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Optimal Conditions for Improving Enzyme Preteatment Efficiency in Sludge Reduction Process. Kim,
Jung Rea and Sang Jun Sim*. Department of Chemical Engineering, Sungkyunkwan University, Suwon 440-
746, Korea — In this study, we introduced enzymatic pretreatment method, together with ozone treatment for sludge
digestion. We optimized the amount of enzyme and ozone, respectively for the successful sludge pretreatment. As a
result, we found that as more enzyme is used, higher sludge hydrolysis efficiency was obtained. When we treated
sludge by ozone ranging from 0.01 g Os/g SS to 0.04 g Os/g SS without enzyme treatment, 0.04 g Os/g SS showed
the highest increase of SCOD. Meanwhile, when protease was used together with the same ozone dosage ranges,
0.03 g O4/g SS ozonation resulted in the highest increase of SCOD. The sludge pretreatment was optimized by con-

trolling the amount of enzyme and ozone.
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Table 1. Characteristics of enzymes.
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Enzyme Product strains Optimal temperature Optimal pH Enzyme activity
ALCALASE 2.5 (protease) Bacillus lichenformis 55-70°C 6.5-7.5 2.5AU/g
AQUAZYM 240 (o-amylase) Bacillus microorganism 45-70°C 5-7 15 KNU/g
DENIMAX 991 (glucosidase) Humicola 50-55°C 5.5-6.5 1100 DAU/g
LIPOLASE 100 (lipase) Thermomyces lanuginosus 55-60°C 5.5-7 100 KLU/g

AU: The activity is determined relative to an Alcalase standard. The result is given in the same units as for the standard, which are designated;

AU(A) - Anson Unit (Alcalase).

KNU: 1 KNU (Kilo Novo Unit) is the amount of enzyme which degrades 4870 mg starch dry matter, Merck soluble amylum, per hour unde

standard conditions.

ACU: Endo-glucanase activity(cellulase) in ACU is measured relative to a Novozyme A/S enzyme standard.
KLU: Lipase Unit in Gram. 1 LU is the amount of enzymes which releases 1 [1g titrate-able butyric acid per minute under the given standard

conditions. (1 KLU = 1000 LU)
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Fig. 1. The increase of SCOD by enzyme pretreatment on non-
ozone treated sludge and ozone treated sludge. (Il non-ozone
treated sludge, [J ozone treated sludge )
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Fig. 2. The increase of SCOD depending on different concen-
tration of enzyme.
Protease: a, 15 pL; b, 150 uL; ¢, 1500 pL.
Carbohydrase: a, 10 puL; b, 100 uL; ¢, 1000 uL.
Enzyme complex
a, protease 15 uL + carbohydrase 10 UL + lipase 5 pL.
b, protease 150 uL + carbohydrase 100 pL + lipase 50 pL.
¢, protease 1500 UL + carbohydrase 1000 uL + lipase 500 uL.
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Table 2. The real increase of SCOD depending on different con-
centration of enzyme.

SCOD(mg/L)
Enzyme treatment
a b ¢
Protease 115 438 3256
Carbohydrase 6 154 598
Enzyme complex 176 1150 3520

Protease: a, 15 uL; b, 150 uL; ¢, 1500 L.
Carbohydrase: a, 10 uL; b, 100 uL; ¢, 1000 pL.
Enzyme complex
a, protease 15 UL + carbohydrase 10 UL + lipase 5 LL.
b, protease 150 pUL + carbohydrase 100 puL + lipase 50 L.
¢, protease 1500 UL + carbohydrase 1000 pL + lipase 500 pLL.



170 KM AND SIM

w
[=3
(=
o

2500

2000

1500 4

1000 1

500

Increase of SCOD concentration (mg/L)

f=]
t

original sludge 0.01-OT  0.02-0.T  003-0T 0.04-0.T

Fig. 3. The increase of SCOD depending on different concen-
tration of ozone.
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Table 3. Change of SCOD and TCOD on sludge by different
concentration of ozone.

SCOD(mg/L) TCOD(mg/L)
Amount of O3 — —

(g 03 /g SS) Original Ozone- Original Ozone-
sludge Treated sludge Treated

0.01 220 1768 11150 11020
0.02 220 2080 11150 10960

0.03 220 2352 11150 9740

0.04 220 2692 11150 9590
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Fig. 4. The increase of SCOD by protease on sludge treated
with different concentration of ozone.
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Fig. 5. The increase of total SCOD by ozone and enzyme pre-
treatment.

= 57 1 i—]a]ﬂ <R E protease® A7 g £2A|

o) A$7} 7V ¥ AR EAE R,
2 o

£ AT AT S 3 Ake B L

o 2% s LAE R slsked Lol Ael )

QrezA Mﬂz ol £2ix) WAle) 4 oM oF
3 o) SR DA 3S BT 249 A)E P

e 918 Yelow ol Axe E8Ue HA5)E 9
B 23 AT Lol WA HAAE el 2

3§40 kS Az 1 A3 G40 ok wel &+
HAUe] SCODZE7 ko] nldsled Svisiglch. 22 ApAH

£ex]2] SCODZ IS 92| of| ule} S7}slgic).
w214} 0.04g Oyg SS9l 7F 37 F7131siet. 7] =
2 0EFS ol 83le] SN AAR F el 28 &
2g] AAe &8-S nwstw, &AM L B oF
o] 9oz X3} 0.04 g Oy/g SSOIM =& AejEgL v



Q] ¥k, Fael 23k SCODZE7H= 0.03 g Os/g SSellA] 7}
A F9ke) FHQ 225 E0] A=l &3k SCODF
7F= 0.03 g Oy/g SSY o 713 &40},

HAtel

o] =42 20029 % FEEEA EAGS] Aglel] )3t
A5 %S (KRF-2002-003-D00081).

REFERENCE

1. Barjenbruch, M., H. Hoffmann, and J. Tranker. 1999. Mini-
mizing of foaming in digesters by pretreatment of the sur-
plus sludge. Wat. Sci. Tech 42: 235-242.

2. Brooks, R. B. and 1. Grad. 1968. Heat treatment of activated
sludge. Wat. Poll. Control 67: 592-601.

3. Cadoret, A., A. Conrad, and J. C. Block. 2002. Availability
of low and high molecular weight substrates to extracellular
enzymes in whole and dispersed activated sludges. Enzyme
Microb. Technol 31: 179-186.

4. Frolund, B., T. Grie, and P. H. Nielsen. 1995. Enzymatic
activity in the activated-sludge floc matrix. Appl. Microbiol.
Biotechno 43: 755-761.

5.Jang, E. S., Y. G. Choi, H. S. Kim, and I. T. Yeom. 2003.
Effects of sewage sludge pretreatment on the biodegradabil-
ity of the biosolids. J. Kor. Soc. Wat. Wastewater 17: 633-
6309.

6. Jung, J. H., X. H. Xing, and K. Matsumoto. 2001. Kinetic

10.

11.

12.

13.

14.

ENzYME PRETEATMENT IN SLUDGE REDUCTION PROCESS 171

analysis of disruption of excess activated sludge by Dyno
Mill and characteristics of protein release for recovery of
useful materials. Biochem. Eng. J. 8: 1-7.

. Jung, J. H., X. H. Xing, and K. Matsumoto. 2002. Recover-

ability of protease released from disrupted excess sludge and
its potential application to enhanced hydrolysis of proteins
in wastewater. Biochem. Eng. J. 10: 67-72.

. Knapp, J. S. and J. A. Howell. 1978. Treatment of primary

sewage sludge with enzyme. Biotechnol. Bioeng. 20: 1221-
1234.

. Lutz, T, J. Gerald, and S. Bruno. 1993. Improved sludge

dewatering by enzymatic treatment. Wat. Sci. Tech. 28: 189-
192.
Muller, J. A. 2001. Prospects and problems of sludge pre-
treatment process, Proc. Sludge Managment Entering the 3rd
Millennium. Taiwan. Taipei. 111.
Nah, I. W., Y. W. Kang, K. Y. Hwang, and W. K. Song. 2000.
Mechanical pretreatment of waste activated sludge for anaer-
obic digestion process. Wat. Res. 34: 2362-2368.
Parmar, N., A. Singh, and O. P. Ward. 2001. Enzyme treat-
ment to reduce solids and improve settling of sewage sludge.
J. Ind. Microbiol. Biotechnol. 26: 383-386.
Ryong, L. K. 2000. Enhancement of Sludge Biodegradabil-
ity by Ozone Treatment, M. S. Thesis, Dept. of Civil & Envi-
ronmental Engineering, Korea University, Seoul.
Wang, Q., J. Chen, K. Kakimoto, H. I. Ogawa, and Y. Kato.
1995. Pretreatment of waste activated sludge results in enhance-
ment of its anaerobic digesting efficiency. J. Jpn. Assoc. Wat.
Environ. 18: 875-882.

(Received Mar. 31, 2004/Accepted June 1, 2004)



