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Abstract: The landfill leachate membrane concentrate from a landfill site in Shenzhen was treated
through a pilot-scale high-power ultraviolet Fenton (HP-UV Fenton) advanced oxidation process, the
operation conditions were optimized by means of orthogonal test, and the treatment performance was
analyzed. Furthermore, the performances of HP-UV Fenton and low-power ultraviolet Fenton (LP-UV

Fenton) for the treatment of landfill leachate membrane concentrate under the same circumstances were

E&TH: BEXAAMEESRYIE (52000040)
WIEEE: A E-mail: di.he@gdut.edu.cn

+ 107 -



% 41 %

%144 P OE 4 K HE K

compared, with a focus on the removal efficiencies of COD, TOC and TN and the improvement of
biodegradability. Excitation—emission—matrix spectra (EEM) and orbitrap mass spectrometry were
employed to analyze the dissolved organic matter (DOM) in the effluent from the two treatment systems.
Under the same circumstances, the COD removal efficiency of the HP=UV Fenton system attained 83%,
which was 13% higher than that of the LP=UV Fenton system. The removal efficiency of TOC amounted
to 63%, being 12% higher than that of the LP=UV Fenton system. There was no significant disparity in
the TN removal efficiency between the two systems. Regarding biodegradability, the effluent B/C ratio of
HP-UV Fenton amounted to 0.25, while that of LP-UV Fenton reached 0.15. The findings of spectrum
and mass spectrometry indicated that, in contrast to LP=UV Fenton, HP=UV Fenton had higher removal
efficiencies of humic acid and fulvic acid in water and demonstrated a better removal performance for
high-oxidation substances in membrane concentrate. The economic analysis indicated that the treatment

cost of the concentrate amounted to 58.01 yuan/m’. In conclusion, it is feasible to treat landfill leachate
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membrane concentrate through the HP-UV Fenton process.
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pH R 7.6, Lt B4 AL (PAC) 5 5N I I i
(PAM) IR EEDIVERL BRI , th /K S 8040 °F : COD
1980 mg/L,TOC 4 882 mg/L, s & 4 221 mg/L, BOD;
J90.08 mg/L, NI AR 2 FFIR U 1 Oy Eak
TREETUIE H K .
1.2 UV Fenton RN EE

UV Fenton [ N % & 4 A i1 A sh ik ik 4,
FEALPE RV IR AR R MG (RT3
U5 LP:30 WAL 58 R AT 5 = D16 U8 HP: 300 W
RS ANRAT ) A 1A 48 A BRI % L 5K
FAE . BININ AR R 2.5 L, A BE R
J2 N7 I PR BE 5 FBE R 25 mm, AN B E K FR AR 75 L,
KA ERREE . IR B A 1R

SO it
v K
i 4

E1 UV FentonikiG3EBRE
Fig.1 Schematic diagram of UV Fenton experimental
equipment
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4 h i, BOREJR Y pH 2 8 IS I PAM, # 1 h 5 X
LW, 5 CODTOC TN\ BOD, %5 46 b o TREETT
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JTREAE 4D R B =K ISl , Horb  pH ik

234, 0,1k 0. 08.0. 16.,0. 32 mol/L,
Fe( 1) 0. 01.,0. 03.0. 09 mol/L, 54T
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REGZER I L 1, Fe( 1) H,0, W 7] ;=4 -OH,
i Fe( 1) 5 H0, AN Bz -OH 7 i . %5
HINEHRITEAEREIEHE UV Fenton W id #EH Fe(I) 5
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ififi [z i 2R, LA UV Fenton Jz v i B2 rp A 4 A
Rl R, R LAl AL R b 4
A ZE 2 HERF R Fe (1) 82 >H,0, 8% Jin &>
JTREFE>pH ., FFLATE HP-UV Fenton 33 271, X COD
EBRRFZ A A ERIUF R Fe (1) BN  H,0, 4800
i STHEAE .pH. HLALR — B &= T K &AM, HP-UV
Fenton U5 COD 2 R % i = IS0 25 R 40 R . pH oy
3. H,0, 8% A 4 0. 32 mol/L Fe( 11 ) £ At 4 0. 03
mol/L KT REFE Jy 2. 8 kW -h/m?®, % 1F 28 23 By 45 3]
W FE AR AT I , A R FEIZ 55 COD BR%
h 85% , WA T ik 21 55 9 4 1 e A L PR 3 83%
M TR 9 4R 6 451 F COD ERRHRE 2k 2N H
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B e A T 15 Y i 22 BRACR A W] 2
Tt

1 EXAWER
Tab.1 Results of orthogonal test
50| i | Wil Aol EFEAKY | COD%
) 1) h-m™) 5%/ %
1 2 0.08 0.01 0.75 48
2 3 0.16 0.03 0.75 72
3 4 0.32 0.09 0.75 60
4 4 0.16 0.01 14 53
5 3 0.08 0.09 1.4 60
6 2 0.32 0.03 14 80
7 2 0.16 0.09 2.8 64
8 3 0.32 0.01 2.8 78
9 4 0.08 0.03 2.8 83
K, 10.640| 0.637 0.598 0.638
K, |0.709| 0.638 0.791 0.643
K, 10.682] 0.756 0.642 0.750
2210.069| 0.119 0.193 0.112

T KAORHED AR K U B R P21

F RS PR T A, LA 9 4l 50 A RN
HP-UV Fenton Ab $ I 45 & 1) £ A0 B i 45, B
pH Ay 4 H,0, B4 0. 08 mol/L Fe (I ) # i Ky
0. 03 mol/L kT REFE K 2. 8 kW -h/m?, 7E L 4 7F F i
/K COD N 336 mg/L. TOC & 326 mg/L. & & N
134. 81 mg/L.BOD, #£ 7+ & 84 mg/L, Hl COD %[ %
983% . TOC EFRFHN 63% MR LR N 39% . B/C
HIFE0.25.
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T A B PERE 25 SRR 2 TR . AT RAE Y ]
25 2 F F HP-UV Fenton 14 £ Hh COD 25 i % 34 5
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FICH W 2= 5 6 el A BT F , HP-UV Fenton
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W= A -OH. FE AR IR A 25570 4% i 2 F , LP-UV
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Fig.2 Effect comparison between HP-UV Fenton and
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400 nm 19 58 % BL 25 A, Hor UVB B (280~320 nm)
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FITOC 1Y £ B 3 LA B AR 48 A RO B 200 T
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2.2.2 =TGRS
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FEC e 45 9 DOM 928 4k, 3 591 Xof B vk 4 ¥ . HP-U'V
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R 3R, B EEM SR 438 5 A4 X3, Hop
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FREAEY R, X N EEIEER, IV X Y
R =8, VIXCEAE B WRAE e S 28t
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PIZEE IR FE IR F Ry FY e 2 i /b
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ULH] HP-UV Fenton X 7K /1 78 R 5 & HLIR 19 5 B
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Fig.3 Analysis results of EEM
2.2.3 Orbitrap MS \*ﬁ
% 83 EEM H e R B A 20 R R DOM,

ﬁﬁ)ﬁ{iﬁ%(&ﬁﬂ‘fa&f?ﬁ;%x;‘ﬁ%@m DOM,
Fr AFH 25 43 53 Orbitrap MS #E— 26X} DOM #
1T RAE . A XF Orbitrap MS £ E 1770 F =001,
MG F KA T R 46 W DOM A 2H 23 R AiE , XoF
F T HP-UV Fenton 5 LP-UV Fenton &b F 5 ¢ 47
i i DOM 1A AL LA . X5 K (4 1k & i 4

JTLRMAM(C.H.ON.S.PE)IAT I, HIFESH
CHO,CHON , CHOS FI 8% iyt &4, Hoh CHO Al
CHON LA 3 Flk AR ) E B, W&l 4 7R
CHO FIl CHON 1k & Wy 7E e 45 W \HP-UV Fenton
JK UL S LP-UV Fenton H 7K 1% 7 L4337 2 64. 3%
86%.72. 1% #t—2L 3 Hr &l 438 7] LU A B, HP-UV
Fenton 1A 2 % CHON 5 & 85 1L & ¥ 19 L B 40 L

LP-UV Fenton & . 454 ik HP-UV Fenton 1 72
Hh - OH ¥ )& 75 T LP-UV Fenton HHEN , 78 224N 55
i Ab PR AR i R - OH BB R B i 5 S P26
wEY.

Fia ke A A NI
100 o lEAR s s
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0 Ji e 48 HP-Fenton 7K LP-Fenton H} 7K
TKFE
a. TETH
100 [ JcHo [T cHON [ cHOS [ 4 4 19
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20
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b. Y
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Fig.4 Composition of membrane concentrate, HP-UV

Fenton effluent and LP-UV Fenton effluent

BT AL T % UV Fenton o £ 10 15 vk 45 ik
T DOM AYARfE a3, L O/C (45433 O i C Y J5
FHCE L) A EE AR AR H/C A AR AR T DOM 15
1 V-K(Van Krevelen) &l , Jf-#2 45 O/C 1 H/C () ya [l
W V=K B4R 7 A X3, 4% XA R [ 1) DOM
Moy OB PR IR LT IR KRR A A
1R TR AR E 5 B . Hod, 0/C ok s
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Fig.5 V-K diagram of sewage samples
MBS B LU i, HP-UV Fenton i 7K H 0/C>
0. 6 FY 57 9 DX I8k ) i 25k Ohy 857 A, > F LP-
UV Fenton 7K 1 152 4>, 2B HP-UV Fenton /K £
X e 20 98 P s SR A BE B oA BE A R BRABICR
IR - OH X e S AL BE W o ) 4L RE AR, {5 HP—

UV Fenton & & /1 - OH fY ¥R & 155 T LP-UV Fenton {&
2, 0T LL HP-UV Fenton & 28 H s Fb 8 w5 1) 22 BRAICR:
NEIZIE R F R BE Y - OHL .

%l HP=UV Fenton F1 LP-UV Fenton H} 7K DA &
JIR v 46 W B DOM, i %8 17 P4~ UV Fenton 13 2
TRBE BB A B 1O F 2 V-K L ILET 6,

- >z . a :
1.0 1 ENS A
2.5
2.0
[®]
= 15
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Fig.6 Change of DOM in different processes
LP-UV Fenton {4 & 1 23 B 19 ¥ BT (4L 550) A
91% £ HEAR AL B2 X (0/C<0. 5) , JF HL7E & 4
A B DX 8 A B o Ol ), o 2R 8 BT Y
63%. Tii7E HP-UV Fenton {4 & W42 21| 2 Bk 1) 9 ot
s AL B W T (0/C>0. 6) (5 el 47%, 3% 5 K 4
(a) " LA Y BT IR 7E HP-UV Fenton /K & &&=
FLE K T LP-UV Fenton & &2 — 3, DL 25 Rl
B, - OH 1k BEAR IR 250 e S IR SR AL B 19 ) ot A=
BRI e BALEE ML, 1 T LP=UV Fenton {£ %
- OH & 1 AT R, ER 70 55 8 48 A0 B B9 Jo s o
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MANRE Y = AL E B9 9 5t SO, (B 7E HP-UV Fenton
IKZ b e BT - OHARSIE 1 R S Ak B A s AL BE 1Y)
RS SN

38 1318 HP-UV Fenton 1 LP-UV Fenton [¥
JKAE A O/C VH/C ORUSE 4 5 19 A #4185 (O/C,,, |
H/C,,.BDE,,) , #t—UESE HP-UV Fenton X ¢ 4 ¥
1 DOM Y £ R 8 . 0/C,, H/C,, 73 5 32 78 FE i
DOM 4 fL A 5 H A i FL R &, BDE,, 27 A
DOM H AU 2 5t . O/C (BB K 7 K FEH DOM 4R
AAR B 8, O/H {E B K 3278 DOM SR i FH R FE
T, BDE (BB AR AL 5 DOM UL Y b s
WWE LRSI 14]. 29158 R4/ 0/C,,
{5} 0.549, H/C,, {i & 1.231, BDE,, {fi N 6. 378;
HP-UV Fenton H} 7K i O/C,, {7 0. 619, H/C 1H K
1.204,BDE, {H 4 5. 730; LP-UV Fenton 17K ) O/C,,
{8 4 0.658, H/C,, {8 # 1. 189, BDE,, {6 N 5. 869,
HP-UV Fenton 5 LP-UV Fenton (1) 2% %] 35 B , HP-
UV Fenton H} 7K H1 DOM 4% 44 () % 1k 72 B2 AKX T LP-
UV Fenton i . HP-UV Fenton i) BDE, {E 1k T LP-
UV Fenton, 1% HP-UV Fenton 7K *f DOM ¥ Jii 1)
AR AL T LP-UV Fenton, HP-UV Fenton /& &£
W 19 4 Joz e AR BE ) 5T (0/C>0. 6) i Lol 47%
FH TR A Uk B A8 v 1 - OH % T DOM Hh i 48 Ak 3 1Y
YA L BRACR , i HP=UV Fenton 43 = UL
B W) g Ak, 5 3 HP-UV Fenton H 7K
DOM A AL TR EE AR T LP-UV Fenton,
2.3 HALH

HP-UV Fenton 5 LP-UV Fenton 7 pH K 4,
H,0, £ Jin & 7 0. 08 mol/L. Fe ( I ) ¥ i+~ 0. 03
mol/L AT REFE N 2. 8 kW - h/m ¥ 5528, Ab B A 7 3
58. 01 Jo/m*, AU K R FEEE AL, S AR
9 70. 7% , TEAR R AL FEREAS TS HP-UV Fenton X5 4
Y B3R T LP-UV Fenton.,
3 #i#

@D  FJHP-UV Fenton T. 2 Ab I8 e 45 W i+t
il E AR S A A AR < pH R 4. H,0, 4%
JndE 4 0. 08 mol/L Fe ( 11 ) # AN 4 0. 03 mol/L T
REFEN 2. 8 kW -h/m® ALFREF RIS 4 b, 7ELC S5 T X
COD . TOC ., G\ A& M) £ B 253 51 83% . 63% .39%,
BOD, &7} % 84 mg/L.

@ FERZ& g8 SRR T, 5 LP-UV

Fenton #H H. , HP=UV Fenton X 3¢ 45 ik - COD A 2=
B 5 13% , %7 TOC 1Y 23 BRFE 8 12% , %F TN 1Y 25 BR
RICH XA, En] A4k )5 T, HP-UV Fenton i}
JKI B/C 3% 0. 25,1 LP-UV Fenton {4 0. 15,

) HP-UV Fenton X B 45 i H S R & HL
MRS KA F ALY KBRS 4F . Bk -OH X
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