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Enhanced Hydrolysis of Excess Sludge by External Enzym es
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Abstract The effects of external enzym es to enhance excess shdge hydwlyss were nvestigated Protease and a—an yhse were added
sigly and n canbmnation and itwas found that external enzyn es can enhance shdge hydrolysis W hen treated w th s ngle enzym ¢

a-anylase had higher efficiency han proteass SCOD /TCOD rose fiom 16. 3% t022 3% and VSS reduction m pwoved fran 39. 8% to
54.24% at the optinal dosage 0of60mg/g ( calcubted by additon of enzyme n TS). Furthemorg mixture enzymes show ed better
hydrolys 5 efficiency than single enzyme The highestVSS reduction was obsewed at an enzym em kture ratio of I 3w ih protease and
an ylase when the hydrolysis tan perature was 50C, and the VSS reducton achieved 68 43% . Correspond ingly the concen traton of
reducing sugar and NH; -N rose fran 37.29, 47.60mg/L to 177.8 143.43 mg/l, respectively A ccording to the ket and
enzymatic analysis of hydmwlysis process slidge hydmwlysis within prior 4 h was consistent with {rst-order reacton dynamic Durng the
hydrolys 8 both protease and amylase activity wse gradually the highestactivity observed were 22 57 U /mL and 4. 64 U /mL at4h after
hydrolys 8 Thereafter the enzyme activity decreased
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8 . 9
2500 t/a( ®o KV ,
[ 10]
80 ), , s ; Ranan
2 2
25k ~ . ,
[1
40%, o ', ,
[2]
. , ,
2
[3]
: °
[4]
2
[5]
2
: 2009-06-10; : 2009-07-14
: (150478054);
) (NCET-04-0770)
(1984~), )
’ , Email lokungood20062 163. can
Lol |7], * , Email xml{@ hnu cn



764 31
1 0. 71 mm , 4C
1
1.1 1.2
, 30 m in , o 2 (2
1
Table I Characteristics of excess sldge
H TCOD fng L SCOD /mg 1" TSS/g L VSS/g L
6. 74 7780 90 8. 27 5. 65
2 1 2
Table2 Enzmesused in this experment 30
e g ! pH
25 |- J— o
5000 7.0~78 40C
a 6000 55~7.5 50~ 60C Sar
=]
% 15 |-
TSS VSS ; COD S ol
7
, , SCOD ( sl — BN
10 000 r/m i) 10 mn DL
, TCOD ; 070 20 40 60 30 100 120 140 160 130 200
BEEMAE/mg-g!
MONHG N 5 1 SCOD /TCOD
Folin- , Fig 1 SCOD/TCOD of sludge with single-enzym e dosage
[12 13]; 3 5
[ 1] 70
) 60 -
1.3
2 . 100 mL 0
g O
250m L , %
7 30 |-
»
2 2 (g 20 [
4mhi : 40C N
‘C o HAKE
50 ,4h ol et
3 s | | | | | | | | | |
0 20 40 60 80 100 120 140160 180 200
60 mg/ g , B MAE/mg-g?!
. 400 m LL
2 VSS
500 mL ’ ? Fig 2 Effects of single-enzym e dosage on VSS redu ction
, ( )= 13 ,
60mg/g , 0.5 SCOD /TCOD
1 .52 3 45 7 9 12h . %, 2 4h
5 , SCOD /TCOD
4.7 ( ), 6.3 ( )
2.1 22. 1%, 26. % ( 1).
030 60 120 180mg/s  4h | ,

SLOD /EEOD, V.SS



765

== 40°C
X1 45°C

ez 50°C

2:1 1:3 3:1

AR A )

1:2

( ECPs)

5

SCOD/

T8/3MUSSA

[15]

N ielsen

VSS

TCOD

2

‘/maxs
K.+ S

111

B Vmax

VSS

VSS

40°C

74 45°C
A 50°C

e

7 o9
= - gL
: i B
.2 @
= k5
z
g S n g
= — =R
B m e s
]
z | = g w
g =% R
§ . g E g
=] g B
g ~
: o £ =
£ - R 2 M
3 7o) - & s 8
z = . 8 B
2 = g ¢
- = 3B
E M . B
=
=]
= @ o -
) ] .gp
& < =
=
I R N N N N B |
@ o 9o 99 99 9 9 o 9 o =
.gp LIS ®exA -
o
PN TS0/ B P T
=
O 1§
S
<
« N
9p]
=
. w2
o -
wmn -
n O
- > >
i - <
- “Vm -
M/_.O. .
N
r wn
> n .
- . . =
N -
o
9] N N
N N S o0 O
= - - = 2 o >
- % P 7 CH
~ on g o N 1 O
a0 " o . - o o =
=) S — v v o<t

|
(=3
o
—

5.35 ¢/

50C

5.65 g/L

40C

|
[=3
N
—

, VSS

50C

3

1:

|
(=3
=]

—

2.42 g/L

|
(=3
0

T8/ 3 WN-PHN

60 —

(EPS)™,

40

[17]

1:3

A (R B SO )

3:1

2:1

1:2

1:1

NH; N

Fig 5 Effects of tan perature and enzym e m kiure ratip on NH ; N

[ 18]



766

. 50C,
3,
, 177.8 143.43mg/L
VSS
NH; -N ;
, VSS \ NH,; N
Arhenius  : Y(T)= v (20C ) 0" |

10C, 1~2
, 113 , VSS
25. 6% 50C  5%%. ,
NH; N 70.22 84.81 mg/L

177.8 163.43mg/L
2.3

6 , 12 h
VSS 6
VSS ,
6 . 4h
, VSS ,
42% 56.3%  68.43% .
VSS ,
4h VSS 10% .
, VSS ,
4 h
P nnekanp el ,
5% 3%,
( )

[20 21]

(ECPs)"** ™",

[22]

?

40C

31
80
o HEAKE
60 —
e\\°
5 40
&
K
@20
>
0 f—
| | | | | | |
0 2 4 6 8 10 12 14
t/h
6 VSS
Fig 6 Eflecs of enzyme dosage on VSS reduction
2.4
T
. 2
. 4 h , 2
R 2.57 U /mL
U L, VSS .
, , VSS
5
-0
LA —e— HAK
4 00O o o JERYHE
_ o
E3r
2
=
82 -
2
1 [
0 | | I I I I I

Fig 7 Varation of enzme actv ity w ith hydolysis tme

4. 64



767

[24]

(1) . 4h
(2) ,

, 4h VSS 56. 3%

42% . , ( TS

[2]

[ 3]

[ 4]

[ 8]

) 60mg/g
(3) ,
60 mg/g 50C,
1.3, , VSS
68.43%.

(4 4h

. , 4 h
, 2.57U il 4. 64U /ml,

, 2003, 4(1): 4-52

> . [J].
, 2004 T 39-42

[ EB/OL ]. htp //blog h20o-chmna can/hin1/10/262010-
2389. him] 2008-03-31.
Easman J A, Ferguson JE Solubiliation of particulate organic
catbon during the acid phase of anaerbic digestion [ J]. JW ater
Pollut Control Fed 1981, 53( 3): 352-366.

s s .. S-TE

[J]- , 2008 29(1): 139-144

Wawzynczyk ] Recktenwald M, Norrbw O, etal The function
of cation-bnding agents in the enzymatic treatm ent of municipal
shdge] J]. W aierRes 2008, 42(6-7): 1555-1562
BeiprR Enzymatic treament ofw astev ater slidge in presence of
a cation binding agentmproved solubilisation and increased
methane production[D ]. Sweden: L inkopings U niversity, 2008.
Ahuja SK Ferreim GM, MoreiaA R Utiliation of engmes
for environm ental applications| J]. Crit Rev Btedino] 2004,

24( 23): 125-154

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[ 18]

[19]

[20]

[21]

[22]

[23]

[24]

KmH J Kim SH, ChoiY G et al Effect of enzymatic
pretreament on acid fementation of food waste [ J]. J Chen
Technol Bt 2006 81(6): 974980

Ranan H ] Buigess J E Pletschkke B 1 Enzyne treament to
decrease soldds and mprove digestion of primary sewage shdge
[ JI. Afr]Bitechnol 2006, 5(10): 963-967.

DuboisM, GillesK A, Han ilon JK, etal Colbrmetric method
or delem maton of sugars and relaied substances [ J]. Anal
Chen, 1956 28(3): 350-356.

PinC, MarinM L, SelasD, etal Differences i production of
clinical and DHod

several extracellilar viulence ficors

Aeranonas spp strams|[ J|. JApplBacteriol 1993 78(2): 175~
179.
GoelR, Mo T, Satoh H, et al FEnzyme activiies under
anaerobic and aemwbic conditons i activated sludge sequencing
batch reactor[ J]. W ater Res 1998 32(7): 2081-2088.

) . (M ]. : .
2007. 24-26.
Nielsen PH, Fi lind B, KeidingK. Changes in the can position
of extracellular polymeric substances i activated sludge during
anaerobic storage [ J]. Appl Microbibl Biot 1996 44 ( 6):
823-830.

[J]. , 2005, 28 ( S1): 121124
GoelR, M ino T, Satoh H,

et al Enzyne actviies under
anaerobic and aemwbic conditons in activated sludge sequen cing
batch reactor[ J]. W ater Res 1998 32 (7): 2081-2088.
Shanableh A, Jmaa S Production and transfom ation of volatile
fitty acids fran shidge subgcted © hydwothemal treament[ J].
W ater SciT echnol 2001, 44( 10): 129-135
Pinnekanp J Eflects of hemal pretream ent of sew age-sludge on
anaerobic-digestion [ J]. W ater Sci Techno] 1989 21 (4-5):
97-108
Snaidr ] Amann R, Huber ] etal Phybgenetic analyss and in
sin identification of bactern i activated sludge [ J]. Appl
EnvironM icroh 1997 63(7): 2884-2896.
Black allL I, Burrell P C, Gw illam H. The use of 16S rDNA
clone lbraries to descrbe the microbial diversity of activated
shidge canmunites| J]. W ater Sci T echnol 1998, 37 (4):
451-454
Zhou ] Wang Y H, Chu J et al Optiniaton of cellulhse
m i ture for efficient hydrolyss of stean—exploded com sbver by
statistically designed experments [ J]. Boresurce Technol
2009, 100( 2): 819-825.

; . [M].

, 2000. 83

Whiteley C G, Burgess JE, M elanane X, et al The enzymology
of slidge solubilisation utilsing sulphate-reducing systans The

properties of lipases| J]. W ater Res 2003 37(2): 289-296



