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PREDICTION OF TRANSBOUNDARY POLLUTION OF AIR
AND SOIL IN ODESA REGION BY FLY ASH FROM
MOLDAVIAN SDPP

O. Bbymenxo, C. Menvnux, A. Kapamywxo, K. Baciomuncovxa, B. Jlecuixos, B. JKepoenxo. IIporno3yBaHHs TPaHCKOPJOHHOIO
3a0pyaHenHst aTMocgepHoro noBitTps i rpynTiB Onecskoi 061acTi JeT04010 30,1010 MoanaBebkoi JPEC. Ockinbku y 1aHui yac yepes
Opak rasy BeluKe eHepreTudHe mignpueMcrBo Mongascska JJPEC moBepHynocs 10 BUKOPHCTAHHS TBEPAOTO MANUBa (KaM SHOTO BYTLIA),
npobiaema 3a0pyJHEHHS JIETIOUOI0 301010 TepuTopii Omechkoi 00macTi craga akTyalbHOIO. Y CTATTi 3alIpPONOHYBAaHO METOJ PO3PaXyHKY
PO3CitOBaHHS O MOBEPXHI IPYHTY TBEPAMX YACTHHOK 33 (POPMOIO OJIM3BKOIO 10 chepHuHOi Ha NMPHKIALl TPAHCKOPJAOHHOTO 3a0pyJHEHHS
Opecbkol 007acTi JETIOHOK 301010 eHepreTuuHux KoTiaiB Monngascekoi JIPEC. Ha Bigminy Bin nirouoro HopmatuBy OHJI-86, meron
BUKOPHCTOBYE€ 3arajbHi 3aKOHU aepOJHHAMIKH 1 IOJATac y BU3HAYEHHS MIBUIKOCTI OCITAHHS TBEPAMX YacTHHOK. [loka3aHo, o X0Y JeTioua
30J1a MUJIOBYTUIBHUX KOTJIB 1 CKJIAJ@€ThCS 3 BEJIMKOI KIJIBKOCTI Pi3HUX PEYOBMH, OCHOBHY il Macy CKJIaJarOTh JIOKCHJ KPEMHII, OKCHIN
AIIOMIHIIO, 3aJTi3a Ta Kajblito. BOHU Bipi3HAIOTECS 32 (paKkUiiHUM CKIIAIOM 1 TYCTHHOIO MaTepianty. 3alpONOHOBAHUI METO] BPAaXOBYE IO
BiJIMIHHICTb Ta JJO3BOJISIE IPOrHO3YBATH KOOPJMHATH BHIIAIIHHS YaCTUHOK JIETIOUOT 30JIM TOTO UM {HIIOrO MaTepialy Ta IEeBHOTO po3Mipy Ha
rpyHT. Po3paxyHku 3acBiuuim, Mo XiMigHHI CKi1aJ| 3a0py THEHHS IPYHTY 3MIiHIOETBCS B3JIOBXK JIiHIT IMMOBOTO (paKeiTy — y MiBHIUHii 4aCTHHI
OpecbKoro paiioHy INepeBaXKalOTh OKCHIM 3aii3a, a y OesmocepeaHiii OmusbkocTi Ta y Micti Opmeca — miokcuna KpemHioo. Uepes Opak
JOCTOBIPHHUX JaHMX Tpo (pakuiiHuii ckman setioyoi 301 MonpaBebkoi JIPEC MOXIMBOIO BUSIBHIACS TUIBKM NPHOJHM3HA OLIHKA
po3ciroBaHHA. AJle HaBiTh TaKi OLIHOYHI PO3PAaXyHKM JTO3BOJHMIN 3pOOUTH BHCHOBOK IIPO T€, IIO 30JI0Bi YACTHHKH NMOIIMPIOIOTECS 3HAYHO
rnumbure y teputopito Oaecbkoi obnacti Hix 3a pesyiapratamu OH/I-86. Lle e miacTaBoro s neperisy i€l MEeTOIUKH Y YaCTHHI PO3paxyHKy
PO3CIIOBaHHS JIETIOUOT 3011 TEIUIOBUX €JIEKTPOCTAHIIN.

Kniouosi crosa: netioda 3071a, TpaHCKOPJIOHHE 3a0pyAHEHHs, 3a0pyIHEHHS IPYHTY, (paKIiiHui CKIax

O. Butenko, S. Melnyk, A. Karamushko, K. Vasiutynska, V. Lesnikov, V. Zherdenko. Prediction of transboundary pollution of air and
soil in Odesa region by fly ash from Moldavian SDPP. Since at present, due to the lack of gas, a large energy enterprise Moldavian SDPP
has returned to the use of solid fuel (coal), the problem of fly ash pollution of the territory of Odesa region has become relevant again. The
article proposes a method for calculating the dispersion of solid particles with a shape close to spherical on the soil surface on the example of
transhoundary pollution of Odesa region by fly ash from power boilers of the Moldavian SDPP. In contrast to the current UND-86 standard,
the method uses the general laws of aerodynamics and is based on determining the settling velocity of solid particles. It has been shown that,
although fly ash from pulverised coal boilers consists of a large number of different substances, the bulk of it is silica, aluminium, iron and
calcium oxides. They differ in fractional composition and material density. The proposed method takes this difference into account and allows
predicting the coordinates of fly ash particles of a particular material and a certain size falling on the soil. The calculations showed that the
chemical composition of soil pollution varies along the smoke plume line, with iron oxides predominating in the northern part of Odesa district
and silicon dioxide in the immediate vicinity and in Odesa city. Due to the lack of reliable data on the fractional composition of fly ash from
Moldavian SDPP, only an approximate estimate of dispersion was possible. However, even such estimates allowed us to conclude that ash
particles spread much deeper into the territory of Odesa Oblast than according to the results of the UND-86. This is the basis for revising this
methodology in terms of calculating the dispersion of fly ash from thermal power plants.
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Introduction

According to the World Coal Association, coal combustion in power plants accounts for approxi-
mately 37% of global electricity consumption, and coal ash is the main waste product of solid fuel
combustion in the energy sector. A certain portion of coal ash, called fly ash or fly ash, is emitted into
the atmosphere along with flue gases. Despite modern and fairly sophisticated flue gas cleaning systems,
the total amount of ash that pollutes the air and soil is very significant. About 32% of Ukraine's land is
contaminated by TPP emissions.

Before the start of large-scale Russian aggression, about 40% of Ukraine's electricity was generated
by thermal power plants. There was not and is not a single coal-fired thermal power plant in Odesa
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region. However, Odesa region, in particular Rozdilnyanskyi, Bilhorod-Dnistrovskyi, and Odesa dis-
tricts, was subject to air and soil pollution from pulverized coal boilers of the Moldavian SDPP, which
is located on the border of Moldova (unrecognized Transnistria) and Odesa region.

The power plant has 8 pulverized-coal units of 200 MW each, of which 5 are in operation. They can
burn more than 350 tons of fuel equivalent every hour. With an ash content of more than 20% and a
declared flue gas cleaning efficiency of 97%, more than 4 tons of pollution can be emitted into the atmos-
phere every hour. This defines the problem of transboundary pollution of Odesa region with fly ash.

The Soviet methodology UND-86 is still used in Ukraine to determine air pollution from industrial
enterprises, including thermal power plants. It is designed to calculate ground-level concentrations of
pollutants at a distance of up to 100 km from the source. One of the drawbacks of the methodology is
that it does not actually take into account the properties of the dust mixture, which is the fly ash from
pulverized coal boilers of thermal power plants, namely its fractional composition and physical proper-
ties of each element. Meanwhile, these factors, together with meteorological conditions, are decisive for
the dispersion of fly ash in the environment. Therefore, the task of determining the peculiarities of the
distribution of solid particles with a size of 1 to 100 microns of various physical properties in the atmos-
pheric air is relevant.

Analysis of publications on the topic of research

Solid microscopic particles can penetrate the deepest structures of living organisms and cause a
wide range of acute and chronic diseases. Fine dust, which includes fly ash, includes particles of various
sizes that may contain chemically active, toxic, and carcinogenic substances, which causes serious res-
piratory and cardiovascular diseases in humans, causes allergic reactions, and increases carcinogenic
risks [1-4]. According to the WHO, particulate matter is the most dangerous pollutant because, among
other harms, it can carry chemicals and bacteria [5, 6]. For example, study [7] assessed the potential
concentrations of toxic heavy metals and the associated environmental and health risks for residents of
the surrounding areas near the Bokaro thermal power plant, Jharkhand, India. It was noted that fly ash
containing heavy metals is emitted from the thermal power plant and contaminates the soil of nearby
agricultural land, roadside areas and residential areas. This causes an increase in environmental risk, as
well as carcinogenic effects on human health. Residents are exposed to heavy metals in a variety of
ways — through direct ingestion, dermal contact, and inhalation. The study concluded that the adult
population is at high risk of non-carcinogenic health effects due to exceeding the permissible limits for
Cd, Pb and Cr in vegetables and cereals. The target carcinogenic risk for Pb and Cr was also high,
indicating the existence of a cancer risk in the adult population.

Numerous studies clearly indicate that the fly ash released into the environment during coal com-
bustion consists of SiO,, Al.Os, Fe;O3, CaO, MgO, Na;0, K0, TiO,, P,0s and a small amount of MnO,
BaO and SOz [8, 9]. Fly ash may also contain a small number of heavy metals. In general, the chemical
and fractional composition depends on the place of coal extraction, combustion method and type of dust
preparation.

Fly ash collected at thermal power plants can be useful in the construction industry as a raw mate-
rial for Portland cement clinker [10] and white sulfoaluminate clinkers [11], as a pozzolanic additive for
cement and concrete, bricks [12], glass ceramics [13], etc. Thanks to new green transformation technol-
ogies, the scope of ash use has expanded significantly. For example, it can be used as a source of carbon
for the synthesis of nanomaterials (e.g., carbon nanotubes, which are promising sorbents for hydrogen
[14]), aerogels, geopolymers, and rare earth elements [15]. Fly ash has demonstrated good qualities for
geotechnical structures, such as in paths, embankments, etc. [16].

Combined with organic fertilizers, fly ash can be used to improve degraded or marginal soils [17,
18]. The combined effect of fly ash and organic matter improves soil structure, increases nutrient con-
centration, mass moisture, porosity, and fine-grained mineral content, and improves biological activity
in the soil [19].

However, fly ash that has passed through flue gas cleaning devices and entered the atmosphere through
the chimney of a thermal power plant is definitely a pollutant that negatively affects air and soil quality.

The purpose and objectives of the study

The aim of the study is to develop a simple and reasonable method for calculating the distribution
of TPP fly ash particles, taking into account its chemical and fractional composition, as well as to assess
the nature of air and soil pollution in Odesa region by fly ash from Moldavian SDPP.
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Research results

The decisive role in the dispersion of fly ash is played by the value of the wind speed uair and the
deposition rate of solid particles ugep. Since fly ash mainly consists of spherical solid particles ranging
in size from 0.1 pm to 100 pm [20] (Fig. 1), the general laws of aerodynamics can be used to calcu-
late Ugep.

According to these laws, a balance of forces can be compiled for particles (Fig. 2), including the
Archimedean force Facn, the force of gravity Fgray, and the force of drag F. [22].

Fig. 1. Fly ash from coal combustion [21] Fig. 2. Balance of forces for an ash particle

nd®
I:a\rch = pairgv = pairg T ' (1)
T 3
Fgrav =mg = pparg T J (2)
) u2 2 ) u2
Fx _ CxA Pir dep _ Cx nd Pir dep , (3)
’ 2 4 2
where: pair and ppar are the densities of air and ash particle material, kg/m?;
g is the acceleration of free fall, m/s?;
d is the diameter of the ash particle, m;
C, — coefficient of drag.
The balance of these forces:
Fx = l:grav - Farch ' (4)

Where the deposition rate:

1.155 (Per — Pir)
udepz\/C— gd pp‘ : (5)

In general, the drag coefficient is a complex function of the Reynolds number and the shape of the
particle, a graph of the dependence is presented, for example, in [22]. Reynolds number for the problem
under consideration:

du
Re — dep

: (6)

\%

air
where v,ir the kinematic viscosity of air, m?/s.

Considering that to determine uqep, it is necessary to first determine the drag coefficient, which in
turn depends on ugep, the problem of calculating the deposition rate should be solved by the method of
successive approximations. This method involves performing several calculation cycles. At the begin-
ning of the first cycle, the deposition rate is arbitrarily set in the first approximation ugep:, after which
Re;, Cx: and from (5) ugep2 are determined. If with the accepted accuracy Udep: # Udep2 then the calculations
are repeated Ugep>— Re2 — Cya— Ugeps and so on until the condition Ugep(n-1) = Ugep(n) 1S Tulfilled.

Such calculations were performed for the four main components of fly ash — silica, aluminum, iron,

and calcium oxides. Their density and expected fractional composition are presented in Table 1.
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Table 1
Density and fractional composition of the main elements of fly ash
Particle size, SiO, %. Al>03, %. Fe>03, %. Ca0, %.
pm (ppar = 2650 kg/ms) (ppar = 3970 kg/m3) (ppar = 5240 kg/m3) (ppar = 3340 kg/mS)
<5 35...50 30...45 25...40 20...30
5...10 20...30 20...30 15...25 15...25
10...30 10...20 15...25 20...30 20...30
30...50 5...10 5...10 10...15 15...20
50...80 3...5 3.7 5...10 10...15
80...120 <3 <5 <5 5...10
>120 0 0 <2 <5
The dependence of the deposition rate on the size of the ash particle is shown in Figure 3.
Udepa
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Fig. 3. Dependence of the deposition rate on the size of the ash particle: 1 — Fe;O3, 2 — Al,O3, 3 — Ca0, 4 - SiO,

Given that the ash particle is in motion for a while:

L ™
udep
the distance from the chimney at which it will fall to the ground:
L = uair i ’ (8)
udep

where H is the height of the chimney, m.

As an example, Figure 4 shows graphs of the dependence of L on d for silica at a chimney height
of H=180 m (Moldavian SDPP) at different wind speeds.

The graph shows that the smallest ash particles of the lightest component (silica), even at low wind
speeds, will cover a distance of 60 km from Moldavska TPP to Odesa. If we have reliable data on the
fractional composition of the fly ash from this TPP after cleaning in wet scrubbers, then the combined
use of the relationship L =f(d) and the differential distribution curve of particulate matter N =f(d) would
allow us to determine the mass distribution of a particular component along the axis of the smoke plume.
Since there is no data on the fractional composition and the management of the DRES is not interested
in providing such information, we can only speak of a qualitative analysis of the pollution, namely that:

1) given the prevailing north wind [23], most of the fly ash falls and settles in the Odesa region;
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2) the chemical composition of soil pollution changes along the imaginary line of the smoke plume —
in the northern part of Odesa district, iron oxides prevail, and in the immediate vicinity and in the city
of Odesa, silicon dioxide prevails;

3) the results of even very rough estimates by the authors allow us to conclude that ash particles
spread much deeper into the territory of Odesa region than according to the results of the UND-86.

d, um
80
60
40

20

10000 20000 30000 40000 50000 L, m

Fig. 4. Dependence of the distance L on the size of the ash particle for SiO,:
1 - Uair=1mM/S; 2 = Uair =3 M/S; 3 — Uair =5 M/S; 4 — Uair =7 M/S; 5 — Uair =9 M/s

It should be understood that certain simplifications had to be made in the calculations. For example,
the classical experimental curve for spherical bodies C=f(Re) was used, which introduces a certain
error. This error increases in the zone Re << 1, which roughly corresponds to PM1o. The hypothesis about
the sphericity of ash particles, although largely confirmed by the analysis of photographs from various
literature sources, is still a simplification. Deviations from sphericity increase Cy, and thus the actual
propagation distance of a non-spherical particle, ceteris paribus, will be greater. The same deviation is
caused by the possible failure to fulfill the condition of particle integrity, i.e., the presence of micro-
scopic cavities filled with flue gas. In addition, the proposed method assumes that the properties of
atmospheric air and wind speed are unchanged.

Conclusions

1. Fly ash, which is not captured by flue gas cleaning devices of thermal power plants, is a danger-
ous pollutant of the atmospheric air and soil of the surrounding areas. Fly ash consists of a wide range
of chemical elements and compounds, so its negative impact on the environment and human health can
be quite significant and diverse.

2. The main components of fly ash are silica, aluminium, iron and calcium oxides. They differ in
physical properties and fractional composition. This, as calculations have shown, causes their uneven
distribution over the soil surface of the surrounding areas.

3. Taking into account the wind rose for Odesa region with the predominance of the north wind
and the most likely wind speed of 5 to 10 m/s, fly ash pollutes the territory of the cities of Odesa,
Chornomorsk, Zatoka and reaches the Tuzly Estuaries National Nature Park.

4. The UND-86 methodology does not take into account the properties of fly ash from pulverized-
coal boilers of thermal power plants, namely, its fractional, chemical composition and physical proper-
ties of each element. This is the basis for revising this methodology at least in terms of calculating the
dispersion of fly ash from TPPs. The revision should be in line with current EU requirements and regu-
lations.

JlitepaTypa

1. Ambient air pollution and out-of-hospital cardiac arrest / Kang S. H., Heo J., Oh I. Y., Kim J., Lim W.
H., Cho Y. Oh S. International journal of cardiology. 2016. 203. P. 1086-1092. DOI:
10.1016/j.ijcard.2015.11.100. (nata 3Bepuenns: 10.02.2025).

2. Zhao B., Johnston F. H., Salimi F., Kurabayashi M., Negishi K. Short-term exposure to ambient fine
particulate matter and out-of-hospital cardiac arrest: a nationwide case-crossover study in Japan. The
Lancet Planetary Health. 2020. Vol. 4, Ne 1. P. el5-e23. URL: https://www.thelancet.
com/action/showPdf?pii=S2542-5196%2819%2930262-1. (nata 38eprenns: 12.02.2025).

ENERGETICS



124

ISSN 2076-2429 (print)

Ipani OpecbKoro mojiTexHigHoro yuisepeurery, 2025. Bur. 1(71) ISSN 2223-3814 (online)

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

. Brauer M., Brook J. R., Christidis T., Chu Y., Crouse D. L., Erickson A. Mortality-air pollution

associations in low-exposure environments (MAPLE): Phase 1. Research Reports: Health Effects
Institute, 2019. URL: https://www.ncbi.nlm.nih.gov/pmc/articlessPMC7334864/. (nata 3BepHEHHS:
11.02.2025).

. Brauer M., Brook J. R., Christidis T., Chu Y., Crouse D. L., Erickson A., Burnett R. T. Mortality-air

pollution associations in low exposure environments (MAPLE): Phase 2. Research Reports: Health
Effects Institute, 2022. URL: https://pubmed.ncbi.nim.nih.gov/36224709/. (mata 3BepHECHHS:
10.02.2025).

. Lockdown amid COVID-19 ascendancy over ambient particulate matter pollution anomaly / Hassan M.

A., Mehmood T., Lodhi E., Bilal M., Dar A. A,, Liu J. International Journal of Environmental Research
and Public Health. 2022. Vol. 19, Ne 20. P. 13540. URL: https://www.mdpi.com/1660-
4601/19/20/13540. (nata 3Beprenns: 12.02.2025).

. Insight into urban PM2.5 chemical composition and environmentally persistent free radicals attributed to

human lung epithelial cytotoxicity Li H., Zhao Z., Luo X. S., Fang G., Zhang D., Pang Y., Tang M.
Ecotoxicology and Environmental Safety. 2022. Vol. 234. P. 113356.

. Singh P. K., Shikha D., Saw S. Evaluation of potential toxic heavy metal contamination in soil, fly ash,

vegetables and grain crops along with associated ecological and health risk assessment of nearby
inhabitants of a thermal power plant in Jharkhand (India). Environmental Science and Pollution Research.
2023. Vol. 30, Ne 3. P. 7752-7769. DOI: 10.1007/s11356-022-22638-0. (nara 3sepuenns: 11.02.2025).

.Ge J. C,, Yoon S. K., Choi N. J. Application of fly ash as an adsorbent for removal of air and water

pollutants. Applied Sciences. 2018. Vol. 8, Ne 7. P. 1116.

. Technical and radiological characterization of fly ash and bottom ash from thermal power plant /

Fidanchevski E., Angjusheva B., Jovanov V., Murtanovski P., Vladiceska L., Aluloska N. S. Journal of
Radioanalytical and  Nuclear  Chemistry. 2021. Vol. 330. P. 685-694. URL:
https://link.springer.com/article/10.1007/s10967-021-07980-w. (nata 3sepuenns: 10.02.2025).

Fly ash as the potential raw mixture component for Portland cement clinker synthesis / Komljenovi¢ M.,
Petrasinovic¢-Stojkanovi¢ L., Bas¢arevi¢ Z., Jovanovi¢ N., Rosi¢ A. Journal of thermal analysis and
calorimetry. 2009. Vol. 96. P. 363-368. DOI: 10.1007/s10973-008-8951-0. (mara 3BepHEHHS:
12.02.2025).

Use of fly ash and phosphogypsum for the synthesis of belite-sulfoaluminate clinker / Kramar S., Zibret
L., Fidanchevska E., Jovanov V., Angjusheva B., Ducman V. Materiales de construccion. 2019. Vol. 69,
Ne 333, P. 176-186. DOI: 10.3989/mc.2019.11617. (nata 3Bepuenus: 10.02.2025).

Lingling X., Wei G., Tao W., Nanru Y. Study on fired bricks with replacing clay by fly ash in high volume
ratio. Construction and building materials. 2005. Vol. 19, Ne 3. P. 243-247. DOI:
10.1016/j.conbuildmat.2004.05.017. (marta 3Bepuenns: 12.02.2025).

Zeng L., Sun H. J., Peng T. J., Zheng W. M. The sintering kinetics and properties of sintered glass-
ceramics from coal fly ash of different particle size. Results in Physics. 2019. Vol. 15. P. 102774. DOI:
10.1016/j.rinp.2019.102774. (narta 3Bepuenns: 11.02.2025).

Adsorption and desorption of hydrogen on carbon nanotubes / Glushchuk V., Snigur O., Ivanenko O.,
Kovbasyuk V., Marchuk Y., Seasonenko O. Bulletin of the Mykhailo Ostrohradskyi Kyiv National
University. 2023. Ne 4 (141). C. 48-56. DOI: 10.32782/1995-0519.2023.4.6. (mara 3BEpHEHHS:
28.02.2025).

Gollakota A. R., Volli V., Shu C. M. Progressive utilization prospects of coal fly ash: A review. Science
of the Total Environment. 2019. Vol. 672. P. 951-989. DOI: 10.1016/j.scitotenv.2019.03.337. (mara
3epHenns: 11.02.2025).

Evaluation of coal bottom ash properties and its applicability as engineering material / Ullah A., Kassim
A., Abbil A., Matusin S., Rashid A. S. A., Yunus N. Z. M., Abuelgasim R. IOP Conference Series: Earth
and Environmental Science. 2020. Vol. 498, Ne 1. P. 012044. DOI: 10.1088/1755-1315/498/1/012044.
(mara 3BepHenns: 11.02.2025).

Assessing the feasibility of land application of fly ash, sewage sludge and their mixtures / Sajwan K. S.,
Paramasivam S., Alva A. K., Adriano D. C., Hooda P. S. Advances in Environmental Research. 2003.
Vol. 8, Ne 1. P. 77-91. DOI: 10.1016/S1093-0191(02)00137-5. (nara 3Bepuenns: 13.02.2025).
Kumpiene J., Lagerkvist A., Maurice C. Stabilization of Pb- and Cu-contaminated soil using coal fly ash
and peat. Environmental pollution. 2007. Vol. 145, Ne 1. P. 365-373. DOI: 10.1016/j.envpol.2006.01.037.
(mara 3Beprenns: 11.02.2025).

Alterary S. S., Marei N. H. Fly ash properties, characterization, and applications; A review. Journal of
King Saud University-Science. 2021. Vol. 33, Ne 6. P. 101536. DOI: 10.1016/j.jksus.2021.101536. (nata
3BepHenns: 10.02.2025).

EHEPTETUKA


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7334864/
https://pubmed.ncbi.nlm.nih.gov/36224709/
https://www.mdpi.com/1660-4601/19/20/13540
https://www.mdpi.com/1660-4601/19/20/13540
https://link.springer.com/article/10.1007/s10967-021-07980-w

ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

125
Proceedings of Odessa Polytechnic University, Issue 1(71), 2025

20.

21.

22.
23.

Geochemical, mineralogical and toxicological characteristics of coal fly ash and its environmental
impacts / Gopinathan P., Santosh M. S., Dileepkumar V. G., Subramani T., Redd R., Masto R. E., Maity S.
Chemosphere. 2022. Vol. 307. P. 135710. DOI: 10.1016/j.chemosphere.2022.135710. (naTa 3BepHEHHS:
11.02.2025).

Fly ash. Wikipedia. URL: https://uk.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0_
%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83. (zara 3sepuenss: 13.02.2025).

Byrenko O. I'. Texuiuna ciopomexanixa: ninpyaank. Onmeca : Hayka i Texnika, 2016. 300 c.

Poza BiTpiB. Meteoblue. URL: https://www.meteoblue.com/uk/weather/historyclimate/climatemodelled/
odesa_ukraine_698740. (mara 3Bepuenns: 03.03.2025).

References

1.

10.

11.

12.

13.

Kang, S. H., Heo, J., Oh, I. Y., Kim, J,, Lim, W. H., Cho, Y., & Oh, S. (2016). Ambient air pollution and
out-of-hospital cardiac arrest. International journal of cardiology, 203, 1086-1092. DOI:
10.1016/j.ijcard.2015.11.100. (date of access: 10.02.2025).

. Zhao, B., Johnston, F. H., Salimi, F., Kurabayashi, M., & Negishi, K. (2020). Short-term exposure to

ambient fine particulate matter and out-of-hospital cardiac arrest: a nationwide case-crossover study in
Japan. The Lancet Planetary Health, 4(1), e15-e23. Retrieved from https://www.thelancet.com/action/
showPdf?pii=S2542-5196%2819%2930262-1. (date of access: 10.02.2025).

. Brauer, M., Brook, J. R., Christidis, T., Chu, Y., Crouse, D. L., Erickson, A., & Burnett, R. T. (2019).

Mortality-air pollution associations in low-exposure environments (MAPLE): Phase 1. Health Effects
Institute. Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7334864/. (date of access:
11.02.2025).

. Brauer, M., Brook, J. R., Christidis, T., Chu, Y., Crouse, D. L., Erickson, A., & Burnett, R. T. (2022).

Mortality-air pollution associations in low exposure environments (MAPLE): Phase 2. Health Effects
Institute. Retrieved from https://pubmed.ncbi.nIm.nih.gov/36224709/. (date of access: 10.02.2025).

. Hassan, M. A., Mehmood, T., Lodhi, E., Bilal, M., Dar, A. A., & Liu, J. (2022). Lockdown amid COVID-

19 ascendancy over ambient particulate matter pollution anomaly. International Journal of
Environmental Research and Public Health, 19(20), 13540. Retrieved from https://www.mdpi.com/
1660-4601/19/20/13540. (date of access: 12.02.2025).

. Li, H., Zhao, Z., Luo, X. S., Fang, G., Zhang, D., Pang, Y., & Tang, M. (2022). Insight into urban PM_ 5

chemical composition and environmentally persistent free radicals attributed human lung epithelial
cytotoxicity. Ecotoxicology and Environmental Safety, 234, 113356. DOI: https://doi.org/10.1016/
j-ecoenv.2022.113356.(date of access: February 13, 2025).

. Singh, P. K., Shikha, D., & Saw, S. (2023). Evaluation of potential toxic heavy metal contamination in

soil, fly ash, vegetables and grain crops along with associated ecological and health risk assessment of
nearby inhabitants of a thermal power plant in Jharkhand (India). Environmental Science and Pollution
Research, 30(3), 7752-7769. DOI: https://doi.org/10.1007/s11356-022-22638-0. (date of access:
11.02.2025).

. Ge, J. C, Yoon, S. K., & Choi, N. J. (2018). Application of fly ash as an adsorbent for removal of air and

water pollutants. Applied Sciences, 8(7), 1116.

. Fidanchevski, E., Angjusheva, B., Jovanov, V., Murtanovski, P., Vladiceska, L., Aluloska, N. S., &

Dolenec, S. (2021). Technical and radiological characterization of fly ash and bottom ash from thermal
power plant. Journal of Radioanalytical and Nuclear Chemistry, 330, 685-694. Retrieved from
https://link.springer.com/article/10.1007/s10967-021-07980-w. (date of access: 10.02.2025).
Komljenovié¢, M., Petrasinovi¢-Stojkanovié, L., Bascarevié, Z., Jovanovi¢, N., & Rosi¢, A. (2009). Fly
ash as the potential raw mixture component for Portland cement clinker synthesis. Journal of thermal
analysis and calorimetry, 96, 363-368. DOI: https://doi.org/10.1007/s10973-008-8951-0. (date of access:
12.02.2025).

Kramar, S., Zibret, L., Fidanchevska, E., Jovanov, V., Angjusheva, B., & Ducman, V. (2019). Use of fly
ash and phosphogypsum for the synthesis of belite-sulfoaluminate clinker. Materiales de construccién,
69(333), e176-e176. DOI: 10.3989/mc.2019.11617. (date of access: 1002.2025).

Lingling, X., Wei, G., Tao, W., & Nanru, Y. (2005). Study on fired bricks with replacing clay by fly ash
in  high volume ratio. Construction and building materials, 19(3), 243-247. DOI:
https://doi.org/10.1016/j.conbuildmat.2004.05.017. (date of access: 12.02.2025).

Zeng, L., Sun, H. J., Peng, T. J., & Zheng, W. M. (2019). The sintering Kinetics and properties of sintered
glass-ceramics from coal fly ash of different particle size. Results in Physics, 15, 102774. DOI:
https://doi.org/10.1016/j.rinp.2019.102774. (date of access: 11.02.2025).

ENERGETICS


https://uk.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0_%20%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83
https://uk.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0_%20%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83
https://www.meteoblue.com/uk/weather/historyclimate/climatemodelled/%20odesa_ukraine_698740
https://www.meteoblue.com/uk/weather/historyclimate/climatemodelled/%20odesa_ukraine_698740
https://doi.org/10.1016/j.ijcard.2015.11.100
https://www.thelancet.com/action/%20showPdf?pii=S2542-5196%2819%2930262-1
https://www.thelancet.com/action/%20showPdf?pii=S2542-5196%2819%2930262-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7334864/
https://pubmed.ncbi.nlm.nih.gov/36224709/
https://www.mdpi.com/%201660-4601/19/20/13540.%20(date%20of%20access:%2012.02.2025)
https://www.mdpi.com/%201660-4601/19/20/13540.%20(date%20of%20access:%2012.02.2025)
https://doi.org/10.1016/%20j.ecoenv.2022.113356.
https://doi.org/10.1016/%20j.ecoenv.2022.113356.
https://doi.org/10.1007/s11356-022-22638-0.
https://link.springer.com/article/10.1007/s10967-021-07980-w.
https://doi.org/10.1007/s10973-008-8951-0.
http://dx.doi.org/10.3989/mc.2019.11617
https://doi.org/10.1016/j.conbuildmat.2004.05.017.
https://doi.org/10.1016/j.rinp.2019.102774.

126

ISSN 2076-2429 (print)

Ipani OpecbKoro mojiTexHigHoro yuisepeurery, 2025. Bur. 1(71) ISSN 2223-3814 (online)

14.

15.

16.

17.

18.

19.

20.

21,

22,

23

Hlushchuk, V., Snihur, O., Ivanenko, O., Kovbasiuk, V., Marchuk, Yu., & Sezonenko, O. (2023).
Adsorption and desorption of hydrogen on carbon nanotubes. Bulletin of Kremenchuk Mykhailo
Ostrohradskyi National University, 4(141), 48-56. DOI: https://doi.org/10.32782/1995-0519.2023.4.6.
(date of access: 28.02.2025).

Gollakota, A. R., Volli, V., & Shu, C. M. (2019). Progressive utilization prospects of coal fly ash:
Areview. Science of the Total Environment, 672, 951-989. DOI: https://doi.org/10.1016/
j.scitotenv.2019.03.337. (date of access: 11.02.2025).

Ullah, A., Kassim, A., Abbil, A., Matusin, S., Rashid, A. S. A., Yunus, N. Z. M., & Abuelgasim, R.
(2020). Evaluation of coal bottom ash properties and its applicability as engineering material. IOP
Conference Series: Earth and Environmental Science, 498(1), 012044. DOI: 10.1088/1755-
1315/498/1/012044. (date of access: 11.02.2025).

Sajwan, K. S., Paramasivam, S., Alva, A. K., Adriano, D. C., & Hooda, P. S. (2003). Assessing the
feasibility of land application of fly ash, sewage sludge and their mixtures. Advances in Environmental
Research, 8(1), 77-91. DOI: https://doi.org/10.1016/S1093-0191(02)00137-5. (date of access:
13.02.2025).

Kumpiene, J., Lagerkvist, A., & Maurice, C. (2007). Stabilization of Pb- and Cu-contaminated soil using
coal fly ash and peat. Environmental Pollution, 145(1), 365-373. DOI: https://doi.org/
10.1016/j.envpol.2006.01.037. (date of access: 11.02.2025).

Alterary, S. S., & Marei, N. H. (2021). Fly ash properties, characterization, and applications: A review.
Journal of King Saud University-Science, 33(6), 101536. DOI: https://doi.org/10.1016/j.jksus.
2021.101536. (date of access: 10.02.2025).

Gopinathan, P., Santosh, M. S., Dileepkumar, V. G., Subramani, T., Reddy, R., Masto, R. E., & Maity,
S. (2022). Geochemical, mineralogical and toxicological characteristics of coal fly ash and its
environmental impacts. Chemosphere, 307, 135710. DOI: https://doi.org/10.1016/j.chemosphere.
2022.135710. (date of access: 11.02.2025).

Fly ash. (2025, February 13). In Wikipedia. Retrieved from. https://uk.wikipedia.org/wiki/%
D0%97%D0%BE%D0%BB%D0%B0_%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83.
(date of access: 13.02.2025).

Butenko, O.H. (2016). Technical hydromechanics. Odesa: Nauka i tekhnika.

. Meteoblue. (2025, February 28). Rose of the winds. Retrieved from. https://www.meteoblue.com/

uk/weather/historyclimate/climatemodelled/odesa_ukraine_698740. (date of access: 13.02.2025).

Byrtenko Ouexcannp I'puropiiioBuy; Oleksandr Butenko, ORCID: https://orcid.org/0000-0001-6045-3106
Meabnuk Cepriit Bosogumuposuy; Sergiy Melnyk, ORCID: https://orcid.org/0009-0002-5144-1212

Kapamymiko Anxenika Boaogumupisua; Anzhelika Karamushko, ORCID: https://orcid.org/0000-0002-5748-9746
Bacroruncska Karepuna AnarouiiBua; KaterynaVasiutynska, ORCID: https://orcid.org/0000-0001-9800-1033
JlecnikoB Biktop Ierposuy; Viktor Liesnikov, ORCID: https://orcid.org/0000-0001-8282-9864

Bosogumup Kepaenxo; Volodymyr Zherdenko, ORCID: https://orcid.org/0009-0007-6403-8592

Received March 01, 2025
Accepted April 18, 2025

EHEPTETUKA


https://doi.org/10.32782/1995-0519.2023.4.6.
https://doi.org/10.32782/1995-0519.2023.4.6.
https://doi.org/10.1016/%20j.scitotenv.2019.03.337.
https://doi.org/10.1016/%20j.scitotenv.2019.03.337.
https://doi.org/10.1016/S1093-0191(02)00137-5.
https://doi.org/%2010.1016/j.envpol.2006.01.037.
https://doi.org/%2010.1016/j.envpol.2006.01.037.
https://doi.org/10.1016/j.jksus.%202021.101536.
https://doi.org/10.1016/j.jksus.%202021.101536.
https://doi.org/10.1016/j.chemosphere.%202022.135710.
https://doi.org/10.1016/j.chemosphere.%202022.135710.
https://uk.wikipedia.org/wiki/%25%20D0%97%D0%BE%D0%BB%D0%B0_%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83.
https://uk.wikipedia.org/wiki/%25%20D0%97%D0%BE%D0%BB%D0%B0_%D0%B2%D0%B8%D0%BD%D0%BE%D1%81%D1%83.
https://www.meteoblue.com/%20uk/weather/historyclimate/climatemodelled/odesa_ukraine_698740
https://www.meteoblue.com/%20uk/weather/historyclimate/climatemodelled/odesa_ukraine_698740
https://orcid.org/0000-0002-5748-9746
https://orcid.org/0000-0001-8282-9864
https://orcid.org/046

