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ABSTRACT 

It is well recognized by the fact that landfill leachate released by municipal wastes contains large quantities of non-
biodegradable and toxic constituents including organic and inorganic substances.  Therefore,  several treatment steps 
must be adopted to achieve a satisfactory removal of hazardous pollutants.  Furthermore, this wastewater contain of 
high concentration of organic material that it is available for converting to energy with a proper method. As leachate 
composes non-biodegradable compounds, a special chemical process need to increase its biodegradability to be used in 
biological treatment system. With regards to the aims considered in the present review, thereafter the leachate 
decomposed by a selected advanced oxidation process it will introduce into a high rate anaerobic system, converting its 
organic contents into methane. In an extensive survey, up flow anaerobic sludge fixed film (UASFF) bioreactor has shown 
the best performance among the studied systems.  
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INTRODUCTION 
Sanitary landfill is one of the most common techniques for the management of solid wastes produced by 
the cities around the world. landfill leachate is a complex wastewater generated when the moisture 
content or water content of the landfilled solid waste is higher than its field capacity. The presence of 
water allows a combination of physical, and microbial processes to transfer pollutants from the solid 
waste into the liquid resulting the formation of leachate. Due to its large variability of organic, inorganic 
and heavy metal contents, leachate consist of recalcitrant compounds[1,2,3,4]. There are many factors 
affecting the quality and the quantity of leachates , i.e, seasonal weather variation, landfilling technique, 
piling and compaction method, waste type and composition of landfill leachates varies greatly depending 
on the age of the landfill [5]. When the landfill is a few years old the dominated fermentation phase is 
acidogenic and the leachate generated is generally referred as “young”. In that case, COD and BOD reaches 
very high concentrations. landfill greater than 10 years old are generally in the methanogenic phase and 
the leachate generated is referred to as “ old “ . in” old “ leachate BOD decreases faster than COD and the 
ratio BOD/COD is stabilized on the level less than 0.2. As sample, The characteristics of  the landfill 
leachate from four landfill sites are shown in Table 1 [6,7,8].  

 
Table 1. Characteristics of landfill leachate from different landfill sites  

Parameter Unit 
Value 

(PBLS) 
Value 

(Odayeri) 
Value 

(Taman beringin) 
Value 

(Sobuczyna) 

COD mg/l 1533-2580 10000-50000 5400 3500-4200 

BOD  mg/l 48-105 N/A 1900 380-420 
pH mg/l 7.5-9.4 7.5-8 N/A 8.2-8.4 
Alkalinity  mg/l N/A 11500-18900 N/A 4900-5200 
Chloride  mg/l N/A N/A N/A 1800-2500 
Ammonia nitrogen mg/l N/A 1030-2350 3500 890-994 
VFA mg/l N/A N/A N/A 500-900 
TKN mg/l N/A 1630-2750 N/A N/A 
PO4-P mg/l N/A 6.8-16.2 N/A N/A 
SS mg/l 159-233 37500-49000 N/A N/A 

N/A: data unavailable 
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The specific composition of leachates determines their relative treatability. various processes have been 
employed such as anaerobic and aerobic biological degradation, chemical oxidation, coagulation-
precipitation, activated carbon adsorption and membranes processes each of these methods have 
advantages and disadvantages that have described in Table 2 [9,10,11,12,13].  

 
Table 2. Advantages and disadvantages between anaerobic and alternative treatment methods 

Treatment 
types 

advantages disadvantages 

Anaerobic 

Low energy requirements , producing 
methane gas as a valuable end product, 
generated sludge from process could be 
used for land applications 

Long retention time, slow start-up (granulating 
reactors) ,large area required for conventional 
digesters 

Aerobic 
Shorter retention time, more effective in 
handling toxic wastes 

High energy requirements , rate of pathogen 
inactivation is lower in aerobic sludge compared 
to anaerobic sludge, thus unsuitable for land 
applications 

Membrane 

Produce consistent and good water quality 
after treatment, smaller space required for 
membrane treatment plants, can disinfect 
treated water 

short membrane life, membrane fouling, 
expensive compared to conventional treatment 

 
The most popular treatment of landfill leachate in the past was the anaerobic digestion or aerobic 
activated sludge but in the recent decades, search for alternative treatment methods had focused on 
various sophisticated technologies. This included advanced biological, physical and chemical treatment 
methods such as advanced oxidation processes(AOP) [14,15]. Biological processes can be effective for 
young leachate with a high BOD5/COD ratio but these processes may not effectively treat leachate with a 
low BOD5/COD ratio. Therefore, chemical processes are applied for pretreatment, post-treatment or full 
treatment of such leachate. Some of the AOPs used are Fenton, H2O2/UV, O3, O3/UV, Fe+2/H2O2/UV and 
electro-Fenton and etc. ([5,16,17]. AOPs typically involve the generation and use of hydroxyl free radical 
(HO˚) as strong oxidation to destroy compounds that  cannot be oxidized by different oxidants such as 
oxygen, ozone, chlorine ([16,18]. From the environmental point of view, the biotransformation of organic 
matter content of the leachate to methane is of high importance. Thus, after an AOP, a high rate anaerobic 
treatment should be applied. One of the most notable developments in anaerobic treatment process 
technology was the up flow anaerobic sludge blanket (UASB) reactor. The principal types of anaerobic 
sludge blanket processes consist of  influent distribution at the bottom of the reactor column and travels 
in an up flow mode through the sludge blanket of biologically formed granules which consume the waste 
as it passes through the blanket,  methane and carbon dioxide gas bubbles rise and are captured in the gas 
dome. There are a large number of factors, which affect biogas production efficiency such as 
environmental conditions and operational parameter. Formation of granules and their maintenance is 
extremely important in the operation of the process. To keep the blanket in suspension, an up flow 
velocity 0.2 to 0.9 m/h has been used. Solids concentrations in the sludge bed having been reported to 
reach as high as 100 to 150 g/l [10,19,20,21]. Therefore, this review attempted to pointed out the 
advantages of AOPs and UASB  and make link between both system by introducing special methods to 
achieve high efficiency for landfill leachate treatment. 
2-1. Advanced Oxidation Process  
Many research works in the regard of application of advanced oxidation process have been carried out. 
The most recent studies have been summarized in Table 3. The results of the  studies have shown that the 
technologies applied for leachate treatment with AOPs is dependent to characteristics of leachate, process 
factors and environment factors. The conventional Fenton process have low treatment costs, so that the 
amount of Fenton reagent required for the process is basically related to initial COD concentration and 
fractionation, operation conditions, and the aim of the treatment [16,17,22]. The dosages of Fenton 
reagents required to achieve an exploitable important in organic biodegradability are significantly lower 
than those required to achieve a minimal COD in a raw leachate. Antonio Lopez, et al., (2004) studied the 
Fenton process as a method for per-treatment of mature landfill leachate.  Results obtained from the 
study showed  the best operational condition found to be  Fe+2 = 27 mg/l, H2O2= 3300 mg/l, initial pH = 3, 
reaction time = 2h. The maximum COD removal efficiency obtained to be  60% in an initial COD 
concentration of  10540 mg/l[5]. In another study Claudio di iaconi,et al.,(2003) applied a combined 
system including a chemical and a biological system treating a mature municipal landfill leachate [2].  A 
80% COD removal efficiency was achieved at an organic loading rate about  1.1 kg COD×m-3 d-,while the 
efficiency considerably affected by increasing volumetric organic loading to 4.5 kg COD×m-3 d- where only 
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10% of initial COD could be removed . It should be noted that at a condition of 5 g× L- of H2O2 and 1.5 g× L- 
g/l of Fe 2+ , 85% COD removal efficiency  was achieved, whereas the efficiency reduced to 33%  by 
ozonation  of the waste. In an investigation, BOD5/COD ratio was increased from 0.14 to 0.22 and 0.27 by 
Fenton process[23]. Photo-Fenton process  increased leachate BOD5/COD ratio from 0.08 to 0.14[24], 
while Electro-Fenton process showed a better performance by increasing the ratio from 0.1 to 0.3[15]. 
Jerry, et al., [1] investigated the efficiency of several ozone–based advanced oxidation processes (AOPS), 
Such as O3, O3 /H2O2 and O3 /UV, to treat landfill leachate. Ozone /UV was found as  the best oxidation 
approach among the three types of selected processes. A combined system including chemical coagulation 
, electro-Fenton reactor and SBR unit was applied for treatment of old –aged landfill leachate by Sheng 
H,et al.,(2000)[15]. In this study, COD was decreased from 1941 mg/l to 295 mg/l where as the BOD/COD  
ratio was improved from 0.1 to near 0.3 in 30 min . Intensification effect of the UV radiation on Fenton 
process treating leachate was investigated in a study and the results was compared with those obtained 
from conventional Fenton and electro-Fenton processes by  Yang Deng, et al.,(2006). The COD removal 
efficiencies and  BOD5/COD ratio were in the range of 45 % to 85% and 0.14 to more than 0.6, 
respectively. Based on the review carried out, due to high non-biodegradable fraction of leachate COD, an 
efficient and cost effective pretreatment approach is needed to make leachate digestible to be converted 
into biogas. Consequently, employing a combined system would be the best full treatment alternative. 

 
Table 3. Chemical Oxidation Methods applied  for leachate treatment 

No. AOP Type  
Type of  

wastewater 

COD 
in 

(mg/l) 

H2O2 

(mg/l) 
Fe+2 

(mg/l) 
R.T 

(min) 
H2O2/ 
Fe+2 

in
COD

BOD
)( 5  %COD 

 
(remove) 

References 

Inf Eff 

1 
Conventional 

Fenton 

Leachate 10540 10000 830 120 12 0.2 0.5 60 
Lopez, A, et 
al., 2004 
 

Leachate 

4500 5000 1500 60 3.3 

N/A N/A 

85 

Di laconi. C, 
et al., 2006 
 

Leachate 
(Pretreated 
biologically) 

1800 600 1500 

N/A 

0.7 0.14 0.22 69 Kim et al. 
2001 

Leachate 
 

5400 N/A N/A N/A 6 0.35 N/A 62 
Nor Askir 
M., et 
al.,2007 

Old-
intermediate 

landfill 
leachate 

4113 3500 437 30 8 0.35 0.71 50 
Barnes D, et 
al.,2007 
 

2 Electro-
Fenton 

Mature 
leachate 

950 750 N/A 30 N/A 0.08 0.14 68 
Lin & 
Chang.2000 
 

3 Photo-Fenton Leachate 
(Pretreated 
biologically) 

513 800 N/A N/A N/A 0.1 0.3 71 
Lau et al. 
2002 
 

4 Ozone Leachate 
(Pretreated 
coagulated) 

2500 O3= 1.2 g/l 30 N/A 0.06 0.5 72 
Wu, J. J, et 
al., 2004 

5 Fenton- like 

Leachate 
(Pretreated 

by  
coagulation) 

3530 34000 558 N/A 100 N/A N/A 80 
Rivas et al., 
2004 

Leachate 
(Pretreated 
biologically 

1800 1500 1500 N/A 1.6 0.14 0.27 45 
Kim et al. 
2001 

N/A: data unavailable 
 
2-2- Anaerobic treatment  
Since one of the main aims of leachate treatment is to bio-transfer its organic matter into methane, the 
studies have been focused on the use of anaerobic systems. Many studies have been done on anaerobic 
treatment which are listed in table 4. In a study, an anaerobic fluidized bed reactor was examined for 
leachate treatment[6], 90 %  COD removal  was achieved at HRT of 1 day at the organic loading rate 
(OLR) of 12 g COD×l-d-. kennedy et al., [25] investigated treatment of municipal landfill leachate in a 
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sequence batch reactor (SBR) and an UASB at OLRS between 0.6-19.7 g COD×l-d-. The bioreactors showed 
a relatively high soluble COD removal in the range of 77-91% at HRTs  between 12-24h. The application 
of a hybrid system consisting of an UASB coupled by a reverse osmosis treating municipal leachate was 
studied by Bohdziewcz, et al., [8]. The system showed a high performance in terms of COD removal and 
biogas production yield. Maranon et al., [13] studied anaerobic treatment of sludge from a nitrification–
denitrification landfill leachate plant in up flow anaerobic sludge blanket reactor. 0.29 m3 of biogas m-

3day-1 was obtained as the biogas production rate at the end of the experiment with a methane content of 
70- 75 %[13].  Castillo et al., [26] investigated the feasibility of an RBC system and UASB reactor at small 
scale for the treatment of a landfill leachate. A maximum COD removal of 62% and methane specific 
production of 0.29 m3 CH4× kg - COD removed  was achieved at a HRT of 54 h[26]. Riitta et al., [27] applied a 
pilot–scale UASB reactor for treatment of municipal landfill leachate at low temperatures (13-23 C) and 
55 and 75 % COD removal efficiencies were achieved, respectively for OLRS of 2 and 4 kg COD × m-3d- . 
Whereas the methane yield averaged about 320 ml ch4 g-1 CODremoved. Co-digestion of leachate with 
septage was investigated at a UASB reactor by Chin-Yue et al.,[28]. At hydraulic detention time of 1.5 days 
and OLR of 6.73 kg COD× m-3d-  (mixture rate of 1:1), 42.2 % the COD removal efficiency was achieved. In 
a study, a two–stage UASB reactor was examined for leachate treatment [29]. It showed to be very 
effective for the removal of COD and production of methane gas as energy source. 
 

 Table 4- Various anaerobic treatment systems applied for leachate treatment 

N
o. 

Type  
of 

reactor 

wastewat
er 

COD 
in 

(mg/
l) 

in
COD

BOD
)(

 

OLR 
( kg 
COD

/ 
m3 

day) 

HRT 
(day

) 

%COD 
( 

Remov
e) 

Biogas 
yield 

Biogas/gC
OD removed 

LCH4/gC
OD 

removed 
references 

inf eff 

 
1 

UASB 
reactor-

Ro 
 

Landfill 
leachate 
was 
mixed 
with 
synthetic 
wastewat
er in the 
20%(v/v) 

4000 0..33 
0.2
5 

1.3 3 76 

2600 L/day 
Biogas 

production 
 

N/A 
Bohdziewic
z,J et al., 
2008 

2 
 
 
 

Sequenci
ng batch 
continues  
flow up 
flow 
anaerobic 
Sludge 
blanket 
Reactors 
 

Landfill 
leachate  

5200 0.86 
N/
A 

6.4-
13.1 

0.75 81 N/A 
0..29 – 
0..34 

kennedy, 
K.J et al., 
2000 

3 
UASB/ 
CSTR 

Landfill 
leachate  
 
 

2000
0 

biodegrada
ble 

0.2 16 4.5 79 
0.58 

 
0.348 

Agdag ,O.N 
et al., 2005 

4 UASB 

1:1 
Septage 
mixed 
with 
leachate 

4586 N/A 
N/
A 

6.73 1.5 58.1 N/A 
0.073-
0.187 

(SCOD) 

Lin, C.Y et 
al., 2000. 

5 UASB 
Landfill 
leachate  

3100 0.61 
0.3
9 

3..3 0.96 60 N/A 0.32 
Kettunen 
,R. H et al., 
1997 

6 
RBC and 

UASB 

Landfill 
leachate 
(100%) 
 
 

9000 N/A 
N/
A 

3.7 2.25 62 N/A 0.29 
Castillo, E  
et al., 2006 

 
 

7 
 
 
 

Anaerobi
c 
treatmen
t of 
sludge 
from a 
nitrificati

Sludge 
from a 
MSW 
landfill 
leachat  

2060
0 

N/A 
N/
A 

1.19 9 87 
0.29 

 
0.21 

Maranon, 
E, et al., 
2006 
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on – de 
nitrificati
on 
landfill 
leachate   

8 
fluidized 
bed 
reactor 

AFBR 
Landfill 
leachate  

1201
0 

9 ASBR 

 
Landfill 
leachate 
 

3800-
1590

0 

N/A: data unavailable 
 
Among the anaerobic treatment systems tested, UASB reactors family has been found to be the best 
Due to occasional instability in the UASB reactor performa
anaerobic reactor (combination of an UASB and an UFF) is introduced and examined for the treatment of  
various wastes [9,31,32,33]. Therefore, 
UASFF coupled with an AOP as an integrated system with the aim of full treatment of leachate

Fig. 1 -

 
CONCLUSION  
Nowadays, waste management known as an important point in urban management due to the hum
health risk and the environmental challenges that it is result of improper waste management. 
for the next two decades indicate an upward trend in waste production and, subsequently in leachate 
infiltration. Furthermore, conventional treatmen
energy from this source that it is available around the world. 
inadequate success of conventional treatment of leachate and also not cost effectiveness of AOPs 
raised refer to the use of biological treatment
integration system make possible energy recovery and also 
various shortcomings and challenges has been 
development of in this filed can be expected in the future.
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