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Metallurgy is a major economic branch in Russia with more than 4000 enterprises operating in it and seventy percent
of them being city-forming ones. This study focuses on cytological assessment of the oral mucosa and secretion from the
middle meatus mucosa in workers employed in metallurgy.

The aim of this study was to investigate cytological laboratory indicators in workers employed in metallurgy under ex-
posure to adverse occupational factors.

A clinical and diagnostic examination of workers employed at a metallurgical plant in Bashkortostan was performed in
2019-2020; it involved cytological studies of the oral mucosa (buccal epithelium) and the middle meatus mucosa (rhinocytogram).
In this study, we applied the Index of cytogenetic disorders accumulation (lac) that allows for cellular kinetics indicators.

The overall hygienic assessment of working conditions for workers employed at the analyzed metallurgic plant corre-
sponds to the hazard category 3.2-3.3 in accordance with the criteria outlined in the Guide R (harmful, class 2 or 3). The
research results revealed cytogenetic disorders of buccal epithelial cells in the workers who had contacts with adverse occu-
pational factors. Low likelihood of cytogenetic disorders was established for 66.67 % of the workers; moderate, 9.2 %, high,
23.81 %. We assessed rhinocytograms of the workers exposed to adverse occupational factors and revealed some signs of
allergic inflammation characterized with high eosinophil count.

The research results confirm high significance of diagnostic procedures for developing an algorithm for screening ex-
aminations of working population as well as indicators of health disorders under exposure to adverse occupational factors
(noise, heating microclimate, industrial dust, gaseous chemicals).

Keywords: metallurgical production, hygienic assessment of working conditions, adverse occupational factors, Index
of cytogenetic disorders accumulation, buccal epithelium cells, rhinocytogram.

Metallurgy is a major economic branch
in Russia with more than 4000 enterprises
operating in it and more than seventy percent
of them being city-forming ones [1-4]. More
than a half million people are employed in
the branch. Metallurgic productions rely on
complete production cycles; this involves
using multiple technological processes, dif-

ferent temperature regimes, binding sub-
stances and catalysts. Despite massive mod-
ernization which is now taking place in the
industry, workers employed in it are still ex-
posed to variable adverse occupational fac-
tors. They include noise, heating microcli-
mate, industrial dusts, flammable, explosive
and poisonous substances, vibration, ultra-
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sound, electromagnetic radiation as well as
substantial physical loads and work in night
shifts [1, 5-7]. Domestic studies have con-
firmed a substantial role that belongs to ad-
verse occupational factors at metallurgic
production in developing pathologies of
various organs and systems [8, 9], including
upper respiratory mucosa. They can progress
latently and become a factor that induces
various respiratory diseases [10].

At present, it is becoming more and more
vital to search for the most informative physio-
logical, biochemical, immunologic and other
criteria to estimate effects produced by harm-
ful factors [11, 12].

Rhinocytogram (RCG) studies that in-
volve microscopic examination of imprint
smears taken off the nasal mucosa are a simple
atraumatic procedure for estimating the state
of the respiratory mucosa [13, 14]. RCG pro-
vides an insight into the condition of the
epithelial tissue in the upper airways and leu-
kocyte occurrence as well as tentatively esti-
mates microflora [15, 16].

Micronuclei assay of the buccal epithe-
lium is a procedure for estimating diseases and
processes associated with DNA damage induc-
tion; it is considered an effective biomarker
[17]. This assay is becoming popular with re-
searchers due to its low invasiveness in cell
sampling, simple preparation and storage pro-
cedures. All this makes the buccal macronuclei
assay an ideal option to conduct molecular-
epidemiological examinations [18-20].

Some studies address using the buccal
macronucleus assay at productions that involve
exposure to formaldehyde, pesticides, and cy-
tostatics; at iron and chromium productions;
copper-smelting plants; clothing manufacture;
in microbiological industry; auto repair shops
etc. [21]. Still, we have not been able to find
any studies with their focus on examining the
buccal micronuclei assay and imprint smears

taken off the nasal mucosa (rhinocytogram) of
workers employed in metallurgy.

The relevance of this study is evidenced
by detected pre-pathological and pathological
conditions; they make it possible to diagnose
severity of an occupational or a work-related
disease and predict its possible clinical course.

In this study, we aimed to investigate cy-
tological laboratory indicators in workers em-
ployed in metallurgy under exposure to ad-
verse occupational factors.

Materials and methods. To achieve our
aim and solve the research tasks within this
study, we conducted a complex clinical and
diagnostic examination of workers employed
at a metallurgical plant in 2019-2020; the
plant was located in the Republic of Bashkor-
tostan. Laboratory indicators were analyzed
relying on data of a periodical medical ex-
amination (PME). It was performed in con-
formity with the Order by the RF Labor Min-
istry No. 988n, the RF Public Healthcare
Ministry No. 1420n issued on December 31,
2020'. The test group was made up of work-
ers with various occupations employed at the
analyzed enterprise; their occupational activi-
ties were likely to involve exposure to harm-
ful occupational factors. We used the follow-
ing criteria to include workers into the test
group and to sample biomaterials: a chronic
disease (with exacerbation over the last
12 months) or acute diseases (2 or more over
the last 12 months) of the respiratory organs
in a case history; exposure to predominantly
fibrogenic aerosols at a workplace. The refer-
ence group included workers employed at the
same plant who were not exposed to harmful
production factors. Workers’ average age was
53.76 + 1.26 years and their average work
records at the plant equaled 25.66 + 1.22
years. Both groups were comparable as per
age and sex; all the analyzed workers had
long work records.

' Ob utverzhdenii perechnya vrednykh i (ili) opasnykh proizvodstvennykh faktorov i rabot, pri vypolnenii kotorykh pro-
vodyatsya obyazatel'nye predvaritel'nye meditsinskie osmotry pri postuplenii na rabotu i periodicheskie meditsinskie osmotry:
Prikaz Mintruda Rossii i Minzdrava Rossii ot 31 dekabrya 2020 goda Ne 988n/1420n [On Approval of the list of harmful and
(or) hazardous occupational factors and works that require mandatory preliminary medical examinations prior to recruitment
and periodical medical examinations: The Order by the RF Labor Ministry and RF Public Healthcare Ministry issued on De-
cember 31, 2020 No. 988n/1420n]. KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/573473071 (June 27, 2022) (in Russian).
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We analyzed the results obtained by labo-
ratory and instrumental control. It included
examining air samples taken in closed prem-
ises, noise measurements, microclimate at
workplaces, and artificial lighting. All the tests
and measurements were performed by the
Testing Laboratory of the Center for Hygiene
and Epidemiology in the Republic of Bashkor-
tostan. Hygienic assessment of working condi-
tions relied on the results of workplace evalua-
tion and industrial control, our own observa-
tions of production processes and job
descriptions provided by the human resources
department of the plant.

Cytological studies involved examining
samples of non-keratinized stratified squamous
epithelium of the oral cavity mucosa (buccal
epithelium) and the middle meatus mucosa.
Micronuclei were identified in the buccal epi-
thelium as per the standard described by
P.E. Tolbert [22]. We also considered binucle-
ated cells, karyopyknosis, karyorrhexis, and
karyolysis. To estimate cellularity of a smear
and morphological picture of secretion from
the middle meatus mucosa as a whole, we per-
formed thin-section analysis similar to blood
leukocyte count. The threshold value was set
at 100 and the results were given in %. The
count covered epithelium (separately cylindri-
cal, with metaplasia, squamous, with degen-
eration signs, including “naked nuclei”’) and
leukocytes (neutrophils, eosinophils, mono-
cytes, and lymphocytes). When describing a
preparation, we noted the total smear cellular-
ity; it was scarce in case some sporadic cells
were identified in the field of vision, moderate
in case small groups made of 3-5 cells were
identified and multi-cellular if layers or dozens
of cells were visible. We estimated how epi-
thelium was located (groups, layers or spo-
radic cells), signs of degenerative changes in
cylindrical epithelium, occurring mucus and
microflora (cocci and bacilli).

This procedure makes it possible to identify
cellular changes caused by exposure to physical
and chemical irritation in secretion from the
middle meatus mucosa [23]. Glass slides were
examined on Mikmed-5 microscope (Russia)
under magnification 10 x 40; 10 x 100.
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In this study, we applied a so called index
of accumulation of cytogenetic damage (Iac),
which considered cellular kinetic indicators
[24]. We defined three groups as regards like-
lihood of risks that cytogenetic damages would
occur: low (Iac < 2), moderate (2 < lac < 4)
and high likelihood (Iac > 4). Laboratory tests
were performed only after all the participants
gave their informed consent to them in accor-
dance with the ethical principles stated in the
Declaration of Helsinki (2000).

The results were analyzed with Statistica
6.0 software; we determined simple mean (M),
standard error of the mean (m), and authenticity
of the results by using the parametric Student’s
t-test () and the level of significance (p). Age-
related causality of health disorders was identi-
fied by using the correlation coefficient (7).

Results. Basic occupations employed at
the analyzed plant include wire drawers, re-
fractory workers, annealers, automatic cold
upsetter operators, cable winding operators
etc. The environment tends to change substan-
tially during the whole work shift; temperature
grows drastically in warm season and drops in
cold one; there is also powerful radiation from
heated and smelted metals. Air is heavily pol-
luted with dusts at some production sections,
especially where metal is being prepared for
further production operations. These processes
involve substantial emissions of carbon oxide,
fibrogenic aerosols, etc.

Wire drawers are exposed to dusts with
silicon dioxide; workplace air at their work-
places also contains elevated levels of di-so-
dium carbonate. The overall hygienic assess-
ment of working conditions at a wire drawer’s
workplace ranks them as harmful, the hazard
category 3.3.

Refractory workers are exposed to dusts
from refractory materials, carbon oxide and their
work involves a lot of physical strain. Work-
place air contains carbon oxide, fibrogenic aero-
sols and asbestos-containing dusts in concentra-
tions by several times higher than MPC. The
overall hygienic assessment of working condi-
tions at a workplace of a refractor worker who
deals with thermal furnace lining ranks them as
the hazard category 3.2 (harmful conditions).
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Basic work operations performed by an-
nealers over the whole work shift involve ex-
posure to di-iron trioxide and dusts with sili-
con dioxide (up to 1.5 MPC). The overall hy-
gienic assessment of working conditions at an
annealer’s workplace ranks them as harmful,
the hazard category 3.3.

Automatic cold upsetter operators are ex-
posed to high concentrations of fibrogenic aero-
sols at their workplaces. The overall hygienic
assessment of working conditions at an auto-
matic cold upsetter operator’s workplace ranks
them as harmful, the hazard category 3.3.

Workplace air at a workplace of a cable
winding operator contains plant and animal
dusts together with silicon dioxide in levels
being by several times higher than permissible
ones. The overall hygienic assessment of
working conditions at a workplace of a cable
winding operator ranks them as the hazard
category 3.2 (harmful conditions)

The overall hygienic assessment of
working conditions at the analyzed metallur-
gic plant ranks them as harmful (class 3), the
hazard category 2-3, according to the Guide
R 2.2.2006-05" (table).

The tests revealed cytogenetic damages to
the buccal epithelium cells in workers exposed
to harmful occupational factors (Figure).

We detected more frequent buccal epi-
theliocytes with micronuclei in 47.61 % of the

examined workers. This value was by two
times higher than in the reference group
(» > 0.05). Morphological signs evidencing
impaired proliferation were identified in 7.14 %
of the analyzed workers. Signs of cell necrosis
were statistically significant ones among indi-
cators of nucleus destruction. Karyolysis as a
result of necrotic cell destruction was identi-
fied in 35.71 % of the examined workers
(» > 0.05); it was preceded by occurring peri-
nuclear vacuole or perinuclear vacuolization.
Karyopyknosis is considered a natural way of
buccal epithelium cellular apoptosis; it was
identified in 11.90 % of the examined workers.
Cells with karyorrhexis signs were detected in
2.38 % of the examined production workers.

We applied the index of accumulation of
cytogenetic damage to calculate likelihood of
cytological abnormalities. Low likelihood of
cytogenetic damage was identified for 66.67 %
of the examined workers; moderate, 9.2 %:;
high, 23.81 %.

RCG assessment established moderate
total cellularity in preparations of workers
exposed to harmful occupational factors.
Squamous epithelium cells were in groups
and in layers and were identified in 52.38 %
of the examined workers. Neutrophilia as a sign
of non-specific, probably microbial, inflamma-
tion was detected in 85.71 % of the examined
workers; elevated quantities of cylindrical

Table

Working conditions for workers employed at the analyzed metallurgical plant, ranked as per harmfulness

and hazards

Harmful factors, hazard category of working conditions
Chemicals Overall
Occupation . Plant and ani- | (sanitary- |Labor hard- [Microclimate| assessment
Noise .o . .
mal dusts hygienic ness in workshops| of working
profile) conditions
Wire drawer 3.1 3.1 3.1 3.1-3.2 3.1 33
Refractory worker dealing with | 5 32 3.1 3132 3.1 3233
thermal furnace lining
Annealer 3.1 3.1 3.1 3.2 3.1 33
Automatic cold upsetter operator 3.1 3.2 3.2 3.2 3.2 33
Cable winding operator 3.1 3.1 3.1 3.1-3.2 3.1 3.2

2The Guide R 2.2.2006-05. Guide on Hygienic Assessment of Factors of Working Environment and Work Load. Criteria
and Classification of Working Conditions (approved by G.G. Onishchenko, the RF Chief Sanitary Inspector on July 29, 2005,
became valid on November 01, 2005). KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/1200040973 (July 09, 2022) (in Russian).
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Figure. Cytogenetic damages to the buccal
epithelium cells in workers exposed to harmful
occupational factors (%): * means differences are
authentic (p < 0.05)

epithelium, 28.57 %; slight metaplasia in epi-
thelium, 9.52 % of the analyzed workers.
Some insignificant quantities of microflora,
predominantly cocci, were identified in
smears. Some patients had signs of allergic
inflammation evidenced by elevated eosino-
phil quantities in 28.57 % of the examined
workers. Cytological preparations of the mid-
dle meatus mucosa in the reference group had
cylindrical epithelium cells in rare fields of
vision (5.00 % of the workers in this group);
sporadic squamous epithelium layers and
epithelial cells with metaplasia were identified
in 15.00 % of the workers in this group.
Discussion. Metallurgic production typi-
cally involves emissions of multiple harmful
chemicals into workplace air. These chemicals
are applied in technological processes or are
manufactured by using them and can produce
variable effects on the human body. Industrial
aerosols make cytogenetically abnormalities in
the buccal epitheliocytes of the oral mucosa
much more probable thereby moving workers
from a group with moderate likelihood of such
disorders into a group with high likelihood.

Cytological and morphological signs of the
process are elevated numbers of cells with im-
paired proliferation and cells with necrosis
signs. By analyzing the index of accumulation
of cytogenetic damage, we confirmed cyto-
toxic effects produced by industrial aerosols.
More frequent occurrence of cells with cyto-
genetic changes in the oral cavity is considered
the earliest sign of disrupted cytogenetic ho-
meostasis and a decrease in workers’ adapta-
tion resources [25]. Degenerative (dystrophic)
changes in the nasal secretion epithelium de-
velop due to cytopathogenic effects produced
by microflora, allergens, or chemical aerosols.
Other signs of a degenerative process include
cilia loss, nucleus and cytoplasm vacuoliza-
tion, hypochromia, cytoplasm acidophilia, cy-
toplasm having fuzzy contours up to its com-
plete destruction with ‘naked” nuclei occur-
rence [20].

In this study, we analyzed the data ob-
tained by laboratory tests and examination of
workers employed at a metallurgical plant.
The analysis established that exposure to in-
dustrial aerosols leads to much greater likeli-
hood of developing cytogenetic abnormalities
in the buccal epithelium cells and in the
epithelial cells of nasal secretion. The research
results confirm high significance of diagnostic
procedures for developing an algorithm for
screening examinations of working population
as well as indicators of health disorders under
exposure to adverse occupational factors.
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