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Study on Eexcess Sludge Solubilization in S-TE Process Under Microaeration
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Abstract: The effect of S-TE (solubilization by thermophilic enzyme) pretreatment on excess sludge solubilization and changes of chemical
components under microaeration and different lemperalures was invesligaied. The results showed that, two reaction mechanisms of enzyme-
catalyzed reaction and thermal-hydrolyzed reaction were involved in the S-TE process, which began with depolymerization of sludge flocs by
eX0enzZymes im?luding proteases and mnylases, followed hy cell-walls and organic matters disintegrati(m and hydm]yzatinn. The solubiozation
process with thermophilic bacteria Bacillus stearothermophilus sp. AT06-1 addition was enhanced compared with the control (the process
without the bacteria) . Under the optimum temperature (65°C ), the solubilization rate of total suspended solid (TSS) and volatile suspended
solid (VSS) reached 34.09% and 24.16% within 2 days respectively, 7.57% and 6.87% higher than the control. The results also revealed
that under microaeration operation, the maximal soluble chemical oxygen demand (SCOD) of 4 531 mg/L and volatile fatty acid ( VFA) of
2319 mg/L were obtained, which would be beneficial to the followed anaerobic digestion process. At the same time the activity of protease was
dramatically promoted. The protein released from the sludge was hydrolyzed, resulting in an increase of protein concentration at the early stage
of the experiment and then a decrease at the later period.
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Table 1 Characteristics of thermophilic bacteria AT06-1 isolated
T EEi i AT06-1
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1 9K 5 AIE WA NG
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BEWIE R
ik +
B Y, +
5P b e
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Fig.2  Change of VSS solubilization rate in all runs
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Fig.6 Change of protease activity in all runs

HE 6 AlH, EAMEEREREN LA ER 5
R o BT AR coC R IR B, R
65.70 1 55°C , F& WA 15 Y8 P A B Fiy 5 19 vF B v A
PR FE EEAE 60 ~ 65°C Z (8] . i %) ik 56 o, &%
MR FEHEAE ARBRENRES, 65T R
TR A X R R 60,75 B 55°C LXK 2
R 75 PR TA A R o, AR B BT S AN A o A B R
B U5 AR AR AL T PR R AIAE, 65°C X R
Fe A 65 C YNk iy v PG, S AT 1 IR JE #a e T 65
R GHEF ) VeSS I R IR R B R KW AE W T



1 OZ A PR S-TE A TG U8 i 143

BEA .

K i R BE A I AN LR R S 2R 00 T 2
AS AL iz A7 T, 2 ™ T R W S IR Y K
A" STE 2 A o 1 4 11 AT AR R K
i, 1 2 R RIS, An 8] 7 B

——55CEH —8— 60CHE B —a—65CHEH —o—70CHEH
o S5CAtH o 60Ttk a 65Cxflk o 70CTXt
300

250

[ fi/mgL!
_- o b2
(=] W (=1
[=] (=1 (=}

v
(=]

7 EMEHTEAREWR

Fig.7 Change of protein in all runs

M7 AT LAE AN ) 4% 00 R 2 1k R ot
NS BEA, 65°C 1l 70°C HY B0 0 1 L kb A B o 3
B R LE A5, 55 C AL A W 2 60°C AR 2 Al i
T VSS I R A (R O U PR AE S R
T e, BT LA R SO B A R R AR AR ACOT X i B
H70°C f) R W A B 65 °C WL,k 2 TR R 7E T R B4
BB B, 70 C R I M A T R AR 1R B R
SRR T 65°C T AR [H) W AR T B e e, (1
Aty 6 M AH X A, R R R AR PR OSBRI Uk A
70°C 2 i IR 50 B O A RS I, A B AT TE
g AT T R ARt 2 ol TR Y K R R AR L EE
VR ok, Bifi 3 15 fa st R] B RE G, A R RS TR
R, i3 3 B R P A 7 R R T - KA B S O i 1 2
BOEATM KM, AE R T BCEBKMERE, A
TP R & AR .

1 2R T K A R R R ) B PR L e TR
AT, 2 A IS S i S R R T, 1Al 8
B 7 .

R P 55CH T0CHR KT &L, AN
65C (t =3 d)I A 216 mg/L, BFf T TF 4 B AR . i 4
Bl 56 o 20 8 Mk P T A #0465 °C B B R K #)
271.63 mg/L, 70 .60°C K Z,55CE A K; 2 d 5
2.5dEB TR B RFRSHEE, S ZE A
A5 B & Bk B EURE AT TR dl s m, £
FEREANEMEET VSSEMERE R, FEBIE
5 WA = BT B — M W AS DR R RN IR
BT 37 CREALAE 2 2m BB A RESE h
EASERHh AR A, I R TR Rt T =

——55°CEH —8— 60CH K —4—65TH K —o—70THE: I
o 55CAHE o 60CHL A 65CxH o 70CxLk
300
250
200
150
100 *
s0 &

HAE/mg-L!

M8 HMEHTERAEN

Fig.8 Change of ammonia in all runs

TR Y NH, -NH, 7 151 NH, 19 77 1] 8% 3l Jf 45 g
S OKEEE A CO,  H, S KA RO AN g HR T A0 A S
WA LR A E R SR /Y 2 W =l TR
A7 15 20 7 A 2 R A RCRME T SR AR . 1A
I, A AR Ak TRIRE th A7 A — A~ A R -40 5k - i
2.4 BEJEA pH {EKEAL

M EEEERIIN KRS ERENA
BLER , i pH 28 i R K . (H 2 3 1 o B U/ = AR
ik E B AL A Co, 1ERIE HCO; -H,CO, 2
ol B 1 pH At BE R R T EL S T LA 2R i AT AL IR TR
R xR B R RE, A M TR AR E
AR pH B R AR Ak 3 B EGR T LR (K R A
FRR FR A S i 6t R B b B AN pH R L
FIsE s34, & o 10 B s g5 R, ik
B R b R 56 T e b I AR AR B TSR R R
TR AR B a3 B )5 3 AR T A B0 15 31 AR [6) 72
JERIER . 60 A 70°C 3 d B4R IGAE] T 1026 Fl
1176.6 mg/L, 65°C 2 d BFikF| iR, A1 237.2 mg/L,
B 4 42 7 AT LA A B AR pHL Y 23 R R

——55CF —8— 60CEH —a—65THE —e—70TE

o S55CXH: o 60CHL a 65T o 70CxH

1 400

1200 A
7, 1000

& 800

w600

# 400

200

0 ! | I !
0 1 2 3 4 5

_ t/d
Ho EMEHTEHEZL
Fig.9 Change of alkalinity in all runs

10 £, &iRETEG LK S pH & # T
B, TE 6.4 ~ 7.86 Z (8] ZE 4k . X L i B v ¥ A T
pH A Ft & #a ¥, J5 B A FrFEK, 7E 6.59 ~ 8.4 Z
[ AE 4L, £ VSS ¥ i F B S Y 65C W HAE 6.59 ~



144 o8

e 29 #

—e—55CHh| —8— 60CHN] —a—65THsh —o— 70°CH|

o SSTxtlk o 60CTHL a 65THE o T0CHIL
9
8
7
6
5
Ex
3
2
1
0_ 1 L L 1 L
0 05 10 15 20 25 30 35 40 45 50
t/d

B 10 SFEHT pH R
Fig. 10 Change of ptl in all runs
8.22 Z WAk, 120 h G Bk % 7.95 3% ik th T A1 HLAR
ol 155 3 7 T e 2 L BB URE X B I T

DA A b 7 Y b i pH YIS WS E R 6.6
~ 7.5 Z0a) ™ AR g e R OK A A ) pH 2R R
5.8 LA R o U 2 ek U e
KAtk F 4 S-TE B %A T IS (075 U8 pH 31453 7 1 e
T4 73 IO SR, A R T G TR S AL )
Jo R pH.

3 it

(1) S-TE 75 ¥ 7 fift b A7 (6 2 Fh s g (il #E fk fe
P FAR AR R ) L 2 A a4 - 0 A A M A (N
2B 1 R B ) S i R T R MK AT A A A
£ 4 B RE L K i ML P9 L B K fE A ) AL
I

(2) % FF W5 4§ Bacillus stearothermophilus sp.
ATOG6-1 HIAL I8, 42 3 1 0 4 5 U8 0 v A b Ok
P F Bl B R BN 65, IR E TG i VSS Hi
TSS 5 fift 6 42 w0 B3 B K0, 2 d VSS LTSS ¥ 301 il
ik F 34.09% F 24.16%, 1 A HE A& LN
26.52% H 17.29%, J5) W1 4y 942 & 1 7.57% H
6.87% .

(3)1;%%'—%H % VFA 1 SCOD 15 5| B H, HE Fl
ST EMBEA 65C EMMEME KM T, VFA
(1=5 d)%% % #2319 mg/L; [A) 4L A I f scoDp Ft
TS IR B Ak B4 531 mg/L(t=1.5d).

(4) 5 Fh g PR 500 T, 65°C i 2 (3 B 1 PE4R &)
FREE A, {2t T E O R ORI HARAME
ST P S TG IS R AR, RS A pH T S e AT BRI
5%k :

(1] am, HHEW, Bo)H,F
twiﬁi’h‘?";dﬁ&—lif*fﬂtz—G’Df’{ﬁ\EJZ

RGO Lo Hi L
MW T

6

(1]

120]

v 7 4, 2000,43 (2):2-9,

Sakai Y, Shiota N, et al.
biological waste sludge by thermophilic aerobic bacterial J . Water
Seience and Technology, 2000,42(9): 81-88.

IRk . AT 73 A AR 0 AR~ ol S LD
o~ Ty 7 HOHE,2003,47(1) :35-40.

Hasegawa S, Shiota N, Katsura K, et af. Solubilization of organic

Complete decomposition of

Aoyagi T,

sludge by thermophilic aerobic bacteria as a  pretreatment for
anaerobic digestion | ] |. Water Science and Technology, 2000, 41
(3):163-169.

Miah M S, Tada C,

Yingnan Y. Aerobic thermophilic bacteria

enhanee biogas production| J| . Journal of Material Cycles and Waste
Management, 2005, 7: 48-54.

APHA-AWWA-WEF .
Wastewater ( 18th) [M].
Bradford M M. A novel method for protein estimation assay using
1976, 72: 248-254.

Enhancement of proteolytic

Standard Methods for the Examination of
Washington, D C:1992.

brilliant blue G [J]. Analytical Biochemistry,
KimY K, Bae ] H,Oh B K, et al.
enzyme activity excreted from  Bacillus stearothermophilus  for a
thermophilic aerobic digestion process[J]. Bioresource Technology,
2002, 82(2): 157-164.
Spaidr N, Amann R, Huber 1. Phylogenetic analysis and in situ
identification of bacteria in activated sludge [J . Applied and
1997,63(7) : 2884-2896.

The use of 165r DNA clone

Environmental Microbiology ,
Blackall L L, Burrell P C, Gwilliam H.
libraries to deseribe the microbial diversity of activated sludge
communities| J]. Water Science and Technology, 1998, 37(4-5):
451-454.

Hamer A, Mason C A, Hamer G. Death and lysis during aerobic
sludge treatment: characterization of recalcitrant
1994, 28 (4): 863-869.

Van Boekel M A J S. A review of

thermophilic
products[ J| . Water Research,
Martins S 1 F S, Jongen W M F,
Maillard reaction in food and implications to kinetic modeling [Jl.
Trends in Food Science and Technology,2001,11 (9-10) : 364-373.
e s R ) 9 U8 0 B A P4 B ) W (L O D 43 i
Pl L]k i B T 1999,40(2) :41-44.

Elbing G,

( ender Faulung-laboruntersuchnngen ( Thermal disintegration with

Diinnebeil A. Thermischer Zellaufschlu ( mit anschlie

subsequent digestion lab-scale investigation) [J]. Korre-spondenz
Abwasser, 1999,46(2) :538-547.

Bt it , =R FERkiA S-TE7 0 & A2 K 55RO E
FEALHL 0T R Ty 7 S, 1997.40(2) :22-28,
Kambourova N, Kirilova R, Mandeva A, et al. Purification and
properties of thermostable lipase from a thermophilic  Bacillus
stearothermophilus MC 7 [J].
Enzymatic, 2003, 22: 307-313.

F3G 7, F 4 A is U8 #R K 89 5 (). b SR BEREE
2005,25: 56-60.

Zhou ] P, Mavinic D S, Kelly H G, et al.

Journal of Molecular Catalysis B

Effects of temperatures
and extracellular proteins on dewaterability of the thermophilically
digested biosolids [ J]. Journal of Environmental Engineering and
Science, 2002, 1(6): 409-415.

Nasrin R K, Embarka C, Satish ] P,
enhancement of batch aerobic digesters via addition of digested
sludge [J]. Journal of Hazardous Materials, 2000, 76: 91-102.
FEAL R 35 K 35 U Ab PR AL RS VE AL R T IM] L e

fk 2 Toll i1 R AL, 200459

et al. Performance



