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Abstract. Groundwater provides an overview of environmental conditions in an area. 

Chemical analysis of groundwater will provide information about the origin and quality of 

groundwater as a basis for groundwater utilization. In this paper, analysis is carried out by 

determining the water types of unconfined groundwater. An unconfined groundwater 

sample was taken from Southern Bandung. Measurement of major ion (sodium, potassium, 

magnesium, calcium, chloride, sulfate and bicarbonate), also pH and electrical 

conductivity were carried out in 16 groundwater samples. Paper discusses a) the 

classification of groundwater types determined by the Kurlov method, b) the correlation of 

chemical properties in groundwater determined by the Stiff method. The result showed that 

unconfined groundwater in Southern Bandung was dominated by calcium cations and 

bicarbonate anions, and water type was dominated by calcium – alkali – bicarbonate – 

chloride. The correlation of chemical properties in groundwater is seen in several locations 

that show groundwater in the same flow and is fresh. 
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1   Introduction 

Chemical content in water consists of ions (anions and cations). Based on concentration, 

ions in water are divided into major ions (1–1000 mg/L) and minor ions (0.01–10 mg/L) [1, 2]. 

The presence of major ions can affect water types, while minor ions are not very influential. 

Minor ions affect others in water such as nitrates on health. Water types are a description of the 

amount of ion concentration in water that can determine the nature of groundwater, and provides 

an overview of environmental conditions. 

The interpretation of groundwater chemistry can be solved by several methods, among 

which are the Kurlov and Stiff method. Kurlov is a classification method to determine the 

groundwater water types by calculating the percentage of milliequivalent anions and cations in 

groundwater using Kurlov formula, determination of water type is based on ion content which 

≥ 25% [3]. Stiff is a correlation method to determine groundwater water types and also shows 

the differences and similarities in the pattern, in units of mg/L or meq/L. This method uses a 

horizontal parallel axis and a vertical axis to compare chemical composition based on the 

direction of flow. The cation is plotted at the top from zero and the anion is at the bottom of 

zero. The relationship between cations points and anion points gives a pattern, different patterns 

show different water types. The pattern that results can be interpreted as the development of 

these ions in the groundwater [3]. 
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Southern Bandung is predicted to develop rapidly along with the construction of new toll 

roads, its interesting to see groundwater in the region, especially unconfined groundwater which 

is widely used as a water source and vulnerable to change. Chemical analysis of groundwater 

content will provide information about the origin and quality of groundwater as a basis for 

groundwater utilization. 

2   Study Area  

The study was conducted in Southern Bandung, and 16 samples of unconfined groundwater 

were taken. Spread in Banjaran District, Pangalengan District, Ciparay District, Rancaekek 

District, Margahayu District, and Margaasih District, see Figure 1. Topographically, the study 

area is mostly mountainous or hilly and partly terrain. The constituent rocks of the study area 

are sand, clay sand, and medium sand, see Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Location of the study area. 

 

 

 

 

 

 

 

Fig. 2. The type of rock at study area [4]. 

 



 

 

 

 

3   Methodology 

Chemical water types are determined from the major ions in water, consisting of cations 

(sodium, potassium, magnesium, calcium), and anions (chloride, sulfate, and bicarbonate). In 

addition, the parameters of pH and electrical conductivity were also determined. Groundwater 

samples were taken are unconfined groundwater from residents dug wells, and preserved in ice 

boxes filled with ice, then analyzed in a laboratory. The water chemistry analysis examination 

method is in accordance with the analysis method in Table 1. 

Table 1.  Analytical methods for examining water samples. 

No Parameter  Preservation Methode [5] 

1 pH  Potentiometry 

2 Electrical conductivity  Conductometry 

3 Sodium (Na+) Decrased  

temperature  

of water  

samples  

until it reaches  

around 10oC 

Flame Photometry 

4 Potassium (K+) Flame Photometry 

5 Magnesium (Mg2+) Complexometry-Volumetric  

6 Calcium (Ca2+) Complexometry-Volumetric 

7 Chloride (Cl-) Argentometry- Volumetric 

8 Sulfate (SO4
-) Turbidimetry- Spectrophotometry 

9 Bicarbonate (HCO3
-) Acidimetry- Volumetric 

 

Parameters analysis in Table 1 is used to determine water type by Kurlov method. Anions 

and cations respectively as numerator and denominator, the number of anions and cations in the 

unit of meq/L, only ions which amount more than 25 % of total meq/L will have a significant 

effect on water type. Characteristic constituents or properties of water, such as pH are following 

the fraction, see equation (1).  

 
𝑎𝑛𝑖𝑜𝑛𝑠

𝑐𝑎𝑡𝑖𝑜𝑛𝑠
 𝑤𝑎𝑡𝑒𝑟 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 =   

𝐶𝑙𝑥𝐻𝐶𝑂3𝑥𝑆𝑂4𝑥

𝐶𝑎𝑥𝑀𝑔𝑥𝑁𝑎+𝐾𝑥
𝑝𝐻

𝑥
…    (1) 

 

The stiff method is carried out using Plotchem. The plot of anions and cations will produce 

various patterns, depending on the number of ions in water. The shape of the pattern will indicate 

water types, different patterns show the different water types, while the size of the pattern 

indicates the number of ions contained in the groundwater. 

4   Result and Discussion 

The acidity or basicity of a solution is determined by the presence of hydrogen ions in water 

called pH. The neutral solution is a solution that has a pH of 7. The water sample at the study 

area has a pH of 5.42 -7.46, dominantly the water sample has a neutral pH and some are slightly 

acidic as shown in Figure 3. 

Electrical conductivity provides information about the nature of water. Based on the 

classification conducted by Mandel [6], the distribution of water based on electrical conductivity 

is distilled water, rainwater, fresh groundwater, seawater, and saltwater. Fresh groundwater has 



 

 

 

 

an electrical conductivity value of 30 - 2000 µS [6]. The water sample at the study area has an 

electrical conductivity value of 149 - 1020 µS/cm or is fresh groundwater, see Figure 3. 

 

 

 

Fig 3. pH and electrical conductivity at the study area. 

The analysis of determining water types using the Kurlov method and Stiff method. The 

data used is data with a maximum ion balance error of 5% [1]. Determination of ion balance 

error using equation (2). 

 

𝐸 =
𝑟𝑐−𝑟𝑎

𝑟𝑐+𝑟𝑎
𝑋 100%       (2) 

Where  E  = ion balance error 

 ra = number of anions in units meq/L 

 rc = number ofc anions in units meq/L 

 

The analysis of water types determination using the Kurlov method is shown in Figure 4. 

While Figure 4 shows a resume of Kurlov method analysis. Based on Table 2, the dominant 

water types at the study area are Calcium - Alkali - Bicarbonate - Chloride, found in 6 water 

sample locations, that are Rancaekek District, Ciparay District, and Margaasih District. The 

dominant cation in the water sample is calcium cation, and the dominant anion in the water 

sample is bicarbonate anion. Calcium cation and bicarbonate anion are ions that form 

freshwater, bound to form water type calcium bicarbonate [1, 2, 7, 8], as shown in equation (3). 

 

 𝐶𝑎2+ + 𝐻𝐶𝑂3
2−  ==>  𝐶𝑎(𝐻𝐶𝑂3)2  (3) 

The presence of this water type shows that groundwater in the study area has not been disturbed, 

although unconfined groundwater is very susceptible to contamination because it is close to the 
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ground surface. The ion content in groundwater is influenced by rocks where groundwater 

exists. 

Alkaline cations, sulfate anions, and chloride anions are found in dominant quantities in 

several locations. The discovery of these ions shows that groundwater begins to change even in 

small concentrations, but this can be an indication of the risk of pollution. Based on field 

observations, water samples that have an alkaline cation and a sulfate anion or chloride anion 

are dominantly adjacent to a septic tank or gutter, so that possible ion differences can occur due 

to anthropogenic influences and its local.  

 

Fig. 4.  Determination of water types with Kurlov Method. 

Table 2. Summary of  Kurlov Methode. 

No Water type Sample No 
1 Calcium - Alkali - Bicarbonat - Klorida KB12, KB13, 

KB14, KB16, 

KB18, KB21 

2 Alkali -Calcium - Bikarbonat - Klorida KB19, KB20 

3 Alkali - Calcium - Sulfat - Bicarbonat KB15 

4 Calcium - Magnesium - Alkali - Klorida KB11 

5 Calcium - Magnesium - Bicarbonat -Klorida KB10  

6 Calcium - Magnesium - Klorida - Bicarbonat KB6 

7 Alkali - Calcium - Klorida - Bicarbonat KB2, KB4 

8 Calcium - Magnesium - Bicarbonat KB3 

9 Alkali - Calcium - Magnesium - Bicarbonat - Sulfat KB1 

 

The analysis of determining water types using the Stiff method is shown in Figure 5 and 

Figure 6. The results of the Stiff method are patterns that describe water types, the same pattern 

besides describing the same water types, also means that groundwater samples are in the same 

flow. 

  Figure 5 showed that groundwater samples from KB12, KB13, KB14, KB16, KB18, 

KB19, KB20, and KB21 have the same pattern shape of Stiff method, the ions content is 



 

 

 

 

dominated by calcium cation and bicarbonate anion. The same Stiff pattern shows that 

groundwater samples are in the same flow. The water samples are in Rancaekek District, 

Ciparay District, and Margahayu District. 

In Figure 6, the water samples in KB2 and KB4 have the same pattern shape as the Stiff 

method, this indicates that groundwater is in the same flow. The dominant ion content of the 

water sample in the Banjaran District is alkali cation. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. The pattern of the Stiff method with a predominance of cation calcium. 

 

 

 

 

 

 

 

 

 

 

Fig 6. The pattern of the Stiff method with the predominance of cation alkali. 

5   Conclusion  

Analysis by Kurlov method shows that unconfined groundwater in Southern Bandung is 

dominated by cations calcium and anions bicarbonate, and water type is dominated by calcium 

– alkali – bicarbonate – chloride. Analysis by Stiff method shows that the correlation of 

groundwater chemical content is seen in several locations which show groundwater is in the 

same flow and is fresh nature. 
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