55 34 %5 10 ) o B o2 o W Vol.34,No.10
2014 £ 10 A Acta Scientiae Circumstantiae Oct., 2014

DOI:10.13671/j.hjkxxb.2014.0576

EFFPE, SR T, 4E.2014. 48 6T BLRB MER R AL IR TS VeI AL AE TE S [ 1] R RL A AR, 34 (10) :2566- 2572

Wang D D, Guo X Q, Gu L, et al. 2014. Enhanced anaerobic digestion of urban sludge by adding restaurant garbage leachate[ J].Acta Scientiae
Circumstantiae,34( 10) :2566-2572

ERLR SRR ETTREBHLIERNR
IS R A TR S W

LLERAY ZWERARTHEHEHE L LR E, FIK 400045
2. HF LA BN BRI T A FE AL BTN 324000
W #s B #H:2013-12-01 &8 H#A:2014-01-02 X F H#:2014-01-07

FEE AT K5 RIAMEAR . C/N HUAIR, DA AL RSN ) R, 45 28 ST s B B Vi T A L) & i L C/N U R IR 5, 5T T 3T 5
o BT BB TR Y AL R 45 SR R BB e A BRI TS R T AL B B A P IR NAE SIS e WA T LTS U8 B
Pe 4300 542 mL 2102 mL, EARF IS IER (S ) I5 TR IEA = SER 1.2 £F 4.6 £, FLEERAL = 553510 261 (S 18HE) 1675.8.971.0
Lekg™ (LA VS ) ; [R5 VR 5l PR ETE AAR LU, A ABE B I8 RS AL 15 U8 VS/TS 192255, 2B R 15.3% 1 26.3% ; il ad L 1k,
158 L IEWNY SCOD BRI ETF 90% , HiZK COD L BEA—B, I A PRI a7 I 18 B R 1) W8 TG 25 A R 18 18 0. 15 U8 5 48 o e 304 98 B 1 27 Ak g
eIt APU AR R AL PR e SR A S T IS TR 5B e AR E L G EAL T IR AL,

KB R IR BRI WS IREIEAL; HIRR

B S :0253-2468(2014) 10-2566-07 HE 455 X705 XERFRINAG A

Enhanced anaerobic digestion of urban sludge by adding restaurant garbage
leachate

WANG Dandan', GUO Xiangiang', GU Li"* | HE Qiang', Al Hainan', YAN Lili’

1. Key laboratory of Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education,Chongqing University, Chongqing 400045
2. Environmental Health Management Office , Quzhou 324000

Received 1 December 2013 received in revised form 2 January 2014; accepted 7 January 2014

Abstract: Based on the characteristics of high organic matter content and C/N ratio of restaurant garbage leachate in the Chongqing area and low heat
value and C/N ratio of sewage sludge, co-digestion of sewage sludge and garbage leachate was investigated to overcome the disadvantages of the treatment
of sewage sludge and garbage leachate.The results showed that the addition of restaurant garbage leachate enhanced both the biogas production and the
removal rate of VS.After the addition of vegetable biomass waste and decomposed kitchen waste , the cumulative methane production for addition of leachate
of vegetable biomass waste and decomposed kitchen waste were 542 and 2102 mL, respectively , and the corresponding yields were 675.8 and 971.0 L-kg™!
VS, 1.2 and 4.6 times the digestion of sludge without leachate ( reference sample) , respectively.The addition of leachate also enhanced the removal of
VS/TS,15.3% for vegetable waste addition while 26.3% for restaurant garbage leachate addition.The SCOD concentration after digestion varied from 367
mg-L™! to 408 mg-L™! ,and additions of leachates hardly affected the quality of effluent. These results revealed that kitchen waste leachate would be a
potential additive in anaerobic digestion to improve the biodegradability of sludge and promote biogas production.

Keywords: restaurant garbage ;leachate ;municipal sludge ;anaerobic digestion ; biogas
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IR K 5 A iz | T PR A 38 2 B8 i (FL AR 4R,
2012) .75 PR Ak o1 A 5 U8 b A LT, B
BEAL R B e, B AT T 3 KR G K 1, SR
15 IR IRRE fb. B R 5 8 DR ST A A2 15 e B Ak b
B A 2T B, (L E R PR S TR IR AR TH
PRI TS K ) AN 3 . A FE BR8], H iR PR 3
PRI R A T V5 K AR B 3 18 i BANA 2 JRE R
T 5 IRE A% (T 3R ,2008) K IR IX
HRAA SRR EMR(—BI T 25% ~45%) |
C/N HAR (AT 6~16 ZIH), Ak 2 IH LI fefE: C/N
Lk 20~30 MYZER) R, RAETH AR R e <™
AT Ay 45 5 7 U8 B IR AEUTH AR AR (IR TS
Verm B W R DR AU AL ST AT 58 4

Ty— 7, B AT A 6 KT A 4R v R ek Ak
KRB IIER A T 3 B R S B, % 2012 4%
ESZ RS, REW T AR SEE &4 N
16395.3 J7 t, g B OAMIE T 6000 J7 t. SR 40
PR H O A B 5 2y 2 s 3 SR Ak 3
AR A m U BB R, K UK S B K
W E A%, A REA F Y =, S FR K. H AT E
DB UE VR AL B T vk A WA (IRA L IR
S5) A (R WG e A ) Ak T iR (2R
BE AR A OB ) A5, g S 08 S IR
TG KA IFAb B A DL

DAEE PR =300 1], H R DE 3 3k DX AR A= 7 7 3%
PR 140 T3 v, AR 174 SR H BB, B TR
Jof b 3 B A R oK AR S W i RE R T RORE
AR (FEE,2007) , B FRFEE & REH A
BB U A I, v R AR E S e
BVE TR, VRANG JE BB AR . C/N AR 2 7 R
AREY O CE Y B B AR, S AR IR A A
ST AT NI SR 25 SRR 15 U 5 T A LI i
RESARTR A HEA TR S AL, T A= S i R e v
Al 60% L I ( Sosnowski et al., 2003 ; Krupp
et al.,2005) , B L) — W 5T BB MG R 3 B o
Y S A S s e iR A IR E A,
IRTER A ML R T 2 R G h 2R E T, 5%
i PR 48075 e FR AL B B ) AT, F B 28 2 30 45 SR e
DRI AL T SRS A2 HE DR AT Ak 7=, B v R b
FES R (Murto et al.,2004) . I 2 A1, 3T 4F 3 [ Sk
CHMRZEE MR THREA BT Ry,
JE S A T R SRR SR A

ML S TiE KT 15 IR G BGTH AL, T i
HAL S ) P2 4 ( Davidsson et al., 2008 ; Bernat et al. ,
2008 ; Luste and Luostarinen,2010) , Bailey I Muller
Ii] DR AECTH A Tt PN S I 10% ~ 309% B3I TR K, & 81
THALHL TR = RN T 30% ~ 80% ( Bailey, 2007
Muller et al.,2010) . Montusiewicz A 5~ 10
SERY RIS AR T 5 ¢ b AL R AL, & B
IR WY B i 3E A, F b B BB n
( Montusiewicz and Lebiocka,2011).Hombach 241, T
4 COD A 20400 mg- L™ A 57 3% 35 U8 AN I A5 e
WK O AL, R BT AR S B W A RN AR
(<20% ) A] 45 R A TH ALY =< #8 ( Hombach et al.
2003) B iR 5E 2 TR G IR AT LR AL <
JETT X AN TR J 3 457 05 R 1) M JBT X L B 7 Ak
FEXF SR SRE J7 O T B9 TR Ry i 2 AR S
A i v 28 T 7 AT A 43 A A 7 3 R S 3
Fofr, W 7 3% 1) B o3 A [ I 3 e v ol 7 2 D
PE 5T 5 4k BE 2% AN A [R], xof 0 Ak B 7 AR 09 52 i 4
AT 1 ANA T AL

BT LA BT A SR AU T e AT X T 5 K T
15 U IV Jit B 08 B WG A DR AU TH A 7 U I
TEHE T T b 3 rh i R B AR 7 RN A 7 T R i
BWESE, B e L A B T AR B SO AT T 7 B R
VRO Jo it HE NE If 18] 1) s 25284k, T s 4 B0 L 25 4%
TUSINAE AR B UE WS DR AT T A R
i ST TR A TS e M B AR Ak, DU A T e B R
AV i 7 235 DB W AL SRR (B 2%

2 ## 57 L (Materials and methods)

2.1 LA

15 YR B B KU (5 /K AL BT A CASS HiLAY
HeVE , HIEABALE AN SR 1 iR 2R 5 YR B A &
PR T A 75 KA B PR AR T Ak st

AR IS 375 U VR o A J sy 3 e SR ME R A
PR ot AR b7 I 5 AR IR A T 18 DR TR BT L L
AH AN [) P 288 1) 28 Jod 7 35 M TS O 77 ) 95 00 R 12 o
Xif PR T AR = SR S . A s 3 (AR SRS MR
ShAR) B S(FEISE  ORTE  Sh AR PIIhBR A, 2 70%
HFIR KT A, 29 20% R FISE R B, A 8l
FEA K4 ) A PR 2 B2 A i A
HERE 0 53 2 DL SCHR (R B ,2007 )
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Table 1 Characteristics of the sludge
RE/ TCOD/ TN/ VFA/
H R & VS/TS C/N
P (mg-L™) (mg-L™") (mg-L™") (mg-L™) Ak
7.10+0.05 764£20 18150400 2813+70 73195 99.3%+0.5% 26.5%+0.3% 6.5+0.7
L BRE DL CaCO; 3t
*2 BREMELER
Table 2  Characteristics of the leachate
. TCOD/ SCOD/ TN/ NH}-N/ NO;-N/
Bk Y Y . - L pH
(mg-L™") (mg-L7") (mg-17) (mg-L7") (mg-L7")
HE B RS U 15600+2000 4750+185 820+70 337+30 0.14+0.02 8.80+0.1
IR R 33120043200 102100+360 1497+95 1086+70 7.16+0.5 3.63x0.1

Fe 1 Al X5 A C/N BAIK, VS/TS 1K,
FIFIRIMEAL, /N AEEIRATH L (20~30 N
A F R PRI AL C/N It .

22 LB ERTE

ARSI N A% R EE P Y 0 M DR &R 4
(AMPTS II | 3Z WD 58 48 oy Jiig B35 8 W) 2B 7 RS
AL4E KW IMIEATT 15 A7 B PR A AU (9
Pidle s ) RIS TT (R I CO, 55 ) AR
TR BIT (T BRI ) ), FLR BT I n A 1
Fi7R.

1 PR RO (s PN LSRN b BRI
o I RS d: BRI

Fig.1 Automated methane potential test system(a: anaerobic sludge
digestion reactor; b: CO,-fixing unit; c: gas volume

measuring device; d: computer system)

SEGA BT S RS TR TR AR 2 AR VR
(AR 640 mL, TAEMARE 420 mL) | i 24 35645
DRI B AK 3, I E HIE Y 35.0£0.5 C,
SR UE I P A R A B, S 1] 45 R 78 280
3 mlnigﬁ%ﬁmw%ﬂf,iﬁﬁ&ﬁﬁﬂ 50 remin "M
P A S A R A R R B T AR P T
FEAERRA T IR SR (H,S .CO,%) 5 , R Ty
e S M i 1 SRR T, R TR
MRS 30 A5 i R (58 T 2 B, 475 Ve + A= B 30 g
WAIE T TR A R1 4L, 15+ B B I8 W Y is 1 7

HFRR R2 41, A7 e B DR 45038 Ak 18 XoF RE ALk
R3 H(ZHH).
2.3 Mk

pH (R pH T EL#:05E ; COD SR I H 5K R4
LI s TN SR PO S B R B VS A 2R Mo Ot B T
DUZE, VS.TS B8  VFA AR 4 30 T V5 7K b 38T
TS IRKE I 7 (GI/T 221—2005 ) 42

3 8 (Results)

3.1 WRBIERAWHER

S G R 3, WO BT 7 B8 BRI R VE BT ) Hog
TR S, 5 S A R S ) A O, e AR 30, 95 Uk
WO HE ™ A, A DL K 0 R by SO B B B
 BIHENE A S 0, B IR AR D B SR R
A, BIER A IR E SR R TE
PNOEE (A W TR R I FERaeY 3 3 3 DO RERILIN
SETHAR I RE I | B ST T A AN () AT s [ T 5 A
(8 17 0B DR )RR | B 450 A A M T I 1) 7 A 149
DRIV AR U £k 75 U rh BEA TG Ak, P9 —
HRIEA TSR 0, Sy 5 3 5 38 19 15 8 TR 2
M ] S5 (AR A, DA TG 5 A T T R 8%

& 2 AT, G HEAR R T 3B iR i
TN . TCOD [ BEFEAS 5255 - FH 5 T B A2 fe a3
W& HERE R G AL 0 e e | 52 2% 9 A WL T 3
figp R 1 BT | SR TR AF A DL, AR TN v 2 4
(Il 2a) , ZJ5 B3 N & B ERA B Y 5 5 52
D AL ) M fie A 3 O R 9 A R AR R A
o7 A ) 2SR XUV R T A, T 3008 DR TR
H TN A T REAIR. 2R A OB IR R 1Y TN 75 & 43
BIFESE 17 K 21 RikFEKME, H TN (iR ME 5
4 889.5.1526.8 mg-L™".
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Fig.2 Variation of TN (a) and COD (b) concentrations in
landfill leachate

BUE TR COD W s e T2 U8 A Bl Y
P i B 2b A HERE R GG A | B B iR
TCOD 4354 7.6x10° mg-L™" [1.3x10° mg-L™", f}:Ff
AL 43l VAR AL A S A 0 3 D 1 45 ol R A
it PRIV T T B 0 il A 16T SR LA, A A5 DR
COD ¥R B T, A= AR B JE W TCOD 1y fe KA
I BLAESE 21 K BB 26 K, S RAE 290 1.5%
10* mg-L™" 3.85%10° mg- L™, Bl 5 WA= P 5t B ALY
FF P ARG K, TCOD & i il T f , BB 5L g0 45
H, A Bk B BE R TCOD 4351 A 9.1 x 10
mg-L7" 8.02x 10* mg+ L', TCOD % F& K 43 %l ik
44.3% 79.2%.

T SO0 DR ) P SO ) AR A e R AR R ik
20 d MYHENEAL IR | B B IR ) C/N AT B B
e, o AR 14.7~19.0, 8 )l 217 ~
290, R SLAEBRHE AR BT H] R 21 d 3B UE W AE N
IRAEIR G THA B IR WA Iy, AR A5 96/ C/N
Eb A R T DR AR 1 38 95 2R 5. S 50 8 R TS
P/ BIERIR G N 20:1, WERHE S5 R K C/N

SR T CR A BB IR ) A 17 (B 23 3%
BUEW) .
32 BARAHMFHEFRATE
TSR e B A 2h R R Ge 0 O A Y TR
AMEE@E!HF‘FEE%MKFEF'XE(% b T,
Jot B LA 3.

—_ —_ o o
(=} W (=} W

w

Accumulative Methane yield/(10> mL)

3 HRRBRFENRIE RN E T

Fig.3 Variation of cumulative biogas production (a) and biogas

production rate (b)

FH L 3 AT UL, 357 3005 R A S Inowt HY e 77 d A
S A, 45 60 e SR o i S e R
F e 1 R £54 . R2>R1>R3,R1 R2 . R3 B~
H e B2 eSS 20 .33 16 K Thax, Hob R1 42
BrH g 2FH 7 i 542.3 mL, R2 i 2102.2 mL,R3
7 460.3 mL. &l 3b AT, Bl IH A0 R34 R,
R3 7™ W bt 3 838 0 T B, 4 ) B e W 1Y 57.5
mL-d’l 523 mL-d'[#EKE] 3 mL-d™' 24 R2 #O7E

Pt R SE T B R E 123.7 mL-d7' 5, B
TB& RAFEAE 3 mL-d™ A 4R RLLR2,
R3 MFRMEIR B0 T B9 F J 07 7= 12 53 1 K - 675.8
971.261 L-kg ' (LA VS i) , AT LS A 3 8 I8
(A5 U6 1) 7 B o v 0 0 SRR R o a3 v AR
ABIRB IR TR O, Horh R2 A R B e
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R1 Y 4 %, & R3 (9 4.6 fi5; 11 R1 1 H g BEU™
& R3 1Y 1.2 A5 SEEe A5 AR W, SO A% 1 H Be ™ o |
7 ot R 5 R AT 8 B B R B P DA G
Tia] EL A 1475 08 DR 0T AR PR R N 325 > 1Y) 7 338 D
WP DA 3 DR AT A R B 7 R, R —
FERE LITIR AW E C/N Fe A5 Je i) A fb oK i
A, ELVS IS 095 U8 W HE A 45 3 95 D8 TR R 2 aE
PR =
3.3 pH 5# KA M (VFA) IR EE

SER AR pH A1 VEA He B AR 1k UL 1R 4. —
WHALETS IR EH AL AT, 77 R 1R 36 B pH H6.5~7.5
Z0E), P B T A B pH (N 6.8~ 7.2 (FALE A,
2003) , H1 &l 4b mI 1, 525600 A K i R AL B B, A
B2 K fift 1 Ak TR A 2B B VIFA, 5 B0 0 4] 39
R1.R3 41 pH TR, VFA WA — 2 W) BB BEH
pH ZZ A R I I, R1 AT R2 219 pH {43 BIAESR
18 22 Ki#aTHaxE ,R1 41 pH 1F 6.9~7.8 [ 25 5, °F
BB R 7.4, R2 401 pH fHTE 6.7 ~7.4 Z[0], A
7.2, T AEIRB SR R BYE(pH o 3.8)  flifs
R2 40145 pH A%, S8 LT AL R N w1 3, R2
4 pH _EFFERE, X A R2 (7= H e R (14 A 1

120

[ a
o —O—RI1
100 |~ —O—R2
L ——R3
80
.|
P =
g
o 60
2
:‘-; 40 -
20 -
0 1 | 1 | | 1 |
10 20 30 40 50
t/d
84—
8.0
7.6
T
o
72
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6.4 L ] | | | ] | 1 | 1 |

Bl 4 E4THIE VFA JRE (a) #1 pH(b) Zfk
Fig.4 Variation of VFA concentrations (a) and pH (b)

AH—2, Z VAT R2 P pH B AR 52, 77 o
B TE P2 B e R2 1977 B el R 56 BT, 22
JG RGN pH FaELE 7.2 o4, HARMER 15 R A2 i
IKAFER AL, 7= F ot 3 26 3% T ek AP X B 4H R3 A9 pH
TE6.7~7.2 ZIA1A2 5l P H{E R 6.9,3 2H I #% N
pH JEASBETH AL 7= R PR ™ FR e R 0 2B K A5 2%
SR R3 JEHIC 2T i A Rk .

TS IR RAA LA ] VEA W RES — E 1
R e e B A T o R S AR AR
=S T 38R 2 VEA R 1A E] 6000 mg- L™
I, e 256 7 H o e R 7 A B S AR 4 ) 1 FH ( Siegert
and Banks,2005).H &l 4a °] UL, % JH AL AT VFA ¥
JERAR RIS IR T R B M TR s
ALK 104~8519 mg- L™ ARS8 H R1 R2 14
TRIRY VEA ¥R BE 4y BIAESE 9 13 KA AT Ik BIEH,
XTHRZ] R3 7E55 8 K VFA {HiA# 8519 mg-L™" JFHh
IR LIRS T A P 1 7 B 11 0 4 22 B 4 il
BIHARAE IR A AL B p VA ¥R BE 15 Rl 43501
104~5223 mg-L'(R1) 138 ~1989 mg- L' (R2) .
731~8519 mg- L' (R3) . ZETHALIRL Y VFA ¥ & ik 5
WEAE 5, Rt 5 H B AL FR A T 4R, 45 AR RS VA
WP B R AR, B E R TP, s H e s g A
PERR IR BT, R1 R2 S A 7E 32 47 39 1a] oK
PR LIS
3.4 BJE K VS/TS th 2 At

PRAGHAL IS B b 83 (LA CaCo, 1) FEEORIR
Frem = W ek B = £ 1 CO,  HS™ | NH, Filfilk iR
AR GBTTRRE 1Y RN FR G0 Sl AR R E 1000 ~
5000 mg- L~ (/LR BLA £ 75,2004 ) . H 8] 5(a) A
AU RY R2 AR BRRE 78 S IR AU TH Al B2 v ik B2 3B 20
LT BAESS 28 RZ G FETE 2850 mg- L' R iF
3, PILE 1 6 A2 A 0 L P 7E 1566 ~ 3090 mg- L7
VR TN RN FR e B BRe e s OBV AR UL, R 1Y
VFA {3558 & T R2. 3 4 A B vk B K/, R2>
R1>R3;VS/TS R/t J7 24, R2>R1>R3, H R1,
R2 .R3 1Y VFA/BREE /9 LLAEL 43714 1.7.,0.34 . 4.82.
R1.R3 1Y VFA WREE i i , — @ R Bl 1 H e
R TG i R e 7 BEAR T R2. 81 5b AT AT,
VS/TS L2 B T B J5 i FRE k% R1 . R2
(9 VS/TS WA 2514 0.25 ,0.30, VS/TS 225843
A 15.3% 26.3% 14.6% , H.f R2 4414 VS/TS 2=
FREZ R1 20 BR30Y 1.7 15,
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Fig.5 Variation of the alkalinity concentrations (a) and VS/TS
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3.5 mREF®RCOD WEW

H &L 6 WL ZET5 IR EQH Akt v Bl A TR AL
F= CRRRY BE W AT, WA A HLA 4K 1 I FE, i
3 SCOD ¥ BEREAI, i 7™ B Be B B ) ik — 2L B AR T
SCOD (IME, Ktk R1 R2 BHALIR A V58 i P iy
COD P B 20 T B J5 i TR ka3, imiis e

60

50 F

&
f=}

SCOC/(10° mg-L™h)
(9%
(=]

553
[}

10

6 KEzZEH SCOD iREHEL

Fig.6  Variation of SCOD concentration during digestion

XTHRAL SCOD 128 fb 2 IS b TG R, 1
1 R3 1Y SCOD 7£ 55 8 K ik £l fiw K fH, by 408.3
mg- L™ 5 SCOD 248 T F; R1,R2 WiZH Y SCOD
ETESS 13 18 RZJa#a T-F4a, — 4Ry SCOD %
AFESELE 116.7 ~408 mg- L™ WA B A KIRETS
U BV g PR I sz 308 B, AN 4 52 R i IR 48005
ML B COD MYME, T2 RN 453, =41/ SCOD
43514 286 408 182 mg-L™'.R1 . R2 .R3 [ SCOD 2
4R 9 92.79% 92.95% 49.31%.

4 258 (Conclusions)

1) B A AR B IR ) TN TCOD (i K HE
e B[R] 52 5 B THIE T R R A, A B 08 IR
) COD ¥4 %K 1.1x10° mg - L™, 1.9 x 10°
mg-L™", C/N /390 19,2292, 30k 335 e 4 A
BB RS U T, T RE N 5 U TH AR X
BRI K C/N HRYELR.

2) TR IR B U 0 AR T T e,
TINAE OB IR W ) R e 7 i 43 R TR
TNB UERE VWAL= S ) 1.2 A1 4.6 %, e B
PR 675.8 F1 971 Lekg ™.

3) 155 B B M AL T AL #E T VS/TS 1Y
FBR AINA B IR B UM VS/TS KB435
H15.3% .26.3% , 14.6% , 2 15 Je Bk R 4T 4 1
1.1 % 1.8 5.

4) I A, V5 TR A B B IR R A A5 ) T b
B V5 R R e e e g, IR TS e T Ak e R 1S
4R, Hi5 )8 L35 e coD (Wl If R F R B ik
VR TR I & A KR s AR, 8 R N4 5, 3 41
SCOD 43 HIFEAFEETE 286,408 182 mg-1.7".
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