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ABSTRACT
In this paper, the open-pit coal mine in semi-arid grassland was taken as the research object. The water 
samples of the open-pit coal mine and its surrounding areas were collected and the hydrochemical 
parameters were detected. The temporal and spatial distribution characteristics of the parameters 
such as pH, electrical conductivity, and dissolved oxygen in the groundwater were studied. The results 
showed that the groundwater in the study area was alkaline and brackish water. Climate factors might 
have a certain impact on the pH, conductivity, and dissolved oxygen of groundwater. The pH value 
of groundwater in the mining area was higher than that in the surrounding pastoral area, while the 
conductivity value of the mining area was between the pastoral area in the west and the Xilin river area 
in the east. The parameters of pH, conductivity and total dissolved solids of the four monitoring wells 
around the mining area showed a slow change or stable phenomenon in the vertical direction with the 
increase of groundwater depth. This study is of great significance to understand the characteristics of 
groundwater chemistry in mining areas and the rational development and utilization of groundwater 
resources.  

INTRODUCTION

Groundwater is an important natural resource in human 
production and life, and also a decisive factor to maintain 
the balance of the ecological environment, especially in the 
arid and semi-arid grassland areas. Human activities, such 
as coal mining, will disturb the groundwater in the grassland 
area (Liu et al. 2017), and the groundwater level and some 
water quality parameters may change dynamically with time 
and space. Therefore, it is of great significance for the pro-
tection of groundwater resources and ecological restoration 
to investigate the dynamic characteristics of groundwater in 
an arid and semi-arid grassland.

At present, the research on the characteristics of ground-
water dynamic change is one of the hot spots of scholars at 
home and abroad (Jia et al. 2018). By studying the chang-
ing law of groundwater dynamic factors, we can not only 
understand the changing trend of each factor but also take 
appropriate measures to deal with the possible environmen-
tal problems as soon as possible. The temporal and spatial 
distribution characteristics of groundwater level and hydro-
chemistry are affected by both natural and human factors, 
including precipitation, evaporation, terrain structure, and 

human exploitation (Jain & Vaid 2018, Barzegar et al. 2018, 
Thakur et al. 2018). Among them, the research on the spatial 
distribution characteristics of groundwater quality has direct 
significance for the identification of groundwater pollution 
source and degree (Hao et al. 2018, Rasool et al. 2018, Zhang 
et al. 2017, Oufline et al. 2012). The study on the dynamic 
change of groundwater can explore the impact of mining ac-
tivities on groundwater, predict the inflow of mine pit water, 
and ensure the safety of mining activities (Wu et al. 2019). 
At the same time, as an important resource, the change of 
groundwater is of great significance to social development 
and ecological protection (Sun et al. 2021, Jiang et al. 2020, 
Zhou et al. 2020). Therefore, it is very important to study 
the dynamic characteristics of groundwater for the rational 
development and utilization of groundwater resources.

The current research shows that the original balance state 
and circulation relationship of groundwater were affected 
in the process of opencast coal mining due to the discharge 
of mine water, the drainage of aquifer, the leaching of the 
waste dump, and the damage of mining, which was mani-
fested by the drop of groundwater level in different degrees 
and the change of water quality parameters (Oufline et al. 
2012). There are many studies on the groundwater quality 
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in open-pit coal mine areas, such as the evaluation of water 
quality in coal mining (Lin et al. 2016) and the migration 
characteristics of groundwater quality along the pollution 
source (Huang et al. 2016). Although the spatial distribution 
characteristics of groundwater quality parameters and the 
analysis of water quality differences are important contents 
of groundwater research (Kurdi & Eslamkish 2017, Kumari 
et al. 2014, Arslan & Turan 2014), there are few related 
studies carrying out in domestic open-pit coal mine areas.

In this paper, we take the open-pit coal mine in a semi-ar-
id grassland area as the research area to study the temporal 
and spatial variation characteristics of groundwater quality 
in the mining area and surrounding areas during the devel-
opment of open-pit coal mines. The spatial differences of 
groundwater quality parameters distribution were analyzed 
and the influence of open-pit coal mining on groundwater 
quality parameters was discussed. This study is of great 
significance to understand the characteristics of groundwa-
ter quality and the rational development and utilization of 
groundwater resources.

Study Area

The open-pit mining area is located in the middle of Xilingol 
grassland, which belongs to a part of the hydrogeological 
unit of the Xilinhot basin. The ground elevation is 980-109 
3m, and the terrain is high in the northwest and low in the 
southeast. This area belongs to a semi-arid grassland climate, 
cold in winter and hot in summer, with a large annual tem-
perature difference. The extreme maximum temperature is 
38.3°C, and the minimum temperature is -42.4°C. The annual 
average precipitation was 293.45 mm, and the annual average 
evaporation was 1794.64 mm. 

There are faults F1 and F25 in the early mining area of 
the mine (Jiang et al. 2013), all of which are normal faults 

with strike NE and dip angle greater than 50°. The open-pit 
mine is located in the hanging wall of the fault. The fault 
forms the water separation boundary, and the east, north, and 
west are the supply boundary.

MATERIALS AND METHODS

Through sorting out and analyzing various data of the open-
pit mine, 16 representative groundwater monitoring points 
were selected according to the hydrogeological conditions 
and characteristics of the mine area, as shown in Fig.1. 
HW1, HW2, HW3, HW4, HW5, HW6, HW7, and HW8 
were monitoring points of hydrological wells, CW1, CW2, 
CW3, CW4, CW5, CW6, CW7, and CW8 were monitoring 
points of civil wells. The underground water sampling 
method was as follows: water was pumped to the surface 
by pumps in civil wells, and water was collected by sam-
plers in hydrology wells at a depth of 1 m. A 1.5 L sampler 
was used to sample the groundwater from the hydrological 
well. When the sampler contacted the groundwater-surface 
in the borehole, the rope was quickly released to the depth 
of 1 m below the water surface. After waiting for 3-5 min, 
the sampler was quickly pulled to the ground, and the water 
sample was quickly poured into the PTFE storage bottle. 
The indexes of pH, electrical conductivity, and dissolved 
oxygen were detected by HACH MS5 portable water quality 
detector on site. 

RESULTS AND DISCUSSION

Temporal Variations of Groundwater Parameters

pH is an indicator to measure the acidity and alkalinity of 
water. According to Fig. 2 (a), the distribution range of 
groundwater pH in the mining area and surrounding areas 
was between 7∼10, but the pH of most groundwater varied 

quickly poured into the PTFE storage bottle. The indexes of pH, electrical conductivity, and dissolved 
oxygen were detected by HACH MS5 portable water quality detector on site.  

 
Fig.1: Map of geographic and sampling location. 
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pH is an indicator to measure the acidity and alkalinity of water. According to Fig. 2 (a), the distribution 
range of groundwater pH in the mining area and surrounding areas was between 7∼10, but the pH of most 
groundwater varied between 7∼9, indicating that the groundwater in this area was neutral to slightly alkaline. 
In addition, the temporal variation of groundwater pH also showed the following uniform changes: the pH 
value of groundwater in winter 2017 was lower than that in summer 2017 and 2018; the pH value of 
groundwater in summer 2018 was higher than that in summer 2017. According to Fig.2 (b), it can be seen 
intuitively that the pH of most groundwater was between 7-9, among which three wells had a pH value 
higher than 9, which was reflected in the three sampling periods of August 2017, December 2017 and August 
2018. 

 
Fig. 2: Temporal variation of pH (a) each well (b) boxplot of all well. 

The electrical conductivity of water was often used indirectly to represent the total concentration of 
charged matter in water. The distribution of electrical conductivity in groundwater was influenced by 
comprehensive factors, such as formation lithology, geological structure, and groundwater circulation 
characteristics. According to Fig. 3 (a) and (b), the distribution range of groundwater electrical conductivity 
in the mining area and surrounding areas was 500∼2500 µS.cm-1, and the electrical conductivity of most 
water samples was concentrated in the range of 1000∼2200 µS.cm-1. The electrical conductivity of most 
groundwater samples in winter 2017 was lower than that in summer 2017, but some samples remained 
unchanged. Through the boxplot, it can be seen intuitively that the average electrical conductivity of the 
groundwater samples first decreased and then increased during the three sampling periods of August 2017, 
December 2017, and August 2018. 

Fig.1: Map of geographic and sampling location.
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between 7 ∼ 9, indicating that the groundwater in this area 
was neutral to slightly alkaline. In addition, the temporal 
variation of groundwater pH also showed the following 
uniform changes: the pH value of groundwater in winter 
2017 was lower than that in summer 2017 and 2018; the 
pH value of groundwater in summer 2018 was higher than 
that in summer 2017. According to Fig.2 (b), it can be seen 
intuitively that the pH of most groundwater was between 
7-9, among which three wells had a pH value higher than 9, 
which was reflected in the three sampling periods of August 
2017, December 2017 and August 2018.

The electrical conductivity of water was often used 
indirectly to represent the total concentration of charged 
matter in water. The distribution of electrical conductivity 
in groundwater was influenced by comprehensive factors, 
such as formation lithology, geological structure, and 
groundwater circulation characteristics. According to  
Fig. 3 (a) and (b), the distribution range of groundwater 
electrical conductivity in the mining area and surrounding 
areas was 500 ∼ 2500 µS.cm-1, and the electrical conductivity 
of most water samples was concentrated in the range of 
1000 ∼ 2200 µS.cm-1. The electrical conductivity of most 
groundwater samples in winter 2017 was lower than that 
in summer 2017, but some samples remained unchanged. 

Through the boxplot, it can be seen intuitively that 
the average electrical conductivity of the groundwater 
samples first decreased and then increased during the three  
sampling periods of August 2017, December 2017, and 
August 2018.

Dissolved oxygen refers to the amount of oxygen 
dissolved in water, which is an indicator to measure the self-
purification capacity of water. As can be seen from Fig. 4 
(a) and (b), the distribution range of dissolved oxygen in the 
mine area and surrounding groundwater was between 0 ∼ 9 
mg.L-1, and most of the dissolved oxygen in water samples 
was within the range of 2 ∼ 9 mg.L-1. The dissolved oxygen 
value in winter 2017 was higher than that in summer 2017 
and 2018, which was caused by the fact that the solubility 
of gas was related to the temperature of the liquid, and the 
solubility of oxygen in water decreased with the increase of 
water temperature. Silva et al. (2013) also found the same 
phenomenon when the dissolved oxygen in the surface and 
underground water of Lubango in Angola changed with 
seasons (Silva et al. 2013). Therefore, the low temperature 
in Xilingol in winter resulted in the increase of dissolved 
oxygen concentration in water, while the high temperature 
in summer resulted in the decrease of dissolved oxygen 
concentration in water. 

quickly poured into the PTFE storage bottle. The indexes of pH, electrical conductivity, and dissolved 
oxygen were detected by HACH MS5 portable water quality detector on site.  
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Fig. 3: Temporal variation of electrical conductivity (a) each well (b) Boxplot of all well. 
Dissolved oxygen refers to the amount of oxygen dissolved in water, which is an indicator to measure 

the self-purification capacity of water. As can be seen from Fig. 4 (a) and (b), the distribution range of 
dissolved oxygen in the mine area and surrounding groundwater was between 0∼9 mg.L-1, and most of the 
dissolved oxygen in water samples was within the range of 2∼9 mg.L-1. The dissolved oxygen value in 
winter 2017 was higher than that in summer 2017 and 2018, which was caused by the fact that the solubility 
of gas was related to the temperature of the liquid, and the solubility of oxygen in water decreased with the 
increase of water temperature. Silva et al. (2013) also found the same phenomenon when the dissolved 
oxygen in the surface and underground water of Lubango in Angola changed with seasons (Silva et al. 2013). 
Therefore, the low temperature in Xilingol in winter resulted in the increase of dissolved oxygen 
concentration in water, while the high temperature in summer resulted in the decrease of dissolved oxygen 
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Fig. 4: Temporal variation of dissolved oxygen (a) each well (b) Boxplot of all well. 

Horizontal Spatial Distribution of Groundwater Parameters 
In this paper, the pH, electric conductivity (EC), and dissolved oxygen (DO) of groundwater in the 

mining area and its surrounding areas were analyzed. These parameters were drawn by software surfer 8.5 
and the Kriging interpolation method, and then the spatial distribution characteristics of physical and 
chemical parameters of groundwater were described. 

As can be seen from Fig. 5, the pH of most water samples was between 7∼9, and the pH of groundwater 
near the mining area was higher than that in the surrounding pastoral areas, among which the pH of 
groundwater in the western, northern pastoral areas, and the southern vegetable base was lower than 8.5. The 
pH value of groundwater near the pit and waste dump increased due to the drainage of coal mining. The 
highest pH value appeared at the HW3 hydrological monitoring point near the waste dump on the east side 
of the pit, where the groundwater was alkaline. In comparison to the pH value of groundwater in summer 
2017, the pH range in the mining area and surrounding areas had significantly expanded in summer 2018.  
Therefore, it is inferred that mining activities may have a certain impact on the rise of groundwater pH in 
the mining area. 

Fig. 3: Temporal variation of electrical conductivity (a) each well (b) Boxplot of all well.
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Horizontal Spatial Distribution of Groundwater 
Parameters

In this paper, the pH, electric conductivity (EC), and dis-
solved oxygen (DO) of groundwater in the mining area and 
its surrounding areas were analyzed. These parameters were 
drawn by software surfer 8.5 and the Kriging interpolation 
method, and then the spatial distribution characteristics of 
physical and chemical parameters of groundwater were 
described.

As can be seen from Fig. 5, the pH of most water sam-
ples was between 7∼9, and the pH of groundwater near the 
mining area was higher than that in the surrounding pastoral 
areas, among which the pH of groundwater in the western, 
northern pastoral areas, and the southern vegetable base was 
lower than 8.5. The pH value of groundwater near the pit and 
waste dump increased due to the drainage of coal mining. 
The highest pH value appeared at the HW3 hydrological 

monitoring point near the waste dump on the east side of the 
pit, where the groundwater was alkaline. In comparison to 
the pH value of groundwater in summer 2017, the pH range 
in the mining area and surrounding areas had significantly 
expanded in summer 2018.  Therefore, it is inferred that 
mining activities may have a certain impact on the rise of 
groundwater pH in the mining area.

It can be seen from Fig. 6 that the electrical conductiv-
ity of most water samples was concentrated in the range of 
1000∼2200 µS.cm-1. The distribution of electrical conduc-
tivity was characterized by high in the west and low in the 
east of the study area. The electrical conductivity value of 
groundwater in the west pasture was significantly higher 
than that in the east Xilin River area, while the mining area 
was in the middle zone. Due to the formation of groundwater 
funnel, formed by the drainage of open-pit mining, the sand 
gravel confined water, no.5 coal confined water, no.6 coal 
confined water and quaternary phreatic water at the top of 

 

Fig. 3: Temporal variation of electrical conductivity (a) each well (b) Boxplot of all well. 
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the top of coal measure strata filled the mining pit. The high electrical conductivity groundwater in the west 
pastoral area and the low conductivity groundwater in the east river were mixed here, resulting in the 
conductivity value of the mining area between the two. In addition, compared with the summer of 2017 and 
the summer of 2018, the distribution range of high electrical conductivity in the western pastoral area in 
winter 2017 was relatively larger, which may be due to the strong evaporation of groundwater in the winter 
frozen period, while the precipitation recharge was less, resulting in a relatively high conductivity value of 
groundwater. 

 
Fig. 6: Horizontal spatial distribution of electrical conductivity (a) 2017.8 (b) 2017.12 (c) 2018.8 

As can be seen from Fig. 7, the dissolved oxygen of most water samples was concentrated in the range 
of 2∼9 mg.L-1. The content of dissolved oxygen had a great relationship with the sampling method. In the 
pastoral area, the main method of groundwater sampling was pumping. The groundwater was mixed with 
air drastically when it was pumped to the surface, which resulted in the high content of dissolved oxygen in 
the water samples. However, a sampler was used in the groundwater sampling of hydrologic well, and the 
sample extraction process had less contact with the air, so the dissolved oxygen content of groundwater 
samples obtained by this sampling method was relatively low. In addition, since the solubility of oxygen in 
water increased with the decrease of water temperature (Silva et al. 2013), the dissolved oxygen value of 
groundwater in winter 2017 was higher than that in summer 2017 and 2018, but the spatial distribution trend 
of these three periods showed the same characteristics. 

 
Fig. 7: Horizontal spatial distribution of dissolved oxygen (a) 2017.8 (b) 2017.12 (c) 2018.8 
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dissolved solids, and redox potential parameters. The sampling depth was designed according to the depth 
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coal measure strata filled the mining pit. The high electrical 
conductivity groundwater in the west pastoral area and the 
low conductivity groundwater in the east river were mixed 
here, resulting in the conductivity value of the mining area 
between the two. In addition, compared with the summer of 
2017 and the summer of 2018, the distribution range of high 
electrical conductivity in the western pastoral area in winter 
2017 was relatively larger, which may be due to the strong 
evaporation of groundwater in the winter frozen period, while 
the precipitation recharge was less, resulting in a relatively 
high conductivity value of groundwater.

As can be seen from Fig. 7, the dissolved oxygen of most 
water samples was concentrated in the range of 2∼9 mg.L-1. 
The content of dissolved oxygen had a great relationship with 
the sampling method. In the pastoral area, the main method 
of groundwater sampling was pumping. The groundwater 
was mixed with air drastically when it was pumped to the 
surface, which resulted in the high content of dissolved ox-
ygen in the water samples. However, a sampler was used in 
the groundwater sampling of hydrologic well, and the sample 
extraction process had less contact with the air, so the dis-
solved oxygen content of groundwater samples obtained by 
this sampling method was relatively low. In addition, since 
the solubility of oxygen in water increased with the decrease 
of water temperature (Silva et al. 2013), the dissolved oxygen 
value of groundwater in winter 2017 was higher than that in 
summer 2017 and 2018, but the spatial distribution trend of 
these three periods showed the same characteristics.

Vertical Spatial Distribution of Groundwater 
Parameters

To further investigate the variation of groundwater chemical 
parameters with groundwater depth in the study area, we se-
lected four monitoring wells (HW5, CW1, HW7, and HW8) 
distributed around the mining area, to study the vertical 
distribution characteristics of pH, electrical conductivity, 
dissolved oxygen, total dissolved solids, and redox potential 
parameters. The sampling depth was designed according to 
the depth of the monitoring wells. Because the depth of the 
four monitoring wells was different, the sampling depth was 

also different. The sampling depth of well HW5 was 1, 5, 
10 m below the water surface, well CW1 was 1, 5, 10, 15 m 
below the water surface, well HW7 was 1, 5, 10, 15, 20, 30, 
40, 50 m below the water surface, and well HW8 was 1, 5, 10, 
15, 20, 30, 40 m below the water surface. The pH, electrical 
conductivity, dissolved oxygen, total dissolved solids, and 
redox potential parameters of the groundwater samples were 
measured by a portable water quality detection instrument.

As shown in Fig.8, the pH of HW5, CW1, HW7, and 
HW8 had different trends with depth, and the pH of HW5 
and CW1 showed an increasing trend with depth. The pH 
of HW5 increased from 8.79 to 9.37 with the groundwater 
depth increasing from 1 m to 5 m, and then the pH remained 
basically stable within the depth range of 5∼10 m. The pH of 
CW1 increased from 7.04 to 7.42 with the groundwater depth 
increasing from 1 m to 5 m, and the pH kept stable within 
the depth range of 5∼15 m. With the increase of ground-
water depth, the pH value of HW7 decreased first and then 
increased, and kept stable finally. The pH of HW7 kept stable 
at about 8.3 with the groundwater depth increasing from 1 m 
to 40 m. With the increase of groundwater depth from 1 m 
to 10 m, the pH value of HW8 decreased from 7.94 to 7.41, 
and then the pH value increased from 7.41 to 7.77 with the 
depth increasing from 10 m to 20 m, and finally kept stable 
within the range of 20∼50 m. The pH values and trends of 
the four wells were different, which may be related to the 
hydrogeological conditions of the location.

 
Fig. 5: Horizontal spatial distribution of pH (a) 2017.8 (b) 2017.12 (c) 2018.8. 
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the top of coal measure strata filled the mining pit. The high electrical conductivity groundwater in the west 
pastoral area and the low conductivity groundwater in the east river were mixed here, resulting in the 
conductivity value of the mining area between the two. In addition, compared with the summer of 2017 and 
the summer of 2018, the distribution range of high electrical conductivity in the western pastoral area in 
winter 2017 was relatively larger, which may be due to the strong evaporation of groundwater in the winter 
frozen period, while the precipitation recharge was less, resulting in a relatively high conductivity value of 
groundwater. 

 
Fig. 6: Horizontal spatial distribution of electrical conductivity (a) 2017.8 (b) 2017.12 (c) 2018.8 

As can be seen from Fig. 7, the dissolved oxygen of most water samples was concentrated in the range 
of 2∼9 mg.L-1. The content of dissolved oxygen had a great relationship with the sampling method. In the 
pastoral area, the main method of groundwater sampling was pumping. The groundwater was mixed with 
air drastically when it was pumped to the surface, which resulted in the high content of dissolved oxygen in 
the water samples. However, a sampler was used in the groundwater sampling of hydrologic well, and the 
sample extraction process had less contact with the air, so the dissolved oxygen content of groundwater 
samples obtained by this sampling method was relatively low. In addition, since the solubility of oxygen in 
water increased with the decrease of water temperature (Silva et al. 2013), the dissolved oxygen value of 
groundwater in winter 2017 was higher than that in summer 2017 and 2018, but the spatial distribution trend 
of these three periods showed the same characteristics. 
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Vertical Spatial Distribution of Groundwater Parameters 
To further investigate the variation of groundwater chemical parameters with groundwater depth in the 

study area, we selected four monitoring wells (HW5, CW1, HW7, and HW8) distributed around the mining 
area, to study the vertical distribution characteristics of pH, electrical conductivity, dissolved oxygen, total 
dissolved solids, and redox potential parameters. The sampling depth was designed according to the depth 
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of the monitoring wells. Because the depth of the four monitoring wells was different, the sampling depth 
was also different. The sampling depth of well HW5 was 1, 5, 10 m below the water surface, well CW1 was 
1, 5, 10, 15 m below the water surface, well HW7 was 1, 5, 10, 15, 20, 30, 40, 50 m below the water surface, 
and well HW8 was 1, 5, 10, 15, 20, 30, 40 m below the water surface. The pH, electrical conductivity, 
dissolved oxygen, total dissolved solids, and redox potential parameters of the groundwater samples were 
measured by a portable water quality detection instrument. 

As shown in Fig.8, the pH of HW5, CW1, HW7, and HW8 had different trends with depth, and the pH 
of HW5 and CW1 showed an increasing trend with depth. The pH of HW5 increased from 8.79 to 9.37 with 
the groundwater depth increasing from 1 m to 5 m, and then the pH remained basically stable within the 
depth range of 5∼10 m. The pH of CW1 increased from 7.04 to 7.42 with the groundwater depth increasing 
from 1 m to 5 m, and the pH kept stable within the depth range of 5∼15 m. With the increase of groundwater 
depth, the pH value of HW7 decreased first and then increased, and kept stable finally. The pH of HW7 kept 
stable at about 8.3 with the groundwater depth increasing from 1 m to 40 m. With the increase of groundwater 
depth from 1 m to 10 m, the pH value of HW8 decreased from 7.94 to 7.41, and then the pH value increased 
from 7.41 to 7.77 with the depth increasing from 10 m to 20 m, and finally kept stable within the range of 
20∼50 m. The pH values and trends of the four wells were different, which may be related to the 
hydrogeological conditions of the location. 

 
Fig. 8: Vertical spatial distribution of groundwater pH in groundwater. 

As shown in Fig. 9, the electrical conductivity values of four wells HW5, CW1, HW7, and HW8 also 
showed different variation trends with depth. The electrical conductivity of HW5 showed a slowly increasing 
trend and it increased from 1059 µS.cm-1 to 1213 µS.cm-1 with the depth of groundwater increasing from 1 
m to 10 m. The electrical conductivity of CW1 decreased from 1619 µS.cm-1 to 1732 µS.cm-1 with the depth 
of groundwater increasing from 1 m to 15 m. As the groundwater depth of HW7 increased from 1 m to 50 
m, the electrical conductivity increased from 1974 µS.cm-1 to 2489 µS.cm-1. As the groundwater depth of 
HW8 increased from 1 m to 40 m, the electrical conductivity was basically stable at about 1790 µS.cm-1.  
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As shown in Fig.10, the changing trend of dissolved oxygen with groundwater depth in HW5, CW1, 

HW7, and HW8 was basically the same, both of which showed the trend of first increasing and then 
decreasing. As the groundwater depth of HW5 increased from 1 m to 10 m, the dissolved oxygen increased 
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As shown in Fig. 9, the electrical conductivity values of 
four wells HW5, CW1, HW7, and HW8 also showed differ-
ent variation trends with depth. The electrical conductivity of 
HW5 showed a slowly increasing trend and it increased from 
1059 µS.cm-1 to 1213 µS.cm-1 with the depth of groundwater 
increasing from 1 m to 10 m. The electrical conductivity of 
CW1 decreased from 1619 µS.cm-1 to 1732 µS.cm-1 with the 
depth of groundwater increasing from 1 m to 15 m. As the 
groundwater depth of HW7 increased from 1 m to 50 m, the 
electrical conductivity increased from 1974 µS.cm-1 to 2489 
µS.cm-1. As the groundwater depth of HW8 increased from 
1 m to 40 m, the electrical conductivity was basically stable 
at about 1790 µS.cm-1. 

As shown in Fig.10, the changing trend of dissolved 
oxygen with groundwater depth in HW5, CW1, HW7, and 
HW8 was basically the same, both of which showed the trend 
of first increasing and then decreasing. As the groundwater 
depth of HW5 increased from 1 m to 10 m, the dissolved 
oxygen increased rapidly from 2.09 mg.L-1 to 5.03 mg.L-1. 
As the groundwater depth of CW1 increased from 1 m to 
15 m, dissolved oxygen increased rapidly from 2.95 mg.L-1 
to 4.81 mg.L-1 and then decreased to 4.18 mg.L-1, showing 
a phenomenon of increasing first and then decreasing, and 
an inflection point appeared at the depth of 10 m. As the 
groundwater depth of HW7 increased from 1 m to 50 m, 
the dissolved oxygen increased rapidly from 1.91 mg.L-1to 
3.88 mg.L-1, and then decreased slowly to 3.06 mg.L-1, with 
inflection points at 10 m and 40 m, respectively. The varia-
tion trend of HW8 and HW7 was roughly the same, which 
increased rapidly from 2.39 mg.L-1 to 5.12 mg.L-1 and then 
decreased to 3.78 mg.L-1, but the inflection point appeared 
at 5 m and 20 m, respectively.

As shown in Fig. 11, the changing trend of total dissolved 
solids with groundwater depth of HW5, CW1, HW7 and 
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HW8 was roughly the same as that of electrical conduc-
tivity. As the groundwater depth of HW5 increased from 
1 m to 10 m, the total dissolved solids increased from 528 
mg.L-1 to 573 mg.L-1, showing a slow increase trend. With 
the groundwater depth of CW1 increasing from 1 m to 15 
m, the total dissolved solids decreased from 897 mg.L-1 to 
832 mg.L-1L, showing a gradual decrease trend. With the 
groundwater depth of HW7 increasing from 1 m to 50 m, 
the total dissolved solids increased from 933 mg.L-1 to 1126 
mg.L-1. The total dissolved solids were basically stable at 
about 800 mg.L-1 with groundwater depth of HW8 increasing 
from 1 m to 40 m.

CONCLUSION

In this paper, groundwater samples were collected from an 
open pit and its surrounding areas in a semi-arid grassland. 
The temporal and spatial distribution characteristics of pH, 
conductivity, dissolved oxygen, and other parameters in 

rapidly from 2.09 mg.L-1 to 5.03 mg.L-1. As the groundwater depth of CW1 increased from 1 m to 15 m, 
dissolved oxygen increased rapidly from 2.95 mg.L-1 to 4.81 mg.L-1 and then decreased to 4.18 mg.L-1, 
showing a phenomenon of increasing first and then decreasing, and an inflection point appeared at the depth 
of 10 m. As the groundwater depth of HW7 increased from 1 m to 50 m, the dissolved oxygen increased 
rapidly from 1.91 mg.L-1to 3.88 mg.L-1, and then decreased slowly to 3.06 mg.L-1, with inflection points at 
10 m and 40 m, respectively. The variation trend of HW8 and HW7 was roughly the same, which increased 
rapidly from 2.39 mg.L-1 to 5.12 mg.L-1 and then decreased to 3.78 mg.L-1, but the inflection point appeared 
at 5 m and 20 m, respectively. 
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groundwater were studied. The main conclusions of this 
paper are as follows:

 1. The groundwater in the study area was alkaline and 
brackish water. Compared with summer, the pH and 
electrical conductivity of groundwater samples were 
relatively low in winter, while the dissolved oxygen 
was relatively high, indicating that climate factors might 
have a certain impact on the pH, electrical conductivity, 
and dissolved oxygen of groundwater.

 2. The pH of groundwater in the mining area was higher 
than that in the surrounding pastoral area, so it is inferred 
that mining activities may have a certain impact on the 
rise of groundwater pH in the mining area. The elec-
trical conductivity of groundwater in the west pasture 
was significantly higher than that in the east Xilin river 
area. The drainage of coal mining would form an un-
derground funnel near the mining pit, and the incoming 
water would be mixed near the mining pit, making the 
electrical conductivity value of the mining area between 
the two areas. 

 3. Four monitoring wells HW5, CW1, HW7, and HW8 
around the mining area were selected to study the ver-
tical distribution characteristics of pH, conductivity, 
dissolved oxygen, total dissolved solids, and oxida-
tion-reduction potential parameters. The increase of 
groundwater depth, pH, conductivity, dissolved total 
solids, and redox potential showed a slow change or 
stable phenomenon, while dissolved oxygen changed 
dramatically. This trend may be related to the hydro-
geological conditions of these wells.
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