Original research

UDC 613.633.02:621.745-057
DOI: 10.14739/2310-1210.2024.1.290499

Ultrafine industrial aerosol as a risk factor for the health
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Aim. To evaluate the amount and physicochemical properties of ultrafine industrial aerosol (UIA) in the work zone air (WZA) of
smelting shop workers at a machine-building enterprise during various technological processes (melting, welding, and metal
machining).

Materials and methods. The physical properties of UIA particles were evaluated with NanoScan 3910 scanning spectrometer:
the number of particles (number/cmd), particle surface volume (nm%cm3), particle surface area (nm?/cm2), and nanoparticle mass
concentration (ug/cm?) in the WZA of a furnace operator (n = 416), a welder (n = 315), a cutter (n = 286), a grinder (n = 78), and
workers of the control group (n = 315). The chemical composition of the air samples was determined by inductively coupled plasma
optical emission spectrometry (ICP-OES) using an Optima 2100 DV device.

Results. It has been found that the highest concentration of UIA nanoparticles was recorded during metal melting at the work-
places (WP) of furnace operators (4.28 x 10* to 2.41 x 10° particles/cm®) and welders (3.01 x 10* to 3.34 x 10° particles/cm?).
During mechanical metal processing, a much smaller number of nanoparticles was produced (for grinders, the number varied from
9.81 x 10* to 1.44 x 10° particles/cm?; for cutters, it varied from 2.71 x 10* to 1.94 x 10° particles/cm?). Indicators of surface area,
surface volume and mass concentration at the WPs of furnace operators, welders, grinders and cutters exceeded the corresponding
indicators of the control group for almost all sizes of suspended particles with statistically significant differences (p < 0.05). It has
been estimated that such metals as Al, Cu, Mg, Mo, Fe, and Ni were present in the workers’ WZA but their content did not exceed
the current maximum permissible concentrations.

Conclusions. The presence of suspended particles of UIA with @ maximum concentration in the range from 20 nm to 70 nm has
been confirmed in the WZA during melting, welding of metals and machining. Indicators of concentration, surface area, surface
volume, and mass concentration at the workplaces of melting shop workers at the machine-building enterprise significantly exceeded
the corresponding indicators in the control group without dust formation processes, showing statistically significant differences
(p £0.05). The evidence of metals in the WZA has suggested their presence in the form of nanoparticles, which are more active
and dangerous, thus increasing the risk of their adverse effects on the workers.
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YAbTpaaucnepCHUM NPOMUCAOBUM aePO30Ab AK GaKTOp PU3UKY
AAA 3A0POB’A NPaLiBHUKIB NAaBUABHOTO LieXy MalUMHOOYAIBHOrO NiAnpMeEMCTBA

A. T. Wapasapa, H. M. Amutpyxa, |. M. AHApycULLIMHa

MeTta po60TH — OLIHUTM (i3NKO-XiMiYHI XapaKTEPUCTMKM yNbTPaaUCcnepcHOro npomucrioBoro aepo3onto (YIA) nositpst poboyoi
30HK (MP3) npauiBHMKIB NNABUABHOTO Liexy MalLMHOBYAiBHOTO NianpueMcTaa.

Marepianu i metoau. OuiHunu ¢hisnyHi BnactmeocTi YacTuHok YTA 3a gonomoroto ckaHytodoro cnektpometpa NanoScan 3910:
YMCIIO YaCTUHOK (KiNbKICTb/CM?), 06'EM MOBEPXHI YaCTUHOK (HM®/CM®), MITOLLY MOBEPXHI YaCTUHOK (HM?/CM?) Ta MacoBy KOHLIEHTpaLLito
HaHouacTuHoK (Mkr/cm®) y MP3 nnasunbHUKka MeTany (n = 416), 3BaptoBanbHika (n = 315), 06pybysava (n = 286), wricysans-
HUKa (N = 78) Ta npawiBHUKIB KOHTPOMNbLHOI rpynu (n = 315). XimivHui cknag Npob NoBITPS BU3HAYan METOAOM ONTUKO-EMICIAHOI
CneKTpoMeTpii 3 iHBYKTMBHO 3B's3aHoto nnasmoto (OEC-I3M) 3a gonomoroto npunagy Optima 2100 DV.

Pesynbratun. BctaHoBUM, Lo HanbinbLua KinbkicHa KOHLEHTpaList HaHo4YacTuHOK YA 3apeecTpoBaHa Mg Yac NnaBneHHs Metany
Ha pobGoyomy Micui (PM) nnasunbHuka (4,28 x 10* po 2,41 x 10° yacTuHok/cm®) Ta 3BaptoBanbHuka (3,01 x 10* oo 3,34 x 10°
yactuHok/cm®). Mg Yac MexaHiyHOi 06pOGKI MeTany yTBOPHETLCS 3HAYHO MEHLLIA KiNbKICTb HAHOYACTHHOK (LLMichyBarnbHUK — Big
9,81 x 10* go 1,44 x 10° yacTuHok/cm®, 0BpyByBad — Big 2,71 x 104 go 1,94 x 105 yacTuHok/cm®).

IMoka3sHuKy NoLLi noBepxHi, 06'eMy NOBEPXHi Ta MacoBOi KoHLIeHTpaLii Ha PM nnaBunbHyka meTany, 3saproBanbHuka, LwiidyBank-
HVKa Ta 06pyOyBaya nepeByLLyBany BiAnoBiaHI NOKa3HWKK B KOHTPOIBHIN rpyni Maiixe 3a BCiMa po3Mipamu 3BaXEHNX YaCTUHOK
i Manu cTaTMCTUYHO BiporigHi BigmiHHOCTI (p < 0,05). BusHaumnu, wo y NP3 npauisHukis HasieHi metanu: Al, Cu, Mg, Mo, Fe Ta
Ni, — ane ixHilt BMICT He nepeBMLLYyBaB BCTAHOBIEHWX IPAHNYHO MPUMYCTUMUX KOHLIEHTPaLLiA.

BucHoBku. MigTBepmreHo HasBHiCTb y MP3 nig yac nnaBneHHs, 3BaproBaHHs MeTaniB | MexaHiYHOi 06pOOKM eTanel 3BaKeHNX
YacTMHOK YTTA 3 MakcMManbHOI0 KinbKiCHOK KOHLEHTpaLieto y AianasoHi ig 20 HM 4o 70 HM. [Toka3HMK KinbKiCHOI KOHLeHTpaLii,
MIOLLi NOBEPXHi, 06’eMy MOBEPXHi Ta MAaCOBOI KOHLIEHTPALii Ha pO6OUMX MiCLIsIX NPpaLiBHUKIB MIABUIBHOTO LIEXY MaLLMHOBYAIBHOMO
MiZNpMEMCTBA 3Ha4YHO NepeBULLYBany BiGMOBIAHI NOKA3HWKW B KOHTPOMbHIi rpyni, Ae He 3adhikcoBaHO NPOLIECH MOy TBOPEHHS,
Marm CTaTUCTUYHO BiporigHi BigmiHHOCTI (p < 0,05). BuaHaueHi HaHoqacTuHk i meTanu y NP3 gatoTb nigctaBu NpunycTuTh Hass-
HICTb LMX MeTaniB y (hopMi HAHOYACTUHOK, LLO € BiNbLL aKTUBHUMM | HEBE3MNEYHUMM; Lie NIABMLLYE PU3NK iXHBOTO HECTIPUATIIMBOTO
BMSIMBY Ha OpraHiaM npaviBHUKIB.
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OpwuriHaAbHI AOCAIAXKEHHS

In recent years, scientists from different countries have
demonstrated increased interest in assessing the content of
respirable dust fractions in atmospheric air and work zone
air (WZA), namely ultrafine particles or suspended particles
smaller than 100 nm (nanoparticles). This interest is due
to the risk of their negative impact on the health of workers
and the population. Today it is known that nanoparticles
have completely different physical and chemical properties
that cause different toxic and biological effects compared
to larger ones. The ultra-small size and large surface area
enable the penetration of nanoparticles deep into the lungs
and the blood flow overcoming biobarriers (hematoencepha-
litic, histohematological, placental), their translocation to
target organs, as well as access to intracellular structures
such as mitochondria and nucleus, etc. [1,2,3,4,5,6]. It is
believed that workers’ contact with nanoparticles can cause
specific adverse health effects, namely the development
of oxidative stress and inflammatory processes, damage
to organelles and DNA, as well as apoptosis in cells and
tissue necrosis [5,7,8,9,10].

While conducting hygienic studies of working conditions
in Ukraine, only suspended particles of large dust fractions
(PM,, PM, ) are currently identified and evaluated in the
WZA. In contrast, particles of the ultrafine range (nanopar-
ticles) are neither monitored nor considered as a high-risk
factor that may impact workers’ health. At the same time,
it is the nanoparticles formed during various technological
processes [11] can contribute to various negative health
effects on workers, depending on their physical and
chemical properties. According to modern studies, when
assessing the hazards from exposure to ultra-dispersed
particles of industrial aerosol, NIOSH (National Institute
for Occupational Safety and Health) suggests considering
the following physical characteristics: size, shape, chemical
composition, mass concentration and surface area of sus-
pended particles [10,12]. Today, many scientists confirm
that suspended nanoscale particles have the greatest toxic
effect due to their larger surface area, which allows them to
actively adsorb and transfer harmful chemicals, increasing
their degree of toxicity depending on the adsorbed material
[11,12,13,14,15,16,17].

According to scientific sources, more than 6 million em-
ployees worldwide who work in the field of nanotechnology
are exposed to nanoparticles. Employees in other industries
may also be exposed to them, provided they are generated
during various technological processes [1,18]. High-tem-
perature processes, namely, solid fuel combustion, melting
and welding, as well as high-speed mechanical machining
processes, various procedures in the construction industry,
operation of motor vehicle engines, numerous technological
processes in the service industry, etc. present the greatest
risks [5,10,15,19].

Detailed research data on the number of industrial
aerosol (IA) particles, their physical and chemical proper-
ties (surface area and volume, mass concentration, and
chemical composition) in the WZA of certain occupational
groups (metal melting, welding, high-speed machining)
are missing in most sources. Therefore, these data are
important for risk assessment and identification of effective
preventive measures against their negative impact on the
health of workers.
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Aim

The study aims to evaluate the amount and physicoche-
mical properties of ultrafine particles (nanoparticles) in the
composition of IA in the WZA of smelting shop workers at

a machine-building enterprise during various technological
processes (melting, welding, and metal machining).

Materials and methods

The content of nanoparticles was determined and their
physical properties in the WZA were estimated with a port-
able scanning spectrometer NanoScan 3910 (USA), which
measures particles in the range from 10 nm to 400 nmin 13
channels depending on the particle size, with a maximum
ability to measure the total concentration of up to 1,000,000
particles per cm?.

For each range of nanoparticle sizes, the number (num-
ber/cm®), surface volume (nm%cmd), surface area (nm?/cm?),
and mass concentration (ug/cm?®) in the WZA were de-
termined. The content of nanoparticles in the air was
examined at the workplace of smelting shop workers of the
machine-building enterprise during various technological
operations accompanied by the formation of condensation
aerosol (such occupations as furnace operator (n =416) and
welder (n = 315)) and disintegration aerosol (such occupa-
tions as cutter (n = 286) and grinder (n = 78)). The resulting
measurements were compared with the control data taken
from the workplaces of the factory managerial staff (n = 315).

The study results were calculated mathematically on a
PC using the licensed software Statistica version 13"(Copy-
right 1984-2018 TIBCO Software Inc. All rights reserved.
License No. JPZ8041382130ARCN10-J). Quantitative traits
were analyzed for normality by the Shapiro-Wilk test. The
studied parameters that were not normally distributed, were
presented using descriptive statistics in the form of median
with an interquartile range — Me (Q,; Q,,). Statistical differ-
ences between the compared values were defined with the
Mann-Whitney test. p < 0.05 was considered to indicate
statistical significance.

The chemical composition of the air samples was
analyzed by inductively coupled plasma optical emission
spectrometry (ICP-OES) using an Optima 2100 DV device
(Perkin ElImer, USA) [NIOSH, 2001, National State Standard
ISO 15202-2008]. The wavelength for each element was
chosen from the WinLab32 library for the Optima 2100 DV
device (provided by the manufacturer), and the most sensi-
tive wavelengths for each element were selected.

The measurement bound (LOC, ug/l) for the method
was defined as the minimum value that the device can
detect in a control sample consisting of a 2.0 % nitric acid
solution (HNO,) and distilled water.

The concentration measurement convergence for each
element in two parallel samples was 2.5-3.0 % according
to the requirement for measuring by the OEC-IMS method.
The convergence of two parallel samples showed that the
measurements of toxic metals and essential trace elements
were carried out by the metrological requirements for the
Optima 2100 DV device and were correct (Table 1).

Obtained results were mathematically proceeded
using the software of the OES-ISP WinLab32 device in the
Windows XP Prof OS. As a control, the values of maximum
permissible concentrations (MPC) for the WZA (based
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Table 1. Metrological parameters for the detection of toxic metals and essential trace elements (according to the manufacturer data)

Chemical element Wavelength, nm (for UES-ISP) Measurement bound for the method (LOC, pg/l) Measurement convergence of 2 parallel samples, %

Cd (Cadmium) 228.802 0.00016
Cu (Cuprum) 324.752 0.00020
Mn (Manganese) 257.610 0.00010
Mg (Magnesium) 279.077 0.003
Ni (Nickel) 231.604 0.002
Se (Selenium) 196.026 0.006
Pb (Lead) 220.353 0.002
Zn (Zinc) 206.200 0.002

0.56
1.50
221
0.57
2.23
2.69
2.10
1:99

Table 2. Analysis of the ultrafine particle content in the working zone air of smelting shop workers, number/cm?, (Me (Q,; Q,))

257

m Furnace operator, n = 416 Welder, n =315 Cutter, n = 286 Grinder,n =78 Control, n =315

1.5 5746.52 (4075.40; 11625.00)*
154 9511.97 (7669.24; 15143.00)*
20.5  7027.01(5854.19; 12501.00)
274 11401.00 (8478.59; 16689.00)
36.5  12945.00 (11031.00; 17648.00)*
48.7  12798.00 (8131.85; 18767.00)*
64.9  10850.50 (5498.70; 183360.00)*
86.6  9214.22 (5212.11; 15655.00)*
11565  6675.17 (4339.40; 12824.00)*
154 5093.25 (2616.06; 9633.80)*
2054  3222.42(1650.81; 5598.27)*
2738  1283.50 (379.66; 3376.47)*
365.2 694.23 (150.71; 1919.31)

1451.35 (1018.72; 1918.16)*
2713.41 (2363.41; 3222.91)*
2771.61 (2467.39; 3241.32)*
444665 (3522.09; 5341.48)*
6036.16 (3553.84; 7558.79)*
7593.90 (3960.55; 9409.54)*
8782.33 (4655.01; 10980.00)*
8547.74 (4862.49; 9974.80)*
6863.47 (4114.32; 7968.00)*
4183 51 (2626.30; 5248.78)*
1884.42 (1557.42; 2661.63)*
264.40 (64.97; 1101.07)
180.16 (0.00; 747.93)

1078.04 (726.84; 1383.96)"
1998.54 (1577.94; 2578.08)*
2442.06 (1975.50; 2923.17)
4327.67 (3515.82; 5257.43)*
6079.39 (3862.60; 7177.88)"
6599.98 (3608.83; 8048.77)*
4177.24 (3494.95; 8216.99)"
3967.53 (3272.28; 8168.40)*
3385.65 (3049.21; 7272.36)"
2902.49 (2155.07; 4676.73)
1786.89 (966.88; 2009.44)
267.59 (174.96; 365.14)
146.21 (21.99; 289.37)

755.60 (615.35; 5256.14)*

3930.64 (3160.06; 11944.00)*
6905.10 (5039.93; 10731.00)*
9408.30 (7878.54; 12310.00)*
8686.83 (8091.96; 12424.00)*
6167.46 (6065.93; 11411.00)*
(
(
(

207.66 (164.91; 229.03)
497.46 (401.80; 566.05)
674.78 (510.63; 749.84)
953.85 (818.36; 1247.74)
1126.61 (870.56; 1404.61)
1106.87 (776.58; 1506.07)
968.95 (651.66; 1671.42

3830.84 (3246.35; 10241.00)" )
823.56 (546.08; 1814.52)
)
)

2460.51 (1833.83; 9346.73)*
1717.02 (1301.71; 7475.20)
1149.08 (991.65; 4649.61)
717.76 (677.07; 1227.10)
349.08 (269.20; 446.28)
299.97 (51.45; 400.45)

(

610.92 (424.73; 1693.21
376.34 (303.95; 1267.91
246.26 (215.19; 788.57)
176.91 (145.44; 441.11)
146.80 (117.07; 277.91)

*: statistically significant differences compared to the control group (p < 0.05).

46 ISSN 2306-4145 http://zmj.zsmu.edu.ua

on oxides; in some cases, considering condensation and
disintegration aerosol) were used.

Results

The hygienic examination has found a high dust content at
the workplace to be the main harmful factor of the produc-
tion environment at the machine-building enterprise. The
dust present in the WZA of smelter workers was divided
into condensation aerosol and disintegration aerosol by a
dusting mechanism. Condensation aerosol was produced
from metal melting. As a result, a molten metal evaporated
from the surface under the influence of high temperatures,
rose into the air, and cooling, generated suspended particles
of various diameters. Employees of the machine-building
enterprise exposed to condensation aerosol were furnace
operators and manual welders who, by their profession
character, performed technological operations of melting
and welding metals with different elemental compositions.

During various types of metal components machining
in the smelting shop to shape and size them as needed,
workers (grinders, cutters) were exposed to disintegration
aerosol containing irregularly shaped particles of various
sizes, originated from such technological operations as
grinding, cutting, and drilling.

When determining the concentration of ultrafine nano-
particles in the air of the smelting shop, it has been found
that their number at the furnace operator workplaces during
metal melting ranged from 4.28 x 10* to 2.41 x 10° particles/
cm?; welder workplaces —from 3.01 x 10*to 3.34 x 10 parti-
cles/cm?, grinder workplaces —from 9.81 x 10*to 1.44 x 10°
particles/cm?, and at cutter workplaces — from 2.71 x 10* to
1.94 x 10° particles/cm?.

The concentration of nanoparticles with various sizes
at the furnace operator workplaces has been revealed to
be significantly different from that at the workplaces of the
control group employees. So, compared to the control
group workplaces, the number of particles was higher by
27.8 times (p < 0.001) with a size of 11.5 nm, by 19.1 times
(p<0.001) with a size of 15.4 nm, by 10.4 times (p <0.001)
with a size of 20.5 nm, by 12.0 times (p < 0.001) with a size of
27.4nm, by 11.5times (p < 0.001) with a size of 36.5 nm, by
11.6 times (p < 0.001) with a size of 48.7 nm, by 11.2 times
(p<0.001) with a size of 64.9 nm, by 11.2 times (p <0.001)
with a size of 86.6 nm, by 11.0 times (p < 0.001) with a size
of 115.5 nm, by 13.5 times (p < 0.001) with a size of 154
nm, by 13.1 times (p < 0.001) with a size of 205.4 nm, by
7.3 times (p < 0.001) with a size of 273.8 nm, and by 4.7
times (p = 0.002) with a size of 365.2 nm. By comparing
the data on the nanometer-sized particle concentration in
condensation and disintegration aerosols at all workplaces
of furnace operators, the authors have found that it was
statistically significantly higher compared to the control
group data (p < 0.05) (Table 2).

A higher concentration of nanoparticles during metal
melting was observed for particles ranging in size from
27.4 nm to 48.7 nm with a peak concentration of 36.5 nm
particles — 12945.00 (11031.00; 17648.00) particles/cm?,
thatwas 11.5 times higher than in the control group (Fig. 1a).
At workplaces of welders, the maximum concentration was
detected for larger particles ranging from 48.7 nm to 86.6
nm in size, with a peak concentration of 64.9 nm —8782.33
(4655.01; 10980.00) particles/cm?, that was 7.8 times higher
than in the control group (Fig. 1b). At the workplaces of work-
ers engaged in machining parts, smaller particles prevailed
in terms of concentration. At the workplaces of grinders,
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= Nucleation mode (<50 nm) Aitken mode (50-100 nm)

the maximum number of particles was recorded in the size
range from 20.5 nm to 36.5 nm, with a peak concentration of
27.4 nm particles — 9408.30 (7878.54; 12310.00) particles/
cm?, that was 8.4 times higher than in the control group
(Fig. 1c); at the chopper’s workplaces, particles ranged in
size from 27.4 nm to 64.9 nm with a peak concentration of
48.7 nm — 6599.98 (3608.83; 8048.77) particles/cm?®, that
was 5.9 times higher than in the control group (Fig. 1d).

At the workplaces of control employees, the concentra-
tion of nanoparticles was significantly lower, and the maxi-
mal amount was recorded for particles sized from 27.4 nm
to 64.9 nm with a peak concentration of 36.5 nm — 1126.61
(870.56; 1404.61) particles/cm? (Fig. Te).

Depending on the particle size, the ultrafine aerosol
was divided into the nucleation mode (suspended parti-
cles <50 nm), the Aitken mode (suspended particles sized
50-100 nm) and the accumulation mode (suspended par-
ticles 2100 nm). The analyzed data on the IA concentration
have shown that half of the studied aerosol had particles of
the nucleation mode, i. e., particles with a diameter of less
than 50 nm at all workplaces (Fig. 2).

As arule, the accumulation mode particles contributed to
the mass concentration of ultrafine aerosol, while the nucle-
ation mode particles did not contribute much to this indicator
but had a greater influence on the UIA concentration. The
studies have shown the prevalence of the nucleation process,
i.e., the formation of a considerable number of nanoparticles
with a size of less than 50 nm in all technological procedures.

Since nanoparticles have a larger surface area, which
increases their biological activity, we studied the surface
area of UIA particles at the workers’ workplaces.

It has been found that the total surface area of nano-
scale particles at the workplaces of furnace operators
ranged from 9.26 x 108 to 3.08 x 10° nm%cm?; welders
— from 7.24 x 108 to 5.56 x 10° nm?/cm?; grinders — from
1.43 x 10°to 1.57 x 10° nm?cm?; cutters — from 4.91 x 108
to 1.95 x 10° nm%cm?. At the workplaces of workers, the sur-
face area of suspended particles of different sizes with the
formation of condensation aerosol (Fig. 3) and disintegration
aerosol (Fig. 4) statistically significantly (p <0.05) exceeded

Grinding of parts

Fig. 2. Proportion of the
nucleation mode, Aitken
mode and accumulation
mode depending on
nanoparticle sizes in
different technological
processes, %.

253

Mechanical processing
of parts (cutting)

= Accumulation mode (100-500 nm)

the respective values of the control group workers, except
for the surface area of suspended particles sized 273.8 nm
and 365.2 nm at the workplaces of welders and cutters, as
well as suspended particles ranging in size from 154 nm to
400 nm at the workplaces of grinders, but without statistically
significant differences from the control group.

It has been estimated that the surface area of na-
no-sized particles (100 nm) at the workplaces of furnace
operators was 34.6 % of the total surface area of the entire
studied aerosol; 37.7 % — at the workplaces of welders,
33.5 % —at the workplaces of grinders; 45.4 % —at the work-
places of cutters; 26.7 % — at the control group workplaces.

The total surface area of nano-sized particles at the
workplaces of furnace operators ranged 3.14 x 10 —
6.12 x 10" nm®/cm?; welders — 1.68 x 10" — 2.38 x 10"
nm?3/cm?, At workplaces where disintegration aerosol was
formed, this indicator was in the range of 2.73 x 10 —
3.46 x 10" nm%cm?for grinders and 9.76 x 10°—1.27 x 10"
nm%cm? for cutters. The surface volume of ultrafine particles
of different sizes at the workplaces, where condensation
(Fig. 5) and disintegration aerosols (Fig. 6) were formed,
demonstrated similar trends in the surface area as com-
pared to the control group workplaces, except for furnace
operators, as the difference for all sizes of particles was
statistically significant (p < 0.001).

The mass concentration of UIA nanoparticles in the
WZA of furnace operators ranged from 37.70 pg/m? to 73.49
pg/m3; welders — from 20.18 pg/m? to 285.37 ug/md; grind-
ers —from 32.78 pg/m3to 41.51 ug/m®; cutters — from 11.71
pg/m® to 151.96 ug/m®. Mass concentration parameters at
the workplaces of the smelting shop and the control group
employees are presented in Table 3.

The study results on the content of chemical elements
at the machine-building enterprise are presented in Table 4.
Chemical elements, Al, Cu, Mg, Mo, Fe, Ni, have been found
to be present in the WZA of furnace operators engaged in
various technological processes. Although their content did
not exceed the current MPC levels, it can still be assumed
that these nanoscale metal particles could have an adverse
effect on the workers.
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Fig. 3. Surface area of suspended condensation aerosol particles depending on size, nm?cm2.
Fig. 4. Surface area of suspended disintegration aerosol particles depending on size, nm?/cm?.

Table 3. Mass concentration of ultrafine particles in the working zone air of smelting shop workers, ugim® (Me (Q,; Q,;))

Condensation aerosol Disintegration aerosol Control, n = 315
Furnace operator, n = 416 Welder, n = 315 Cutter, n = 286 Grinder,n=78

15 0.006 (0.004; 0.011)* 0.0014 (0.0010; 0.0019)* 0.001 (0.001; 0.001)* 0.0008 (0.0006; 0.0051)* 0.0002 (0.0002; 0.0002)
15.4 0.022 (0.018; 0.035)* 0.0062 (0.0054; 0.0074)* 0.005 (0.004; 0.006)* 0.0091 (0.0073; 0.0274)* 0.0011 (0.0009; 0.0013)
205 0.038 (0.032; 0.068)* 0.0151 (0.0134; 0.0176)* 0.013 (0.011; 0.016)" 0.0376 (0.0274; 0.0584)* 0.0037 (0.0028; 0.0041)
274 0.147 (0.109; 0.215)* 0.0574 (0.0454; 0.0689)* 0.056 (0.046; 0.068)* 0.1214 (0.1017; 0.1588)* 0.0123(0.0106; 0.0161)
365 0.396 (0.338; 0.540)" 0.1847 (0.1087; 0.2313)* 0.186 (0.118; 0.220)* 0.2658 (0.2476; 0.3801)* 0.0345 (0.0266; 0.0430)
487 0.929 (0.590; 1.362)* 0.5510 (0.2874; 0.6827)* 0.479 (0.262; 0.584)* 0.4475 (0.4401; 0.8279)" 0.0803 (0.0563; 0.1093)
64.9 1.887 (0.946; 3.159)* 15111 (0.8009; 1.8893)" 0.719 (0.601; 1.414)* 0.6592 (0.5586; 1.7620)* 0.1667 (0.1121; 0.2876)
86.6 3.760 (2.127; 6.388)* 34877 (1.9840; 4.0699)* 1.619 (1.335; 3.333)* 1.0040 (0.7482; 3.8136)* 0.3360 (0.2228; 0.7404)
1155 6.459 (4.199; 12.408)* 6.6409 (3.9809; 7.7095)* 3.276 (2.950; 7.037)* 1.6613 (1.2595; 7.2327)* 05911 (0.4110; 1.6383)
154 11,686 (6.002; 22.104)* 9.5989 (6.0259; 12.0431)* 6.660 (4.945; 10.731)* 2.6365 (2.2753; 10.6683) 0.8635 (0.6974; 2.9092)
2054 17.533 (8.982; 30.460)* 10,2532 (8.4740; 14.4820)°  9.722 (5.261; 10.933)" 3.9054 (3.6839; 6.6767) 1.3399 (1.1709; 4.2906)
2738 16.561 (4.899; 43.566)* 34115 (0.8383; 14.2068) 3.453 (2.257; 4.711) 45041 (3.4734; 5.7582) 2.2826 (1.8765; 5.6914)
365.2 21.242 (4.611; 58.725)" 55125 (0.0000; 22.8845) 4.474(0.673; 8.854) 9.1781 (1.5741; 12.2526) 4.4918 (3.5819; 8.5032)

*: statistically significant differences compared to the control group (p < 0.001).
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Fig. 5. Surface volume of suspended condensation aerosol particles depending on size, nm?¥cm?®.

Fig. 6. Surface volume of suspended disintegration aerosol particles depending on size, nm3/cm3.

Table 4. Metal content in the air of the smelter working area under different technological processes, (mg/m?)

Technological processes

Metal melting* 0.008
Metal welding* 0.03
Mechanical 0.006
metal processing*

MPC, mg/m? 6.0%2.0*

Technological processes

Metal melting# 0.013
Metal welding * 0.009
Mechanical 0.015
metal processing*

MPC, mg/m? 0.05%/0.03*

0.0012 0.001 0.0013
0.0021 0.0001 0.004
0.002 0.0019 0.0021
1.0%0.5*

0.0007 0.0005 0.0009
0.0005 0.00001 0.0008
0.0005 0.00058 0.0006
2¢4*

1,20E+10
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8,00E+09

6,00E+09

4,00E+09
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0,00E+00 7777_7_7-_._._ - - | || I

154.0 205.4 2738 365.2

154.0 2054 273.8 365.2

w e e

0.0053 0.0002 0.0106
0.037 0.00001 0.074
0.019 0.0184 0.02
10.0%6.0*

- 0.0007 0.0007
0.002 0.00003 0.003
0.0046 0.0044 0.005

0.05

# MPC for condensation aerosol substances; *: MPC for disintegration aerosol substances (according to Order of the Ministry of Health of Ukraine No. 1596 dated 14.07.2020 “On the

approval of hygienic regulations on the accessible content of chemical and biological substances in the air of the working area”).
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Discussion

The results of our study on the content of UIA nanoparticles
in the WZA of machine-building suggest that the technolo-
gical processes of melting, welding, and machining of metal
generate suspended nano-sized particles, as evidenced by
other studies [11,19].

According to the literature sources [20,21,22], studies of
nanoparticles in WZA are usually based on the determina-
tion of the total quantitative concentration (number/cm?) of
suspended particles up to 100 nm in size without regard for
a number of other essential physical properties of the UIA.
Moreover, data on the physical properties of nanoparticles
(such as number, surface area, surface volume, and mass
concentration) are not available in the literature. Our studies
examined these indicators during melting, welding, and me-
tal machining, which is undoubtedly important for assessing
the degree of occupational risk. It has been revealed that
the toxicity of ultrafine (nano) particles depended not only on
their size but also on other physical and chemical properties
such as particle shape, surface area, exposure time and
dose, chemical composition, etc. [6].

We have found that in hot and cold metalworking pro-
cesses, the highest concentration was recorded among
particles ranging in size from 27 nm to 64 nm. According to
various literary sources, the proportion of ultrafine particle
concentration of the nucleation mode up to 50 nm in size
makes up most of the UIA at different workplaces. For
example, during machining, ultrafine particles account for
more than 95 %, during welding — for 20-60 %, and during
melting — for 90 % [11]. Our studies have confirmed that
the suspended particle fraction of the nucleation mode ac-
counted for almost half of the UIA during the technological
processes of melting, welding, and machining of metal,
which can easily penetrate alveolar compartments of the
respiratory system, freely enter the blood flow, and get to
various tissues and organs. It is acceptable to assume
that the physicochemical properties of UIAin the WZA can
be influenced by various factors: types of material being
processed, methods of metal welding and melting, the
presence or absence of a ventilation system at workplaces,
its effectiveness, etc.

It has been found by comparing the data obtained, that
the concentration and surface area of nanoparticles was
higher in hot metal working processes (metal melting and
welding) than in cold ones (cutting and grinding). Other lite-
rature sources also confirm the data on high concentrations
of particles in the processes of heat metal treatment, such
as welding and melting [19].

Scientific studies have emphasized the importance of
identifying the chemical composition of UIA at the workplac-
es of workers occupationally exposed to toxic metals [17].
The WZA of workers engaged in metal melting, welding and
machining has been shown to contain the following metals:
Al, Cu, Mg, Mo, Fe, and Ni. Although their concentrations did
not exceed the established MPCs, their presence in the form
of nanoparticles could increase the risk of deep penetration
into respiratory organs and deposition in them, causing
the development of inflammation and other pathological
processes, as well as translocation and accumulation in
other organs (liver, heart, kidneys) could have an extremely
negative effect on employee health.
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Conclusions

1. The processes of melting, welding, and machining
of metal at the machine-building enterprise have been de-
fined as a source of suspended nanoscale particles in the
ultrafine industrial aerosol composition with the maximum
concentration in the range from 20 nm to 70 nm.

2. The concentration of suspended particles of all sizes
at the workplaces of smelting shop workers statistically
significantly exceeded that of relevant sizes compared to
the control group (p < 0.05).

3. The majority of the studied aerosols of disintegration
and condensation at all workplaces was represented by
particles of the nucleation mode (46.4-63.1 %), i. e. parti-
cles less than 50 nm in diameter, indicating a high level of
occupational risk.

4. Parameters of surface area, surface volume, and
mass concentration at the workplaces of furnace opera-
tors, welders, grinders, and cutters statistically significantly
exceeded the relevant parameters in the control group for
almost all sizes of suspended particles (p < 0.05).

5. The emission of Al, Cu, Mg, Mo, Fe, Ni has been
detected at the workplaces of machine-building workers du-
ring the technological processes of metal melting, welding,
and machining. Their presence even in concentrations not
exceeding the established MPC levels may have negative
health effects due to their higher activity in the form of
nanoparticles.

6. The study on the UIA physicochemical properties
at the workplaces of workers during various technological
processes is a crucial step in assessing health risks to
workers with further possible use of the data obtained in
the implementation of an occupational risk management
system at enterprises.

Prospects for further research. In the future, it is
planned to continue studying the physicochemical pro-
perties of UIA in the WZA during various technological
processes at industrial enterprises to further determine their
negative impact on the health of employees.

Conflicts of interest: authors have no conflict of interest to declare.
KoHdnikT iHTepeciB: BiaCyTHil.

Hapinwaa po pepakuii / Received: 27.10.2023
Micas poonpautoBaHHs / Revised: 16.11.2023
CxBaneHo po Apyky / Accepted: 01.12.2023

Information about the authors:

Sharavara L. P., MD, PhD, Associate Professor of the Department
of General Hygiene, Medical Ecology and Preventive Medicine,
Zaporizhzhia State Medical and Pharmaceutical University,
Ukraine.

ORCID ID: 0000-0001-9102-3686

Dmytrukha N. M., PhD, DSc, Senior Researcher, Head of the
Laboratory of Industrial Toxicology and Occupational Health

in the Use of Chemical Substances, S| “Kundiiev Institute of
Occupational Health of the National Academy of Medical Sciences
of Ukraine”, Kyiv.

ORCID ID: 0000-0001-9161-3889

Andrusyshyna I. M., PhD, DSc, Senior Researcher, Head of the
Sector for the Study of Microelements, SI “Kundiiev Institute of
Occupational Health of the National Academy of Medical Sciences
of Ukraine”, Kyiv.

ORCID ID: 0000-0001-5827-3384

ISSN 2306-4145  http://zmj.zsmu.edu.ua


https://orcid.org/0000-0001-9102-3686
https://orcid.org/0000-0001-9161-3889
https://orcid.org/0000-0001-5827-3384

Original research

52

Biaomocrti npo aBTopiB:

LWapagapa A. ., KaHA. MeA. HayK, AOLEHT Kad. 3araAbHOi ririeHu,
MEAUYHOT eKOAOTi Ta MPOdIAGKTUUHOT MEAULIMHM, 3anopi3bKuii
AEPXaBHWI MeAUKO-GapMaLIeBTUUHUI YHIBEPCUTET, YKpaiHa.
Amvutpyxa H. M., A-p 6ioA. Hayk, CTapLUMit HayKOBUI CRIBPOBITHUK,
3aB. AabopaTopii NPOMUCAOBOI TOKCUKOAOTIT i TiriEHM NpaLi npu
BMKOPUCTaHHI XiMiYHUX PeYOBUH, AY «IHCTUTYT MEAMLIMHM npaLi
imeHi t0. I. KyHaieBa HAMH YkpaiHu», M. KuiB.

AHApycULKHa . M., A-p 6i0A. HayK, CTapLUMIA HAyKOBHIA
CniBPOBITHUK, 3aB. CEKTOPa 3 BUBYEHHSA MiKPOEAEMEHTO3IB,

AY «HCTUTYT MearuMHM npai imeHi HO. |. KyHaiesa HAMH
Ykpaitu», M. Kuis.

References

1.

ISSN 2306-4145  http://zmj.zsmu.edu.ua

Trakhtenberg IM, Dmytrukha NM, Kozlov KP. [Cardio-vasotoxic
effect of heavy metal compounds and their nanoparticles (review)].
Ukrainian journal of occupational health. 2022;18(3):237-52. Ukrainian.
doi: 10.33573/ujoh2022.03.237

Calderon-Garciduefias L, Ayala A. Air Pollution, Ultrafine Particles, and
Your Brain: Are Combustion Nanoparticle Emissions and Engineered
Nanoparticles Causing Preventable Fatal Neurodegenerative Diseas-
es and Common Neuropsychiatric Outcomes? Environ Sci Technol.
2022;56(11):6847-56. doi: 10.1021/acs.est.1c04706

Liu NM, Miyashita L, Maher BA, McPhail G, Jones CJP, Barratt B, et
al. Evidence for the presence of air pollution nanoparticles in placental
tissue cells. The Science of the total environment. 2021;751:142235.
doi: 10.1016/j.scitotenv.2020.142235

Calderon-Garciduenas L, Torres-Jardon R, Franco-Lira M, Kulesza R,
Gonzalez-Maciel A, Reynoso-Robles R, et al. Environmental Nanopar-
ticles, SARS-CoV-2 Brain Involvement, and Potential Acceleration of
Alzheimer’s and Parkinson’s Diseases in Young Urbanites Exposed
to Air Pollution. J Alzheimers Dis. 2020;78(2):479-503. doi: 10.3233/
JAD-200891

Pryor JT, Cowley LO, Simonds SE. The Physiological Effects of Air
Pollution: Particulate Matter, Physiology and Disease. Front Public
Health. 2022;10:882569. doi: 10.3389/fpubh.2022.882569
Trachtenberg IM, Dmytrukha NM, Lahutina OS, Korolenko TK, Lehkost-
up LA, Herasimova OV. Investigation of hematotoxic effect of micro- and
nanoparticles of iron oxide Fe,O, under single and long-term intake into
the body. Ukrainian journal of occupational health. 2021;17(4):215-24.
doi: 10.33573/ujoh2021.04.215

Teleanu DM, Chircov C, Grumezescu AM, Volceanov A, Teleanu RI.
Impact of Nanoparticles on Brain Health: An Up to Date Overview. J
Clin Med. 2018;7(12):490. doi: 10.3390/j}cm7120490
Dabrowska-Bouta B, Sulkowski G, Struzynski W, Struzynska L. Pro-
longed Exposure to Silver Nanoparticles Results in Oxidative Stress
in Cerebral Myelin. Neurotox Res. 2019;35(3):495-504. doi: 10.1007/
$12640-018-9977-0

Moreno-Rios AL, Tejeda-Benitez LP, Bustillo-Lecompte CF Sources,
characteristics, toxicity, and control of ultrafine particles: An overview.
Geosci Front. 2022;13(1):101147. doi: 10.1016/}.gsf.2021.101147
Garces M, Caceres L, Chiappetta D, Magnani N, Evelson P. Current
understanding of nanoparticle toxicity mechanisms and interactions with
biological systems. New J Chem. 2021;45(32):14328-44. doi: 10.1039/
d1nj01415¢c

Schraufnagel DE. The health effects of ultrafine particles. Exp Mol Med.
2020;52(3):311-7. doi: 10.1038/s12276-020-0403-3

Lu D, Luo Q, Chen R, Zhuansun Y, Jiang J, Wang W, et al. Chemical
multi-fingerprinting of exogenous ultrafine particles in human serum
and pleural effusion. Nat Commun. 2020;11(1):2567. doi: 10.1038/
541467-020-16427-x

Abdillah SFI, Wang YF. Ambient ultrafine particle (PM, ,): Sources, char-
acteristics, measurements and exposure implications on human health.
Environ Res. 2023;218:115061. doi: 10.1016/j.envres.2022.115061
Kuye A, Kumar P. A review of the physicochemical characteristics
of ultrafine particle emissions from domestic solid fuel combustion
during cooking and heating. Sci Total Environ. 20235;886:163747.
doi: 10.1016/j.scitotenv.2023.163747

Sevalnev Al, Sharavara LP, Kutsak AV, Nefodov OO, Zemliynyi OA,
Pisarevskyi K, et al. Nanoparticles in the air of the working zone as a
risk factor for the health of workers of various industries. Medicni Per-
spektivi. 2020;25(3):169-76. doi: 10.26641/2307-0404.2020.3.214859
Andrusyshyna IM, Lampeka OG, Golub |0. Results of biomonitoring
of exposure to toxic metals of manufacturing workers in Ukraine in
2002-2022. Ukrainian journal of occupational health. 2023;19(1):26-35.
doi: 10.33573/ujoh2023.01.026

Dmytrukha NM. [Nanotoxicology — a new direction in industrial toxi-
cology, task and research results]. Ukrainian journal of occupational
health. 2023;19(1):61-74. Ukrainian. doi: 10.33573/ujoh2023.01.061

20.

21.

22.

Elihn K, Berg P. Ultrafine particle characteristics in seven industrial
plants. Ann Occup Hyg. 2009;53(5):475-84. doi: 10.1093/annhyg/
mep033

Gao X, Zhou X, Zou H, Wang Q, Zhou Z, Chen R, et al. Exposure
characterization and risk assessment of ultrafine particles from
the blast furnace process in a steelmaking plant. J Occup Health.
2021;63(1):e12257. doi: 10.1002/1348-9585.12257

Lugovskiy SP, Demetska OV, Tsapko V G. [Modern approaches to
nanomaterial testing and regulation]. Ukrainian journal of occupational
health. 2019;15(4):263-70. Ukrainian. doi: 10.33573/ujoh2019.04.263
Kundiiev Y1, Trakhtenberh IM, Yavorsskyi OP, Demetska OL, Dmytrukha
NM, Andrusyshyna IM, et al. [Hygienic regulation and control of nano-
materials in the production environment]. Kyiv: NAMU; 2016. Ukrainian.
Andrusyshyna IN. [Metal nanoparticles: production methods, physical
and chemical properties, research methods and toxicity assessment].
Suchasni problemy toksykolohii. 2011;(3):5-14. Russian.

Zaporozhye medical journal. Volume 26. No. 1, January — February 2024


https://doi.org/10.33573/ujoh2022.03.237
https://doi.org/10.1021/acs.est.1c04706
https://doi.org/10.1016/j.scitotenv.2020.142235
https://doi.org/10.3233/JAD-200891
https://doi.org/10.3233/JAD-200891
https://doi.org/10.3389/fpubh.2022.882569
https://doi.org/10.33573/ujoh2021.04.215
https://doi.org/10.3390/jcm7120490
https://doi.org/10.1007/s12640-018-9977-0
https://doi.org/10.1007/s12640-018-9977-0
https://doi.org/10.1016/j.gsf.2021.101147
https://doi.org/10.1039/d1nj01415c
https://doi.org/10.1039/d1nj01415c
https://doi.org/10.1038/s12276-020-0403-3
https://doi.org/10.1038/s41467-020-16427-x
https://doi.org/10.1038/s41467-020-16427-x
https://doi.org/10.1016/j.envres.2022.115061
https://doi.org/10.1016/j.scitotenv.2023.163747
https://doi.org/10.26641/2307-0404.2020.3.214859
https://doi.org/10.33573/ujoh2023.01.026
https://doi.org/10.33573/ujoh2023.01.061
https://doi.org/10.1093/annhyg/mep033
https://doi.org/10.1093/annhyg/mep033
https://doi.org/10.1002/1348-9585.12257
https://doi.org/10.33573/ujoh2019.04.263

	Sharavara L. P., Dmytrukha N. M., Andrusyshyna I. M. [Ultrafine industrial aerosol as a risk factor for the health of smelting shop workers at a machine-building enterprise]
	Article info
	UDC
	DOI
	Key words
	E-mail

	Introduction

	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Prospects for further research
	Conflicts of interest
	Information about the authors
	References
	Tables
	Table 1. Metrological parameters for the detection of toxic metals and essential trace elements (according to the manufacturer data)
	Table 2. Analysis of the ultrafine particle content in the working zone air of smelting shop workers, number/cm, (Me (Q; Q))
	Table 3. Mass concentration of ultrafine particles in the working zone air of smelting shop workers, μg/m (Me (Q; Q))
	Table 4. Metal content in the air of the smelter working area under different technological processes, (mg/m)

	Figures
	Fig. 1. Concentration of ultrafine IA particles (number/cm) in the WZA of furnace operators (a), welders (b), grinders (c), cutters (d), and the control group employees (e), Me (Q; Q).
	Fig. 2. Proportion of the nucleation mode, Aitken mode and accumulation mode depending on nanoparticle sizes in different technological processes, %.
	Fig. 3. Surface area of suspended condensation aerosol particles depending on size, nm/cm.
	Fig. 4. Surface area of suspended disintegration aerosol particles depending on size, nm/cm.
	Fig. 5. Surface volume of suspended condensation aerosol particles depending on size, nm/cm.
	Fig. 6. Surface volume of suspended disintegration aerosol particles depending on size, nm/cm.



