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Introduction

Leachate pollution has become a critical environmental
and public health issue, particularly in developing
countries, owing to the absence of cost-effective
treatment technologies and standardized disposal
practices. The growing generation of municipal
solid waste worldwide, estimated at 2.2 billion
tons annually, has led to increased reliance on
engineered landfills as the primary method for waste
management. While landfills are effective in handling
large volumes of waste and minimizing surface and
groundwater contamination, they produce leachate-a
highly contaminated liquid containing elevated levels
of organic pollutants, heavy metals, ammonia, and
persistent toxic compounds such as humic substances
[1].

The composition and pollution level of landfill
leachate, often characterized by high COD and BOD
values, vary based on factors such as waste age,
climate, and hydrological conditions. Moreover,
inadequate leachate treatment poses significant
risks to both ecological systems and public health.
Conventional treatment methods, including biological,
chemical, and physical processes, often fail to reduce
leachate contamination to acceptable standards, mainly
due to the complex and variable nature of leachate
composition [2,3].

Recent years have seen a growing interest in advanced
oxidation processes (AOPs) for leachate treatment.
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Furthermore, AOPs are characterized by the production
of highly reactive hydroxyl radicals, which exhibit
strong oxidation potential and can effectively degrade
a wide range of persistent organic pollutants. Among
these, processes such as UV/H20: and Os/H20: have
shown promising results in breaking down recalcitrant
compounds and improving overall treatment
efficiency. The current study focuses on evaluating the
effectiveness of various AOPs in the removal of key
contaminants from landfill leachate, aiming to address
the limitations of conventional treatment methods and
contribute to safer waste management practices.

Materials and Methods

This experimental study was conducted on landfill
leachate collected from the city of Aghajari. The
research focused on evaluating the efficiency of
advanced oxidation processes (AOPs) including UV/
03, UV/H202, and Os/H:0: for leachate treatment
in a laboratory-scale pilot setup. Initially, optimal
conditions for ozone (Os) and hydrogen peroxide
(H202) dosing were determined. The effects of
different AOPs, reaction times, and pH levels on the
removal of total organic carbon (TOC), biochemical
oxygen demand (BOD), and chemical oxygen demand
(COD) were systematically investigated.

In the UV-based processes, ultraviolet irradiation
was used to activate hydrogen peroxide, generating
highly reactive hydroxyl radicals capable of degrading



organic pollutants. In the Os-based processes, ozone
was applied either alone or in combination with
H>0: to enhance the oxidation of contaminants.
The combination of ozone and hydrogen peroxide
was particularly assessed for its ability to produce
additional hydroxyl radicals, leading to more rapid
and effective pollutant removal. All experiments were
performed under controlled laboratory conditions,
and the concentrations of TOC, BOD, and COD were
measured before and after treatment to evaluate process
efficiency. The influence of pH was examined across
a wide range (2-12) to identify optimal operational
parameters. Table 1: shows the characteristics of the
leachate studied.

Table 1 Characteristics of the leachate studied.

Parameter Amount

pH 8.2-8.6
Colour (PtCo) 2,173-2,572
BOD (mg/L) 498-546
COD (mg/L) 3,954-4,870
Total solids (mg/L) 6,424-6,623

Results and Discussion

Performance of the H:O:/UV Process

The effect of irradiation time on the removal of BOD,
COD, and TOC from landfill leachate using the H>O-/
UV advanced oxidation process was investigated. The
findings demonstrated a progressive increase in TOC
removal efficiency with prolonged irradiation time,
achieving 85.3% after 80 minutes. However, COD and
BOD removal efficiencies remained comparatively
lower, reaching only 33.56% and 35.46%, respectively,
after 100 minutes. In addition, the synergy between
UV light and hydrogen peroxide led to the generation
of hydroxyl radicals, significantly enhancing the
degradation of organic pollutants. Previous studies
have also confirmed the positive impact of increasing
H20: concentration and combining it with ozone to
further improve COD removal.

Effect of pH

The influence of pH (ranging from 2 to 12) on the
removal efficiency was evaluated at the optimal
irradiation time (80 minutes). Increasing pH from 2
to 12 resulted in marked improvements in BOD (from
10.2% to 42.4%), TOC (from 18.3% to 59%), and
COD (from 33% to 53%) removal. This enhancement
is attributed to increased hydroxyl radical production
at higher pH and the effect of hydroperoxide anions.

Performance of the H:0:/Os Process

The impact of reaction time on pollutant removal using
the H.0./O; process was also examined. Also, the
results demonstrated that prolonged contact time with
ozone initially decreased contaminant concentrations,
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which it stabilized after 20 minutes, achieving removal
efficiencies of 72.1% for COD, 66.3% for BOD, and
76% for TOC. Moreover, this stabilization implies
that partial oxidation of organic compounds occurred,
aligning with prior studies reporting 50-70% organic
reduction following ozonation. Furthermore, the
combined use of ozone and hydrogen peroxide further
improved the biodegradability of the leachate.

Effect of pH

At the optimal reaction time (20 minutes), the H20-/
Os process achieved maximum removal efficiencies
at pH 8: 50.73% (COD), 30.70% (BOD), and 65%
(TOC). Higher pH values (10-12) decrease removal,
likely due to the conversion of suspended solids into
soluble forms and the breakdown of larger molecules
into smaller ones. The enhanced efficiency observed
at pH 8 is attributed to increased hydroxyl radical
production and higher photolysis rates. The error
margin in repeated experiments was less than 5%.

Comparative Results

Comparison of the two processes across different
pH levels showed that the H202/Os process exhibited
consistently superior performance over H.O»/UV in
the removal of COD, BOD, and TOC. In addition,
these findings highlight the superior efficiency of
combined advanced oxidation processes, particularly
at optimal pH and reaction times, for the effective
treatment of landfill leachate. Also, the effect of pH on
BOD, TOC, COD removal efficiency using UV/H,O,
is shown in Fig. 1.
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Fig. 1 Effect of pH on BOD, TOC, COD removal efficiency
using UV/H,0,.
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Conclusions

A significant difference was observed between the
advanced oxidation processes UV/H:0: and H.O»/
0s. The H202/0s process achieved a TOC removal
of 90.1% within 20 minutes, compared to 85.3% in
80 minutes for the H20./UV process. Furthermore,
the H202/Os process demonstrated superior removal
efficiencies for BOD (85.3%) and TOC (70%)
compared to the UV/H20: process, which achieved
only 56.3% and 50% removal, respectively. Moreover,
both processes exhibited optimal performance at
pH=8. Furthermore, future studies should focus on
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hybrid treatment methods such as UV/Os, along with a
detailed investigation of pH effects, reaction kinetics,
and contaminant removal mechanisms. Additionally,
economic feasibility studies and environmental impact
assessments are essential for the practical application
of advanced oxidation processes in large-scale leachate
treatment.  Therefore, while AOPs-particularly
combined systems-show great promise for the removal
of persistent organic pollutants from leachate, further
optimization and comprehensive studies are necessary
to enhance their efficiency and sustainability under
real-world conditions. Notably, the error margin in
repeated experiments was less than 5%.

Nomenclatures

AOPs: Advanced oxidation processes
BOD: Biochemical oxygen demand
COD: Chemical Oxygen Demand
TOC: Total Organic Carbon
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