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Abstract 

In this paper, 48 groundwater quality monitoring data in June 2017 (dry season) and 
September 2017 (wet season) were selected to analyze the hydrochemical 
characteristics of groundwater in Zaozhuang City by using mathematical statistics, Piper 
trilinear diagram, shukarev classification, Gibbs diagram and ion ratio diagram. The 
results showed that: the contents of Ca2+, HCO3

- and SO4
2- in the groundwater in the study 

area were relatively high in dry and wet seasons, the average pH values were 7.25 and 
7.29 respectively, which were weakly alkaline; the average TDS contents were 642.02 
mg/L and 590.35mg/L respectively, which were fresh water and brackish water; the 
average th values were 469.76 and 458.71mg/L respectively, which were extremely hard 
water. The main chemical type of groundwater is HCO3 · SO4 ·Ca. rock weathering is the 
main controlling factor of Groundwater Hydrochemical Composition. 
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1. Introduction 

Groundwater is the most important water supply source in China, an important part of the 

hydrological cycle, an important strategic resource for the harmonious and rapid development of 

China's economy and society, and an important factor to maintain the rapid development of social 

economy and the normal operation of the ecosystem. It is of great significance to the development of 

industry and agriculture and human survival [1-4]. The quality of groundwater is closely related to 

the drinking water safety and health of local residents [5]. Therefore, it is urgent to analyze the 

hydrochemical characteristics and evaluate the water quality of groundwater, which is of great 

significance to the protection of groundwater resources and the prevention and control of pollution.At 

present, many scholars at home and abroad have studied the hydrochemical characteristics and water 

quality of groundwater. Gibbs, based on the analysis of a large amount of global precipitation, river 

water, lake water and marine Hydrochemical Composition, believes that the input of atmospheric 

precipitation, rock weathering and evaporation crystallization are the three major controlling factors 

of global Hydrochemical Composition [6]. Gao zongjun and others comprehensively used 
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mathematical statistics, Piper three line diagram, Gibbs diagram and other methods to analyze the 

hydrochemical characteristics of pore groundwater in Lhasa valley area, and concluded that 

HCO3·SO4-Ca·Mg is the main hydrochemical type of groundwater in this area, and rock weathering 

is the main controlling factor of Groundwater Hydrochemical components in this area [7]. Ji 

Yuanyuan and others analyzed the main sources of chemical components of groundwater in plain 

area of Changping City, Xinjiang by using ion ratio diagram [8]. However, there are few studies on 

the hydrochemical characteristics and water quality of groundwater in Zaozhuang City. Therefore, 

this study selected 48 groundwater quality monitoring data in June 2017 (dry season) and September 

2017 (wet season) in Zaozhuang City, and comprehensively analyzed the chemical characteristics of 

groundwater by using mathematical statistics, Piper three line diagram, shukarev classification, 

correlation analysis, Gibbs diagram and ion ratio diagram. 

2. Materials and methods 

2.1 Overview of the study area 

The study area is located in Zaozhuang City in the east of Weishan Lake (Fig.1). Zaozhuang City is 

located in the hilly area of central and southern Shandong Province, with Yimeng Mountain in the 

East, Weishan Lake in the west, Xuzhou City in Jiangsu Province in the South and Jining City in the 

north. It is between 116°48′30″~117°48′24″E and 34°27′48″~35°19′12″N. Zaozhuang City has a 

warm temperate semi humid monsoon continental climate with an average annual temperature of 

13.9 ℃ and an average annual rainfall of 827.7mm. The landform is more complex, the terrain 

inclines from northeast to southwest, and the landform is low mountains and hills, plains and 

depressions from north to south. The rivers in the area belong to the canal system of Huaihe River 

Basin. There are 24 rivers in Huaihe River Basin, some of which flow into Weishan Lake from 

northeast to southwest, and some flow into Beijing Hangzhou Grand Canal from north to south. 

The geological structure of the study area is a monoclinic faulted basin, with single-sided mountains 

extending in EW direction distributed in the north and south sides. The central terrain is flat, and there 

are surface watersheds around. Paleozoic strata are widely developed in the basin, and Carboniferous, 

Ordovician and Cambrian coal measures strata are successively exposed from North to south. The 

karst of Cambrian strata is not well developed and the water abundance is weak. The dolomite of 

Sanshanzi formation of the Cambrian Ordovician Jiulong group in the southern part of the basin is 

the main water supply aquifer in the study area with well developed karst fissures and good water 

yield. 

 

Fig. 1 Schematic diagram of sampling point location 
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2.2 Data sources 

The groundwater data used in this study are provided by 801 hydrogeological engineering brigade of 

Shandong Bureau of Geology and mineral exploration and development. The groundwater 

observation points are shown in Figure 1. 48 groundwater samples from Zaozhuang City in June 2017 

(dry season) and September 2017 (wet season) are selected for detection. Groundwater analysis 

indexes include pH, total dissolved solids (TDS), total hardness (TH), K+, Na+, Ca2+, Mg2+, Cl-, SO4
2-, 

HCO3
-, NO3

- and other related components. 

2.3 Research methods 

In order to analyze the hydrochemical components and types in the study area, this study carried out 

mathematical statistical analysis on the hydrochemical data of groundwater in the study area, and 

described the basic characteristics of the main chemical components of groundwater with the 

maximum (Max), minimum (Min), average (Mean), standard deviation (SD) and coefficient of 

variation (Cv). Piper three line diagram was drawn by AqQa software, and shukarev classification 

method was used to classify hydrochemical types in detail. SPSS was used for ion correlation analysis, 

and Origin was used to draw Gibbs diagram and ion ratio diagram to explore the genesis of 

groundwater hydrochemistry [9,10]. 

3. Results and analysis 

3.1 Characteristics of major ions 

The statistical results of main chemical components of groundwater in dry and wet periods in 2017 

are shown in Table 1. According to the statistical results, the relative contents of Ca2+, HCO3
- and 

SO4
2- in the groundwater of the study area are relatively high. The average concentrations of Ca2+> 

Na+>Mg2+>K+ were 150.31 mg/L, 33.92 mg/L, 21.63 mg/L and 1.04 mg/L in dry season, and 146.71 

mg/L, 22.44 mg/L, 18.42 mg/L and 0.99 mg/L in wet season; The average concentrations of HCO3
-> 

SO4
2- > NO3

- > Cl- were 293.14, 162.53, 72.92 and 56.17 mg/L in dry season, and 299.13, 121.80, 

74.09 and 44.63 mg/L in wet season. 

 

Tab. 1 Statistics of main chemical components 

Period Index Min Max Mean SD Cv 

Dry 

season 

pH 6.97 7.66 7.25 0.15 0.02 

TH 318.75 683.05 469.76 116.92 0.25 

TDS 285.00 1630.00 642.02 221.60 0.35 

K+ 0.02 4.99 1.04 0.94 0.90 

Na+ 5.56 348.80 33.92 48.20 1.42 

Ca2+ 62.73 231.46 150.31 38.81 0.26 

Mg2+ 9.36 45.33 21.63 9.54 0.44 

Cl- 17.04 296.54 56.17 53.13 0.95 

SO4
2- 62.74 516.31 162.53 90.70 0.56 

HCO3
- 220.58 420.30 293.14 55.69 0.19 

NO3
- 4.90 181.85 72.92 42.43 0.58 

Wet 

season 

pH 6.84 7.90 7.29 0.24 0.03 

TH 238.69 710.07 458.71 98.96 0.22 

TDS 290.00 1116.00 590.35 157.22 0.27 

K+ 0.27 6.83 0.99 1.08 1.08 

Na+ 2.40 177.60 18.42 25.56 1.39 

Ca2+ 73.35 234.27 146.71 31.73 0.22 

Mg2+ 0.85 49.46 22.44 10.01 0.45 

Cl- 12.05 207.40 44.63 33.49 0.75 

SO4
2- 30.74 349.66 121.80 60.11 0.49 

HCO3
- 202.10 426.30 299.13 57.50 0.19 

NO3
- 10.99 155.54 74.09 34.32 0.46 

Note: except pH, the concentration unit of other indexes is mg · L-1 
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The pH value of groundwater samples ranged from 6.97 to 7.66, with an average value of 7.25; The 

content of TDS ranged from 285.00 mg/L to 1630.00 mg/L, with an average of 642.02 mg/L; Th was 

318.75-683.05mg/l, with an average of 469.76mg/l. The pH value of groundwater samples in wet 

season ranged from 6.84 to 7.90, with an average of 7.29; The content of TDS ranged from 290.00 

mg/L to 1116.00 mg/L, with an average of 590.35 mg/L; Th ranged from 238.69 mg/L to 710.07 

mg/L, with an average of 458.71 mg/L. 

In conclusion, the groundwater in the study area is weakly alkaline, and the coefficient of variation 

of pH value is small, indicating that the groundwater pH value in the study area is relatively stable. 

The TDS of groundwater samples in dry and wet seasons ranged from 285.00 mg/L to 1630.00 mg/L 

and 290.00 mg/L to 1116.00 mg/L. according to the TDS classification method, the fresh water and 

brackish water were classified. The average hardness of water samples in dry season and wet season 

is 469.76 mg/L and 458.71 mg/L respectively. The coefficient of variation of K+, Na+ and Cl- is large, 

which indicates that the content of K+, Na+ and Cl- in groundwater is unstable and may be affected 

by human activities. 

3.2 Piper three line diagram 

Piper's three line diagram can be used to represent the main ion composition characteristics of 

groundwater chemistry [9,10]. It can be seen from Figure 2 that Ca2+ is the main cation and HCO3
- 

and SO4
2- are the main anions in water samples of dry and wet seasons in the study area. According 

to shukarev classification, there are seven types of Groundwater Hydrochemical Types in the study 

area in the dry season, HCO3·SO4-Ca type is the main type, accounting for 54% of the water samples, 

followed by HCO3-Ca type, and complex Cl·SO4·HCO3-Na·Ca type appears in the east side (28) of 

dongwangzhuang water plant. There are seven types in wet season, HCO3·SO4-Ca type is the main 

type, accounting for 44% of the water samples, followed by HCO3-Ca type, and complex 

HCO3·Cl·SO4-Ca·Na type appears in the east side (28) of Dongwangzhuang water plant. 

 

Fig. 2 Piper diagram 

3.3 Correlation analysis 

Ion correlation analysis can be used to determine whether the ions in groundwater are homologous or 

not [11]. SPSS software is used to analyze the correlation of groundwater samples in dry and wet 

periods in the study area. The calculation results are shown in Table 2. 
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It can be seen from table 2 that the groundwater samples in dry and wet seasons have the following 

characteristics: Na+, Ca2+, Cl-, SO4
2- are significantly correlated with TDS at the level of 0.01, with 

strong positive correlation, indicating that the TDS of groundwater in the study area is mainly affected 

by the above five ions; There is a strong correlation among Na+, Cl- and SO4
2-, which indicates that 

Na+, Cl- and SO4
2- in the groundwater in the study area may have the same source; The correlation 

between Ca2+ and SO4
2- is high, suggesting that gypsum minerals may exist in the study area; There 

is a high correlation between Mg2+ and HCO3
-, suggesting that dolomite deposits may exist in the 

study area. In order to judge the source of ions in groundwater more accurately, Gibbs diagram and 

ion ratio method are used to analyze the source of ions in groundwater. 

 

Tab. 2 Ion correlation analysis 

Index 
Dry season 

pH TDS K+ Na+ Ca2+ Mg2+ Cl- SO4
2- HCO3

- NO3
- 

pH 1          

TDS -0.481** 1         

K+ -0.073 0.443** 1        

Na+ -0.184 0.773** 0.487** 1       

Ca2+ -0.527** 0.764** 0.18 0.206 1      

Mg2+ -0.454** 0.608** 0.295* 0.391** 0.397** 1     

Cl- -0.304* 0.858** 0.374** 0.916** 0.412** 0.497** 1    

SO4
2- -0.413** 0.915** 0.505** 0.724** 0.713** 0.415** 0.701** 1   

HCO3
- -0.331* 0.579** 0.340* 0.415** 0.407** 0.767** 0.382** 0.471** 1  

NO3
- -0.382** 0.458** -0.079 -0.004 0.674** 0.290* 0.314* 0.224 -0.017 1 

Index 
Wet season 

pH TDS K+ Na+ Ca2+ Mg2+ Cl- SO4
2- HCO3

- NO3
- 

pH 1          

TDS -0.185 1         

K+ 0.203 0.334* 1        

Na+ 0.102 0.637** 0.347* 1       

Ca2+ -0.342* 0.817** 0.114 0.138 1      

Mg2+ 0.017 0.597** 0.303* 0.378** 0.278 1     

Cl- -0.083 0.725** 0.148 0.847** 0.327* 0.429** 1    

SO4
2- -0.179 0.844** 0.374** 0.422** 0.820** 0.367* 0.364* 1   

HCO3
- 0.073 0.501** 0.172 0.366** 0.282 0.780** 0.241 0.340* 1  

NO3
- -0.28 0.524** 0.126 0.037 0.612** 0.141 0.408** 0.266 -0.161 1 

*: It means significant correlation at 0.05 level; **: It means significant correlation at 0.01 level 

 

3.4 Gibbs diagram 

Gibbs diagram can directly reflect the ionic origin of surface water (evaporation crystallization, rock 

weathering and atmospheric precipitation), and can also be used to explore the source of groundwater 

ions [12,13]. The Gibbs diagram of groundwater in dry and wet periods in the study area was drawn 

by using Origin Software (Fig. 3).  

When the TDS value is low and the ratio of Cl-/(Cl-+HCO3
-) or Na+/(Na++ Ca2+) is greater than 0.5, 

it indicates that the regional hydrochemical components are mainly controlled by atmospheric 

precipitation; When the TDS value is the median value and the ratio of Na+/(Na++Ca2+) or Cl-/(Cl-

+HCO3
-) is less than 0.5, it indicates that the regional hydrochemical components are mainly 

controlled by rock weathering; When the TDS value is high and the ratio of Na+/(Na++Ca2+) or Cl-

/(Cl-+HCO3
-) is close to 1, it indicates that the hydrochemical components in this area are mainly 

controlled by evaporation crystallization. As shown in Figure 3, the groundwater sample points in dry 

and wet seasons in the study area are all distributed in the Gibbs model, mainly concentrated in the 

rock weathering control area, and only a few points move to the evaporation crystallization control 

area, indicating that the hydrochemical components of groundwater in the study area are mainly 

controlled by rock weathering. 
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Fig. 3 Gibbs diagram 

3.5 Ion ratio analysis 

Through the Mg equivalent ratio of Mg2+/Na+, HCO3
-/Na+andCa2+/Na+, the main sources of ions in 

groundwater can be further analyzed [14,15]. As shown in Figure 4, water samples in dry and wet 

seasons are distributed in the control area of carbonate and silicate rocks, close to the control area of 

carbonate rocks, indicating that the study area is mainly controlled by the weathering and dissolution 

of carbonate rocks, followed by the weathering and dissolution of silicate rocks, and the control effect 

of evaporated salt rocks is small. This is because the water sample in the study area comes from karst 

aquifer, and its main lithology is Ordovician Dolomite. Affected by the structural conditions, karst 

fissures are developed in the study area, which provides favorable conditions for the dissolution of 

carbonate rocks. 

 

Fig. 4 Ion endmember diagram 

 

In groundwater, the ratio of various ions can be used to analyze the hydrochemical origin [16]. The 

Mg equivalent ratio of (Na++K+) to Cl- can be used to reflect the main sources of Na+ and K+ in 

groundwater. When the ratio is near y = x, it indicates that Na+ and K+ in groundwater mainly come 

from salt rock dissolution [11]. As shown in Fig. 5 (a), the water samples in dry season and wet season 

are all located near y = x, which indicates that the Na+ and K+ in the groundwater in the study area 

mainly come from the dissolution of salt rock. The water samples in dry season are distributed on 

both sides of y=x, and some of them are located above y = x, which indicates that the content of Na+ 

and K+ is more than that of Cl-, which may be caused by the dissolution of aluminosilicate minerals 

(such as feldspar) containing sodium and potassium in the study area, It may also be affected by the 

alternating adsorption of cations. Some of the water samples are below y=x, indicating that the content 

of Na+ and K+ is lower than that of Cl-, which may be caused by the dissolution of other chlorine 
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bearing minerals, or may be affected by human activities, and Na+ and K+ are also reduced by the 

effect of cation alternating adsorption; During the wet season, almost all the water samples are located 

below y=x, and a few are located above y=x. it is speculated that with the coming of the wet season, 

the precipitation will increase, and the leaching will strengthen, so that the Cl- in groundwater will 

increase. 

The Mg equivalent ratio of (Ca2++Mg2+) to (HCO3
-+SO4

2-) can be used to analyze the main sources 

of Ca2+ and Mg2+ in groundwater. It can be seen from Fig. 5 (b) that almost all the water samples in 

the dry and wet seasons in the study area are distributed above y=x, and only a few of them are located 

below y=x, which indicates that the Ca2+ and Mg2+ in the groundwater in the study area are mainly 

derived from the dissolution of carbonate rocks, and only a few of them are related to the dissolution 

of silicate and evaporite rocks. 

The Mg equivalent ratio of (SO4
2-+Cl-) to HCO3

- can be used to reflect the source of ions in 

groundwater [13]. It can be seen from Figure 5 (c) that the sampling points of groundwater in dry and 

wet seasons in the study area are distributed on both sides of y=x, and the points below are slightly 

more than those above, which indicates that the source of groundwater ions in the study area is related 

to the dissolution of carbonate and silicate rocks, in which the dissolution of carbonate rocks is 

slightly dominant. 

The ratio diagram of (Ca2++Mg2+)-(HCO3
-+SO4

2-) and (Na++K+-Cl-) can indicate the cation 

alternating adsorption [17]. As shown in Figure 5 (d), the distribution of water sample points in the 

study area in dry season is near the straight line with the slope of -1.2358, R2=0.7492; In wet season, 

the water samples were distributed near the straight line with the slope of -1.5582, R2=0.7919. The 

slopes of water samples in dry and wet seasons are close to -1, which indicates that cation alternating 

adsorption occurs in the study area. 

 

Fig. 5 Ion ratio diagram 
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4. Conclusion 

(1) The pH of groundwater in the east of Weishan Lake is weakly alkaline in dry and wet seasons; 

The main cations are Ca2+, and the main anions are HCO3
- and SO4

2-; According to TDS classification, 

groundwater is in fresh water and brackish water level; According to the hardness classification, the 

groundwater in the study area belongs to extremely hard water. The spatial variability of K+, Na+, Cl- 

was very strong, but the spatial variability of pH, th, TDS was not strong. TDS had a strong correlation 

with Na+, Ca2+, Cl-, SO4
2-. 

(2) The hydrochemical types of groundwater in the study area are various. There are 7 hydrochemical 

types in dry season and 7 hydrochemical types in wet season. All of them are HCO3·SO4-Ca type, 

followed by HCO3-Ca type. The hydrochemical types in the east side of DongWangZhuang 

waterworks are complex. They are Cl·SO4·HCO3-Na·Ca type in dry season and HCO3·Cl·SO4-

Ca · Na type in wet season, indicating pollution. 

(3) The main sources of Ca2+ and Mg2+ are carbonate dissolution, and the main sources of Na+ and 

K+ are salt dissolution (The ratio diagram of Ca2++Mg2+ - (HCO3
-+ SO4

2-) to (Na++K+-Cl-) indicates 

that cation exchange takes place in the study area. 
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