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INTRODUCTION

The coal dust is a mixture of various or-
ganic and inorganic chemical agents that can
induce the DNA damage. This mixture consists
of quartz, metals, hydrocarbons transforming
into cancerogenic polycyclic aromatic hydrocar-
bons (PAHs) under high temperatures. More-
over,  coal contains native radioactive agents
from uranic, aktinoutranic and thorium series.
Combined exposure to these radioactive and
chemical factors can induce various types of
DNA damage, formation of adducts, single and
double DNA strand breaks, structural and
quantitative chromosomal abnormalities.

The experiments showed that exposure to
coal dust could induce molecular, cellular and
histopathological alterations in exposed labora-
tory mice [1]. The investigation of animals
caught in the mining regions indicated cytotoxic
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Abstract

The DNA damage in peripheral blood lymphocytes in employees of  Kuzbass coal enterprises and men,
non-exposed to the coal dust, was studied. In total, 501 donors were included in our research (137 coal
miners, the average length of service is 28 years and 104 thermal power plant workers, the average length
of service is 25 years). The average concentration of coal dust in miners� workplace reached to 190 mg/m3,
the content in power plant workers varied from 11 to 23 mg/m3. As a control group, 260 non-exposed men
of  similar age living in the same area were studied. Their blood samples were obtained from the ulnar vein.
Cell cultivation, slides preparation and chromosomal aberrations assessment were performed in a similar
way for all groups. It was shown, that the frequency cells with chromosomal aberrations in coal miners and
thermal power plant workers was significantly increased compared to the control. Increasing the frequency
of chromosomal breaks (chromosome as well as chromatid type) and chromosome exchanges was registered.
The results obtained are the evidence of  the expressed genotoxic exposure in the workers occupationally
associated with the coal dust.
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and genotoxic effects of the exposure to coal dust.
The increased degree of the DNA damage was dis-
covered in wild rodents and Iguana iguana from
the coal mining areas of Brazil and Colombia [2, 3].

Investigation the results of underground and
open-cast miners performed in various coun-
tries (Turkey, Brazil, Colombia, the Nether-
lands, Peru and India) testify a high level of
chromosomal alterations (CAs) in coal miners.
Such alterations are accumulated in various cells
(buccal epithelium and blood lymphocytes) and
can be registered using such tests as chromo-
somal aberrations and sister chromatid exchang-
es (SCE) assessment, micronucleus assay and
DNA comet assay. This fact evidences of the
multiple character of  the genotoxic agents ex-
posing coal miners [4�9].

In the Kemerovo Region a positive correla-
tion between air pollution from industrial wastes
and lung cancer incidences were registered [10].
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According to these data, studying the level of
the DNA damage in the residents of the Ke-
merovo Region working in conditions of high
concentrations of the coal dust is important.

MATERIALS AND METHODS

A group of 137 coal miners working at the
coal mines of the south of Kemerovo Region
(drift miners, diggers, steigers; the average
length of service is 28 years) was examined.
Average concentration of coal dust in miners�
workplace reached to 190 mg/m3. Also 104 ther-
mal power plant workers working at the Novo-
Kemerovskaya Thermal Power Plant (the av-
erage length of service is 25 years) were in-
cluded in the exposed group. Average concen-
tration of coal dust in power plant workers�
workplace varied from 11 to 23 mg/m3. As a
control group 260 non-exposed men of simi-
lar age (50 years) living in the same area were
studied.

Cytogenetic investigations were performed
using the routine test for the assessment of CAs
[11] with certain modifications. The whole blood

obtained from the ulnar vein was cultured. Vol-
umes of 0.5 mL blood, 0.1 mL phytohemag-
glutinin (PanEco, Moscow, Russia), 6 mL
RPMI-1640 (PanEco, Moscow, Russian Feder-
ation) and 1.5 mL embryonic veal serum
(PanEco, Moscow, Russia) were added to a
culture flask. The duration of the cultivation
was 48 h. Then, colchicine (PanEco, Moscow,
Russia) was added to the culture at a final con-
centration of 0.5 µg/mL, and the flasks were
placed in an incubator for 2 h. At the end of
the cultivation cycle, the preparations were
centrifuged for 10 min at 1000 rpm, the su-
pernatant was removed,  and the pellet was
resuspended. The pellets were placed in a hy-
potonic solution of 0.55 % KCI for 10�15 min
at 37 °C. The fixation of the material was per-
formed in a cooled fresh Carnoy fixative (meth-
anol and acetic acid in the ratio of 3 : 1). The
cell suspension was pipetted onto clean,  cooled
slides moistened with water. The preparations
were encoded and stained with a 2 % Giemsa
solution. Counting of the aberrations was per-
formed using light microscopy at 1000 magnifi-
cation (oil immersion) without karyotyping. The
selection of  metaphases included in the analy-

TABLE 1

Quantitative characteristics of chromosomal alterations in the studied groups

Characteristics Coal miners Thermal power plant workers Non-exposed control

n = 137  n  = 104 n = 260

Ìå min�max Ìå min�max Ìå min�max

Aberrant metaphases (%) 5.5*# 1.5�11.5 5.5* 0�11.5 1.0 0�5.0

Aberration/100 cells 4.0*# 1.5�11.5 6.0* 0�11.5 1.0 0�5.5

Single fragments (%) 4.0* 0�8.5 4.0* 0�8.5 0.6 0�5.5

Chromatid interchanges (%) 0**# 0�1.0 0 0�1.0 1.0 0�1.0

Chromatid-type aberrations (%) 4.0* 0.5�8.5 4.0* 0.5�8.5 0.5 0�5.5

Acentric fragments (%) 1.0*# 0�3.5 1.0 0�3.5 0 0�2.0

Dicentrics + fragments (%) 0***# 0�1.0 0*** 0�1.0 0 0�0.7

Dicentrics without fragments (%) 0*** 0�1.5 0** 0�1.5 0 0�0.5

Ring chromosomes (%) 0*# 0�0.5 0 0�0.5 0 0�1.0

Atypical monocentrics (%) 0*# 0�2.0 0 0�2.0 0 0�0.5

Chromosome-type aberrations (%) 0*# 0�2.0 0** 0�3.0 0 0�2.0

Note. Ìå � median.

*ð < 0.0001.

**ð < 0.01.

***ð < 0.05 � significant differences in comparison with non-exposed control;  # ignificant differences in comparison
with thermal power plant workers.
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sis and the criteria for cytogenetic abnormalities
conformed to the generally accepted recommen-
dations [12, 13].

RESULTS AND DISCUSSION

We discovered that the frequency of blood
lymphocytes with chromosomal damage in trained
coal miners and thermal power plant workers was
significant increased compared to non-exposed
control (Table 1). The increase of frequency of
the chromosomal breaks (chromosome and chro-
matid types) and the exchange type restructur-
ings were reported. This fact demonstrates ex-
pressed mutagenic exposure to occupational fac-
tors to workers� genome. The most increased in-
dicators were registered in coal miners contacted
with the highest concentration of coal dust.

It is known that dust particles can accumulate
molecules of benzo(a)pyrene, as well as α-parti-
cles of radon and transfer them for long distanc-
es, inpour into human organism during inhala-
tion. In lung tissues, dust particles can induce of
generation of reactive oxygen species (ROS) that
initiate the breakage of DNA bases and desox-
yribose, contribute to the formation of new co-
valent bonds (linkages) and other changing.

The average values of CAs obtained in our
research in coal miners are similar to ones re-
ported for workers from Turkey [4, 14].

The highest frequencies of CAs were described
in drift miners ((5.76±0.51) %), drivers of extracted
coal transport ((5.20±0.76) %), electricians
((5.26±1.15) %), stope miners ((4.29±0.525) %). These
professions are connected with long underground
work (during the entire shift). The average con-
centration of coal dust in miners� workplace
reached to 180 mg/m3 that was 45 times higher
than the maximum permissible concentration.

Among thermal power plant workers, the
highest frequency of cells with chromosomal
alterations were registered in employees of the

fuel and transport workshop ((4.19±0.19) % vs.
(3.02±0.3) % � in employees of the repair
workshops). Thus, the frequency of CAs in
engine drivers was (4.55±0.24) %, whereas in
mechanics � (3.70±0.32) % (ð = 0.004).

CONCLUSION

The results obtained are the evidence of the
expressed genotoxic exposure to occupational
factors in workers contacting with coal dust and
show the need of monitoring mutagenic and
cancerogenic effects in coal industry workers.
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Àííîòàöèÿ

Èçó÷åíû ïîâðåæäåíèÿ ÄÍÊ â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðîâè ó ðàáî÷èõ óãîëüíûõ ïðåäïðèÿòèé
Êóçáàññà è ó ìóæ÷èí, ïðîôåññèîíàëüíî íå êîíòàêòèðóþùèõ ñ óãîëüíîé ïûëüþ. Â èññëåäîâàíèå âêëþ-
÷åí 501 ÷åëîâåê (â  òîì ÷èñëå 137 øàõòåðîâ ñî ñðåäíèì ñòàæåì ðàáîòû ïîä çåìëåé 28 ëåò, 104 ðàáî÷èõ
òåïëîýëåêòðîñòàíöèè, ðàáîòàþùåé íà óãëå, ñî ñðåäíèì ñòàæåì 25 ëåò). Ñðåäíÿÿ êîíöåíòðàöèÿ ïûëè íà
ðàáî÷åì ìåñòå øàõòåðîâ äîñòèãàëà 190 ìã/ì3, à ó ðàáî÷èõ òåïëîýëåêòðîñòàíöèè âàðüèðîâàëà îò 11 äî
23 ìã/ì3. Äëÿ êîíòðîëÿ îáñëåäîâàíû 260 íå ýêñïîíèðîâàííûõ ìóæ÷èí áëèçêîãî âîçðàñòà, ïðîæèâàþ-
ùèõ â òîé æå ìåñòíîñòè. Îáðàçöû êðîâè çàáèðàëèñü èç ëîêòåâîé âåíû. Êóëüòèâèðîâàíèå êëåòîê, ïîäãî-
òîâêà ïðåïàðàòîâ, îöåíêà õðîìîñîìíûõ àáåððàöèé ïðîâîäèëèñü ñõîäíûì îáðàçîì âî âñåõ ãðóïïàõ. Óñ-
òàíîâëåíî, ÷òî ÷àñòîòà êëåòîê ñ õðîìîñîìíûìè àáåððàöèÿìè ó øàõòåðîâ è ðàáî÷èõ òåïëîýëåêòðîñòàí-
öèé ñòàòèñòè÷åñêè çíà÷èìî ïðåâûøàåò êîíòðîëü. Íàáëþäàëîñü ïîâûøåíèå ÷àñòîòû õðîìîñîìíûõ ðàç-
ðûâîâ (õðîìîñîìíîãî è õðîìàòèäíîãî òèïîâ) è õðîìîñîìíûõ îáìåíîâ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäå-
òåëüñòâóþò î âûðàæåííîé ãåíîòîêñè÷åñêîé íàãðóçêå ó ðàáî÷èõ, êîíòàêòèðóþùèõ ñ óãîëüíîé ïûëüþ.

Êëþ÷åâûå ñëîâà: óãîëüíàÿ ïûëü, õðîìîñîìíûå àáåððàöèè, øàõòåðû, òåïëîýëåêòðîñòàíöèè


