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a b s t r a c t
Old leachate from the waste management process can negatively impact the environment if it is 
not appropriately treated. Commonly, old leachate processing is complicated in view of its low 
biodegradability, making it impossible to be treated by biological processes. One technology that 
can increase biodegradability is ozonation. This study aims to determine the effects of dosed 
ozone on organic removal and the improvement of biodegradability in aged high salinity leachate. 
This study used leachate samples from the Jungut Batu Landfill in Nusa Lembongan, Klungkung 
Regency, Indonesia. Something that needs to be considered from the leachate characteristics in the 
study site included the high salinity value that might lead to low biodegradability. Variations in 
this study were detention time and ozone dose administration (1, 10, 30, and 100 mg·O3/min). The 
initial characteristics of leachate in the study site showed very low biodegradability, reaching 0.084. 
During the 60-min detention, the maximum chemical oxygen demand (COD) removal could only 
reach a value of 21.1% (100 mg·O3/min). At the same time, the ozonation process could achieve 
an increase in biochemical oxygen demand (BOD)/COD biodegradability of 0.156. Multivariant 
test results on ozone dosing variations significantly affected organic degradation (BOD and COD) 
and increased biodegradability.

Keywords:  Leachate; Ozonation; Chemical oxygen demand; Biochemical oxygen demand; Biochemical 
oxygen demand/chemical oxygen demand

1. Introduction

As a result of an exponential rise in the amount of solid 
waste produced, the solid waste management in Indonesia 
has become a task that is significantly becoming more dif-
ficult for the relevant authorities [1]. This is in relation to 

the sizeable negative effects on the surrounding environ-
ment due to the landfilling activity [2]. In view of a short-
age of land used for disposal [3] and more increasing rate 
of urbanization, an increasing number of landfills are reach-
ing their maximum design capacity earlier than the end of 
their design lives.
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Leachate is liquid waste from landfills that can be 
sourced from rainwater or the degradation of the waste 
itself [4]. Commonly, the content of organic matter in leach-
ate is very high. The typical volume of leachate produced 
by a ton of municipal solid waste with a moisture percent-
age of 30%–35% is 0.2 m3 (or around 0.05–0.07 tons) [5]. By 
contrast, fresh leachate has a high chemical oxygen demand 
(>10,000 mg/L), a high biochemical oxygen demand (BOD5)/
chemical oxygen demand (COD) ratio (>0.3), a low pH (6.5), 
and a high concentration of biodegradable organic materi-
als, particularly volatile fatty acids (VFA) [6]. In addition, 
heavy metal materials due to degradation from landfilled 
waste indicate that leachate is toxic [7]. Old leachates are 
classified as stabilized and are distinguished by characteris-
tics including a relatively low COD (<4,000 mg/L), slightly 
basic pH (7.5–8.5), low biodegradability (BOD5/COD 0.1), 
and high molecular weight compounds. Stabilization occurs 
as a result of an increase in the age of the landfill and the 
breakdown of volatile fatty acids in the landfill leachate by 
anaerobe bacteria over a period of 10 y [8]. Therefore, leach-
ate containing these hazardous substances can cause the 
potential contamination of both surface and groundwater 
[9]. Furthermore, the amount of hazardous content in waste-
water can cause adverse effects on health and the environ-
ment if it is channelled into water bodies without any prior  
treatment [10].

Leachate is a liquid with an unpleasant odour and dark 
colour, which generally contains high organic and inorganic 
materials. The leachate characteristics are influenced by 
landfill age, rainfall and percolation rate of water entering 
the landfill, waste quantity, type, waste composition, land-
fill stabilization level, landfill humidity, position, and sam-
pling time [11]. The stages of the degradation process in 
landfills consist of the initial phase or the aerobic-transition 
phase (0–5 y), the acid formation phase (5–10 y), the meth-
ane fermentation phase (10–20 y), and the final maturation 
phase (>20 y) [12].

The salinity concentration in water is determined by 
ions such as chloride, carbonate, bicarbonate, sulphate, 
sodium, calcium, and magnesium [13]. The salinity level in 
the waste or leachate components depends upon the content 
of chloride (Cl–) [14]. Chloride here can affect the plasmoly-
sis process in the cell walls of microorganisms to deal with 
osmoregulation problems in response to external osmotic 
changes. Thus, leachate with high salinity can cause micro-
organisms used as leachate treatment biologically not to be 
able to decompose organic matter, resulting in a decrease 
in efficiency at the leachate treatment plant at Benowo 
Landfill in Surabaya [15].

The leachate treatment in landfills uses a biological sys-
tem in the form of a stabilization pond [16]. The BOD/COD 
ratio considered easy to process by biological means is 0.3 
[17] or greater [18]. Therefore, landfill leachate with a low 
BOD/COD ratio should be treated chemically [19]. One of 
the chemical processing through oxidation using the prin-
ciple of oxidation is ozone technology. Previously research 
had not discussed the effect of ozone doses on leachate 
degradation with high salinity levels [20], especially for 
leachate on small islands.

The ozone reaction can be direct or indirect [21]. The 
direct reaction is the reaction of ozone molecules with 

various chemicals; in contrast, the indirect reaction occurs 
through free radical reactions formed from ozone decom-
position [22]. The ozone molecule itself is quite strong to 
react directly with organic compounds because ozone is a 
strong oxidant in water but has properties so that not all 
pollutants can react with ozone. In turn, this study aimed 
to determine the effects of dosed ozone on organic removal 
and the improvement of biodegradability in old high 
salinity leachate.

2. Material and method

2.1. Sampling

The samples came from leachate in Jungut Batu Landfill 
(Fig. 1), located on Nusa Lembongan Island, Klungkung 
Regency, Bali Province. Jungut Batu Landfill has been oper-
ating since 2003 and has an area of 1.84 Ha. Waste manage-
ment carried out in Nusa Lembongan collects waste from 
sources to public places collected at temporary disposal 
sites.

2.2. Experimental set-up

The research was conducted in a semi-batch where the 
supply of ozone gas was carried out continuously to a batch 
contactor containing 1.5 L of leachate. The concentrated 
leachate samples were kept tightly sealed in a cool place 
(at 8°C–13°C) until further use [5]. This was done to make 
any changes in the chemical and biological properties of 
the samples able to be kept to a minimum.

Batch experiments provided information about the 
critical point of decreasing concentration with the most 
significant gradient before experiencing a slope. The series 
of research tools used in this study included oxygen cyl-
inders with a capacity of 2 m3, which would flow O3 at a 
rate of 1, 10, 30, and 100 mg/min through an ozone gener-
ator. The ozone contactor was also equipped with a valu-
able valve for taking water samples for 60 min [17]. The 
remaining ozone in the gas phase was decomposed in the 
ozone decomposer, containing a KI solution to capture 
the remaining ozone (Fig. 2).

A device destroying ozone was used on the surplus of 
ozone produced by the contacting reactor. Through a cat-
alytic process, it converted the ozone into oxygen, which 
was then expelled through the vent. Before being sent to 
the ozone destructor, certain experiments required that this 
excess gas be routed through a KI solution, also known as 
an ozone trap to accurately measure the amount of excess 
ozone present [23].

2.3. Sample analysis

The effectiveness of the ozonation process was deter-
mined based upon the measurement of BOD, COD, and 
BOD/COD parameters. COD analysis was carried out by 
taking 10 mL of sample into a 250 mL Erlenmeyer, and the 
addition of 0.2 g of HgSO4 powder. Furthermore, 5 mL of 
0.25N potassium dichromate solution and 15 mL of sul-
phuric acid – silver sulphate reagent was slowly added while 
cooled in cooling water. It began by heating using an oven 
for 2 h at a temperature of 150°C before being cooled at a 



83M.M. Sari et al. / Desalination and Water Treatment 284 (2023) 81–86

room temperature, and being added with 2 to 3 drops of fer-
roin indicator, titrated with 0.1 N FAS (Ferrous Ammonium 
Sulfate) solution to brownish-red colour, and noted the need 
for FAS solution. Furthermore, the same steps were carried 
out for distilled water as a blank for SNI 06-6989.15-2004.

8 bottles of dissolved oxygen were prepared, the sample 
solution were then put without filtering, and the solid silica 
membrane (1, 3, and 5 g) was filtered into each bottle until 
it overflowed, and then tightly closed to avoid air bubbles. 
Palm oil liquid waste was then prepared and it was added 

with 1 mL of MnSO4 and 1 mL of KOH-KI and shaken until a 
brownish white precipitate was formed. Then, 1 mL of H2SO4 
was added, shaken and allowed to stand until changing into 
brown. Samples were taken as much as 100 mL, and then 
0.0125 N sodium thiosulfate was added to form a pale-yel-
low solution. The solution was then added with 5 drops of 
starch indicator and titrated with 0.0125 N sodium thiosul-
fate to develop a colourless solution. The volume of sodium 
thiosulfate used was equal to the final dissolved oxygen 
value (SNI 6989-72.2009).

3. Results and discussion

Table 1 presents the characteristics of leachate in the 
Jungut Batu Landfill. The result showed that nitrogen con-
tent in leachate samples was very high. This indicated that 
70% of the waste composition in Indonesia is an organic 
material [24], so heterotrophic bacteria will change organic 
nitrogen. While the comparison of BOD/COD in the sam-
ple was only 0.084, indicating the domination of the content 
of non-biodegradable organic matter against the leachate. 
The BOD/COD ratio was less than 0.5, indicating that the 
treatment should not use biological but physical–chemical 
processes [25].

The COD measurement graph can be seen in Fig. 3. Based 
on the figure, the four variations provided a trend with the 
same tendency. The critical point in the conventional ozo-
nation process was at the 10th min when the highest dose 
of ozone was 100 mg/min. The COD concentration reached 
5,873 mg/L, while up to the 10th min, the COD removal effi-
ciency reaching 21.1%. This result is comparable to prior 

  

Fig. 1. Location of leachate collection for treatment with ozonization process.

 
Fig. 2. Experimental reactor set-up.
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study that found that without salination, COD removal 
might reach 26.7% [26]. OH• was more dominant than ozone 
itself so this species played a more dominant role with bet-
ter oxidizing power [27]. After the reaction between OH• 
and organic matter occurred, the fraction of organic mat-
ter became a carbon centre radical [28]. The response of the 
carbon centre radical with oxygen caused the formation of 
superoxide radical [29], which then reacted with ozone to 
form an OH radical again. In the process that was being 
evaluated, an increase in the concentration of O3 resulted in 
an improvement in the rate of COD and BOD5 removal [30]. 
Another study found that optimum conditions comprised 
a reaction period of 90 min to achieve 79% COD removal 
with Fenton’s reagent [20], 210 min to archive 72% COD 
removal with persulfate [31], in advanced ozone oxidation, 
however our results only demonstrated 21.1% removal.

The kinetics of the rate of change of concentration in 
the electrocoagulation reactor followed order 1, with COD 
removal seen increasing with the addition of ozone dose 
(Fig. 4). This showed that the greater the ozone dose, the 
greater the COD removal rate. Indirectly, it is also known 
that the greater the dose of ozone, the hydraulic loading rate 
(HLR) that occurs, and the longer the time required by the 
sample to achieve the optimum COD removal. The actual 
detention time of the reactor also increased with the decrease 
in the HLR, which then affected the determination of the 
reactor effluent sampling time. HLR is a one key indicator 
of the landfill leachate treatment process [32]. The results 

of the investigation demonstrated that using oxidation to 
remove pollutants speeds up the process for wastewater 
treatment has good and synergistic effects concurrently [30].

Another parameter that measures the effectiveness 
of the ozone process is BOD, which shows an indicator of 
organic matter that can be biologically degraded. The results 
of BOD measurements for the three variations can be seen 
in Fig. 5. An increase in the ratio of BOD concentration in 
leachate in the ozonation process indicates a decrease in 
the levels of complex organic compounds that are difficult 
to biodegrade [33]. The best and fair reaction time, accord-
ing to another study, is 4 min [30]. The test results showed 
that oxidation had a positive effect on process leachates by 
lowering the BOD5/COD ratio by 30%; as a result, it reduced 
the oxygen requirement during treatment. Due to the high 
biodegradability of leachates from the composting process, 
this reaction can be used as a pre-treatment step before 
sending them to a wastewater treatment facility [30].

Based on the level of biodegradability, the leachate used 
in this study was categorized as having a very low level of 
biodegradability with a BOD/COD ratio of 0.084 (Fig. 6). 
The level of leachate biodegradability studied indicated 
that biological treatment was less profitable than chemi-
cal treatment. The age of the leachate in this study can be 
seen from the BOD/COD ratio of 0.156, indicating that the 
leachate was more biodegradable compared to the one in the 
initial condition.

The absorption and desorption mechanism of ozone 
gas occurs so that mass transfer occurs from the gas phase 
(ozone) into the liquid phase (wastewater) and vice versa. 
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Fig. 3. Changes in COD concentration for each variation of 
ozone dosage.

Table 1
Characteristics of leachate as initial ozonization process

Parameters Value Standard [24]

pH 5.36 6–9
BOD, mg/L 477.6 150
COD, mg/L 10,699 300
TSS, mg/L 358.2 100
N total, mg/L 423 60
Mercury, mg/L 0.00237 0.005
Cadmium, mg/L – 0.1
Salinity, 0/00 6.658 34
BOD/COD 0.084 –

y = 0.0008ln(x) + 0.0036
R² = 0.9583

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008

0 20 40 60 80 100 120

k-1
(/m

in
)

Ozone Dosage (mg/min)

Fig. 4. Relationship of change in removal rate COD for each 
variation of ozone dosage.
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ozone dosage.
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The amount/rate of mass transfer depends, among others: on 
solubility, pH, initial concentration, contact time, flow direc-
tion, and the type and shape of the filling material. In this 
study, detention time had no significant effect on BOD, COD, 
or BOD/COD (Table 2). This is in contrast to other studies, 
which stated that a more effective way to increase contact 
time is to increase the contact area between the gas phase 
and the liquid phase by decreasing the size of the ozone 
gas bubbles dispersed in solution [34].

While the ozone dose has a stronger significance value 
than the detention time (Table 2), ozonation is an advanced 
oxidation process widely studied as a leachate treatment. 
The ozonation process is a continuation of the coagulation–
flocculation process. The single process, oxidation with 
ozone, is ineffective due to the complexity of the leachate 

composition and the very high dose of ozone. Ozonation is a 
strong oxidizing agent with high reactivity towards organic 
substances that are difficult to degrade. Ozone produces 
hydroxyl radicals that have a higher oxidation potential, 
which can oxidize organic compounds that are difficult to 
degrade. Thus, the ozonation method allows the transforma-
tion of compounds that are difficult to degrade into biode-
gradable products [35].

4. Conclusion

The biodegradability of the leachate studied had very 
low characteristics, reaching 0.084. The detention time of 
60 min maximum COD removal could only reach 21.1% at 
a dose of 100 mg/min of ozone. The ozonation process was 
able to achieve an increase in biodegradability of 0.156. The 
results of the multivariant unit on the variation of the dose 
of ozone showed a very significant effect on decreasing 
BOD and COD and increasing biodegradability. Ozonation 
with advanced oxidation processes has been intensively 
researched as a saline leachate treatment. The ozonation 
process is a continuation of the coagulation–flocculation 
process. Due to the complexity of the leachate composi-
tion and the extremely high dose of ozone, the single pro-
cedure, oxidation with ozone, is inefficient. Ozonation is a 
powerful oxidizing agent with a high reactivity to organic 
compounds that are difficult to breakdown. Ozone gener-
ates hydroxyl radicals with a greater oxidation potential, 
which can oxidize organic molecules that are difficult to 
breakdown. Future study can concentrate on the necessary 
development, particularly on the smallest island’s limited 
land and energy resources. In some circumstances, research 
in leachate treatment on small islands has resulted in viable 
technologies. These technologies have the potential to help 
reduce the threat of marine pollution.
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Table 2
Results of analysis of the effect of detention time and ozone dosage on BOD, COD, and biodegradability concentrations

Variable Sum of squares Df Mean square F P-value

Detention 
time

BOD
Between groups 29,619.287 2 14,809.64

1.016 0.4Within groups 131,223.743 9 14,580.42
Total 160,843.029 11

COD
Between groups 201,242.308 2 100,621.2

0.077 0.927Within groups 11,763,883.94 9 1,307,098
Total 11,965,126.25 11

BOD/COD
Between groups 0.001 2 0

0.471 0.639Within groups 0.009 9 0.001
Total 0.01 11

Ozone dosage

BOD
Between groups 117,321.189 3 39,107.06

7.188 0.012Within groups 43,521.84 8 5,440.23
Total 160,843.029 11

COD
Between groups 11,427,564.65 3 3,809,188

56.688 0.00Within groups 537,561.602 8 67,195.2
Total 11,965,126.25 11

BOD/COD
Between groups 0.008 3 0.003

16.95 0.001Within groups 0.001 8 0
Total 0.01 11
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