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Abstract 
The chemical composition of water and its changing laws are closely related to 
meteorology, hydrology, topography, and hydrogeological conditions. Based on the 
1:50,000 hydrogeological survey work, this paper analyzes and studies the 
hydrochemical test data by collecting and testing groundwater and surface water 
samples, using a series of analytical methods such as physical and chemical 
characteristic analysis, hydrochemical classification, Piper three-line diagram, and 
isotopic characteristic analysis. , and compiled a series of analysis diagrams to divide the 
chemical composition types of groundwater in the area and analyze the relationship 
between each component. The entropy weight method is used to evaluate the water 
quality in this area, and provide a theoretical basis for the utilization of water resources 
in this area. The conclusions are as follows: the TDS content in the groundwater in the 
study area ranges from 332.71 to 1380.68 mg/L, and the total hardness content ranges 
from 252.27 to 984.98 mg/L. Most of them meet the Grade III water standard for 
groundwater, and the ion concentrations are: Ca2+>Na+> Mg2+>K+, HCO3->SO42-> 
Cl->NO3-. The hydrochemical type of pore water is mainly Ca·Mg-HCO3·Cl type, the 
hydrochemical type of fissure water is SO4·Cl-Ca·Mg type and HCO3-Ca·Mg type, and the 
hydrochemical type of karst water is SO4·Cl-Ca type ·Mg type and HCO3-Ca·Mg type, the 
chemical type of surface water is SO4·Cl-Ca·Mg type. The water quality evaluation result 
is about 42.5% of the V water samples, it can be seen that most of the water sample points 
in the area are in poor water quality. 
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1. Introduction 

The study area is located in the Feicheng-Yiyuan monoclinic rift hydrogeological sub-region as a 
whole, and the groundwater mainly comes from atmospheric precipitation and surface water 
infiltration recharge. Due to the rapid development of society and economy, changes in the water 
supply structure and water intake methods in the work area have led to changes in the natural 
background conditions of groundwater, and obvious changes have taken place in the groundwater 
replenishment and drainage methods, groundwater flow field and hydrochemical characteristics in 
the area. In 2020, a total of 40 water samples were collected in the western part of Feicheng, and the 
digital methods of hydrochemistry, such as Piper three-line diagram and related software (SPSS, 
Origin, etc.) The overall evaluation of water quality provides relevant basis for groundwater 
exploitation and utilization. 
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1.1 The Physical Geography of the Study Area 

The study area is located in the central part of Shandong Province, and its administrative divisions 
include Pingyin District in Jinan City, Dongping County in Tai'an City, Feicheng County, Ningyang 
County and Wenshang County in Jining City. The study area is about 10km away from Tai'an City 
in the east and 80km away from Jinan City in the north. The G105, S104, G35 (Jiguang Expressway) 
and other highways outside the area are connected from north to south. 50′~36°10′. 

The study area belongs to the temperate semi-humid monsoon climate zone with four distinct seasons. 
The annual average temperature in the area is 12.8°C, the lowest temperature is in January with an 
average of -2°C, the highest temperature is in July with an average of 26.19°C, the historical minimum 
temperature is -20.7°C, and the highest temperature is 42.5°C. The precipitation in the region is 
unevenly distributed throughout the year, and the precipitation is mostly concentrated in June to 
September, accounting for about 75% of the total annual precipitation. The maximum precipitation 
occurred in August, with a total precipitation of 210.5mm, and the minimum precipitation occurred 
in January, with a total precipitation of only 2.5mm. In terms of spatial distribution, the precipitation 
in the east is larger than that in the west, and it tends to decrease gradually from east to west. 

The study area is located in the transition zone between the hilly area in the middle of Shandong and 
the plain in the southwest of Shandong. The terrain is high in the east, west and south. The average 
elevation of the low hilly area is 100-300m. The terrain of the area is flat, mostly covered by the 
Quaternary system, with an average altitude of 50-70m. The surface water system in the area is 
relatively developed, controlled and influenced by topographic and climatic factors, it can be divided 
into Dawen River Basin and Nansi Lake Basin. The main rivers in the Dawen River Basin are Huihe, 
Kangwang River, Wenhe-Daqing River, etc., and the main rivers in the Nansihu Basin are Quanhe, 
Wenhe, etc. 

 

 
Figure 1. Distribution of sampling points in the study area 

 

The sampling points collected in this paper include karst water, shallow pore water, fissure water, 
and surface water in the area. The sampling locations are evenly distributed, as shown in Figure 1. 
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As shown in Figure 1. A total of 80 water samples were taken this time, mainly from production wells 
or pressurized wells. Before sampling, the sampling bottle is rinsed with distilled water, and the water 
sample to be taken is rinsed 2-3 times during sampling, and the water is pumped for more than 10 
minutes before taking water to ensure the representativeness and effectiveness of the water sample. 
The water sample testing was entrusted to Shandong Geological and Mineral Engineering Exploration 
Institute, and the water sample testing complied with the requirements of "Groundwater Quality 
Inspection Method" (DZ/T0064-93). 

2. Mathematical Statistical Characteristics of Groundwater Components 

2.1 Descriptive Statistics 

The results of mathematical statistical analysis can reflect the basic situation of the chemical 
composition of groundwater in the working area in the recent period of time. Therefore, statistical 
eigenvalue analysis was performed on the pH value, conventional ion SO42- and other water chemical 
parameters of the groundwater samples (Table 1). 

 

Table 1. Statistical characteristic values of hydrochemical parameters at each groundwater 
sampling point 

 Minimum(mg/L) Maximum (mg/L) Average(mg/L) Standard deviation Coefficient of variation(%) 

K+ 0.05 18.00 1.76 3.46 196.51 

Na+ 3.84 174.00 42.67 43.44 101.81 

Ca2+ 71.50 309.00 162.83 51.80 31.81 

Mg2+ 9.80 51.80 29.48 11.12 37.74 

Cl- 15.10 223.00 92.87 62.68 67.49 

SO42- 50.50 720.00 171.35 141.49 82.57 

HCO3- 127.94 463.01 298.51 66.52 22.28 

NO3- 0.22 296.00 91.32 68.79 75.33 

TH 252.27 984.98 524.99 160.57 30.59 

TDS 332.71 1380.68 758.65 274.15 36.14 

PH 7.10 7.60 7.40 0.13 1.82 

 

From the eigenvalues of mathematical statistics combined with the milliequivalent percentage 
diagram of the average content of anion and cation in the aquifer in the working area (Fig. 2), we can 
see that:The TDS content in the groundwater in the study area is between 332.71 and 1380.68 mg/L, 
and the TDS content in some areas is relatively high. About 11% of the water sample points have a 
TDS content of more than 1000 mg/L; about 17 water sample points in the area, nitrate ( N) content 
exceeded the 20mg/L limit of the Grade III water standard for groundwater, accounting for about 
42.5% of all water samples. In the eastern part of the study area, in the southwest of Huangtuling 
Village, part of the west of Changshan Mountain, and the area of Huqiao Reservoir, which were less 
affected by human activities, the nitrate (calculated as N) content was extremely low, all <2mg/L. In 
the vicinity of the Kangwang River Basin and the areas along the Huihe River, the nitrate (calculated 
as N) content is higher than 30 mg/L. Most of the groundwater TH values in the area are between 
252.27-984.98mg/L, and most of them meet the Grade III water standard for groundwater. In the 
northern part of the study area affected by human activities, the total hardness content is less than 
150mg/L. In the Kangwang River Basin and the Huihe River Basin, the total hardness of the water 
sample points exceeds 650mg/L. 
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The average milliequivalent ions of Mg2+, Ca2+, and Na+ in 40 groundwater samples in this area 
were 1.23meq/L, 4.07meq/L, 1.86meq/L, accounting for 17.06%, 56.54%, and 25.77% of cations; 
SO42- , HCO3-, Cl-, NO3- ion milliequivalent averages were 1.78meq/L, 4.89meq/L, 2.62meq/L, 
1.47meq/L, accounting for 16.58%, 45.45%, 24.30%, 13.68% of the anions %. 

 

 
Figure 2. Diagram of the percentage of milliequivalents of cations and anions in the study area 

 

Ca2+ is the most important cation in the groundwater in the area, followed by Na+ and Mg2+. The 
average content of its ions is 162.83mg/L, 42.67mg/L and 29.48mg/L respectively. Among them, the 
variation range of Ca2+ content is 71.50～309.00 mg/L, the coefficient of variation was 31.81%, 
which was the smallest among the cations. The variation range of Na+ content in cations is large, 
ranging from 3.84 to 174.00 mg/L, and the coefficient of variation is 101.81%, which is the largest 
among cations and the largest among all ions, indicating that Na+ has greater variability in spatial 
distribution and is affected by Human activities have a greater impact. 

HCO3- is the most important anion in groundwater, followed by SO42-, Cl-, NO3-, the average 
content of its ions are 298.51mg/L, 171.35mg/L, 92.87mg/L, 91.32mg/L, of which SO42- The 
variation range of -content is 50.50～720.00mg/L, and the coefficient of variation is 82.57%, which 
is the largest among the anions; followed by NO3-, the variation range is 0.22-296.00mg/L, and the 
variation coefficient is 75.33%; the variation range of Cl- is only Next to NO3-, it is 15.10-
223.00mg/L, and the coefficient of variation is 67.49%; the variability of HCO3- in the spatial 
distribution is small, ranging from 127.94 to 463.01mg/L, and the coefficient of variation is 22.28%, 
which is the ion of each ion. The smallest among them indicates that its spatial distribution has little 
difference and is less affected by human activities. 

3. Types and Distribution of Water Chemistry in the Study Area 

Piper's three-line diagram is an important method used to analyze the composition of main ions in 
groundwater and indicate its hydrochemical characteristics. AqQA software is used to draw Piper's 
three-line diagram of pore water in the work area as shown in Figure 4. It can be seen from Figure 4 
that in the diamond-shaped area, the pore water is mainly concentrated in the 1 area, and the water 
chemical type is mainly Ca·Mg-HCO3·Cl type. In the cation triangle area, the sampling points are 
relatively concentrated in the lower left corner, mainly Ca type, indicating that Ca2+ is the main 
cation in the pore water of the working area; the sampling points in the anion triangle area are mainly 
concentrated in the B area, indicating that the main water chemical types are mixed types, including 
HCO3·SO4 type, HCO3 type, HCO3·Cl type and Cl type. 

3.1 Chemical Characteristics of Loose Rock Pore Water 

Quaternary pore-water-bearing rock groups are mainly distributed along the banks of the Huihe River 
and its tributaries and in the piedmont slopes, and they are all shallow waters with submerged or 

0.63 

25.77 

56.54 

17.06 K

Na

Ca

Mg

24.30 
16.58 45.45 

13.68 
Cl

SO4

HCO3

NO3



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0070

 

591 

slightly confined properties. The pore water chemical type of loose rocks is HCO3-Ca·Mg type, 
which is mainly distributed near the organic vegetable plantations in the Taoyuan Town-Guoxin area 
in the northwest of the study area. The pH of pore water in the area is 7.40; TDS is generally higher 
than 1000mg/L, between 1206.00-1380.68mg/L, with an average value of 1293.34mg/L; total 
hardness is between 683.64-940.21mg/L, with an average value of 811.93mg/L L. The TH in the 
areas along the Kangwang River and Wen River and their tributaries exceeded the standard seriously. 
Except for NO3- ions, the coefficients of variation of all indicators were less than 1, indicating that 
the spatial differences of water chemical indicators in the region were not obvious. The order of pore 
water ion concentration in the area is: HCO3-＞SO42-＞Cl-＞NO3-,Ca2+＞Na+＞Mg2+＞K+. 

 

 
Figure 3. Three-line diagram of pore water piper 

 

Table 2. Statistical characteristics of pore water and groundwater chemistry 

Pore water descriptive statistics 

 Minimum(mg/L) Maximum (mg/L) Average(mg/L) Standard deviation Coefficient of variation(%) 

K+ 0.16 0.19 0.17 0.02 0.13 

Na+ 58.40 174.00 116.20 81.74 0.70 

Ca2+ 204.00 298.00 251.00 66.47 0.26 

Mg2+ 42.30 47.60 44.95 3.75 0.08 

Cl- 203.00 223.00 213.00 14.14 0.07 

SO42- 263.00 356.00 309.50 65.76 0.21 

HCO3- 374.16 396.00 385.08 15.44 0.04 

NO3- 11.50 296.00 153.75 201.17 1.31 

TH 683.64 940.21 811.93 181.42 0.22 

TDS 1206.00 1380.68 1293.34 123.51 0.10 

PH 7.40 7.40 7.40 0.00 0.00 

3.2 Hydrochemical Characteristics of Bedrock Fissure Water 

The chemical type of fissure water is obviously affected by topography and geological structure. In 
the vicinity of Lufang Reservoir, Huqiao Reservoir and Shangzhuanglu Reservoir in the Feicheng 
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fault block, as shown in Figure 4, most of the fissure water sample points are distributed in the IV 
area of the diamond-shaped area, indicating that The hydrochemical type of karst water is HCO3-
Ca·Mg type, and the sampling points in the cation triangle area are concentrated in area A, indicating 
that the main cation in the surface water in the working area is Ca2+, and the sampling points in the 
anion triangle area are concentrated in area E. It shows that the water chemical type is mainly 
carbonate type. 

The PH of fissure water in the area is between 7.3-7.6, with an average value of 7.47; TDS is generally 
lower than 1000mg/L, between 427.37-611.58mg/L, with an average value of 512.10mg/L; the total 
hardness is between 281.77-483.99mg /L, the mean value was 397.51mg/L. The ion concentration of 
fissure water in the area is as follows:HCO3->Cl->SO42->NO3-, Ca2+>Na+>Mg2+>K+. 

 

 
Figure 4. Piper three-line diagram of fracture water 

 

Table 3. Descriptive statistics of chemical components of fracture water and groundwater 

Fracture Water Descriptive Statistics 

 Minimum(mg/L) Maximum (mg/L) Average(mg/L) Standard deviation Coefficient of variation(%) 

K+ 0.56 1.02 0.73 0.25 0.35 

Na+ 5.18 18.90 11.05 7.07 0.64 

Ca2+ 93.70 160.00 122.90 33.85 0.28 

Mg2+ 11.60 33.90 22.00 11.23 0.51 

Cl- 29.50 51.00 37.27 11.93 0.32 

SO42- 67.90 88.20 79.60 10.50 0.13 

HCO3- 194.95 295.47 258.92 55.59 0.21 

NO3- 58.70 127.00 85.43 36.49 0.43 

TH 281.77 483.99 397.51 104.24 0.26 

TDS 427.37 611.58 512.10 92.99 0.18 

PH 7.30 7.60 7.47 0.15 0.02 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0070

 

593 

3.3 Hydrochemical Characteristics of Karst Water 

The magmatic rock area has a large area in the map and many types of water chemistry. Because the 
aquifer is discontinuous, it is mostly point-like or small-scale area distribution, and the main types 
are HCO3-Ca type, Cl·HCO3·SO4-Ca type. The groundwater in this area is significantly affected by 
topography and human activities. As shown in Figure 5, most of the karst water samples are 
distributed in the I and IV areas of the diamond-shaped area, indicating that the chemical types of the 
karst water are SO4·Cl-Ca·Mg type and HCO3-Ca·Mg type, in the cation triangle area. The 
concentrated area of sampling points is distributed in area A, indicating that the main cation in the 
surface water of the working area is Ca2+, and the sampling points in the anion triangle area are 
concentrated in areas B and E, indicating that the water chemistry types are mainly carbonate type 
and mixed type. 

The PH value of karst water in the area is between 7.10-7.60, with an average value of 7.38; The TH 
value in the Huihe River Basin and Qianzhaizi-Cangqiu First Village in the region is seriously 
exceeding the standard, all > 650mg/L; The TDS value exceeds the standard and is obviously affected 
by human activities. Among them, the TDS value of the upper reaches of Huihe River, Jieshan Town 
and Nanluan-Dianzi Village were all more than 1000 mg/L, which were areas with serious pollution. 
The ion concentration of karst water in the area is as follows: HCO3->SO42->Cl->NO3-, 
Ca2+>Na+>Mg2+>K+. 

 

 
Figure 5. Piper three-line diagram of karst water 
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Table 4. Descriptive statistical characteristics of chemical components of karst water and 
groundwater 

Karst Water Descriptive Statistics 

 Minimum(mg/L) Maximum (mg/L) Average(mg/L) Standard deviation Coefficient of variation(%) 

K+ 0.05 3.50 0.80 0.71 88.75 

Na+ 3.84 137.00 33.95 30.33 89.33 

Ca2+ 111.00 309.00 167.90 45.55 27.13 

Mg2+ 0.00 51.80 27.65 11.58 41.88 

Cl- 15.10 206.00 84.45 56.93 67.41 

SO42- 50.50 720.00 156.41 136.15 87.05 

HCO3- 225.41 463.01 311.69 51.74 16.60 

NO3- 0.22 237.00 98.30 59.31 60.33 

TH 335.04 984.98 533.19 145.79 27.34 

TDS 407.47 1347.54 744.05 243.95 32.79 

PH 7.10 7.60 7.38 0.14 1.88 

3.4  Hydrochemical Types of Surface Water 

 
Figure 6. Piper three-line diagram of surface water 

 

Surface water is mainly distributed in the northwest, southwest and southeast of the study area, and 
sampling is mainly distributed along both sides of Kangwang River and Huihe River. The 
hydrochemical type of groundwater is mainly Ca·Na-SO4·Cl. Two Ca·Na-SO4·Cl·HCO3 type 
waters are distributed. It can be seen from Figure 6 that most of the surface water sampling points are 
distributed in the I area of the diamond-shaped area, indicating that the chemical type of the surface 
water is SO4·Cl-Ca·Mg type, and the concentrated area of sampling points in the cation triangle area 
is distributed in the B area. , indicating that the main cation in the surface water in the working area 
is Ca2+, and the sampling points in the anion triangle area are concentrated in areas B and F, 
indicating that the water chemical types are mainly sulfate type and mixed type. The pH of the surface 
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water in the area is between 7.4-7.6, with an average value of 7.5; the TH value is between 252.27-
561.55mg/L, with an average value of 413.57mg/L; the TDS value is between 332.71-1140.31mg/L, 
with an average value of 789.37mg/L /L, not significantly affected by human activities. The surface 
water ion concentration in the area is as follows: HCO3->SO42->Cl->NO3-, Ca2+>Na+>Mg2+>K+. 

 

Table 5. Descriptive statistical characteristics of chemical components of surface water 

Surface Water Descriptive Statistics 

 Minimum(mg/L) Maximum (mg/L) Average(mg/L) Standard deviation Coefficient of variation(%) 

K+ 4.68 18.00 10.73 5.54 0.52 

Na+ 13.80 153.00 97.18 61.03 0.63 

Ca2+ 71.50 150.00 109.38 32.35 0.30 

Mg2+ 17.90 45.40 34.10 12.18 0.36 

Cl- 71.20 169.00 139.80 46.04 0.33 

SO42- 66.40 465.00 286.85 179.23 0.62 

HCO3- 127.94 243.69 182.77 48.99 0.27 

NO3- 0.64 23.90 10.43 10.79 1.03 

TH 252.27 561.55 413.57 126.61 0.31 

TDS 332.71 1140.31 789.37 341.01 0.43 

PH 7.40 7.60 7.50 0.08 0.01 

4. Water Quality Evaluation Method 

This time, the "single-factor evaluation method" recommended in the "Groundwater Quality 
Standard" (GB/T14848-2017) was adopted to conduct single-index water quality evaluation and 
comprehensive evaluation of groundwater quality for groundwater in the area. 

According to the state of groundwater quality and human health risks in my country, referring to the 
water quality requirements of domestic drinking water and water for industry and agriculture, and 
according to the content of each component (except pH value), the quality of groundwater is divided 
into five categories: 

Class I: low content of chemical components in groundwater, suitable for various purposes; 

Class II: The groundwater has a low content of chemical components and is suitable for various 
purposes; 

Class III: The chemical composition of groundwater is moderate, based on the sanitary standards of 
drinking water, and is mainly suitable for centralized drinking water sources and industrial and 
agricultural water; 

Category IV: Groundwater with high content of chemical components, based on the quality 
requirements of agricultural and industrial water and a certain level of human health risks, is suitable 
for agricultural and some industrial water, and can be used as drinking water after proper treatment; 

Category V: Groundwater with high content of chemical components is not suitable for drinking 
water. Other water can be selected according to the purpose of use; 

A total of 80 water samples were taken in the study area, including 58 karst water samples, 6 fissure 
water samples, 7 surface water samples, and 9 pore water samples. The groundwater quality in the 
working area was evaluated by selecting general chemical indicators, inorganic toxicological 
indicators, and volatile organic indicators. The evaluation results are as follows: 
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Table 6. Water quality evaluation results and main impact indicators of water samples in the study 
area 

Field 
number 

Evaluation 
results 

Main Impact 
Indicator 

Field 
number 

Evaluation 
results 

Main Impact 
Indicator 

YMCG03 Ⅳ Sulfate/TH YMJ052 Ⅴ Sulfate 

YMCG06 Ⅳ F- YMJ056 Ⅴ Sulfate/TH 

YMHL15 Ⅳ COD YMJ113 Ⅴ TH 

YMJ015 Ⅳ Nitrate YMJ125 Ⅴ Nitrate 

YMJ038 Ⅳ Nitrate YMJ141 Ⅴ Nitrate 

YMJ044 Ⅳ Nitrate/TH YMJ152 Ⅴ Nitrate/TH 

YMJ081 Ⅳ TH YMJ157 Ⅴ Nitrate 

YMJ090 Ⅳ Nitrate/TH YMJ172 Ⅴ Nitrate 

YMJ139 Ⅳ TH YMJ178 Ⅴ Nitrate/TH 

YMJ190 Ⅳ Nitrate/TH YMJ188 Ⅴ Nitrate/TH 

YMJ219 Ⅳ TH YMJ194 Ⅴ Sulfate/TH 

YMZK01 Ⅳ Nitrate/TH YMJ101 Ⅳ Nitrate/TH 

YMZK05 Ⅳ COD YMCG08 Ⅲ Nitrate/TH 

YMZK06 Ⅳ TH YMJ007 Ⅲ Nitrate/TH 

YMZK02 Ⅲ Nitrate/TH YMJ021 Ⅲ Nitrate/TH 

YMHL01 Ⅴ Sulfate YMJ064 Ⅲ Nitrate/TH 

YMHL03 Ⅴ Sulfate YMJ119 Ⅲ Nitrate/TH 

YMJ036 Ⅴ Nitrate YMJ148 Ⅲ Nitrate/TH 

YMJ231 Ⅴ NH4+ YMSK02 Ⅲ I- 

YMZK03 Ⅴ Sulfate YMJ210 Ⅴ Nitrate 

 

Among all 40 sampling points, there are 8 water sampling points with water quality evaluation results 
of Class III, accounting for 20% of the total water samples, and 14 water sampling points with 
evaluation results of Class IV, accounting for 10% of the total water source areas. 37.5% of the total, 
and 17 water sample points with the evaluation result of Class V, accounting for 42.5% of the total 
water samples, it can be seen that most of the water sample points in the area are in poor water quality 
(Figure). 

According to the evaluation results, the main indicators that have a greater impact on the groundwater 
quality in the work area are nitrate, total hardness and sulfate. Type IV water is mainly distributed in 
the Shengtun-Yanmazhuang-Yangzhuang area, Lufang Reservoir, Gounan Village-Huzhaizi Village 
and the upper reaches of the Daqing River. The main impact indicators are nitrate and total hardness; 
They are the Kangwang River Basin, the Huihe River Basin and the Wenhe River Spring Basin. The 
main indicators affecting the quality of groundwater are sulfate, total hardness and nitrate. Among 
them, the sulfate in the water sample points in the area exceeded the standard by a maximum of 6.22 
times, the nitrate was at a maximum of 5.71 times, and the total hardness exceeded the standard by 
3.14 times. The area with the most severe salt excess is located in the lower reaches of the Daqing 
River. 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0070

 

597 

5. Conclusion 

1) The TDS content in the study area is between 500 and 1000 mg/L, and most of the TH values are 
between 450 and 650 mg/L, which meet the Grade III water standard for groundwater. 

2) The hydrochemical types of pore water in the study area are mainly Ca·Mg-HCO3·Cl type, the 
hydrochemical types of fissure water are SO4·Cl-Ca·Mg type and HCO3-Ca·Mg type, and the 
hydrochemical type of karst water is It is Ca-HCO3 type, and the chemical type of surface water is 
Ca·Na-SO4·Cl. 

3) There are 13 water sample points with the water quality evaluation result of Class III, accounting 
for 16.25% of the total water samples, and 33 water sample points with the evaluation result of Class 
IV, accounting for 41.25% of the total water source areas, and the evaluation result is V There are 34 
water sample points in the same category, accounting for 42.5% of the total water samples. It can be 
seen that most of the water sample points in the area are in poor water quality. 
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