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Table 1 Physicochemical parameters of municipal sludge and leachate

PER IR} pH FIKE % COD/(mg'L™) HA/(mgL™) C/N
LURIRERIA 6.39+0.03 95.75+0.11 35725170 29543 29.2242.32
Flax1508 5.94+0.01 98.48+0.25 13 792488 42+1 7.20+1.11
HMis e 6.03+0.01 96.01+0.12 27 213+101 227412 —
BRI 4.55+0.02 — 78 916+332 1 125425 12.26+1.10

12 SLWHRRMNBES

D) IR 2G4 . R IR (EBS)., HEMREP (K,Cr,0,). FilRik (Ag,S0,). HA L4 (NaOH),
PUIRIMLER (CHO,) . R % (NH,)Mo,0,,-4H,0) . A FREF 41 (NaKC,H,0,4H,0). MifkK (Hel,). Ml
E4P (KD, i AR (K,S,05). LR E (CH;,COONH,), 4B3E % Mk (1,10-phenanthroline), fIt FH 24 & 14
Jorpral s FEMPMA (100 H). WEER (98%). IKEEER (98%).

2) X %8 % 4% . M (3% {X (GC-2010PLUSAF 230V, Shimadzu Corporation). < AH {4 % (& 7.
979011, 7 VT #3273 M A #8 A PR A F]) . 8+ 8 3% { (ICS5000+, P& BL Gt /R B A R A A,
COD PRI X (6B-12 Y, VLIR R BAE A RBI A BRA |, AT W3 6Ot R (Te Bt ad, db
U AL g A BR T AT AN ). D IR (XHSL-16, H N 25 AN 25 % 4 A BR A 7). IR 1E IR AR
HWS 8, TUHILREAART ).

1.3 XWHE

4 o PR T e A V5 K AL B s A7 A O DA S T e b SR Be T B R A e ISR AE L, R E
PRAEE LR YK . #00i5 I S5 R/ A5 RAREL L Ry 4: 1000015 8 272 mL, F4%i5 0 68 mL), &
UETR AN IR 15%(60 mL), $ZA0i5 7R S0 mL, 3L 450 mL. %K FIEY C/N R 22,93, eI LK
AIEHUEY TR C/N J SR SE 50 7 LG e 0 RS 4 JE Atk I8 IR [R) R 8 00 22 M Ak e A T
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KT 5 EEAS[R) V E FE AN k15 Ve RN B GE T8 i R B I DR AR Ak A 7 B e R R B BE A R
BT 2 MR AT AL . — 27 6 MR P i A —E B L ALY G, B alsomo. 1. 4.
10, 25, 40 gL' WEME, 7 1 min AR LAA)G, HHEHK W F6R R S0 60) 26 & WCE SR,
THACETRIR 35 d; R e AR [R] A I 4 S ath L 180 i HE Jo o1 90 ol 0 R SRR R, ¥k B2 2K %) 50 mmol L7,
DL 7= e B B, 4 PR ST AR R PR BR B B, TR AN 6 AR TR e BE B ek, W REEEE
HEATDREH AL, I At R AT 15 d IR AL B . 2 HLACERE AT SR PFA TR, 45K 500 mL Il i
M, RN EE T ERA T, W AR i 35 °C, BT LR 3 4P AT SRR
14 SHAEE

156 VSS DL K /K SRR E kU e 5 A2 iR (COD) SR FH R B3 M 20 D' 6 B i U™ i)
JE 5 2 AGE 1 g RN A3 0O BE U E 5 SR ALY (CH,. CO,) SR HIAR A7 979011 “UAH €8, 3% {1
W5 ¥ K VERR Wi B2 (volatile fatty acids, VFAs) >R HI“UAH 5.3 (Agilent GC-2010PLUSAF 230V) ll 5 .
W52 T A0V T TR A B TR BE I, I AL R 4 000 rmin”! #5350 10 min 5, M2 mL IS WHEAT
DA o B R AR 3 1CS-5000+55 F (i il 5 5 1F B R 5k 0 3k 40 R e 40 Y6 e BE VA PO s 5 Wk B8 il
1 ABE B ko o B VA P I

TR A8 I A v P S ] — W 86 %% Scholl Canyon BEAIRLA 1S3, FHE IR (1) B,

Q = RLjke™ (1)
K Q=R HER, mL-d'; RARMAEMIETE, mL; kW= EB0REE, 4 L WBE™
A, mL-g (UL VSSit); ¢ ATEARETE], do
2 #ER5iTE
2.1 FNHHEREECER AT

R EIE AR = A R MR B RR TR, T HA AR . O . WA
INGFAENS, INZHER L T IREMESAL S L8R, b, (2dk 28R 7= Az L K4 i 7 R G 7= A A
RHARERERLE L.

FEWS N EBS Ml A5, 7= et R Az B T B B A 0l . T AL TR A SR B R R T R L
(TVFAs) W1 IR 10 869.52 mg-L™'c W& 1 iron, #IMEMRIE, KA REE TVFAs B B #5221
Tho FE5 10 K, 10 gL' 41 TVFAs ik 85 KAl 582230 mg-L!, 42717 569.60%, ##4H1EH 10 K
TVFAs ¥ 2012 . 4 5000 20 TVFAs Y R TR E Mk iy xT fal , mr b, ZHr gk i #hnhn s 1
TVFAs 89774 . K 1(a) i . &SRS | Kig, M. N KRIRIETH, ML IRA, Wik
BT T 270.9%; fEmmEMBRME 40 gL' F, 1 KRNI ™HIA 1539.81 mg- L', Ak
XTRRZHBR T T 425.51%. Bl WHAGES EIB 30, TR . ICERVE BERF 2238 . £ FR/TVFAs Rfi i [i] &2
LT, mE 1) TR S 15 REF, 10 gL' 4 O /TVFAs M LS 1 RIGIR K, H 31.6%;
MEMMERBME KT 25 ¢ LI, ZFR/TVFAs fe KIEIRA I, U8 1.74%. 33X Ut A & 40 2380
HAEFER I (<5 d) X OB mA K . WINFRM R ERE, MIRANIMNE 15 KIFH TR,
KB TR AESE 5 ORI Fa o 3 U B R0 4k B A A4 0 il O R 42 i T B o0 i e Ak . TRIB, TR/
TVFAs 2 HUEHIN G AR, 55 1 KM, 55 KP 10 gL AR RERER RS, >
41.65%, ZiFRIWE 1(b). B WAL, FMERAT IS #E— PR NRE N C R 2,
IEAEAS PR 43 10 35 A T F R RERRAIR, TE 2 a0, NIisi b TN IR R .

MY b, TEIRAR G, A8 FRA H i ME A SR L FEfE<, T
77 PP T o S B S N D R [ R P O BR T 1) 10~100 43512, B Wk B 35 4 S S BE 0 T3 . FR 41
WAL g b, = G AE EBS RS M GIRIER T, SRR FE R ZRERH, iz gk
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Fig. 1 Changes of VFAs concentration under EBS inhibition

M AT A, NPt 2R = A, UL (2) AIEt (3). SIRIWONGRUNGSON %54 7 il il FH e £k 4%
PR IRE R T R, AMARS Co, HERMAROIR, BRT-H L, NMERT
M ie, RN (3). mAh, A/NEAEIRR KRB, Y VFAs BUE, B ML 9 K A TR 1k
BF, EHE I BOINBE M i W R T R Fe?', JRRBINEi i T1&3k, MMifEdE VFAs [a] B Ge % 1k .
Fe +2H,0 < Fe(OH), +H, 2)
2CO, +4H, & CH;COOH +2H,0 3)

22 FEMHMhEIREE KRR N
e 7 e 2 AN IR SIS AR AR RIBITROCR 48 F5 . & 2(a) Pin, R Hkiw ok E/, ™R
WA, ARt 10 d P EEARL, FMERERAWE; b5, MEAES 10 REHE BB A, X
N [ 2(b) o H P ARCEURTESS 10 KR LSS 1w, MR R e IR & 25 5 h ) B i ) 40
Gy . BEEFEMPA I EGE A A E R AT B, EE 2000 H, 40 gL BN AR BERE
W, 15d )5, M (25, 40g L) H K& T o, XN Bt HitE i nE TreE. $£2m
TWHW AR RN RBETIE, SEISRO AL, W3R, £-2a@) P, 1. 4, 10gL”!
BT B AR S 25 KRB BLER 2 000, AR RN, X R 2(b) H AR LA 2 4
FEAU/NEE, T BRALTE 25 d R PR R E I N 00 X ULEE, T ERIE— AR 8 T R G0 PR A HL
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Fig. 2 Cumulative methane yield and daily methane production rate
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XPHAATEA, AR WE 3 R, HES
L 2. W3 AT, FF A M AR I N &
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e EERAS VB, T RE 0 R K AE
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Fig. 3 Change of gas production rate with the addition of
4 g-L™" zero valent iron

R ERERRRBPSER
Table 2 Results of gas rate model fitting

Tk, Kd! Ly/(mL-g™) ¢ R
0,=2.021 2.02+0.17 — 0 0.93
0,=1823.58¢ "% 0.44+0.07 307.00+0.01 — 0.93

0,=2.44t-42.83 2.44+0.18 — —42.82+3.98 0.97

0,7934.84¢ "% 0.38£0.05 182.23%5.06 — 0.95
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56.65%. 49.37%. 54.05%. 47.16%. 41.17% . 26.08%. FAEHLFEYETNAE TIRE RGP iy —8H
B30 BEAk, FH A B I8 T REAR J5 Y5 U Y — B X i A LA 0

5 BT (VSS) Bk /b 3 H SR PR T YR R ATH AR AR o WA 4b) Bin, THfE35d
JG, 454 VSS M S B KRR, MR LR 30.1 g L7 4 BEAK 3] T 11.27, 10.01, 9.71, 9.65,
9.29. 8.99 gL', M RIEET] 70.18%, 525 X HEAH LT 7.56% . iX 57 7 87 7R BRI 4 E
X x5 eI A, R B VSS B i 5 2 Bl A A S v B i 2 B L AR S SR R Y S I 4 SR AT T
A, A, TN PTG AT, (2 H, R AR, fEdE T COo, M H, B B FF7 H b AR A
G R 2, it B, A% VSS [ CO, M CH, Jr mFg ik, EHNSIN CH, /=&, 4825 T VSS R,
EARVEFE T, HLi= s M VSS MR REMN G2 —5 . LIUSEPELR P d LM, SMEmA
H, 24 W CO, b )5l CH,, CH, 3G RO R, B85 T 10% 1) VSS Bl

ERE AR, FARMEWERZENEIE, v LI ki ik n & whae i )f 4 & pH, 2
e B S B B B iE T, SEUHMLR G R THALAT, WAL R AR E A 490 mg L
A, IRATHA 35S dJE, A0 20 0 BE Y A I ot i, (L% S0 360 2 2 R0V B8 3 AR o) R 4
(WF3)e XIEFEN, FEFAFMHT, SEYWREAYEN T EAEEE N EA, SRR E T &P,
T, 0k AE s G R AR AR B, (EAS [ 48 o o % 2 SR A1 B2 ) 25 5% R K. KJELDSEN 4P
KW IRAE S P R, AW AREAL, FaT, AR — R s
Y, SBERTREZBOMNEEAEILS DML, REERKIZER, FRER N E,
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] CcoD ] VsS
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Fig. 4 Changes of COD and VSS after anaerobic co-digestion

*3 MEREHLEHEHULARERANESFIRE
Table 3 Concentrations of ammonia nitrogen and ions in supernatant of digestive juice
after anaerobic co-digestion

T ERBR/ (g L) ZA/(mgL)  so2/mgL') PO /(mglL') Fe*/(mgL")
0 727.0421.3 49,063 0 3.59+0.12 9.16£0.23
1 698.9+18.7 29.404 8 2.06+0.34 14.85+0.45
4 624.0423.1 17.2590 2.01£0.21 23.05+1.29
10 674.5£16.6 22.8312 0.75+0.03 40.42+2.46
25 662.147.1 16.297 8 0.03+0.00 79.4146.13

40 652.1£13.1 16.259 1 0.88+0.02 75.99+3.11
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24 BFRETHUMREEEURZEHNEIG
D) BB TR ARk . THALRT, THALIE RSO -k E N 523.93 mg- L' LA, LW EE
WSO M B R MRRFAR, BER T B B3, SO vk B Hr4e FIE (W4 3). T8I %) 25 gL
i, SOF TSR AU W . Fe /E N FALA, AR EE A JFH (SRB) Ay 4 frid B L 7, Wi
T SRB 5= H Lt i (MPB) X L [F I A ML FI &M 36 %, TGN MPB 145, A Bes =0,
AL, SRB 18 5 #2724 1) HoS SRS MPB (93515, S BURAS R A 1L R G R R B,
MEMEB A, A8 TiksoX 54k K S, S*™ 5 Fe YLIE M N FeS, W T S* X /= Z MR 1 Ml
MPB HYMHI G, K W (4) FISX (5). Fe 5 H,S BYZSG W22 Xt MPB #4341 B, 78
FWMPHE T 4 gL' B, SO EBRFRIAE] 96.7%, LS FAXTIRAL, T T 6.1%. XU HEM L
BIMAF TR E TR LR, 4L 4SO E o 25 gL M40 gL S nEd . X
B4 gL' JRECNATF B . LIU 59 g7 (80 1 AL B R ERIE T D 2551
8H* +4Fe + SO & S> +4Fe” +4H,0 )
Fe** +S* & FeS )
2) IEBEMR AR (A5 fk . WALTT, & 4L AL B BT PO - Bk BE 24K 21.07 mg L™, U032 3 R, I
LI, POY R BE Bl & AN BRAM B 3 i f K. 78 4 ¢ L' i, PO; KBRFiAH 90.6%, M4 H
TR, BRI T 7.7%. AW LB, BERRETETS R IR A B, JeAE R 3 d PR, R
JFRETRES, EEWREZTMET, ERREEESTH L. ENREKPER™ER
Fe?'/Fe* (R IR T £ B JE Fe?') ULiE nl (i (X (6)). [AIEF, Fe(OH), 58 FR AR BE 7= A= JLUTIE/E
BT BEARBE MR SR VR B o UAh, TN B W PO AR T, HLRXRP R = R,
JIT LAPO; )2 42 B 5 S AR A 1) e 1 Y
Fe’* + PO} & Fe;(PO,), (6)
3) WK B F AR AL . VBN Sl W A K BT b B I TG 2, Fee A8 A Bl A 400 40 17%) 7282 43 B,
THALRT, AL P WRIE A 130 mg L' THALIG, W38 3 i, AL Fe* B & M e 8 m i
BB, AH YR T R AT AL AT Fe AU Mk B o 33 U W A i AS RO Bk T R U W AR ORI . A A
FECTHE Y, FePHE LA TSR, X5 Fe5P0 . STEAUIRAETHRERPA X, It
4h, PUYOL %™ [R5 £ W], Fe* &5 CO, I A AR ZE 8w, R W2t (7). Xt byl
TP Fe i B K MR s /0 0 3 RN . Fe? B TR E U0 U A FH AL AT A4S UE T A0 R X VSS B i R A — i 1
PERAE, E R B 55 T M ki A D A AL AR
Fe** + CO, + H,0 & FeCO; +2H" @)
3 Z5ip
D) Xt Fi5 KA E T RUiE e . R4S TR R AE Be ) B IR W A Eh R R R A, B R A 2
HERGEIE T IE R . MBS BRIy 4 g L7, PR AT A& — K SR ECFT Scholl Canyon #5275
SRCERONA . FM ARSI R T 25 ¢ L7V, PR IR AT B, (E R ) A
2) 7€ EBS il FIAEAE M 200 T, LB B A R 78 R Ak B B 11 2 22/ O 34 n TVFAs 7=, {2
PE R AT 437 o 10 g L FM AU h IR R i i, LR/TVFAs Bl K o
3) E i R AL TS & H5 AR H, A Bk X VSS B R AL HEVE T, T COD P& Mt R34 Fr F
W5 M Ak REMS SRR AR A R B, (AN ) 5 i o 2 R0 ) R A R i S K
HFIMEMBRSG, KITHE A R R AR R B D, 2 AR T & M B R 1 AR
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fi A, (HAULEIES T AN POk PR AL R s AR T

2 £ X M

(1] EJRHE, P0G, B, sk is TR DRATH AL = BE T BRI GT 2 R[], ) AR fE 1, 2018, 45(1): 72-74.

[2] FONOLL X, ASTALS S, DOSTA J, et al. Anaerobic co-digestion of sewage sludge and fruit wastes: Evaluation of the
transitory states when the co-substrate is changed[J]. Chemical Engineering Journal, 2015, 262: 1268-1274.

[3] LIANGY G, LI X J, ZHANG J, et al. Effect of microscale ZVI/magnetite on methane production and bioavailability of heavy
metals during anaerobic digestion of diluted pig manure[J]. Environmental Science and Pollution Research, 2017, 24(13):
12328-12337.

[4] ALAGOZ B A, YENIGUN O, ERDINCLER A. Enhancement of anaerobic digestion efficiency of wastewater sludge and olive
waste: Synergistic effect of co-digestion and ultrasonic/microwave sludge pre-treatment[J]. Waste Management, 2015, 46: 182-
188.

(5] AR KRR R R Ge R, ThE SR 016)[M]. Jbat: T ESET T, 2016.

l6] ik, i ifh:, B, ArcGISTEFRIFEIE TEAN LI i A L (9], BREE TLAE TR, 2011, 19(5): 53-56.

[7] CAPORGNO M P, TROBAJO R, CAIOLA N, et al. Biogas production from sewage sludge and microalgae co-digestion under
mesophilic and thermophilic conditions[J]. Renewable Energy, 2015, 75: 374-380.

(8] A=k, XUSRTE, BUAERS. iy A I B B he ) B IR W™ et 1], PRI TR 41, 2019, 13(2): 457-464.

(9] Wit AR, IS, 48 & d, . AR M KR A A LA AR B AR AR 0], A0l THES#4R, 2018, 34(22):
185-190.

[10] ThHfh, AR IS, SR ER, &5 BN ARLE I K AL BRATIS A4 v FHAF 58335 FE[T]. Fh2F R, 2019, 82(1): 3-11.

[11] LIU Y, WANG J L. Reduction of nitrate by zero valent iron (ZVI)-based materials: A review[J]. Science of the Total
Environment, 2019, 671: 388-403.

[12] HAN S, HUANG Y H, LIU Z. Bacterial indicator reduction in dairy manure using hybrid zero-valent iron (h-ZVI) system[J].
Environmental Science and Pollution Research, 2019, 26(11): 10790-10799.

[13] CHOKEJAROENRAT C, SAKULTHAEW C, ANGKAEW A, et al. Remediating sulfadimethoxine-contaminated aquaculture
wastewater using ZVI-activated persulfate in a flow-through system[J]. Aquacultural Engineering, 2019, 84: 99-105.

(14] FEXUHR, FR0THL, AR K, 2. BREoPE A=) ¢ (8 2F Sl 25 e A s AL i i (9], Al TR 412, 2016, 32(15): 204-
212.

(151 22/, JA25, BRabdie, A5, HB s AL R AR 5 U 5 0 R S IR SRR RIS 0. T L PRARERE, 2019, 39(6): 2475-2482.

[16] FERRY J G. Enzymology of one-carbon metabolism in methanogenic pathways[J]. FEMS Microbiology Reviews, 1999,

23(1): 13-38.


http://dx.doi.org/10.3969/j.issn.1007-1865.2018.01.035
http://dx.doi.org/10.1016/j.cej.2014.10.045
http://dx.doi.org/10.1007/s11356-017-8832-9
http://dx.doi.org/10.1016/j.wasman.2015.08.020
http://dx.doi.org/10.3969/j.issn.1005-8206.2011.05.020
http://dx.doi.org/10.1016/j.renene.2014.10.019
http://dx.doi.org/10.12030/j.cjee.201807196
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.22.023
http://dx.doi.org/10.1016/j.scitotenv.2019.03.317
http://dx.doi.org/10.1016/j.scitotenv.2019.03.317
http://dx.doi.org/10.1007/s11356-019-04501-x
http://dx.doi.org/10.1016/j.aquaeng.2018.12.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.15.028
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.06.030
http://dx.doi.org/10.1111/j.1574-6976.1999.tb00390.x
http://dx.doi.org/10.3969/j.issn.1007-1865.2018.01.035
http://dx.doi.org/10.1016/j.cej.2014.10.045
http://dx.doi.org/10.1007/s11356-017-8832-9
http://dx.doi.org/10.1016/j.wasman.2015.08.020
http://dx.doi.org/10.3969/j.issn.1005-8206.2011.05.020
http://dx.doi.org/10.1016/j.renene.2014.10.019
http://dx.doi.org/10.12030/j.cjee.201807196
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.22.023
http://dx.doi.org/10.1016/j.scitotenv.2019.03.317
http://dx.doi.org/10.1016/j.scitotenv.2019.03.317
http://dx.doi.org/10.1007/s11356-019-04501-x
http://dx.doi.org/10.1016/j.aquaeng.2018.12.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.15.028
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.06.030
http://dx.doi.org/10.1111/j.1574-6976.1999.tb00390.x

1932 ok L B ¥ W 4%

[17] AN RIERIE @B, W5 K5 A0 5 5: CI/T 221-2005[S]. Jbat: H EFRHEH Rk, 2005.

(18] RIS R, K g S DI PRg i 70 B R HI/T 399-2007(S]. Abxat: Hh EBREERL2 AL, 2007.

(19] rpAe N RILRIEPREE R ER. KB Z I E 2 R 7 LEA: HY 535-2009[S]. Jbxat: i EFREERL HAHE, 2000.

[20] EZREARMER. KB SBEAIIE $ARREE /366 GB 11893-1989[S]. At at: Ho bRt bk, 1989.

(21] FEZRIEER R, KB BRAINE SBIES IELEEE: HI/T 345-2007[S]. dbat: s EFREERE Rt 2007.

[22] #BTF TSR ARSI A BRI R BB FE (D). % KGEHE TR, 2013.

[23] LIU Y C, WHITMAN W B. Metabolic, phylogenetic, and ecological diversity of the methanogenic archaea[J]. Annals of the
New York Academy of Sciences, 2008, 1125: 171-189.

[24] SIRIWONGRUNGSON V, ZENY R J, ANGELIDAKI I. Homoacetogenesis as the alternative pathway for H, sink during
thermophilic anaerobic degradation of butyrate under suppressed methanogenesis[J]. Water Research, 2007, 41(18): 4204-
4210.

[25] ZHANG M, HE F, ZHAO D Y, et al. Degradation of soil-sorbed trichloroethylene by stabilized zero valent iron nanoparticles:
Effects of sorption, surfactants, and natural organic matter[J]. Water Research, 2011, 45(7): 2401-2414.

[26] HE F, ZHAO D Y, PAUL C. Field assessment of carboxymethyl cellulose stabilized iron nanoparticles for in situ destruction
of chlorinated solvents in source zones[J]. Water Research, 2010, 44(7): 2360-2370.

[27] VRS, T ks AR A5 VR A AL DT (D). K% KO TR, 2014,

(28] ABIEH, B, WA PEBRE AT PP AL e FT AT P[], BREERL 7244, 2016, 36(8): 2730-2740.

[29] LIU R B, HAO X D, WEI J. Function of homoacetogenesis on the heterotrophic methane production with exogenous H,/CO,
involved[J]. Chemical Engineering Journal, 2016, 284: 1196-1203.

[30] R $hor MR AAEARIH B T RSN AL R GEh I AR R KX S S20 73Hr [D]. IR HRR%, 2015.

[31] KJELDSEN P, BARLAZ M A, ROOKER A P, et al. Present and long-term composition of MSW landfill leachate: A
review[J]. Critical Reviews in Environmental Science and Technology, 2002, 32(4): 297-336.

[32] CHOU H, HUANG J C, CHEN W G, et al. Competitive reaction kinetics of sulfate-reducing bacteria and methanogenic
bacteria in anaerobic filters[J]. Bioresource Technology, 2008, 99(17): 8061-8067.

[33] HANSEN K H, ANGELIDAKI I, AHRING B K. Improving thermophilic anaerobic digestion of swine manure[J]. Water
Research, 1999, 33(8): 1805-1810.

[34] KARRI S, SIERRA-ALVAREZ R, FIELD J A. Zero valent iron as an electron-donor for methanogenesis and sulfate reduction
in anaerobic sludge[J]. Biotechnology and Bioengineering, 2005, 92(7): 810-819.

[35] LIU Y W, ZHANG Y B, NI B J. Zero valent iron simultancously enhances methane production and sulfate reduction in
anaerobic granular sludge reactors[J]. Water Research, 2015, 75: 292-300.

[36] A=W, XI5, 38, 55, FMERMGD A B A om b is e RETHAL[T]. FREERI2E, 2019, 40(3): 1431-1438.


http://dx.doi.org/10.1196/annals.1419.019
http://dx.doi.org/10.1196/annals.1419.019
http://dx.doi.org/10.1016/j.watres.2007.05.037
http://dx.doi.org/10.1016/j.watres.2011.01.028
http://dx.doi.org/10.1016/j.watres.2009.12.041
http://dx.doi.org/10.1016/j.cej.2015.09.081
http://dx.doi.org/10.1080/10643380290813462
http://dx.doi.org/10.1016/j.biortech.2008.03.044
http://dx.doi.org/10.1016/S0043-1354(98)00410-2
http://dx.doi.org/10.1016/S0043-1354(98)00410-2
http://dx.doi.org/10.1002/bit.20623
http://dx.doi.org/10.1016/j.watres.2015.02.056
http://dx.doi.org/10.1196/annals.1419.019
http://dx.doi.org/10.1196/annals.1419.019
http://dx.doi.org/10.1016/j.watres.2007.05.037
http://dx.doi.org/10.1016/j.watres.2011.01.028
http://dx.doi.org/10.1016/j.watres.2009.12.041
http://dx.doi.org/10.1016/j.cej.2015.09.081
http://dx.doi.org/10.1080/10643380290813462
http://dx.doi.org/10.1016/j.biortech.2008.03.044
http://dx.doi.org/10.1016/S0043-1354(98)00410-2
http://dx.doi.org/10.1016/S0043-1354(98)00410-2
http://dx.doi.org/10.1002/bit.20623
http://dx.doi.org/10.1016/j.watres.2015.02.056

%57 TETAE: MR 58 S5 bR e R 2 IR P R R A 1L 1933

[37] HU Y S, HAO X D, ZHAO D, et al. Enhancing the CH, yield of anaerobic digestion via endogenous CO, fixation by
exogenous H,[J]. Chemosphere, 2015, 140: 34-39.

[38] NEWMAN D K, KOLTER R. A role for excreted quinones in extracellular electron transfer[J]. Nature, 2000, 405(6782): 94-
97.

[39] PUYOL D, FLORES-ALSINA X, SEGURA Y, et al. Exploring the effects of ZVI addition on resource recovery in the

anaerobic digestion process[J]. Chemical Engineering Journal, 2018, 335: 703-711.
(R 8. 2B 0, AR uet, kAl @)
Enhancement for anaerobic co-digestion of municipal sludge and leachate
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Abstract In this study, zero valent iron (ZVI) was added to solve the problem of insufficient gas production
from anaerobic co-digestion (ACD) of the two kinds of municipal wastes :municipal sludge (primary sludge,
excess sludge) and leachate from waste incineration plant. The strengthening effects of acidogenic and
methanogenic stages with addition of ZVI, and the changes of COD, VSS, ammonia nitrogen and ions in
supernatant before and after ACD were studied. The mixture including primary sludge and excess sludge with
the volume ratio of 4:1 and 15% leachate was used as substrate to conduct the anaerobic digestion with the
addition of ZVI of different concentrations. Results demonstrated that ZVI could effectively increase the total
volatile fatty acids(TVFAs) production, promote the decomposition of propionic acid and further degrade
complex organics in the synergetic ACD system. Compared with the performance of ACD without ZVI addition,
the maximum cumulative methane production reached 189.65 mL-g™' (VSS), and increased by 30.1% with the
addition of 4 g-L™' ZVI. Furthermore, its gas production rate accorded with the first-order function and the law
of exponential decay in Scholl Canyon model. The peak of gas production was advanced under high dosages
(25 g'L" and 40 g-L™") of ZVI, while the methane production was lower than that without ZVI addition. With
the increase of ZVI dosage, COD degradation rate showed a downward trend, VSS degradation rate increased,
and ammonia nitrogen did not change much. In addition, ZVI addition led to a significant reduction of
orthophosphate and sulfate in digestive supernatant, which was related to the coagulation and sedimentation of
ferrous ions, and was also a reason for weakening the strengthening effect of ZVI. The results of this study can
provide a reference for ACD of municipal sludge and landfill leachate.

Keywords zero valent iron; methane production; anaerobic co-digestion; municipal sludge; leachate from
waste incineration plant; Scholl Canyon model
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