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Abstract

Translation of the original publication Kesheva L.A. Issledovanie sostojanija poverhnostnyh i podzemnyh vod v rajone
razmeshhenija nesankcionirovannoj svalki [Investigation of the state of surface and groundwater in the area of unauthorized
landfill] / Kesheva L.A., Teunova N.V. // Mezhdunarodnyj nauchno-issledovatel'skij zhurnal [International Research Journal].
— 2023. — Ne8 (134). — DOI: 10.23670/IRJ.2023.134.147.

The article examines the condition of surface and ground waters in the area of an unauthorized landfill site in the town of
Karabulak, Republic of Ingushetia. For the study, 6 samples of surface and underground natural, surface and underground
anthropogenic water were taken and analysed according to 36 different indicators.

Surveys showed increased magnesium and lithium content in surface and groundwater samples, and ammonium ion in the
groundwater sample from the operating well. In all samples, exceedance of the maximum allowable concentration of
hydrocarbonates and biological oxygen demand was observed.

When analysing technogenic water (filtrate), excesses for chlorides, iron, manganese, arsenic, chromium, lithium,
magnesium, phenol and oil products are observed. Concentrations of pollutants in technogenic water samples taken from under
the body of the landfill are several times higher than in samples taken at the foot of the landfill. High values of dry residue,
chemical oxygen demand, biological oxygen demand and hydrocarbonates were also determined.

Keywords: waste, filtration water, surface water, groundwater, landfill, sample analysis.

VICCJIEJJOBAHUE COCTOSIHHS [TIOBEPXHOCTHBIX 1 [TOJJ3EMHEIX BO/] B PAVIOHE PASMEII[EHUSA
HECAHKIIMOHVPOBAHHOI CBAJIKY (IIEPEBOJ] OPUTMTHAJIEHOM ITYB/IUKALN HA AHIVIMVCKUI
SI3BIK)

Hayunas crarbs

Kemesa JI.A." *, Teynosa H.B.?, TamuioBa A.A.2
'ORCID : 0000-0002-5132-1563;
>ORCID : 0000-0002-1135-3587;
*ORCID : 0000-0002-2368-6047;
123 BLICOKOTOPHBIH reodusnuekuii UHCTUTYT, Hansurk, Poccuiickas ®eepariust

* Koppecnonpupytomuii aBTop (kesheva.lara[at]yandex.ru)

AHHOTaI M

[MepeBon, opurvHambHOM myOvkaiuu KemieBa JI.A. VccienoBaHue COCTOSIHUS TIOBEPXHOCTHBIX U TIO[3€MHBIX BOJ| B
paiioHe pasMellleHUs] HecaHKLMOHUpoBaHHOM cBanku / JILA. KemeBa, H.B. TeyHoBa // MexxayHapoAHbIii HayuyHO-
vccnenoBarenbCkuil xxypHai. — 2023. — Ne8 (134). — DOI: 10.23670/IRJ.2023.134.147.

B crarpe paccmarpuBaeTcsi COCTOSIHME TIOBEPXHOCTHBIX U TPYHTOBBLIX BOJI B PalioHe pa3MelljeHUsi HeCaHKLIMOHUPOBaHHOM
cBasiku B T. Kapabynak, Pecny6mviku WHryietvs. [jisi npoBeJieHust UCCIe[0BaHus Oblii 0ToOpaHbl 6 Mpob MOBEPXHOCTHOM U
MOJ3eMHON TIPHUPOJHOM, TOBEPXHOCTHOM M TIOA3€MHOM TEeXHOTeHHOM BOZABI W IpOaHaIW3UpoBaHbl MO 36 pasIvuHbIM
ToKa3aresisiM.

VccnenoBaHust TIOKa3asiy MOBBIILIEHHOE COZIep)KaHHe MarHusi U JIMTHs B MPo0ax MOBePXHOCTHOW M TPYHTOBOW BOZBI M HOH
aMMOHUs1 B nipobe TPyHTOBOM BOJbI U3 JIEMCTBYIOIIEH CKBa)XHHBI. Bo Bcex mpobax Hab/0[jaeTcsl MpeBbIlIeHre Mpe/esbHO-
JIOMYyCTUMOW KOHLIEHTPAL[UU TI0 THIPOKapboHaTaM 1 OHU0I0rHUeCcKoMy MoTpebIeH|I0 KUCIoposa.

ITpu aHamM3e TeXHOTEHHOU BOAbI (GUIbTpaTa), HAOMIOLAKOTCS MPEBBILIEHHS TI0 XJI0PU/iaM, JKefle3y, MapraHLly, MBIIbSKY,
XpOMY, JIUTHIO, MarHui0, peHony U Hedrernpoaykram. KOHI[eHTpal[uK 3arpsA3HSIOIMX BeIIeCTB B Mpobax TeXHOreHHOU BO/b,
B3ATBIX U3-TIOJ| TeJla CBaJIKA B HECKOJIBKO Pa3 BhILIE, UeM B TPo0ax, B3AThIX Y TIOJHOXbS CBAJIKU. Tak>ke Orpe/iesieHbl BhICOKHE
TOKa3aTeld MO CyXOMY OCTaTKy, XUMHUECKOMY MOTpebJieHHI0 KUCI0posa, OUOIOrHnyeckoMy MOTpeb/eHHI0 KUCIopoAa U
rugpokapboHaram.

KitroueBble ¢/10Ba: 0TXO/IbI, PUIBTPAIIMOHHBIE BO/bI, TOBEPXHOCTHBIE BO/Ibl, [PYHTOBBIE BOZBI, CBAJIKa, AHA/IN3 IPO0D.

Introduction

Unauthorized landfills are one of the significant pollution factors that have a negative impact on all natural components:
atmosphere, soil, water. Landfills are one of the major social problems of urbanized areas and objects of high environmental
risk of environmental pollution of natural environment. The main factor determining the negative impact of solid waste
disposal sites household waste is infiltration within the waste storage area. Atmospheric heavy metals and other substances that
seep into the soil are washed out by sediments from the landfill body, accumulate and poison surface and groundwater.
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Research of surface and groundwater in areas where authorized and unauthorized landfills are located in various regions of the
Russian Federation many works are devoted [1], [2], [3], [4].

This paper examines the pollution of surface, ground and filtration waters in the territory of an unauthorized landfill for the
disposal and storage of household waste, located in the south-western outskirts of Karabulak, Republic of Ingushetia.

Ingushetia is considered the republic with the highest population density in the Russian Federation. The population of the
republic, according to Rosstat, is 488 043 people (2018). Population density — 134.52 people/km? (2018). The rapid rate of
population growth leads to large amounts of solid waste, which are stored in places not intended for waste storage [6].

The landfill in question is located on the right bank of the river Sunzha, 11 kilometers north of Magas and has area
31.2642 hectares. The landfill is a former quarry, partially forested and filled with garbage. This territory has been used for
disposal of household waste for a long time (since 2002) and landfill masses periodically move to the bottom of the quarry as
they accumulate in its upper part. Currently, the thickness of landfill soil reaches 23.0 meters (Fig. 1).

Figure 1 - Landfill territory

The surface of the site is technogenically altered; various diggings and heaps of soil and debris are observed here.

Groundwater at the site is represented by a Quaternary alluvial aquifer, which lies at depths of more than 5.0 m in a thick
layer of pebbles. The aquifer is fed by infiltration atmospheric precipitation, is discharged into the underlying aquifer and into
the local hydrographic network.

The composition of the leachate depends on the type and age of the waste, the prevailing physicochemical conditions
(aerobic or anaerobic), microbiological and water balance of the landfill.

Research methods and principles

For a comprehensive assessment of the state of surface and underground natural, surface and underground technogenic
water samples were taken for chemical, microbiological, parasitological laboratory analysis.

As aresult of the inspection of the territory of the unauthorized waste, the following sampling sites were identified:

6 water samples:

— 1 sample of surface natural water (NW1) from a flooded quarry;

— 2 samples of technogenic water (TW), of which sample TW?2 is from the body of the landfill and sample TW1 is taken
from the accumulation of filtrate under the landfill body;

— 3 samples of underground natural water (UNW): sample UNW1 was taken from an active well to the south of the survey
site, the UNW2 sample was taken at the spring outlet, the UNW3 sample was taken from a geological well.

To determine the water quality at the location of the unauthorized waste, physical-chemical tests were carried out [7].

Sampling was carried out in accordance with regulatory documents [8], [9].

Sampling equipment and sample storage containers were free of contamination and were not altered in sample
composition. The volume of the sample taken was determined by the relevant regulatory document (RD) for the method
determining a specific indicator, taking into account the number of indicators being determined.

Shelf life of selected surface water samples, the need for their preservation, storage methods and transportation, as well as
the volume required for the analysis, complied with regulatory requirements documents and requirements of analytical
laboratories, in accordance with those used for analysis methods [8], [9].

Researching of the selected samples were carried out with using certified equipment at Testing Center «Nortest», Moscow.

Main results

Laboratory studies of samples of natural surface, ground and technogenic (filtrate) water were carried out according to 36
indicators. Excess of maximum permissible concentrations (MPC) was observed for 18 indicators (Table 1). MPC value is
given in accordance with sanitary rules and regulations (SRR) 1.2.3685-21 [10].

Table 1 - Results of analysis of natural surface samples, ground and technogenic (filtrate) water, in which MPC was exceeded

No Place of selection | Surface | Underground natural water Technogenic MPC
natural water
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In samples of surface natural water from the quarry, an excess of the maximum permissible concentrations is observed for
dry residue, chemical oxygen demand, biological oxygen demand, sulfates, hydrocarbonates, lithium and magnesium. The
concentration of hydrocarbonates is one of the greatest importance and is 38.4 MPC. Concentration hydrocarbonates
determines water hardness, the value of which is critical for many industrial waters.



An increased content of chemical oxygen demand (1.4 MPC) and biological oxygen demand (1.6 MPC) indicates a high
percentage of organic matter in the surface natural water of a flooded quarry.

The concentration of lithium in surface water is 1.56 MPC, and magnesium — 1.28 MPC.

According to the results of the study, excesses of the following elements are observed in groundwater samples:

— concentration of ammonium ion in a sample from an active well located south of the research site

(UNW 1) is more than 100 MPC;

— the lithium concentration in the sample from well UNW 1 is 1.4 MPC and in the sample from the spring (UNW 2) — 2.2
MPC;

— magnesium concentration in the sample from the spring (GV2) and in the sample from well No. 5 (UNW 3) — 1.2 MPC.

In groundwater samples the amount of dry residue was also exceeded: it was 1.4 MPC in a sample from a spring, and it
was 10.9 MPC in the sample from well No. 5 (UNW 3). All samples show high biological oxygen demand values, which range
from 1.3 MPC in water from the spring to 1.9 MPC in water from well No. 5 and hydrocarbonates from 2 MPC in water from
operating well up to 68 MPC in samples from well No. 5.

All samples of technogenic water (filtrate) excess of 15 MPC in dry residue, in the sample, taken at the site of filtrate
accumulation, at the foot of the landfill in the southern part of the site, up to 35 MPC from well No. 25 from under landfill
bodies. There is an increased content of chemical oxygen demand, more than 1000 MPC and biological oxygen demand, more
than 250 MPC in both samples.

The content of hydrocarbonates ranges from 98 MPC to 220 MPC.

According to the results of laboratory tests, excesses are observed for: chlorides from 5.7 MPC at the foot of the landfill to
15.4 MPC in samples taken from under the landfill body; iron from 14.1 MPC to 62.6 MPC; manganese from 1.7 MPC to 5.3
MPC; arsenic from 12.0 MPC to 36.0 MPC; chromium from 8.6 MPC to 14.0 MPC; lithium more than 66.6 MPC; magnesium
from 3.1 MPC to 7.56 MPC; petroleum products more than 166.6 MPC; phenol from 2020 MPC to 3280 MPC.

In well No. 25 (TW 2) there are excesses of ammonium ion (more than 100 MPC), cadmium (1.7 MPC), benz(a)pyrene
(1.2 MPC).

In the accumulation of leachate under the body of the landfill, a focus of thermotolerant coliform bacteria is observed, the
number of which exceeds the maximum permissible concentration by almost 2 times, which indicates contamination of
technogenic waters with products human life and poses a microbiological hazard.

Conclusion

Studies conducted in the area where the unauthorized dump is located point to chemical pollution of surface and ground
waters.

There is an excess of the maximum permissible concentration for lithium and magnesium, and values are 1.56 MPC and
1.28 MPC, respectively, in surface natural water from the quarry. The concentration of hydrocarbonates is 38.4 MPC and is
observed increased content of chemical oxygen demand and biological oxygen demand, which indicates a high percentage of
organic matter.

The content of ammonium ions in groundwater exceeds the maximum permissible concentration by more than 100 once.
The concentration of lithium and magnesium is also higher than the maximum permissible concentration, by 2.2 and 1.2 times,
respectively. There is an increased content of dry residue and hydrocarbonates. These changes in the composition of
groundwater point to the technogenic impact of the landfill on the groundwater quality.

Analysis of technogenic water (filtrate) showed exceeding the maximum permissible concentration for chlorides, iron,
manganese, arsenic, chromium, lithium, magnesium, phenol, as well as petroleum products. Concentrations of pollutants taken
from under the landfill body in 1.6-4.4 times higher than in samples taken at the foot of the landfill.

The filtrate, passing through the thickness of the waste, is enriched with toxic substances and penetrates through the soil
into groundwater leads to its contamination, which may have a negative impact on the characteristics of drinking water spring
water, which is used by residents.

Arsenic, cyanides and phenols belong to hazard class 2 substances; they are toxic substances and if they enter the human
body with water, they can cause serious poisoning of the body.
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