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Hydrochemistry and natural attenuation of leachate from 
tropical landfills 

 
 
 
 
Summary  
 
Landfilling, as a system to discard municipal waste, is still widely used in the tropics, often without 
appropriate protection against pollution of its surroundings. Leachate generation from landfills, and its 
chemical composition, varies widely and is significantly influenced by landfill geometry, the type and 
age of waste, seasonal precipitation, moisture and temperature. In the tropics, climate conditions vary 
strongly with seasons and need to be taken into account with regard to leachate management. A 
combination of physical, chemical and microbial processes can contribute to the attenuation of 
pollution by landfills, but further understanding of these processes is essential in order to allow for 
better management of landfills. This study focuses on several aspects:  (a) the characteristics of 
landfill leachates, their seasonal changes and the impact on surface and groundwater pollution around 
the landfill, (b) the microbe-mediated nitrogen transformations and phenol degradation in landfill 
leachate and (c) seasonal changes in microbial communities in landfill leachate and assessment of 
their contribution to natural attenuation. 
 Chapter 1 provides a general introduction on solid waste management, with special emphasis 
on solid waste management practices in Indonesia, and its association with social aspects. Also, it 
describes the general characteristics of leachate, and the hydrochemistry parameters that are often 
used for characterization and evaluation. Microbiological aspects of leachate generation and 
attenuation, particularly nitrogen transformation and biodegradation of phenolic compounds, are 
introduced. The location of research sites investigated in this study, research questions and 
methodological strategies are presented in this chapter.  
 In Chapter 2, the surface landfill run-off from the Jatibarang landfill, near Semarang, and its 
impact on a nearby river has been studied to understand seasonal landfill leachate characteristics and 
to determine the occurrence of natural attenuation. The potential for attenuation and the contribution 
by biodegradation along the flow path to the river was determined by measuring monthly a range of 
leachate parameters, such as organic matter content and redox-related components. The results 
showed that the composition of leachate was greatly influenced by season. Electrical conductivity and 
concentrations of BOD, COD, organic nitrogen, ammonia, sulfate and calcium during the dry season 
were higher (up to 2.3-fold) than in the wet season. The residence time of waste-water in a leachate 
collection system at the site was less than 70 days. Field measurements showed that during this period 
hardly any biodegradation of organic matter and ammonia occurred (less than 25%). However, the 
potential for biodegradation of organic matter and ammonia removal was clearly revealed during 700 
days of incubation of leachate in the laboratory (over 65%). No significant impact of landfill leachate 
on river water quality was observed; however, the presence of heavy metals and coliform bacteria 
need to be considered over the long-term. Dilution was the major natural attenuation process acting on 
leachate. However, it is not an optimal attenuation mechanism because dilution does not decrease the 
absolute load of pollutants discharged into the river.  
 Ammonium is one of the major toxic compounds and a critical long-term pollutant in landfill 
leachate. Leachate from the Jatibarang landfill contains ammonium in concentrations ranging from 



376 to 929 mg N L-1. The large differences in nitrogen flux between wet and dry seasons provides a 
difficulty in controlling biological nitrogen removal in landfill leachate. A better understanding of 
seasonal variation on the potential for nitrogen mineralization, nitrification, denitrification, and 
anammox in leachate could help to improve the management of tropical landfills, and prevent surface 
water quality deterioration due to uncontrolled discharge of leachate containing high concentrations of 
toxic ammonium. Therefore, nitrogen transformation potentials were determined in Chapter 3. 
Seasonal samples from leachate collection treatment ponds at Jatibarang were used as inocula to feed 
synthetic media in order to determine potential rates of nitrogen transformations in the laboratory. 
Aerobic ammonium oxidation potential (<0.06 mg N L-1 h-1) was more than a hundred times lower 
than ammonification and anaerobic nitrogen transformation processes, which were of the same order 
of magnitude. Effects of season were only observed for aerobic nitrification and anammox, and were 
relatively minor: rates were up to three times higher in the dry season. Overall, the potential of full 
nitrification in the Jatibarang landfill leachate was the lowest of all nitrogen transformation processes. 
In order to improve the quality of the leachate, and to enable an acceptable concentration of inorganic 
nitrogen for the discharge of leachate into the river Kreo, implementing a two-step aerobic/anaerobic 
system needs to be considered to make more optimal use of the current leachate collection system. 
Biological nitrogen removal through a two-step process of nitrification and denitrification is usually 
suggested for the treatment of landfill leachate with high ammonium concentrations.  
 Natural attenuation processes rely on the collective abilities of microorganisms to degrade 
pollutants under prevailing environmental conditions. Biodegradation is a most often the primary 
mechanisms for contaminant destruction in the polluted aquifer. Therefore, Chapter 4 aimed to gain 
insight into the dynamics and diversity microbial communities present in landfill leachate and their 
potentials to degrade toxic organic compounds, like phenol. This knowledge would aid in 
understanding, predicting and enhancing microbial processes involved in natural attenuation. 
Temporal variation in microbial communities over seasons at Jatibarang were studied using 
denaturing gradient gel electrophoresis (DGGE) profiling, in relation to leachate hydrochemistry. The 
presence of anaerobic aromatic degraders was determined by a cultivation-independent PCR approach 
in which the presence of a gene (bamA) from the anaerobic benzoyl-coA degradation pathway was 
determined, and the actual potential for aerobic and anaerobic phenol degradation by a culturing 
approach were measured. Between the dry season in 2004 and the wet season in 2006 a high diversity 
was observed for nearly all sampling points, with in general over 20 bands visible in the DGGE 
profiles. Community profiles differed between time points, although close inspection of the DGGE 
profiles indicated that community profiles at a particular sampling location did not change completely 
over time, some bands remained present. However, between the wet season in 2006 and dry season in 
2007 diversity suddenly dropped strongly. Along the flow path from landfill to river shifts in 
community structure were observed. Sampling locations at the start of the surface flow path from 
landfill to river often showed high similarity in community profiles, irrespective of the year and 
season. The communities half way the flow path were often also closely resembling those at the start, 
but in particular after the dry season in 2007 the DGGE profiles revealed a few additional bands. The 
community profiles close and in the river were in general more different from earlier in the flow path, 
even though they shared some bands with those samples; bamA genes were found throughout time 
and space but restriction analysis indicated low diversity in anaerobic aromate degraders. Laboratory 
culturing experiments showed that microbes were able to remove phenol with an efficiency of up to 
70% within 60 days incubation time under sulfate and nitrate reduction conditions. Field data showed 
that only sulfate was available in the leachate for whole year, thus, degradation of phenol or organic 
compounds under sulfate reducing condition potentially occurs.  



 In Chapter 5, another waste dump was studied: the Keputih landfill close to the sea at 
Surabaya, Indonesia. This landfill has not been in operation since 2001. Field measurements showed 
that the leachate electrical conductivity, COD and NH4

+ concentrations were high, containing HCO3
-, 

SO4
2-, Fe2+ and Cl-. Most compounds were again significantly influenced by the season, except COD 

and SO4
2-. The prime focus was on contamination of the subsurface. Groundwater compositions in 

almost all monitoring wells surrounding the landfill were indicative of groundwater mixed with 
landfill leachate. Chemical analysis also suggested the infiltration of seawater. The abundant SO4

2- 
provides a large potential for anaerobic biodegradation of organic compounds in groundwater.  
 Chapter 6 provides a general discussion and the conclusions on research chapters 2 to 5. 
Generally, the concentration of organics and ammonium were higher than Indonesian national 
standards for wastewater Hydrochemistry of leachate from the Jatibarang and the Keputih landfill 
were strongly influenced by the season; seasonal effects are critical factor  in the development of a 
leachate management policy. Management should be aimed at preventing contamination of 
groundwater, streams and rivers. The challenge is complicated by the enormous seasonal variation in 
rainfall, causing widely varying surface and subsurface run-offs. 
 In conclusion, the microbial potential for natural attenuation is certainly present at the 
landfills, despite a high load of waste materials. Optimal use must be made of this potential, taking 
into account seasonally varying driving factors. Scientific knowledge of microbe-catalyzed 
transformations and degradation pathways can help in developing optimal strategies to prevent that 
leachates cause pollution of groundwater and the environment. 
 


