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Response surface methodology for optimizing electrochemical oxidation process in
deep treatment of biochemical effluent of landfill leachate
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Abstract: Taking Ti/RuO,-IrO, electrode as the anode and stainless steel electrode as the cathode, an
electrochemical oxidation process is constructed for the denitrification and decarbonization of waste leachate after pre-
denitrification/PN/Anammox coagulation.The BBD method of response surface methodology is employed to investigate
the interactive effects of current density,electrode plate spacing,initial pH and reaction time on the COD removal rate. A
relevant mathematical model is established to analyze the conversion of total nitrogen during the electrochemical oxidation
process.The results show that each factor has significant impact, the model regression is linear, and the predicted
maximum COD removal rate is 89.38%.The best experimental conditions are as follows: current density is 350 mA -
em™?, pole plate spacing is 24 mm , initial pH is 7. 0 and the reaction has performed for 3.2 h.The actual measured COD
removal rate is 90.12%, and a good effect is achieved in removing humic acid and humic substances. Ammoniacal
nitrogen in total nitrogen is completely removed ,and part of ammoniacal nitrogen is converted into nitrates.
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1 350 30 5 2.5 72.92
2 350 30 7 4.0 78.17
3 350 25 9 1.0 67. 67
4 375 25 7 4.0 75.69
5 350 20 9 2.5 72.73
6 350 20 7 4.0 85.11
7 375 25 5 2.5 63.83
8 350 25 7 2.5 87.45
9 350 25 5 4.0 76.79
10 325 25 7 4.0 75.30
11 375 30 7 2.5 70. 16
12 375 25 7 1.0 66. 01
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FHL YL AR WLk SR COD
Hs (A)/ [ pH st 1] PN
(mA-em™)  (B)/mm  (C) (D)/h  (Y)/%

13 350 25 7 2.5 87. 66
14 375 20 7 2.5 72.92
15 350 25 7 2.5 87.45
16 350 25 7 2.5 88.30
17 350 25 5 1.0 59.92
18 325 20 7 2.5 71. 15
19 350 30 5 2.5 66. 21
20 325 30 7 2.5 67.57
21 350 25 7 2.5 87. 66
22 375 25 9 2.5 66. 80
23 350 30 9 2.5 69. 37
24 325 25 5 2.5 60. 87
25 350 20 7 1.0 72.77
26 325 25 7 1.0 61.07
27 350 25 9 4.0 74.50
28 350 30 7 1.0 67. 86
29 325 25 9 2.5 65.22
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A2 903.74 1 903.74 1724.33 <0.0001
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S 4 350 24 7 3.2 90. 12 89. 38

M 4 L FERRRI AT 4 A S350 9 AH X 52
43 9H 2.93% 3. 90% 2. 32% 0. 14% , S2 Bl 5
BRI FONN 234 SR #2200, SR Wiz o 1l i COD B
RIPLE T BT LB E SLIL A ROR B AF, L,
ok e o, T X S SR AR AT AR, T DA B B A
SR, Ry 7 B DR AL A B S 1 TR B Ak P A it
R
2.2 BUAFEEERIRNEL

M % BN 350 mA/em? | B AR E] BE K
25 mm PI4G pH 24 7 B, ML Ak 2E 0t AR b B U AR b
THOLUNEL 4 Fis

40f =
47 35¢
-1
;030-
E 25} e
= 200 . R
ﬁw- 2 . . ‘ 3
10+
S
® S5 «
S R T R
SLREEF ] /h

1—TN BT ; 2—NH; -N B EF ;3—NO,-N

K4 sz d LamEtEn
ME 4 el DIE Y A A A " AR
PBLAE L BRRICR BT, FERI OB IE IR BEAL B
BB R T EEEAMAYEA, L8 1 h iy

ZRENBNIR SRR /KBTS - 217 -

A A AN BT | B0 T A = AR 8 A Bk, A
M)A BB AL I A, KA A LA LR, W
TR TS, TR e b B R T 2 A
B TEA EEAS E A S R AR A,
I, 2 T K b B AR B e 0 L A Ak 3
AT D I A AR A
2.3 ZHWRHRIESW

SRS vR BT B RS B R R R AR
REAS AR b S Wt 7 OB IR R b B O C ) B i
R SAIR I &5, A FE A EA R E R
PRI TE S A, R R = 4 5 6 ik AUkt
HHATHH , WA [/ A HLTE = 450015 2
B ASIRI A2 G > U 57 3] 78 I R B4 R TE 7
HWENER 5 s,

®5 ERERESERMSEIRIE

X 35 AL REWK Em/nm BOR PR Ex/nm

I FHEEAY | 200~ 250 280~330
I FEEARYEI 220~250 330~380
it R 220~250 380~500
NV R AT 250~280 280~380
A\ JE ARSI 250~400 380~ 500

ARk BRI B b 308 DB W = 4 e OO L
K5 iR,
450

400

g 350

;: 300

250

200
250 300 350 400 450 500 550
Em/nm

(a) {5‘5«‘%&'{17](

Ex/nm

0025() 300 350 400 450 500 550
Em/nm

(b) B A2 AL Ak
B 5 AL W B IR B R R = 4O i B
ST B RS AL/ PN/ ANAMMOX 1 #E H 7K 1
SO D7 B R AR R T
AT Y B IR Y AL, EE R D E B



- 218 - FAX AL L F 43 5B H

MR JEFARRR Y R £, A DR IF R EE Y
Jot AR Y, AEr A R AT
AL A AL B 5 h B BRI S IR ) I i e
WY SR EAR, Ul T H Al o S AL RE A At 25 B LR )

Vel 7:%}3\%@
3 Fig

(1) 2R JH i 13 il g 2 (RSM) FR Y BBD 32, @ i
XPIZAE A 5 R AT A0 AL B 2 AT TSR e A
ST, FRAS 0 B SR SR R R R
350 mA/em® , et BN 24 mm, #14h pH 4 7.0,
FERITIE] R 3.2 h, SEERINAS 25 5 SRR T 25 SR kR
FEIR ,COD EBR%H 90. 12% , PR, 38 5k w17 i T
X S AT AL e SR %%Uz b
PBUEI A AL AL S 9 TR B A R (L 4

(2)&%%%&3@* T G B LI R AR ]
FEAIWILG pH RBUZ A AL EE R COD FI TN 1) K FR%
B I AT AC S A, A LR 739 B,
I =GR 4T B IR T OGRS )
FEARYE R B, Ko 9 T FE R L HL R 2R W I Bk

S 3k

[1] LiZ,Yuan S, Qiu C,et al.Effective degradation of refractory organic
pollutants in landfill leachate by electro-peroxone treatment [ J].
Electrochimica Acta,2013,102;174-182.

[2] Boonnorat J, Techkarnjanaruk S, Honda R et al.Use of aged sludge
bioaugmentation in two-stage activated sludge system to enhance the
biodegradation of toxic organic compounds in high strength
wastewater[ J | .Chemosphere 2018 ,202:208-217.

[3] skAEHt, ERR T RIS A T T2 [T 457K HEK,
2000, (10) :9-14,12.

[4] Kulikowsla D, Klimiuk E.The effect of landfill age on municipal
leachate composition[ J].Bioresour Technol ,2008,99(13) :5981-
5985.

(5] FB, BB, KR, % S B U AL BT 2058 X B
WAL T] AL Tl R2E524.2018,44(1) :1-12.

[6] ZRILE B bR B b B B AL B T2 BGE e[ D]
WIR - IR R, 2019.

[7] BRBEA KA +MBR+NF+RO T2 5% DTRO T. 2 4B b7 K
BRI I X Ee A AT [T, K AL B AR, 2019, 45 (9) ¢ 126 -
129,132.

[8] Yang Z,Zhou S.The biological treatment of landfill leachate using a
simultaneous aerobic and anaerobic (SAA) bio-reactor system[ J].
Chemosphere,2008,72(11) : 1751-1756.

[9] Coats E R, Mockos A, Loge F J.Post-anoxic denitrification driven

by PHA and glycogen within enhanced biological phosphorus re-
moval[ J].Bioresource Technology,2011,102(2) ;:1019-1027.

[10] Li X,Yuan Y, Wang F, et al.Highly efficient of nitrogen removal
from mature landfill leachate using a combined DN-PN-Anammox
process with a dual recycling system[ J ].Bioresour Technol,2018,
265:357-364.

(117 BT ANAMMOX B G ) S0 3 35 I T A= Ak 3
GEiAWEIE [ DR RN R R %, 2020.

[12] BEDE . 45005 KA e B i A2 S AL M 0 B 30 8 DB R AT 52
[D].HBE; TR K%,2015.

[13] Z8H.Ti/Ru0, ~IrO, FI Al B A v A 25 b BRI 332 DR W 18 1k
FHUERA [ D] AT 1R K2, 2017.

[14] Li M,Feng C,Zhang Z et al.Optimization of electrochemical ammo-
nia removal using Box-Behnken design[ J].Journal of Electroanalyt-
ical Chemistry,2011,657(1-2) :66-73.

[15] IR B SR KRB K I 3 7 05 s [ M4 b5t .
I PRI R 27 A, 2002.

[16] Kathleen R M, Kenna D B, Robert G M S, et al. Measurement of
dissolved organic matter fluorescence in aquatic environments: An
interlaboratory comparison [ J ]. Environmental Science &
Technology ,2010,44(24) ;9405-9412.

[17] Stedmon C A, Bro R.Characterizing dissolved organic matter fluo-
rescence with parallel factor analysis: A tutorial [ J].Limnology and
Oceanography ; Methods, 2008 ,6(11) :572-579.

[18] He W, Jin H. Conservative behavior of fluorescence EEM-
PARAFAC components in resin fractionation processes and its ap-
plicability for characterizing dissolved organic matter[ J].Water Re-
search,2015,83:217-226.

[19] Zepp R G, Sheldpn W M, Moran M A. Dissolved organic
fluorophores in southeastern US coastal waters: Correction method
for eliminating Rayleigh and Raman scattering peaks in excitation-
emission matrices[ J].Marine Chemistry,2004,89(1-4) :15-36.

[20] Nurshazwani B A, Mohammed J K B, Sumathi S, et al. Stabilized
landfill leachate treatment by sugarcane bagasse derived activated
carbon for removal of color,COD and NH;-N-Optimization of prep-
aration conditions by RSM[ J].Journal of Environmental Chemical
Engineering,2015,3(2) :1287-1294.

[21] Garcia S S,0Ocon J D, Chong M N.Electrochemical oxidation reme-
diation of real wastewater effluents—A review [ J ].Process Safety
and Environmental Protection,2018,113:48-67.

[22] #Jusz, XIREEN , 4R 08 25, 26 i 2R 0 1 AE T 4 Jm B2 /K Ak B v il
PHLER BT R )] 8R4 T, 2017,37(12) :33-37.

(23] M, XA, O DO A2 A AL S RSB BT b PR 7 335
PiAK[J]. B8R 2001, (5) :70-73.

[24] Deng Y, Englehardt J D. Electrochemical oxidation for landfill
leachate treatment[ J ]. Waste Management,2007,27(3) :380-388.

[25] EM, bR, 224k 10 B8R A= Ak Hi K DOM 78 ¥ B2 T B it
TR B EBRAFAL [ J]. AU RS 240 ( H AR B2 A | 2018, 54
(3):633-643.1



