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Sludge Reduction by Enzyme Pretreatment
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We investigate the effect of enzyme pretreatment using protease, carbohydrase, and lipase on improvement of sludge
treatment efficiency by measuring SCOD and TCOD. The enzyme-pretreatment increases SCOD of excess sludge. In

addition, the amount of sludge reduction during digestion,

in terms of SCOD and TCOD, are enhanced by

enzyme-pretreatment. Among protease, carbohydrase, and lipase, protease showed the best enhancement of the sludge
treatment efficiency. Sludge digestion followed by ozone and enzyme freatments showed more effective sludge treatment
when compared with ozone treatment alone. Therefore, we expect that enzyme pretreatment can be used as a useful tool

for enhancing the sludge treatment efficiency.
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A AR AT sAe A AH8HT] @A
4T oJstel ¥3arol R#sI:
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£ a7 welAe Asras f8 A8a mae
novozymeo X} Q3 471x]9] AMdE FAE, protease
(ALCALASE 2.5), a-amylase (AQUAZYM 240), glucosidase
(DENIMAX 991), 22} lipase (LIPOLASE 100)o]t}. 24z}
o Ee W AT F, HH 2%, pH, FAEE Table 1
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Table 1. Characteristics of Enzymes

Product Optimal Optimal Enzyme
Enzyme strains temperature pH activity
ALCALASE 2.5 Bacillus o
(protease) lichenformis 3-10T 6.57.3 2.5 AUfg
AQUAZYM 240 Bacillus
(a-amylase) microorganism 45-70C 51 240 KNU/g
DEZ%&);)”‘ Humicola ~ S0-55C 5565 1500 ACUjg
LIP%SES 100 Ther o SS6T 557 100 KLU

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
under 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 pg titrate-able butyric acid per minute under the given
standard conditions (1 KLU = 1000 LU).
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o Fsta, 9 TFEY 002 g2 2F (g Osfg SS)OL},
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g A%, 3) £9A W ©id, 7, ALE st
protease, amylase, lipaseZ FAH B3 F4AE
ol

ExAe) $4, A9 A$R $0AE Khe 3F 4
AzA2 pH 6-72 ZE3}7] 93t 2 N KOH®} 1 N HCl

g AREEHGh WA 500 mL Hjo]A 37e) eEAEI
<825 247 300 ml¥ EFstm, WA vlojAde
ALCALASE 25 (protease) 120 PLE, SHA nlo]7jo=
AQUAZYM 240 (a-amylase) 60 UL} DENIMAX 991 (cellulase)
60 L=, mXZo g MpHA H|o|Ho|= ALCALASE 2.5
(protease) 120 pL, AQUAZYM 240 (a-amylase) 60 pL,
DENIMAX 991 (cellulase) 60 uL, LIPOLASE 100 (lipase) 30 u
LE ¥olA 2A17HE<t 150 ipmo 2 wHE-S AjFTh

HAxAYE 27149 O A Agsdsd, 4
Ael el BaEe HHeEe 060CAAY Holh
LEE 50-60C2 2383 RFfoes & A 93 47159
g aesy] 95k, 4 ¥R @& F9-E uxve
2 Agsiyh

24 #x2IE o soiX|9 28t
2 Fxd 93 FAHE £YAE 1Y T g7
Ax astAEE AXNA "ok LEHTE AXNAL 2LA

_‘

AE AXNA ¥ €8x, LEAYUE E£YHAE protease =
AAE” £8K, 2E2XHYH <£HAE  c-amylase,
glucosidase®  EAAF &8, E2XP &SRS

protease, a-amylase, glucosidase, lipase 252 A3 B3ta
&9 93 airxed &l st A3E AAG 48
HHL Zzte] €A 300 mLe} Aol F2 A& A 300
mLE 15 L of=d whg7)dl 4z Fska, wrks A17)%
A 1Y F¢ AR ew, 43 #FgF SCODe TCOD
o) Higlg 1Y T BASIHE £ A3t o] Fo{sh=
Heex Wy 3714 nAEe 848 A3 934, &
o] Y 587 I8 FYtAct

By
£#Ag AP #HIE Jehl= UAE TCOD (Total
Chemical Oxygen Demand), SCOD (Soluble Chemical Oxygen
Demand), TSS (Total Suspended Solids), VSS (Volatile
Suspended Solids) 0] glom o] & B &Fdx+= TCOD
9} SCODE F7A Ald¥ (Standard Methods)ol| weld &3
£ 39t 5S¢ CODE 243 Woz TCODE HHS7)
el £8AE 2 mL st 10-158] 3]43te] 3|48
Z 2 mLE %o ¥ COD viald] ¥o| =3¢ 3u
SCOD2 AF g =HAE 045 11m94 filteroll o3} A7) & 2
2 =& W9l COD viald] ¥o] 248 314t
2 o o3
£ (0:) Azjol| ¢lst |52X|el SCOD<} TCODS9|
H.ji}
o A =AY ZleRE 28-S FAAY] AR
Ao E, E2AAHNE A FANAL 2B %
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SCOD¢] HuF7H&2 0.05 g Oyg SSollX Yehdtin 2
H1 JEHE), & dFdME fiol 9% SCOD £/ &
HE A BASY) 95k, 002 g Oyg SST 0.03 g Os/g
SS9l FdRFE ARERlen, ofdl thg sCODg TCODS
H3EE Table 20 Yepfgich

Table 2. Change of SCOD and TCOD on sludge by ozone-treatment

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

(g O3 [g S9) Original Ozone- Original Ozone-
sludge Treated sludge Treated
348 1245 5190 4485

0.02
213 1205 8640 7690
156 1395 4850 4380

0.03
180 1590 8835 6750

Table 2014 Hi wle} o] &S FI8lW, 2719
&9 SCODZke Hla)] 22 %9 ¥ SCODFo| F71ds
& & 3ok WA, 002 g Oyg SSE AR e, dE
222} TCOD7} 5190 mg/L U] 897 mg/Le] SCOD Z7}&
Bylon, d&ex9] TCOD7} 8640 mg/Lsl Ao 992
mg/Le] SCOD F7}& Uetiith £ &9 FUFES 003
mg/l. YA, 9<elxe] TCOD} 4850 mg/LY w SCOD
Z7}eke 1239 mg/Loli, ¥<AS TCOD7} 8835 mg/L
¥ w SCOD Z7H4E 1410 mg/LolAth. o] ARzRE, 2
e Yo eEoz LHHAE AAY € A, 9<¥R9
TCOD7} &5 2ExE| 23 sCope F7t A4 v
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g & U
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& itk WA, proteaseTHE £ X9 shpEel A3
S w A% SCODY ZF7FFE 650-700 mg/L A%, a-amylase
9} glucosidaseE AME-3F A9 200-250 mg/L A=, 281
Bas B3 A9dE 750-800 my/l AE=E UEhdTh
ol dAlE] "xjald 2§ Z7l¥ SCOD 150-200 mg/L 7}
FS Wl Zroluh

SCOD concentration (mg/L)

0 l — T

carbohydrase-T

enzyme complex
Figure 1. Total increase of SCOD during enzyme treatment for 2h (M

temperature control at room temperature, [ temperature control at 50-6
07C).
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Figure 2. Change of SCOD during digestion for 11 days.
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1350-1400 mg/l. B=th o] AHEHE i AAULS &
A 237F B2 AAYE 844 B2 A v =
£ SCODY| e HYs &Y & & UNeH, ole €8
o BZaFAE A Azl a3t Y-S vEhdth
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Figure 3. Total decrease of SCOD during digestion for 11 days.
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Figure 4. Total decrease of TCOD during digestion for 11 days.
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F Atk

a2 #zke) i TCOD Azteg H¥rw, 848 A
YatA] ¥ &#zle) TCOD H7#e 650 mg/l, AAE A
23t &8 F proteaseT O 2 ] )3 &]=x]2] TCODS A
Z4R& 1300 mg/L, a-amylase$} glucosidaseE AME-3F &8 %]
o} TCOD AZHe 700 mg/l, EFELE AHE3 8R4
TCOD2] A7+Ee 1150 mg/l. A=t
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