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B ERBIWB IR E LN E A A ebE 2, MUE G B AR IO 0 kAT A Rk e, B SR AL 4R
oAk R A FR B B U = R GG IS . e R, SR R RS s R £ (S,0%, PS). R/ —
B2 £k (HSO;, PMS) Ml & & /A AL & (H0,) EALR R, BT T B 2 b B W vl 14, R TH R
pH. M . O, & H,0,. Na,S,05. KHSO; 145 fil et 55 K 38 % AL PRACR (9 5w, JF % AR IR ROR HEAT T 40 M7 o
SRR, ALK, OyPMS. OyH,0, Fil O/PS I HL{ K & 9% HE#E (electrical energy per order, EE/O) 435l 4
1007.5, 1233.7. 662.6 kWh-m>, Oy/PMS % 1k {4 5 Ab B & W4 B B IE W M SR 5 O/H,0, AL R R AL, Hik
F Oy/PS. HIZEA AL HRRR 5 REFEVEAL 25 AT H, OyHLO, A Ak R, #EIRIE N 25 C, pH=6, O, 1 H,0, 1%
TNk 3 gh M2 125 mg' L, NI [E] A 60 min 54 R, BERERAK, EE/O M= 443.9kWh-m>, H TOC %
6% S5 1 2 R H B4 50K 27.1% F100.005 3 min™', BODJ/COD i H1 0.18 #4 % 0.26, 54 FRE5H, 3T RAEK
R = PR ATEREARR i, PN S U b AUk 5 A AR 1) 2 0 A B AR AR ZE 4, AT S %15 Y ) v a8 46
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FAHK, WREAK ., RS BRSERMA A, TR AN — T, B S O I Y 3
hn, Br 3B YR ) pH R PE L AR e, SR B TR &, AT AR T R Y 2k
BB DR A B S — gk 10a UL b, AWMLY LUB SRR . B RSy R oy 2, Bl
Attt 2 | AW ERESSHEY, S8 LR (advanced oxidation processes, AOPs) 1] 2= [ 14 4t F;
AR TCIEAL B MERE A DL, FF T 88 &5 K T A= R g e, IR, R LR T 2 IR B IR B IE R
() b AR HLAE RS T

AOPs Al ff 2 AN R e B At L8 i L S A ML &k AEm | i 3k ™, H
A, X T R4 (0;). A AL A (H,0,) Al i B2 £k (S,02. HSO;) Y AOPs ffF 58 Lb ¢ )iz . Horp
O, AL e R, AR R B IL 2.07 V, AT 5 REZECH LY &R, #EE P H IG5 409,
EFRT O, 1) AOPs 1, H,0, i i #2 1L 583 [ i 3 (-OH) Mk i -OH 1Y 51 & 7 (H,0, #8443 7=
HOy), SRAEHE O, XF 15 Y i it BRARAR A i % (SO)) AN ELA 58 1 E Ak M (B0 = 2.5~3.1 V) Al
R g HOH pH A3 R T T (pH=4~9)"), i SO; — i Hh it — B R £k (HSO;, PMS) B i
TR ER (S,02, PS) & EEAM . B LI E L Bl EcR AR IE AR AR MY AR R A AR R
) B B AR ALY, DT S B AL Y R R AR . YUAN 28U 8T O, PMS. O4/PS,
0,/PMS F1 Oy/H,0, 1A Z [ fift 43 ¥4 25 (IBP) (45 5, F5 tH Oy/PMS XI IBP (1) B¢ fif 68 71 Fcoit o X T 17 32
BRI AL B, H T2 IR TR SRR AR 0 e SR A R VR A P B R A% . ABU AMR 45U B
FT OyPS KRS B B W, WAL T pH, O,. Na,S,0, B il it %I COD 4%
ZBRIEMIE T R actr, RIRGARFSE T A LIS Y T AT n] A Y R AR A . B )
A IR 7 AR US 43 BI A5 28T O,/H,0, 1A Z R B A B8 By 3K B D TR F2 P pHLL SR B[] AT H,0, 4% e 45
XPAL B B, IR E T s BET, FIUHIET O, Rk A i 50 & PR A B X
W4 457 3 05 B AT ML) 1 o A B B v L mT A A M B SR AN 22, R SR A AUk R 3R 7 i 35005 R R Ak
PR BR T AR A aT AT A A R i — 4R

AHEFEEE X O4/PS. Oy/PMS il Oy/H,0, ALK R AL B 5 B UM B2, L FA VLIS 3
Vs sh J12%, 3T T 9146 pH. O,. H,0,. Na,S,0, 8% KHSO, fit 4% fin e % &b BESUR A 5m , R FH 24
7 £ 5 L HEFE (electrical energy per order, EE/O) A E P FLREFERICR , #E1 LL B 404 3 Bl s L E Ak
RRACPREE Ty 22 5 . AIATHE SRR, Oy BAECR AR AR 1 TR AR 4R 52

1 MR5ERE
L1 L33 E Kk
S8 B IR 30% H,0, . i ZBRRR 84 (Na,S,04) . BilR . SR A ah S5 24 iy [ 24 42 Ak~ 3R A5 BR

ONTHERE GBS TAL . SRR A A e SRR

(2KHSO,-KHSO,-K,S0,, KHSO; 7 fit =47%) [y o S— ,

BT T AR AR A R R AP el N Wﬁi
SEEAEE AN 1R . K LS LRI BE ° 00|t = T

R AR I 9 2 54 O B U 9%, A

SRR N 150 mm. 754 200 mm. 5L LR z%:i~

SRR (T T P 154 . .

RIITH €7 i B R A BN ), FL-810ET) j= UM ASLU At .

L SRR SR 10 g, TR T 5, | rmn

T TR AR NS B R A, ALY

1 IHREFEE
AREA T RLBN . FFHR R, A ZA] (0,

Fig. 1 Schematic diagram of experimental setup



5510 44 AR RS AR AMI AR RAEHE I B S IR A 8CR S RERE T 2691

Na,S,0,/KHSOy), JfFFJa B i itk an (FEBR /R B, SP131320-33Q). Sz b ik 2 Hh ik B H 1R I 1
A (TR EAER T, THD-06H) 1845 .
1.2 BIRGE R RIE R MR

BB B SR A A T 1 T e A O B R AR O R e, 2B T 1997 427 A
A, 2009 4F 6 A, HpH, #hE . BSE BUE (L) CaCo,it). b5 A & (COD). f
H A b S /7 & (BOD/COD) . BA (TN). Z A (NHI-N), LB (TP). WRIEBEIREL (POI-P).
RE RS 5 (TS). & F (CI) MELR R B F (S02) 709~ 8.14, 0.82%. 12.75mS-cm™', (4 256.63+
16.84) mg-L™'. (760.63+40.48) mg-L™', 0.177+0.01, (1 255.45+48.30) mg-L™'. (1 251.74+9.02) mg-L™',
(9.97£0.55)mg-L™", (7.72£0.16)mg-L™", (4.76£0.05)g-L". (1239.76+13.26)mg-L™" FI (54.42+0.83)mg-L"'.
Y AT AT, Iy 38 DR T B AR ) i B B U
1.3 LIt

AR IR, LT RAN SR AL P Z R R pHL SAGE AL IR R AR R A
HER MR, B, A5 RHBRRELR T, %E OyPS KRV pH 730 3. 6. 8.14(JRH
pH). 9, RAEHIEIH M2, 3. 4. 5. 6.5g-h", Na,S,0, BHHE43514 300, 600, 900, 2400mg-L™",
BB ] 24 60 min; 1% E Oy/PMS AR Z¥145 pH 43518 3. 6. 8.14. 9, IR EES IR 25, 45, 55,
65 °C, KHSO, #H43514 150, 300, 600, 1200mg-L™", JRiifE 60 min; i&E O4/H,0, 4k Z¥Ith
pH /M543, 6. 8.14, 9, BHAHNEN6.5g-h™" . H,0, BS54 1500, 3000, 9000, 12000mg-L™",
S ][] 24 90 min(EY 60 min), FEF FIRCE, HE T 3 KRR AT E X TOC LRI .
1.4 DG E

FE KRR ARG E 7 B 1 iR . A H,0,. PS, PMS i 8 4% iR 1 5 8 COD £ 52 i 12022,
Fir AASBIE 9 3 R FTI A2 A HLBR (TOC) Y =X, AR O4/PS. O/PMS LUK O4/H,0, F Ak ik 7 f kb
FEROR

RERACR TR S % O A 5 T R 09 EE/O MTHE 7 1520, EE/O g B AR AR 15 7K s e v
JE AR — N B D (90%) T FE RO RE R, BAA S KWhem . S 4h, 1 2R BT 5 BERE AR 98 L A 2
LITE . AR PRI pH I E 3. 6. 9, #4% M H,S0, 5 NaOH Y& i1 5 pr i fe e, H(H
S92 5 043, 0.09, 0.63 kWh-m>,

T 1 KRS ERLE

Table 1 Analysis methods and instruments of leachate quality

=2 ik (€
pH _ HQ40AEHE X Z B HUK T 4374 (Hach, USA)
EONEL S — DDBJ-350fF 3 0H SR AL (BUR B2, i)
COD IR PREH AL CEERE, )
TOC PTSRNE SR R 7S TOC-Veph(55 7, HA)
BOD, I s 2 vk BOD,J5E{%(OxiTop IS12, WTW, Germany)
N TEBR R A - 5251 O BE 1 TU-1810284M ] WA OGRS FHAE: , i)
NH-N BHECIUADEE 2 —
TP/PO; P FRBAT G EE: —
TS Hik _

CI/SO;” BTk Dionex ICS-3000(Thermo Fisher Scientific, USA)




2692 ok L OB ¥ W 145

1.5 s HZERBE

HWFFEPTH5 Y, O,-AOPs (975 Ye W B it i R AT & U — G i s J1 27, HoOr A2 ULt (1)

In(Cy/C,) = —kt (1)

K. LB, ming C,. C, 430 ¢ A1 O B ZIZK AL TOC W EE, mg L™ & oh S0 o 2R 8
., min"'. B () ATH, In(CyC) SiflH] r REMER R, AU &K R XB IR T TOC 1Y K i
FFE W —Z N3 117 (R*>0.7, P<0.05).
2 #ER5TR
2.1 O,/PSHEHE

AWEFE R, A SO, 1Y i K20 1 AT A 280 B K th & FhodE R i A LTS e, BRI R
AN . AW T . 259, BESENEFRAGYE . ERRBREAHIE, cth—H
ZEN VR, EAERM A AT R IR U mERER Y A MR S T, #R AT LA F
—E AL PR . WK PS 5 PMS 5 O, tHZE &, AT A [R B 7™ A= SO, F1-OH,  {H &) fif A BfF 5% B2,
e, ABFFELL O, LAY, RN PS B PMS A= i .SO; 4b B 32 i 157 2 18 B W A AR (1 2).

FEAL S AL R D, pH X R A i A i A PR R AR ™Y, AN 2(a) FIER 2 FRoR . FEH)
i pH=6 iif, TOC B ZLFRF R K, N 19.4%, N HEZRHEEH 0.003 3 min'; 7E] 4 pH=3 5 9 i},
TOC 152 R TR, 45 1.54% . 1.37% F10.0002. 0.00021 min~'. HUANG %504
HI SUN S PIT# 48, 7 5AIK pH(<5) B, H'AJ BE4ili 4K SO, A1 -OH, M ifij BH % & 111 9 4= b i & (X
) X (3)). MR, REAS T HES SR, M pH MM, & OH 1k O, 7 fik 4=
BC-OHGK (4)), A PLLA DR EBIR®, X WA R T H-OH B & PS A4S0, PIGEE (5)), HmiH
AR T X5 G B A o AR 5 v Y 2 08 4 08 R VR EL A B R R R AL, pH>9 B, HCO; FiTCO?-
e B BA N, T MR HCO; A1 COX 2 i 4 -OH SO, , A= a4 Ak 1 4 55 i HCO, Al co; B 2 (K (6)~
2 (9)), 3 U6 W v B RE XI5 Gy A I i Y BT AR T R T OE AR T o bR D IR T RE B SOk R AE
pH=3 5 pH=9 214, TOC 2= [ F 5 07 1 ALK

SO; +H* +¢~ — HSO; ®))
-OH+H" +e” - H,0 3)
20;+0H™ — -OH+0; +20, 4)
S,02” +-OH — SO; + OH" (5)
HCO; + SO; — HCO; + SO (6)
COX +S0; — CO; +S0* (7
HCO; +-OH — HCO, + OH~ (8)
CO? +-OH — CO; +OH~ )

AMR S5 G B PS BN A A T E B IR M AN AR, Ha ) PS Bn T2 T AR FEAL
BAEE, BEZ AR, ARBEAE 25 C. RARINE 3 gh' . K pH 54T, Na,S,0, # i
HH 300 mg-L™' ¥4 /1% 2 400 mg-L™", TOC 1Y 25 [ 28 F1 i 1 3 28 8 0, 43 0l 1 14.8% . 0.002 6 min ™' B
PR ZE 18.2%. 0.003 3 min'(J&] 2(b)). X P HEJE FH T HI# L 56 ' Na,S,0, A& (3~21.5 g L) i &
FABEGE, XM E AR5 5 T A B b SO iy A ¥R B (3 (10)) FHAS B3,

SO; +S,02" - S,0; +S02 (10)

A3 (4) M (S) /T, fE O/PS K, O, Bt XAk BUSCR HAA B0 . 5 A RHT5E
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SEILUOTARL, BE O, BT 2 ¢h ' BN A 4 g-h™', TOC 22 B 3R NS Ry 3 25 Bk a2 i 3 m, - 0 1)
i 17.8%. 0.002 7 min™' 34 & 23.3%. 0.004 1 min'; {H O, #MN&E & T 4 gh', HoALFHRL R 5 m B
TR (B 2(c)). HERBOME, WS Oy MM I A VBAH B A% BT 22, i A B T 38 ik & i 4
fLRE ) o (HEEW AR T Oy #a TR i AT, AL FTSZ IR, B, ZARWFFErh O4/PS M 5 Ak 3 32 i 3 3
BUEM B SR 2 . IR 25 °C . pH=6, Na,S,04. O, #fn 535k 600 mg- L™, 4gh'.

25 251 ——300mg-L"! 25'+§g E:
- ——3g-
20} 20p o 800me-LT 20} ——4g-h
o o 900 mg-L . ~—5g.h
S S 2400 mg -L-! = £
vl L ol L mg o | +—65g-h
15 15 # 15
& & &
H 10t H 10t H# 10t
@} O Q
o) le) o)
= 5t = 5t = 5t
of 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
JR IR st ) /min S Rz st i) /min SRR s ] /min
(a) pH (b) Na,S O /Nt (c) O, B+t

£ 2 Oy/PS | FR T pH\ Na,S,0, LK O, #5118 Xt & i W IS8 - TOC KFREIFZI
Fig. 2 Effects of pH, dosage of Na,S,04 and O, on TOC removal in aged raw landfill leachate

by the O,/PS oxidation system
2.2 O/PMS k&

PS(-0,S—0—0—S0;) i £ 2 M iR 5 (—S0;) iyt A F (0—0), WiREE, A5 0,
RA R, i PMS PAHSO;8( S0 ((0—0—S0;) IE X ff e, Hih 0—0 n[ 5 o, R MP7EE (1)~
(15)), X FTREEE MR & AH L Oy/PS KR, Oy/PMS 1A FR AL B2 8 W B IR AR A, LT, A4
F— DT T Oy/PMS (K R YA BRACR , 45 LI 3,

“0—0—SO0; +0;—~705S0; (11)
~0,S0;5 — SO, +07 (12)
“05;S0; — SO; +20, (13)
SO; +0; — SO, +20, (14)
SO; +H,0 — H* + SO} +-OH (15)
W1t pH XF Oy/PMS Ab 332 U8 W i) 52 M G 5] 3(a) F13E 2 fir7R . 76 pH {EH 6 B}, TOC % BrFE M
B e pH=3 0r 50'-.-25‘;.?
—e— pH=6 ——45C
_20F T PHs.14 Sl L W0p S
N —v— pH=9 & ot & v 65C
15t e 3 30t
10f 20}
I S 10} ——150mg - L' S
& osp = 5l —-300mg - L' =0t
—4—600 mg - L'
0r ol +1200mg -L! ok
0 10 20 30 40 50 60 010 20 30 40 50 60 010 20 30 40 50 60
SR (] /min SN IS [] /min SN s ] /min
(a) pH (b) KHSO 4% it (c) iR

3 Oy/PMS & FE S pH. KHSO, 1% /il 2 F1iR B xf £ 8 1 IS 8 i TOC X R0 M

Fig. 3 Effects of pH, dosage of KHSO; and temperature on TOC removal in aged raw landfill leachate
by the O,/PMS oxidation system
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4%

IO A RO B R R, A9 R 22.2% F10.003 6 min ', HJFE PR AT fiE S O/PS K R AR, HAh, GUAN
LWL, EMpH T, JLF®ASOX(pK,=9.4) 1776, ArLIJLF A %4 O, 5 S0 i A 1 SO, Y

(RUAS

FE 25 °C . pH=6. O, #ME N 6.5 gh™ &M T, W5 T AR KHSO; £ i # (150~1 200 mg-L™)

X Ak BAUCR Y

M. WAl 3(b) #13% 2 Frzn, KHSO, i 7F 600 mg L' i, 35 8w A #EACR fe e,

#< 2 pseudo-first-order 1 B! Xt £ #4 1 5 I8 & TOC BEBHIHLE REESITE

Table 2  Fitting with pseudo-first-order for TOC removal and energy efficiency calculation in aged raw landfill leachate

AR R pH oﬁ&ﬁﬂﬁ/ Na;SZOJ%jJH KJI:SOJ%?JH goﬁ&gn Jiﬁj /.c/i 2 TO:%%I&% EE/O/i
(gh™  fwEAgLl™h dfEAgLlhH ®AgL") HHE/m min”! /%  (kWh'm™)
0, 25 6 6.5 — — — 1 0.002 1 0.966 11 1584.9
25 3 3 0.6 — — 1 0.0002  0.662 1.54 11021.2
25 6 3 0.6 — — 1 0.003 3 0.856 19.4 668
25 8.14 3 0.6 — — 1 0.003 1 0.912 17.2 711
25 9 3 0.6 — — 1 0.00021  0.909 1.37 10 496.6
25 6 2 0.6 — — 1 0.0027  0.855 17.8 626.8
0,/PS 25 6 4 0.6 — — 1 0.004 1 0.962 23.3 662.6
25 6 5 0.6 — — 1 0.0037 0918 22.6 872.6
25 6 6.5 0.6 — — 1 0.0030  0.929 183 1332.1
25 8.14 3 0.3 — — 1 0.0026  0.995 14.8 719.3
25 8.14 3 0.9 — — 1 0.003 3 0.96 17.4 769.2
25 8.14 3 24 — — 1 0.0035  0.983 182 12025
25 3 6.5 — 12 — 1 0.00035  0.978 221 17 671.7
25 6 6.5 — 12 — 1 0.0036  0.813 222 1718.1
25 8.14 6.5 — 12 — 1 0.0032 0917 189 1932.8
25 9 6.5 — 12 — 1 0.0024 0951 14 25717
25 6 6.5 — 0.6 — 1 0.0040  0.688 25.8 1189.2
0,/PMS
45 6 6.5 — 0.6 — 1 0.004 1 0.762 26.5 1378.7
55 6 6.5 — 0.6 — 1 0.0045  0.796 28.1 1355.8
65 6 6.5 — 0.6 — 1 0.0065  0.688 38.8 1007.5
25 6 6.5 — 0.15 — 1 0.0025  0.758 17 1474.1
25 6 6.5 — 0.3 — 1 0.0026  0.789 17.5 1554.8
25 3 3 — — 2.125 1.5 0.00093  0.967 7.97 25295
25 6 3 — — 2.125 1.5 0.005 1 0.991 36.3 4613
25 3 — — 2.125 1 0.005 3 0.991 27.1 443.9
25 8.14 3 — — 2.125 1.5 0.0042 0915 342 560
25 9 3 — — 2.125 1.5 0.0022  0.948 18 1069.7
0,/H,0,
25 6 6.5 — — 1.5 1.5 0.0050  0.975 36.6 780.9
25 6 6.5 — — 3 1.5 0.0050 0977 37.1 896.1
25 6 6.5 — — 9 1.5 0.006 4 0.98 45.4 1 060.1
25 6 6.5 — — 9 1 0.0069  0.969 33.5 1233.7
25 6 6.5 — — 12 1.5 0.0057  0.934 42 1392.4
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TOC 14 2 (5 2 Fl J2 1 TR 3% 4 B 45 91 K 25.8% F11 0.004 min'c — J5 T, 7 fE & if & PMS 5 -OH I
SO, i (=X (16) A=K (17)), W T AW BEFIZE; 55—, i & /9 -OH F1SO; ] i & A= F #E B >
G 8)~xk (20)), MM FEF B IR 5 YL W) 1 9 f RE 1 T %

HO—0—S0; +S0O; — SO; +HSO; (16)
HO—O0—SO0; +-OH — SO; +H,0 (17)
SO; +S0; —;08—0—0—S0; (18)
-OH +-OH — H,0, (19)

-OH + SO; — HO—0—SO0; (20)

BT LR M, 7F pH=6, O,. KHSO, ¥ 4lh 6.5 g-h™. 600 mg- L™ B, 5 T
XFAb AR S . A E 3(c) RN 2 TR, BEAE RN EE A TR, TOC 1Y 2 Bk 23R s g 3 38 55
Yygupsgn, Hrh 25, 45, 55 °C &AM N RE, 50000 25.8% . 26.5% . 28.1% F10.004. 0.004 1.
0.004 5min'; {H 4R T} = 65 °C B, BIEWALHSUR W F 5, 9355 38.8% A1 0.006 5 min',
SERT R U AR e, IR DL 2 Ay SR R A AOPs ib B — 7, BEEE M TR, O, fF
KPS R AR T B N B s — T, Oy TR RR RIS N, AR THATA O, 25 AH
BN AR R E L, FHEXT O/PMS K & Wit i5 Y ) i fE b/ FH B B 22 . Z0048 i 2,
PMS 1) O—O FER = i E T (— MR 30~90 C) W & AE W2, M5 5 A4E s so; 1, B PMS A GBS
T IR, X ATRE R 65 °C SET O4/PMS 14 R Ab FEGUR B E 3 s i R 22—

i BRI, O/PMS 1K R LR N 65 C, pH=6, KHSO,. O, %M+ 4> %% 600 mg- L™,
6.5 g-h MIZME T, AbBEZ A I 305 IR TR B RUR 524 .

23 O,/H,0, K&

Bk O, 5 H,0, tHZ, & v] A B A M ik H e PR -OHGR (21)) AF, i BRIL B pliA IR . #4E
i H I ZORAN S E L, FTLL, Oy/H,0, J& H i i g A AL B AR Hh Ry T 6 45 57 3% 98 8 R AE 9 1
25 25 K AL BRER R BE AL B A5 Y2 B T2 2 — 1T840 0,0, A AR R L BRI WL 4.

20,+H,0, - 2-OH+30, 1)

pH 5-OH A4 i 5 KSR B VIR SCH . 7625 °C, Oy, HO, B4 51 3 g'h ™', 2125 mg'L!

&M, AE pHB. 6. 8.14. 9)Xf 4b &L 5 19 52 ma 4n 8] 4(a) F1 3 2 i 78 o 5 O,/PS(zk PMS)
AL, B hH pH=6 I, TOC Y 2 B 28 1 Sy 38 8% B K, 431 36.3% #10.005 1 min™'

40 50 0.7
—=—pH=3 —=— 1500 mg - L' =R
—e—pH=6 —e— 3000 mg - L' 54 J06
30| —A—pH=8.14 401 _a 9000 mg- L3
. —v—pH=9 S —v— 12000 mg - L' % 105
s 5 30 | 223 BOD/COD a
ﬁ 20 + & {04 8
X oot EE/Ofti a
§ 10} 8 443.9h~m3 103
10F i / I
- I %
0 20 40 60 80 100 0 20 40 60 80 100
S A /min S s 7] /min
(a) pH (b) O Heh it
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Fig. 4 Effects of pH, dosage of H,0, on TOC removal in aged raw landfill leachate by the O,/H,0, oxidation
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Abstract Aged landfill leachate was hardly degraded by traditional water treatment due to its highly complex
composition and low biodegradability. There are few systematic evaluations on the landfill leachate treatment by
ozone-based advanced oxidation processes (O;-based AOPs). This study investigated the feasibility of aged
landfill leachate treated by O,/PS (peroxydisulfate, S,0;"), O/PMS (peroxymonosulfate, HSO;) and Oy/H,0,
systems based on treatment efficiency and energy efficiency under different initial pH, temperature, O,
Na,S,0,, KHSO; or H,0, dosages. The results showed that the EE/O (electrical energy per order) of O,/PS,
0,/PMS and O,/H,0, systems were 662.6, 1 007.5 and 1 233.7 kWh-m, respectively, under the optimum
conditions. The treatment efficiency of O,/PMS systems was similar to O,/H,0, and was higher than O,/PS
systems. In consideration of treatment efficiency and energy consumption, the optimum treatment was observed
with the O,/H,0, systems at 25 °C, initial pH of 6.0, O, dosage of 3 g-h™', H,0, dosage of 2 125 mg-L™" and
reaction time of 60 min, the EE/O was reduced to 443.9 kWh-m™. The removal efficiency of total organic
carbon (TOC) and the reaction rate constant were 27.1% and 0.005 3 min™', respectively. And the BODy/COD
value also increased from 0.18 to 0.26. The analysis showed that O,-based AOPs were energy-intensive, the
combination of catalytic ozonation and low-cost biological treatment technologies might achieve efficient and
economic degradation of pollutants. This study can be considered as a reference for the engineering application
of O;-based AOPs.

Keywords aged landfill leachate; advanced oxidation processes; ozonation; persulfate; hydrogen peroxide;
electrical energy per order (EE/O)
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