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Abstract. Open dumping is the type of landfill used in Terjun landfill.  This type of landfill has a high potential 
for pollution to the environment, especially in groundwater quality. This study aims to determine the quality of 
groundwater in the Terjun landfill area and its hydrogeochemistry. The methods proposed in this research are 
Trilinear Piper Diagram Analysis (1944), Stiff Quadrangle Diagram Analysis (1951) and Durov Diagram 
Analysis (1948). The elements analyzed include Calcium (Ca2+), Sodium (Na+), Magnesium (Mg2+), Potassium 
(K+), Chloride (Cl-), Bicarbonate (HCO3-) and Sulfate (SO42-). The results obtained on the electrical 
conductivity value ranged from 100-1100 micromhos/cm, indicating the classification of the water as fresh 
water. Analysis of the major ion test results of each sample using the three methods shows that the dominant 
ion content in the borehole groundwater is Cl- ions in borehole 1 and HCO3- ions in the other boreholes. On 
the Piper diagram, it can be determined that the facies or type of borehole groundwater that has been tested is 
Ca2+-HCO3-. Then the Durov diagram can be divided into 2 groups, namely the simple dissolution or mixing 
and reverse ion exchange groups. When looking at the results of the major ion test, sample point 1 has a high 
level of Cl- ions influenced by leachate water and a fairly close distance to the landfill. 

 

 
1. Introduction  
Water is very important in life because all living things in this world need water. Water is utilized by humans for various 
needs of daily life. The need for water for individual purposes varies for each place and each level of need. The higher 
the standard of living in a place, the more the need for water increases. The use of water is very extensive, so it must 
be pursued in such a way as to remain available and meet certain physical, biological and chemical requirements [1, 2]. 
Groundwater is the largest and most important source of drinking water worldwide and more than 1.5 million people 
depend on it daily [3]. However, the vulnerability of groundwater to contamination has been a growing concern. 
Groundwater pollution mainly results from increasing urbanization and industrialization. These developments 
encourage the generation of solid waste, its indiscriminate disposal, and mismanagement in landfills and open 
dumpsites. Landfilling is a common solid waste management approach worldwide although such facilities pose a pre-
existing pollution threat to surface water and groundwater through leachate infiltration in closed and uncovered landfills 
[4].  
Landfill is a place for various kinds of waste so that leachate contains various types of pollutants that have the potential 
to disturb the environment and human health. Leachate can seep into the ground, or flow on the ground surface and 
lead to river water flow [5, 6, 7, 8, 9]. Each landfill has different leachate characteristics depending on the processes 
that occur in the landfill, which include physical, chemical and biological processes [10]. Open dumping is a type of 
landfill that is widely used in Indonesia. This type of landfill has a high potential for pollution to the environment, 
especially to the surrounding groundwater quality because it does not have an environmental sanitation system and 
cover layer [11]. Solid waste disposal can impact groundwater quality. Solid waste is commonly managed by landfilling 
as it is the simplest and least expensive waste management technique [9, 12]. Landfilling produces leachate which is 
loaded with nutrients such as Na+, K+, Mg2+, Ca2+, NH4

+, NO3−, F−, Cl−, PO4
3−, and HCO3−. Many scientific reports 
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emphasize that groundwater close to landfills is often polluted through leachate [5, 13]. High concentrations of 
pollutants in water make it unsuitable or affect human and animal health as well as agriculture [14]. Relevant 
information on the nutrient or pollutant status of groundwater around plunge landfills is lacking. This study aims to 
determine the quality of groundwater in the plunge landfill area and its hydrogeochemistry. Good groundwater quality 
will have a certain type of groundwater chemistry, with a certain main element content, in accordance with the limits 
recommended by the government [15]. The methods proposed in this study are Trilinear Piper Diagram Analysis (1944) 
[16], Stiff Quadrangle Diagram Analysis (1951) [17] and Durov Diagram Analysis (1948) [18]. 

2. Research Methods 
2.1 Time and Location of Research 
This research was conducted from October 2022 to December 2022 and the research location was in settlements around 
the Terjun landfill with a radius of 1 km (PERMEN PU No.3/PRT/M/2013) from the center of the landfill, Medan 
Marelan District, North Sumatra Province.  
The implementation of this research was conducted by considering the following points: 
1. The distance of residential areas is quite close to the landfill site. 
2. There are still people who use deep borehole groundwater to fulfil their daily needs. 

 
Fig. 1. Location of the Research Area 

 
Sampling Location Data: 

Table 1. Sampling Location Data 
No. Name Depth(m) 
1 Borehole 1 (SB 1) 66 m 
2 Borehole 2 (SB 2) 120 m 
3 Borehole 3 (SB 3) 60 m 
4 Borehole 4 (SB 4) 72 m 
5 Borehole 5 (SB 5) 72 m 
6 Borehole 6 (SB 6) 60 m 
7 Borehole 7 (SB 7) 54 m 
8 Borehole 8 (SB 8) 72 m 
9 Borehole 9 (SB 9) 72 m 
10 Borehole 10 (SB 10) 72 m 
11 Borehole 11 (SB 11) 66 m 
12 Borehole 12 (SB 12) 54 m 

This research was conducted to test deep borehole water in settlements around Terjun landfill, Medan Marelan sub-
district with a total of 12 sampling points of deep well groundwater samples. 

2.2 Research Methods and Parameters 
Groundwater sampling in the study area was conducted periodically in wells scattered in the study area. Sampling 
groundwater as much as 1 liter of water for each sample point and then analyzed in the laboratory. The elements 
analyzed in this study include major elements in groundwater. The elements analyzed include Calcium (Ca2+), Sodium 
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This research was conducted to test deep borehole water in settlements around Terjun landfill, Medan Marelan sub-
district with a total of 12 sampling points of deep well groundwater samples. 

2.2 Research Methods and Parameters 
Groundwater sampling in the study area was conducted periodically in wells scattered in the study area. Sampling 
groundwater as much as 1 liter of water for each sample point and then analyzed in the laboratory. The elements 
analyzed in this study include major elements in groundwater. The elements analyzed include Calcium (Ca2+), Sodium 

(Na+), Magnesium (Mg2+), Potassium (K+), Chloride (Cl-), Bicarbonate (HCO3
-) dan Sulfate (SO4

2-). The results of the 
analysis of groundwater samples were then analyzed using the Stiff diagram, 1951 to determine the chemical type of 
groundwater. The principle of making this diagram uses the dominant ions dissolved in water. The thing to note on the 
sfiff diagram is the shape and size. The shape of the stiff diagram shows the chemical nature of groundwater based on 
the dominant ions in the groundwater in it, while the size or size of the diagram shows the amount of the dominant ions. 
Laboratory data analysis results at each sample location are used as basic input data to determine the dominance of 
cation and anion distribution at each sample location. Analysis of the evolution of groundwater hydrogeochemistry that 
occurs is carried out using the Piper Trilinear Diagram method, 1944 is the most widely used graphical method for 
analyzing water geochemical data. Based on this diagram, to evaluate the relative concentration of major cations and 
anions in water samples. Thus, the hydrogeochemical evolution of groundwater can be determined. Durov diagrams in 
hydrochemistry are used to assist in interpreting groundwater evolution trends and processes taking place within 
groundwater systems [19]. 

3. Results 
Electrical Conductivity content analysis results 

 
Table 2. Electrical Conductivity Content 

Num Sample Depth Conductivity(µs/cm) Clasification 
1 SB 1 66 m 1100 Fresh water 
2 SB 2 120 m 200 Fresh water 
3 SB 3 60 m 200 Fresh water 
4 SB 4 72 m 200 Fresh water 
5 SB 5 72 m 100 Fresh water 
6 SB 6 60 m 200 Fresh water 
7 SB 7 54 m 200 Fresh water 
8 SB 8 72 m 100 Fresh water 
9 SB 9 72 m 100 Fresh water 
10 SB 10 72 m 100 Fresh water 
11 SB 11 66 m 100 Fresh water 
12 SB 12 54 m 200 Fresh water 

 
The electrical conductivity value at the research location ranges from 100-1100 µs/cm. These results indicate that the 
classification of deep borehole water at the study site is classified as freshwater. 
Cation and anion content test results of borehole water samples. 

Table 3. Percentage of Cation and Anion Content  

Borehole Major Ion (%) 
Na K Ca Mg Cl HCO3 SO4 

SB 1 0 0 95,608 4,392 48,683 51,116 0,200 
SB 2 0 0 66,432 33,568 5,099 94,901 0,000 
SB 3 0 0 86,821 13,179 7,576 92,424 0,000 
SB 4 0 0 92,175 7,825 4,587 95,338 0,075 
SB 5 0 0 85,587 14,413 6,382 93,514 0,104 
SB 6 0 0 93,701 6,299 13,586 86,414 0,000 
SB 7 0 0 85,587 14,413 5,519 94,391 0,090 
SB 8 0 0 79,831 20,169 7,491 92,344 0,165 
SB 9 0 0 83,143 16,857 5,575 93,966 0,458 
SB 10 0 0 92,249 7,751 5,133 94,445 0,422 
SB 11 0 0 90,839 9,161 5,754 94,246 0,000 
SB 12 0 0 88,773 11,227 6,714 93,286 0,000 

Results of anion and cation analysis with Stiff Diagram (1951) [17] is shown in Figure 2. 
Based on the results of the stiff diagram, the dominant ions in the borehole groundwater are Cl- ions in borehole 1 and 
HCO3- ions in other boreholes.  In general, HCO3 in the borehole groundwater system indicates the type of freshwater 
while the higher Cl- concentration in borehole 1 can be influenced by leachate water and the close proximity of the 
well to Tejun landfill. The high concentration of chloride ions can be sourced from waste leachate water which is the 
result of waste decomposition from the landfill that seeps into the borehole groundwater aquifer [20]. 
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Fig. 2. Results of Stiff Diagram Plotting 

 
Results of anion and cation analysis with Piper Diagram is shown in Figure 3. 

 
Fig. 3. Results of Piper Diagram Plotting 

 
Description of Figure 3 is given below: 
A: Calcium Type, B: No dominant type, C: Magnesium type, D: Sodium or Calcium type, E: Bicarbonate type, F: 
Sulfate Type, G: Chloride Type, H: No dominant type, I: Mg(HCO3)2 type, II: Mixed type, III: Na-HCO3 Type, IV: 
Na-Cl type, V: Ca-Cl type 
 
In the fields of hydrogeology and groundwater examination, a piper plot is a diagram that can interpret the ion content 
in a water sample [21]. 
Based on the piper diagram, it shows that the dominant cation in all borehole samples is calcium (Ca2+) and the dominant 
anion is chloride (Cl-) in borehole 1 and Bicarbonate (HCO3

-) in other boreholes. The presence of Ca2+ ions in water 
can cause water hardness [22]. Calcium is one of the important elements in igneous minerals such as silica, pyroxene, 
amphibole and feldspar. Calcium is in water due to the contact of water with igneous and metamorphic rocks which 
generally have low concentrations because the rate of decomposition is slow. Most calcium is found in carbonate 
sedimentary rocks [23]. The degree of freedom of a borehole groundwater sample is expressed in a value called 
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-) in other boreholes. The presence of Ca2+ ions in water 
can cause water hardness [22]. Calcium is one of the important elements in igneous minerals such as silica, pyroxene, 
amphibole and feldspar. Calcium is in water due to the contact of water with igneous and metamorphic rocks which 
generally have low concentrations because the rate of decomposition is slow. Most calcium is found in carbonate 
sedimentary rocks [23]. The degree of freedom of a borehole groundwater sample is expressed in a value called 

alkalinity. In other words, alkalinity is defined as how much acid is used to neutralize borehole groundwater.  High 
alkalinity in borehole groundwater can be caused by the ionization of carbonic acid, especially in water that contains a 
lot of carbon dioxide. Carbon dioxide in water reacts with bases found in rocks and soil and forms bicarbonate [23]. 
Overall, the borehole groundwater sampled in this study has cations dominated by calcium (Ca2+) and anions dominated 
by bicarbonate ions (HCO3

-) shown in sections A and E of the Piper diagram as the content that has the dominant 
percent concentration. 
The groundwater facies of the borehole in the study area include Mg-HCO3 and Ca-Cl facies. However, what is drawn 
in the conclusion is the facies that has the dominant content. The content of the borehole groundwater tested in this 
study, based on the piper diagram and stiff diagram, is dominated by Ca2+ and HCO3

- ions. Therefore, it can be stated 
that the borehole groundwater in this study belongs to the Ca-HCO3 facies. This facies shows that the borehole 
groundwater circulation is not too far away and the emergence of this facies is likely due to the dominant influence of 
lithology on the borehole groundwater. Ca content is produced during ion exchange of borehole groundwater with the 
rocks it passes through [23]. In addition, the element HCO3 has an anion facies is bicarbonate type (HCO3

-). Water 
changes with the process of dissolving CO2 with carbonate minerals through soil and rock then releases HCO3 [23]. In 
this case, it can be concluded that the borehole groundwater facies is included in the freshwater type that has not been 
contaminated by sea water. According to Afriyani (2020) [24], the borehole groundwater at the sampling location is a 
bicarbonate groundwater group (I). The high content of bicarbonate and alkali in water can increase water hardness, 
where one of the elements that cause water hardness is Ca and Mg elements. The type of Ca and Mg in the facies comes 
from the interaction of water with minerals in the rock. These minerals are feldspar and mafic minerals in the Damar 
Formation. 
Results of anion and cation analysis with Durov Diagram. 

 
Fig. 4. Results of Durov Diagram Plotting 

 
The results of the plotting can be divided into two groups, namely the simple dissolution or mixing group and the 
reverse ion exchange group. In the simple dissolution process the dissolution rate depends on the solubility of a mineral. 
This group indicates that the borehole groundwater experienced a mixing process in several aquifers located at that 
location. The mixing can also occur in leaking aquifers, resulting in the mixing of borehole groundwater from different 
aquifers [25]. The reverse ion exchange group indicates the reverse ion exchange process and the dominant ions 
involved are Ca2+ and HCO3

- ions. 

4. Conclusion 
The major ion content at the research site using the Stiff Diagram method is divided into anions and cations. Based on 
cations, calcium ions (Ca2+) dominate in all samples while based on anions, chloride ions (Cl-) dominate in sample SB 
1 and bicarbonate elements (HCO3

-) dominate in other samples. The hydrogeochemical types or facies of deep borehole 
groundwater at the research site using the Piper Diagram method are Mg-HCO3 and Ca-Cl. The dominant groundwater 
facies is Ca-HCO3 followed by Mg-HCO3. The borehole groundwater at the research site is a bicarbonate (I) 
groundwater group. Based on the Durov Diagram method, a simple dissolution or mixing process occurs in borehole 
sample 1. In this process, it indicates that the borehole groundwater undergoes a mixing process in several aquifers 
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located at the research site. In other borehole samples, the reverse ion exchange process occurs and the dominant ions 
are Ca2+ and HCO3

- ions. 
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