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Abstract. Great attention is paid worldwide to the ecology and ecological characteristics of the environment. Envi-
ronmental safety is controlled in the mining regions and near the mining enterprises. To reduce dust emissions during
single blasting in open pits, modern methods of dust control are used and new types of impulse explosives are applied.
However, a problem of air pollution within the neighbouring territories is only being deteriorating. With this object in mind,
more than 30 000 stations of air quality monitoring have been built all over the world. They record the indices of gases
and fine-dispersed dust particles PM 2.5 and PM 10, which are the main factors of chronic disease risks.

The paper objective is to evaluate the nature of changes in air dustiness at the territory of mining Kryvyi Rih region
taking into account the effect of single blasting in the open pits, meteorological conditions, and exogenous factors.

The paper represents the analysis of single blasting influence on the dust particle concentration in the atmosphere.
The analysis involved both meteorological data and the data on the air quality obtained from 10 stations of automatic
monitoring at the territory of the Kryvyi Rih region. Basing on the obtained data, graphs of temperature change, wind
velocity and direction, relative air humidity, and dust particle concentration were developed. Interrelations between the
meteorological conditions and dust particle concentration in the air were studied. It was identified that within the observa-
tion period single blasts in the open pits did not affect considerably the atmospheric dust pollution in the Kryvyi Rih re-
gion. The influences of the temperature inversion in dust concentration at night time were analyzed. It was specified that
high temperature inversion was observed within the considered period of time.

Keywords: ecology, monitoring stations, dust concentration, fine-dispersed particles, single blast, open pit.

Introduction. Environmental safety of the industrial and mining regions is a topical
problem for numerous countries of the world. Its solution requires that the industrial
enterprises should control constantly their environmental impact. Consequently, the
international standard 1SO 14001:2015 has become widely used. The standard deter-
mines both implementation and functioning of the effective system of environmental
management at an enterprise [1].

Technogenic air pollution with solid dust particles (PM) is the main factor of the
chronic disease risks. In this case, solid dust particles PM 2.5 (with the diameter from
0.001 to 2.5 mcm) and PM 10 (with the diameter from 2.5 to 10 mcm) are consid-
ered. The PM 2.5 particles are the most dangerous ones [2] as they are fine-dispersed
and can get deep into the lungs. According to the Worlds Health Organization, the
average daily concentration of solid particles should be not more than [3] PM 2.5 —
0.025 mg/m® and PM 10 — 0.05 mg/m®. The origin of solid fine-dispersed particle
may be natural (ash of volcanic eruptions, fires), anthropogenic (exhaust gases, va-
pours, reagents), or technogenic (dust emissions of mining and processing facilities).

Currently, there are more than 30 000 stations of air quality monitoring; they are
located in 132 countries to provide information on the air quality worldwide.

According to the project “World Air Quality Index” (AQI), more than 12 000 sta-
tions provide the data only concerning particles PM 2.5 and PM 10 [4]. Fig. 1 repre-
sents a typical flow-chart of such a station [5].

Stations of automatic air quality monitoring (Fig.1) make it possible to control
concentrations of dust particles in the air including particles PM 2.5 and PM 10.
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Figure 1 — Typical flow-chart of the automatic air quality monitoring station

Besides, the content of following gases is controlled:

nitrogen dioxide (NO,); nitrogen oxide (NO); sulphur dioxide (SO,); carbon oxide
(CO); ammonia (NHj3); hydrogen sulphide (H,S); ozone (O3); ethylene (C,Hy).

The control stations collect data from a meteorological station on the atmospheric
pressure, wind velocity and direction, air temperature and humidity.

While open-cast mining, environmental task of the production is to provide safe
dust and gas concentrations both within the worked-out space of the open pits and in
the atmospheric layer above the neighbouring territories.

Violation of the technological requirements and ventilation modes as well as un-
favourable meteorological conditions results in the increasing concentration of haz-
ardous substances in the air. Moreover, increased air pollution in the open pit space
takes place while single blasting.

Air quality monitoring in the open pits and at the boundary of sanitary-protective
zones helps evaluate the efficiency of measures aimed at reduction of air pollution.
Thus, studying the influence of open-pit mining on the nature of air pollution is rather
a topical environmental task.

Methods. The purpose of the research is to evaluate the nature of changes in air
dustiness at the territory of mining Kryvyi Rih region taking into consideration the
effect of single blasting in the open pits, meteorological conditions, and exogenous
factors.

The Kryvyi Rih region is one of the world largest ones in terms of iron ore re-
serves. The deposits are being developed by surface and underground mining.
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Modern methods of dust control and impulse explosives are used to reduce dust
emissions while single blasting in the open pits. However, there is a problem of emis-
sions of hazardous dust particles PM 2.5 and PM 10.

The territory of this region includes 33 stations of air quality monitoring (MS).
The monitoring is provided for 5 municipal and 28 industrial enterprises [5]. Fig.2
shows a scheme of location of the automatic air quality monitoring stations [5].

3 3
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PJ SC "ArselorMittal
; Kryvyi Rih"

g

1,2,..., 15— numbers of the monitoring stations”

Figure 2 — Location of the automatic air quality monitoring stations
(* to simplify the data analysis, other numbers are assigned for the monitoring stations)

The stations of automatic air quality monitoring (Fig. 2) belong to the following
enterprises [5]: # 1, # 2, # 3 (“ArcelorMittal Kryvyi Rih” PJSC); # 4, # 5, # 6, # 11
(municipal stations); # 7, # 8 ( “Kryvbaszalizrudkom” JSC); # 10 (Kryvyi Rih Ce-
ment PJSC); # 9, # 12, # 13 (JSC Southern GZK); and # 14, # 15 (METINVEST-
KMRP LLC).

The current paper studies the effects of blasting operations performed on
14.01.2021 (12 p.m.) at open pits # 2-bis and # 3 of the mining enterprise “Arce-
lorMittal Kryvyi Rih” PJSC on the air quality of neighbouring territories within the
city of Kryvyi Rih. The air pollution was being analyzed from 13.01.2021 (12 am) till
15.01.2021 (11 pm).

To study the obtained results, a wind rose for the region of Kryvyi Rih was de-
veloped basing on the meteorological data [5] (Fig.3).

Analysis of the meteorological data (Fig.3) represents the priority wind directions
and ranges of the wind velocity variations. During the period under consideration, the
southern-western wind prevailed. A wind velocity varied within the range of 0.4 —
2.8 m/s.
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Figure 3 — Wind rose

Processing of the monitoring station data [5] requires the results with the priority
wind directions, which represent a relative value P; = n;: (2 ni)'l- 100 %, where n; is the
number of days with similar wind directions.

The second necessary condition of the air dustiness analysis is the control of
changes in temperature and relative air humidity. The results of meteorological data
[5] within the period under consideration are represented in Fig.4.

Analysis of the graphic representation of a temperature mode in the atmosphere
(Fig.4) shows that the maximum air temperature 7, = 273.8 K was observed at 3 pm
14.01.2021; its minimum T, = 261.4 K was recorded at 4 am 15.01.2021. In this
context, the greatest temperature decrease was observed from 3 pm 14.01.2021 till 4
am 15.01.2021.

Analysis of the graphic representation of relative humidity in the atmospheric air
(Fig.4) demonstrates that the value of relative humidity within the observation period
varies from 67 to 84% on average.

In terms of 15 monitoring stations, representing their data on fine-dispersed dust
particles, the data concerning 10 stations ## 1 — 10 were studied and processed (Fig. 2).

Fig.5 shows the results of the processing of monitoring data [5] concerning dust
particle concentration in the air.

Results and discussion. The results of dust particle monitoring at the stations
(Fig.5) were studied by superimposing the data on wind direction and strength, tem-
perature, and humidity.

First of all, changes in data variations at stations ## 1, 2, and 3 of “ArcelorMittal
Kryvyi Rih” PJSC (Fig.5, a) were analyzed as they were maximally close to the sin-
gle blast location. Stations #1, 2 are near the metallurgical integrated works of the
company at the distances of 1000 m and 3000 m, respectively; station #3 is located
near the mining-and-processing integrated works at the distance of 1900 m from the
potential dust source. Graphic representation in Fig.5, a demonstrates that an insignif-
icant growth in dust concentration is recorded after the single blast.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Teotexmiuna mexanika. 2022. Ne 160
o, 0 i T K
80 - 278
- //// L 276
& 1 ) L 274

L 272
50 -
L 270
40
L 268
20 L 266
20 L 264
1 262
0

T T T T T T T T T T >

12am 6am 12pm 6pm 12am 6am 12pm 6pm 12am 6am 12pm 6pm 1lpm . h
L - A \ )
1 \ Y
13.01.2021 14.01.2021 13.01.2021
1 — temperature; 2 — relative humidity

Figure 4 — Changes in air temperature and relative humidity
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The results of dust particle monitoring at the stations (Fig.5) were studied by su-
perimposing the data on wind direction and strength, temperature, and humidity.

First of all, changes in data variations at stations ## 1, 2, and 3 of “ArcelorMittal
Kryvyi Rih” PJSC (Fig.5, a) were analyzed as they were maximally close to the sin-
gle blast location. Stations #1, 2 are near the metallurgical integrated works of the
company at the distances of 1000 m and 3000 m, respectively; station #3 is located
near the mining-and-processing integrated works at the distance of 1900 m from the
potential dust source. Graphic representation in Fig.5, a demonstrates that an insignif-
icant growth in dust concentration is recorded after the single blast.

A drastic increase in the fine-dispersed dust concentration at stations ## 1, 2, and
3 took place at night being explained by great influence of temperature inversion.

In case of station #1 (Fig. 5, a), a distinct increase in concentration was observed
in 11 hours (11 pm 14.01.2021) after the single blasting in terms of the northern-
western wind with reaching its maximum in 2 hours (1 am 15.01.2021). After that, an
insignificant fluctuation of the concentration was observed. An evident decrease in
the concentration with its further stabilization started at 7 am 15.01.2021 (in 6 hours
after reaching the peak) in terms of the southern-eastern wind.

At station #2 (Fig. 5, a), a clear local growth of concentration was observed in 9
hours (9 pm 14.01.2021) after the single blasting in terms of the southern-eastern
wind. A distinct reduction of the concentration after reaching its maximum was ob-
served in 6 hours (3 am 15.01.2021) in terms of the northern-eastern wind.

In case of station #3 (Fig. 5, «), a clear local increase in the dust concentration
was observed in 10 hours (10 pm 14.01.2021) after the single blasting at southern-
western wind with reaching its maximum in 5 hours (3 am 15.01.2021). Then, the
concentration starts its decreasing in terms of the northern-eastern wind.

Fig. 5, b shows that within the period under consideration at station #4 one could
observe a marked local growth of dust concentration during the night time (12 am
15.01.2021) in terms of the southern-eastern wind with the concentration decrease for
the next 6 hours at the northern-eastern wind down to some constant value.

At stations # 5 and # 6 (Fig. 5, b), a periodic growth and reduction of dust concen-
tration took place before and after the blasting operations. In this context, the greatest
increase was recorded in the late evening (11 pm 14.01.2021) in terms of the north-
ern-eastern wind. A concentration increase was observed within an hour. After that,
its reduction was recorded in terms of the same wind direction.

Analysis of the graphs in Fig 5, ¢ demonstrates that at stations # 7 and # 8 of
“Kryvbaszalizrudkom” JSC, which are located at the distances of 4800 and 3750 m
respectively from the integrated works, one can detect a clearly defined growth of
dust concentration in 4 hours (4 pm 14.01.2021) after the single blasting in terms of
the southern-eastern wind. After that, the concentration value at station # 7 increases
additionally in 7 hours (11 pm 14.01.2021) up to its maximum at the northern-eastern
wind. In case of station # 8, one can observe similar increase in 8 hours (12 am
15.01.2021) at the same wind direction. Further, the concentration value at the indi-
cated stations goes down in terms of the same wind direction and takes on average
some constant value. In this context, the concentration value in the process of stabili-
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zation exceeds its initial value before single blasting by more than 2 times. However,
temperature reversion is evident at stations # 7 and # 8 (Fig. 5, c) at night.

Analysis of the graphs in Fig. 5, d demonstrates that at station # 9 of JSC South-
ern GZK, that is located at the distance of 500 m from the integrated works, one can
observe locally increased dust concentration in 12 hours (12 am 15.01.2021) after the
single blasting in the neighbouring open pit (at the northern-eastern wind). However,
location of this station relative to the potential source of dust generation (Fig. 2) and
current wind direction make it impossible to establish certain connection between the
dust concentration growth and intensity of the considered source. A dust concentra-
tion at station # 9 is growing within an hour. Next, at the same wind direction, the
concentration decreases returning on average its initial value. Apart from the indicat-
ed time period, the dust concentration experiences practically no changes.

At station # 9 (Fig. 5, d), the effect of temperature inversion is manifested incon-
siderably.

In case of station # 10 of Kryvyi Rih Cement PJSC (Fig. 5, d) located at the dis-
tance of 3100 m from the enterprise, a distinct local growth of duct concentration was
observed during the evening and night time (9 pm 14.01.2021) in 9 hours after the
single blasting. A concentration increase was taking place within an hour in terms of
the southern-eastern wind. In this context, local bursts of concentration were also ob-
served before the single blasting. As for this station, the effect of temperature inver-
sion on the fine-dispersed dust concentration was observed in the evening of
14.01.2021.

Analysis of the meteorological data within the period under study and considera-
tion of the location of open pits and industrial objects of the Kryvyi Rih region [6] as
well as the data on duct concentration changes at the monitoring stations (Fig. 5) does
not allow identifying the unambiguous connection between the wind direction and
dust concentration value.

Fig. 6 shows isolines of the dust particle concentrations in the air obtained while
processing data from the monitoring stations.

Analysis of the graphs (Fig. 6) indicates that the highest concentrations of dust
particles in the air were observed at nights (Fig. 6, b), which is connected with the
temperature inversion effect. Meanwhile, in the daytime (Fig. 6, a) one can see the
nonuniform distribution of concentrations, which is connected with the increased in-
tensity of turbulence. Besides, Fig.6 shows that the single blasting in open pits (12
pm 14.01.2021) did not influence considerably the dust particle concentrations at the
monitoring stations.

The abovementioned results show that the concentration of fine-dispersed dust
particles in the air is much higher at nights than in the day time [6-9]. From the scien-
tific viewpoint, this phenomenon can be explained by the following. Firstly, warm air
at night captures the cool air. The air temperature falls with the emerging inversion.
As a result, the contaminating substances and emissions, having been captured by the
atmosphere during a day, are dissipated with their further sedimentation closer to the
ground. However, during the night hours the effect of inversion arises with the result-
ing deteriorated air quality. Secondly, high air humidity influences its pollution [10,
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11]. The authors studied this fact in their article [6] where relatively high coefficients
of correlations between the levels of average index of air quality of polluting sub-
stances and humidity were obtained. Consequently, clear sky, no rains, and slow
wind velocities within the period under study confirm the fact that the concentration
of solid particles at night time becomes much higher comparing with the day hours.
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Figure 6 — Isolines of the dust particle concentrations in the air at 1 pm 14.01.2021 (a)

Conclusions.
1. Single blasting in the open pits # 2-bis and # 3 of “ArcelorMittal Kryvyi Rih”
PJSC have not resulted in the increased air dustiness within the region.
2. It has been determined that the influence of temperature inversion at night time
results in a drastic increase in the fine-dispersed dust particle concentration at the
monitoring stations located near the metallurgical and mining-and-processing inte-
grated works “ArcelorMittal Kryvyi Rih” PJSC. In this context, wind velocity varied
from 0.2 to 3.5 m/s, and air humidity was within the range of 67-84 %.

and at 12 am 15.01.2021 (b)
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3. Fluctuations of dust concentrations are caused mostly by the changing intensity
of the dust generation sources and air flow turbulence.
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AOCNIAKEHHA BMNNUBY MACOBUX BUBYXIB Y KAP'€PAX HA 3AMNUNEHICTL NOBITPA MICTA
KPUBUW PIT
babiu K.B., Hosikos J1.A., Bamyp M.O.

AHoTauif. Y BCbOMY CBITi NPUAINAETLCS YBara ekonorii Ta eKonoriYHUM XapakTepUCTUKaM HaBKOSULLIHBOMO cepe-
posuwa. Y ripHniogobyBHuX perioHax Ta 6ins nepepobHKX NigNpUEMCTB KOHTPOMIOETLCS eKonoriyHa 6e3neka. Y kap'e-
pax Ans 3HWKEHHS BUKWUAIB MUy Npu MacoBux BUOyXax BUKOPWUCTOBYKOTLCS Cy4YacHi METOAM NUIONOAABIEHHS i 3aCTo-
COBYIOTBCS HOBI TUMK iMNYNbCHUX BUOYXOBMX pevoBuH. MpoTe npobnema 3abpyaHEHHs NOBITPS Ha NPUNErnux TepUTo-
pisix nuLe nocumnioeTbest. 3 Lieto MeToro No BCboMy cBiTy 36yaoBaHo noHaz 30 000 cTaHLin MOHITOPUHTY SIKOCTI MOBITPS.
Ha Hux dpikcytoTbCs NoKasHukW rasiB Ta ApibHuX yactuHok nuny PM 2,5 ta PM 10, ski € OCHOBHUM (hakTOPOM pPU3MKy
XPOHI4YHMX 3aXBOPHOBAHb.

MeToto poboTu € oLiHKka xapakTepy 3MiHW 3anuUneHoCTi NOBITPS Ha TepuTopii ripHniopo6yBHOro Kpueopisbkoro pa-
WIOHY 3 ypaxyBaHHSM BNAWBY MacoBux BUOYXIB y Kap'epax, METEOPOIIONiYHNX YMOB Ta EK30TEHHOr0 (hakTopy.
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Y cTaTTi 34iMCHEHO aHani3 BNMMBY MacoBux BUOYXIB Ha KOHLEHTPaLito YacTMHOK nuny B atmocdepi. Mpu aHanisi
BUKOPMCTOBYBANUCS METEOPONOriyHi AaHi Ta AaHi WoAo SKOCTi NOBITPS, OTpUMaHi 3 10 CTaHLiil aBTOMATUYHOMO MOHITO-
PUHry Ha TepuTopii Kpusopiabkoro perioHy. Ha 6asi otpumanux gaHnx nobyaoBaHo rpadikv 3miHv Temnepatypu, Wemna-
KOCTi Ta HanpsIMKY BITPY, BiHOCHOI BOOTOCTi NOBITPS Ta KOHLEHTpaUii yacTuHok nuny. [JocnigxkeHo B3aEMO3B'A30K Mix
METEOPONOriYHUMM YMOBaMM Ta KOHLEHTPALLiE0 YaCTUHOK NWMy B NOBITPi. BCTaHOBNEHO, WO 3a Nepiof CrnocTepexeHb,
MacoBi BWOYXM B Kap'epax He BMMMHYNW Ha NWNoBE 3abpyaHEHHs aTMOCKEPHOrO MOBITPS B KpMBOPI3bKOMY PErioHi.
lMpoBeaeHo aHanis BNAMBY TEMNEpPaTypHOI iHBEPCIT Ha KOHLEHTPaLit0 Numy y HiYHWIA Yac. BuseneHo, Wwo y nepiog vacy
cnocTepiranacs BUCOKa TeMnepaTypHa iHBepcis.

KntouoBi cnoBa: ekonorisi, CTaHLii MOHITOPWHIY, KOHLEHTpaLis numy, TOHKOQMCNEPCHI YacTKW, MacoBuin BUBYX,
kap'ep.
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