SCIENTIA PLENA VOL. 8, NUM.7 2012

www.scientiaplena.org.br

Development of Advanced Oxidation Processes fodfikn
Leachate Treatment in Muribeca (Pe-Brazil)

Desenvolvimento de processos oxidativos avancaai@sqtratamento de chorume de
aterro na Muribeca (Pe-Brasil)

G. M. R. Filnd; M. M. L. Duarté: A. D. Silv&; J. F. L. Netg, D. A. Lim&;
M. Benachoufr, G. L. Silva; A. M. R. Bastos: V. L. Silva

!Post-graduation Program in Chemical Engineering, Bement of Chemical Engineering, Federal University
Rio Grande do Norte, 59078-970, Natal-RN, Brazil

ZCenter for Technology and Geosciences, Departme@hefnical Engineering, Federal University of Pernaici
50740-521, Recife-Pe, Brazil

3Center for Technology and Geosciences, Federal Wsityeof Pernambuco, 50740-521, Recife-Pe, Brazil
gmrflg2003@yahoo.com.br
marcia@eq.ufrn.br
anderson.deodato@yahoo.com.br
zecadaluz@hotmail.com
amaugusto@hotmail.com
mbena@ufpe.br
glimasilva21@yahoo.com.br
amrbsilva@ig.com.br
leag_val@yahoo.com.br
(Recebido em 09 de junho de 2012; aceito em Jdlhtkede 2012)

Advanced oxidation processes (AOP's) stand outaltigeir high efficiency in the degradation of onga
compounds with low operational cost. Through’ @#erimental design, variables such as pH, hydroge
peroxide, volume and reaction time were assesskd.r&sponse studied was the amount of degraded
organic matter per mg/L of leachate. To optimize phocess, the study sought to maximize the Chémica
Oxygen Demand (COD) removal and Total Organic CarfddDC) reduction percentage. The white light
reactor provided COD removal ranging from 5.3% 6640 and TOC reduction from 4.9% to 50.5%.
The black light reactor provided COD removal raggfrom 20.3% to 58% and TOC reduction from
27.3% to 46.5%. Finally, the sunlight reactor pdad COD removal ranging from 21.3% to 77% and
TOC reduction from 38.2% to 69.2%. A pseudo-fireder kinetic model was applied, allowing a
satisfactory representation of the degradationgs®c
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Processos oxidativos avangados (POA'S) se destdemido a sua alta eficiéncia na degradagédo de
compostos organicos com baixo custo operacionahvAs de um planejamento experimentil &
variaveis tais como o pH, o peroxido de hidrogémolume e tempo de reacdo foram avaliados. A
resposta estudada foi a quantidade de matériaioegdegradada por mg / L de chorume. Para otinaizar
processo, o estudo procurou maximizar a remocadesieanda Quimica de Oxigénio (DQO) e Carbono
Organico Total (TOC) percentagem de reducao. @rek luz branca, desde remocao de DQO variando
de 5,3% para 46,6% e reducédo de TOC de 4,9% pab&5@ reator de luz negra, desde remocao de
DQO variando de 20,3% para 58% e reducdo de TOXY @86 para 46,5%. Finalmente, o reactor de luz
solar, desde remocéo de COD variando de 21,3% ae/i@ducdo de TOC a partir de 38,2% para 69,2%.
Um modelo de pseudo-primeira ordem cinética foicaplo, permitindo uma representagédo satisfatoria do
processo de degradacéo.
Palavras-chave: AOP; Foto-Fenton; o chorume
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1. INTRODUCTION

Landfill is a primary technique currently used irmmy countries for the disposal of urban
solid waste. One of the major problems resultirgrfrthis waste management method is the
generation of large amounts of leachate, which iype of effluent with high content of
dissolved organic matter

Leachate is heavily polluted wastewater with a jposition of complexes containing four
groups of pollutants: dissolved organic matterygamic macro-compounds, heavy metals, and
xenobiotic organic compoundsThe treatment of leachates is very complicatgdeesive and
usually requires applications of various proceskesto their high load, complexity of chemical
compounds and seasonally variable voltfhe

The conventional treatment of landfill leachate b& classified into four major groups: (a)
transfer of leachate: recycling and treatment coetbiwith domestic wastewatef, (b)
biodegradation: aerobic and anaerobic procé8sds) chemical and physical methods:
chemical oxidatioh Fenton’s oxidative treatméfit adsorptiof, chemical precipitation,
coagulation/flocculatiol*®  sedimentation/flotation and air strippitdf, (d) membrane
processes: nanofiltratibit, microfiltration'®, ultrafiltration'” and reverse osmo&is®

AOP's can achieve very high efficiency in the realoof organic matter from leachate,
because hydroxyl radicals are extremely reactiveé ot selective when generated for the
destruction of organic matter present in the soiali The Fenton's oxidation is an example of
AOP's with high efficiency and low c85t? It is a mixture of HO, and iron salts which can
generate hydroxyl radicals that degrade the orgamatter present in the leachate at room
temperaturg. The radicals formed are capable of oxidizing demiange of chemicals in the
aquatic environment, and theoretically, all orgacixnpounds containing hydrogen (R#H)
The Fenton’s procedure is effective to achieve owly an efficient oxidation of organic
compounds, but also for their removal due to caatgr performed in the presence of iron
salt$*. In addition to conventional Fenton's reagent,clvhis catalyzed by ferrous ion (e
Fenton reagents can be modified through catalysistive application of zerovalent iron idRs
be used alone or be applied in other technologiekefichate treatmetit

The common feature of all AOP's is the use of treadfree radicals, mainly hydroxyl
radicals, which can be generated by various methindsiding processes with,8, or ozone,
or light-induced reactio%

The aim of this study was to evaluate the degiifijabf landfill leachate using advanced
oxidation processes (AOP's) as a pretreatment Btepphoto-Fenton system was studied using
white light, black light and sunlight to evaluateetprocess. The specific objective was to
optimize the operational condition of processestigh the application of & 2actorial design.
Variables pH, HO, volume and reaction time were also studied. CODoxanwas quantified
through batch tests for the treatment of naturBilefts from the leachate using advanced
oxidation processes.

2. MATERIAL AND METHODS
2.1 Chemicals and reagents

The leachate, or liquid wastewater studied in #osk, comes from the Muribeca Landfill-
municipality of Jaboatdo dos Guararapes-PE-Brazil.

The collection of leachate samples was performéaeaDecantation Lake-DL, located at the
beginning of the Manure Treatment Plant—-MTP, wéhdom sampling at different points. The
leachate was manually collected, filling the entimatainer with effluent, and packing it into
thermal box.

The other reagents, except for the 53% hydrogeoxmke used in the organic matter
removal process and in the analysis of substamcearitact with the sample under study, were
of analytical grade frorMerck S. A. Inddstria Quimica
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2.2 Leachate characterization

The leachate was characterized by determiningcéimeent of heavy metals. The leachate
preparation and quantification of metals were peném according to methodology 3111-Flame
Atomic Absorption Spectrometric from the Standarethdds’.

The following parameters were evaluated: turbidityl (potentiometric method), alkalinity,
TDS, VDS, FDS, phosphorus, COD, BOD, TSS, VSS, K38, and greases, SS, TS, VS, FS,
Chloride, Total Nitrogen and ammonia Nitrogen, vieere determined according to Standard
Methods methodology. Humic substances were removed from the mediunordity to
method proposed BYusing chemical precipitation under magnetic stigrat pH adjusted to 1.0
added of sulfuric acid 0.1 N. The precipitated dalias centrifuged and filtered through a
millipore membrane of glass fiber GF, 47 mm. COR &®C were determined in the filtrate
obtained using a TOC analyzer Model TOC-V-CSH-SHINMAJ.

2.3 Factorial design

Initially, the liquid wastewater was acidifiéal pH 1 for 30 minutes with 0.1 M sulfuric acid
for precipitation and subsequent removal of hunaidss which interfere in the COD analysis.
Then, the leachate was filtered and submitted é&0ABDP process according to the factorial
design shown in Table 1.

Table 1: Variables and levels studied in tHdaztorial design

Variables Levels

Lower (-) Intermediate (0) Upper (+)
H,0, (mL) 0.2 0.3 0.4
Time (h) 2 4 6
pH 3 4 5

Initially, iron was not added to the wastewatertfue performance of AOP, since the sample
showed 7.67 mg/L of the iron element. Then, 50 miwastewater were added to a 100 mL
beaker, and following the experimental design udbd, pH was adjusted with a sodium
hydroxide solution 0.1 mol/L and hydrogen peroxidas added. Assays were performed in
triplicate and the beakers were sealed and platdaaick light and white light reactors or
exposed to sunlight for the time established infélotorial design.

According to method proposed Bythe iron concentration in the sample should lweirzd
300 mg/L, so that there is removal of residual pei®, and then through stoichiometry,
0.00075 mg FeSpO7 HO/mL was added to the sample to obtain the expemadentration,
leaving the sample to rest for 30 minutes. Ther, sample was filtered to determine the
residual organic matter concentration by COD an€CEDalysis.

2.4 Kinetic study

According to the results from the factorial desigagradation kinetics was carried out using
100 mL beakers containing 50 mL of leachate. Fronindial solution at pH 8, sulfuric acid
was added for the removal of humic substances,ttieisolution pH was reduced to 1. Then,
sodium hydroxide was added to raise the solutiort@B. Also, 0.2 ml of hydrogen peroxide
were added and the solutions were placed in a sHile 130 CONTROL, according to
degradation kinetics with times corresponding td%, 30, 45, 60, 120 and 240 minutes. When
the kinetic time elapsed, 0.00075 mg of FeSOH,O was added to the solution to obtain a Fe
*2 concentration in the sample around 300 mg/L, afopeed in the factorial design. After 30
minutes, the solution was filtered and submittethtosame COD and TOC analysis.

Based on the work BY% a kinetic model was tested to represent the @rpetal data
regarding the concentration of organic substancesffluent (C) as a function of the reaction
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time (t). The phenomenological model can be exprbdy the equations below, and equation
(1) expresses a pseudo-first-order degradation hoddee biodegradable fraction:

dG,
——b =k
a G
(1)

Assuming that the organic compounds in the leaat@tsist of biodegradable fractions,C
and inert fractions, Cat instant t=0, we have:

Co=G,o* G
)

Forat>0 we have:

C=G+G 3

After integration and taking into consideratequations (1) and (2), equation (1) becomes:

C=(G-G)e"+ ¢ “)
or
log(C-G)=log(G - G)- K (5)

In previous equations: k is the constant in theugedirst-order equation, t is the reaction
time (s), C is the concentration of organic commsuduring the treatment operating cycle (mg
OJ/L), C,p is the concentration of biodegradable organic cmmgs in the leachate (mg/O)
at the initial time and gs the concentration in the raw leachate (mati.J0at time t=0.

3. RESULTSAND DICUSSION
3.1 Leachate characterization

The leachate characterization results are showialie 2.
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Table 2: Leachate sample characterization

Analysis Results
Turbidity (NTU) 9.1
pH 7.88
Alkalinity (mg/L de CaCQ) 143.3
TDS (mg/L) 10.198.0
VDS (mg/L em CO) 2.186.0
FDS (mg/L em Mn) 8.012.0
Phosphorus (mg/L) 21.6
COD (mg Q/L) 6.077.2
BOD (mg GQJ/L) 136.0
TOC (mg/L) 1458,7
TSS (mg/L) 188.0
VS (mg/L) 184.0
FSS (mg/L) 4.0
Oils & grease (mg/L) 11.1
SS (ml/L) 0.25
TS (mg/L) 10.386.0
VS (mg/L) 2.370.0
FS (mg/L) 8.016.0
Chloride (mg/L) 20.095.5
Total Nitrogen (mg/L) 257.8
Ammonia nitrogen (mg/L) 153.6

The following metals were also obtained in the abtarization of the material, with
measurements shown in Table 3 below:

Table 3: Determination of heavy metals in the ledeh

Parameters Analyzed Concentrations CONAMA Resolution N. 357 of March 17,
(mg/L) 2005
Total iron (mg/L of Fe) 7.67 15.0 mg/L of Fe
Cooper (mg/L of Cu) 0.11 1.0 mg/L of Cu
Zinc (mg/L of Zn) 0.28 5.0 mg/l of Zn
Cadmium (mg/L of Cd) ND 0.2 mg/L of Cd
Cobalt (mg/L of Co) 0.31 -
Manganese(mg/L of Mn) 0.18 1.0 mg/L of Mn
Plumb (mg/L of Pb) 0.24 0.5 mg/L of Pb
Nickel (mg/L of Ni) 0.47 2.0 mg/L of Ni
Chrome (mg/L of Cr) ND 0.5 mg/L of Cr

Table 3 shows that all parameters analyzed arénaggecification of CONAMA Resolution
N°. 357/2005, especially regarding the presence&f g/l of iron in the sample; thus, it is not
necessary to add iron for the degradation reattiaecur using AOP.

3.2 Factorial design

The best results for the three types of radiat@verhigher reaction time (6 hours) and lower
pH (3) in common, according to Table 4. In the kléight assay, it was observed that the
results were beyond expectations, since the resbittse intermediate point should be within a
range from the highest and lowest removal percentag
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Table 4: COD and TOC removal percentage

% removal % removal % removal

White White Black Black sun sun

VARIABLES light light light light light light

Assays -
7> "H0,  Time pH CoD TOC CoD TOC COD  TOC
(mb)  (h)

1 02 2 3 175 13.7 34.0 27.3 44.1 44.6
2 04 2 3 25.6 10.9 42.0 35.4 21.3 38.2
3 0.2 6 3 12.3 34.7 39.6 40.2 77.0 60.4
4 04 6 3 41.3 50.5 53.0 29.9 39.1 55.9
5 0.2 2 5 11.0 4.9 20.3 46.5 41.6 455
6 04 2 5 10.8 8.4 50.2 37.2 26.4 47.4
7 0.2 6 5 46.6 28.7 28.6 31.9 75.7 69.2
8 0.4 6 5 5.3 26.5 40.4 40.8 37.2 58.8
9 0.3 4 4 394 36.0 51.0 41.6 41.7 58.2
10 03 4 4 38.9 34.7 58.0 425 375 57.4
11 0.3 4 4 39.3 36.0 53.0 27.3 42.6 58.3

The following maximum COD removal percentage (4680, 77.0%) and maximum TOC
reduction percentage (50.59, 46.5, 69.2%) for wiiteck and sunlight radiation were obtained,
respectively. It was observed that sunlight shothedoest results for both COD and TOC.

The Pareto diagrams of COD factorial design amvshin Figures 1, 2 and 3, while the
Pareto diagrams of TOC are shown in Figures 405%an
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Figure 1: Pareto Diagram of COD using white radati
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Figure 2: Pareto Diagram of COD using black raditi
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Figure 3: Pareto Diagram of COD using solar radiati
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Figure 4: Pareto Diagram of TOC using white radati
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Figure 5: Pareto Diagram of TOC using black radati
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Figure 6: Pareto Diagram of TOC using solar radiati

The values that exceed the baseline, i.e., thosespmnding to the confidence interval of
95% are statistically significalit Pareto diagrams show that all factors studieddsts using
white light, for COD, are statistically significanfthe TOC tests show that time, pH and the
interactions between B.-time-pH and HO,-time are statistically significant, while that®}-
pH and time-pH interactions, does not show statibignificance and #D, alone, also does
not influence the process statistically.

The tests using black light, relative to COD, preed only the volume of hydrogen peroxide
and pH as being statistically significant, whilattlin the TOC any factor presented statistical
relevance.

For the tests using sunlight, relative to COD asedy the volume of #,, the time and the
H,O,-time interaction are statistically significant. & mteractions between time-pH,®}-pH-
time and HO,-pH, does not have statistical significance, ad el pH. For the analysis of
TOC the only value that does not have statisticgliicance is the interaction B,-time.

3.3 Kinetic modeling of the organic matter removal

Based on the ®2experimental design applied to this study, it i@snd that higher COD
removal occurs in the sunlight reactor. Therefardy the reaction that used this source of
energy was applied to kinetic studies to obtain Cf@bhoval of at least 1265.2 mgO,
corresponding to 79.18% of removal in a time of AdAutes.

Using the Visual Fortran 95 software, the experitae@OD's were calculated for the kinetic
study. This rapid and first degradation shoulddédated to the dissolved and initially pre-treated



G. M. R. Filho et al., Scientia Plena 8, 079902120 9

organic matter, for the removal of humic substangesnic acids), which interfere in the
physicochemical analyses such as COD and TOC, diogoid™.

To determine the model parameter k, the resulth@fkinetic study with COD control by
adopting equation (5) were used. The adjustmentpea®rmed by linear regression in Fortran
language. The k value was estimated to be 6.028 tin™, with a relative error of 8.3%,
indicating a good fit between proposed model amkamental data.

From Figure 7, a linear regression coefficient ¢qod.924 could be observed through the
intersection formed by experimental and calcula®@dD data, confirming the good fit of
experimental and calculated data.

4000 4
3500
3000 4
2500 A
2000 A
1500 -
1000 -
500 1
O T T T T T T :
0 500 1000 1500 2000 2500 3000 3500
COD Calculated

COD Experimental

Figure 7: COQyp X COD:aiculated

In the studies bY, the authors studied the physical and oxidativeoreal of organic
compounds using Fenton treatment in municipal iidachate. This researcher used tests to
determine the functions of oxidation and coagulatio the removal of the mature organic
leachate content, in which Fenton treatment isgmtedNorking with the following conditions:
initial pH 3, mole fraction [HO.J/[Fe*"! = 3 and [HO,] = 240 mM, and six dosage stages, the
authors obtained 61% COD removal, while this stobyained COD removal percentage of
77.0% in studies conducted in sunlight reactor.

4. CONCLUSION

Through the factorial design, it was found that @@D removal in the white light reactor
showed all statistically significant effects, beitige time of exposure to the reactor the most
significant effect. The TOC analysis in the whitght reactor showed the same characteristics
as the COD analysis, and all effects were stagifisignificant, being the time of exposure to
the reactor the most significant effect. This reagrovided COD removal percentage ranging
from 5.3% to 46.6% and TOC reduction ranging fra8%4 to 50.5%.

Also through the factorial design, the black lighéctor showed, among the main effects, that
the hydrogen peroxide concentration was the omlissically significant variable for the COD
analysis, while for the TOC analysis, it was fouhdt among the main effects (pH.®3
concentration and time), only pH was statisticalgnificant. This reactor provided COD
removal percentage ranging from 20.3% to 58% an« T&duction ranging from 38.2% to
69.2%.

Also in the factorial design, the sunlight reactbiowed, among the main effects, that the
hydrogen peroxide concentration and exposure time wtatistically significant, while for the
TOC analysis, it was found that the main factorgewstatistically significant. This reactor
provided COD removal percentage ranging from 21t8%7% and TOC reduction ranging
from 38.2% to 69.2%.
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The best COD removal was 77% in the sunlight reaethich showed pH 3 with 0.2 ml of
H,0, and an exposure time of 6 hours. The best TOC vahwas also obtained in the sunlight
reactor, 69.2%, but this time the pH was 5, 0.2ft#,0, and exposure time of 6 hours.

The pseudo-first-order kinetic model proposedsgattorily represented the experimental
results of organic matter degradation in functibtime, with average relative error of 8.3%.

The COD removal percentage of 77% and TOC reductib 69.2% gave the method
technical feasibility to treat leachate, sincesitai pre-treatment that should be complemented
with a biological treatment.

5. ACKNOWLEDGMENTS

The authors thank CNPgq and PROACAD-UFPE-Braziltha financial support. They also
thank TEXPAL for providing the chemical structurfettee dye studied.

1. Calace, N., Liberatori, A., Petronio, B.M., Pietttl, M. Characteristics of different molecular
weight fractions of organic matter in landfill Ielaate and their role in soil sorption of heavy
metals,Environ. Pollut., v. 113 p. 331-339, 2001.

2. Kjeldsen P., Barlaz M. A., Rooker A. P., Baun Aedin A., Christensen T. Hresent and long-
term composition of MSWIlandfill leachate, a revi€wit Rev Environ Sci Technol., n. 32 v. 4 p.
297-336, 2002.

3. Pi, KW, Gao, L.X., Fan, M.X., Gong, W.Q., Wan,JDTwo-stage biodegradation coupled with
ultrafiltration for treatment of municipal landfileachate Process Saf. Environ. Prot., v.87 p. 336—
342, 2009.

4. Bu, L., Wang, K., Zhao, Q.-L., Wei, L.-L., Zhang, ¥ang, J.-C.Characterization of dissolved
organic matter during landfill leachate treatment bequencing batch reactor, aeration corrosive
cell-Fenton, and granular activated carbon in seri¢ Hazard. Mater., v. 179 p. 1096-1105, 2010.

5. Renoua, S., Givaudan, J. G., Poulain, S., Dirassouly., Moulin, PLandfill leachate treatment:
review and opportunityd. Hazard. Mater., v. 150 p. 468—-493, 2008.

6. Salem, Z., Hamouri, K., Djemaa, R., Allia, Kvaluation of landfill leachate pollution and
treatmentDesalination, v. 220 p.108-114, 2008.

7. Bohdziewicza, J., Neczajb, E., Kwarciakb, lfandfill leachate treatment by means of anaerobic
membrane bioreactpDesalination, v. 221 p. 559-565, 2008.

8. Bodzek, M., Moysa, E. L., Zamorowska, Memoval of organic compounds from municipal ldhdfi
leachate in a membrane bioreact®esalination, v. 198 p. 16-23, 2006.

9. Anglada, A., Inmaculada, A.U., Mantzavinos, O. Diamadopoulos, ETreatment of municipal
landfill leachate by catalytic wet air oxidationssessment of the role of operating parameters by
factorial design Waste Manage., v. 31 p. 1833-1840, 2011.

10. Zgajnar, A., Gotvajn, J., Zagorc-Kéan, M. Cotman Fenton's oxidative treatment of municipal
landfill leachate as an alternative to biologicalbgess Desalination, v. 275 p. 269-275, 2011.

11. Li, W., Hua, T., Zhou, Q., Zhang, S., FengxiangTteatment of stabilized landfill leachate by the
combined process of coagulation/flocculation andwger activated carbon adsorptipn
Desalination, v. 264 p. 56-62, 2009.

12. Neczaj, E., Okoniewska, E., Kacprzak, Mreatment of landfill leachate by sequencing batch
reactor, Desalination, v. 185 p. 357-362, 2005.

13. Hasar, H., Unsal, S. A., lIpek, U., Karatas, S., a€inO., Yaman, C., Kinac, C.
Stripping/flocculation/membrane bioreactor/reversessmosis treatment of municipal landfill
leachate J. Hazard. Mater., v. 171 p. 309-317, 2009.

14. Palaniandy, P., Adlan, M. N., Aziz, H. A., Murshéd, F. Application of dissolved air flotation
(DAF) in semi-aerobic leachate treatme@trig. Chem. Eng. J., v. 57 p. 316-322, 2010.

15. Mariam, T., Nghiem, L. DLandfill leachate treatment using hybrid coagidat nanofiltration
processes, Desalinatiom, 250 p. 677-681, 2010.

16. Ince, M., Senturk, E., Onkal Engin, G., Keskinl8:, Further treatment of landfill leachate by
nanofiltration and microfiltration—PAC hybrid prosg Desalination, v. 255 p. 52—-60, 2010.

17. Yu-Dong, Xu., Dong-Bei, Yue., Yi, Zhu., Yong-Fenljje. Fractionation of dissolved organic
matter in mature landfill leachate and its recydimy ultrafiltration and evaporation combined
processesChemosphere, v. 64 p. 903-911, 2006.



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

G. M. R. Filho et al., Scientia Plena 8, 079902120 11

Linde, K., Jonsson, A., Wimmerstedt, Reeatment of three types of landfill leachate witherse
osmosisDesalination, v. 101 p. 21-30, 2002.

Ahn, W. Y., Kang, M. S., Yim, S.K., Choi, K.HAdvanced landfill leachate treatment using an
integrated membrane proce®esalination, v.149 p. 109-114, 2002.

Hermosilla, D., Cortijo, M., Huang, C. POptimizing the treatment of landfill leachate by
conventional Fenton and photo-Fenton procesSes Total Environ., v.40 p. 3473-3481, 2009.
Deng, Y., Englehardt, ATreatment of landfill leachate by Fenton process review, Water Res.
v. 40 p. 3683-3694, 2006.

Prousek, JAdvanced oxidation processes for water treatmeiméngcal processehem. Pap. v.
90 p. 229-237, 1996.

Kavitha, V., Palanivelu, KThe role of ferrous ion in Fenton and photo-Fenpocesses for the
degradation of phenpChemosphere, v. 55 p. 1235-1243, 2004.

Ma, X. J., Xia, H. L.Treatment of water-based printing ink wastewater Hgnton process
combined with coagulatiod. Hazard. Mater., v. 162 p. 386—390, 2009.

Khan, E., Wirojanagud, W., Sermsai, Effects of iron type in Fenton reaction on mineation
and biodegradability enhancement of hazardous ogaompoundsJ. Hazard. Mater., v. 161 p.
24-1034, 2009.

Tarr, M. A. Chemical degradation methods for wastes and poilist- environmental and industrial
applications New York: Marcel Dekker, 2003.

APHA. AWWA. WEF. Standard Methods for the Examination of Water arastdivater 19 th
edition. New York: American Public Health Assooistj American Water Works Association and
Water Enviroment Federation, 1995.

Pacheco, J., Peralta-zamora, IRtegracdo de processos fisico-quimicos e oxidatiavangados
para remediacéo de percolato de aterros sanitaflosviado), Eng. Sant. Ambient., vol. 9, p. 306-
311, 2004.

Klimiuk, E.; Kulikowska, D. Organics removal from landfill leachate and acte@ sludge
production in SBR reactor$Vste Management, v. 26 p. 1140 — 1147, 2006.

Allen, S. J., Gan, Q., Matthews, R., Johnson, FiAetic modeling of the adsorption of basic dyes
by kudzuJ. Colloid Interface Sci., v. 286 p. 101-109, 200

Deng,Yang. Physical and oxidative removal of organics durifgnton treatment of mature
municipal landfill leachateJournal of Hazardous Materials, v. 146 p. 334+-2007.



