
 

 

 
SPATIAL ANALYSIS OF THE IMPACT 

OF LEACHATE ON GROUNDWATER 

AROUND SUKOSARI LANDFILL, 

KARANGANYAR, CENTRAL JAVA, 

INDONESIA 

 
 

.

ABSTRACT 
This study was conducted to determine the impact of leachate pollution from landfills on the 
quality of well water around them and to map the leachate distribution. A total of eight 
sample locations were taken for laboratory testing, of the eight samples one was taken at the 
leachate outlet and the others were taken from wells around the Landfill. Laboratory tests 
were conducted to analyze the parameters of Potential Hydrogen (Ph), Biological Oxygen 
Demand (BOD), Chemical Oxygen Demand (COD), Total Suspended Solid (TSS), Mercury 
(Hg), Cadmium (Cd), Lead (Pb), and Iron (Fe). The results of the test show that the pH and 
mercury parameters do not exceed the quality standards, however, other parameters such 
as BOD, COD, TSS, CD, PB, and FE show values that exceed the quality standards. The 
standard for drinking water quality is based on the World Health Organization (WHO) and 
the Regulation of the Minister of Health (PERMENKES) of the Republic of Indonesia No. 02 
of 2023 and PP No. 22 of 2021. The data creates a pollution distribution map showing areas 
with significant contamination levels. This finding indicates a significant influence of activities 
at the landfill on the quality of the surrounding groundwater. This study highlights the 
importance of proper leachate management to prevent further pollution. And to provide 
education to the community, especially those who use wells for consumption purposes, to 
carry out treatment first before consuming. 
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1. INTRODUCTION 
The increasing population, industrial activities, and consumerism patterns have 

resulted in significant solid waste in urban areas. [1]. The waste management system in 
Indonesia consists of the Open Dumping method, the Sanitary Landfill method, and the 
Controlled Landfill method [2]. Currently, waste management in Indonesia, especially 
domestic waste, mostly uses the Open Dumping final disposal system [3]. Based on data 
from the Ministry of Environment and Forestry in 2023, it was recorded that Indonesia 
produced 17,441,415.28 tons/year and only 66.47% of waste was managed or around 
8,805,466.77 tons/year, while 33.53% of waste or around 5,848,304.32 tons/year was not 
managed (SIPSN,2023). 

One of the main problems that arise with the Open Dumping system in a city is 
continuous waste as a result of rainfall there is an increase in water levels, and the formation 
of leachate occurs [4]. A series of physical–chemical and biological reactions occur in solid 
waste, therefore leachate contains a large number of pollutants [5]. Such as organic 
materials, heavy metals, halogenated hydrocarbon materials, ammonia gas, organic salts, 



 

 

and chlorinated inorganic and vary according to weather conditions, soil conditions, landfill 
location, landfill age, and the composition of waste generation [6]. 

Leachate from landfills contains organic materials with high concentrations of 
Biological Oxygen Demand (BOD) ranging from 40,000 to 80,000 mg/L [7]. Among organic 
materials is a distinct subset known as pollutants  [8]. Pollutants comprise a series of 
heterogeneous chemicals that usually do not affect the environment. If left unchecked, they 
will cause ecological impacts or impacts on humans [8]. The impact of poor landfill 
management results in increasingly declining environmental quality [9]. Apart from producing 
leachate, open dumping landfills also produce CH4 which, if inhaled every day, will hurt 
human health [10]. Leachate contains various hazardous chemicals such as heavy metals, 
organic compounds, ammonia, and pathogenic microorganisms [11]. If leachate is not 
managed properly it can seep into the ground and contaminate groundwater [12].  

The impact of leachate on groundwater is that leachate carries toxic chemical 
compounds such as lead, mercury, and cadmium [13]. The presence of this compound has 
the potential to change the pH of groundwater to acidic or alkaline and can increase toxicity 
so that the water is not suitable for consumption  [14]. Leachate also causes an increase in 
turbidity and color of the water, leachate containing organic materials can cause the water to 
become cloudy and dark in color [15]. As a place for the growth of pathogenic 
microorganisms, the organic content of leachate can support the growth of pathogenic 
microorganisms and become a source of disease if consumed [16]. Leachate causes 
damage to the aquifer ecosystem, causing a reduction in the diversity of natural microbes 
that are important for environmental balance [17]. 

Leachate is also dangerous for humans, the impact of leachate on humans if 
leachate contaminates the water consumed can cause health problems [18]. Disorders of 
the nervous system, due to the presence of heavy metals and lead. Causes skin and 
gastrointestinal diseases due to the presence of pathogenic microorganisms [19]. Leachate 
also has an impact on kidney and liver damage due to organic and toxic compounds [20]. 

Several studies have been conducted to determine the distribution of leachate, 
especially in Indonesia, but using different methods and parameters. The research that has 
been conducted is still limited in scope and uses three parameters to determine the level of 
leachate pollution [21]. In addition, other research uses geoelectric methods to determine the 
distribution of leachate underground [22].   

The purpose of this study was to determine the distribution of leachate around the 
Sukosari Open Dumping Landfill. By taking samples around the landfill within a radius of 1 
km, water was taken from community wells and leachate in the landfill leachate drainage 
channel. Water samples were tested in the laboratory to determine the content of Potential 
Hydrogen (Ph), Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total 
Suspended Solid (TSS), Mercury (Hg), Cadmium (Cd), Lead (Pb), and Iron (Fe). 
Furthermore, data from the laboratory results will be processed to analyze the distribution of 
leachate using ArcGIS software. The creation of the map is expected to be useful for 
overcoming and creating methods that aim to reduce the spread of leachate. And can 
provide information to the community about water pollution in community wells. 

In accordance with the objectives of the SDGs in point 6.3 regarding improving 
water quality by 2030, the goals are to Reduce pollution, Eliminate waste discharge, 
Minimize the release of hazardous materials and chemicals, Halve the proportion of 
untreated wastewater, and increase safe recycling and reuse globally. 

 

2. METHODS 
 
2.1 STUDY AREA 
 Karanganyar Regency is one of the regencies in Central Java Province, Indonesia 
with an area of 77,379 Ha (BPS Karanganyar 2024)[23]. The final waste disposal center in 



 

 

Karanganyar Regency is located in Sukosari Village, Jumantono District, which has existed 
since 1994 [24]. Based on data from the Karanganyar Regency Environmental Service, the 
Sukosari Landfill accommodates waste from the Jumantono, Jumapolo, Jatipuro, 
Kebakkramat, Ngargoyoso, Matesih, Karangpandan, Tasikmadu, Karanganyar, Jatiyoso, 
Mojogedang, and Jenawi Districts (DLH Karanganyar, 2020). The area of the Sukosari 
Landfill based on the National Waste Management Information System (SIPSN) website is 
5.60 Ha, in 2022 the waste entering this Landfill will be 32,850 tons/per year. 
 The capacity of the Sukosari Landfill has exceeded the limit, but because there is no 
suitable area to be used as a Landfill and based on the Regency Rencana Tata Ruang 
Wilayah (RTRW), the Landfill is still being used now [25]. The Sukosari Landfill receives 
around 150 tons of waste every day [26]. The type of waste in the Sukosari Landfill is 60% 
organic waste, so the smell in the Landfill is quite pungent  [25].  

 
Figure 1. Study Area and Groundwater Flow 

 
2.2 SAMPLING METHOD 

Sampling of leachate and groundwater was carried out using a water sampling 
method based on SNI 6989.58:2008. Sampling was carried out at eight predetermined 



 

 

locations based on the direction of groundwater flow around the Sukosari Landfill. Water 
sampling is based on the direction of groundwater flow to determine the distribution of 
leachate [27], and sampling was carried out around the Landfill with a radius of 1 km. Water 
sampling is prioritized in community wells that use a dug system. The distribution of leachate 
that seeps through the pores of the soil is very possible so it has the potential to pollute 
community wells [28]. 
 

2.3 DATA PROCESSING 
The parameters tested to determine the suitability of water for consumption are pH, 

BOD, COD, TSS, Mercury, Cadmium, Lead (Pb), and Iron (Fe). The results of laboratory test 
data with 8 (eight) parameters will be adjusted to the standard standards according to the 
World Health Organization (WHO) and the Regulation of the Minister of Health of the 
Republic of Indonesia (PERMENKES) RI No. 02 of 2023 and PP No. 22 of 2021 for standard 
parameters for the quality of drinking water. After the data from the Laboratory is obtained 
and adjusted to the quality standards, the next step is to make a map. The map that is made 
is based on the data on the suitability of the quality standards to determine the distribution of 
leachate pollution. 
 Parameter testing is based on applicable standards, Ph testing is adjusted to SNI 
6989.11:2019. BOD content testing is by SNI 6989.72:2009, COD testing is adjusted to SNI 
6989.2:2019. Water quality testing to determine TSS content is adjusted to SNI 6989.3:2019, 
and Mercury content testing is adjusted to SNI 6989.78:2019. Cadmium (Cd) content testing 
is adjusted to SNI 06.6989.38:2005, for Lead (Pb) content testing in sample water is 
adjusted to SNI 6989-84:2019. Next, check the iron (Fe) content using SNI 6989-84:2019. 
 The results of laboratory data and adjustments to drinking water quality standards 
will be interpreted into a map. The stages of map creation are carried out by inserting data 
based on the results at each sample location. After that, it is entered into the ArcGIS 
software to be processed into a map by performing Data Interpolation, then Inverse Distance 
Weighted (IDW) is carried out, then adjustments are made to the symbology so that the map 
can be easily understood by the reader. 
 
 

3. RESULTS 
The results of laboratory tests on the distribution of leachate around the Sukosari 

landfill indicate that leachate is polluting community wells. However, the pollution is not too 
significant when viewed in each parameter. The results of laboratory tests are based on the 
classification of the suitability of well water for consumption from WHO, PERMENKES, and 
PP No. 22 of 2021. The presentation of pollution distribution data using a map is shown as 
follows. 
 

3.1 INDICATORS POTENTIAL HYDROGEN (PH) 



 

 

 
Figure 2. pH Distribution  

Based on the results of laboratory analysis, the pH levels around the Sukosari 
Landfill are still by the quality standards for drinking water. The standard pH quality of 
drinking water based on WHO standards is 6.5 - 8.5, while the standard based on 
PERMENKES and PP No. 22 of 2021 is 6.5 - 8.5. Based on the results of laboratory tests for 
the pH content around the Sukosari Landfill, it ranges from 6.92 - 7.29. 
 

3.2 INDICATORS BIOLOGICAL OXYGEN DEMAND (BOD) 

 
Figure 3. BOD Distribution  

The distribution of Biological Oxygen Demand (BOD) around the Sukosari Landfill is 
based on data from field sampling and laboratory tests, the distribution of BOD is towards 



 

 

the West side of the Landfill. From the results of laboratory tests for water quality standards, 
they are adjusted to WHO and PERMENKES standards as well as PP No. 22 of 2021. Data 
from laboratory test results show that samples 3 and 4 exceed the standard with BOD 

content of 5 and 4.9 mg/L exceeding the quality standard, which is below 2 mg/L. 

 

3.3 INDICATORS CHEMICAL OXYGEN DEMAND (COD) 

 
Figure 4. COD Distribution 

The distribution of Chemical Oxygen Demand (COD) based on the samples taken 
did not comply with the quality standards based on the PERMENKES and PP No. 22 of 2021 
standards. Based on the quality standards of the Minister of Health Regulation and 
Government Regulation No. 22 of 2021 for drinking water standards for COD content, 
namely below 2.49 mg/L. Meanwhile, for the laboratory results, all samples taken exceeded 
the quality standards, while the highest level was in sample 4 with a COD content of 44.22 
mg/L. 
 

3.4 INDICATORS TOTAL SUSPENDED SOLID (TSS) 



 

 

 
Figure 5. TSS Distribution 

Based on the results of field sampling and laboratory tests for the distribution of 
Total Suspended Solid (TSS) quality from the impact of the uncontrolled distribution of 
landfill leachate, the water sources of the surrounding community have been polluted. The 
distribution of pollution in the TSS parameters around the Sukosari Landfill caused most of 
the areas sampled to experience pollution that did not comply with the quality standards 
according to PERMENKES and PP No. 22 of 2021. Of the eight (8) samples taken, 6 of 
them exceeded the quality standard, for the TSS quality standard, which was below 2.5 
mg/L. Meanwhile, 2 of them were below the quality standard from the laboratory results for 
the most polluted location, which was in sample 3 with a TSS content of 16 mg/L. 

 

3.5 INDICATORS MERCURY (Hg) 



 

 

 
Figure 6. Hg Distribution 

Based on field sampling and laboratory testing of Mercury (Hg) parameters in wells 
around the Sukosari Landfill. It was found that mercury pollution from the impact of leachate 
distribution did not pollute the water sources of the surrounding community. One of the 
factors is that the waste dumped at Sukosari Landfill is mostly organic [25]. And there is little 

waste containing mercury so mercury pollution around the Landfill is quite low. 
 

3.6 INDICATORS KADMIUM (CD) 

 
Figure 7. CD Distribution 

Distribution of Cadmium (Cd) pollution around the Sukosari Landfill from leachate 
seepage, based on laboratory results. The distribution of Cd is known to flow to the west 



 

 

side of the landfill for water samples taken from wells contaminated with Cadmium located to 
the west of the landfill. Based on laboratory results for cadmium content in sample wells 3 
and 4, the CD content is around 0.007 and 0.01, while the standard quality according to 
WHO and PERMENKES and PP No. 22 of 2021 is below 0.001 mg/L. 
 

3.7 INDICATORS LEAD (PB) 

 
Figure 8. Pb Distribution 

Distribution of Lead (Pb) around the Sukosari Landfill based on laboratory test 
results shows that for water quality from the lead (Pb) parameter, all samples taken around 
the Landfill exceed the quality standard for lead (Pb). The highest value at the polluted 
location was in sample 5 with a lead content value of 0.227 mg/L. Based on the quality 
standards according to WHO and PERMENKES and PP No. 22 of 2021 for lead quality 
standards below 0.01 mg/L. The impact of lead on humans can induce oxidative stress with 
excessive production of free radicals, and cause damage to cell membranes, through lipid 
peroxidation [29]. 
 

3.8 INDICATORS IRON (FE) 



 

 

 
Figure 2. Fe Distribution 

Distribution of leachate from Sukosari Landfill which pollutes community water 
sources based on field sampling and laboratory testing for Iron (Fe) parameters. The 
distribution is towards the west side of the landfill due to the presence of irrigation channels 
and the direction of groundwater flow which is towards the west, so it has quite an influence 
on the distribution of leachate on the west side. Based on laboratory results, the iron (Fe) 
content to the west of the landfill is around 0.1 to 0.88 mg/L. Meanwhile, the quality standard 
for iron (Fe) content in water according to PERMENKES and PP No. 22 of 2021 is below 
0.029 mg/L. 
 

4. CONCLUSION 
Based on the results of laboratory tests and mapping of the distribution of leachate around 
the Sukosari Landfill. Within a radius of 1 km from the Landfill location, all well water 
samples taken were not suitable for consumption based on eight (8) parameters, namely Ph, 
BOD, COD, TSS, Hg, Cd, Pb, and Fe. Based on the eight parameters for the pH and 
Mercury parameters, are by the quality standards, but for the COD and Lead parameters, 
the entire sample exceeds the quality standards, so if the water is still consumed without 
proper processing, it will trigger negative impacts on health. Results of mapping for the 
distribution of leachate. Areas prone to pollution are to the west of the landfill because the 
direction of groundwater flow is to the west and there is a flow of leachate to the west so the 
western side of the landfill has great potential for leachate pollution. 
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