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Anomauin

YV oOanitt pobomi nasedeno Oami w000 KoHyemmpayii Oews[alnipeny 6 IpyHmMax HABKOAO NOJCOHIE MEEPOUX
nob6ymosux 8i0x00i6, Ha OCHOBL AKUX MOJICHA OMPUMAMU NAPHY pecPeciliy 3aleiCHicmb KonyeHmpayii bens[alnipeny
6 IPYHMAX NOJi2oHy MEepoux nobymosux 6ioxooie 6i0 enuOUHU SUMIPIOBAHHSI.
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OeH3[a]mipeH, IPYHT, perpeciiHuil anais.

Abstract

This paper presents data on the concentration of benz[a]pyrene in the soils around solid household waste landfills,
based on which it is possible to obtain a paired regression dependence of the concentration of benz[a]pyrene in the
soils of a solid household waste landfill on the measurement depth.

Keywords: landfill, proving ground, municipal solid waste, chemical pollution, concentration, benz[a]pyrene, soil,
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Introduction

Municipal solid waste [1, 2], which is a mixture of components, in contrast to construction waste, which
is mostly homogeneous and relatively easily recyclable [3, 4], poses a great danger to the safety of the
environment and health care. The volume of solid waste generation in our country exceeds 54 million m?
annually, the main part of which is buried in 6107 landfills and landfills with an area of almost 7700 hectares
and is only partially processed or disposed of in incineration plants, in contrast to highly developed countries
with wide implementation of modern recycling technologies and municipal solid waste disposal [5]. During
1999-2014, the total area of landfills and landfills in Ukraine tripled. The area of overloaded landfills and
landfills, which violate environmental safety standards, has almost doubled and more than tripled,
threatening environmental pollution (atmosphere, hydrosphere, and lithosphere), in particular, due to
chemical soil pollution that contributes to the disease of living organisms [6], pollution of nearby land
plots [7], including agricultural land. Therefore, in order to reduce the rate of growth of the area of landfills
and their negative impact on the environment, a technological operation of municipal solid waste compaction
is performed during loading into a dustcart [8, 9]. Dewatering of municipal solid waste will also contribute to
reducing the rate of growth of landfill areas [10].

Research results

According to the Resolution of the Cabinet of Ministers of Ukraine No. 265, one of the priority areas of
municipal solid waste management in Ukraine is ensuring the organization of control over active and closed
municipal solid waste landfills to prevent harmful effects on the environment and human health [11].

The article [12] proposed mathematical models for forecasting the volumes of municipal solid waste
generation and the area of landfills and landfills in Ukraine, with the help of which it was established that the
total area of landfills and landfills, as well as those that do not meet the standards of eco-safety, increases over
time approximately according to an exponential law , and the area of overloaded landfills and landfills, both
those that meet and those that do not meet eco-safety standards, grows almost linearly every year. In order to
reduce the rate of growth of landfill areas, a technological operation of municipal solid waste compaction is
performed during loading into a dustcart [8, 9]. A high municipal solid waste compaction factor ensures more
efficient use of the landfill area [13, 14].

Papers [15-18] indicate significant heavy metal contamination of soils due to municipal solid waste
disposal. The paper [19] provides data on the influence of heavy metals on the microbocenosis of sod-slightly
podzolic soil. In the article [20], it is stated that the most toxic substance (among pollutants of the first class of



danger) is a representative of the class of polycyclic aromatic hydrocarbons - benz[a]pyrene, which is capable
of exerting carcinogenic, mutagenic and other negative effects on living organisms even in nanoguantities.

The authors of the article [21] give an overview of the most common methods of remediation of heavy
metals in the soil. The paper [22] provides data on the specific consumption of electricity to reduce the
concentrations of such heavy metals in the soil of landfills as cadmium, lead, and zinc by the electrochemical
remediation method. This method is based on the use of electric current to separate the relevant pollutants.
Using the method of electrochemical remediation, it is possible to restore soils directly on the surface of the
earth without their selection in special containers, which makes the process less energy-intensive. In the
article [23], the regression dependence of the specific energy consumption of soil cleaning of municipal solid
waste landfills due to contamination with heavy metals (cadmium, lead, and zinc) on their concentrations and
MPC is determined. The work [24] published an improved mathematical model of the specific energy costs of
cleaning the soils of landfills due to contamination with heavy metals from concentrations of cobalt, copper,
nickel, chromium, vanadium, and manganese, which allow estimating the energy costs of cleaning
contaminated soils from the specified substances.

The article [25] states that traditionally the urban environment solves the problem of municipal solid waste
accumulation at the expense of rural areas, as a result of which the problem of pollution of the latter arises,
namely the deterioration of the quality of soil, water, and air, and it is also established that the municipal solid
waste landfill can be the cause of the deterioration of the quality of drinking water water and sanitary-hygienic
condition of soils in the surrounding rural areas. In work [26], the chemical characteristics of soils, in particular
the concentration of benz[a]pyrene in the soils of the Mykolaiv landfill site (Velika Korenikha village,
Mykolaiv region) [26], obtained using the method of high-performance liquid chromatography, supplemented
by research results [20] are given.

Table 1. — Concentrations of benz[a]pyrene in the soils of the municipal solid waste landfill [26, 20]

Measurement depth, cm 2.5 12.5 60 150
Benz[a]pyrene Ca0Ha2 concentration in soil, mg/kg 0.05645 0.03246 0.0059 0.005
Literary source [20] [20] [26] [26]

Based on the data in Table 1, using the method of least squares [27] with the help of the developed
computer program "RegAnalyz" [28], which is protected by the certificate of copyright registration of the
work, and described in detail in the works [29, 30], it is possible to obtain a pairwise regression dependence
concentrations of benz[a]pyrene in the municipal solid waste landfill soils from the measurement depth.

Conclusion

Data on the concentration of benz[a]pyrene in the soils around municipal solid waste landfills are
presented, on the basis of which it is possible to obtain a paired regression dependence of the concentration
of benz[a]pyrene in the soils of the municipal solid waste landfill on the measurement depth.

References

1. Hamer G. Solid waste treatment and disposal : effects on public health and environmental safety / G. Hamer // Biotechnology
advances. — 2003. — Vol. 22, No. 1-2. — P. 71-79. — https://doi.org/10.1016/j.biotechadv.2003.08.007

2. CarmeeBa O. A. OuiHka piBHS eKoloriuHoi HeOGe3leKd 3Baiuil TBepAuX MyHiuunanbHux BigxomiB / O. A. Carzeesa,
I'. B. Kpycip, A. JI. ukano // Exonoriuna 6e3nexa. — 2018. — Ne 1. — C. 75-83.

3. Jlememie M. C. Pecypcosbepiratoua TexXHONOris BUPOOHHULTBA OyOiBENbHHUX MarepialiB 3 BUKOPHUCTAHHSAM TEXHOTEHHUX
BigxoxiB / M. C. Jlemerues, O. B. Xpucrtuy, C. 0. 3y3sk // CydacHi TexHONIOrI1, MaTepiaii i KOHCTPYKLii y OyiBHULTBI: HAYKOBO-
TexHiuHu# 36ipHuk. — 2018. — Ne 1. — C. 18-23.

4. KoBanbcekuii B. I1. Bukopucranus 3omu Bunocy TEC y OyamiBenpHux marepianax / B. I1. KoBanbscekuit, O. C. Cimnaxk //
CydacHi TeXHOJIOri1, MaTepiain i KOHCTPYKIIi y OymiBHULTBI: HayKOBO-TexHiuHuil 30ipHUK. — Binnuus : YHIBEPCYM-Binuuus,
2014. — Ne 1 (16). — C. 35— 40.

5 Mopo3s O. B. ExkoHoMiuHi acrieKTH BHpIILIIEHHSI €KOJIOT YHUX Mpo0ieM yTumi3anil TBepAuX moOyTOBUX BiAXOiB : MOHOTrpadis /
0. B. Mopos, A. O. Ceenryx, O. T. Ceenryx. — Binnuug : YHIBEPCYM-Binnums, 2003. — 110 c.

6. Ilickyn P. II. dyukiioHassHa MOPQOIOTis TOJOBHOIO MO3KY IPH aTepPOCKIepo3i B EKCIIEPUMEHTI Ta I BIUTHBOM
pinnouetiny / P. II. Ilickyn, C. M. T'opbariok // TaBpuueckuit meauko-ouomorundeckuii Bectuuk. — 2006. — T. 9. — Ne 3. —
C. 100-113.

7. Bepestok O. B. MopenoBanHs AWHAMIKH CaHITAPHO-O0AKTEPIONIOTIYHOrO CKJIAAy TBEPAMX MOOYTOBHMX BiAXOMIB TiJ Yac
nitaporo kommocryBanus / O. B. bepesiok, C. M. T'opbaTiok, JI. JI. bepesiok / BicHuk BiHHHIIBKOTO MOTITEXHIYHOTO IHCTUTYTY. —
2013. — Ne 4. — C. 17-20.



8. Bepesrok O. B. CtpykTypa MamuH 17151 30upaHHS Ta MEpBUHHOI TepepoOku TBepaux nodyrosux Bigxoxis / O. B. bepestok //
Bicank mammHOOynyBaHHs Ta TpaHcopty. — 2015. — Ne 2. — C. 3-7.

9. Bepestok O. B. lllnsaxu miaBuineHHs e(eKTUBHOCTI MPECyBaHHS TBEPANX NOOYTOBHX BimxodiB y cmitTeBo3ax / O. B. bepesiok
// Cy4acHi TeXHOJOTii, MaTepiany i KOHCTPYKIii y OyIiBHHUIITBI : HAyKOBO-TexHiuHMH 30ipHUK. — Binnnns : YHIBEPCYM-Binuanms,
2009. — Ne 1 (6). — C. 111-114.

10. Bepestok O. B. EkcniepuMeHTaIbHE JTOCHTIHKEHHS TPOIECIB 3HEBOJHEHHS TBEPANX MMOOYTOBUX BiJIXO/iB ITHEKOBUM TIPECOM /
O. B. Bepestok // Bicank Binauiskoro nonitexsnignoro incturyry. — 2018. — Ne 5. — C. 18-24.

11. Ka6iner MinictpiB Ykpainu. [locranoBa Ne 265 “Ilpo 3arBepmkennst [IporpamMu MOBOMmKEHHS 3 TBEPIVUMH MOOYTOBUMHU
Bimxomxamu” [Enexrponnuii pecypc] 4 6epesnst 2004. Pexxum mocrymy: http://zakon].rada.gov.ua/laws/show/265-2004-%D0%BF

12. Bepestok O. B. MaremaTiyne MOZENIOBaHHS IPOTHO3YBaHHS 00 €MiB YTBOPEHHS TBEPAMX MOOYTOBUX BiIXOAIB Ta IUIOIN]
MOJITOHIB 1 cMiTTe3BaymI B Ykpaini / O. B. bepesrok // CydacHi TexHONOTIi, MaTepiayid 1 KOHCTPYKIi y OyniBHunTBi: HaykoBo-
TexHiuyHui 30ipHuK. — Binauig: YHIBEPCYM-Binauig, 2009. — Ne 2. — C. 88-91.

13. IlomoBuu B. B. EdexruBHicTh excruryararii cMiTTe€BO3iB y cepenoBuili "Mmicro-cMmitresBanmumie” / B. B. Ilonoswuwy,
O. B. IIpunatko, M. I. CnueBcekuii / Haykosuit Bicauk HJITY Vkpaian. — 2017. — T. 27, Ne 10. — C. 111-116.

14. Bepestok O. B. [IpuBox 3HEeBOIHEHHS Ta YIIUIBHEHHS TBEpAUX MOOYTOBHX BimxoniB y cMitTeBo3i / O. B. bepesrok // BicaHuk
MalmMHOOYIyBaHHs Ta TpaHcnopty. — 2016. — Ne 2, — C. 14-18.

15. Impact Assessment of Contamination Pattern of Solid Waste Dumpsites Soil: A Comparative Study of Bauchi Metropolis /
D. S. Buteh, I.Y. Chindo, E. O. Ekanem, E. M. Williams // World Journal of Analytical Chemistry. — 2013. — Vol. 1, No. 4. —
P. 59-62.

16. Heavy metal distribution in soil and plant in municipal solid waste compost amended plots / F. Ayari, H. Hamdi, N. Jedidi,
N. Gharbi, R. Kossai // Int. J. Environ. Sci. Tech. — 2010. — No 7 (3). — P. 465-472.

17. Chao Su. A review on heavy metal contamination in the soil worldwide: Situation, impact and remediation techniques / Chao
Su, LiQin Jiang, WenJun Zhang // Environmental Skeptics and Critics. — 2014. — No 3(2). — P. 24-38.

18. Tripathi A. A study of physico-chemical properties and heavy metals in contaminated soils of municipal waste dumpsites at
Allahabad India / A. Tripathi, D. R. Misra // International Journal Of Environmental Sciences. — 2012. — Vol. 2, No 4. — P. 1-10.

19. Tpununmme H. M. Buus BaxkuxX MeTaliB Ha MikpoOoleHo3 IepHOBo-cnabomigsomucroro rpynty / H. M. I'punumiums,
T. M. JlozoBuubka // Haykosuii Bicauk JIHYBMBT imeni C. 3. Dxuupkoro. — T. 11, Ne 2(41), Y. 4, 2009. — C. 54-57.

20. T'opobmosa O. H. Ponp mHOYBEHHOro MOKPOBa B aKKyMYISIMM M MHIPALMU  MOJHIHUKINYECKHX apOMaTHYECKUX
yriaeBonoponoB npu TexHoreHHoM 3arpssHenun / O. H. I'opobmosa, O. I'. Hazapenko, T. M. Munkuna, H. . Bopucenko,
A. B. Spouyk // W3Bectus Bbicinx ydeOHbIX 3aBeneHuil. Ceepo-Kaskasckuii pernoH. EcrecrBennble Hayku. — 2005. — Ne 1. —
C. 73-79.

21. Nanda S. Remediation of heavy metal contaminated soil / S. Nanda, J. Abraham // African Journal of Biotechnology. — 2013.
—Vol. 12(21). — P. 3099-3109.

22. JIpicenko JI. TlepcriekTHBBI perieHus: IpoOIeMbl 3arpsA3HEeHHs MOoYB TspKelnbIMU Metamiamu / JI. JIsicenko, M. [lonomapes,
b. Kopuuioud // Dxotexnonorun u pecypcocdepexerne. — 2001. — Ne 4. — C. 59-63.

23. bepesiok O. B. MozentoBaHHs MUTOMHUX E€HEPrOBUTPAT OUMIICHHS IPYHTIB IMONITOHIB TBEPIMX MOOYTOBUX BIAXOIIB BiJ
3a0pynHenns Baxxkumu Metanamu / O. B. bepesiok / Komynanbae rocnionaperBo MicT. Cepist: Ge3meka sKUTTEMisITBHOCTI JTFOJUHE —
ocBiTa, Hayka, npakruka. — 2015. — Ne 1 (120). — C. 240-242.

24. bepestok O. B. YjockoHaneHHs MareMaTHYHOI MOJEII NMUTOMHUX CGHEPrOBUTPAT OUYMIICHHS IDYHTIB INOJNIrOHIB TBEPAMX
moOyTOBUX BiIXOMiB Bija 3a0pyanenHs Baxxkumu Metanamu / O. B. Bepestok / Exonoriuna Ge3neka sik OCHOBa CTaJOro PO3BHUTKY
cycninbeTBa. €Bponelcbkuii JocBia i nepcnektuBy : Il MixkHap. Hayk.-mipakT. KoH(Q. : Marepianu kon¢. — JIsBis : JIAY BX/, 2015.
- C. 185-187.

25. Makapenko H. A. BruuB momiroHiB TBepaux MmoOyTOBHX BiJXOMIB Ha MpWIerii cinbebki Tepuropii / H. A. MakapeHko,
O. O. bynax // TaBpiiicbkuit HaykoBuii BicHHK. — 2015. — Ne 93. — C. 227-233.

26. KyniukoBa A. O. Hocnimkenns ¢inprpary Ha nonironi TIIB M. Muxkonais / A. O. Kyniukosa, JI. M. Mapkina // AkTyaibHi
npobneMu cydacHoi xiMii : 30. MaTepianiB nom. ydacH. [l BeeykpaiHcpkoi Hayk. -ipakt. koH¢. — Mukomnais, 2019. — C. 143-146.

27. Muxanend B. M. MaremaTu4Hi CHCTEMH KOMIT FOTEpHOI anreOpH sk 3aci0 miJBHUIIEHHs e(QeKTHBHOCTI i SIKOCTi OCBITHHOTO
npotecy 3 Buioi mareMaruku / B. M. Muxanesuy, O. 1. Illeuyk, H. JI. Byra // Cy4acHi indopmariitni TexHomorii Ta iHoBawuiiiHi
METOIMKK HaBYaHHS Y MiAroTOBLI (axiBLiB: METOIONOrIs, Teopis, AocBixa, npodnemu // 30. Hayk. npau. — Bunyck 14 / Penkon. :
1. A. 3s310H (romoBa) Ta iH. — Kuis-Binuuns : JIOB «Binuutsy, 2007. — C. 357-360.

28. bepestok O. B. Komm’rorepHa nporpama "Perpeciiinuii ananiz" ("RegAnaliz") / O. B. bepestok // CBinouTBo mpo peecrparito
aBTOpChKOro npasa Ha TBip Ne 49486. — K.: JleprkaBna ciryx0a iHTeneKTyanbHoI BracHocTi Ykpainu. — [lara peecrpauii: 03.06.2013.

29. Bepestok O. B. Onpenenenue perpeccun kKo3hGUIHUCHTA YIUIOTHEHNS TBEPIBIX OBITOBBIX OTXOAOB OT BBHICOTHI ITOJMIOHA HA
OCHOBE KOMITbioTepHO# mporpammsel "RegAnaliz" / O. B. Bepestok // ABroMaTu3npoBaHHbIE TEXHOIOIWH H mpou3BoacTea. — 2015, —
Ne 2 (8). — C. 43-45.

30. Bepestok O. B. BcranopieHHs1 perpeciii mapamerpiB 3aXOpOHEHHsI BIIXOIIB Ta MOTPEOH B YIILIbHIOBAIbHUX MAIllMHAX Ha
OCcHOBI komm'toTepHoi nporpamu "RegAnaliz" / O. B. Bepestok // Bicuuk Binnunpkoro nomitexuigtoro incruryry. — 2014, — Ne 1. —
C. 40-45.

Bepestok Bionemma Onecziena — crynentka rpynu 6I11-226, akynbrery iHGOpMaLiifHUX TEXHOIOrIH Ta
KOMI'IOTEpHOI iHKeHepii, kadenpa mporpamMHoro 3abesredeHHs, BiHHWIBKHAN HAIIOHAIBHUN TEXHIYHUH
yHiBepcurer, M. Binnuipst, e-mail: violettastudy@gmail.com

Bepezwok Onez Bonooumuposuu — JOKTOp TEXHIYHHUX HAyK, JIOLEHT, mpodecop Kadeapu Oe3neku
KUTTETISUTBHOCTI Ta MENaroriku 0e3rnekn, BiIHHUIbKUI HAIllOHABHUN TEXHIYHUH YHIBEpCUTET, M. BiHHUIL,
e-mail: berezyukoleg@i.ua



Bereziuk Violetta O. — student of group 6PI-22b, Faculty of Information Technologies and Computer
Engineering, Department of Software, Vinnytsia National Technical University, Vinnytsia, e-mail:
violettastudy@gmail.com

Bereziuk Oleg V. — Doct. Sc. (Eng.), Associate Professor, Professor of the Department of Life Safety and
Safety Pedagogy, Vinnytsia National Technical University, Vinnytsia, e-mail: berezyukoleg@i.ua



