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Evaluation of Fenton Process for the Treatment of Sanitary Landfill
Leachate with Response Surface Methodology

Zhang Hui' , Huang Chimr Pao’ (1. Department of Environmental Science and Engineering, Wuhan University ,
Wuhan 430072, China; 2. Department of Civil and Environmental Engineering, University of Delaware, Newark,
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Abstract : Response Surface Methodology ( RSM) was e mployed to investigate the effect of TOC ratio of high molecular
weight organic matter (HM WOM) to low molecular weight organic matter (LM WOM) , the LM WOM concentration
and hydrogen peroxide to ferrous ion molar ratio on COD re moval during the treat ment of sanitary landfill leachate with
Fenton reagents . The high and low levels of HMWOM/LMWOM, the LMWOM concentration and H, O,/ Fe’* were
from 14 to 38,975 to 3000 mg/ L, and1 .75 to4 .00 respectively . Using the soft ware of Design - Expert 5, a response
surface quadratic model in terms of actual factors was obtained based on the experimental data, and COD re moval con-
tour plots were derived from the model accordingly. It showed that COD removal increased with the increase of
HMWOM to LMWOM ratio, but decreased with increasing LM WOM concertration. There existed an optimal hydro-
gen peroxide to ferrous ion molar ratio so that the highest COD re moval efficiency could be achieved.
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Table 1  The characteristics of landfill leachate
BOD;/ mgeL"' 4123
COD/ mg-L"! 10830
TOC/ mg-L"' 3810
pH 6.88
(CaCO;)/ mgeL™! 2418
TOC(HMWOM> 500 u)/ mg*L"! 57.06
TOC(LMWOM< 500 u)/ mg*L"' 3753
HMWOM/ LMWOM .LMWOM
H, 0,/ Fe** 3 , COD
3 5 20
(431 ( 2.
2 3 5
Table 2 Factor levels for the experi ments
-1.68,-1,0, 0.98,1.75,2.88,
H, 0/ F* "
+1,+1.68 4.00 ,4.77
-1.68,-1,0, 284.7,975,1987.5,
LMWOM mge L™ X%
+1,+1.68 3000 ,3690
-1.68,-1,0, 5.82,14,26,
HMWOM LMWOM % X;
+1,+1.68 38 ,46.2
1
HMWOM/LMWOM s
LMWOM s
COD , 1L
, 98 % pH 3.0 s
. N pH (pH
3.0) .
257C, pH 10 %
50 % NaOH . 1h S ,
15 min. 50 % NaOH pH
8.0 , . l1h

COD,

COD

COD

FeSO,

Fig.1  The experimental apparatus
3 b
Desigm Expert 5 (STAT-EASE Inc. , Min-

neapolis, MN, USA)

3
Table 3 The experimental design and results
X)) X5 X} CcoD /%
1 1.00 - 1.00 - 1.00 43.8
2 0.00 1.68 0.00 40.2
3 0.00 0.00 0.00 59.7
4 1.00 - 1.00 1.00 50.8
5 0.00 0.00 0.00 58.8
6 - 1.00 - 1.00 - 1.00 60.7
7 0.00 - 1.68 0.00 95.1
8 - 1.68 0.00 0.00 39.0
9 0.00 0.00 0.00 54.5
10 0.00 0.00 0.00 49.5
11 - 1.00 1.00 1.00 48.5
12 0.00 0.00 - 1.68 34.9
13 0.00 0.00 0.00 54.2
14 1.00 1.00 1.00 43.0
15 1.00 1.00 - 1.00 30.5
16 0. 00 0.00 0.00 50.7
17 0.00 0.00 1.68 58.5
18 - 1.00 - 1.00 1.00 70.6
19 - 1.00 1.00 - 1.00 38. 4
20 1.68 0.00 0.00 34.1
1)
2
Desigm Expert 5 s
COD (%) =50.54 + 21.86 X -
0.037 X, + 1.52 X3 - 5.33 X; + 4.151 x
10°° X3 - 2.2 x 1072 X3 + 2.557 x
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Table 4 The analysis of variance for the quadratic model 2 4 . COD
Fy H, 0,/ Fe* " COD
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323.44 5 64.69 3.80 LMWOM ) .
85.03 5 17.01 ,COD H, 0,/ Fe?*
4146. 26 19
H, 0,/ Fe** COD
2 3 COD
3000 T T T T
LMWOM .LMWOM
COD , ( 50 |
2500 [
Fenton ) s )
COD Fenton f’E" i 55 4
<2000
=
’ o
. COD 3 4 g |
S 1500
, COD HMWOM/
LMWOM HMWOM/ 1000 h
LMWOM COD 2 2.5 3 3.5 4
HM WO M( . )  Fenton H0x/Fe” BE/RH
: 2 X X% COD (X, =26 %)
OH (8,91 5 " OH Fig.2 COD removal contour plot as a function of X; and

s Fenton s Xo( X3 = 26 %)

HMWOM LMWOM Fe( I1I) ..
[10] Fenton ,H, O, Fe
’ "oH( ),
HMWOM (21 HMwWOM/ (1
LMWOM HMWOM COD . .
OH + RH ( ) — R + H,0 (2)
,LHMWOM , COD _
Fe’*  H,0, OH:
Fe’* +7 OH—— Fe’* + OH" (3)

H,0, + OH—— H,0 + HO," (4)



3000 T T T T T
40
2500 45
= 50
. 55
=g -
§ 2000
% 60
3 1500 | 65 i
70
1000 = =
15 20 25 30 35
HMWOM/LMWOM /%
3 X X COD (X = 2.88)

Fig.3 COD removal contour plot as a function of X, and

X;( X, = 2.88)

HMWOM/LMWOM /%

2 2.5 3 35 4
Hy0,/Fe™* BE/R EL

4 X; X3 COD
(X, =1987.5 mp* L~ b
Fig.4 COD removal contour plot as a function of X; and

X3( X, = 1987.5 mg=L™ ")

(4) HO,’ (
1.70 V) ,
"OH(2.80 V). Fenton
H,0,  Fe’' .3 (M
, "OH
H, 0,/ Fe* " , "OH
(1) , (3) (4
Fe’*  H,0,
Fenton COD
3
Fenton

143
COD
HMWOM/LMWOM .LMWOM
H, O,/ Fe* " 3
1 )
COD HMWOM/ LMWOM
, LMWOM
. Fenton H, O,/
Fe’* , COD

10

Chiang E' S K, De Walle F B. Sanitary landfill leachates and
ASCE, 1976, 102( EE-2) : 411 ~ 431 .
, Huang Cht Pao.

[J]. , 2002, 15(2) : 48 ~

their treatment [ J].

Fenton

51.
Clesceri L S, Greenberg A E, Eaton A O. Standard Methods
for the Examination of Water and Waste waterf M], 20" Edi-
tion, American Public Health Association, American Water
Works Association, Water Pollution Control Federation,
Washington DC, USA: 1998 . 5-9 ~5-12, 517 ~ 518, 5-
20 ~5-22, 487 ~491, 2-27 ~2-29.
Choi H J. Evaluation of Fenton's Process for the Treatment
of Landfill Leachate] M], Ph.D. Dissertation, University of
Delaware, Newark, DE, USA, 1998. 210 ~ 211, 157 ~
188.
Huang C P, Zhang H. Treatment of Landfill Leachate by
Fenton Oxidation Process: Phase Il , Final Report[ R7].
Delaware Solid Waste Authority, Dover, DE, USA, 2000 .
44 ~ 171 .
Montgomery D C
( ) M].

, Huang C P.Fenton

[J]. , 2002, 18(3) : 14~17.
Hoigne J, Faust B C, Haag W R. Scully F E, Zepp R G.

Aquatic humic substances as sources and sinks of photoche mi-

B B

,1998 . 600 ~ 610 .

cally produced transient reactants. In Aquatic humic sub-
stances : influence on fate and treatment of pollutants [ C],
Suffet I H, MacCarthy P Eds. Washington DC: American
Che mical Society , 1989 .363 ~ 381 .

Voelker B M, Sulzberger B. Effects of fulvic acid on Fe( II)
oxidation by hydrogen peroxide[ J].
1996, 30(4) : 1106 ~1114.

Yoon J, Cho S, Cho Y, Kim S. The characteristics of coag-

Environ Sci Technol .,

ulation of Fenton reaction in the re moval of landfill leachate
organics . Wat Sci Technol ., 1997, 38(2) : 209 ~ 214 .
Szilagyi M. Reduction of Fe** ion by humic acid preparations
[J]. Soil Sci., 1971, 111(4) : 233 ~ 235 .

Skogerboe R K, Wilson S A. Reduction of ionic species by
fulvic acid[ J]. Anal Chem ., 1981, 53: 228 ~232.

Paciolla M D, Davies G, Jansen S A. Generation of hydroxyl
radicals from metalloaded humic acids[ J]. Environ Sci
Technol ., 1999, 33(11) : 1814 ~1818.

Lindsey M E, Tarr M A. Quantitation of hydroxyl radical
during Fenton oxidation following a single addition of iron and

peroxide[ J]. Che mosphere, 2000, 41(3) : 409 ~ 417 .





