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Abstract
Purpose: To study the health effects of coal mine environment on workers, to discover early effective
biomarkers.

Methods: A cross-sectional survey was conducted with 502 in-service workers, and the population was
divided into the coal miner and the auxiliary worker. Clinical examinations were carried out by quali�ed
doctors. Peripheral blood was collected to measure blood biochemistry, hemogram and karyotype
apoptosis.

Results: All workers were healthy and showed no difference in age, height, weight and BMI between
groups. The education level and working years of coal miners were signi�cantly lower than that of
auxiliary workers (P < 0.05). Compared with auxiliary workers, the concentration and percentage of
LYMPH, BASO, EO, RBC and the concentration of HGB of coal miners decreased (P < 0.05). The
percentage of NEUT of coal miners increased (P < 0.05). The coal miner presented higher BUN, lower CRE,
and higher BUN/CRE (P < 0.05). The proportion of karyotype apoptosis of coal miners was higher (P <
0.05).

Conclusions: The coal mine environment impacts immune system, induces adverse effects on renal
function and enhances the risk of anemia of coal miners. And karyotype apoptosis, LYMPH, BUN/CRE
and HGB can be used as early effective biomarkers for coal miners.

Introduction
In coal mining activities, many occupational hazard factors including coal dust, exhaust gas, high
temperature, high humidity, noise, etc., form coal mine environment [1]. It is well known that coal dust
exposure leads to pneumoconiosis, which is the priority healthy threat for coal miners [2]. Coal dusts are
supervised by government, their concentration is controlled under maximum limit standard ensured no
harmful effects. However, many kinds of hazard factors in coal mine environment may generate
combination effects which have not been paid enough attention. Such as, coal dust also contains a
variety of heavy metals, which pollute the environment during coal mining and transportation [3]. Heavy
metals accumulate in multiple organs and tissues both in human and animal [4]. Among them, the kidney
is the main target organ for heavy metals accumulation [4]. Batool et al. [5] report that coal dust can cause
in�ammatory and oxidative damage in coal miners. Oxidative damage contributes to DNA damage,
which is an important factor for onset of cancer and chronic diseases [6]. Except heavy metal elements,
harmful factors such as exhausted gas formed with multiple carcinogen cause oxidative damage and
other health problems [7]. At present, there is no speci�c effective biomarker used to screen sub-healthy
coal miners in coal mine environment.

Thus, the present study aimed to discover the in�uences of the coal mine environment and to �nd
speci�c early effective biomarker in traditional healthy coal miners.
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Results

General information
All workers were male and passed normal clinical physical examinations, found no diseases (P > 0.05),
there were no differences in age, height, weight and body mass index (BMI) between the groups (P > 
0.05). The education level of coal miners was signi�cantly lower than that of auxiliary workers (P < 0.05).
The coal miner’s diastolic pressure and pulse frequency were lower than that of auxiliary workers, all
parameters were in normal range (Table 1). 

Table 1
General information results in two groups (Mean ± SD)

Parameters auxiliary worker coal miner

Age (year) 42.63 ± 8.83 43.01 ± 6.74

Level of education 1.56 ± 0.50 1.19 ± 0.40*

Length of work (year) 10.93 ± 7.29 8.16 ± 7.28*

Body mass index (kg/m2) 24.43 ± 2.90 24.16 ± 3.94

Systolic pressure (mmHg) 130.70 ± 16.02 130.61 ± 14.01

Diastolic pressure (mmHg) 81.65 ± 11.71 79.28 ± 10.47*

Pulse pressure difference (mmHg) 46.78 ± 14.31 50.84 ± 10.51

Pulse frequency (times/minute) 79.09 ± 11.36 76.96 ± 10.96*

Height (cm) 171.25 ± 5.23 171.01 ± 5.11

Weight (kg) 71.76 ± 9.90 70.78 ± 13.04

Note. Auxiliary worker = 279, Coal miner = 223, * Compared with auxiliary worker P < 0.05

Hemogram
Compared with auxiliary workers, the concentration and percentage of lymphocytes (LYMPH), basophils
(BASO), eosinophils (EO), red blood cells (RBC) and the concentration of hemoglobin (HGB) of coal
miners decreased (P < 0.05). The concentration of neutrophils (NEUT) elevated without statistical
difference (P > 0.05), however, the percentage of NEUT increased signi�cantly (P < 0.05). Parameters of
white blood cells (WBC), mean corpuscular volume (MCV), platelet (PLT), mean platelet volume (MPV),
platelet hematocrit (PCT), mean corpuscular hemoglobin (MCH) and monocyte macrophage (MONO)
presented no difference between two groups (P > 0.05) (Table 2).
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Table 2
General information results in two groups (Mean ± SD)

Parameters auxiliary worker coal miner

Age (year) 42.63 ± 8.83 43.01 ± 6.74

Level of education 1.56 ± 0.50 1.19 ± 0.40*

Length of work (year) 10.93 ± 7.29 8.16 ± 7.28*

Body mass index (kg/m2) 24.43 ± 2.90 24.16 ± 3.94

Systolic pressure (mmHg) 130.70 ± 16.02 130.61 ± 14.01

Diastolic pressure (mmHg) 81.65 ± 11.71 79.28 ± 10.47*

Pulse pressure difference (mmHg) 46.78 ± 14.31 50.84 ± 10.51

Pulse frequency (times/minute) 79.09 ± 11.36 76.96 ± 10.96*

Height (cm) 171.25 ± 5.23 171.01 ± 5.11

Weight (kg) 71.76 ± 9.90 70.78 ± 13.04

Note. Auxiliary worker = 279, Coal miner = 223, * Compared with auxiliary worker P < 0.05

Blood Biochemistry Parameters
Compared with auxiliary workers, blood urea nitrogen (BUN) and ratio of blood urea nitrogen to creatinine
(BUN/CRE) increased, creatinine (CRE) decreased in coal miners (P < 0.05) (Fig. 1). Parameters of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), total bilirubin (TBIL), alkaline
phosphatase (ALP), fasting blood glucose (GLU), cholesterol (CHO), triglyceride (TG), high density
lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) presented no difference
between two groups (P > 0.05) (Table 3).
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Table 3
Renal function indicators results in two groups (Mean ± SD)

Parameters auxiliary worker coal miner

ALT (U/L) 29.63 ± 18.92 26.36 ± 18.14

AST (U/L) 24.69 ± 14.16 24.30 ± 9.95

ALB (g/L) 45.83 ± 2.20 45.67 ± 2.32

TBIL (umol/L) 12.61 ± 5.28 11.88 ± 5.18

ALP (U/L) 86.38 ± 20.10 85.87 ± 18.22

GLU (mmol/L) 5.25 ± 1.03 5.64 ± 3.09

CHO (mmol/L) 3.97 ± 1.69 3.28 ± 1.87

TG (mmol/L) 1.56 ± 1.24 1.59 ± 1.52

HDL-C (mmol/L) 1.59 ± 0.66 1.79 ± 0.70

LDL-C (mmol/L) 2.62 ± 0.61 2.56 ± 0.68

Note. Auxiliary worker = 279, Coal miner = 223, *Compared with auxiliary worker P < 0.05

Karyocyte Apoptosis In Peripheral Blood
Compared with auxiliary workers, the percentage of apoptotic cells in peripheral blood increased
signi�cantly in the coal miner (P < 0.05) (Fig. 2).

Regression Analysis Of Risk Factors
A multiple stepwise regression was developed and independent variables were used to determine the risk
indicators of the coal mine environment to the coal miner (Table 4). The karyocyte apoptosis variable
explained 36.0% (P < 0.001) of the risk index, while the absolute value of LYMPH explained 34.0% (P < 
0.001), the BUN/CRE variable explained 2.0% (P < 0.001) and the HGB variable explained 0.4% (P < 0.001)
of the risk index in the coal mine environment. The regression model created for the variables were
explained 72% by the 4 parameters.
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Table 4
Multiple regression calculations

Dependent variable n Independent
variables

r R2 R2

variation
F value P

Work Type (auxiliary
worker = 1, coal miner 
= 2)

502 Apoptosis cell
ratio

0.361 0.130 0.129 75.842 0.000

502 Absolute value
of lymphocytes

0.706 0.498 0.496 250.583 0.000

502 Ratio CRE/BUN 0.721 0.519 0.516 181.519 0.000

502 Hemoglobin 0.725 0.526 0.522 139.353 0.000

Discussion
A 10-year cohort study conducted in Henan province of China, with 12,000 male coal miners as the
research object, showed that the risk of hypertension in coal miners related with the level of coal dust
exposure [8]. Additionally, epidemiological study has found that the prevalence of cardiovascular diseases
in coal miners is high and gradually increasing, in which obesity is the main risk factor [9]. The present
study showed no obesity and cardiovascular diseases in coal miners, even more coal miners’ diastolic
pressure and heart rate were better than that of auxiliary workers, which suggested physical work
bene�ting cardiac function [10]. Also, studies have shown that the poor living habits and stressful working
environment of coal miners can easily lead to dyslipidemia [11, 12]. Additionally, excessive caloric intake
and insu�cient exercise result in abnormal blood lipid metabolism [10]. The present study showed no
abnormal lipid metabolism. Our results indicate that the coal mine environment selected in present study
has no adverse effects on cardiovascular system and lipid metabolism.

Bhuiyan et al. [13] report that the water nearby the coal mine is polluted with heavy metals. Heavy metals
mainly accumulate in the kidney of �sh living in water polluted by copper, lead, chromium and cadmium
[4]. The results are con�rmed with a population study, which shows that the risk of kidney disease is
higher for people who living in coal mining areas [14]. Additionally, studies have found that exposure to
silica dust increases the risk of chronic kidney disease, and there is a direct relationship between air
pollution and renal disease [15, 16]. BUN and BUN/CRE are effective biomarkers for renal function, and
their increasing associated with renal impairment [17, 18]. BUN and BUN/CRE of coal miners increasing in
present study, suggested that the coal mine environment induced adverse effects on renal function.
Except causing renal function damage, air pollution also correlated with prevalence of anemia,
characterized with a reduction of RBC and HGB [19, 20]. RBC and HGB are biomarkers of anemia, the
present study showed lower RBC and HGB of coal miners, which indicated that the coal mine
environment may enhance the risk of anemia.



Page 7/12

As the main indicator of the immunity function, LYMPH reducing means immune functional impairment
[21]. In addition, EO and BASO are involved in innate and adaptive immune regulation, contributing to
homeostasis in the body [22, 23]. In the present study, LYMPH, BASO and EO of coal miners decreased,
which suggested that the coal mine environment may impair immune system. When immune function is
weak, it is susceptible to infection. Epidemic study and animal experiment show that coal dusts can
induce in�ammatory response in lung and cardiovascular system [9, 24]. Except coal dusts, exhausted gas
also induces in�ammatory response [25]. NEUT, as the main immune cells, increase signi�cantly in
in�ammatory status [26]. Higher NEUT of coal miners in the present study indicated that the coal mine
environment induced in�ammatory.

Oxidative stress induced by coal dusts shows time dependent increasing in coal miners, furthermore it
can damage DNA [5, 27]. In addition to oxidative stress, DNA damage can also be induced by water-soluble
heavy metals including copper, lead, chromium and cadmium [28, 29]. Studies have demonstrated that
DNA damage results in karyocyte apoptosis [30, 31]. Besides DNA damage, many factors including
in�ammatory cytokines, coal dusts and high temperature also can induce apoptosis [32, 33, 34].
Additionally, karyocyte apoptosis contributes to a reduction of LYMPH in population [32]. The present
study showed that apoptotic cells elevated and LYMPH decreased in peripheral blood of coal miners,
which indicates that LYMPH reducing may attribute to apoptosis.

In the present study, regression analysis reveals four effective biomarkers sequenced with karyocyte
apoptosis, LYMPH, BUN/CRE and HGB that are sensitive to coal mine environment.

Conclusions
In summary, the coal mine environment impacts immune system, induces adverse effects on renal
function and enhances the risk of anemia of coal miners. Therefore, karyocyte apoptosis, LYMPH,
BUN/CRE and HGB can be used as early effective biomarkers to screen sub-healthy coal miners. The
present study based on a cross-sectional survey focusing upon one region cannot represent the whole
country, it is necessary to carry out cohorts and more wide regional study to verify coal mine environment
impactions and biomarkers.

Methods

Cross-sectional study
The study was approved by the Ethics Committee of Huaibei Occupational Disease Prevention and
Control Institute (approval number: 20180603). The study con�rmed that all experiments were performed
in accordance with relevant guidelines and regulations and informed consent was obtained from all
participants.Five hundred and two in-service coal miners recruited from Huaibei Mining Group, to carry
out a molecular epidemiological study. Face-to-face survey conducted by trained investigators using a
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uni�ed questionnaire. The general conditions including eating habits, history of smoking, drinking, family
and occupation, etc., were collected. In the present study, we recognized the tunneling workers and drilling
workers as coal miners, and the other types of workers as auxiliary workers.

Clinical Examination
Physical examinations for workers including medical examination, surgical examination, respiratory
function, imaging examination (including electrocardiogram, chest X-ray and abdominal ultrasound) was
carried out by quali�ed doctors.

Hematology And Blood Biochemistry
Based on the informed consent of the study subjects, 5 ml of peripheral venous blood was collected for
the determination of biomarkers. Hematological parameters of whole blood were measured with an
automatic hemocytometer (Nihon Kohden MEK-6813K). Blood biochemistry parameters were analyzed
with an automated biochemical analyzer (AU680, Beckman Coulter Ltd.).

Apoptosis Or Necrosis Analysis By Alkaline Comet Assay
Karyocyte apoptosis or necrosis (referred to as apoptosis) was analyzed with the alkaline comet assay.
Cells with tail DNA percent more than 95% were considered as apoptosis and then the apoptosis rate was
determined. Alkaline comet assay kit was purchased from Huaxing Innovation Biotechnology Co., Ltd,
China (HIB). Comets were visualized using a light microscope with 510 excitation and 590 emission
�lters. The images were analyzed using the software Comet A1.0 created by HIB.

Statistical analysis
All parameters are expressed as the mean ± standard deviation (SD). Homogeneity of variance was
examined by Levene’s test. If Levene’s test demonstrated no signi�cant deviations, group means were
compared by one-way analysis of variance (ANOVA) followed by post hoc Fisher's Least Signi�cant
Difference tests for pairwise comparisons. A multiple stepwise regression was performed, all variables
were entered into the model initially, with the least signi�cant variables associated with values of P ≤ 
0.05 remained. All statistical tests were two-tailed. P value less than 0.05 is as the signi�cant difference.

Data Availability
The datasets generated during and/or analyzed during the current study are available from the
corresponding author on reasonable request.
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Figure 1

Renal function indexes of coal miner and auxiliary worker

Note. Auxiliary worker (AW) = 279, Coal miner (CM) = 223, *Compared with auxiliary worker P < 0.05

Figure 2

Apoptotic cells in peripheral blood of coal miner and auxiliary worker

Note. Auxiliary worker (AW) = 279, Coal miner (CM) = 223, *Compared with auxiliary worker P < 0.05, the
apoptotic cells marked with the arrow


