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Abstract

In order to reveal the hydrochemical characteristics and influencing factors of surface water in
Chating mining area, find out the source of ions and clarify the water quality, 33 surface water samples
were collected. The hydrochemical types, material sources and influencing factors of surface water in
the study area were analyzed by means of mathematical statistical analysis, hydrochemical graphical
method and spatial interpolation. Comprehensive water quality index (WQI) and irrigation water quality
assessment were used to evaluate the surface water quality in the study area. The results show that the
surface water in the study area was freshwater, weakly alkaline, and its water chemical type was mainly
Ca-HCO,. The water chemical composition is mainly controlled by rock weathering, with little influence
from human activities and cation exchange. The chemical composition comes from silicate weathering,
carbonate dissolution and sulfate dissolution. The results of WQI drinking evaluation showed that
the surface water quality was excellent and reached the drinking standard under certain conditions.
Irrigation water quality evaluation results showed that surface water samples could be directly used as

irrigation water, and rational utilization will not cause soil salinization.

Keywords: Chating mining area, water chemical characteristics, ion source, influence factor, water
quality evaluation

Introduction [1], while regional mineralization, leaching,
weathering, topography and human activities can

As an indispensable part of geochemical cycle,
surface water is the medium of material and energy
cycle between land and sea, as well as an important
source of water for human life, agriculture, animal
husbandry and fishery [1-2]. Water interacts with the
surrounding environment in the process of circulation
to form the chemical composition of natural water
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also affect the chemical composition of surface water
[1-4]. Under the joint influence of a variety of natural
and human factors, water bodies form complex and
diverse hydrochemical systems, which directly affect the
quality of water [5-6]. It can be seen that determining
the influencing factors of hydrochemical characteristics
and ion sources plays an important role in the protection
and utilization of water resources, human survival and
development, and regional economy.

At present, there are a lot of research achievements
on the influencing factors of hydrochemical
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characteristics of natural water and water quality
evaluation. Kabour et al. [6] studied the hydrochemistry
type and its influencing mechanism of groundwater in
Be'Char City by Gibbs model and ion ratio diagram, and
the results showed that the groundwater chemistry type
was controlled by water-rock interaction and human
pollution factors. Seth Rose [7] used element ratio
and isotope analysis to study the influence of CRB-
based flow chemistry, and the results showed that the
input of man-made pollution sources was the leading
factor affecting river water quality in the process of
urbanization. Hua Kun et al. [8] used ternary diagram,
fuzzy membership function and correlation analysis
to study the chemical characteristics, material sources
and influencing factors of Fen River water, and the
results showed that rock salt weathering was the main
influencing mechanism. However, studies on factors
influencing the hydrochemical characteristics of surface
water in porphyry polymetallic mining areas are rarely
reported [9-12]. In view of this, this paper studied the
surface water in the study area from two aspects of
influencing factors of hydrochemical characteristics and
water quality evaluation. The hydrochemical types and
sources of surface water and their influencing factors
were analyzed by means of mathematical statistics,
hydrochemical diagrams and spatial interpolation.
Comprehensive water quality index (WQI) was used
to evaluate drinking water quality and irrigation
water quality. The research results provide a theoretical
basis for the protection, rational allocation and
utilization of surface water resources in the district, and
also provide a background for the changes of chemical
components of surface water after mining in Chating
mining area.

Materials and Methods
Study Area

Located in the polymetallic metallogenic belt
of the middle and lower reaches of the Yangtze
River, Chating mining area is a porphyry copper
and gold deposit of hydrothermal origin. The study
area of this paper is located in The Chating Mining
Area, northeast of Xuancheng District, Xuancheng
City, Anhui Province. The coordinate interval is
between 118°50°207~118°51°45” EAST longitude and
31°12°30 “~31°13°40” north latitude, as shown in Fig 1.
A subtropical humid monsoon climate, adequate
sunshine, rain and heat at the same time, moderate
precipitation. According to the data, the annual average
temperature in the research area is 16.0°C, the average
temperature of the lowest month (January) is 3.3°C,
the average temperature of the highest month (July) is
28.0°C, and the annual average temperature difference
is 24.7°C. The annual average precipitation is more than
1000 mm, mainly concentrated in May to October, with
the highest precipitation in June. The terrain is mainly

plain and hilly, generally speaking, the terrain is not
fluctuating.

Sample and Analysis

In November 2021, systematic water sample
collection was carried out in Chating Mining Area,
and a total of 33 water samples were collected. The
distribution of sampling points is shown in Fig 1.
When collecting surface water samples, the sample
bottles that have been cleaned with pure water should
be rinsed for three times with pre-collected water
samples, then bottled until overflow, labeled and
sealed for preservation. GPS toolbox (China Little
Wolf Information Technology Co., LTD.) was used
to record the longitude and latitude information of
sampling points on site. The pH, TDS (total dissolved
solids) and EC (electrical conductivity) were measured
and recorded on the spot with a portable tester. The
other hydrochemical indexes were tested in Anhui Key
Laboratory of Mine Water Resources Utilization. The
samples were filtered by 0.45 um membrane and stored
at 4°C low temperature, followed by main ion test.
Cations (Na*, K, Ca*, Mg*) and anions (SO,*, CI)
were detected and analyzed by ICS-600 and ICS-900
ion chromatographs made by Thermo Fisher Scientific
in the United States. HCO, and CO,* were measured by
titration with acid standard solution.

Results and Discussion

Analysis of Water Chemical Types
and Water Chemical Characteristics

The results of statistical analysis on the water
chemical indicators of 33 water samples collected
from the Chating mining area were shown in Table 1.
The cations in the surface water of the study area
were mainly Ca*, and the ion mass concentration
accounted for 46.19% of the total cations, with an
average concentration of 14.61 mg/L, the average
mass concentration of cations is in the relationship
of Ca*>Mg*>Na™>K’. The main anions were HCO,,
whose mass concentration accounted for 78.95%
of the total anions, and the average concentration is
73.69 mg/L. The anions showed the relationship of
HCO,>S0 *>CI. The pH value of surface water ranged
from 6.40 to 8.90, with an average value of 8.16. TDS
content ranged from 32.00 mg/L to 101.00 mg/L, with
an average value of 76.09 mg/L. On the whole, TDS
value of surface water in the study area was small
and the water quality was good [13], which belonged
to fresh water type. EC ranged from 41.00 ps/cm to
211.00 ps/cm, with an average value of 154.88 ps/cm.
Except for Mg*, the coefficient of variation of surface
water hydrochemical parameters did not exceed 1.
To sum up, the hydrochemical components of surface
water in the study arca were relatively stable.
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Fig. 1. Geographical location of the study area and distribution of sampling points.

Piper diagram is mainly represented by the mg
equivalent percentage of cations (Na®, K, Ca*,
Mg*) and anions (SO, CI, HCO,, CO,*), and is
commonly used to show the hydrochemical types and
characteristics of different water bodies [14]. Based
on the surface water test results, a surface water Piper
map was drawn, as shown in Fig 2. The surface water
cations in the study area were mainly concentrated in
the lower left corner of the cation triangle, near the end
of Ca*, and a few in the upper right corner, near the
end of Mg?, indicating that the surface water cations
were dominated by Ca*, followed by Mg?". The anions
are mainly distributed along the boundary line of anion

2-

triangle HCO,+CO,-SO,*, indicating that the anions
were mainly HCO," and SO,*, and HCO, was dominant.
In conclusion, the main hydrochemical type of surface
water in the study area is Ca-HCO,, with a small
amount of Mg-HCO, and Ca-SO,.

In order to further determine the hydrochemical
types of water samples in the study area, Schoeller
diagrams in the hydrochemical diagram method were
used. Schoeller’s diagram can directly express the
concentration changes of water chemical components
in water samples [15-16]. In this study, cations (Na‘,
K, Ca*, Mg*) and anions (SO, CI, HCO,) were
selected as indicators for analysis. Due to the low

Table 1. Statistical analysis of the chemical characteristic values of surface water water.

Index Max Min Mean SD C.V Sample no.
Ca* 24.59 2.50 14.61 7.44 0.51 33
Na* 8.10 2.31 5.37 1.26 0.23 33

K* 5.17 0.72 2.81 1.15 0.41 33

Mg** 27.25 1.99 8.84 8.88 1.02 33
Cl 10.93 3.92 7.95 2.12 0.27 33
SO 55.73 6.88 11.70 8.11 0.69 33

HCO, 111.30 26.47 73.69 26.60 0.36 33
PH 8.90 6.40 8.16 0.40 0.05 33
TDS 101.00 32.00 76.09 18.03 0.24 33
EC 211.00 41.00 154.88 42.46 0.27 33

Note: pH is dimensionless, EC unit is ps/cm, and other units are mg/L.
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Fig. 2. Piper map of surface water in Chating Mining Area.

average content of Na" and K, their combinations were
analyzed. The variation trend of two or more polylines
in the figure was similar or parallel, indicating that each
polyline represented the same hydrochemical type of
samples [17]. It could be seen from Fig. 3 that the peak
value of broken line trend of most samples was HCO,’
and Ca*, and a small amount is HCO,", Mg** and SO,*
and Ca¥, indicating that the hydrochemical type of
surface water in the study area is mostly Ca-HCO,, and

2.5

a small amount is Mg-HCO, and Ca-SO,. The analysis
results were consistent with those of Piper diagram.
Further confirm the hydrochemical type of surface
water in the study area.

Control Factors of Water Chemical Composition

Gibbs [18] studied the relationship between TDS
and Na"/(Na*™+Ca*) and CI/(CI+HCO*) of most of

meq/L

Fig. 3. Schoeller diagram of surface water in Chating Mining Area.
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Fig. 5. Spatial distribution of CI content.

the world’s surface water, and summarized the three
controlling factors affecting the chemical composition
of surface water: Evaporation Dominance type, Rock
Dominance type, Precipitation Dominance type [19].
When the content of soluble substances is low and the
ratio of Na"/(Na™+Ca*) or CI/(CI+HCO;) is close to
1, the points with this characteristic are distributed in
the lower right corner of Gibbs model, indicating that
the source of surface water ions is mainly controlled by
precipitation. When the content of soluble substances
is medium and the ratio of Na*/(Na™+Ca?") or CI/(CI
+HCO;) is less than or near 0.5, the hydrochemical
composition of the surface water is dominated by
rock weathering, and this characteristic point is
distributed in the middle left of Gibbs model. When
the content of soluble substances is high and the ratio
of Na"/(Na*+Ca*) or CI'/(CI+HCO,) is close to 1, the
characteristic point of the surface water is located in
the upper right corner of the model, indicating that the
ion source of the surface water is mainly controlled
by evaporation and crystallization. [20-21] The mass
concentration of dissolved substances in the study area
was medium, the ratio of Na*/(Na*+Ca®") was 0.16~0.34,

and the ratio of CI/(CI+HCO,) was 0.10~0.70. As
shown in Fig. 4, 97.0% of the water samples were
distributed in the central left-leaning rock weathering
control area. This was because the recharge conditions
of surface water in the study area were relatively good
and evaporation was relatively weak, thus formed low
TDS water dominated by filtration [22]. In conclusion,
the chemical composition of surface water in the study
area was mainly controlled by rock weathering.

Impact of Human Activities

Human activities are one of the important factors
affecting the chemical composition of water bodies,
which mainly affect the surface water resources from
the aspects of industry, domestic wastewater, pesticide
spraying, poultry excreta and aquaculture. Cl- can be
used as an indicator element of the influence of human
activities on the chemical characteristics of water
bodies [14]. As can be seen from Fig. 5, the content of
CI' in Area II is significantly higher than that in other
sampling areas. In Area II, where residents gather,
domestic wastewater, aquaculture and poultry excreta
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were the main reasons for the high content of CI.
However, according to the data in Table 1, the content of

Cl- was relativ

ely low, indicating that human activities

had little influence on the chemical characteristics of

surface water i

n the study area.

Ion Source Analysis

The hydrochemical composition of surface water
mainly come from the weathering dissolution of rocks.
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Ca* and Mg> were mainly from the dissolution of
carbonate rock, silicate rock and evaporite rock, Na*
and K were mainly from the dissolution of evaporite
rock and silicate rock, SO, and CI were mainly from
the dissolution of evaporite rock, HCO,” was mainly
from the dissolution of carbonate rock and silicate rock.
Hybrid maps are commonly used to reveal the sources
of ions produced by chemical weathering in surface
water [14]. Fig. 6 shows that the ion concentration ratios
of Ca*/Na’, HCO,/Na" and Mg*/Na" in water samples
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Fig. 7. Relation diagram of main ion ratio of surface water in Chating Mining Area.
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Table 2. Weight values of each chemical parameter.

Parameters St\gnljlgr q Weight lszle?tgi}\:te
Na’ 200 5 0.1613

K 12 2 0.0645
Mg 100 4 0.1290
Ca?* 300 4 0.1290
Cr 250 3 0.0968
SO,* 250 3 0.0968
HCO; 500 2 0.0645
pH 6.5-8.5 3 0.0968
DS 1000 5 0.1613

of The Chating mining area were distributed between
silicate rock and carbonate rock, indicating that the
ion source was influenced by the interaction of water
and rock, such as the weathering of silicate rock and
carbonate rock.

In order to further reveal the sources of water
chemical components in surface water, the main ion
equivalent ratio diagram was used to further analyze
them. In the hydrochemical composition, the difference
in concentration ratio among components could be used
to reflect the hydrochemical genesis [23]. Based on the
sample analysis results, the ratio diagram of main ions
in surface water of Chating Mining area was drawn, as
shown in Fig 7. Fig 7a) showed that the concentration
ratio of Cl-and Na" in 15 water samples was distributed
at 1: Above the isoline 1, the ratio of Na" to Cl- was
between 1.00 and 1.79, reflecting that the content of CI-
in water samples was higher than that of Na', which

might be related to the ion exchange between Ca*", Mg**
and Na® in surface water [24]. The remaining water
samples were distributed near and below the isoline
near Na'. It indicated that Na' source was not only
related to salt rock dissolution, but also closely related
to silicate mineral weathering [25]. Fig 7b) showed that
31 samples of surface water were distributed near and
above (Ca**+Mg*)/(HCO,) = 1, namely, the dissolution
of carbonate rocks was dominant in the study area, and
there might be dissolution of sulfate to provide Ca*
and Mg*" higher than HCO,". Fig 7c) showed that the
vast majority of surface water samples were distributed
above Ca?"/Mg?* = 2, that is, there was dissolution
of silicate rock or sulfate rock in the study area [26].
Fig. 7d) showed that 72.73% of the surface water
samples were distributed below (Ca**+Mg*)/(SO,*
+HCO,) = 1, which might be caused by the weathering
of silicate rock [24]. According to comparison Fig 7b),
SO,* balanced the Ca**+Mg* higher than HCO,.
Furthermore, the influence of sulfate dissolution on
surface water in the study area was verified [25].
In conclusion, the main ion sources in the study area
were mainly related to the weathering and dissolution
of silicate rock, carbonate rock and sulfate, and cation
exchange also had a certain influence on the main ion
sources.

WQI Drinking Evaluation

Comprehensive water quality Index (WQI) is
widely used in the evaluation of surface water and
groundwater quality [27]. According to the World
Health Organization (WHO) Criteria for Water Quality
Parameters, fourth edition [28], see Table 2, the WQI
of each sample is calculated by the weighted arithmetic
index method [29]. In this study, nine indicators, Na*,
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Fig. 8. WQI value of surface water in Chating Mining Area.
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K, Mg*, Ca*, CI, SO, HCO,, pH and TDS, were
selected for WQI drinking evaluation of surface water,
and the calculation process was shown in reference
[30]. Based on WQI, water quality can be divided
into five categories: WQI<25, indicating excellent
water quality; 26<WQI<50, indicating good water
quality; 51<WQI<75, indicating poor water quality;
76<WQI<100, indicating extremely poor water quality;
WQI>100, indicating that the water quality is not
suitable for drinking [30]. Fig. 8 showed that the WQI
values of all surface water samples in the research area
were between 14.23 and 20.74, and their WQI values are
all below 25, indicating excellent surface water quality
in the research area.
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Evaluation of Irrigation Water Quality

The quality of irrigation water has a significant
impact on the growth of crops and the physical and
chemical properties of soil [33]. Too much salt will
form reverse osmotic pressure, which is toxic to crops,
and too much sodium ion can cause soil alkalization.
EC (electrical conductivity) and SAR (sodium
adsorption ratio) were usually important indexes for
evaluatd soil salinization degree and irrigation water
quality in agriculture. [34] In this regard, EC, SAR
and Na% (sodium percentage) were selected as the
evaluation parameters of irrigation water quality in
the study area, and the irrigation water classification
maps (Fig. 9 and 10) were drawn based on the USDA
irrigation water quality classification standard and
Wilcox graphical method, respectively, to evaluate the
irrigation water quality of the surface water in the study
area. The results showed that 28 samples in Fig. 9 were
distributed in the CI1S1 area, that is, the degree of salt
and alkali damage was very low, and the EC values of
the remaining 5 samples was lower than 100 ps/cm,
indicating that the surface water in the study area met
the requirements of irrigation water quality and could
be used for irrigation. The 33 samples in Fig. 10 were
all distributed in areas with excellent water quality,
indicating that surface water in the study area could be
directly used as irrigation water.

Conclusions

In this study, mathematical statistical analysis,
hydrochemical graphic methods (Piper diagram,
Schoeller diagram, Gibbs diagram, principal ion
ratio), spatial interpolation method and water quality
evaluation index were used to reveal the hydrochemical
characteristics and influencing factors of surface water
in Chating mining area, identify the source of ions and
clarify the water quality. The following conclusions
have been achieved:

(I) The surface water of Chating Mining area was
fresh water (TDS<101.00 mg/L), which was weakly
alkaline (6.40<pH<8.90). The main cations in surface
water were Ca?', and the mass concentration of Ca*"
accounted for 46.19% of the total cations, followed
by Mg*; The main anion was HCO,, and the mass
concentration of HCO,  accounted for 78.95% of the
total anion, followed by SO,*.

(2) The main hydrochemical types of surface water
in the study area were Ca-HCO,, and a few were Mg-
HCO, and Ca-SO,.

(3) The surface water in Chating mining area was
dominated by rock weathering. The source of water
chemical composition was mainly affected by the
weathering and dissolution of silicate rock, carbonate
rock and sulfate, but was less affected by human
activities, and cation exchange also had a certain
influence.



Hydrochemical Characteristics and Water...

5619

(4) The results of WQI drinking evaluation showed
that the surface water quality of Chating mining area
was excellent and reached the drinking standard under
certain conditions. Irrigation water quality evaluation
results showed that all surface water samples in the
study area could be directly used as irrigation water,
and rational utilization would not cause soil salinization.
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