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Abstract:
heavy metals. Lab and industrial scale tests of landfill leachate treatments have been widely carried out by researchers all over the

The composition of the landfill leachate is complex, which contains high strength of COD, ammonia nitrogen and

world. In this study, water quality characteristics of landfill leachate from different sources and four typical integrated treatment
process routes utilized in China were introduced. This paper reviewed the main drawbacks of the current treatment techniques and

proposed perspectives for future researches.
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FREEA—FL
1.1 EFENRIRIBIFEIRR

B ERTB IR ROK T A, & AN . &
R EEJE, BIRICE WK AR, Z) bR
AT RS BRI R ., = RAWEL
MAEA . — I, [F]— 07 2 205 Yy ik B 4%
W, k20 Ik 2~ 3 15, MR A WKE
ST A Al A B S 7 0 P A PR A8 AR AN T 3 Y,
T BRI EMRE 0T 5 nT A b B BRI
R MTE 2 I Y 800 ~ 1 500 mg/L 4 i
% 2 000~ 3 000 mg/L, 4~ 5 HH 3 37 B & 4 1k
4 000 mg/L, 1fi ¥ J€ W 1 BOD/COD W Hy 97 1 iy
0.5~0.6 TFEZE 0.1 ~0.2%,
1.2 HiEHHRFERR SRR

] A A 3 7 3% R B A B ) S R R, A T HR
AP RARL, A T B IR S AR R AR TN
CE 3~ 7 d, & KRB, U8 T K Ay IS
HEABELEN NI TR bE o BEIRAELR) B ™
A i 52 B MY S MR AR, 3 R H Ak B Y
10% ~ 25%. A= TEBRAERE K LT BRI T ik r
P B W, oK AR AR , A ALTS G i far i =, A

4 AT 35 70 000 mg/Ls; 1 4k 4k 14 4, BOD/COD Yy
0.5~ 0.6; AW E — N 800 ~ 1 500 mg/L; 5 &

TUIEZIH 3 500 mg/L.
1.3 RERIBFHEIRE
ZRB IR 5 A T B A ) R BT B 1k

WK FURFHEA 223K . KT Y 257 2 B
HEEE . AR L. ZBFELERIR 15,
BUSH T S AEE— 2R B COD, (H¥fk Bt 4=
TG b SR 7y, AT ARk 22, K TR Rl SECHR AR R AR fk
ANK o E T SR FH RS e 40 VA R T ) 6 A I
AIBERE), HOK B 1B COD W & i o 1E ¥ 1
DU, RH L BE B R B B R B R N
W . A A5 4 VR B AR T CAE VA B3R A U S
Yua bR )(GB16889—2008) 18 H ik B BR A, 1H
R T L DX B RORARE AL L RIS B (1 3 25 H R
S EBARRY RS, IR IEI B IR 2 R Y1k
() 7 QA T A 3, 7 AR 4l S W) 7K 15 R S T
Py
1.4 £RSIERMEIKER

S5 3CHK [6 — 7] FHARYE 2 550 H 1 PRI L,
REE RIS UE S ALK T, WL 1,

R1 BRBEBABKR

U
HA/g L

B COD/g'L'  BOD/g-L" MA/gL"  TPmgL' Cl/gL'  pH
A By R T 10~25 5~8 15~35 1.8~4.0 15 - 6~8
AT BB B IR 40 ~ 70 30 ~ 40 08~1.5 1.0~2.0 80 ~ 150 3.5 6~8
TR B IR 0.5~2.0 0.1~03 0.1~0.15 0.12~0.2 - 15~50  7~10

2 MM RELERAREZRSNA
PR

BB DR WAL I Ty %, Fe ARk ] 4k AR
Wik Ak A A B
21 £k
211 HRADHLE R EYAIERS P
WA FEIE 0T LA A R B A K R A K PR
oy, Hh B A K R 2O, E50
V5 DL & SBR % M &K R5 L2 E R 5
PRAE I N 2% (MBBR).

DI Y& —FPX B UG R AR . AL
KA EA AR EALRA RT3 . Hasty
KA 2 R, i H T & e E %KY, MEHMOOD
et al®” FIFHEFEIEAEBUE COD WA 1 740 mg/L,

SR HE ] 1241 mg/L B}, COD 5 & A Y £ Rk
ROy 75% F1 80%

LG M5 LBz i1 85 K s
B /K 5B IR A WAL, BARG S s 15 e
BT DA SR B LAk, 5 SR o M A, A B
FH T4 BES 5 UE W, 16 VRS IR — E Ry
PR, A4 V5 UeRRe A A, 5 BRI A 4 )
REFER . AT U it KM B = e B A
XA WA i B A i A A2

(U4 SBR % SBR RSLAEIHAT HLiK A AL 5 i
WERARVE, Z T A% 2 B IR . A
5% @R, SBR X} COD fyALFRRCR A ik 2] 75% LA
b, BEAFRRIEF 99%", T SBR T.2H
R REPE . BRI, JE5 8 AL BB B U8
BCFP7K K dE AR AR A K
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(@MBBR £ [t 5 A= K R G A 21 s A

TR, FIR, M FERARK RS, MEELEKR
gerh, AR S AR AR s e /N, R BT B
(35 Yk B . DR TR) 0 L XA 25 90 g 32 Mo
A [l 2 R A WL S 2 A 55 . PICULELL et al!'™
JH MBBR 1.2, (2 A L BREEIAH] 90% L L, 1
[f]if COD Y2 BRIk 20%., AT WF52 £, Fl
FHBURL 15 1 B A Sl 24, BE 98 42 i A W I i
HORAN et all'® #F 5% % B, F] F} MBBR+IE P 5 41
BT LT DIMEASE A EBRRIE ] 85% ~ 90%, [H]
i COD [HLBRZFA] LA E] 60% ~ 81%.
212 REAMAE Z% REEYEHSEE
A EFERKRGESMEEK RS . SiFALE
YIALBRAR LE, DR AR DAL BRVL R RETE /D, I J
D PSR A | SN PR B (AR

@ K % SBR¥: UYGUR et al™® | H IR &
SBR ILSEHL COD., Z A . R R 1Y K Bk 25371l ik
F] 62%. 31% F1 19%, [RIEF, 76 77 H kg 1 e S i Ak
FRIVERTT, SEBLAE ML 5> B 0080, D[R] 25 25 B
FEIRY) & E

QUASB ¥ —Fh L () R AN B T 25, B
AR BRSO HoK s B Rt )i . A iFsE R, 2435
JETE COD ¥k &y 45 000 mg/L B, 2233 UASB &
i, COD MBS 3 000 mg/L, FFRHIA 93%!,

IR & HENRY et al® #5722, *4 COD
TURTAE 1.26 ~ 1.45 kg/m?-d I, RAIEM AT #15 COD
EBRFRIRE] 90%, AR L= 58 h 400 ~ 500 Likg
COD, HAHIBE S i 5 3] 75% ~ 85%

22 ik

22.1 RekBhiE XFTBIER D R EE A, W
PR FEAE R AR I . BRI, ME A
FT T 20 A ] 650, 750 F1 850 kg/hm?-d, 7K 77
SRR EE] 23 50 M 51.2. 64.9 1 55.6 d, WA LB K
Yt 99%, 43 A F] 99.0%. 99.3% F11 99.5%, i
COD Z5Z491K 69.2% . 40.1% . 29.3%",
222 wEREE IREEUVIEERCH NI T &
W4 1 B IR R W AL, 2% 5 s T ARk B
BIEI AL B, B3 IR AL B, DL RBRIEAEDY
R MLABORE R IR BE R L FR BRR4E | Bk
W4k, S84 . ZOUBOULIS et al™ i IR EEDT
VEVEFEARB DR R B R Tk B, TR BE B ity
20 mg/L B, JE AR 2B R ILF 85%, (HIREEILIE

DA AT B, LRI NS R R, 8RR A AR
ERFRER AR B AR
223 JHBREAAMKE  HOREZ MR A &
RAEATEAE IR OB IR, o FHR o2 A AT
FHIR AL, 41 (05 5 H,0,); FIFH LSR5 B
G507, BUE A AL (o % 4 R sUE O A
R, W& A il Sk, B A b B DR MR A
FA, B U T AR et . A GE S B A
O3/H,0, A0 BEB UE AT ALY Y K R CR T LU=
ik 909 i H,0,/UV FigbH), € BODs/COD
W01 FETHE] 0.4582%%; SEIFfvE AlIEHI 4 COD e i
7 8 300 mg/L Wb B UEW &4t 1 h A B, 155
70% HIALFREL R, Fe® AR 10 mg/LP7, 4R
KRR RN B IO 1 BAS | FEFE R
RN IR A ) TR R,
224 MEHR GUEFEAMUAT LA EBRB IR T
B4 ML . TCHLA AR T L2 B — 2K i i s e
Yy, LAl /& Z BRI AR Kk . TR A Ak KO
JUAR 1 S G fe], X5 3350 3 my/s, 3 B e 25 7
6 ~ 30 bar Z [1], 33T 70% B COD 1 50% A% A
AT DL I A g ks R
225 REE BRI kT, BB
— R AR RS0, i R LR, RS8R
BN TN i B, B E AR I AR AT (1)
AbPERAL o 38 I S 3 A BB ROB BRI,
COD I 4 J& 1Y L BRACE T =1k 98% .
2.3 TiAbiE

- AP VR B IR L . N T
23.1 HEkwE  ELERENHERSZ L
AR e VR P Ak 38 I 4 V1 7 %, SR FH 2 TR IRRRE
FEE 2% 1AM A 7 OB Ve 48 R I I 380 e 3 M A
o FHMER B SR EE ., fh2r . AYEH, Xk 4R
W A LTS S A T A U L T BT A

T AR AR RO X AN [ B 1) s A T R Tk
AR 01 S0, SEG R R] A 24 d, 25 SR I . SRR
SR 1A ) B SR A A S U L BRRCR BE, n s
88%, H i A HLAE . NH;-N ¥ B %5 5 5 B % o
15 AR YRR O A fk, XT 4 & . COD. NH;3-N
FER 1) L BRACR AR
232 A Li®k SILVERSTRINI et alt 7£ fif
¥ T. domingensis ) N T 12528 COD., & A .
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AP ERRR R 529% . 75% F1 48%; MEKY
SR B ER AR Y 5 A FREAE Y N TR R 5
XPEE B UEW T COD . EFITER . EAEJE IR
B, G5 R LW, MRS, & COD B3R 451K
74.19%; A& . BULRE R A ZBRECR0 R
48.78% . 49.34% F 61.79%; Cu**, Mn*", Zn*", Ni**,
Pb* Iz Cd* LRI HIN: 94.23% ., 92.17% ., 88.08% .
74.22% . 81.44% F 64.55%,
24 ERNHBRBLHRSRERSERA

FUW R B, F 5 by B U8 i A 3 T2 S 3k
A TG K AL R TR, R R AR G A Ak
1. SBR AN FE T 25, Kk B (A= 1 by 3 35
37505 YL 42 I B R UE )(GB16889—1997) = 2 HEflbr
Y HERL, Q) M ZE SIS | K L R A
8 H T A 1 B R S T e AR )(GB 16889—
2008) Wy HEE, Lo — A LA RIS B9 KA S A
MELUEWIRE R R o> T IEFEIR . /Ny T K T
FE B, 7K COD Y AT ik 500~1 000 mg/L, .
MY — A A A R XE DL 2 GB16889—2008 1Y
TR, e Bk T AR BE AR B

2ot i 10 FFEAR B HE, BT SRR, E
PR UEM AL BRE ARIE AT 4 R EA R T
ZHE L
2.4.1 UASB+4FE X, MBR+NF/RO L ¥ 34 45 404

“ UASB+#h & X, MBR+NE/RO” & “ #b ‘& =X,

MBR+NF/RO” T 7 B £k 2H A 9l 1) 9 48 K 2 H0K
FR RS UERAL TR N, AN 4 T b I
Y5 DE WA FRIF H (1 200 t/d)PY, Kb A K 357
YIEHE B UERACFITH (1 500 /)P, FRIHTT AR
FEPIAL T B IR WAL PRI H (1 200 vd)PO, LKA
PRBEVR (BFRE) A FlB B AL I H (600 v/d)°" 4

XFFRIE TR B uE W, HF K COD
WL =3k 40~70 g/L, A T AR 8 AR, 237 Hij v
I 12l 3 I FERAR I DR AU N # o TR AU R VL 45 1Y
WH AT — N 5~10 kg/m*-d, COD YR
210 70%. TR TFARIE T R A B IR, %

JEF A B IS AL A1, DR ] “MBR+NF/RO”

FIABET 2

FH ARG 753 B R, MBR SR AT LASE 5
AW AR TS T MR, MLSS {E 4 000 mg/L 3
JInZ 8 000 ~ 12 000 mg/L, A HHEZ Ek 15 000 mg/L,
29 T A SO A A SO R, (B[R] s ok
T PRA W B I AR R AR AR R G R AT A IR 1 )

A, FH TR U R s Y AR AR, MBR K Y
SS {HIZT T, 2K Ti5 e, AL RGN
ARG | AR A s T A A e PN s
BAETE LA TR, P2 T REMEABOR S EY)
XTA B ) AR

TR PE AL PR F NF/RO AL BE T 25, it — L

Ko TR /N F K PR FE T . % 1.2
B{E T COD A A A M FBRFIY AL 99.5%
DL b, HRE 2550) . BRER 4 | V5 U A BB AL B R AR 2
g 25 ~ 30 JTA,
242 AT-BC A4 4 &+ A0k +350 M R AL+ 4
R TEREMA XTI A UK T
WA by PR3 7 15 A BRI H AR, S K I A
S fi e A VA P R, [ PN N R AR D, T H
B A 1500 t/d.

“AT-BC LW -+l <" 2 A Y ik 5
TS RIS A AL R T2, B e R 4L, 16 H
A SHEINHZ o AW A B REER Y 2 ) RS
PG R, RORAE & T AR IR & . 7E RS A 3]
B, FAIN Bacillus +3ERFNE S, i@ 4748 53
AN ARWT LB A5 1k, ik Bacillus 1 B S F
Bacillus THBEIE IV =5 pH., AR ity 14 2 A0 % e 6 B 24
5e, BHHBE SRR, XA, A BEEARR A
FRBE 11 . BT Bacillus /£ DO 24 0.1 ~ 1.0 mg/L
SN IS AR, S v BRSO FT TR IR A B AT,
FE PRI Bt S 4R 0 28 B A s A SRR, 1Y
At 1 A5 i S L AE 0.1L 1.0, 0.5 F1 0.1 mg/L
MR, AL ARG T COD, A . BAN LR
3R E] 90% . 99.8% FI 90%!1,

TR Ab 3 SR F P 9% Fenton Ak 2% S AL +4E W &
L, FIFHEEIE [ A S0 5 A R i — 20 R A X L A=
YIRS A ML, B B i v AR Ak, A R
S 1y DR A8 S A U v 4 B s U, i 2 Al A i
S A, B AE P ) — 20 KRR AL A
R.AHVY . SSE. LW AHS H/KE) COD,
TN, Z A EBRRIIKF] 90%, TR L BB Y FLFE |
257 V5 U SR AR B AR 2R 15.47 JT/A,

243 &R BL+A/O/O A AL +A B X, MBR+NF
IEREMAE XL EMEAE VRN PRSIk
W3 e WA B ) AR, &t b B Ay
1 500 t/d, % T 2 i KRR T T2,

TR SRS 5345 5w, TR

() H Ab BEAUAR fg K . SEHLIZ (50 st ) 454, 1B 08T
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46 4%

() 24 R0 Tk B ORI B 5 3k 4 000 mg/L.
XTFRAM LR, FERGR A T &R Tk, B
FHA K SRR 5 D8 W ) pH 2 11, 0K HedE il
“H3 000 ~ 5 000, 3 52 < P AH A0 2 ik B3I 22 FE T
[T {7 0 S 5 e U RE = RO B P U B U5 41N
Jii, AN ERRRATRE] 80% L |, S0 i T
N G ER A B R AW L R R A
7 i B I T R, TR PR AR G M e T R (A)
B, S T 25 A 2000 4E LR — EUSH R4,
Ab FRAK R

A/O/O A=Ak R B 48 B 43 SR WA S L ST 1) X
1M HR I TE — R, K WA T BB S5 A AL T BE 40 T, AN
[ PP A P R b 3 A A A A K R 858 25,
LR ARG AR . B ARG EH T3 IR
AbHAE R N 2 MBR T.7., 540830 MBR
T AL, 08 AR 0 Ry B AR, 17T FE AR R AS ) 8 3
REAG, DAL BEALAE 500 t/d R3], HLAEIAS i 6.48 [
£ 0.648 kW-h/m™™, 3T JLAF, i B AR 7= T 27K
(AR g, BN T R 5 e BT S RE N, AR RERERY
P9 E 2 MBR B2 8T T WA FE5 DR A BRI

244 W% DTRO/STRO T ¥ %L MA ZT. 4
R T AEEALBE T 2, WA R TR T
2 A i, G Rs s iR A, S shistT
Jr {5, H 7KK A ) 52 B K K BT i 52 e, 85 7ETL
PR~ B R0 | JE PR R o b g B . KB
SRR Y b R b S RO 37 A M
M2 T RUARLASE /N ) 2 AL O A I ] B 4, A
BL3E F /NT 200 td, BT RL LU SE R 55 1 7 2R A,
Wl T U (458 T ) Bas 8 U o

JCit /& DTRO & & STRO, M H % & RO ffij
T IR T KGR, JF 8 AR A, 180 iE
TH PN A9 7K I A S B it R, I T BT e ok
fit. DTRO/STRO R4 % T COD, @A . HL F%K |
4B IR 905K 99.9% . 99.2% . 98%. Xt
FHLFZ/NT 20 000 ps/cm, FR FISCERA KT 80%
), AT RIRH 2 ~ 4 MPa [ B35 Xt TSR
15T 30 000 ps/cm, K AR KT 80% 11, 5 K
F 12 MPa 1115 5 585
245 4FPHA T LR EAREE EST AT 4 Fhl
R T 2R AR B XS H BT, I3 2

®2 TABTZHRAMRRAXLSTER

Ty et Bt
B N ] ] CHHE b S . fekEks
UASBH5ME 5t LR R R B, f, my - MBRIURSIEIEVMEEORLL, REFER

MBRANF/ROT LR 2. B AR IR G5, St/

ik 3. IMAOKBTRRRE . ATEE

2. 4MEXABYE . NF. ROMERS N A, AEkE
T, T RE S e 2
3. RGFEAE5%~25% AR IR, 5 5 HMb B

1 ARSI IZ T, REFEELAR

AT-BCAEWIFEEAIRS 2 RAVEMIERAL BT Z, R AL,

AN T
2. T BARM K B (TR F BRI 2

WIS R g RTRTESRAR, Pirbdae iR pH. ME/KHFHBE/RIL . Fer ik S
T ZE LA 3. RHEF AT EERCANR IR 3. TR B8nfb2=2i /], FeA e ibi5i
B, ToHRARR A 4, g TR AR K

K TR \ A ‘ﬁ‘/l\ . E'—‘C E 7y S A N S
sty RO SSIRERL BOAEIREL ) G iy, sk e e
b+ EAMBRANF T %EMBRTE% RN 2. T B W i ) e
S o gE A : N : Z o7 LR g
LA A 3 KK . T4 3. RE TS U HRGE IR, 5 55 A

LERERT L, B dite e

BDTRO/STROT.Z, 2. RGi5 FIash ; iiﬁijﬂf@gﬁgﬁm 5 bl b g
e 3. KK AT 4 e Mt

4. 3855 T AR 22 R 2 i B

3. IR e S

3 R = i IR T AL 2R B K Bz AR D M Y
(8] &

31 BEERERAER

“ A1 X MBR+NF/RO” T3 T. 2 A#E T HiK
FeE Ak, (HIEREE T 2R AR,
BT R T 2 T2 B T I S B0 RERE Y ] AL,

FEARIAE LU T J7 1

311 BEHNEDRLAERFHBATAZTANA
FRBIMK XSRS RIS 3 LA A R
o BUERIE KA IREE 5N 2 000 ~ 2 500 mg/L,
AN T RAAT 457 kg A, KA YR 3.1
5, AR DR Ak B N I s B g R R 2 . It
Gh, T2 BRI R 2 /02K 5] 95% LI, 3
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WATEESR FHC v B4 T3, T 8 R e B I PR 3
PIALEEFAE A 1000 vd Y TR A, KALREFEZI N
14 kW-h/t 7K, TEIAZEREFELI N 1 kW-h/t KM,
312 HABRAHBEAHBXFHEABRFLAK
X HTAM NG IR R, s ek A
735 15 000 mg/L, I Hb 255/, 3 LR L
M A HA O 0y R B4, Tk FH REFE
AR SO 3K, PRI R AT T 4 ~ 6 1.
313 RASEHAE XABES XBIEMARAE
Bx HAEEBITEARRE N 4 m/s, DL 8 4
), TR IR RS E R RN 272 vh, REFER
3~6kW-h/t K,
314 BEANZLIMT A%0E HICRK,
A AR PN R e v B A v, AR AR R B R T A
BUARCRA SR 2 At N KR AR v, A 3 E AR P A
Koo T8 = B A IS 45 ) 7 e A TR, DhAk
FRAUA A 1000 t/d 14 TRE M, 15 K% HIER /- REFE
218 2.34 kW-h/t /K,
3.2 REGHRALIERE)H

(A3 H I S 75 G 45 i bR ofE : GB16889—
2008 Y HE St 5 , P GE T N i s 1T B IR TR
LBt A T 50% W HE T RO T4, 4k
PRIK B 2R 20 000 t/d“ 79 4 W= A 4 25%
Th, R4 5000 t BUETR . WG I 1 AR
B 11 85 B B A5 Bk Tl 9/ T A o 3 BE K] Ay 4
i, A W 119 TR HA R R A A, iR
R A R Ak B T L 3 R JE B

PRI B, ¥ 4 v Ak B TR 07 ) v = o T
Jra: SE G @R IR AR 55T &
) Z Fp S HRA K o H PR
URBUEZE, WeAR RN A B . TeHLER R 2AT5IH
23 [l B A SEREIE AR | IR P TR

W UAE R, [ P9 T It v P JBE st L RBBE L =
REA . 78R BRI A HOR N T e 4 W Ak 3 F
TR, (A2 ZE AR Fy itk — 20 R P Y 7 =K
AT, ORI I B B, IR e | 3847 L
A3 v B AT R TR A Il R, Mk LATE TRk
TR

4 HIRSRBLEFEARTRUNAARE
7718
W4, ORI REREFE . (KA IBITIE I8
WAL PEARC SO AT H AR5 T7 [, NS g

TR 7K EFEAE FAERIA 0.135 ~ 0.50 kW -h/m*7
41 FHBEYRBHE AN ITELNEHA

PR PR R T A TR Ak L T 48 740 T B
FEE AL AL . IR E A AL T 20 A SY . A EE
TG iE AL RO AL T-20, AR e i 20O T3, J A g
A AL T2 AT 35 2 25% B4R S 40% (R ; TR
A E A T LW 05 2 58% 1 & K 100% 1 B
Ji. AZARI et al® XJ & [E ZDE Y5 3795 38 i Ab 1
JRIA T IUER IS T BT T 28T, 1B B Ak 3
J7 A 2001 FAEEAL R AEAL T 253 i T UF Fnfit
L TRTEE P A B /- 811L) = IR TLY 0 da s 7 R N N2 K 2 =)
LB ML, COD/TN ZEFK(E R 1 ~ 5 kgCOD/kg
TN i}, REGEIE17REE, 2007 ~ 2015 4EW 6] RS8R
EBRFN 84% ~ 97.2%, ZLLREFE T % 87%, V14
ML IR AE R TR 91%, FIATT5 U671 TR 97%.

A R A P 2R 4 TR DR AR SR A TR Y T B
Y8, B s R AE W RN 4% (MBBR), [ 5E IR
AW IS 7 | FIURETE P A gl o0 Sk
Bl A IR A A AE K WA W I A, R 4536
U SO A5, AT A 25 A PR U R Ak 388 60T i 1Y)
FES A . HAT, E AN B0 S0 AR PR R
FHIX S A W R AR, IRE IR 260 AR 1) T
PR FHACHIESE
42 MBBREHEMAEBHARESEATIHNIE

1k Rz B

MBBR # R 7E T B K B 255 $ A5 o 2 i
FEUR B, AR R M5 e ik 5 A Y Ik AE ]
— RN AR EE A . fEAEARGENE S IN—E
5] 8 1 B[ SEURMYE A s A M AR LI A= AE &R
S A, G AR I A A A TR, AR
REMIEILIARE ), WA . ZRBEAREBIE
WAL BRI, BT 2L s iR MBR R AR — 26
A, FBEAIE MBR AL RGBS IRk, AR <
B, SLHL RS SO Ak, BOH 15 KR H RS, A
FIF P E R MBR BRARE T2 N
43 BREUBARHWIRLNEA

YRUE . FIBE | W A B vk R
Bis Y A REIRTB RI5 Y o T JLAR, BN AR
R E AL A R L R AL B U AT H 25
2o WA AR N g R, R R A AL
(AOP /Al AR SE AL (AOP2) A3 A% BS MBR
K, 25 AOP BN AE 3 ~ 3.5 A~ FAL Al o] 3k
#| COD /T 100 mg/L HEICbR 1 . T 25 A 553 ff



82 IREE LR R

546 3

FELE R FA, K Fenton S 1b- 2258 -1 M 4 W B2
Qb T 7 3% 35 8 VR MR 4 T, DA TR Bk RN SR TN s T e M
TREE . ZEER], X TOC., UV254. {83 1 F2 53845 5]
H 95.9%. 97.1%. 99.6%. SABOUR et al*¥ %} F*
Fenton %8 AL 12 JE W 7= ¥y A5 Ye v 1 it 4T T WE5E
W9 R 78 pH=5.7. [H,0,)/[Fe*] N 16. [Fe*] M
JE28 207 mmol/L B, 15 e WA ALY &1 . KA L
Y& ALY L BB 515 R 27.4% . 14.4%.
58.1%. AR i K 7K BT B 7 I 24 1 S N Sk
7, 55 AL TR B8 S S5, s Ak SR AR, Wl TS
&, R EAERR TR FH 5
44 BEEKGEFRESERTEHIENA
Bl BEReR AR AT IZ N, SR U 5
U8 VR P A 3, 2 TR AT A A T S T IR 1) [ A, R i
B IR W Fn A EL)E . A, J A B
RITCHER TS e )8, e RS  7 or sefims,
TRINHE s SER 78 DR S B R B R 18.81 g/Ls
R A T AMA ST Y b, Sl il ik 45 | &
i, FsemE KA BRI A4k RGEiE 1T, 4K
YL S TR P S TR 2 B R 3 /L.
PRI, Xof K i T 179 D R Ak 3 AR TS L
TR V5 YL )R, FRAT T A T4 R A i U 3K R
BRI B R, B T Tl R K &8 T L R R,
SR TR AP AT 1T T2 A i 2k o

5 HitSEI

(D AAL . Sas A= P I e —Fh s &l &2 0%
AIAL P T 20, AER A 2 AR FE B L B IR LAk
i A B B UM, 5 TR PR AR 2 S A A I 22 0%
R R AR AR, sGEs T2 & B3k R
S BA A 22 0 P9 1 R A Ak B il Ak B )25 il b
Rk

(2) BUEA A B 2, 3 IS A TR AR
AERK A MBBR T 24, AT LIRS IRREFE, FI TN
B MBR T 20 H .

(3) R A A RE B D) IC Hb fif D E R ft AT DTS
YW IRl T DA AL BRE AR A T2

(4) B s S 3708 B R ) A 3 2 R AT A
R T LTI %) [R]85 ST i w8 1% S 7K b B2
FARAE B UE WA N HAIESR o

2 %F Xk

[1] WISZNIOWSKI J, ROBERT D, SURMACZ-GORSKA J, et al.

Landfill leachate treatment methods: A review[J]. Environmental

Chemistry Letters, 2006, 4(1): 51 — 61.

[2] NAVEEN B P, MAHAPATRA D M, SITHARAM T. G, et al.
Physico- chemical and biological characterization of urban
municipal landfill leachate[J]. Environmental Pollution, 2017,
220:1-12.

[3] RENOU S, GIVAUDAN 1J. G, POULAIN S, et al. Landfill
leachate treatment: Review and opportunity(J]. Journal of
Hazardous Materials, 2008, 150(3): 468 — 493.

(4] FE@ 55, VhiT Tl A I By PR B B AL BT 25 it Jas 47
Bl [D]. AREE: WLRHE R, 2016.

(5] X2 p%, Sptily, W S, 45, BRI I A% (8 N b U A 3 4
J R AL 2 T R A A —— LU N S 71 D). 33k 53R, 2009,
37(2): 118 — 125.

[6] iz, A A T 2R BB B RR B IE W AR5 (D).
g LIRS, 2015,

[7] 7%, L, T4, MBR T2 AR B3 B UE W —— LA 4
T 8 A= 1 B 3 DA BUHR G TR S 8 (00, T 7R Ak T, 2018,
42(6): 137 - 139.

[8] MAYNARD H E, OUKI S K, WILLIAMS § C. Tertiary lagoons:
A review of removal mechanisms and performance[J]. Water
Research, 1999, 33(1): 1 —13.

[9] MEHMOOD M K, ADETUTU E, NEDWELL D B, et al. In situ
microbial treatment of landfill leachate using aerated lagoons[J].
Bioresource Technology, 2009, 100(10): 2741 — 2744.

[10] LOUKIDOU M X, ZOUBOULIS A. I. Comparison of two
biological treatment processes using attached-growth biomass for
sanitary landfi 1l leachate treatment[J]. Environmental Pollution,
2001, 111(2): 273 —281.

[11] HOILIJOKI T H, KETTUNEN R H, RINTALA J A. Nitrification
of anaerobically pretreated municipal landfill leachate at low
temperature [J]. Water Research, 2000, 34(5): 1435 — 1446.

[12] LEMA J M, MENDEZ R, BLAZQUEZ R. Characteristics of
Landfill Leachates and Alternatives for Their Treatment-a
Review[J]. Water Air and Soil Pollution, 1988, 40(3—4) :
223 —250.

[13] LO T M C. Characteristics and treatment of leachates from
domestic landfills[J]. Environment International, 1996, 22(4) :
433 —442.

[14] KNOX K. Leachate Treatment with Nitrification of
Ammonia[J]. Water Research, 1985, 19(7): 895 — 904.

[15] PICULELL M, WELANDER T, JONSSON K. Organic removal
activity in biofilm and suspended biomass fractions of MBBR
systems[J]. Water Science and Technology, 2014, 69(1) :
55-61.

[16] HORAN N J, GOHAR H, HILL B. Application of a granular
activated carbon-biological fluidised bed for the treatment of
landfill leachates containing high concentrations of ammonia[J].
Water Science and Technology, 1997, 36(2): 369 — 375.

[17] GUNAY A, KARADAG D, TOSUN I, et al. Combining
Anerobic Degradation and Chemical Precipitation for the
Treatment of High Strength, Strong Nitrogenous Landfill
Leachate[J]. Clean-Soil Air Water, 2008, 36(10—11): 887 — 892.

[18] UYGUR A, KARGI F. Biological nutrient removal from pre-
treated landfill leachate in a sequencing batch reactor[J]. Journal
of Environmental Management, 2004, 71(1): 9 — 14,

[19] LU T, GEORGE B, ZHAO H, et al. A case study of coupling


https://doi.org/10.1007/s10311-005-0016-z
https://doi.org/10.1007/s10311-005-0016-z
https://doi.org/10.1016/j.envpol.2016.09.002
https://doi.org/10.1016/j.jhazmat.2007.09.077
https://doi.org/10.1016/j.jhazmat.2007.09.077
https://doi.org/10.3969/j.issn.1007-1865.2015.06.069
https://doi.org/10.1016/S0043-1354(98)00198-5
https://doi.org/10.1016/S0043-1354(98)00198-5
https://doi.org/10.1016/j.biortech.2008.11.031
https://doi.org/10.1016/S0269-7491(00)00069-5
https://doi.org/10.1016/S0043-1354(99)00278-X
https://doi.org/10.1016/0160-4120(96)00031-1
https://doi.org/10.1016/0043-1354(85)90148-4
https://doi.org/10.2166/wst.2013.552
https://doi.org/10.1002/clen.200700201
https://doi.org/10.1016/j.jenvman.2004.01.002
https://doi.org/10.1016/j.jenvman.2004.01.002
https://doi.org/10.1007/s10311-005-0016-z
https://doi.org/10.1007/s10311-005-0016-z
https://doi.org/10.1016/j.envpol.2016.09.002
https://doi.org/10.1016/j.jhazmat.2007.09.077
https://doi.org/10.1016/j.jhazmat.2007.09.077
https://doi.org/10.3969/j.issn.1007-1865.2015.06.069
https://doi.org/10.1016/S0043-1354(98)00198-5
https://doi.org/10.1016/S0043-1354(98)00198-5
https://doi.org/10.1016/j.biortech.2008.11.031
https://doi.org/10.1016/S0269-7491(00)00069-5
https://doi.org/10.1016/S0043-1354(99)00278-X
https://doi.org/10.1016/0160-4120(96)00031-1
https://doi.org/10.1016/0043-1354(85)90148-4
https://doi.org/10.2166/wst.2013.552
https://doi.org/10.1002/clen.200700201
https://doi.org/10.1016/j.jenvman.2004.01.002
https://doi.org/10.1016/j.jenvman.2004.01.002

51

WA A RIRB IR PR K TR R S 5 W) 83

upflow anaerobic sludge blanket (UASB) and ANITA (TM) Mox
process to treat high-strength landfill leachate[J]. Water Science
and Technology, 2016, 73(3): 662 — 668.

[20] HENRY J. G, PRASAD D, YOUNG H. Removal of Organics
from Leachates by Anaerobic Filter[J]. Water Research, 1987,
21(11): 1395 - 1399.

[21] LEITE V D, PAREDES J M. R, DE SOUSA T A T, et al.
Ammoniacal Nitrogen Stripping From Landfill Leachate at Open
Horizontal Flow Reactors[J]. Water Environment Research,
2018, 90(5): 387 — 394,

[22] MONJE-RAMIREZ 1., VELASQUEZ M. T. O. d. Removal and
transfo rmation of recalcitrant organic matter from stabilized
saline landfill leachates by coagulation-ozonation coupling
processes[J]. Water Research, 2004, 38(9): 2359 — 2367.

[23] ZOUBOULIS A. I, CHAI X. L, KATSOYIANNIS I. A. The
application of bioflocculant for the removal of humic acids from
stabilized landfill leachates[J]. Journal of Environmental
Management, 2004, 70(1): 35 — 41.

[24] SILVA A C, DEZOTTI M, L SANT'ANNA G, Treatment and
detoxication of a sanitary landfill leachate[J]. Chemosphere,
2004, 55(2): 207 — 214.

[25] SCHULTE P, BAYER A, KUHN F, et al. H,0,/0;, H,0,/UV
and H,0,/Fe** Processes for the Oxidation of Hazardous
Wastes[J]. Ozone-Science & Engineering, 1995, 17(2) :
119 — 134.

[26] QURESHI T. I, KIM H. T, KIM Y. J. UV-catalytic treatment of
municipal solid-waste landfill leachate with hydrogen peroxide
and ozone oxidation[J]. Chinese Journal of Chemical
Engineering, 2002, 10(4): 444 — 449,

[27] SANCHIS S, MESCHEDE-ANGLADA L, SERRA A, et al.
Solar photo-Fenton with simultaneous addition of ozone for the
treatment of real industrial wastewaters[J]. Water Science and
Technology, 2018, 77(10): 2497 — 2508.

[28] LOPEZ A, PAGANO M, VOLPE A, et al. Fenton’ s pre-
treatment of mature landfill leachate[J]. Chemosphere, 2004,
54(7): 1005 — 1010.

(291 wzHE P, [ol 4 32k 4k FHLEY 30 92 B BV A i o e R (0] 9
fi£, 2018, 37(7): 101 — 102.

(301 FZA, X0FF, XURA, 45 9 IR 1% 25 MR 45 0 (0197 114 7K 7K BT
AR AT FE (1], BREERLAE, 2014, 35(7): 2822 — 2828,

[31] SILVESTRINI N. E. C, MAINE M. A, HADAD H. R, et al.
Effect of fe eding strategy on the performance of a pilot scale
vertical flow wetland for the treatment of landfill leachate[J].
Science of the Total Environment, 2019, 648: 542 — 549,

[32] MEKY N, FUJII M, TAWFIK A. Treatment of hypersaline
hazardous landfill leachate using a baffled constructed wetland
system: effect of granular packing media and vegetation[J].
Environmental Technology, 2019, 40(4): 518 — 528.

[33] B4, VR, B 308 U8 b A LY 3 1 19 23 A B AE
MBR RE PRI, PRI, 2005(2): 153 - 157.

(341 BRBHAST. S bR A 708 S A 31 T 2R 30 P9 (D). K-
IR, 2005.

(351 wibn, Z6uk, JA1R, A5 KB fi-41 E 50 MBR-NF/RO T 27K
Yl B35 b PR AR i i (90, g kK, 2017,
53(10): 58 — 61.

[36] Edbh. BB AL FEOR ) IBTSE [D]. 5B A RHER
2£, 2008.

[37] BB, AR OB 3 VA B AR 8 IR A
FL[D]. Jbat: R, 2013,

[38] YU T, QI R, LI D, et al. Nitrifier characteristics in submerged
membrane bioreactors under different sludge retention times[J].
Water Research, 2010, 44(9): 2823 —2830.

[39] JUDD S, JUDD C, Chapter 3-Design, Operation and
Maintenance, The MBR Book(Second Edition)[M], Oxford,
Butterworth-Heinemann, 2011: 209 — 288.

[40] Bl B W M2 (MBR) +238 1% (RO) AbFHI 2 I8 WK
W5 D], Kb WIRRE, 2011

[41] BRAGHS. AT 15 J-Fenton-AF-BAF 414 T 2% Wik B 1E
WALFRAYRFSE (D], 7 M AL EE TR, 2011,

[42) VEWEZ, Y, (4. B8 IBWAL BT 0 i 5 LA [Cl
2013 4E4x [ e ik BE V5 7K 5 B 08 DR WAL B A R AR N T 58 i
W25 3CAE, bt 2013: 177 - 187.

(431 AL 8, s, BRI, 55, SrB g B R g0 i R RS
B LA 1], A E gk K, 2015, 31(200: 26 - 29.

[44] Zef205, RAEA, £ i B R EE (DTRO) FARTERIR B UE
WALIR AP (1] B2 50K, 2011, 31(2): 110 - 115.

[45] kL8, g, BB, 55 0 H T A BB g Ak B R Se i i a8 X
JEFNSN E AR AL [CL/h E AR TR 2K Tl 43K %=
Bgx. S EHEKZ 514 2015 4R4E2, B 2015: 6.

[46] KUHFﬁ R, R, A TR Sy PSR S A R B IR
5595 Y i AR ). B B TR LR 2 i, 2016, 6(6)
553 — 558.

[47] SCHMIDT I, SLIEKERS O, SCHMID M, et al. New concepts of
microbial treatment processes for the nitrogen removal in
wastewater[J]. FEMS Microbiology Reviews, 2003, 27(4) :
481 —492.

(48] AZARI M, WALTER U, REKERS V, et al. More than a decade
of experience of landfill leachate treatment with a full-scale
anammox plant combining activated sludge and activated carbon
biofilm [J]. Chemosphere, 2017, 174: 117 — 126.

[49] WENIJIE Z, HUAQIN W, JOSEPH D R, et al. Granular Activated
Carbon as Nucleus for Formation of Anammox Granules in an
Expanded Granular-Sludge-Bed Reactor[J]. Global Nest Journal,
2015, 17(3): 508 — 514.

[50] CHRISTENSSON M, EKSTROM S, CHAN A A, et al
Experience from start-ups of the first ANITA Mox Plants[J].
Water Science and Technology, 2013, 67(12): 2677 — 2684.

[51] WINKLER M. K. H, KLEEREBEZEM R, VAN LOOSDRECHT
M. C. M. Integration of anammox into the aerobic granular
sludge process for main stream wastewater treatment at ambient
temperatures[J]. Water Research, 2012, 46(1): 136 — 144.

[52] BRZE, £, 1R, 5. RARBEMHEEH AL,
BURHGRR (1], Ehﬂé%kﬁbk 2011, 27(23): 104 — 108.

(53] LM, XI7F, ZBIEA, 5. Fenton 41k -28 B - B 5 b 4 7
PB IR B B AT ). B E0R 5 TR, 2013, 13(18):
5423 — 5426.

[54] SABOUR M R, AMIRI A. Polluting potential of post-Fenton
products in landfill leachate treatment[J]. Global Journal of
Environmental Science and Management-Gjesm, 2017, 3(2) :
177 — 186.


https://doi.org/10.2166/wst.2015.536
https://doi.org/10.2166/wst.2015.536
https://doi.org/10.1016/0043-1354(87)90015-7
https://doi.org/10.2175/106143017X15131012152942
https://doi.org/10.1016/j.watres.2004.02.011
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.1016/j.chemosphere.2003.09.015
https://doi.org/10.1016/j.scitotenv.2018.08.132
https://doi.org/10.1080/09593330.2017.1397764
https://doi.org/10.3321/j.issn:0254-6108.2005.02.009
https://doi.org/10.3969/j.issn.1002-8471.2017.10.014
https://doi.org/10.1016/j.watres.2010.02.021
https://doi.org/10.3969/j.issn.1007-8924.2011.02.021
https://doi.org/10.3969/j.issn.1674-991X.2016.06.080
https://doi.org/10.1016/S0168-6445(03)00039-1
https://doi.org/10.1016/j.chemosphere.2017.01.123
https://doi.org/10.30955/gnj.001444
https://doi.org/10.2166/wst.2013.156
https://doi.org/10.1016/j.watres.2011.10.034
https://doi.org/10.3969/j.issn.1671-1815.2013.18.065
https://doi.org/10.2166/wst.2015.536
https://doi.org/10.2166/wst.2015.536
https://doi.org/10.1016/0043-1354(87)90015-7
https://doi.org/10.2175/106143017X15131012152942
https://doi.org/10.1016/j.watres.2004.02.011
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.1016/j.chemosphere.2003.09.015
https://doi.org/10.1016/j.scitotenv.2018.08.132
https://doi.org/10.1080/09593330.2017.1397764
https://doi.org/10.3321/j.issn:0254-6108.2005.02.009
https://doi.org/10.3969/j.issn.1002-8471.2017.10.014
https://doi.org/10.1016/j.watres.2010.02.021
https://doi.org/10.3969/j.issn.1007-8924.2011.02.021
https://doi.org/10.3969/j.issn.1674-991X.2016.06.080
https://doi.org/10.1016/S0168-6445(03)00039-1
https://doi.org/10.1016/j.chemosphere.2017.01.123
https://doi.org/10.30955/gnj.001444
https://doi.org/10.2166/wst.2013.156
https://doi.org/10.1016/j.watres.2011.10.034
https://doi.org/10.3969/j.issn.1671-1815.2013.18.065
https://doi.org/10.2166/wst.2015.536
https://doi.org/10.2166/wst.2015.536
https://doi.org/10.1016/0043-1354(87)90015-7
https://doi.org/10.2175/106143017X15131012152942
https://doi.org/10.1016/j.watres.2004.02.011
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.2166/wst.2018.209
https://doi.org/10.1016/j.chemosphere.2003.09.015
https://doi.org/10.1016/j.scitotenv.2018.08.132
https://doi.org/10.1080/09593330.2017.1397764
https://doi.org/10.3321/j.issn:0254-6108.2005.02.009
https://doi.org/10.3969/j.issn.1002-8471.2017.10.014
https://doi.org/10.1016/j.watres.2010.02.021
https://doi.org/10.3969/j.issn.1007-8924.2011.02.021
https://doi.org/10.3969/j.issn.1674-991X.2016.06.080
https://doi.org/10.1016/S0168-6445(03)00039-1
https://doi.org/10.1016/j.chemosphere.2017.01.123
https://doi.org/10.30955/gnj.001444
https://doi.org/10.2166/wst.2013.156
https://doi.org/10.1016/j.watres.2011.10.034
https://doi.org/10.3969/j.issn.1671-1815.2013.18.065

