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Abstract: Effects of cation-binding agent sodium citrate (SC) on excess sludge hydrolysis and acidification under anaerobic condition were investigated.
Results showed that the efficiency of enzymatic hydrolysis and acidification of excess sludge could be greatly improved by cation-binding agent SC, and the
release of soluble protein and carbohydrate was increased. The optimal SC dosage was 0.432 g-g™'TS. In addition, the accumulation of short—chain fatty
acids (SCFAs) increased significantly in the presence of SC, and a shorter fermentation time was required to reach the maximum SCFAs. The maximum
SCFAs accumulation for blank and protease was achieved respectively on the seventh and sixth day, while it was on the second day for SC+protease ( SC
0.432 g-g™'). According to the variation of enzyme activity and SEM observation, SC contributed to the disruption of flocs and the release of enzymes
entrapped by or bound to the sludge structure, thus promolting the solubilization of sludge.
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(Bouskova et al.,2005). H AT, WFFE N 51 8k R OC 3
15 VEK A FR 1k 1 2 b 46 5% B U5 72 ( SCFAs ) 1Y 7™

IRETHMHEE B A (ISR AS) 5 A, HAME AT DIAE 248 9 0 & o il el F b A= 4
AR M4 iz i Tis A e A ek s iR Bt ( Maurer et al., 1997) , [R B i6 AT D)
P, H AR K R AR Bef 3 AL BR VRS BURT R i 28R 2R R R R 1 iR ) ( Lemos
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et al., 2006) JUUR AT HLY) B 7K it i DR AR Ak i 7 1Y
BRI IR (Guo et al., 2007) , fRACR I K 2338 K
THAGIT ], e 2 BT 205 A B AIK LB AT A R M
Lb R RGN Gavala et al., 2003) , I, BF R 42 5
TG PRIK A AR R BOR B B A L

Cadoret 55 (2002) 15 1, {5 P /KRR ERZ W 15
SRS, A TR T 2R TR IS P P 7 15 e A v 11
g JFER AN R A Y (EPS) BEFRFEAR T B A
VIR bl 2%, W) I FEAR T ) A 9 Bk 38 g
TET5 YA B AR v AR ISR AN & WS R HE
it g Jg T | D Ao il 55 AT LA s T U 4 7K i, (L AN IR
it — PRI T2 R B AT ST 5 e B AR TR, AT
FEAR T B /Y K R 36 1 (Luo e al., 2011).
Wawrzynczyk 55 (2008 ) $5 tH | 3% /1l 1 11 4 104 422 fi
BLESFHAR, AT Lh$ i 15 R I 7K 803 EPS /215 1
SR EE A NE 5y, TE R oK G B
JoT B FER A 2H A, 15 e Hh 13X SE A LY 32 E O
SREFEAEENS G B G0 BA
BEEERE e, T LGl 4G Ca® Mg™ |
Fe? 2542 & B 1B IR 15 U8 1Y I 28 45 48 AT B i
BT BRK ALY |6 TR A W o, TR R 4
LT e S A T K Tl A SRR AL, AR
3 ULk, A2 #E A ALY R i — 2D B iR
(Wawrzynczyk et al., 2008).

H AT, A AR X 285 500 X6 76 42 175 Ve g K i 1)
WFFE CATAHOCHGE , )% T J5 22 R A6 3 e 1Y SE Al T
G A R E. S e, ZE A BIESE T R R A TR A
(SC) XF Tl 15 Ve WK fige A1 J5 SR Ak s R A 52 ), LA
91475 e Ak FREL AR (4 B 58 0 S B iz 2 A £ 4 R
5%,

2 ##57FiE(Materials and methods)

2.1 ZEERmrp

TR0 T FH 8 A 75 Je B A KV T A i K b 3
T~ (HE M5 KA B ) Pt 15 PR 554 30 min T
VE, 2B FIH R, L 0.71 mm B0 3 3 Ak RS B
A T 4 CHIPKER Th R A T e i T S e
FEAEE N pH A 6.9, TCOD 8700 mg-L™", SCOD
100 mg-L™",TSS 10.2 g-L™",VSS 6.9 g- L', % i1k
BHRT73.0 mg - L7, B MM AKLEY 14.2
mg-L7".

RN KA Wy AR M. Tk 1 b T 2N H
YR AT BR 2 w3 A A b R O o-TE R G 2

PP i, G BE AR R 1 43 50 R b 1 R T S
5000 U-g™", feidi pH {H 7.0~ 7.8, 5 id i 40 ~ 50
C ; a-TEREFRETG 6000 U-g™' 3% pH {8 5.5~7.5,
TG RE 50~60 C.
22 HTWE R E

TSS/VSS 2R FHHE i 50 22 5 COD R FH g %% 3¢
T, R R BRI , Horpr, SCOD Ry B0 (3
10000 r - min~") 10 min J5 b3 W A9 1k 22 75 &
TCOD Ai5 e B 17 W AL 22 75 S B Py
B HBCRH Folin-f 200 72 , LL2F 1L 75 2 A A AR
W (Goel et al., 1998) ; 7 i M WH R 28 B3 -t PR 72 28
AN, LA 260 4 A b ME ) (A B0 A, 2007) 5
NH;-N SR FH 40 A0 4 0 B 2 0 . i b iy
B NG 71 R Folin-#y i 77 Fb €2 1k U 52, D4 1l
526 AR EY) (35570, 2003) ; FE RS 1R
3,5- SRR L A E (Pin et al., 1995).

SCFAs %] Agilent 6890N GC # AH £5,33% {3l
JE LR SRAEN AR LS DB-FFAP (30 mx0.25
mmx0.25 mm ) , KW #5F 4 S KGRI FID, 2%
(Nz)/ﬁﬁﬂﬂ 2.6 mL-min”’ ,ﬁﬁiﬂi] 1.0 mL,ﬁj\‘]ffE
LA 10: 1, PERESRIRBE A 250 °C , K DA R 300
C AR AR P FHI, B 4G h iR 70 °C L, FF2k
1247 3 min, FELL 20 Comin' A9 BETHE 5.5 min, X
JFAE 180 °C FA58E 3 min, — PHRES AN 12 47 I [A]
A 11.5 min.

1GIRLE 12 h B EL2S T4 B S £ 4T SEM
FE (SEM, JSM-6700F, Japan).
2.3 LB

SC X V5 e Bl 7K fiff 52 0] < 1 37 2 LS 5 (AL
UALEE 6 ANSEER4H ) | AR IATER 400 mL I57R , 2351
BN (e FEREE 0.06 g-g7' (LA TS i, FF) ,SC
PIOB AR TE 208, SC g 2 1 4351 2 0,0. 144
0.288.0.432.0.576 ,0.864 g-g ™", i) ] 4% HE IR D
WARASRL 4 min LISERIRBRIER S A, MERT
50 CKIEIRZ o LR, 4 h Je BUREDN 5E 7K S 7= 9
& = N by R o ST e i i1 B sy
X RE L, BN IINEE A SC 4h, Hp K 550841y
AT

SC X ¥5 U = PR 5E W . 57 4 S0, 4% ZH 23T L
400 mL {57, e B 1§ 0.06 g- g™, SC LUK
e BN, B4 SC MBI 4r51k 0.0.144 ,0.432
0.864 g+ [l [0 25 HETE M 38 A RS 4 min DL
SEAURBRAE B 2SR, INZE BT 50 COKIB IR % IR
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I, RN e EAE M A T R 12 d, B R A IRAL ™)
SCFAs BEATINAE . [F] i 3¢ 2 3 X SR, BRAS Jon it A0
SC A, B 455 S 4 KA ).

3 ZR 54 (Results and analysis)

3.1 SC XML& o

Jir 35 0 F 1 S A R 11 BRI B K Ak P vk
AR (AR % 73.0 mg- L' WP K AL &
P114.2 mg- L"), R A 45 HLAY) 32 22 D) AR
DAFAE VA FRAE A PTG 2 i 1A% 25 AU BRAL (AN
TNBEEAN SC) KV 4 h J& , 75 78 h s i v s
TR A 7K A A W v BE 43 5135 m &2 400.0 Fi179.0
mg - L™ FEK B RIVE T | Bl T e 1 AT ) fidk 2R
WIS G W i 7K e, KA ML T e T8 AR 5 B8 22
A, RV R RS . 1 A 2R R DR il 2 S0
(I 0.06 g-¢ ') FEAIE SC # =T (0,
0.144 .0.288 .0.432 .0.576 .0.864 g-g™') ,J< W 4 h J&
15U AR B R K AL PR B Rl SC B S 9 AR
ARG, t AT, R K i (A8 SC) i, %
Pl AR RIS R B 73.0 mg - L4 B4 n &=
1250.0 mg- L™ ( & FBELL) Fl 1407.0 mg- L™ (JEX
&), oKL &P H ER 1) 14.2 mg- L7 351
HEIMZ 244.0 mg - L' (B ARG ) A1 194.0 mg- L™
(VEMBEAL) 50y 2o R E E o, s g
BRI BE ETS Ve K R RCR 248 2 R
WR . —J5 1, Pinnekamp ( 1989) 48 i, % /Kb &9
FIVER 0T 09 ] AR W R 23 53 T 52.249% F139.70%
AT R AT A W o A A 2 FLOK B AR 15 V8 /K A i
it PO B A R 7R 4 B B ] P Al K AR i K
fif R TR . 5 —J7 1, EPS R K AL & T

e 5 &E A ML A, WK sk 16 & P-ik Kb &
Yy KA G -8 U5 AR -2 L BT AR S S i 2
¥ IR AP AT AT — Fh W 5, 5 H A S5 B 1 50—
L 2Bl 2 5t K (Sesay et al., 2006).

Bhn SC Ja B A ML i — 204, Y SC
P 0.432 g- o7t B, VA A 2R 11 540 )0 n &=
2186.0 mg- L™ (FE FAEFLL) F1 2172.0 mg- L™ (JE#I
W) TR KA S P 53 513G n % 433.5 mg - L7
(B IBELL) FI 444.0 mg- L' (VERYBELL) J5 7R 2
VFZ AN B 3 AR ) B M AR SR W A 1 1) ) 4% B
Y, XSRS Wt e EPS (B AR, 2010) , HiE
I AW R R R B K AL A W) ((Goel et al.,
1998) .EPS [1) [ 26 2 45 3= B 238 12 & i+ 171 EEHE’J

BLHAT4n COOH™ SOF 455 42 & 1% T I 45 & DR Ho AR
SE M ( Morgan-Sagastume et al.,2005).SC J2&— FifR
SRIGIH S 725 650, R4 & EPS H Ca™ \Mg™ 5%
ST TIN5 U8 2R AR 45 4, i T g #F 25 1
Bt oK A W R0 B 5T S A ALY BT R JR R A
KW AE A A WL Y (Dey et al., 2006;
Wawrzynczyk et al., 2008).

SC BB N 0~0.432 g- g " B, V% it P 2R 1
T AR KA ) 8 e B A IR 1S i, Ak 2242 = SC Y
P, A B2 A /i BE Y T f AT, SC AR
Ik B —E 65, FRE G SC A4 £ ok £
PG UK I VR A B . 255 5 R AL BRASCR AN
VA, AR SC W SR & R 0.432
gg

1600
2400 -
= 500 ~
7 2100 o
) &
£ &
K00 7400 %
] —a— BHR (B =
& 1500 |- —— EAR (EHI4) {300 &
£ | T e Bkt ety (EEAMLL)
————— BORIL A (FEMITREL)
1200 |- 200
| | |
0 0.2 0.4 06 08 10
SC# N (gg )
B SiRPAEEEERMBKLEYRER SCRMEN
T

Fig.1 The variation of soluble protein and carbohydrate with

SC dosage

3.2 SC XK A B 55 M 00 %

15 V8 B 7K A 1 2% 32 R T oK i i i i 4k, DA
Fm5 )6 HOK i I 55 00 0 10 B2 A R T e R R Y
SN 7K A 185 2 5 T B A 38T 5 R SR AR, A
AR T /K RO 5 M. 18] 2 BT AR TR) SC i
LRI 4 h E7J<ﬁ’q’:@?ﬁlr$%%‘51k%‘&t.ﬁ#%mfﬁ
TLE P, B SC AN, 7K g B 15 T AS W7 4

FIRER T SC MBOMARHE T 7K i il i Bk F?TEE
P ACaR | BRI Ve FEAR Y K i BT RS LR,
24 SC HMTE 0432 g- g7 I, V58 LT R R AS AR 1
B e SR Y 2.25 U-mL ™' B8N %] 4.30 U-mL™",
T 3 A i 5 2 00 4,50 U - mL™" 3% 4 3 6. 99
U-mL™" RE42 5 SC BB, 8 B ) 76 1 A2 1k
AN, T UE Ry Tt 1 3 P 22 /NG R ) T B R 4 (SC %
Ty 0.864 ¢- o B, B ABGR 4 4.20 U-mL™",
TEREETEYE R RS 6.16 U-mL™") . SC5 3%k H A0 &
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fiti 5ol pH fH2 7.0~7.8, JEM B fieih pH {H R 5.5~
7.5.SC Je—Fsmmk s REh , LA —E Mg e 4, H
WA 590 24 SC R InE -~ 0.432 g- o7 B,
BB pH AE A 7.42 V€M BELH R 7.54 (X
PaEARSN ) 425 SC B &, W pH E T+ &,
T VR Y e aE pH L, T S ECHE MR R
R, 3k o IF 4 A B SC 0 i A 31— %2 fH (0.432
g-g ) A, FRE N SC BN R A S TS JE K A
A RO B (5. Watson 45 (2004) FIRIFFE K1,
77 e RN i @ — 7 2 I R B R 0 9 A B %
AR (ERALY ) Bon B AR &, 45k
WePEIRF] 600 mg- LI, 1% PR B L 1k Fe s

8T —3 7530
T vz BB WS
T ix T T
6
FR
o) #
e ?
i 9
* /
/
L 17
2 ? g
‘i
1 110
0 % 1
0 0.2 0.4 0.6 0.8 1.0

SC # /e (g-g™h)
B2 SRtk EEEEMER SC RMEMNTW

Fig.2 The variation of enzyme activity with SC dosage

3.3 SC X &M% H

Bl 3 NN 4 h 5 15T R e /U EERE SC £
A O KRB E R R 5 &
RYT—F LN E AT IR 2 R, &
LR it — 20 ¥ Ak S & ( Shanableh et al., 2001). X
W, 2B A v H A R 35 3 AR Y A Rk
FEW AR 5. R BMK R (AT SC) B, A
el J5 95 P8 19 60.0 mg - L7 40 91 34/ & 182.0
mg- L' (EFEEAH) F1 167.0 mg- L~ (FEREEL) .24
SC FhE N 0.432 g g "I, R B 4 ) 3 i =
245.0 mg- L' (R BG4 ) F1 243.0 mg- L™ ( JE H il
4 ) B B AR KA G T A TS TR Y A L
oy BE i f AR FEAR AT LA Z 0GB A SR A AT AR 4k
Rtk 22, HoKfg e im el e B p R IR 2
BR YO T I AR A AL 0 o e AR R (X T
2008).SC HYF AN = 1 8K 11 5T A e i il %6, — 7 Tf
JEH T SC B AR AT B 2 1 & 11 A A 2R A
AR T AR & A . 5 — 5 L, SC 1Y

TIMBEIR T EPS B N 2% 45 48], 7K fifk g 45 B BE s, A
TSI 7 =5 e i 4% il L2, 28 11 5T 1 % AR AR
12 HE = ( Wawrzynezyk et al. , 2008).

270 -

e B
25 o kL

| | | | 1 |
0 02 0.4 0.6 0.8 1.0
SC #hm (g-g™h)

B3 SiRHEEARERESCRMENEN
Fig.3 Effect of SC dosage on NH}-N in sludge

3.4 SC AT RFBRNE N

TSI A B P AR G SCFAs 5 iRt A
JEARR K AL A P & R B (Yu et al.,
2003) , F b, A VLR £ |, 72 4R 1) SCFAs 1
M2 B 4 h7s H CORINBEE AN SC) 2 M (0.06
g-g ' LU TS 3, FIR) F1 SC+%& BG4 (SC 0.144
0.4327F10.864 g-¢™', FE I 0.06 g- g™ ) =AM B
SCFAs. F I A] 1, 25 AT SC+ 285 1A B 20 77 A= 11 A
SCFAs = 25 AR HR A, i K SCFAs FLER & 430il5A
#] 1499 F1 1788 mg - L' (L COD i) (SC 0.432
grg) AR A AN IRZH Y 2.33 1 2.78 £i5.SC Ky
PR A [ AH A7 AL A 20 R [R] st 34
T 5l oK B & K FIA R E A L, i
J R KA B 0 A5 AR K T 1 4 T 45 31 i ROk
fife, MR B AR AL T T 2 MR AL IR, AT 5 L

—ZFp —v— SC(0.144g-g" )+ B T%
5000 L —— BEHEg —— §C(0.432g g7+ BTG
= SC(0.864g-g"\)+ B[
L
§ 1500 |-
i
E-3
~ 1000 -
=
@]
w2
o500 |-
0 I | | ! I !
0 2 4 6 8 10 12

i/d

4 FRREHWKITES SCFAs HRRE

Fig.4 SCFAs accumulation during WAS anaerobic digestion
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SCFAs K &,

SC AT LA /38 Bl i K SCFAs FH R A B
TE1] , 45 PR AR TR AR IS (). 25 P9 ) B 20 R 8, P L 1
SCFAs FUR =/ HIFE A 7 d FE 6 d iA B Fek
B, M SC+ 2R [ B 20 79 0 4 ) W56 3 d (SC 0. 144
grg”') B2 d(SC 0.432 g-g™") FIZE 4 d(SC 0.864
grg ) ERIAE TR KMH. )5 , 7F SCFAs JHAET an
RS IVERTR 2R LY SCFAs A B % [ i h 141 4
AT, SC AN K, SCFAs 78 1k [ ik o 4 bl 1.
SC AP (SC 0.144 g-g™') , SCFAs it e & Bifi
IFE] R BEAR PR 1 SC & 0.864 g - g7 B,
SCFAs PV FE T B HUR T 2. X v g2 il T4
WEBE ) SC X 7= H It T A TG M P kIR H] , B SCFAs
P e R A 2 B BRI, AT FEAIC T SCFAs BY%%
L.

3 Ve

b

-
k

3.5 SEM H

& 5 Aisle e ANFEEPRZ N 4 h J5 %) SEM [#,
50 pm FA9H HL R T WEEE A B Ak BHS 75 Ui ) TOUR 2
¥ DT 6 R D SR R i BUARSE M B R 15 e R
0 5 A — = AR R G, 15 V6 Z R4 22 1R Al
PEYI R RN DG (K] 5a) . G K il it ik
P 875 Ve Uk AR A5 5 AT, 55 W 21 A ) I 245 235 44
PEBIR BT 4/ N 2R (BT Sh) &t SC ORI
[ b2 5 175 e 58 G ) 1) AR 25 ki — 2D IR
HEARTETS VR R ] 1 22O e SR L T, B T
oMY/ ZARTE (] Se) . 3X UL TE SC AT )
HFEVEH T, m i b 220 Ry fi—
EPS (&5 HIB IR, EPS W N8 (1 B Rk KL &9
AN e 72 g TS PR o, DTG AR TS T Y
g5k

B 5 BiRERELEREN SEM E (a 81508 ;b E 1 ;c. SC+EITHF)

Fig.5 SEM image of sludge after different treatments (a. Raw sludge; b. Protease; c. SC+ Protease)

4 4518 ( Conclusions)

1) #5457 SC #2585 T V5 6 i 7K A iR Ak 19 2L
ROV AR IR TR K AL B VR B R B R
ARG SC M EAERAI Y 0.432 g+ o7

2)ZA ] SC AT LIS R 5 R H SCFAs 1 FL 2
i, [ B 2k B B K SCFAs AR B Bf [a] |, 4 46 R
SATH AL ). 23 3 0 IR 4 RN 26 P B4 9 4L SCFAs 1
Fm BIE RN 7 d FES 6 d iR F R RE, 1 SC+
FE ARG (SC 0.432 g- g ) TER NS 2 d ik s T
RE.

3)SC REMETIR EPS By MI45 2540, Rl gl s 4 |
e 7 Y A T A K A A BRI, AT T
15 e IK ik

£ % X HR ( References) :

Bouskova A, Dohanyos M, Schmidt J K, et al.2005.Strategies for changing
temperature from mesophilic to thermophilic conditions in anaerobic
CSTR reactors treating sewage sludge [ J].Water Research,39(8) :
1481-1488

Cadoret A, Conrad A, Block J -C.2002. Availability of low and high
molecular weight substrates to extracellular enzymes in whole and
dispersed activated sludges [ J].Enzyme and Microbial Technology,
31(1/2): 179-186

Dey E S, Szewczyk E, Wawrzynczyk J, et al. 2006. A novel approach for
characterization of exopolymeric material in sewage sludge [J].
Journal of Residuals Science and Technology,3(2) : 97-103

Gavala H N, Yenal U, Skiadas I V, et al. 2003. Mesophilic and
thermophilic anaerobic digestion of primary and secondary sludge.
Effect of pre-treatment at elevated temperature [ ] ].Water Research,
37(19) . 4561-4572

Goel R, Mino T, Satoh H, et al. 1998. Enzyme activities under anaerobic

and aerobic conditions in activated sludge sequencing batch reactor



1119] LR TR R LR A TS YR B At AR A ) 0t 5 3557

[J].Water Research,32(7) : 2081-2088

Guo X S,Liu J X,Wei Y S, et al.2007.Sludge reduction with Tubificidae
and the impact on the performance of the wastewater treatment
process [ J].Journal of Environmental Sciences,19(3) ; 257-263

BB, 2k B1.2007 LWL 5086 [ M ] JERT: b2 Toll At 24-26

Lemos P C, Serafim L S, Reis M A M. 2006. Synthesis of
polyhydroxyalkanoates from different short-chain fatty acids by mixed
cultures submitted to aerobic dynamic feeding [ J ]. Journal of
Biotechnology, 122(2) : 226-238

XUH T B A, ST, %5, 2008. T2 P 151 4k B TS U8 IR 42 % I A
[J].2REE Rl 222447 ,28(10) ; 2006-2011

Luo K, Yang Q, Yu J, et al. 2011. Combined effect of sodium dodecyl
sulfate and enzyme on waste activated sludge hydrolysis and
acidification [ J].Bioresource Technology,102( 14) ; 7103-7110

D, R, 22N 452010 AR AL TR AR T e K AR BFSR [ T] . 36
iRl ,31(3) ; 763-767

Maurer M, Gujer W, Hany R, et al. 1997. Intracellular carbon flow in
phosphorus accumulating organisms from activated sludge systems
[J].Water Research,31(4): 907-917

Morgan-Sagastume F, Allen D G. 2005. Physicochemical properties and
stability of activated sludge flocs under temperature upshifts from 30
to 45 C [J].Journal of Colloid and Interface Science,281 (1) :
136-145

Pin C, Marin M L, Selgas D, et al. 1995. Differences in production of

several extracellular virulence factors in clinical and food Aeromonas
spp.strains [ J].Journal of Applied Microbiology,78(2) ; 175-179

Pinnekamp J. 1989. Effects of thermal pretreatment of sewage sludge on
anaerobic digestion [ J]. Water Science & Technology, 21 (4/5) :
97-108

Sesay M L, Ozcengiz G,Sanin F D.2006.Enzymatic extraction of activated
sludge extracellular polymers and implications on bioflocculation
[J].Water Research,40(7) : 1359-1366

Shanableh A, Jomaa S.2001.Production and transformation of volatile fatty
acids from sludge subjected to hydrothermal treatment [ J]. Water
Science & Technology,44(10) : 129-135

Watson S D, Akhurst T, Whiteley C G, et al. 2004. Primary sludge floc
degradation is accelerated under biosulphidogenic conditions:
Enzymological aspects [ J].Enzyme and Microbial Technology, 34
(6): 595-602

Wawrzynczyk J, Recktenwald M, Norrlsw O, et al. 2008. The function of
cation-binding agents in the enzymatic treatment of municipal sludge
[J].Water Research,42(6/7) : 1555-1562

T5 1 A1.2003. A W AL S 545 T [ M )L Ba st P 2GRS
14-15

Yu H Q,Zheng X J,Hu Z H, et al.2003. High-rate anaerobic hydrolysis
and acidogenesis of sewage sludge in a modified upflow reactor [ J].

Water Science & Technology ,48(4) ; 69-75



