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Aim. Assessment of the physicochemical characteristics of suspended particulate matter of the ultrafine range
present in the air of the working area of the sintering factory of a metallurgical plant.

Materials and methods. The assessment and analysis of the physicochemical parameters of ultrafine particles
were carried out in different areas of the sintering factory of the metallurgical plant. The parameters were
measured using a portable scanning spectrometer Nanoscan 3910 (USA). The chemical composition of the
suspended particulate matter was determined by the method of optical emission spectrometry with inductively
coupled plasma (OES-IZP) using the device “Ortima 2100 DV” (PerkinElmer, USA).

Results. It was estimated that the concentration of suspended particulate matter of ultrafine size in the main
part of the sintering machine ranged from 3.02 x 10* to 3.12 x 10*per cm®, in the tail part of the sintering ma-
chine — from 5.09 x 10 to 7.59 x 10*per cm?, in the sintering machine control room No. 1 — from 2.06 x 104 to
2.38 x 10* per cm?, in the workers of the control group — from 1.43 x 10* to 1.73 x 10* per cm®. The quantitative
concentration of suspended particulate matter by individual sizes at all workplaces of the sinter plant workers
compared to workers of the control group had a significant difference. Values of the total surface area and
surface volume of suspended particulate matter of the nano-sized range had their maximum in the tail part and
near the head of the sintering machine, the lowest values were recorded around the control room and among
the employees of the plant management department. The highest mass concentration of ultrafine particles
was recorded in the tail part of the sintering machine (22.55 pg/m? to 508.35 pg/m?®), which is associated with
a significant amount of suspended particulate matter of a larger size (2115.5 nm). The chemical composition
of the particles of the ultrafine range included aluminum, calcium, iron, magnesium, manganese, silicon, and
phosphorus, which is explained by the specifics of the technological process, and the exceeding of the hygienic
standard was observed for calcium, silicon and phosphorus.

Conclusions. It was established that during the sintering of the agglomerate in the agglomeration compartment,
many suspended particles of the ultrafine range are formed. They included aluminum, iron, manganese, magne-
sium, silicon, phosphorus, and calcium. Significantly higher values of the number, mass concentration, surface
area and surface volume of suspended particulate matter were determined at the workplaces of sintering factory
workers, which had a statistically significant difference compared to the workers of the control group.
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YAbTpapAMCnepCHUM NPOMUCAOBUI aepo30Ab AK GaKTOp NPodECinHOro pU3UKy
AAS NPaUiBHUKIB arAomepauiiHoro BUpoOHMLTBa

A. . lWapasapa, H. M. Amutpyxa, |. M. AHApycULLIMHA

MeTa po60TH - OLIHATY (i3UKO-XIMIUHI XapaKTEPUCTUKI 3BAXXEHUX YACTUHOK YNBTPAANCNEPCHOTO Aiana3oHy, Lo
MICTSTbCS B MOBITPi po6040i 30HM NpaLiBHUKIB arnomMepaLiiHoro BifAiNeHHs MeTanypriiHoro 3aBogy.

Martepiaau i meTopu. OLiHIOBaHHS 11 aHani3 i3nko-XiMi4HIX NOKa3HWKIB yNbTPaANCTIEPCHIX YaCTUHOK 3A4INCHUIN
Ha pi3HVX dinsHkax arnoMepaviiHoro BiadineHHs MeTanypriiHoro 3aBoay. [okasHuky BCTaHOBMMM 3@ LOMOMOTO0
nopTaTMBHOTO ckaHytodoro cnektpometpa Nanoscan 3910 (CLUA). XimiuHwit cknag 3BaxeHUX YaCTUHOK BU3Ha-
YeHO METOAOM OMTUKO-EMICIIHOI CNEKTPOMETPIT 3 iHAYKTUBHO 3B'a3aHoto nnasmoto (OEC-I3[1) 3a gonomoroto
npunagy Optima 2100 DV (PerkinElmer, CLLA).

Pesyabrati. KOHLIEHTPALLiSt 3BaXEHNX YaCTUHOK YrETPaAMCNEePCHOro PO3MIpY B FONOBHIl YaCTUHI arnoMepaLiiiHoi
MaLL1HW konueanacs B Mexax Big 3,02 x 104 go 3,12 x 10* Ha cm®, y XBOCTOBII YaCTMHI arnomepaLiitHoi MaLuy-
HW — Big 5,09 x 10 no 7,59 x 10* Ha cMm®, y nynbTi ynpaBniHHs arnomepadinHoi mawwmhm Ne 1 - Big 2,06 x 10
10 2,38 x 10* Ha cm®, y npaLiBHIKIB KOHTpOnbHOI rpynu — Big 1,43 x 10* go 1,73 x 10* Ha cm®. KinbkicHa KoH-
LieHTpaLlis 3BaXEHNX YaCTMHOK 3@ OKPEMMMM PO3MipaMm Ha BCiX poBoYmMx MiCLiSX arnomepaTHuka NopiBHSHO 3
npaLiBHUKaM1 KOHTPOMLHOI rpyni JOCTOBIPHO BigpidHsnacs. MokasHyku 3aranbHoi NoLLi noBepxHi Ta 06'emy
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MOBEPXHi 3BAXEHUX YaCTUHOK HAHOPO3MIPHOTO Ajana3oHy Gynu MakcuMansHUMK Y XBOCTOBIN YacTuHi Ta 6inst
FOMNOBHOI YaCTWUHM arnoMepaLinHoi MaLLWHY; HAaUMEHLLI NOKa3HUKM 3apEECTPOBAHO B 30Hi MynbTy ynpasniHHS
Ta y NpaLiBHUKiB Biaainy 3aBogoynpasniHHs. HanbinbLly MacoBy KOHLEHTpaLL0 YNbTpaaUCnepCHUX YacTUHOK
BM3HA4WNM y XBOCTOBIN YaCTWHI arnomepaLiiHoi MawwmHm (22,55-508,35 MKr/M®), Lo NOB’A3aHO 3i 3HAYHOK
KINbKICTHO 3BaXKEHMX YaCTUHOK BinbLuoro poamipy (2115,5 Hm). [lo xiMiyHOro cknagy YacTUHOK yrbTpaguenepc-
HOro Aiana3oHy BXOAWUMM antoMiHil, KarbLiit, 3ani3o, MarHiii, MapraHeLb, KpeMHIN i octop, LLO NOSCHIETLCS
CMEeLMMIKOK TEXHOMOTYHOMO NPOLECY; NEPEBULLEHHS TNEHIYHOr0 HOPMATUBY BCTAHOBMEHO ANS KarbLito,
KpemHito Ta dpocchopy.

BucHoBKM. Y npoLeci cnikaHHs arnomMepary B arnoMepaviinHoMy BigfineHHi yTBOPOETLCS BENUKa KirnbKicTb 3Ba-
KEHUX YaCTUHOK yrbTpaaucnepcHoro fianasoHy. BoHu MicTunv antoMmiHii, 3aniso, MapraHeLb, MarHin, KpemHin,
cocdpop i kanbuin. Ha pobounx MicLisix arnomepaTHuMKIB BCTAHOBMNEHO ICTOTHO BYLLi MOKA3HWKM KiIbKOCTi, MacoBOi
KOHLIeHTpaLji, nnowyi Ta 06’eMy MOBEPXHi 3BaXXEHNX YACTUHOK, O Manu CTaTUCTUYHO BIpOTiaHi BiAMIHHOCTI
MOPIBHSAHO 3 NapaMeTpamu, ki BU3HaYeHi B MPaLiBHUKIB KOHTPOMBHOI rpynu.

CyuacHi MeanuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 303-309

The metallurgical industry in Ukraine is one of the most harm-
ful and dangerous industries in terms of working conditions due
to insufficiently advanced technology and outdated equipment.
Therefore, the working conditions of workers in sintering, cast
iron, steel and rolled products workshops are particularly difficult
and harmful [1].

Employees of this category work in harmful working con-
ditions, they are affected by unfavorable microclimatic condi-
tions, increased concentration of industrial dust and chemicals,
industrial noise and vibration [2,3,4]. The complete exclusion
of dangerous and harmful professional factors in metallurgical
production is impossible, but developing and applying preventive
measures to reduce their negative impact on workers’ health is an
urgent task for occupational hygiene. One of the main issues is
a detailed analysis of dangerous and harmful production factors,
especially industrial aerosol [5].

Among professional pathologies, dust lung pathology (pneu-
moconiosis, chronic bronchitis, chronic obstructive pulmonary
diseases) is the most widespread in Ukraine. Today it also occu-
pies a leading place among the causes of temporary incapacity,
disability and mortality [2,6].

It is known that the main reason for the development of
respiratory diseases is the increased level of industrial dust in
the working zone air (WZA) of workers. In Ukraine, only the
total dust mass is determined and regulated, not considering
its finely dispersed and ultrafine components. It is known that
suspended particulate matter (SPM) of the finely dispersed and
ultrafine range affects health most negatively, causing patholo-
gical changes in various organs and systems of the human body
[7,8,9,10,11,12].

Therefore, studying the SPM content of the ultrafine range
in the WZA of employees of various enterprises, including me-
tallurgical ones, is an urgent hygienic issue to determine, apply
and implement effective measures to prevent occupational and
industrial pathology.

Aim
The study aims to assess the physicochemical parameters

of ultrafine particles present in the air of the working area of the
sintering factory of a metallurgical plant.

Materials and methods

The physical characteristics of ultrafine industrial aerosol
(UIA) (number per cm?, surface area and volume, mass concen-
tration) were studied using a Nanoscan 3910 portable scanning
spectrometer (USA), which allows the determination of suspend-
ed particles in the range from 10 to 400 nm. The device allows
to measure the SPM in 13 channels for individual particle sizes:
11.5nm, 15.4 nm, 20.5 nm, 27.4 nm, 36.5 nm, 48.7 nm, 64.9 nm,
86.6 nm, 115.5 nm, 154 nm, 205.4 nm, 273.8 nm and 365.2 nm.
The study of the content of ultrafine particles in the WZA was
carried out at the sinter factory workplace (WP) in different areas
of the sintering department: the head part of the sintering machine
(SM) (n = 39), the control room of SM No. 1 (n = 130), the tail
part of the SM (n = 52), where workers spend a long time during
their work shift, managing the sintering process, controlling the
operation of equipment and machines.

The results obtained were compared with the results obtained
atthe WP in the area of the SM control room (isolated WP from the
shop floor), as well as with the results at the WP of employees of
the plant management department (n = 130) who are not exposed
to industrial aerosol and have acceptable working conditions, so
they were taken as a control group.

Statistically, the study results were processed using the
Statistica, version 13 licensed software package (Copyright
1984-2018 TIBCO Software Inc. All rights reserved. License
No. JPZ8041382130ARCN10-J). The normality of the distri-
bution of quantitative features was determined with the Sha-
piro—Wilk test. Since all the values were distributed abnormally,
the descriptive statistics were presented as the median with
interquartile range — Me (Q,; Q,;). The Mann-Whitney test
assessed the reliability of differences in the compared values.
Differences were considered probable at the level of statistical
significance p < 0.05.

The chemical composition of the SPMisolated from the WZA
was determined by inductively coupled plasma optical emission
spectrometry (ICP-OES) using “Optima 2100 DV” instrument
(PerkinElmer, USA) [NIOSH, 2001, GOSTISO 15202-2008].
The obtained results were processed using the software of the
OES-IMP device WinLab32 in the Windows XP prof operating
system. The results were compared with the maximum per-
missible concentrations (MPC) for the WZA according to Order
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Fig. 1. Cumulative concentration of ultrafine suspended particles of the nanoscale at the workplace of sinter operators and control

group workers, %.

No. 1596 “Hygienic regulations of chemicals in the working zone
area” dated July 14, 2020.

Results

The metallurgical plant includes a sinter factory, which
consists of the following divisions: car tipping division, receiving
bins, raw material distribution division, raw material warehouses,
charge bins, fuel and flux grinding and crushing divisions, sin-
tering division, gas-treating facilities, sinter sorting and cooling
divisions, and a “return” sorting division. The sinter factory is
a complex set of structures, mechanisms and machines for
producing iron ore sinter, which is subsequently used in blast
furnace ironmaking to produce cast iron. The main equipment of
the sintering division includes a sintering machine (SM), which
agglomerates the sinter from iron ore and metallurgical waste
using limestone and fine coke as fuel. The sintering process
begins at the sintering head of the SM, where the raw material is
loaded onto the sinter strand and passed under the SM ignition
furnace, where natural gas with a combustion temperature of
about 2200-3000 °C is burned, resulting in the agglomerating of
the sinter. The finished sinter slowly moves on the sinter stand
pallets, cooling down. At the tail end of the SM, the pallets enter
the sinter strand rounding and are then fed to screens to screen
out small pieces and return them to the previous stages. The
finished sinter is cooled by atmospheric air and screened on
vibrating screens in the sorting division for further transportation
to the next technological processes.

The sintering department employs sinter operators who con-
trol the sintering process and monitor the operation of equipment
and machinery. While performing technological operations, they
are exposed to high concentrations of industrial dust and chemi-
cals [13]. As a result of the study of the WZA on the sinter factory
WP for the content of ultrafine SPM, it was found that ultrafine
particles of the nanoscale range were present in all areas of the
sintering department. It was found that the quantitative concentra-

tion of ultrafine SPM on the sinter factory WP in the head part of
the SM ranged from 3.02 x 10* to 3.12 x 10* per cm®, and in the
tail part of the SM from 5.09 x 10* to 7.59 x 10* per cm®. In the
SM control room No. 1, where the sinter operator’s WP is isolated
from the main factory, the quantitative concentration of SPM was
lower than in the previous WPs and ranged from 2.06 x 10* to
2.38 x 10* per cm®. The lowest quantitative concentration of SMP
was recorded at the WP of workers in the control group — from
1.43 x 10*t0 1.73 x 10*per cm?.

When studying the concentration of ultrafine SPM by indivi-
dual sizes, it was found that their amount on the sintering ma-
chine in the head part compared to the WP in the control room
during agglomerating of the sinter was significantly higher for the
following sizes: 11.5 nm, 15.4 nm, 20.5 nm, 27.4 nm, 36.5 nm,
48.7 nm, 115.5 nm, 154 nm, 205.4 nm, 365.2 nm (p < 0.014)
and 273.8 nm (p < 0.001). At the WP in the tail part of the SM,
the amount of SMP of 11.5 nm (p < 0.008), 15,4 nm, 36.5 nm,
48.7 nm, 64.9 nm and 86.6 nm (p < 0.005) was significantly
higher compared to the WP in the control room. No significant
difference was observed in the number of particles of larger sizes
(from 86.6 nm to 365.2 nm) on these WPs.

The quantitative concentration of ultrafine SPM by individual
sizes on all sinter factory WPs compared to control group workers
had a significant difference (Table 1). In the control group wor-
kers, the amount of larger-sized SPM (=154 nm) was statistically
significantly higher compared to the WPs in the head part of the
SM and the control room. The data obtained allow us to conclude
that pyrometallurgical technological processes, such as agglo-
merating of sinter, are a source of ultrafine SPM entering the air
of the working area in a significant concentration.

When calculating the cumulative concentration of ultrafine na-
noscale SPM (<100 nm), it was found that the largest percentage
of it was part of the industrial aerosol on the sinter factory WP
in the head part of the SM, and in the SM control room - 91 %
and 95 %, respectively (Fig. 1). The highest percentage of larger
particulate matter (accumulation mode) was recorded at the work-
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Table 1. Analysis of the content of ultrafine suspended particles in the air of the working zone air of sintering division workers

(number, amount/cm?), Me (Q,,; Q,,)

Size Head part of SM, n = 39 Tail part of SM, n = 39 SM control room, n =130 Control group, n =130
1.5 |1130.27 (966.15; 1336.49)*$ 1733.98 (1204.963; 2053.43)*3 | 709.58 (650.58; 763.57)° 359.69 (328.64; 460.28)
154 | 1743.64 (1276.66; 1988.06)*S | 1894.36 (1711.61; 2247.50)*% | 930.04 (867.49; 973.44) 826.71 (773.45; 911.43)
20.5 |1936.72 (1445.63; 2028.59)*S | 1409.31 (896.88; 2411.39) 801.98 (777.45; 837.13)% 991.59 (970.54; 1071.37)
274 | 3864.64 (3309.15; 4099.98)*% | 4606.96 (3493.75; 5280.79)*¢ | 1884.11 (1874.13; 1951.86)° 1385.24 (1332.24; 1441.37)
36.5  |4996.45 (4586.25; 5133.24)*% | 8694.64 (7540.79; 8989.50)*% | 3149.58 (3064.53; 3260.27) 1234.26 (1167.83; 1319.88)
487  |4935.93 (4797.18; 4971.93)*¢ | 11345.50 (9204.65; 11750.50)*¢ | 3879.41 (3797.62; 4142.79)¢ 1126.94 (967.87; 1175.57)
649  [4193.93 (4114.54; 4212.06) 9797.28 (8322.21; 11559.50)*¢ | 3813.07 (3756.85; 4147.71) 1302.93 (1232.74; 1434.91)
86.6 | 3404.47 (3217.91; 3475.45)¢ 8352.93 (3969.55; 10785.50) | 3051.63 (3009.14; 3345.51) 1860.75 (1795.31; 2023.13)
115.5 | 2471.49 (2214.05; 2596.26) 4695.19 (1265.40; 8320.89) 1902.26 (1821.69; 1954.23)¢ 2160,79 (2080,66; 2229,92)
154 1591.78 (1254.43; 1602.72)*% | 3918.62 (1592.57; 5337.01) 753.54 (720.89; 773.99)8 1841.39 (1788.77; 1904.39)
2054 |795.19 (605.99; 958.19)*¢ 0.00 (0.00; 5977.00) 75.12 (32.42; 136.75)8 1203.25 (1166.88; 1231.23)
273.8 |344.67 (338.86; 615.48) 0.00 (0.00; 6736.00) 0.00 597.66 (559.73; 643.72)
365.2 |416.13(320.19; 535.51)8 277.27 (0.00; 4392.35) 129.28 (115.18; 159.05) 275.30 (243.14; 312.76)

*: statistically significant difference with the sinter operator’s workplace in the SM control room (<0.05); §: statistically significant difference with the

control group (£0.05).

Table 2. Chemical composition of ultrafine suspended particulate matter (number/cm?3) in the working zone air in different areas of the sintering

division

Chemical Head part of SM Tail part of SM SM control room MPC*
element min/max median value | min/max median value | min/max median value

Al 0.001/0.006 0.004 0.0003/0.0050 | 0.004 0.003/0.005 0.004 6.00
Ca 3.42/3.62 3.490 2.41/2.64 2.520 1.45/2.55 1.990 1.00
Fe 0.002/0.004 0.003 0.0003/0.0030 | 0.002 0.0003/0.0050 | 0.005 6.00
Mg 0.41/0.60 0.500 0.21/0.22 0.220 0.26/0.48 0.370 4.00
Mn 0.001/0.002 0.001 0.006/0.009 0.008 0.003/0.008 0.005 0.05
Si 1.32/2.23 1.770 1.54/1.66 1.600 1.52/3.41 2.460 1.00
P 0.39/0.64 0.500 - - - - 0.20

*: MPC is according to the Order No. 1596 “Hygienic regulations of chemicals in the working zone area” dated July 14, 2020.

place of workers in the control group (25.7 %) and accounted for
almost a third of the studied air in the working area.

In the head part of the SM, the highest quantitative concentra-
tion of nanoparticles was observed in the size range from 27.4 nmto
115.5nm (Fig. 2), which accounted for 67.9 % of the total number of
detected SPMin the working zone air. In the tail part of the SM and
the control room, the largest number was recorded among particles
with a size of 36.5 nm to 86.6 nm and accounted for 60.6 % and
65.8 % of the total amount of detected SPMin the UIA, respectively.
In the control group employees, the largest number of particles was
in the size range from 86.6 nm to 154.0 nm, accounting for 38.5 %
of the total number of detected SPM.

The total surface area of nano range ultrafine SPM at a sinter
operator's WP near the head part of SM ranged from 7.22 x 108
to 9.20 x 108 nm2/cm?; near the tail part of the SM, it ranged

from 7.41 x 108 to 1.19 x 10° nm?/cm?, at the control group’s
WP —from 6.74 x 108 to 7.93%x108 nm%cm?, but at the WP in the
control room it was the smallest — from 3.61 x 108 to 4.13 x 108
nm?2/cm?. The surface area of this SPM by individual dimensions
is demonstrated in Fig. 3. It was determined that the surface area
was larger for the SP with the highest quantitative concentration.

The surface volume of ultrafine nanoscale SPM had different
values in different parts of the SM with maximum values at the WP
in the tail part of the SM —from 1.88 x 10'°to 4.24 x 10" nm%cm?®
and at the WP near the head part of the SM — from 2.29 x 10
to 3.19 x 10" nm3cm?, the lowest values were recorded in the
control room — from 8.03 x 10°to 1.10 x 10" nm?®/cm? and in the
control group — from 2.19 x 10 to 2.83 x 10 nm%cm?®.

The mass concentration of ultrafine SPM at a sinter opera-
itor's WP near the head of the SM ranged from 27.49 ug/m®
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Fig. 2. Quantitative concentration of ultrafine suspended particles (number/cm?3) in the air of a sinter operator’s working zone in different

areas of the sintering division, and control group employees.
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Fig. 3. The surface area of ultrafine suspended particles of different sizes (nm?/cm?) in the working zone air in different areas of the

sintering division, and for control group employees.

to 38.24 ug/m?®, in the tail of the SM — from 22.55 pg/m? to
508.35 ug/mé, in the control room the concentration was the
lowest — from 9.63 ug/m® to 13.20 ug/m3, and the maximum
mass concentration in the control group was 33.91 pg/m?. The
high mass concentration of ultrafine SPM in the tail part of SM
is associated with the highest number of larger SP (115.5 nm
and 154.0 nm). High indicators of mass concentration, area and
surface volume in workers of the control group were noted due to
a greater number of large SP in the UIA composition (2115.5 nm).

The study of the chemical composition of ultrafine particulate
matter at a sinter operator’s WP is presented in Table 2, showing
that the air contains particles containing aluminum, calcium, iron,
magnesium, manganese, silicon, and phosphorus. According to
Order No. 1596 “Hygienic regulations of chemicals in the work-
ing zone area” dated July 14, 2020, the MPC in the WZA was
exceeded by 2.0-5.5 times for calcium, 1.6-2.5 times for silicon,
and 2.5 times for phosphorus, while other chemical elements did
not exceed the MPC and met the hygienic requirements.

ISSN 2072-9367

CyuacHi MeanyHi TexHoAorii. T. 16, Ne 4(63), x0BTeHb - rpyaeHb 2024 p.

307



OpwuriHanbHi pochipkeHHs / Original research

Discussion

Our study of the samples of WZA for the presence of ultra-
fine SPM at sinter operators’ WP during agglomerating of sinter
confirmed their presence in various quantitative concentrations
at all stages of the technological process, which coincides with
the studies of Gabriele Marcias et al. [14], who determined the
content of SPMin WZA at a steel plantand M. Jarvela et al. [15] at
aferroalloy plant. As in our study, the authors quantified ultrafine
particulate matter in the metallurgical industry workers’ WZA to
determine the number of particles and their size distribution. Their
investigations confirmed the presence of many ultrafine particles
in the WZA directly next to the metal melting point and a gradual
decrease in their concentration at the WPs located at a distance
from the melting process. Our studies also found that the largest
amount of ultrafine SPM is formed at WPs near the melting point
(the head and tail parts of SM), while workers not involved in the
melting process are exposed to the lowest quantitative concen-
tration. The authors state that studying the amount of ultrafine
SPM, its size distribution, and the determination of its chemical
composition is an important step in determining occupational risks
levels for workers in these conditions.

Contrary to other studies, we measured and analyzed not
only the quantitative concentration of SPM but also its other
physical characteristics: total surface area and volume, mass
concentration for SPM in general and separately for different si-
zes. According to the scientists, the value of the total surface area
of suspended particles, which we measured in different areas of
the sintering division, is important. The largest surface area was
characteristic of the SPM, whose quantitative concentration was
the highest. This value is undoubtedly important since with an
increase in surface area, the possibility of adsorption on the SP
and the transport of additional pollutants from the environment
to the worker’s body rises, which increases their toxicological
properties to biological structures of the body [16].

In our work, we also determined the chemical composition
of suspended particles. We found that WZA of the sintering
division contained suspended particles comprising aluminum,
iron, manganese, magnesium, calcium, silicon, and phosphorus,
which corresponds to the technological process of agglomerating
sinter with the addition of various impurities. Our data on the
chemical composition of suspended particles is confirmed by
several foreign studies that have established the presence of
these elements in the air from emissions of various industrial
enterprises, including the metallurgical industry. The presence
of these metals in the nanoscale range is due to the peculiarities
of the technological process when during pyrometallurgical tech-
nological operations of melting or sintering, SPs of various sizes
are formed and enter the workers’ WZA [14,17].

It is worth mentioning that our studies confirm the effective-
ness of collective means of protection of workers (isolated sinter
operator’s WP in the control room) against the effects of ultrafine
range SPM. It has been determined that the SPM quantitative
concentration and surface area in the control room were signifi-
cantly lower by 1.3-2.5 times compared to the WP near the sinter
melting site. These data can be used in the risk management
system from exposure to ultrafine SPM.

Thus, the study of WZA for the content of the ultrafine range
SPs and their physicochemical characteristics is necessary for
the hygienic assessment of production factors and determination
of occupational risk levels at different WPs at metallurgical plants
and other industries to develop and implement effective measures
for the prevention of occupational and industrial pathology.

Conclusions

1. It has been established that in the process of agglomerat-
ing the sinter in the sintering division, a large amount of ultrafine
nanorange SPM is formed. The concentration of SP in the sinter-
ing division during agglomerating of the sinter had a statistically
significantly higher amount of ultrafine SPM (p < 0.05) compared
to WPs of the control group employees who were not involved
in melting processes.

2. The chemical composition of ultrafine industrial aerosol
includes iron, manganese, magnesium, silicon, phosphorus,
and calcium, which is explained by the use of these substances
during the agglomeration of the sinter. Exceeded values of the
MPC according to Order No. 1596 “Hygienic regulations of
chemicals in the working zone area” dated July 14, 2020, were
determined for calcium, silicon and phosphorus. Other chemicals
did not exceed the MPC, but it should be noted that due to their
ultra-small size, they can have an increased toxic effect on the
biological structures of the body.

3. The studies conducted at a sinter operator’s WP in the
control room confirm the effectiveness of collective protective
measures in the system of occupational risk management against
the effects of ultrafine SPM (reduction in quantitative concentra-
tion by 1.3-2.5 times).

Prospects for further research. In the future, it is planned
to study the health status of workers in the studied occupa-
tional group by calculating the level of occupational risk for the
purpose of early and effective prevention of occupational and
occupation-related pathology. In the future, it is planned to study
the health status of workers of the studied occupational group
by calculating the level of occupational risk for the purpose of
early and effective prevention of occupational and occupationally
induced pathology
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