.

Introduction

The Salgir River represents the largest water system of the Crimean Peninsula
flowing into Sivash Bay of the Sea of Azov during periods of high water. The scien-
tific research of the Salgir River and its basin was initiated in the late 19th century .

D Golovkinskiy, N.A., 1893. [Springs of Chatyrdag and Babugan]. Simferopol: Tip. Spiro, 35 p.
(in Russian).
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The results of expeditionary studies of the Salgir River and its tributary Biyuk-
Karasu are described in work ?. In 1961, information about the Salgir River basin
was presented in the work of M.E. Miller [1] in connection with the construction of
the Simferopol Reservoir and the Salgir irrigation system. The study of the natural
landscapes and the use of nature in the Salgir River basin as well as the justifica-
tion of measures to ensure the quantity and quality of water resources in the basin
were carried out by A. M. Vlasova [2]. The study considers the main sources of
pollution in the Salgir River basin and identifies the areas of the basin with stable
and unstable ecological state. The analysis of the factors of water resources for-
mation in the Salgir River under the conditions of climate change and anthropogen-
ic load is presented in the works of E. A. Pozachenyuk et al. [3].

The greatest contribution to the pollution of the water area of the Salgir and
Biyuk-Karasu Rivers is made by industrial and municipal wastewater from the city
of Simferopol and its suburbs. This phenomenon can be attributed to a confluence
of factors, including the proliferation of industrial facilities, high density of build-
ings, branched transport networks and municipal infrastructure, among others.
The work by N.M. Ivanyutin et al. [4] demonstrates that the primary pollutants
identified in the investigation of river runoff, for which exceedances of maximum
permissible concentrations (MPC) were observed, are petroleum products, ammo-
nium nitrogen, nitrite, nitrate, phosphate, iron, cadmium, manganese, lead and zinc.
Furthermore, the BODs permissible levels were exceeded.

In their study, N. M. Ivanyutin et al. [5] identify the increased withdrawal of
water from the river and the discharge of inadequately treated wastewater, in addi-
tion to precipitation and snowmelt water runoff, as the primary challenges facing
the Salgir River. In addition to the previously mentioned sources, E. Yu. Kuz-
netsova [6] identifies industrial waste settling and livestock farms as contributors
to the pollution of surface water. An increase in the concentration of nitrite, phos-
phate and ammonium nitrogen in the surface waters of the Salgir River was detected.
The gradual increase in nitrite content can be attributed to the conversion of ammonia
to nitrite as a result of the nitrification. The MPC of ammonium nitrogen was exceed-
ed. The authors conclude that the ecological condition of the river is unsatisfactory.

In the work of G. A. Kiseleva [7], the monitoring of hydrochemical indicators
(dissolved oxygen, BODs, etc.) revealed significant changes in the environment
and benthic ecosystem. This led to the identification of six areas within the Salgir
River, characterised by varying degrees of anthropogenic load. The results demon-
strated that the river biocenoses underwent a significant transformation as a conse-
quence of intensive anthropogenic activity. It can be stated now with a reasonable
degree of certainty that a number of invertebrate species previously recorded
in the Salgir River have disappeared.

In general, the water of the Salgir River is characterised as “polluted” ac-
cording to the classification of surface water quality in the Russian Federation ),

2 Kocherin, D.I., 1922. [River Run-Off in the Upper Reaches of the Salgir River up to Simferopol
(Main Conclusions)]. In: Simferopol, 1922. [Materials on the Water Management of Crimea). Sim-
feropol: 1-ya Gos. Tipo-lit, iss. 2, 8 p. (in Russian).

3 Council of Ministers of the Republic of Crimea, 2023. [Report on State and Protection of Environ-
ment of Republic of Crimea in 2022]. Simferopol: OOO Print, 448 p. (in Russian).
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as outlined by L. V. Malakhova et al. [8]. Additionally, the river water in the vicinity
of the village of Dvurechnoye exhibits high levels of easily oxidizable organic matter,
as indicated by elevated BOD and chemical oxygen demand values?. In the
aforementioned works, insufficient attention is paid to the hydrochemical charac-
teristics of water. Consequently, our work classifies the level of water pollution of
the Salgir River on the basis of a hydrochemical analysis of the material in ques-
tion.

The paper analyses new data on the hydrochemical characteristics of waters
from the Salgir and Biyuk-Karasu Rivers in summer, when the water area is sub-
jected to an increased anthropogenic load.

Materials and methods

To assess the hydrochemical state of waters of the Salgir River and its most
full-flowing tributary, the Biyuk-Karasu River, studies were carried out in July,
August and September 2023 in four sections of the Salgir River from its head
to its mouth and in three sections of the Biyuk-Karasu River along the main stream
to the mouth (Figure).

0 10- 20 km %&C ; ® Sampling stations
L B ——Salgir River with tributaries

Map of water sampling stations on the Salgir River and its tributary Biyuk-
Karasu

4 Trofimchuk, M.M., ed., 2021. [Quality of Surface Waters of the Russian Federation. Information
on the Most Polluted Water Bodies of the Russian Federation (Annex to Year-Book for 2020)].
Rostov-on-Don, 160 p. (in Russian).
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On the Salgir River, samples were taken upstream of the Simferopol Reservoir
(the village of Dobroye, station /) at a station with a presumably low anthropogenic
impact, downstream of the city of Simferopol (the village of Beloglinka, station 2)
at a station with a high anthropogenic load, downstream of the river in the devel-
oped agricultural area, following an extensive network of fishery ponds (the vil-
lage of Molochnoye, station 3), and closer to the mouth, in the area with agricul-
tural land and livestock production (the village of Novogrigoryevka, station 4).
On the Biyuk-Karasu River, samples were taken downstream of Belogorsk
(the village of Belaya Skala, station 5) in the area of orchards, further downstream
in the area of grain crops cultivation (the village of Zybiny, station 6) and closer
to the mouth after the settlement where a cattle farm and feed mill are located
(the village of Uvarovka, station 7). Samples were obtained from the surface
in triplicate, resulting in a total of 45 samples and 405 hydrochemical analyses.

The following parameters were identified in the samples: dissolved oxygen,
five-day biochemical oxygen demand (BODs), alkaline permanganate oxidizability,
silicate, mineral and organic forms of nitrogen and phosphorus. The analyses were
performed according to generally accepted methods ¥ ©. The oxygen concentration
was determined by the Winkler method, while the nutrients were determined photo-
metrically. Phosphates were determined by the Murphy—Riley method; nitrites were
quantified photometrically using the Griess method, while nitrates were first reduced
to nitrites with copper-plated cadmium. Ammonium nitrogen was determined
by the Sagi—Solorzano method, while silicon was quantified by the Koroleff method.

Results and discussion

Dissolved oxygen concentration in the waters of the Salgir and Biyuk-Karasu
Rivers (Table) varied from 5.30 (the village of Novogrigoryevka) to 6.57 mL/L
(the village of Beloglinka) in July; and from 5.48 (the village of Molochnoye)
to 7.12 mL/L (the villages of Dobroye and Beloglinka) in August. The range of
variability was 6.09-7.66 mL/L in September. The minimum oxygen content was
recorded near the village of Uvarovka and the maximum one was near the village
of Novogrigoryevka. In general, the oxygen concentration in the waters of the Sal-
gir River and its tributary Biyuk-Karasu is high; even its minimum content is above
the MPC according to the limit for fisheries 7 by 1.3 mL/L.

Such indicators as BODs and alkaline permanganate oxidizability were used to
characterise water pollution of the studied river sections. The first indicator reflects
pollution of the environment by non-persistent organic matter, the second one indi-
cates the degree of water pollution by persistent organic matter. BODs values varied
from 0.98 (the village of Belaya Skala) to 3.34 mg/L (the village of Molochnoye)

3 Sapozhnikov, V.V., ed., 2003. [Guidelines for the Chemical Analysis of Marine and Freshwater
in Environmental Monitoring of Fishery Waters and Prospective Fishing Areas of the World Ocean).
Moscow: Izd-vo VNIRO, 202 p. (in Russian).

9 HMSO, 1984. The permanganate index and permanganate value tests for waters and effluents
1983. London: HMSO, 21 p.

7 On the Approval of Water Quality Standards for Water Bodies of Commercial Fishing Importance,
Including Standards for Maximum Permissible Concentrations of Harmful Substances in the Waters
of Water Bodies of Commercial Fishing Importance: Order of the Ministry of Agriculture of Russia
dated December 13, 2016, No. 552 (in Russian)
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The main hydrological and hydrochemical parameters of the Salgir and Biyuk-Karasu
Rivers in July—September 2023

Concentration, Oxidi

Sampling | Station | T, 0,, |BODs;, ng/L xici-
o zability,

date number C | mL/L | mg/L O/L

NO; [NO; |NHs |POS | si | ™8
July
06.07.23 1 225  6.57 1.67 23.0 964 567 15 2186 4.56
06.07.23 2 23.0 542 190 157 986 352 31 2303 3.88
18.07.23 3 235 537 334 494 944 543 687 4881 5.86
18.07.23 4 250 530 1.63 39.0 962 414 612 5708 6.26
26.07.23 5 220 582 098 162 967 357 3 1920 4.16
27.07.23 6 23,5 570 1.03 103 1013 252 10 2373 3.58
27.07.23 7 265 650 191 37 848 394 8 2739 512
August
03.08.23 1 240 7.12 242 237 3500 336.0 45 3690 7.90
03.08.23 2 215 712 235 31.8 7328 63.0 46 4300 8.95
09.08.23 3 21.6 548 226 230 6930 31.0 1120 2660  7.27
09.08.23 4 253 671 257 62 3767 204.0 612 6370 5.63
September

13.09.23 5 182 6.09 ND 22 2804 18.9 9 1263 ND
14.09.23 6 173 641 ND 212 5629 299 22 875 ND
20.09.23 3 18.0 7.08 ND 447 2766 54.1 614 4142 5385
20.09.23 4 192 7.66 ND 559 2518 452 64 8196 3.28

Note: ND — not determined. MAC Oz — 4.20 pg/L; MAC NO2~ — 20.0; MAC NOs;™ — 9000 pg/L;
NH4" — 390 pg/L. Limit for 5-day biochemical oxygen demand (BODs) — 2.1 mg/L; limit
for oxidizability — 4.00 mgO/L.
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in July. At the same time, the maximum BODs values exceeded the limit
(2.1 mgO/L) by 1.6 times. In July, the limit exceedance was observed only once;
in August and September, the exceedance was persistent (maximum by 1.3 times).
According to the integrated ecological classification of surface water quality ¥,
the BODs values of the Salgir River waters made it possible to classify them
as satisfactorily clean (3rd class of water quality) in July and polluted (4th class)
in August and September.

Water oxidizability varied from 3.58 to 20.10 mgO/L. The minimum value was
observed in July (the village of Zybiny) and the maximum in September (the vil-
lage of Molochnoye). The average oxidizability exceeded the MPC (4.0 mgO/L)
of the limit for fisheries by 1.6 times in July, by 1.9 times in August and by 4.8 times
in September. According to the oxidizability values, waters of the Salgir and Bi-
yuk-Karasu Rivers in July were classified as the 2nd class of quality, correspond-
ing to clean water®, but in August it was classified as the 3rd class, corresponding
to satisfactorily clean waters. In September, the waters were classified to be of
the 4th class, indicating a deterioration in quality. Therefore, in terms of oxidizabi-
lity, a deterioration in the river water quality was observed from July to September,
which can be attributed to increased anthropogenic impact and recreational load.

Forms of nitrogen

Water nitrite nitrogen concentrations in the waters of the Salgir and Biyuk-
Karasu Rivers ranged from 2.2 to 55.9 pg/L; the minimum and maximum values
were recorded in September (the villages of Uvarovka and Novogrigoryevka,
respectively). Increased NO, concentrations (49.4 and 44.7 png/L) were observed
near the village of Molochnoye in July and September. Exceedance of MPC (20 pg/L)
was noted at three out of seven stations in July, at three out of four stations in Au-
gust, and at three out of four stations in September. The maximum MPC exceed-
ance was by a factor of 2.8. The average value of nitrite concentration equal to
24.4 ng/L exceeded the MPC by 1.2 times.

Nitrate nitrogen concentrations were 1-2 orders of magnitude higher than ni-
trite nitrogen concentrations and varied over a wide range from 848 to 7328 ug/L.
The NOs;™ minimum was observed in July near the village of Uvarovka, and
the maximum (0.8 MPC) in August in the vicinity of the village of Beloglinka.
Other NOs™ values were lower and ranged from 0.1 to 0.77 MPC with an average
nitrate concentration of 2795 ug/L. It is notable that there was an increase in nitrate
concentration from July to September. This can be explained by an increase in the rec-
reational load and anthropogenic impact on the region.

Ammonium nitrogen concentrations were recorded between 19 and 336 pg/L.
The minimum NH4" concentration was observed in September near the village of
Uvarovka, and the maximum one in August near the village of Dobroye. High
ammonium nitrogen content can be impacted by domestic runoff from the village

8 State Committee on Water Management, 2018. [Scheme of Integrated Use and Protection of Water
Bodies of the Republic Of Crimea, Including Norms of Permissible Impact on Water Bodies, and
Water Quality Targets for Water Bodies Located in the Territory of the Republic of Crimea. Book
2: Assessment of the Environmental Condition and Key Problems of River Basins Located in the
Territory of the Republic of Crimea] (in Russian).
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of Dobroye; settlements along the Salgir riverbed do not have centralized sewerage
systems. All the NH4" concentrations were significantly below the MPC (390 pg/L)
according to the fishery regulations. The average NH4" content in the river waters
was 72 ug/L, which is 5.4 times lower than MPC.

Organic nitrogen (N,rg) was determined only in September; its concentrations
were high and varied from 2990 to 8110 pg/L. The minimum was recorded near
the village of Belaya Skala, and the maximum near the village of Novogrigoryevka.
The maximum concentration of nitrite (56 pg/L) and high oxidizability values
(18.40 mgO/L) were also recorded there. The presented hydrochemical characteris-
tics show that this area is polluted with organic matter. The average No content
was 5070 pg/L in September.

Mineral phosphorus (POs") concentrations varied from 3.5 to 1120 pg/L
in the waters of the Salgir and Biyuk-Karasu Rivers. The minimum was observed
in July (the village of Belaya Skala) and the maximum in August (the village of
Molochnoye). In the vicinity of the villages of Molochnoye and Novogrigoryevka,
PO4* is 1-2 orders of magnitude higher than in other areas. This is likely at-
tributable to the impact of domestic and other anthropogenic sources, as evidenced
by the elevated organochlorine concentrations observed in the vicinity of the vil-
lage of Molochnoye [8]. The average PO,* concentration was 260 pg/L in July—

September; therefore, the waters under study can be classified as polluted ones ®.

Silicate concentrations had high values and varied in wide ranges from 875
to 8200 pg/L. The minimum and maximum were observed in September near
the village of Belaya Skala and the village of Novogrigoryevka, respectively.
Increased Si concentrations in the water near the village of Novogrigoryevka are
caused by the chemical composition of soils, including aluminosilicates as the main
component. In the vicinity of the village of Molochnoye, the concentrations of sili-
cates are about 2 times lower than in the village of Novogrigoryevka. In the other
areas, the concentration of Si was almost 4 times lower than the maximum concen-
trations. The average silicate concentration in July—September was 3574 ug/L.

Conclusions

The analysis of the hydrochemical data obtained in the period between July
and September 2023 in the waters of the Salgir and Biyuk-Karasu Rivers has led
to the following conclusions:

— the oxygen level in water is high at all river sections;

— the exceedance of BODs and oxidizability limits by a maximum of 1.6 and
4.8 times, respectively, were recorded in the vicinity of the village of Molochnoye.
This resulted in the river waters being assigned to the 4th class of water quality
in September, down from the 2nd class they were assigned to in July;

— nitrite MPC was exceeded by a factor of 2.5 (the village of Molochnoye).
Nitrate concentrations were below MPC and increased from July to September.
Ammonium nitrogen concentrations were low and did not exceed MPC;

— high concentrations of phosphates, 1-2 orders of magnitude higher than
in other areas, were recorded in the vicinity of the villages of Molochnoye and No-
vogrigoryevka due to the influence of domestic and household wastewater;

— the results of all hydrochemical analyses of the Salgir River waters indicate
that the areas of the villages of Molochnoye and Novogrigoryevka are most polluted.
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