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Abstract

Coal miners are exposed to coal dust, containing mineral particles, inorganic compounds and
polycyclic aromatic hydrocarbons, and to ionizing radiation. These factors can induce oxidative
stress and promote inflammation that leads to DNA damage. The aim of this investigation is to
analyse the degree of DNA damage in miners working in underground coal mines in Kemerovo
Region (Russian Federation) using the cytokinesis-block micronucleus assay (CBMN) in peripheral
blood lymphocytes. The exposed group included 143 coal miners (mean age = 50.11+7.36 years;
mean length of service in coal mining conditions = 23.26 +9.66 years). As a control group, we have
used venous blood extracted from 127 healthy non-exposed men.The mean age in this group was
47.67 £8.45 years. We have discovered that coal miners are characterized by a significant increase
in the frequency of binucleated lymphocytes with micronuclei (MN), nucleoplasmic bridges (NPBs)
and protrusions (NBUDs) compared to non-exposed donors. In addition, we report, for the first
time, a reduction of cell proliferation in a cohort of coal miners. These data are evidence of the
genotoxic and cytostatic effects of occupational harmful factors of the coal mining industry. No
correlation between the level of chromosome damage and age, smoking status or length of service
in coal mining conditions were discovered. We suggest that the CBMN assay would be useful in
biomonitoring studies to monitor hygiene and prevention strategies in occupational settings in
coal mining countries.

Introduction

Coal is one of the most abundant minerals in nature and consti-
tutes the largest fossil fuel source used for the generation of energy
(1). Coal production is prominent in various countries, such as
the Russian Federation, Brazil, South Africa, Australia, China and

others. However, its extraction and use is associated with pollution
of the environment, which represents a major risk for human health
(2,3). During coal mining, a large quantity of coal dust particles is
released into the atmosphere of mines. In addition, due to the high
caloric power of this mineral, when it is exposed to ambient oxygen
and sunlight, a spontaneous combustion process may be initiated,
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generating the release of a high concentration of polycyclic aromatic
hydrocarbons (PAHs) into the environment (4). Coal wastes consist
of a mixture of substances, containing carbon, hydrogen, nitrogen,
oxygen and sulphur (2), mineral particles of smaller size and inor-
ganic compounds in the ashes (4).

In addition to various organic and inorganic chemical com-
pounds and mineral particles, an increased level of ionising radia-
tion may be detected in underground coal mines. Radon (**Rn),
generated from uranium and seeped into the atmosphere from
rocks and soil, and its decay products are the main sources of
radiation in coal mines (5-7). Coal miners are exposed to exter-
nal B- and y-radiation as well. The synergistic influence of coal
dust and ionising radiation leads to an increase in exposure.
Radioactive isotopes adsorbing on dust particles can be inhaled
into the lung, where they may penetrate the epithelial cells that
cover the bronchi and alveoli. These radioactive sources emit
alpha particles that can interact with biological tissues in the
lungs and induce DNA damage (8,9). It is also known that radon
is soluble in water and fat and thus can circulate in the human
body and interact not only with lungs and nearby tissues but also
with other tissues (e.g. bone marrow).

Complexes of these harmful agents are considered hazardous
due to synergistic, additive and enhancing effects (10). The main
route of coal mining wastes exposure is through inhalation. Today
it is known that chronic inhalation of complex harmful mixtures
containing substances such as heavy metals, ash, iron, PAHs and
sulphur can result in pulmonary diseases like coal workers” pneumo-
coniosis, progressive massive fibrosis, bronchitis, loss of lung func-
tion, emphysema and lung cancer (11,12). Some researchers have
proposed that some of these diseases may be a result of activation
of macrophages, interaction with epithelial and other cells, finally
leading to generation of oxidative stress (13). Biomonitoring stud-
ies in peripheral blood lymphocytes of coal employees demonstrated
increased formation of adducts and an increase in non-cellular and
cellular sources of reactive oxygen species (ROS) that can induce
oxidative DNA damage (14,15).

DNA damage in coal miners resulting from exposure to geno-
toxic agents can be registered at the chromosomal level using
various cytogenetic methods (16-18). Due to the fact that geno-
toxic effects in coal miners are the result of a complex of harmful
factors having both the chemical and the physical nature, the
cytokinesis-block micronucleus assay (CBMN) is the most useful
method for the assessment of such exposure (19). The cytoge-
netic markers measured using CBMN are easy to recognise
and score, and the results can be obtained in a shorter period
of time. In addition, information regarding other cellular events
such as mitotic rate and cell death by apoptosis and necrosis can
be simultaneously obtained from the same slides (20). Despite
the urgency of this problem, there are a limited number of stud-
ies describing the occupational hazard effects in coal miners.
However, some studies have been conducted in animals of min-
ing regions. For example, cytotoxic and genotoxic effects of coal

dust have been shown in vivo in wild rodents in coal mining
areas in Brazil (21,22) and in Colombia (23) as well as in bats
(24) and in land snails (235).

The aim of the present study was to evaluate the potential
genotoxic effects in peripheral blood lymphocytes in coal miners
working in underground coal mines in Kemerovo Region (Russian
Federation) using CBMN. The results described in this study present
the opportunity to use CBMN for evaluating potential occupational
health risks in coal miners.

Materials and Methods

Group characteristics

Blood samples were obtained from 143 underground coal miners
(only men) working in coal mines of Kemerovo Region (Russian
Federation) and undergoing medical examination at the Research
Institute for Complex Problems of Hygiene and Occupational
Diseases (Novokuznetsk, Kemerovo Region, Russian Federation).
The mean time of service in coal mining conditions in the exposed
group is 23.26+9.66 years; mean age is 50.11+7.36 years. In the
exposed group, 56 donors were smokers, 23 were ex-smokers and
64 individuals have not smoked (Table 1).

The exposed group was divided into five subgroups according to
the type of activities performed in the mine: (i) drift miners (7 = 42)
providing access to coal seams by adits driven into the surface out-
crop of the coal bed; (ii) stope miners (7 = 39) extracting the desired
ore or other mineral from an underground mine; (iii) drivers of
extracted coal transport (1 = 28) that destroy rock and load it into
special machines for transporting; (iv) electricians (7 = 19) serving
underground mine equipment; and (v) steigers (7 = 15) who are mine
managers responsible for part of the mine and the people subordi-
nated to them.

Blood samples obtained from 127 healthy unexposed men
(donors of the Kemerovo Centre for Blood Transfusion, Kemerovo,
Russian Federation), 49 smokers, 50 non-smokers and 28 ex-smok-
ers, were included in the non-exposed control group. The mean age
in this group was 47.67 =8.45 years (Table 1).

Exposed workers were matched to non-exposed controls by
age, similar social-economic status and dietary habits. All donors
completed a detailed questionnaire that included data about health
and smoking status, cancer history, medicine intake, allergies,
occupation and time of service and previous exposure to medical
X-rays or treatment with known mutagenic effects. Exclusion cri-
teria for exposed and non-exposed groups were age over 60 years,
intake of medicine with known mutagenic effects or receiving an
X-ray examination up to 3 months prior to collection of the mate-
rial and infectious diseases or cancer. All data were recorded in
databases. All participants were informed about the aim, benefits,
risks and methodology details of the study; informed consent was
obtained for each donor. The research was performed in accord-
ance with the requirements of the Ethics Committee of Kemerovo
State University.

Table 1. Age, length of service and smoking status in studied groups

Group Number Age, years Time of service in coal Smoking status
mining conditions, years
n=SD Min-max pn=SD Min-max Smokers Non-smokers Ex-smokers
Exposed 143 50.11+7.36 24-60 23.26+9.66 4-39 56 64 23
Non-exposed control 127 47.67+8.45 25-60 0 0 49 50 28
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Cytogenetic investigation

Cytogenetic investigation was performed using the routine protocol
of CBMN (20,26) with slight modifications (27). The whole blood
obtained from the ulnar vein was sampled using vacutainers with
heparin before culturing and was stored at 4°C for no more than
24h. Volumes of 0.2ml blood, 3ml RPMI-1640 (PanEco, Moscow,
Russian Federation), 0.8 ml embryonic veal serum (PanEco, Moscow,
Russian Federation) and 30 pl phytohaemagglutinin (PanEco,
Moscow, Russian Federation) were added to culture flasks and
incubated for 44 h at 37°C. Then, cytochalasin B (PanEco, Moscow,
Russian Federation) was poured into each culture at a final concen-
tration of 6 ug/ml and incubated another 24h at 37°C. At the end
of the cultivation cycle, the cultures were centrifuged for 10 min at
1000 rpm, the supernatant was removed, and the pellet was resus-
pended. Then, 6 ml of a cold, freshly prepared hypotonic solution
of 0.125M KCl was poured into the tubes. After this, 1 ml of cold,
freshly prepared Carnoy’s fixer (a compound of methanol and ace-
tic acid in a ratio of 3:1) was poured into the tubes and pellet was
stirred. The suspension was centrifuged for 10 min at 1000 rpm. The
supernatant was removed, the pellet was resuspended and another
10ml of cold Carnoy’s fixer was added. The samples were stored at
-20°C for 1h until the next centrifugation step. This procedure was
repeated several times until the pellet appeared clean and the cell
suspension was clear. After the last centrifugation step, the majority
of the supernatant was removed, leaving a volume not exceeding
200 pl. Next, the suspension was pipetted onto dry, cold glass slides.
The slides were encoded and stained with 2% Giemsa solution for
15 min. The slides were analysed using a Nikon Eclipse 80i micro-
scope with transmitted light and a full filter at x1000 magnification.

On each slide, 1000 binucleated (BN) lymphocytes were ana-
lysed, and abnormalities such as micronuclei (MNs), nucleoplasmic
bridges (NPBs) and protrusions (NBUDs) were scored. For the iden-
tification of these abnormalities, we used the criteria described by
Fenech (20,28).

In addition, 500 cells were scored to determine the frequency
of apoptotic cells (28) as well as cells with 1, 2, 3 and 4 nuclei.
The nuclear division index (NDI) was calculated using the following
formula:

NDI=[M1+2(M2) +(M3) +4(M4)/N,

Table 2. Results of cytogenetic investigation

where M1-M4 represent the number of cells with one to four nuclei
and N is the total number of viable cells scored (29).

Statistical analysis

Statistical analysis was performed using the software StatSoft
STATISTICA 7.0. We used the Kolmogorov—-Smirnov test to verify
the consistency of the data with the normal distribution. The data
analysis was performed using the non-parametric statistics block.
Group comparisons were performed using the U-rank Mann—
Whitney test. Spearman’s correlation coefficient was used to calcu-
late correlation.

Results

The results of cytogenetic investigation of the exposed (coal min-
ers) and non-exposed groups are presented in Table 2. We discov-
ered some significant differences in the level of cytogenetic markers
between coal miners and the non-exposed control group. The coal
miners are characterised by the increased frequency of BN lym-
phocytes with 1 MN (9.92 +3.37%o vs. 6.83=1.71%0, P < 0.0001)
and the total frequency of cells with MN (11.15+3.81%0 vs.
7.51+1.83%0, P < 0.0001) in comparison with non-exposed con-
trols. Other cytogenetic indictors also showed increases in the group
of coal miners. For example, the frequency of BN lymphocytes with
NPBs is 4.04£2.82%0 and the frequency of those with NBUDs is
7.23 =2.54%0, whereas the frequency of these indicators in the con-
trol group are 2.36+1.27%0 and 5.83+2.55%o, respectively. These
differences were all statistically significant, evaluated using a Mann—
Whitney U test at P < 0.0001 (for the frequency of cells with NPBs)
and P < 0.01 (for the frequency of cells with NBUDs).

The results of counting 500 lymphocytes and scoring cells with 1,
2, 3 and 4 nuclei as well as apoptotic cells are presented in Table 3.
We discovered that only the frequency of mononucleated lympho-
cytes were increased in coal miners (34.72+9.60%) compared with
non-exposed controls (21.86 +6.44%, P < 0.0001). Other indicators,
such as the frequency of bi-, three- and four-nucleated cells and NDI,
were increased in the control group compared with the exposed
group. The frequency of BN lymphocytes was the most varied
parameter—350.29 = 3.97% in the control group in comparison with
coal miners (42.80+7.45%, P < 0.0001). The frequencies of cells

Group BN lymphocytes with MN, %o (n = SD) BN lymphocytes with BN lymphocytes with
NPBs, %o (1 = SD) NBUDs, %o (1 = SD)
1 MN 2 MN 3 MN >3 MN Total MN
Exposed 9.92+3.37*  0.93+1.00 0.05+0.38 0.07=0.28 11.15=3.81*  4.04+2.82* 7.23+2.54%*
Non-exposed control ~ 6.83=1.71 0.62+0.77  0.02+0.14  0.04+0.20 7.51+1.83 2.36+1.27 5.83£2.55
*P < 0.0001: significant differences in comparison with non-exposed control.
**P < 0.01: significant differences in comparison with non-exposed control.
Table 3. Results of investigation of proliferation activity and frequency of apoptotic cells
Group NDI Cells with different number of nucleus (%), p = SD Apoptotic cells (%), p = SD
1 2 3 4
Exposed 1.91+0.19* 34.72+9.60% 42.80+7.45* 4.99+1.94%* 10.45+4.12* 1.71+1.04
Non-exposed control 2.16+0.15 21.86+6.44 50.29+3.97 5.81+1.63 15.32+3.94 1.34+0.55

*P < 0.0001: significant differences in comparison with non-exposed control.

**P < 0.01: significant differences in comparison with non-exposed control.
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with three and four nuclei in the control group were 5.81+1.63%
and 15.32+3.94%, while in the exposed group the frequencies were
4.99+1.94% (P < 0.01) and 10.45+4.12% (P < 0.0001), respec-
tively. A similar relationship was discovered in NDI—in the exposed
group this indicator was 1.91+0.19, in comparison with 2.16 £0.15
in non-exposed controls (P < 0.0001). We found no significant dif-
ferences in the frequency of apoptotic cells (P > 0.05).

To determine the level of genetic damage in relation to the type
of activities performed in coal mines, we assessed the frequency of
cytogenetic markers in subgroups divided by the type of work that
employees perform in mines. The full results are shown in Table 4.
We found only two significant differences: steigers were charac-
terized by the increased frequency of BN lymphocytes with MN
(12.70+3.13%0 vs. 10.39+4.54%o0 in drift miners) and with NPBs
(6.10£1.91%0 vs. 3.04+2.27%o in drivers of extracted coal trans-
port). The rest of the results were not statistically different (P > 0.05).

The Spearman correlation coefficient for the cytogenetic marker
frequencies and the indexes of proliferation, such as NDI and cells
with different number of nucleus with age (for the exposed and the
control group), and length of service in coal mining conditions (for
the exposed group), were not significant (P > 0.05). We also found
no significant distinctions in the studied markers in donors with dif-
ferent smoking status or in the correlation with length of smoking
and number cigarettes/day.

Discussion

Kemerovo Region is the largest coal mining area in the Russian
Federation, and the coal mining industry is the leading indus-
trial sphere in this region. According to a report by the Federal
Department of National Statistics, 88 765 people (11.1% of the
total working men) worked in coal mines in Kemerovo Region in
February 2016. It is known that coal miners have a high relative risk
of initiation of pulmonary diseases—3.2 cases per 1000 workers.
The greatest contribution to occupational diseases in coal miners
is from diseases such as chronic dust-induced bronchitis and coal
workers’ pneumoconiosis (CWP) (30,31).

It has been suggested that ROS are involved in the pathogen-
esis of lung diseases and cancer risk (11,14,32) in workers exposed
to some harmful agents. The primary target cells of inhaled coal
dust particles are macrophages and epithelial cells. Activated mac-
rophages produce excessive amounts of ROS. ROS also may be
generated by cell-independent mechanisms due to intrinsic chemical
properties of the coal dust (e.g. surface radicals and iron). Epithelial
cells and fibroblasts, which are the main producers of components
of the extracellular matrix, can also produce ROS upon stimula-
tion. Additional phagocytic cells (neutrophils and monocytes) may

be recruited by chemokines produced by the alveolar macrophages
as well as epithelial cells and may amplify local production of ROS.
ROS may cause damage or proliferation of local epithelial and mes-
enchymal tissue and may as such have consequences to lung tissue
morphology, cell turnover and deposition of extracellular matrix
components (4,12).

When there is excessive production of ROS, or when there are
insufficient in vivo defence mechanisms, oxidative stress may occur.
This stress may initiate DNA damage, lipid peroxidation, protein
modification, membrane disruption and mitochondrial damage (33).
It is also known that ROS potentially promote inflammatory pro-
cesses (34,35). A recent pilot investigation performed by Volobaev
et al. (36) in a group of coal miners working in underground coal
mines of Kemerovo Region and suffering from occupational pulmo-
nary diseases showed that inflammation can modify the overall level
of cytogenetic damage in miners.

In addition to oxidative stress and inflammation, large amounts
of mutagenic compounds such as PAHs (chrysene, benzo(k)fluoran-
thene, pyrene and fluoranthene) are produced during spontaneous
coal combustions (37). PAHs can induce DNA damage such as
single-strand breaks (38-40) and can become electrophilic metabo-
lites that covalently interact with DNA (41), forming adducts with
purines, especially guanine, after metabolic activation by enzymatic
complex P450.(42)

Ionizing radiation from natural sources is another factor that can
induce DNA damage in underground coal miners. This type of expo-
sure leads to the occurrence of double-strand DNA breaks (DSBs)
(43-46).

Thus, in addition to the increased risk of initiation of pulmonary
occupational diseases, coal miners are exposed to genotoxic risks
resulting from the influence of chemical and physical agents on the
organism. Cytogenetic tests permitting the detection of various types
of DNA damage at the cellular and chromosomal level can be used
for the assessment of such genotoxic risk. Currently, many cytoge-
netic tests are used for the investigation of coal miners. A number
of articles describe the increased level of MN and other cytogenetic
abnormalities discovered using CBMN on peripheral blood lympho-
cytes (4,47-49) and the MN assay on exfoliated cells (48,50,51), as
well as DNA damage, discovered using the DNA-comet assay(1,4)
and the sister chromatid exchange (SCE) test (47,49) in coal miners
in comparison with people who do not work in coal mines.

At the first stage of our research, we scored the frequency of
cytogenetic damage, such as MN, NPBs and NBUDs in BN lympho-
cytes. We discovered a significant increase in the frequency of BN
lymphocytes with one MN and in the total frequency of cells with
MN (Table 2). It is known that MN can originate from chromosome
fragments as a result of clastogenic influence to the organism. Studies

Table 4. The level of cytogenetic markers in coal miners with different types of activity in mines

Group (N) BN lymphocytes with MN, %o (p = SD)

BN lymphocytes with BN lymphocytes with

1 MN 2 MN 3 MN >3 MN

NPBs, %o (1 = SD) NBUDs, %o (n = SD)

Drift miners (N = 42)
Stope miners (N = 39)
Drivers of extracted coal
transport (N = 28)
Electricians (N = 19)

Steigers (N = 15) 11.50+2.92  1.20+1.03 0

9.39+4.02 0.71+0.82 0.15+£0.38 0.16=0.37 10.39x4.54
10.64+3.56 1.14+1.10 0.17+0.45 0.03+£0.17 11.97+4.07 4.53+3.26
9.53£291 0.71=1.15 0.25+0.44 0.04=0.19 10.54+3.05

10.00£2.76  0.82+0.66 0.14+0.35 0.05+0.21 11.00+2.79

Total MN
4.26+3.21 6.83+2.03
5.92+2.31
3.04+2.27 6.21+2.27
3.64+2.30 5.82+2.40
0 12.70+3.13*  6.10=1.91%* 5.83+2.55

*P < 0.01: significant differences in comparison with drift miners.

#*P < 0.01: significant differences in comparison with drivers of extracted coal transport.
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over several decades have shown that misrepair of DNA DSBs can
lead to symmetrical and asymmetrical chromatid and chromo-
some exchanges as well as chromatid and chromosome fragments.
Furthermore, DNA breaks, which lead to MN formation, may be
left unrepaired if repair enzymes in the non-homologous end joining
pathway are defective. Other mechanisms that could lead to MN
formation from acentric fragments include simultaneous excision
repair of damaged (e.g. 8-oxo-deoxyguanosine) or inappropriate
bases (e.g. uracil) incorporated in DNA that are in proximity and on
opposite complementary DNA strands. Such simultaneous excision
repair events, particularly if the gap-filling step is not completed,
leads to DNA DSBs and MN formation. In fact, this process can
be exploited to greatly enhance the lymphocyte MN assay response
to genotoxic agents that mainly induce DNA adducts (19). Another
way for MN to originate is from whole chromosome loss events.
There are a range of possible molecular mechanisms that could cause
chromosome malsegregation at anaphase, resulting in MN forma-
tion. One of the mechanisms that may lead to MN from chromo-
some loss events is hypomethylation of cytosine in centromeric and
pericentromeric repeat sequences such as classical satellite repeats at
pericentromeric regions and higher order repeats of satellite DNA in
centromeric DNA (52,53).

Results of an in vitro investigation, performed in lymphocyte cultures
treated by various clastogenic and aneugenic agents, showed an increas-
ing number of cells with more than one (i.e. two or three) MN in cultures
treated with aneugens and berenil. In contrast, the vast majority of cells
in clastogen-treated cultures were associated with only one MN (54).
Therefore, we suggest that clastogenic effects contribute substantially to
the observed increase in cytogenetic damage in coal miners because we
have discovered no significant increase in cells with multiple MN and
have detected differences in the level of lymphocytes with one MN.

At the same time, Speit et al. (55) reported that the process of
cultivation may influence the level of MN. In our research, we cul-
tivated lymphocytes with the same protocol in the both studied
groups, therefore we minimized the influence of this factor to the
observed results.

Our results conform to those obtained by other researchers. For
example, Le6n-Mejia et al. (4) and Rohr et al. (1) studied open-cast
coal miners and discovered a significant increase in the frequency of
BN lymphocytes with MN in the exposed groups. The overall level
of MN described in these studies was slightly lower than similar
markers in our research. This discordance can be explained by the
fact that we have studied underground coal miners (not open-cast
workers) who work in conditions characterized by a higher concen-
tration of harmful genotoxic agents, which can accumulate in the
enclosed space of underground coal mines. However, the frequency
of BN lymphocytes with NPBs was greatly increased in miners stud-
ied by researchers from Brazil (1) in comparison with our results
(12.33+7.48 vs. 7.23+2.54). Taking into account that the NPBs
(biomarkers of DNA misrepair and/or telomere end-fusions) are
formed from dicentric chromosomes, which are a marker of radia-
tion exposure, we can assume that the differences in these results
are due to disparities in the exposure to radiation, probably related
to the different radioactivity of coal extracted from different coal
mining areas (56). A study by Turkish researchers demonstrated a
similar trend of increased levels of MN in workers of underground
bituminous coal mines compared with non-exposed people from
managerial jobs (47). It should be noted that the frequency of cells
with MN in the work of Donbak et al. was considerably higher in
exposed as well as non-exposed groups in comparison with results
discovered in our research.

In an article by Ulker et al. (49) contrasting results were reported.
They studied three groups: CWP patients, healthy coal miners and
non-exposed people. They found no significant differences in the fre-
quency of BN lymphocytes with MN or the percentage of SCE in
coal miners and non-exposed controls, whereas the CWP patients
were characterized by the significant increase of studied cytogenetic
markers. These results suggest that inflammatory processes accom-
panying CWP have an important influence on the level of cytoge-
netic indicators in coal miners.

We have discovered no significant differences in the frequency
of MN, NPBs and NBUDs between smokers, ex-smokers and non-
smokers. No correlation was found between the length of smoking,
number of cigarettes/day, age or length of service and the different
parameters of CBMN. This tendency is typical for both studied
groups (coal miners and non-exposed donors) and conforms to liter-
ary data (1,4,47,49).

At the second stage of our research, we scored the percentage of
cells with 1, 2, 3 and 4 nuclei and apoptotic cells. We discovered a
significant decrease in the percentage of lymphocytes with two, three
and four nuclei and NDI with a synchronous increase of mononucle-
ated cells in coal miners compared with non-exposed controls. These
data suggest that coal miners are characterised by inhibited prolif-
eration, probably due to cytostatic effects of harmful components
of mixtures presenting in underground coal mines. Some research-
ers have reported the reduction of NDI in cultures of lymphocytes
treated in vitro by various cytostatic and mutagenic substances like
diethylstilbestrol, doxorubicin and mitomycin C (54,55). At the
same time, eukaryotic organisms have several checkpoints where the
validity of the cell cycle is controlled and where the arrest of pro-
liferation in the case of DNA damage or aberrant DNA structures
occurs. Checkpoints activated when DNA damage occurs in the G1
and G2 phases lead to cell cycle arrest in the same phases (57). DNA
damage occurring in the S phase leads to the delay of DNA replica-
tion and its stopping at G2 phase (58).

Analysis of the level of cytogenetic damages in coal miners differ-
entiated by type of activities performed in mines showed an increase
of the BN lymphocytes with MN and NPBs in steigers. These work-
ers are responsible for planning, organising, directing and control-
ling working processes to accomplish goals, and they spend more
time in mines than other workers. This work therefore corresponds
to increased time of exposure to genotoxic agents and, consequently,
the degree of DNA damage. On the other hand, Le6n-Mejia et al. (4)
studied activities such as extracted coal transport, equipment field
maintenance, coal stripping and coal embarking and reported no
significant differences between these activities.

Conclusions

As a result of the study performed, we discovered genotoxic and
cytostatic effects in coal miners working in underground coal mines
of Kemerovo Region (Russian Federation) compared with healthy
non-exposed donors. Because it is impossible to single out one lead-
ing genotoxic factor, we suggest that DNA damage in the exposed
employees may be a consequence of oxidative damage resulting
from exposure to coal residue mixtures containing traces of iron,
sulphur, coal ash, heavy metals and PAHs, as well as ionizing radia-
tion (radon and external - and y-radiation). Our results present
novel data for the genotoxic damage induced by coal mining expo-
sure in the Russian Federation and contribute to the assessment of
the usefulness of the CBMN assay in biomonitoring studies to moni-
tor hygiene and prevention strategies in occupational settings in coal
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mining countries. We also report the first data concerning cytostatic

effects in coal miners.
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