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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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ENVIRONMENTAL MONITORING ON THE LANDFILL
OF SOLID DOMESTIC WASTES OF THE TOWN KENTAU

Abstract. The article presents the results of an analysis of environmental problems arising from the disposal
and operation of solid domestic waste landfills. The most important of them can be a negative impact of landfill on
the state of environmental medium in the area of its location. The result of this impact is the degradation of the exis-
ting ecosystem, namely soils, groundwater, atmospheric air, vegetation. Pollution of environment can hurt the life of
biological resources, including human resources.

The results of experimental studies have been presented on the qualitative and quantitative composition of
greenhouse gases (methane, carbon dioxide) and other toxic gaseous substances (nitrogen dioxide, nitric oxide, soot,
sulfurous anhydride, carbon monoxide, formaldehyde, hydrogen sulfide, ammonia, xylene, toluene, ethylbenzene)
released to the atmosphere from the landfill surface of the town Kentau . Based on the experimental measurement of
the landfill territory, it was determined that there is no radiation pollution above the maximum permissible level. An
average morphological composition of solid domestic waste is identified. A significant part of the fractional com-
ponents of SDW is represented by a wide variety of organic and synthetic materials. Ashes (46%), manure (20%),
bones of domestic animals (11%), paper and textiles (6%) are considered as basic fractional groups.

A conclusion is made on the expediency of regular environmental monitoring for taking measures to protect the
environment and the rational use of valuable components of waste as secondary raw materials.

Key words: landfill, sanitary protection zone, solid domestic waste, monitoring, greenhouse gases, biogas.

The actuality of the problem. Waste is a source of pollution of atmospheric air, ground and surface
waters, soils and vegetation [1-3]. Initially, the solution of waste problem was mainly in their destruction-
burial in the upper layers of the geosphere or burning, but with increase of environmental pollution more
environmentally acceptable measures for disposal of waste — their sorting and reuse came to the fore, in
other words recycling as well as using low-waste technologies [4]. When harmful impact on the environ-
ment does not exceed the level permitted by sanitary and hygienic norms is considered as low-waste
production, while a part of raw materials and materials are passed to waste which are sent for processing
or disposal. waste minimization in various industries can be achieved with the following ways: improve-
ment of technological processes towards reducing the amount of waste generated; waste recycling,
preferably in the process of their generation, processing of waste into useful by-products; decrease in
volumes and toxicity of waste to facilitate subsequent disposal and processing [5, 6].

In accordance with the Environmental Code of the Republic of Kazakhstan, individuals and legal
entities that generate waste in the course of their economic activities are obliged to provide for safe hand-
ling measures, to comply with environmental and sanitary and epidemiological requirements and to carry
out measures for their disposal, decontamination and safe disposal [7]. Removal of solid domestic waste
ensures sanitation of cities and provides necessary sanitary and ecological conditions for the existence of
the settlement.

At the present time the most common facilities for decontamination of removed SDW from the town
are their storage at specially equipped landfills [8].
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Landfills are a complex of nature conservation facilities designated for SDW storing, isolating and
decontamination, providing protection from pollution of the atmosphere, soil, surface and groundwater,
preventing the spread of rodents, insects and causative organisms of disease.

The objective of this work is conduction of environmental monitoring over environmental compo-
nents in the area of influence of the landfill of Kentau town.

Objects and methods of research. The object of our research is a state of the Kentau town landfill
(area 33.0 ha) and determination of action spectrum on the natural environment. It is designed for recei-
ving and burial of solid domestic waste generated from residential, industrial, commercial, public, etc.
buildings in Kentau. The storage area is the main structure of the landfill. It occupies about 85-95% of the
landfill area.

The nearest settlements are Khanatagi and Kentau located at 6 km and 3 km, respectively to the
western direction of the landfill. In geological consideration, the location area is composed by Upper Qua-
ternary sediments of the left bank floodplain terrace of the Hanatagi River. The soil is represented by
brownish-brown loams with plant roots and light yellow loam with a high content of crushed stone.

The capacity of SDW landfill is 1251152 m’, expected useful life is 20 years. SDW landfill has been
operating since 2010. The service life of landfill is 15 years. The standard of waste disposal for the years
of 2018-2020 is fixed in the volume of 20643,412 tons in 2018; 20643,412 tons in 2019, 20134.3966 tons
in 2020. At the same time, the capacity of landfill is 1111490m’ (646,000 tons). All wastes belong to the
green hazard level with code GO060. According to the sanitary and epidemiological rules and norms
approved by Government decree of the Republic of Kazakhstan on January 17, 2012 No. 93, the sanitary
protection zone (SPZ) of landfill is 1000 m, and I hazard class.

The following main types of work are performed at the site: reception, storage and isolation of SDW.

Reception of solid domestic waste is done:

- in a packless state (i.e. in the same physical state, in which the waste comes from the population and
organizations), the average density is 190-200kg / m®;

- in a packed state: when compacted by garbage truck equipped with compaction mechanisms, the
average density is 500 kg/m’, and sometimes it reaches upto780 kg/m’.

The intermediate and final isolation of the compacted layer of SDW is carried out by the soil. When
storing SDW on open, non-deep plots, an intermediate isolation in the warm season is carried out on a
daily basis, in the cold season - with an interval of no more than three days. The layer of intermediate
insulation is 0.25 m. In winter, a construction waste, waste products (lime, chalk, soda, gypsum, etc.) are
used as an insulating material.

The following parameters and pollutants have been determined for air pollution sources:

- environment and gas temperature;

- barometric pressure and pressure of gas-dust flows;

- geometric characteristics;

- nitrogen dioxide, nitrogen oxide, carbon black, sulfurous anhydride, carbon monoxide, formal-
dehyde, hydrogen sulphide, kerosene, ammonia, methane, xylene, methylbenzene (toluene), ethylbenzene.

To assess the amount of greenhouse gases emitted into the atmosphere by a SDW dump, trap caps
have been installed on its surface near the wells to collect methane and carbon dioxide (metal cubes with
screwed nipples).

When determining the concentration of pollutants, the well-known normative documents [9-13] and
the following measuring instruments were used: combined instrument "TKA-PKM", aspirator "PU-3E",
manometer "DMC-01", pressure tubes RIGAA and PITO, gas analyzer " HANK-4", equal arm labora-
tory weight "VLR-200 g-M", photometric photometer "KFK-3-01-" ZOMZ ", radiometer-dosimeter
RKS-01-Solo.

Results and discussion. Various wastes in composition are stored in the landfill. When they come
into contact with the geological environment, complex chemical and biochemical reactions begin to occur.
A number of toxic substances are released into the environment in solid, liquid and gaseous form from the
waste. As a result of exothermic processes, thermal energy is released, which leads to a fire hazardous
state due to the ignition of the landfill gas of methane and other flammable substances [14].

This year, due to a sharp increase in air temperature up to 40°C and above, there has been multiple
spontaneous combustion of waste in many landfills, including the considered landfill. Taking into account
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this condition, a regular moistening of SDW was carried out at the Kentau landfill in summer during fire-
hazardous periods. Average water consumption for irrigation in this landfill is 10 liters per 1 m® of SDW.

A biothermal anaerobic process of decomposition of the waste organic component takes place under
the influence of microflora in the thickness of solid domestic and industrial waste buried in landfills.
During the initial period (about a year), the process of waste decomposition is characterized by their
oxidation occurring in the upper layers of waste, due to the oxygen of the air contained in the voids and
penetrating from the atmosphere. Then, as natural and mechanical compaction of wastes and their
isolation by the soil are intensified, anaerobic processes are intensified with formation of biogas, which is
a final product of the biochemical anaerobic decomposition of the waste organic component under the
influence of microflora [15-21].

A simplified stoichiometric equation on the reaction of anaerobic decomposition process of organic
matter is as follows: n C¢H;(Os + n HyO > 3n CH4 + 3n CO,. The final product of this process is biogas,
the bulk of which is methane, carbon dioxide. Methane and carbon dioxide are greenhouse gases; they
greatly enhance the effect of global climate change. In order to avoid the negative impact of greenhouse
gases to the state of environment, in the work [22] shown possibility of their use in the mix with natural
gas as a fuel . Co-combustion of natural gas and greenhouse gases leads to a dramatic phenomenon of
harmful emissions into the atmosphere. Along with these components, biogas contains water vapor,
carbon monoxide, nitrogen oxides, ammonia, hydrocarbons, hydrogen sulphide, phenol and in minor
amounts other impurities.

The process intensity and specific volume of gas emissions depend on the environmental conditions,
the age of landfill and the fractional composition of waste. The main factors influencing the intensity of
biological conversion are temperature, humidity, value of hydrogen index, content of organic matter.

Tables 1, 2 present the characteristics of main greenhouse gases and other gases formed in the landfill
area and their volumes.

Table 1 — Characteristics of greenhouse gases (tons/year)

" Name Chemical Number of emissions Numbf?r of greeghouse gas emissions
of greenhouse gas formula by types of greenhouse gases in the equivalent to CO,

1 Carbon dioxide CO, 301.715 301.715

2 Nitrous oxide N,O 0.00253 0.7873

3 Methane CH, 0.0544 1.1421
Total 303,6444

Table 2 — Content of gas emissions (mg/m”)
in the territory of sanitary protection zone of the Kentau landfill

Component name MPC South East West North
Nitrogen dioxide 0,2 0,086 0,087 0,085 0,08
Ammonia 0,2 N/A N/A N/A N/A
Sulphurous anhydride - N/A N/A N/A N/A
Carbon monoxide 5,0 3,0 3,0 3,5 3,0
Methane 1,0 N/A N/A N/A N/A
Xylene 0,2 N/A N/A N/A N/A
Methylbenzene (toluene) 0,6 N/A N/A N/A N/A
Ethylbenzene 0,04 N/A N/A N/A N/A
Formaldehyde 0,035 N/A N/A N/A N/A

In order to prevent unauthorized storage of waste containing radionuclides, when entering the
landfill, the waste passes radiation dosimetric control. For these purposes, the geological prospecting de-
vices CPII-68-01 or CPII-88H are used. Table 3 shows the averaged indicators of radiation measure-
ments carried out at different sites of the landfill’s upper layer.
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Table 3 — Results of radiation measurements

Name of indicators Units Normative values Actual results
Gamma radiation Mk3v/hr 0,2 0,05-0,12
Radon exhalation mBg/(m*s) 80 36-43

Solid domestic waste is a complex heterogeneous mixture. A morphological composition of solid
domestic wastes stored in the landfills, according to the average data of our studies as percentages by
mass, is presented in table 4.

Table 4 — Morphological composition of solid domestic wastes of the Kentau landfill

# Waste Content of components, %
1 Ash 46
2 Manure and litter 20
3 Waste in the form of wood 3,7
4 Plastic masses (bottles, packaging materials, etc.) 5
5 Bones of pets 11
6 Broken glass 5,4
7 Metal 0,5
8 Leather, rubber 1,5
9 Paper and textiles 6,0
10 Stones 0,9

As can be seen from the data in table 4, a significant part of SDW fractional components is represen-
ted by a wide variety of organic and synthetic materials. Ash, manure, animal bones, paper, and textiles
are considered to be the main faction groups. Their ratio depends on a number of factors, which primarily
include the level of economic development of the region, its geographical location and the formed men-
tality. Morphological composition may vary depending on the season, weather conditions. So in autumn,
an increase in the amount of food waste, this is associated with a large consumption of vegetables and fruits
in the food intake. And in winter and spring, the content of small residues (street sweepings) is reduced.

When analyzing the results of waste management works for the last year, the trend on increase of
SDW generation can be clearly traced. The volume of generation of solid domestic waste is directly rela-
ted to the life activity of population and production processes of the enterprises located in the serviced
territory. The quantitative and qualitative content of waste depends on the production factors of enter-
prises, the development of infrastructure in the living territory of the population and the number of people
served.

Based on the development prospects of the town Kentau for 2018-2020, it can be assumed that this
volume of SDW generation will increase by at least 10% each year. Currently, measures are taken to orga-
nize selective collection and disposal of SDW for environmental improvement, as well as lowering of
harmful effects on the environment, For example, there is a separate collection of waste paper, polymeric
waste, plastic bottles, scrap metal, organic waste (manure, bird droppings, sawdust), glassware. These
types of waste are further sent to the relevant enterprises for further utilization with receipt of either
marketable products or secondary raw materials based on a contract. This measure significantly reduces
the technogenic load of the landfill on the environment. Under this approach, pollution of biosphere
objects is prevented to a certain extent, as well as resource-saving is provided.

In such a way, conduction of regular environmental monitoring over the environmental objects in the
area of influence of the landfill will enable to solve the following problems:

a) to receive reliable information on the level of its negative effect;

b) to assess the dynamics of pollution;

¢) to take appropriate actions to protect the environment from pollution and complex rational use of
valuable components contained in waste as secondary raw materials.
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KEHTAY KAJIACBIHBIH KATTBI TYPMBICTBIK KAJIIBIKTAP ITOJIMT'"OHBIHA
3KOJIOTUAJBIK MOHUTOPUHI'

AHHOTanusi. byn Makanajga KaTThl TYPMBICTBIK KaJIJbIKTap/Abl OpHAJACTBIPFaHIA J>KOHE MOJMIOHIAPAbI
naijananFaHia TYbIHAAHTBIH 9KOJIOTHSUIBIK MACeIeNIepAiH Tajliay HOTHXKecl kepceTureH. EH MaHBI3bICHI, TOJIMIOH
OpHaJacKaH aliMaKTap/bIH KOpIIaraH OpTa HbICaHIapblHA Kepi ocepiH Turizyi. OCBIHBIH HOTHXKECIHIE Ka3ipri 9Ko-
JKYHeHiH OeJlikTepi, sSIFHU TOIBIPAK, EpacThl CyJapbl, aTMocdepanblK aya, eCIMAIKTEp Jerpajanysra YIIbIpaiabl.
Kopmaran opraHblH JacTaHybl TIPIIUTIK €TETiH OMOJNOTHSUIIBIK, COHBIH IIIHAE aJaMH pecypcTapra 3UsSH KeNTipyi
MYMKiH. KeHTay KanmaceIHIaFbl MONMTOHHAH aTMocdepara OeiHeTIH KBUTbI )Kall Ta3gapAblH (MeTaH, KOMipPKBIIIKBIT
ra3el) JkoHe 0acKa Ja yJbl Ta3 TOpi3Mi 3aTTapIbiH (a30T TUOKCHAL, a30T OKCHII, KYJI, KYKIpTTI aHTUAPUA, KOMipTeri
TOTBIFBI, (POPMAJIBIAETHUA, KYKIPTTI CyTeK, aMMHaK, KCHJIOJ, TOIYOJ, STHIOEH30II) calajblK KOHE CaHIBIK KYpaMbIHA
KYPri3lireH TOKIpUOEeNiK 3epTTey HOTHKeNepi kopceTinreH. [1oIMron aymarbIHa KYPri3iireH TOKIpuOeriK eey-
Jep HOTIDKECIHJE aliMaKThIH paJualdsuIbIK JIacTaHy AEHIell LIeKTI payanibl MeNIepAeH aclaiThIHbI aHBIKTAJIBL.
KaTThl TYpMBICTBIK KaJABIKTapIblH OpTamia MOp(OJOTHsUIBIK Kypambl 3epTrenai. KarTel KanablKrapibiH (pak-
LUSUIBIK Kypamiac 0ellikTepiHiH Ke0ici OpraHuKalIbIK j)KOHEe CHHTETHKAJIBIK MaTepHalapiaH TYPaThIH/bIFbl aiKbIH-
nmanabl. OnmapablH Herisri (paknusiblK Typiepi perinne kyn (46%), keH (20%), yi skaHyaplapblHBIH CyHeKTepi
(11%), kara3 xoHe TOKbIMa OyibIMaapbl (6%) GOJIBINT caHaIa b

KopbIThiHABLIA Kele, KATThI TYPMBICTHIK KIIBIKTapIaFbl KYHIBI Kypamaac OeIiKTep i eKiHII peTTiK MUKi3aT
peTiHIe KoNIaHy YILiH )XoHe KOpIIAaFaH OpTaHbl KOPFay ic-IIapaJlapblH JKYpPri3yre MakcaTThl TYpIAE TYPAaKThI SKOJIO-
TUSUTBIK MOHUTOPHUHT JKYPTi3y KePEeKTiri KOPHITHIHIBUTAHIBI.

TyiiiH ce3aep: NMONUTOH, CAHUTAPIIBIK KOPFay ailMarbl, KATThl TYPMBICTHIK KaJIBIKTap, MOHHTOPHHT, >KBLIBI
ait razmapsl, 6uoras.

I. A Canﬂosal, A. . ARGacosal, I.T. Aﬁzmxapan, H. A. Ka.JmeBal, Aun O3zjep Mexmet’

lMemuyHapo;[Hblﬁ Ka3aXCKO-TypelKuil yHuBepcuTeT uM. Xoxu Axmena Scasu, Typkecran, Kazaxcran,
*Yuusepcuter Myrna Critksl Kouman, Myria, Typxus

3KOJIOr MYECKHUI MOHUTOPUHT
HA IIOJIMT'OHE TBEP/JIBIX BBITOBBIX OTXOJ10B I'OPOJA KEHTAY

AHHOTanusi. B craTbe mpuBeeHBI Pe3yNIbTAThl aHAN3A KOJIOTHUECKUX MPOOIIEM, BO3HHKAIOUIUX IPU pa3Me-
LICHUH ¥ SKCIUTyaTal[ly TIOJIMTOHOB TBEPABIX OBITOBBIX 0TX0/10B. K Ba)KHEHIIINM U3 HUX MOXKHO OTHECTH HETaTHBHOE
BO3/ICICTBUE TIOJIMTOHA HA COCTOSIHHE OOBEKTOB OKPYIXKAIOLIEH Cpelbl, HAXOASANIMXCS B 30HE €ro PacoOKEHHS.
Pe3yﬂbTaTOM TakKoro BOSﬂeﬁCTBHH ABJIACTCA ACrpajanunsd CyIJ.leCTByIOH.leﬁ 9KOCHCTEMbI, @ HUMCHHO ITIOYB, ITOA3CMHBIX
BOJI, aTMOC(EPHOr0o BO3yXa, PACTUTEIBHOCTH. 3arpsA3HCHUE OKPYIKAIOIIEH CPelbl MOKET MPUYMHUTEH BPE KHU3HE-
JIESITEILHOCTH OMOJIOTMYECKUX PECYPCOB, BKIIFOYAs YSIOBEUCCKHIA Pecypc.

[IpencraBneHpl pe3ybTaThl 3KCIIEPUMEHTAIBHBIX UCCIICIOBAaHUNA Ka4YeCTBEHHOTO M KOJIMYECTBEHHOI'O COCTaBa
MAPHUKOBBIX (METaH, YIICKUCIBIN T'a3) U IPYTHX TOKCUYIHBIX ra3000pa3HbIX BEIIECTB (TUOKCH a30Ta, OKCHJ| a30Ta,
ca)ka, aHTHUIPUA CEPHUCTHIN, OKCHUII YIiepona, (GopMalbIerHl, CEPOBOIOPO], AMMHUAK, KCHJION, TONYOJ, STHIOCH-
3011), BBIICISIOMIUXCS B atMoc(epy OT MOBEpXHOCTH mojuroHa ropojaa Kenray. Ha ocHoBe 3kcneprMEHTANIbHOTO
3aMepa TEPPUTOPHUHU TOJIMTOHA YCTAHOBICHO OTCYTCTBHE PAJMAIMOHHOIO 3arps3HEHUs BBIIC MPEICIBHO JOIMyC-
TUMOTO ypoBHs. OmnpejienieH cpeHuii MOP(HOIOTHUECKI COCTAB TBEPABIX OBITOBBIX OTXOJOB. 3HAYUTENIbHASL YaCTh
(pakunonHsx koMmorneHToB THO mpeacraBiaeHa OOIBIIMM Pa3HOOOpa3HeM OPTaHWYECKUX W CHHTETHYECKHX MaTe-
puanos. 3om1a (46%), HaBo3 (20%), KocTH ToManTHUX KUBOTHHIX (11%), Oymara u TexcTmib (6%) paccMaTpHUBalOTCS
KaK OCHOBHbIE (DPAKLIMOHHBIC TPYIIIIBL.

Crenas BBIBOJ O LIEIECOOOPA3HOCTH PETYJIAPHOTO MPOBEICHUS KOJOTHYSCKOr0 MOHUTOPHHTA IS MTPHHSATHS
Mep 0 3alIUTe OKPYKAIOLIEH PUPOTHON Cpebl U PAMOHATILHOTO MCTOIb30BaHUS IIEHHBIX KOMIIOHEHTOB OTXO0/I0B
B Ka4€CTBC BTOPUYHBIX CBIPHEBLIX PECYPCOB.

KuroueBbIe cj10Ba: MOJUTOH, CAHUTAPHAS 3allIUTHAS 30HA, TBEPAbIC OBITOBBIC OTXO/bI, MOHUTOPUHT, TTAPHUKO-
BBIC ra3bl, OMoras.
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