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 Leachate generated from landfill Indonesia is typical has high salinity and organic matters 
during the dry season, potentially contaminating water and the environment. An increase 
in salinity might deteriorate the activity of the microorganisms on the decomposition 
process. This research aims to study the feasibility of the ozonation technique for treating 
stabilized leachate. The parameters tested were pH, COD, BOD5 BOD5/COD ratio, and 
TDS. Independent variables of this study were salinity with different concentration from 
±0.4 ppt; ±5 ppt; ±10 ppt; and ±20 ppt and ozone contact time up to 60 minutes with an 
ozone dose of 600 mg/hour. Experimental results revealed that salinity ranging from 0.4 
ppt to 20 ppt had little effect on COD removal, and the removal efficiency was around 30%. 
Further, the ozonation process exhibited better organic removal with an improved BOD5 
concentration from 426 mg/L to 887 mg/L in low salinity conditions (0.4 ppt). Meanwhile, 
it significantly affected the old leachate treatment, where the leachate biodegradability can 
be enhanced from 0.120 (initial condition) to 0.321 with salt addition of 20 ppt. 
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1. Introduction  

The end of life of municipal solid waste (MSW) in landfills has 
always been expected because of its cost and operational efficiency 
[1]. Landfill leachate results from percolated rainwater and 
moisture passing through the layers of wastes in landfills [2]. The 
combination of pollutant parameters like BOD5 (Biochemical 
Oxygen Demand), COD (Chemical Oxygen Demand), ammonia, 
and inorganic salts makes leachate a potential contamination 
source in river water and surface water. The characteristics and 
composition of leachate depend on the biological and chemical 
processes that occur during waste degradation, solid waste 
composition, rainfall density, groundwater percolation rate, and 
landfill age. 

Government regulation requires minimizing the risk to public 
health, therefore all of the leachates generated from conventional 
landfills must be treated according to quality standards. The 
BOD5/COD ratio can predict changes in the biodegradation rate in 

leachate. In general, the ratio of BOD5/COD contained in leachate 
ranges from 0.4 - 0.6. This ratio range states that the organic 
compounds contained in leachate are biodegradable [3]. One of the 
causes of the low degradability of leachate is the high salinity 
value, where salinity is one of the inhibitors in the degradation 
process of microorganisms. 

Lim et al. stated that salinity does not affect the hydrolysis and 
acid formation processes, but inhibits bacteria's activity carrying 
out the digestion process [4]. The effect of salinity on the waste 
degradation process can be measured through the COD content, 
the characteristics of the biogas produced, and methane gas 
production. Leachate salinity contain potassium (K+), sodium 
(Na+) and chloride (Cl-) ions [5]. Chloride inhibits bacterial 
activity so that it can reduce COD content. High salinity content 
can reduce methane gas formation [6]. Due to the high complexity 
in its waste composition and characteristics, it is arduous to define 
a better leachate treatment strategy [7].  

Apart from having a high salt concentration, leachate 
concentrate also contains large amounts of refractory organics [8]. 
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In addition, old leachate consists primarily of refractory organics 
due to less volatile fatty acids, which is turn can lower the 
BOD5/COD ratio [9]. The physical-chemical process can be 
applied to pretreatment, tertiary processing, and the overall 
leachate treatment process. The purpose of the oxidation process 
in leachate processing is to oxidize organic substances to the most 
stable form of oxidation, namely into carbon dioxide and water, 
and increase the biodegradability of organic pollutants suitable for 
economic, biological processing [10] Furthermore, in principle, 
physicochemical technologies are suitable for wastewater 
treatment with extremely low biodegradability, such as stabilized 
leachate [11] Ozone treatment is one of the strongest chemical 
processes in leachate processing, because it has the potential for 
oxidation to reduce stubborn organic fractions. 

However, the variation of salinity in landfill leachate 
fluctuates, leading to further deteriorating treatment efficiency 
[12]. Several studies have reported on the influence of high 
salinity on the landfill leachate by the ozonation process [13-15]. 
This research was designed to examine the treatment performance 
subjected to different salinity by the ozonation process from 
stabilized landfill leachate by adopting those approaches. The 
scope of future research is to compare three types of leachate 
characteristics, namely young leachate, semi-old leachate, and 
stabilized leachate with variations in the concentration of salinity 
by processing with ozonation. 

2. Material and Method 

2.1. Properties of leachate 

Mature leachate was obtained from an aged landfill in Batam 
City, Indonesia, which has been operating since 1992. This 
research was conducted in a research laboratory at Universal 
University in Batam City. Research sampling was carried out at 
the inlet section of the leachate treatment plant, namely the landfill 
in Batam City. The laboratory test results from sampling on the 
landfill are leachate belonging to the characteristics of old leachate 
which has a COD concentration of 3000-4000 mg/L. 

The mature or stabilized leachate's COD concentration was 
3,000-4,000 mg/L, ammonia concentration was 1,000-1,500 mg/L, 
and pH was 7.8. The leachate was categorized as stabilized 
leachate for this study due to the exceedingly low BOD5/COD ratio 
(<0.15) and high salinity content. The leachate was pumped from 
the leachate collecting pond. After collection, the stabilized 
leachate was stored in a cool container (4°C) to maintain the 
inherent characteristics. Before subjected to the ozonation process, 
the leachate samples were prefiltered using a vacuum pump.  

2.2. Laboratory scale reactor  

An illustration of leachate treatment with ozonation can be seen 
in Figure 1. It is equipped with the ozone generator that can supply 
ozone with a flow rate of 0.25 g/hour in the frequency of 50/60 Hz, 
providing an ozone flow rate reaching 1.4 L/minute after 
calibration [9]  . KI solution was prepared to absorb excess ozone 
gas and safety. The ozone concentration was determined according 
to the standard method by titration using KI solution. The 
processes in the reactor were run in a thoroughly complete mix 
condition with 10 L volume of the reactor.  

 
Figure 1: Schematic diagram of ozonation reactor 

In Figure 1, a flow diagram of the leachate treatment process in the 
ozone reactor can be described. The first step is to prepare a KI 
(Potassium Iodide) solution by dissolving some potassium iodide 
powder with aquadest. Then, the solution was put into an iron tube 
with a tube and put into the ozone reactor. Stabilized leachate was 
put into the ozone reactor at a volume of 10 L. After that, prepared 
the flowmeter by adjusting the flowrate to 1.4 L / minute. The 
flowmeter was mounted on the ozone generator and connected to 
an ozone reactor which already contains old leachate.  

2.3. Experimental procedure 

The physicochemical treatment process in this study involved 
ozonation used in the batch operation. At the start of each 
experiment, the reactor was filled with 9 L of stabilized leachate. 
Samples were regularly taken at the specified time of 20 minutes, 
accounting for different applied salinity concentrations. These 
conditions were performed at a salt concentration of 0.4 ppt, 5 ppt, 
10 ppt, and 20 ppt for 60 minutes. The ozonation for treating 
stabilized landfill leachate was operated for 20 minutes, 40 
minutes, and 60 minutes, respectively. Different salt 
concentrations were adjusted by adding NaCl.  

2.4. Sampling and analysis 

The initial leachate quality was all measured to determine the 
original characteristics of the contaminants in the leachate. The 
initial characteristic parameters consisted of pH, temperature, 
conductivity, COD, BOD5, and TDS as for leachate. The leachate 
used was certainly not low in salinity (as a control). 

The leachate properties were analyzed for the following 
elements: COD, BOD5, and TDS. The ozonation reactor was 
continuously monitored (online measuring of pH), and sampling 
was taken  (COD, BOD5, and BOD5/COD ratio) during every 
cycle. Samples collected every operational cycle were filtered 
through a 0.45 µm filter before analysis. All the parameters were 
analyzed based on the procedure BOD5 (APHA A-B 1995), COD 
(APHA B-C 1995), TSS (APHA N 1995), TKN (APHA C 1995), 
and salinity (APHA B&C 1995) [16]. 

3. Results and Discussion 

3.1. Leachate characteristics 

The collected leachates' initial characteristics depend on the 
municipal solid waste's waste composition and water content 
(MSW). The quality of stabilized leachate has not fulfilled the 
effluent standard, set by government regulation, and both are 
presented in Table 1. It can be ascertained that the salinity in 
leachate is only 0.4 ppt to be used as a control in research. 

Table 1 shows that the untreated stabilized leachate sample 
possesses a high concentration of chemical parameters compared 
to government regulation. The leachate sample's pH value was 
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beyond the quality standards because anaerobic decomposition 
was attributed to decreased volatile fatty acid concentration. The 
electrical conductivity value (19.33 mS/cm) demonstrates 
dissolved inorganic materials in the samples. The concentration of 
TDS (4,100 mg/L) also fluctuates widely. The leachate's dark 
brown colors are mainly caused by ferrous oxide ferric form and 
the ferric hydroxide colloid formation and complexes with fulvic 
and humic substances [17]. The stabilized leachate has COD and 
BOD5 concentration of 3,561 mg/L and 426 mg/L, respectively. 
This result reveals that organic matter in stabilized leachate is 
difficult to degrade biologically due to the complexity of organic 
compounds. The lower BOD5/COD ratio in this leachate 
characteristic might be attributed to the leachate's biologically 
recalcitrant fraction. 
Table 1: A comparison of untreated characteristics of the stabilized leachate and 

leachate quality standards 

Parameter Units Stabilized 
Leachate 

Government 
Regulation  

pH  9.4 6.0 – 9.0 
Temperature oC 24.5  
Conductivity mS/cm 19.3  
COD mg/L 3,561.0 300 
BOD5 mg/L 426.0  150 
BOD5/COD  0.12  
TKN mg/L 1,757.0 60 
Salinity ppt 0.4  
TDS mg/L 4,100.0  

 
3.2. Stabilized leachate treatment: Effect of ozone contact time 

and salinity 

The chemical oxidation process for the leachate treatment 
results in a better quality of stabilized leachate than the initial 
effluent. Ozonation with different salt concentrations contributes 
to the degradation of COD substances, the improvement of 
biodegradability ratio, the change in pH, and total dissolved solids. 

3.3. The degradation of COD substances  

Figure 2 compares the COD reduction in raw leachate at 
different salinity subjected to ozone treatment at a certain period. 
From the COD concentration obtained, the oxidation efficiency 
decreased slightly after 60 minutes. With 20 minutes of ozone 
exposure time, COD concentration decreased from 3,561 mg/L to 
2,538 mg/L and 2,863 mg/L at salinity of 0.4 ppt and 20 ppt 
respectively. By adjusting the salt concentration of 5 ppt, the COD 
efficiency removal increases from 19.91% to 31.99% in ozonation 
time from 40 min to 60 min. Figure 2 shows that as ozone contact 
time increases, the COD content of stabilized leachate decreases 
faster than that of initial mature leachate. The initial COD value 
(3,561 mg/L) declines to 2,479 mg/L, 2,422 mg/L, 2,521 mg/L, 
and 2,434 mg/L respectively at the ozone contact time of 60 min 
and different salinity resulting in removal efficiencies of 30.38%, 
31.99%, 29.21% and 31.65%. 

These results suggested that COD removal efficiencies 
remained largely unaffected due to variations in salinity from 0.4 
ppt to 20 ppt. Moreover, a minor decline in COD content removal 

was obtained when the ozone contact time was prolonged from 20 
min to 60 min. Salinity variations showed a negligible effect on 
organics removal, while it influenced the nitrification and 
denitrification efficiency to a more considerable extent. The salt 
inhibition can be diminished significantly after the long 
acclimatization time of the biomass [18]. 

 
Figure 2: Effect of ozone contact time and the salinity on the COD concentration 

The ozonation process and the further oxidation process by 
accelerating the decomposition of ozone to OH, is one of the wise 
efforts to be effective in treating leachate. The ozone 
decomposition reaction is  

𝑂𝑂3+ 𝐻𝐻𝐻𝐻−   𝐻𝐻𝐻𝐻2− + 𝑂𝑂2   (1) 

𝑂𝑂3 + 𝐻𝐻𝐻𝐻2−   𝑂𝑂𝑂𝑂∗ + 𝑂𝑂2∗ + 𝑂𝑂2  (2) 

 
Figure 3: Effect of ozone contact time and the salinity variation on pH  

3.4. The change of pH 

Applying ozonation at a high leachate pH of 9.4 will most 
probably lead to a faster ozonation decomposition, therefore a 
significant enhancement of HO* production which is a more 
reactive compared to ozone itself, maybe achieved [19]. It is 
possible that at lower pH, organic pollutants are shifted toward 
their non-ionized forms. This promotes a lower reactivity toward 
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ozone compared to the ionized or dissociated form [20]. The 
conversions of the recalcitrant compound will also alter the 
occurring pH. The pH gradually decreased as ozone contact time 
increased, and the variation of effluent pH is depicted in Figure 3. 
When the salt concentration was 0.4 ppt, effluent pH slowly 
declined from 9.4 to 7.5 as ozonation time was increased from 0 to 
60 min. Furthermore, salts of 5 ppt effluent pH gradually decreased 
from 9.4 to 7.6 after 60 min of ozone contact time. This might be 
due to the degradation of macromolecular organic content by 
ozone to form aliphatic acids, alcohols, and aldehydes and 
subsequently lead to lower pH.  

3.5. The improvement of the biodegradability ratio 

From Figure 4, it can be seen that ozonation leads to an 
increase in the BOD5/COD ratio. On the other hand, 
biodegradability changes one indicator to evaluate the ozone's 
efficiency to treat wastewater [21]. 

 
Figure 4: Effect of ozone contact time and the salinity variation on BOD5/COD 

ratio of stabilized leachate 

 
Figure 5: Effect of ozone contact time and the salinity variation on BOD5  

concentration of stabilized leachate 

The improvement of biodegradability as measured by the 
BOD5/COD ratio are shown in Figure 4. For a 60 min ozone 
contact time, COD concentration gradually decreased, and BOD5 
concentration slowly increased from 426 mg/L to 865 mg/L at a 
salinity concentration of 5 ppt (Figure 5). When salinity 
concentration is adjusted to 20 ppt, biodegradability rises from 
0.12 to 0.321. Furthermore, the effect of ozonation is visible at the 
salinity of 0.4 ppt, and the biodegradability is improved from 0.12 
to 0.358. These results indicate that ozonation technology can 

destruct macromolecular organics into lower molecular weight 
substances [22, 23] Consequently, the ozonation process yielded a 
more favorable effluent for biological treatment with a 
BOD5/COD ratio of more than 0.3 [24]. 

Advanced treatment with ozone/persulfate oxidation lowered 
pH from herbal decoction pieces wastewater and improved 
biodegradability from 0.16 to 0.55 [25]. Another study with 
ozone/hydrogen peroxide also enhanced the biodegradability of 
textile wastewater [22, 23] and color removal [26], as well as the 
efficiency of biological wastewater treatment [27]. Figure 6 shows 
that there is a close relationship between salinity and 
biodegradability values. The higher the salinity in leachate, the 
non-biodegradable food will be processed biologically. 

 
Figure 6: Correlation of ozone salinity and BOD5/COD ratio of stabilized leachate 

3.6. Total dissolved solids (TDS) analysis 

Leachate generally contains high salinity and TDS. The TDS 
values of samples subjected to ozone treatment are presented in 
Figure 7. In Figure 7, the initial concentration of total dissolved 
solids (TDS) ranged from 4,000 – 7,000 mg/L depending on salt 
concentrations. TDS in leachate shows the presence of inorganic 
salts, organic compounds dissolved in leachate. The higher the 
salinity due to the higher TDS can increase leachate's toxicity 
because it can change the ion composition [28]. TDS can be 
sodium (salt), calcium, magnesium, potassium, carbonate, nitrate, 
bicarbonate, chloride, and sulfate [29]. 

 
Figure 7: Effect of ozone contact time and the salinity variation on the TDS 
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TDS primarily revealed the presence of inorganic salts and 
dissolved organics. The increase in salinity provokes an increase 
in TDS concentration. The final TDS concentrations increase for 
all different salinity from 0.4 ppt to 20 ppt. The amount of TDS 
reflects the availability of the mineralization process and becomes 
one of the parameters considered for the licensing discharge of 
landfill leachate. It can be detected in Fig.4 that following the 
ozone treatment for 60 min of ozone contact time at each salt 
concentration, the TDS values are 3,400 mg/L, 4,700 mg/L, 5,500 
mg/L, and 6,400 mg/L respectively. Overall, ozonation does not 
significantly contribute to the reduction of TDS. 

4. Conclusions 

The influence of different salinity conditions on the ozonation 
of stabilized landfill leachate was studied for several 
physicochemical characteristics such as COD, BOD5, pH, and 
TDS. In this project, ozonation technology was employed to treat 
stabilized leachate to study the COD removal efficiencies at 
different salinity concentrations. However, the COD value in the 
stabilized leachate is still above the discharge standard in 
conformance with the Indonesian regulation. The results indicated 
that significant removal of the COD parameter could achieve 
31.65% for 60 minutes of ozone contact time with 20 ppt salinity. 
The estimated COD removal in all conditions (0.4 ppt, 5 ppt, and 
10 ppt of salinity variation) was 30.38%, 31.99%, and 29.21%, 
respectively. Though slight difference of COD removal was 
obtained, biodegradability, as indicated by BOD5/COD ratio, can 
be significantly enhanced by ozonation.    
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