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bstract

The oxidation of leachate coming from the composting of two organic wastes (wastewater sludge and organic fraction of municipal solid wastes)
sing the Fenton’s reagent was studied using different ratios [Fe2+]/[COD]0 and maintaining a ratio [H2O2]/[COD]0 equal to 1. The optimal
onditions for Fenton reaction were found at a ratio [Fe2+]/[COD]0 equal to 0.1. Both leachates were significantly oxidized under these conditions
n terms of COD removal (77 and 75% for leachate from wastewater sludge composting and leachate from organic fraction of municipal solid
astes, respectively) and BOD5 removal (90 and 98% for leachate from wastewater sludge composting and leachate from organic fraction of

unicipal solid wastes, respectively). Fenton’s reagent was found to oxidize preferably biodegradable organic matter of leachate. In consequence,
decrease in the biodegradability of leachates was observed after Fenton treatment for both leachates. Nevertheless, Fenton reaction proved to be
feasible technique for the oxidation of the leachate under study, and it can be considered a suitable treatment for this type of wastewaters.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Solid waste management is becoming a global problem in
eveloped countries. In recent years, the international policy on
anagement of organic wastes has been increasingly directed

owards recycling. There are different technologies to recy-
le organic wastes and composting is often presented as a
ow-technology and low-investment process to convert organic
astes to an organic fertilizer known as compost [1]. In Europe,
uge amounts of organic municipal solid wastes and sludge are
anaged in composting facilities where these materials are pro-

essed. One of the main problems associated with the treatment
f organic wastes in composting facilities is the management
nd treatment of leachates, which present a high organic load
nd cannot be stored in the plant.
Among chemical processes the Advanced Oxidation Pro-
esses (AOPs) has been used to reduce the organic load or
oxicity of different waters and wastewaters [2,3]. AOPs are
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ased on the generation of hydroxyl free radicals, which have a
igh electro-chemical oxidant potential. Among AOPs the Fen-
on’s reagent [4] has been efficiently used as a chemical process
or wastewater treatment and pre-treatment [5]. The Fenton’s
ystem consists of ferrous salts combined with hydrogen perox-
de under acidic conditions.

A wide variety of Fenton’s reagent applications have been
eported, such as treatment of textile wastewaters [2,6], reduc-
ion of Polynuclear Aromatic Hydrocarbons (PAH) in water [7],
emoval of Adsorbable Organic Halogens (AOX) from pharma-
eutical wastewater [8], or treatment of paper pulp manufactur-
ng effluents [9]. Among them, application of the Fenton reaction
or the treatment of leachates has been recently reported and
ifferent conditions for the Fenton reaction have been studied
10,11]. However, these results have been obtained with landfill
eachate, which is inherently different from composting leachate
ue to the aerobic conditions of the process and the use of “fresh”
nd “young” wastes. To our knowledge, there are no studies pub-

ished on the use of the Fenton reaction to treat leachates from
omposting processes.

The objective of this work is to study the utilization of the
enton reaction for the treatment of leachates coming from the
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omposting of two typical organic wastes: wastewater sludge
WS) and organic fraction of municipal solid wastes (OFMSW).
he efficiency of the Fenton process is evaluated in terms of

eduction of organic matter load.

. Materials and methods

.1. Leachate collection

Different samples of leachates from the composting of
astewater sludge (mixed with pruning wastes) and source-

elected organic fraction of municipal solid waste were collected
rom the composting plant of Jorba (Barcelona, Spain) during
he period January–June of 2005. The results of the character-
zation of leachates (Table 1) are presented as average values
ith standard deviation. A complete description of the plant and

he composting process can be found in [12].

.2. Analytical procedures

Analytical procedures for the determination of chemical oxy-
en demand (COD), biochemical oxygen demand (BOD5), pH
nd electrical conductivity were conducted according to Stan-
ard Methods [13].

.3. Fenton reaction

Fenton reaction was performed at 25 ◦C and atmospheric
ressure. In all the experiments, the ratio [H2O2]/[COD]0 (g/g)
total COD) was fixed to 1 whereas the ratio [Fe2+]/[COD]0
mol/mol) was fixed at 0.5, 0.1 and 0.05. Concentrated hydro-
en peroxide (33%, Panreac, Barcelona, Spain) was used to
inimize the dilution effect associated to H2O2 addition (this

ilution effect was considered in the calculation of BOD5 and
OD removal). pH of all samples prior to Fenton reaction was
xed to 3 by adding concentrated sulphuric acid. No precip-

tation was observed after pH adjustment. All the experimen-
al conditions were performed in triplicate. Fenton reaction

as concluded after 60 min, when no reaction was visually
bserved. A detailed description of the experimental proce-
ure used to carry out the Fenton reaction can be found in
14].

able 1
haracterization of leachate from organic fraction of municipal solid waste and
astewater sludge

arameter Leachate from
wastewater sludge
composting

Leachate from
municipal solid
waste composting

otal COD (g/l) 132 ± 8 177 ± 8
issolved COD (g/l) 65 ± 6 117 ± 2
OD5 (g/l) 71 ± 1 87 ± 2
atio BOD5/COD 0.54 0.49
H 7.11 ± 0.03 6.16 ± 0.02
lectrical conductivity (mS/cm) 47.1 ± 0.4 51.6 ± 0.5
olour Black Dark brown
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.4. Data analysis

Statistical significance of replicate values was carried out by
eans of F-test (variance analysis) and Student’s t-test (mean

nalysis) both at 5% level of probability.

. Results and discussion

.1. Leachate characterization

The characterization of leachates from WS and OFMSW
omposting are shown in Table 1. As expected, both leachates
resented a very high level of COD and BOD5, whereas the
atio BOD5/COD was around 0.5, which corresponded to a high
evel of biodegradability of the organic matter. These results
re higher than those found in leachates from landfill, which
sually present values of COD from 5 to 10 g/l and low values
f biodegradability (ratio BOD5/COD around 0.1) [10,11]. One
ossible explanation for this fact is that composting leachates
onsist of particulate and dissolved organic matter from fresh
nd young wastes instead of landfill leachate that is a mixture
f different aged materials. The high levels of BOD5 found (in
he case of sludge composting even higher than that of dissolved
OD) indicates that a significant amount of particulate organic
atter is also degradable. This is often found when respiration

ests are carried out with solid wastes or slurries [15]. Never-
heless, the values found for composting leachates are in the
ange of liquid streams that are being currently treated by AOPs
13,16]. Moreover, given the high values of COD and BOD5, a
iological process to treat composting leachates will not prob-
bly achieve legal requirements of water quality. In relation to
H, however, it must be pointed that the values found in WS
nd OFMSW leachates are far from those considered optimal
or Fenton reaction, which is usually carried out at pH values
elow 4 [5].

.2. BOD5 and COD reduction by Fenton reaction

Fenton reaction was carried out on WS and OFMSW leachate
amples at different levels of the ratio [Fe2+]/[COD]0 (0.5, 0.1
nd 0.05), whereas the ratio [H2O2]/[COD]0 (g/g) was fixed to
. These experimental conditions were selected since they are
ommonly used in Fenton reaction. For instance, Kurt et al. [17]
nd Kim et al. [18] used a ratio [H2O2]/[COD]0 equal to 1 for the
reatment of different leachates and showed no significant differ-
nces in COD removal when this ratio was modified around the
toichiometric theoretical value (2), whereas the optimal ratio
Fe2+]/[COD]0 show a high variability in different studies treat-
ng different wastewaters [5,14,17,18].

Table 2 shows the results of COD removal found for Fen-
on reaction. In both WS and OFMSW leachates the optimal
atio [Fe2+]/[COD]0 was 0.1, which produced a COD removal
f 77 and 75% for WS and OFMSW, respectively. However, it

ust be pointed that precipitation of hydrated ferric oxides was

bserved when using high Fe2+ concentrations. In this case, it is
robable that some of the COD removal may be associated to co-
recipitation and not properly to Fenton reactions. Nevertheless,
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Table 2
BOD5 and COD removal obtained by the Fentons reaction for the leachate under different conditions

Sample Experimental conditions [Fe2+]/[COD]0 Total COD removal (%)a BOD5 removal (%) Final ratio BOD5/COD

Leachate from
wastewater sludge
composting

0.5 74 ± 10 a – –
0.1 77 ± 8 a 90 ± 2 0.23
0.05 58 ± 6 b – –

Leachate from 0.5 57 ± 11 c – –
5 ±
9 ±
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municipal solid
waste composting

0.1 7
0.05 5

a Different letters indicate significant statistical difference.

hese results are in accordance to those found for landfill leachate
10,11], demonstrating the suitability of the Fenton reaction for
he treatment of leachates from solid wastes with a high content
f organic matter.

To study the effect of Fenton reaction on the biodegrad-
bility of composting leachates, the BOD5 removal was stud-
ed for the optimal conditions found for COD reduction
[Fe2+]/[COD]0 = 0.1). Results are shown in Table 2. BOD5
emoval for both leachates was very high (90 and 98% for WS
nd OFMSW, respectively). In particular the results for BOD5
emoval were higher than those of COD removal. This can be
lso observed in the values of the final ratio BOD5/COD, which
learly decreased after Fenton treatment (Table 2). One possi-
le hypothesis for this is the fact that Fenton’s reagent is likely
o oxidize preferably biodegradable organic matter, which is
lso the major constituent of organic load found in composting
eachates. These results are different from those recently found
ith mature landfill leachates, where Fenton treatment produces

n increase in leachate biodegradability (increase in the ratio
OD5/COD from 0.13 to 0.42) [19]. In this case, it is probable

hat mature landfill leachates are composed of more recalcitrant
rganic molecules and consequently a Fenton process can break
own or rearrange molecular structures of organic matter and
onvert the non-biodegradable organics to more biodegradable
orms. In the case of composting leachates, however, the organic
ompounds of leachate are mostly biodegradable and the Fen-
on process is likely to oxidize these compounds. Anyway, the
esults presented in this work demonstrate the suitability of the
enton process to reduce organic load of composting leachates
ith extremely high values of COD and BOD5.
Obtained results point that, since composting leachates have

relatively high BOD5/COD ratio, the global treatment process
hould be composed of a first biological process with a posterior
reatment with Fenton reaction. Fenton reaction could be pro-
osed therefore as a post-treatment for the composting leachate,
hich have been previously treated by biological (aerobic or

naerobic) treatment. Contrarily, with landfill leachate, the Fen-
on reaction should be included in the treatment sequence as a
re-treatment [19].

. Conclusions
From the data here presented, we can conclude that:

1) Leachate from the composting process of two typical
organic wastes (WS and OFMSW) has been characterized
8 d 98 ± 2 0.04
5 c – –

in terms of organic load. The values found for both COD
and BOD5 were extremely high.

2) The optimal conditions for Fenton reaction were found
at a ratio [Fe2+]/[COD]0 equal to 0.1 when the ratio
[H2O2]/[COD]0 was maintained to 1. Both leachates were
significantly oxidized under these conditions in terms of
COD removal (77 and 75% for WS and OFMSW leachate,
respectively) and BOD5 removal (90 and 98% for WS and
OFMSW leachate, respectively).

3) Fenton reaction was found to oxidize preferably biodegrad-
able organic matter of leachates, resulting in a significant
reduction of the ratio BOD5/COD for both leachates.

4) Fenton reaction proved to be a feasible technique for the oxi-
dation of the leachate under study, and can be considered a
suitable treatment for this type of wastewaters. The use of
Fenton reaction, given the high biodegradability of compost-
ing leachate, should be proposed as a post-treatment after
biological treatment. The resulting effluent may be treated
in a municipal wastewater treatment plant.

5) Further research on the use of the Fenton reaction to treat
composting leachates should be focused on the improve-
ment of the effectiveness of the organic matter removal by
changing experimental conditions or by using other AOPs.
The study of the oxidation of specific organic compounds
found in composting leachate would be also of interest.
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of organic contaminants in paper pulp treatment effluents under Fenton and
photo-Fenton conditions, Appl. Catal. B: Environ. 36 (2002) 63–74.

10] H. Zhang, H.J. Choi, C.P. Huang, Optimization of Fenton process for the
treatment of landfill leachate, J. Hazard. Mater. B 125 (2005) 166–174.

11] F.J. Rivas, F. Beltrán, F. Carvalho, B. Acedo, O. Gimeno, Stabilized
leachates: sequential coagulation–flocculation + chemical oxidation pro-
cess, J. Hazard. Mater. B 116 (2004) 95–102.

12] R. Barrena, E. Pagans, G. Faltys, A. Sánchez, Effect of inoculum dosing

on the composting of source-selected organic fraction of municipal solid
wastes, J. Chem. Technol. Biotechnol. 81 (2006) 420–425.

13] APHA, Standard Methods for the Examination of Water and Wastewater,
20th ed., American Public Health Association, Washington, DC, USA,
1998.

[

Materials B138 (2006) 201–204

14] N. San Sebastián, J. Fı́guls, X. Font, A. Sánchez, Pre-oxidation of an
extremely polluted industrial wastewater by the Fenton’s reagent, J. Hazard.
Mater. B 101 (2003) 315–322.

15] R. Barrena, F. Vázquez, M.A. Gordillo, T. Gea, A. Sánchez, Respirometric
assays at fixed and process temperatures to monitor composting process,
Bioresour. Technol. 96 (2005) 1153–1159.

16] M. Ahmadi, F. Vahabzadeh, B. Bonakdarpour, E. Mofarrah, M. Mehra-
nian, Application of the central composite design and response surface
methodology to the advanced treatment of olive oil processing wastew-
ater using Fenton’s peroxidation, J. Hazard. Mater. B 123 (2005) 187–
195.

17] U. Kurt, M.T. Gonullu, Y. Avsar, E. Arslankaya, Research on treatability of
young landfill leachates by Fenton’s reaction, in: Proceedings of the ISWA
2002 World Environmental Congress and Exhibition, Istanbul, 8–12 July,
2002, p. 901.

18] S.M. Kim, S.U. Geissen, A. Vogelpohl, Landfill leachate treatment by

a photoassisted fenton reaction, Water Sci. Technol. 35 (1997) 239–
248.

19] J. Lopes, P. Peralta, Use of advanced oxidation processes to improve the
biodegradability of mature landfill leachates, J. Hazard. Mater. B 123
(2005) 181–186.


	Use of Fenton reaction for the treatment of leachate from composting of different wastes
	Introduction
	Materials and methods
	Leachate collection
	Analytical procedures
	Fenton reaction
	Data analysis

	Results and discussion
	Leachate characterization
	BOD5 and COD reduction by Fenton reaction

	Conclusions
	Acknowledgement
	References


