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a [ o 1 [ a 1 o 1 [ o [ o w ]
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AMzyoIaNIIzANNga laedunaan msloaazaiel (SCOD) ANNaIInluMsdoy

= ' Y =\ o =
Aa1eN19FINN uaza lgeveasail lumsisuaiies

<3 o {

133 ARMINANIENUVDITLELIAUNUND (Hydraulic Retention Time) Mrnzay

dmSumsauauszuulumstnianeudionnzanlumsdesaznoudiunualossuuden
A = o = [ [ 4 ] I ] A ~ [ @
wouLe I5UNFIIMSANYITZaZ AN NHNYarmaasuuweonu 3 $29A0 NTzezIaInNnnn

4 [ o w
yamans 7, 14iag 2134 auaiay

134 AnBINAUEIQUUAN MM ANd 1M UMIAIUANTZUUNTTTANOUAIY

azanlumsdosaznoudimnudleszutdoooune 150n H9msaAnyIN 2 guvgil Ao

] = 4 ara = 1 ' ] a
Tugggaungiimes Iulan (guvigiiegluyie 55£2°C) tag luyrsgungiimeluusseime

U u

Y
= v A A S

135 winilmesiinsanndaifies (H) Winsasdundsluglvesiled
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31 il oA (Biochemical Oxygen Demand, BOD) A1 leAazale (Soluble Biochemical
Oxygen Demand, SBOD) A% oA (Chemical Oxygen Demand, COD) 1% loAazaly (Soluble

< ! < ¥ <
Chemical Oxygen Demand, SCOD) USuaveauda Idunve wdanavya (Total solids) UDLUY
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et = FiTdl

Inlet
Raw sludge Anaerobic digestion Gas meter
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gt = [

Inlet
Pretreated by alkaline Anaerobic digestion Gas meter
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3.5 MSANHIEANZNIIHINZaNABNITUINMINTANDHAILN1ITA
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NaOH15uMor1ue13 8-14  szoznarlumsduda 24 ¥ ua aszln 3.5 nduazsiims

ATIEHAIMI SR A% 19A (Chemical Oxygen Demand, COD) A loAaza1s (Soluble

Chemical Oxygen Demand, SCOD) VU8UAININUA (Total solids) UYBIUTITLINENENINUA

(Total volatile solids) @ INANMTIUATG (Alkalinity) %biodegradable tagzalda1elunmsysy
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v y v

SCOD Solubiliation % Biodegradable Cost
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nszuhaTuAY
Y 3 J
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(Non pre-treatment by alkaline)
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(thermophilic, 55+2°C)
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(Temperature)
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215U
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(Efficiency)
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v W d
3.62  MSANHINGYDIITELANAUNNWAYamans (Hydraulic Retention Time)A®
szansmnmsianzneualuny
S o o 4 . . . I 1% ]
FTYLIAUNUNNNNFAATAT (Hydraulic Retention Time, HRT) Wuiledweds
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13199 3.1 anzlumaauszuunlFlumsanm luauide

TJady amnldlumsnaasg

Organic Loading Rate, OLR (kg VS/ms-day) 0.47-1.42
Total Solid, TS (mg/L) 8,000-12,000
é’mwmihlwamm@gﬂmimam (L/day) 0.47-1.42

3 %
328212 UNUNN (day) 7-21
pH 6.5-7.2
’qmwgﬁ Ambient Thermophilic (55+2°C)
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azaeinedlof
GENGR AZNOUAL annzmstinianeualsa1g SCOD/TCOD (%)

C.N. Chang 0.5%TSS WAS | NaOH 40 mg/L (10 hr) 23.0
et al., 2002 1.0%TSS WAS | NaOH 40 mg/L (10 hr) 28.0
1.5%TSS WAS | NaOH 40 mg/L (10 hr) 31.0

2.0%TSS WAS | NaOH 40 mg/L (10 hr) 40.0

Kim et al., 3.8% TS WAS | NaOH adjusted pH values 12 (24 hr) 39.8
2003 KOH adjusted pH values 12 (24 hr) 36.6
Mg(OH), adjusted pH values 12 (24 hr) 10.8

Ca(OH), adjusted pH values 12 (24 hr) 15.3

miﬁﬂ‘m‘ﬁ} 0.5% TS WAS | NaOH adjusted pH values 12 (24 hr) 18.3
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VYUADULLTN First

Hydrolysis

Phase 9z111M3 a3 1wnsnazfmuanslldegluglues

e 4 g . 4
Polynomial A4&11N15N (1)%]1ﬂuu1mmsLzﬂadﬁuﬂ1ieﬂﬂuwag1ugﬂﬁum'ﬁn (2)

C

dC/dt =a, + 2a,t + 3a,t

Taeh

2 3
= a,tattat +ajt

C = soluble COD, mg/1

t = reaction time, hr

a,, a, a, a, = coefficients

4.1)

4.2)
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Y 1
TuduaouA®I Second Hydrolysis Phase 92411mM3a519n31te¥1A1 k 910

ANUAUNUTIEHINA In[(C. — C)/C] HuA t INFUMITN (3) 1ag (4)

max

dC/dt = k(C__ —C) (4.3)
In[(C__ —C)/C] = -kt (4.4)
Tagh C,, ..~ maximum soluble COD, mg/1

C= soluble COD, mg/1
k = first order hydrolysis rate constant, hr'

t = reaction time, hr

[ v Y 1]
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Y 1 9 1
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509.1002ANTUADANIADTI 1NN A NAINRFNINY 8 UA1AINa1ITosNgARDNAUNINY
A a o 1T A 1 & I Y = a Yy 9 a 1 A 49! 1
64.93 Haansuaeansae¥ 1ud Wy a5 uannuiuduveslsuaa1un Ny LIz 52
Y Y 1
Ysuilsaluduaeumsnszuaumslalas lagalA@au (Chiu et al., 1997) iioNn1sadIUVDS
Second Hydrolysis Phase winlinuaeasianiivesa hydrolysis rate FINUNNATNOY
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AMUINNFABINANDFNINY 10 UAIAINAIUMNY 0.35179% Tud AIA13199 4.5 91NN13
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A1519% 4.5NamiﬁﬂymWm%aumﬂ@i“lumumuﬂizmumﬁ”laimlla«m

pH First Hydrolysis Phase Second Hydrolysis Phase
#11N15 Polynomial R’ initial hydrolysis AUINT linear R’ k (hr')
dC/dt = a +2a,t+ a3t2 rate (mg/1-hr) In[(C__ —C)/C] = -kt
8 | -0.005x+0.451x+64.93 | 0.971 64.93 -0.209x 0.810 0.209
9 | -0.014x™+1.076x+68.99 | 0.976 68.99 -0.350x 0.893 0.350
10 | -0.017x*+1.272x+72.25 | 0.818 72.25 -0.351x 0.887 0.351
11 | -0.024x°+2.281x+87.41 0.995 87.41 -0.103x 0.770 0.103
12 | -0.087x°+6.933x+509.1 0.991 509.10 -0.183x 0.603 0.183

NMT NN 4.6 uaAINan1sIU5ouaT initial hydrolysis rate filhydrolysis rate

: _ du v 4 4 4 T

1Az A1 maximum soluble CODA l@v1AANAITH (3) wag (5) FuvorfSouneuanNaIe g N
Y o A =\ 9 =\ I {’,’, o J 9 1
annzlndifeanune In15)¥asal NaOHTua1s luvuasunisiinianeuaign1nzaia
VA oA T @ = Y g v = T W A A 1w
wunEan luaanuun Tagmsanmiasatilia k ¥11nde 0.20949% Tuanmfieyniny 8
zﬂl = [ = é = 1 9 =) 1
WorSeuNeuNUMSANYIU0d Huang et al. (1995) BIUAIAINA1IH0ENINNES 0.005 AD
' F) v
#2119 113U LagMIARYIVBIChIu et al. (1997) UAIAINAIUNEL 0.108 ADF 11 AN initial
hydrolysis rate ta2A1 maximum soluble COD 3191088191119 1NANVTUIUVDIALADY
A L = = 1 v KX 1 Y1 o 1 = 1 v Y = g’/
N1 lunsAnEINANNAINY F@IWa 1HAIAINANLANULANA1NNUA2E TaglumsAnEIAT
Y
HUHA initial hydrolysis rate 1l@2A1 maximum soluble COD IN1NY 64.930aan5uADaATAD
¥ lua uaz 73.300aan5ud0aas mud1ay nsunmfiewndy 8 ATt uved
[ a < g’/ 4 [

aznoUaIUIN U pEa 0.5 VoaURLYININA WotReuiUMIANEIY0Y Huang et al.
(1995) 1A initial hydrolysis rate (@A maximum soluble COD M1NU 79.812aN5UADANTAD
%7 114 1z 4,700008n5NA0AAT MUAIAY FIMTUMIAN NaOHIMIAY 40 Waaniueauyadne
a { [ Aa < 3’; 1
803 NANTUTUVDIALNBUAIUINUINITo8AZAL 1.0 VDIVDIUIINIHNA UAKIN
S euMeunsemstianeudIea1I2A 19T IWAVATLUINDY 9 151 MTANYIVEY Chivet al.
(1997) nlFnszurumsiianeudlsa1esiuiuaausani1 lotin WUNaTNUAT initial
hydrolysis rate ?hhydrolysis ratell@% 1 maximum soluble COD Ul@gljij 304 15.07 Hadnsuaeans

A0%2 119 0.108 A9 114 1A 10,632 YaansuAoans Mua1ay
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A1519% 4.6 1WTeUNeUDAT initial hydrolysis rate fhhydrolysis ratell@% A1 maximum soluble

COD
81909 | AznouAu msinianeudIen1Iza initial hydrolysis rate |  k C,
(mg/1-hr) (hr'") (mg/1)
This study | 0.5% TS Adjust pH 8 with NaOH (48 hr) 64.93 0.209 73.30
WAS Adjust pH 9 with NaOH (48 hr) 68.99 0.350 86.64
Adjust pH 10 with NaOH (48 hr) 72.25 0.351 93.30
Adjust pH 11 with NaOH (48 hr) 87.41 0.103 134.94
Adjust pH 12 with NaOH (48 hr) 509.10 0.183 639.74
Y.-C. 1.0% TS 40 meq/l NaOH (24 hr) 97.8 0.108 4.88
Chiuetal. | WAS 40 meq/l NaOH (24 hr) + 150.7 0.600 10,632
(1997) Ultrasound (24.0 sec/ml)
Ultrasonic vibration with 40 meq/1 211.9 0.882 10,480
NaOH (14.4 sec/ml)
Huang et 1.0% TS 40 meq/l NaOH (24 hr) 79.8 0.005 4,700
al. (1995) | WAS Ultrasound (13.5 sec/ml) + 40 197.7 0.328 13,840
meq/l NaOH (24 hr)
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A5 NN. 1ANMINTUVIFTOUNT & IUAZNOUNNIDNIND &
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sraznAduNa (3 139)

Wiees
3 6 12 24 48
TCOD (Haaniumeans) | 3,328 3,503 3,328 2,977 3,328
SCOD (Haansunoans) 66.64 66.64 70.04 73.304 73.304
%SCOD/TCOD 1.902 1.902 1.999 2.092 2.092
TS (Haansunoans) 5,590 6,100 5,990 5,460 4,920
TVS (Haansunoans) 2,660 2,870 3,010 2,950 2,690
TDS (Haansunoans) 1,620 1,760 1,880 2,000 2,060
VDS (Haansunoans) 1,040 300 380 1,620 1,060
SS (Uadnsunoans) 3,970 4,340 4,110 3,460 2,860
VSS (Haaniuaeans) 1,620 2,570 2,630 1,330 1,630
a3 19Hn 20Nt uvesass U dluazneuifitmviny 9
o, szeznaduia (31 7u9)
NWITTNINDT
3 6 12 24 48

TCOD (Jaansumoans) | 3,503 3,328 3,328 3,152 3,503
SCOD (Uaaniunoans) 73.30 73.30 79.97 86.63 87.20
%SCOD/TCOD 2.092 2.092 2.282 2.473 2.489
TS (Haansunoans) 5,410 6,490 5,730 5,620 5,610
TVS (Haaniunoans) 2,410 2,940 2,760 2,940 2,640
TDS (Haansunoans) 1,500 1,680 1,880 2,120 2,060
VDS (Haaniunoans) 3,910 4,810 3,850 3,500 3,550
SS (Haansunoans) 930 2,280 1,380 1,060 1,800
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o, szaznaduia ($17u9)
NITTUIADT
3 6 12 24 48
TCOD (Haaniumeans) | 3,328 3,152 3,503 3,152 3,328
SCOD (Uaaniunoans) 80.96 86.63 90.65 93.29 93.30
%SCOD/TCOD 2311 2.472 2,.587 2.663 2.663
TS (Haansunoans) 5,320 6,260 6,450 5,380 5,530
TVS (Haansunoans) 2,210 2,840 3,070 2,850 2,240
TDS (Haansunoans) 1,320 1,440 1,560 1,700 2,020
VDS (Haansunoans) 4,000 4,820 4,890 3,680 3,510
SS (Uadnsunoans) 1,630 2,200 2,970 1,530 1,840
A5 197N 4nnudutuve s s dluazneud ety 11
o srovnadure (32 119)
NWITTNINDT
3 6 12 24 48

TCOD (Uaansumodns) | 3,328 3,328 3,328 2,977 2,802
SCOD (Haaniunodns) 93.29 99.96 113.28 126.61 139.94
%SCOD/TCOD 2.663 2.853 3.233 3.614 3.994
TS (aan5uAans) 5,740 6,180 6,900 6,420 5,740
TVS (Haaniunoans) 2,660 3,090 3,120 3,060 2,480
TDS (Haansunoans) 1,280 1,740 1,860 1,980 2,120
VDS (Haaniunoans) 4,460 4,440 5,040 4,440 3,620
SS (Haansunoans) 1,720 2,590 2,540 1,680 1,760
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sraznAduNa (3 139)

Wiees
3 6 12 24 48
TCOD (Uadniunoans) 3,328 3,152 2,977 2,802 3,328
SCOD (Uaaniunoans) 533.12 546.44 573.10 639.74 639.74
%SCOD/TCOD 15.218 15.598 16.359 18.261 18.261
TS (Haansunoans) 7,690 6,480 7,530 6,780 6,750
TVS (Haansunoans) 3,110 2,830 3,040 3,270 2,620
TDS (Haansunoans) 2,950 3,080 3,280 3,522 3,800
VDS (adnFunoans) 4,740 3,400 4,250 3,258 2,950
SS (Haaniunvpans) 990 1,850 1,880 710 1,020
A15197in.6ANuIE T uve s U dluazneuR ey 13
o srovnadure (32 119)
NWITTINDT
3 6 12 24 48
TCOD (NadniuAedns) | 3,152 2,977 3,328 3,503 3,328
SCOD (aaniuAeans) | 1,066 1,099 1,132 1,166 1,166
%SCOD/TCOD 30.436 31.387 32.338 33.289 33.289
TS (JaansuAoans) 61,930 78,180 74,270 73,830 78,490
TVS (Haaniunoans) 4,520 5,590 8,300 8,690 7,760
TDS (JaaniuAoans) 55,880 57,020 59,860 65,680 66,700
VDS (Uaaniunoans) 6,050 21,160 14,410 8,150 11,790
SS (Nadniunoans) 20 2,790 5,920 5,370 620
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maiaes

sraznaduNa (3 139)

3 6 12 24 48
TCOD (Nadniumodns) | 3,152 3,152 3,328 3,152 3,328
SCOD (Uaaniunoans) 1,132 1,152 1,166 1,299 1,332
%SCOD/TCOD 32.338 32.907 33.289 37.094 38.045
TS (HadNTUADANT) 103,760 | 114,510 | 106,300 | 104,050 | 127,290
TVS (HadNTuADans) 9,130 13,250 13,960 19,340 12,020
TDS (HadnFuAdans) 91,520 97,980 98,360 98,600 109,320
VDS (Haaniunoans) 12,240 16,530 7,940 5,450 17,970
SS (Hadniunodans) 650 5,570 9,840 16,440 550
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= =} a =) % 1 a
199 (Haansuneans)

UszansnmGosay)

Lm RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN

0 5,699 5,728 5,807 6,045 5,751 5,590

6 6,479 5,706 4,796 5,693 5,538 6,082 15.95 12.13 2.95 6.13

12 6,980 5,800 4,842 5,979 5,596 6,397 16.52 14.35 3.52 8.35

18 6,764 5,702 4,294 5,355 5,035 5,761 24.69 20.82 11.69 14.82
24 6,061 5,858 3,870 4,455 4,632 4,818 33.93 26.50 20.93 20.50
30 6,254 6,502 4,186 4,565 5,031 4,940 35.62 27.01 22.62 21.01
36 6,109 6,417 4,144 4,482 4,979 4,849 35.42 26.63 22.42 20.63
42 5,897 6,992 4,176 4,111 5,085 4,465 40.27 30.28 27.27 24.28
48 5,586 5,724 3,555 3,934 4,299 4,269 37.90 29.57 24.90 23.57
54 5,753 6,551 3,710 3,779 4,562 4,124 43.37 3431 30.37 28.31
60 5,572 5,599 2,944 3,376 3,671 3,710 47.43 3941 34.43 3341
66 6,503 6,654 3,952 3,907 4,324 4,429 40.61 39.92 35.02 31.89
72 5,880 5,778 3,532 3,652 3,782 4,062 38.87 37.89 34.54 30.92
78 6,348 6,123 3,255 3,718 3,896 4,220 46.84 41.42 36.37 33.52
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=} = = a [ L} =)
%19 (Naansuneans)

UszansnmGova)

Wl RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
84 6,896 6,683 3,375 3,945 4,243 4,444 49.50 42.79 36.50 35.55
90 6,799 6,032 3,325 3,975 3,840 4,383 44 .88 41.53 36.34 35.53
96 6,983 6,116 3,124 3,845 3,892 4,599 48.92 44.94 36.36 34.14
102 6,761 5,894 3,025 3,954 3,425 4,359 48.68 41.52 41.89 35.52
108 6,847 6,136 3,157 3,547 3,954 4,464 48.56 48.20 35.56 34.81
114 6,884 5,927 3,054 3,520 3,755 4,487 48.47 48.87 36.65 34.82
120 5,871 5,818 3,200 3,496 3,645 3,849 45.00 40.45 37.35 34.45
126 6,051 6,039 3,125 3,577 3,794 3,862 48.25 40.89 37.17 36.17
132 5,552 5,650 2,819 3,215 3,553 3,550 50.12 42.10 37.12 36.06
138 5,870 6,440 3,206 3,396 4,125 3,748 50.22 42.15 35.95 36.15
144 5,774 6,216 3,056 3,301 3,864 3,648 50.84 42.83 37.84 36.83
150 5,745 6,483 3,187 3,285 4,029 3,629 50.85 42.83 37.85 36.83
156 5,886 6,077 2,988 3,365 3,545 3,718 50.84 42.83 41.67 36.83
162 6,678 5,798 2,851 3,816 3,520 4,217 50.83 42.85 39.29 36.85
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o 199 (Haansuneans) UszansnmGosay)

e RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
168 6,241 6,644 3,241 3,396 4,038 3,952 51.22 45.59 39.22 36.68
174 6,127 5,707 2,876 3,346 3,561 3,945 49.61 45.39 37.61 35.61
180 5,734 6,824 2911 2,773 3,730 3,633 57.34 51.64 45.34 36.64
186 6,477 6,816 2,908 3,100 3,726 4,071 57.33 52.14 45.33 37.14
192 5,889 6,243 2,685 2,841 3,434 3,652 57.00 51.75 45.00 37.99
198 5,591 6,228 2,679 2,710 3,426 3,255 56.99 51.53 44.99 41.78
204 6,788 5,541 2,261 3,087 2,926 4,105 59.20 54.53 47.20 39.53
210 6,514 5,581 2,277 2,966 2,946 3,943 59.21 54.46 47.21 39.46
216 5,925 6,700 2,713 2,707 3,517 3,596 59.51 54.31 47.51 39.31
222 6,030 5,853 2,183 2,553 3,015 3,458 62.71 57.66 48.49 42.66
228 6,627 6,850 2,572 2,816 3,394 3,810 62.46 57.51 50.46 42.51
234 6,564 6,091 2,275 2,788 3,205 3,773 62.64 57.52 47.38 42.52
240 6,896 6,612 2,579 3,034 3,372 4,069 61.00 56.00 49.00 41.00
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¥1o9 (Naansuneans)

UszansnmGosay)

WV‘ RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
246 6,594 6,437 2,520 2911 3,293 3,900 60.84 55.85 48.84 40.85
252 6,113 6,247 2,416 2,670 3,166 3,587 61.32 56.33 49.32 41.33
258 6,880 6,649 2,573 3,007 3,371 4,039 61.30 56.29 49.30 41.29
264 5,926 6,591 2,580 2,617 3,371 3,506 60.85 55.83 48.85 40.83
270 6,979 5,998 2,349 3,081 3,245 4,128 60.83 55.86 45.90 40.86
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WV‘ RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
276 6,868 6,846 3,731 3,947 4,210 4,223 45.51 42.54 38.51 38.51
282 6,002 5,888 3,300 3,531 3,712 4,311 43.96 41.17 36.96 28.17
288 5,531 6,687 3,259 2,905 3,727 3,624 51.26 47.48 44.26 34.48
294 6,060 6,709 3,269 3,159 3,845 3,947 51.27 47.87 42.69 34.87
300 6,375 6,997 3,399 3,310 3,741 4,139 51.43 48.08 46.53 35.08
306 6,636 5,815 2,867 3,435 3,274 4,025 50.70 48.23 43.70 39.35
312 6,061 6,920 3,214 3,009 3,698 3,797 53.55 50.35 46.55 37.35
318 6,138 6,606 3,073 3,046 3,535 3,844 53.49 50.37 46.49 37.37
324 6,889 6,577 3,060 3,407 3,520 4,302 53.48 50.55 46.48 37.55
330 6,834 6,911 3,010 3,180 3,494 4,069 56.45 53.46 49.45 40.46
336 6,255 6,972 3,037 2,902 3,525 3,716 56.43 53.60 49.43 40.60
342 6,902 6,175 2,679 3,213 3,244 4,110 56.62 53.45 47.47 40.45
348 6,609 5,851 2,633 3,172 3,253 4,031 55.00 52.00 44.40 39.00
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mﬂ RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
354 5,646 6,760 3,052 2,720 3,525 3,454 54.85 51.82 47.85 38.82
360 5,578 5,752 2,568 2,657 3,025 3,383 55.35 52.36 47.41 39.36
366 6,882 6,318 2,823 3,283 3,265 4,215 55.32 52.29 48.32 38.75
372 5,960 6,024 2,721 2,871 3,142 3,646 54.83 51.83 47.83 38.83
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Wl RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
0 9,229 8,637 8,455 8,540 9,021 8,625

6 9,935 10,904 8,178 8,723 7,451 7,948 25.00 12.20 31.66 20.00
12 9,313 10,735 8,051 8,588 6,985 7,450 25.00 7.78 34.93 20.00
18 10,936 9,577 7,183 7,662 8,202 8,749 25.00 29.94 14.36 20.00
24 11,460 8,688 6,516 6,950 8,595 9,168 25.00 39.35 1.07 20.00
30 9,036 9,078 6,809 7,262 6,777 7,229 25.00 19.63 25.35 20.00
36 9,569 8,593 6,445 6,874 7,177 7,655 25.00 28.16 16.48 20.00
42 9,400 10,079 7,559 8,063 7,050 7,520 25.00 14.22 30.05 20.00
48 10,276 11,282 8,462 9,026 7,707 8,221 25.00 12.17 31.69 20.00
54 11,084 9,058 6,794 7,246 8,313 8,867 25.00 34.62 8.22 20.00
60 9,445 9,266 6,950 7,413 7,084 7,556 25.00 21.52 23.55 20.00
66 10,020 10,624 7,145 6,370 6,802 6,792 32.75 36.42 35.98 32.21
72 11,303 10,492 6,369 7,360 6,718 7,644 39.30 34.88 35.97 32.37
78 9,444 10,533 6,292 6,016 6,744 6,370 40.26 36.30 35.97 32.55
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Lm RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN

84 10,799 8,913 5,455 6,550 5,722 7,269 38.79 39.35 35.80 32.68
90 11,458 9,501 5,695 7,056 6,093 7,607 40.05 38.42 35.87 33.61
96 9,019 10,375 6,011 5,554 6,645 6,988 42.06 38.42 35.96 22.52
102 11,196 8,883 5,198 6,594 5,603 7,233 41.48 41.10 36.92 35.40
108 9,062 11,052 6,302 5,680 6,912 6,416 42.97 37.32 37.46 29.20
114 9,620 8,872 5,032 5,624 5,796 6,787 43.29 41.54 34.67 29.45
120 11,058 11,497 6,691 6,110 7,052 7,241 41.80 44.75 38.66 34.51
126 10,399 10,117 5,852 6,304 6,382 6,604 42.16 39.38 36.92 36.49
132 9,071 11,185 6,479 5,596 7,155 6,922 42.07 38.31 36.03 23.69
138 11,373 8,571 4,967 7,093 5,457 7,851 42.04 37.63 36.34 30.97
144 11,460 9,486 5,497 7,057 5,894 7,908 42.05 38.42 37.87 30.99
150 8,835 11,062 6,300 5,401 6,078 5,966 43.05 38.87 45.06 32.48
156 11,218 10,900 6,505 6,938 6,896 7,458 40.33 38.15 36.74 33.52
162 10,554 8,565 4,954 6,449 5,903 7,057 42.16 38.89 31.08 33.14
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Lm RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
168 9,181 8,694 4,919 5,037 5,673 6,182 43.43 45.14 34.75 32.66
174 10,269 11,391 4,355 5,891 6,168 6,237 61.77 42.63 45.85 39.26
180 10,366 10,095 4,705 4,632 5,346 6,287 53.39 55.32 47.05 39.35
186 11,480 9,069 3,949 5,397 5,253 6,655 56.46 52.98 42.08 42.03
192 9,018 8,680 3,514 4,769 4,466 5,099 59.52 47.12 48.54 43.46
198 10,488 10,735 3,797 4,583 5,453 5,449 64.63 56.30 49.21 48.05
204 9,333 10,308 3,789 4,650 5,248 4,860 63.24 50.17 49.09 47.93
210 9,532 11,237 4,011 4,083 5,594 4,911 64.30 57.16 50.22 48.48
216 10,536 9,212 3,708 4,303 4,622 5,423 59.74 59.16 49.83 48.53
222 9,976 10,076 3,478 4,579 4,936 5,098 65.48 54.10 51.01 48.90
228 10,718 9,710 3,551 4,989 4,761 5,266 63.43 53.45 50.97 50.87
234 11,373 10,145 3,502 4,703 4,970 5,600 65.48 58.65 51.01 50.76
240 9,191 10,015 4,477 3,791 4,907 4,487 55.29 58.75 51.00 51.18
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Lm RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
246 8,821 8,686 3,926 3,636 4,089 4,549 54.80 58.78 52.92 48.43
252 9,090 10,210 3,695 3,749 4,721 4,886 63.81 58.76 53.76 46.25
258 9,505 8,723 3,179 3,972 4,137 4,898 63.56 58.21 52.57 48.47
264 9,888 11,410 4,212 4,255 5,427 5,453 63.09 56.97 52.44 44.85
270 11,090 10,650 3,748 4,625 5,192 5,696 64.81 58.30 51.25 48.64

134



! < ¥ @ aan { [~ o
WﬁNﬁ‘U.6ﬂ’Ni]L%M%uﬂlﬂﬂ‘ll@ﬂl!‘uﬂﬂﬂﬁilﬂiu%lgﬂﬂut%}TLLﬁgﬂﬂﬂ%Wﬂﬂﬂﬂaﬂ'ﬁfﬂﬁigﬂﬂﬁaﬂﬂ‘ﬂﬂﬂ 79U

< ?zlz A Aa o 1 Aa
PDILWININUA (UAANTUNDANT)

UszansnmGosay)

. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
276 11,442 10,377 5,407 5,418 6,419 6,180 47.89 52.65 38.15 45.99
282 10,015 10,293 6,070 5,658 5,940 5,909 41.03 43.50 42.29 41.00
288 9,636 9,487 5,212 5,546 5,502 5,678 45.06 42.44 42.00 41.08
294 9,887 9,779 5,342 5,717 6,172 5,531 45.37 42.18 36.89 44.06
300 10,637 10,806 5,798 6,237 6,767 5,989 46.35 41.37 37.37 43.70
306 9,119 8,996 4,494 5,157 5,718 5,763 50.04 43.45 36.44 36.81
312 9,294 9,871 4,283 5,210 5,925 5,969 56.61 43.95 39.97 35.77
318 8,945 9,602 4,563 5,214 5,769 5,656 52.48 41.71 39.92 36.76
324 11,035 9,746 4,227 6,285 5,853 6,681 56.63 43.05 39.95 39.45
330 9,694 10,395 4,715 5,234 6,129 5,963 54.64 46.01 41.04 38.48
336 10,636 11,479 5,197 5,966 6,758 6,438 54.73 43.91 41.13 39.47
342 9,767 8,843 3,976 5,980 5,229 5,968 55.03 38.78 40.87 38.90
348 11,401 9,196 4,133 6,395 5,384 6,965 55.06 43.91 41.46 38.91
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
354 9,524 11,108 4,942 5,243 6,493 5,820 55.51 44.94 41.55 38.90
360 9,507 10,440 4,645 5,329 6,075 5,909 55.50 43.95 41.81 37.84
366 11,293 8,809 4,216 6,229 5,129 6,884 52.14 44.84 41.77 39.04
372 8,562 11,224 4,988 4,800 6,460 5,618 55.56 43.94 42.45 34.39
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN

66 5,511 5,312 4,659 4,232 4,525 4,519 35.52 37.89 37.36 33.68
72 6,217 5,246 4,231 4,905 4,468 5,098 40.70 36.18 37.37 33.67
78 5,194 5,267 4,179 3,991 4,486 4,232 41.66 37.86 37.37 34.11
84 5,939 4,457 3,610 4,354 3,691 4,843 40.44 40.71 39.10 34.05
90 6,302 4,751 3,823 4,748 4,093 5,123 40.83 39.06 36.64 34.25
96 4,960 5,188 4,037 3,727 4,468 4,702 42.77 39.24 36.66 23.34
102 6,158 4,442 3,435 4,384 3,710 4,818 43.14 42.41 38.58 36.71
108 4,984 5,526 4,186 3,763 4,600 4,263 44.30 38.94 38.79 30.82
114 5,291 4,436 3,321 3,724 3,842 4,515 44.94 43.07 36.32 30.98
120 6,082 5,749 4,500 4,104 4,746 4,874 42.44 45.42 39.30 35.18
126 5,719 5,059 3,929 4,237 4,290 4,441 42.89 40.09 37.65 37.20
132 4,989 5,593 4,356 3,755 4,816 4,657 42.73 39.12 36.68 24.50
138 6,255 4,286 3,398 4,844 3,730 5,358 41.70 37.37 35.99 30.71
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN

144 6,303 4,743 3,538 4,599 3,808 5,178 45.16 40.99 40.97 33.56
150 4,859 5,531 4,264 3,652 4,113 4,037 43.31 39.21 45.32 32.81
156 6,170 5,450 4,403 4,698 4,669 5,051 40.59 38.41 37.01 33.78
162 5,805 4,283 3,349 4,365 3,994 4,779 42.50 39.17 3143 33.41
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
168 5,050 4,347 3,335 3,415 3,848 4,194 43.59 45.30 34.92 32.82
174 5,648 5,696 2,811 3,856 3,944 4,091 63.70 44.78 49.08 41.41
180 5,701 5,048 3,049 3,100 3,485 4,125 55.58 56.03 49.23 41.48
186 6,314 4,535 2,535 3,520 3,422 4,375 58.89 54.91 44.51 43.95
192 4,960 4,340 2,239 2,993 2,887 3,317 62.06 51.20 51.09 45.90
198 5,768 5,368 2,532 3,066 3,658 3,655 65.31 57.00 49.89 48.75
204 5,133 5,154 2,526 3,112 3,519 3,255 63.96 50.96 49.80 48.72
210 5,243 5,619 2,678 2,727 3,654 3,290 64.96 57.93 52.18 49.25
216 5,795 4,606 2,472 2,876 3,093 3,638 60.54 59.86 50.63 49.22
222 5,487 5,038 2,375 3,024 3,367 3,476 65.33 55.43 50.86 48.75
228 5,695 4,855 2,425 3,403 3,147 3,591 63.27 53.31 52.33 50.73
234 6,255 5,073 2,392 3,208 3,289 3,818 65.33 58.52 52.32 50.63
240 5,055 5,008 3,035 2,568 3,227 3,041 55.44 58.91 52.62 51.34
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
246 4,852 4,343 2,660 2,463 2,771 3,083 54.97 58.94 53.09 48.60
252 5,000 5,105 2,503 2,539 3,220 3,312 63.95 58.92 53.62 46.41
258 5,228 4,362 2,151 2,691 2,803 3,320 63.73 58.36 52.74 48.63
264 5,438 6,505 2,854 2,883 3,080 3,698 63.22 57.12 60.30 45.00
270 6,100 5,325 2,548 3,145 3,531 3,873 64.81 58.30 51.25 48.64

140



! < 1 @ aaa ! 3 o @
Sm'iNﬁ‘lJ.9ﬂ’311115191}11519111!"1]ﬂﬂﬂl@ﬂl!ﬂ]ﬂi%kﬁﬂﬂ?ﬂjuﬁgﬂﬂulﬂ%!m%ﬂﬂﬂfmﬂﬂ\?ﬂ{]ﬂﬁ81ﬁ3$ﬂ$L3ﬁ1LﬂUﬂﬂ 73U

< 1 A a o 1 A
VDILLUNTLHHNY (UADNITUHNDANT)

UszansnmGosay)

. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
276 5,294 5,189 3,127 2,984 3,465 3,652 39.73 52.58 33.22 41.97
282 5,508 5,147 2,978 2,548 2,539 2,868 42.14 53.75 50.66 47.93
288 5,300 4,744 2,994 3,071 2,842 3,311 36.88 42.05 40.09 37.53
294 5,438 4,890 2,482 2,587 2,697 2,711 49.23 52.42 44.84 50.14
300 5,850 5,403 2,793 2,741 3,102 2,922 48.31 53.15 42.59 50.05
306 5,015 4,498 1,906 2,207 2,388 2,769 57.62 56.01 46.91 44.80
312 5,112 4,936 2,312 2,793 3,079 3,459 53.15 45.37 37.61 3233
318 4,920 4,801 2,403 2,696 2,873 3,146 49.95 45.21 40.16 36.05
324 6,069 4,873 2,175 3,424 2,930 3,843 55.38 43.59 39.88 36.68
330 5,022 4,998 2,506 2,709 3,118 3,355 51.78 49.19 40.01 37.07
336 5,850 4,955 2,684 3,057 3,395 3,528 53.24 47.74 40.84 39.69
342 5,372 4,422 1,854 3,066 2,356 3,208 58.07 42.92 46.72 40.28
348 6,271 4,598 1,960 3,048 2,461 4,086 57.36 51.39 46.48 34.84
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. RS P-RS PTAN TAN PAN AN PTAN TAN PAN AN
354 5,238 5,554 2,511 2,566 3,215 3,107 54.80 51.02 42.11 40.68
360 5,229 4,875 2,309 2,424 2,931 3,168 55.77 53.65 43.85 39.41
366 6,211 4,405 2,217 3,436 2,488 4,031 49.66 44.68 43.52 35.10
372 4,709 5,612 2,742 2,464 3,393 3,170 51.14 47.68 39.54 32.68
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19 FZLIIN %10 Fleaazareni 11700 fiTeAazaonh Tilon/a
Ugnsen AN (un./a.) (wn./a.) (wn./a.) (un./a.) To®
RS 6,310 134 1,395 56.28 0.221
P-RS 6,299 214 2,853 162.64 0.453
217U 3,154 784 1,079 294,94 0.342
PTAN 14 74 2,534 1,048 933 245.25 0.368
7 3,054 1,564 1,228 115.63 0.402
217U 3,675 729 683 149.15 0.186
TAN 14 4 2,853 1,665 750 181.68 0.263
7 3,169 1,902 954 22943 0.301
213U 3,878 969 1,361 374.13 0.351
PAN 14 U 3,319 1,477 1,235 213.59 0.372
7 3,554 1,779 1,535 120.58 0.432
21 4,154 893 848 202.34 0.204
AN 14 U 3,761 1,412 1,042 430.24 0.277
77U 3,949 1,707 1,161 552.04 0.294
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woue 151N
aailgasen 52829 UNVAN S, (mg/1) X_ (mg/l) S, (mg/1) X, (mg/l)
RS 56 1,338 78 4,838
P-RS 163 2,691 51 3,394
211U 295 784 489 1,586
PTAN 14 U 245 687 803 799
77U 116 1,112 1,448 378
217U 149 534 580 2,411
TAN 14 U 182 569 1,483 619
77U 229 724 1,673 542
217U 374 987 595 1,922
PAN 141U 214 1,021 1,263 821
77U 121 1,415 1,658 360
217U 202 645 691 2,616
AN 141U 430 612 982 1,737
77U 552 609 1,155 1,633
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RS - 0.892 21.208 1.232 76.668
P-RS - 2.582 42718 0.815 53.885
21U 9.352 24.848 15.508 50.292

PTAN 14 U 9.677 27.123 31.674 31.526
75U 3.786 36.414 47.423 12.377

21U 4.059 14.541 15.780 65.620

TAN 14 U 6.368 19.932 51.993 21.707
754 7.241 22.859 52.784 17.116

21 3 9.647 25.453 15.339 49.561

PAN 14 6.435 30.765 38.066 24.734
7 U 3.393 39.807 46.667 10.133

213U 4.870 15.530 16.624 62.976

AN 14 11.439 16.261 26.103 46.197
7 U 13.980 15.420 29.248 41.352
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#81A3 04 oxitop TUHIENaANTUADANT

M RS P-RS PTAN TAN PAN AN
0 0 0 0 0 0 0
1 240 42 79 302 93 375
2 339 210 158 343 186 426
3 438 419 270 386 248 479
4 537 713 412 422 370 524
5 607 1,091 477 459 434 569
6 650 1,260 571 478 651 594
7 706 1,510 619 511 712 635
8 749 1,638 682 548 835 680
9 805 1,804 746 558 899 692
10 833 1,973 794 568 960 705
11 876 2,098 842 577 1,052 717
12 904 2,226 842 591 1,083 733
13 946 2,309 873 601 1,113 746
14 974 2,392 905 624 1,146 774
15 1,017 2,517 952 637 1,177 791
16 1,073 2,562 969 640 1,208 795
17 1,144 2,603 985 650 1,238 807
18 1,229 2,687 1,016 657 1,300 815
19 1,313 2,728 1,032 676 1,330 840
20 1,395 2853 1,079 683 1,361 848
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M RS P-RS PTAN TAN PAN AN
0 0 0 0 0 0 0
1 240 42 126 163 268 121
2 339 210 215 228 376 227
3 438 419 269 293 483 348
4 537 713 341 343 564 454
5 607 1,091 395 391 644 528
6 650 1,260 431 456 751 604
7 706 1,510 467 489 806 680
8 749 1,638 521 522 859 710
9 805 1,804 575 554 912 740
10 833 1,973 628 570 939 785
11 876 2,098 665 603 994 816
12 904 2,226 700 620 1,020 861
13 946 2,309 736 636 1,047 876
14 974 2,392 772 652 1,074 906
15 1,017 2,517 844 652 1,074 937
16 1,073 2,562 862 668 1,100 967
17 1,144 2,603 880 684 1,127 982
18 1,229 2,687 897 700 1,153 1,012
19 1,313 2,728 915 734 1,208 1,027
20 1,395 2853 933 750 1,235 1,042




= Y Y ag ady ) ! a A o
AT NN 7.6 ﬂ’ﬂmslli]allullI@ﬂ‘I/I‘]JE)‘Ll!flﬂl!,ﬁ$®ﬂﬂmﬂi$‘ﬂﬂﬂ’ﬂﬂu’ﬂuu’613Uﬂﬂ3$ﬂ$L3ﬁ1 73U

#81A3 04 oxitop IUHIIENAANTUADANT

149

M RS P-RS PTAN TAN PAN AN
0 0 0 0 0 0 0

1 240 42 208 142 360 79
2 339 210 313 223 542 158
3 438 419 395 325 663 211
4 537 713 458 385 782 316
5 607 1,091 541 467 904 370
6 650 1,260 646 547 993 555
7 706 1,510 728 568 1,053 608
8 749 1,638 771 629 1,115 712
9 805 1,804 833 690 1,175 767
10 833 1,973 874 730 1,205 819
11 876 2,098 938 772 1,264 897
12 904 2,226 979 812 1,294 924
13 946 2,309 1,000 832 1,294 950
14 974 2,392 1,041 832 1,324 978
15 1,017 2,517 1,082 872 1,356 1,004
16 1,073 2,562 1,104 872 1,386 1,030
17 1,144 2,603 1,166 892 1,416 1,056
18 1,229 2,687 1,166 914 1,445 1,109
19 1,313 2,728 1,207 934 1,505 1,135
20 1,395 2853 1,228 954 1,535 1,161
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Alkaline Pretreatment of Waste Activated Sludge in
Anaerobic Digestion

Watcharapol Wonglertarak and Boonchai Wichitsathian

Absrract—Slow degradation of waste activated sludge (WAS)
is a disadvantage of anaerobic digestion leading to high sludge
retention time in conventional digesters. So, this study was
proposed to increase biodegradability of WAS by alkaline
pretreatment, and effect of pretreatment on the performance of
anaercbic digestion and treatment efficiency was evaluated
under both ambient and thermophilic condition. The soluble
chemical oxygen demand (SCOD) and biochemical oxygen
demand (BOD) fractions increased when pH values were
increased. The solubilization had the highest increase in the pH
range of 11 to 12 and gradually increased in the pH range of
8-11. However, the BOD;,/COD ratios decreased for adjusted
pH 10 and pH 11, and biodegradation was limited at pH 12. And
pH 8 was the optimal value this alkaline pretreatment on
anaerobic digestion. In alkaline pretreatment thermophilic
anaerobic condition (PTAN), the result remove were 42.16%,
43.15% and 50.64% for TS, VS and COD removal, respectively,
which are higher efficiency and gas production when compared
to other conditions.

Index Terms—Waste activated sludge, alkaline pretreatment,
anaerobic digestion, thermophilic.

I. INTRODUCTION

The activated sludge treatment process is one of the most
commeon methods used in a sewage and industry wastewater
treatment plant to remove organic contaminants. The large
amount of waste sludge, constituting of refractory and
non-biodegradable cellulose compounds which is produced
by this process, leads to the difficulty of sludge disposal [1].
Anaerobic digestion is a conventional sludge treatment
process used to stabilize organic matter. Mass reduction,
methane production, and improved dewatering properties of
the treated sludge are the main features of the process. Slow
degradation of sewage sludge is a disadvantage of anaerobic
digestion leading to have a retention time in conventional
digesters of about 20-30 days. In order to destroy the
refractory structure of waste activated shidge (WAS) and
increase its biodegradability. a physio-chemical pretreatment
method is commonly carried out to transform particulate
compounds contained in WAS into soluble compounds
[1]-]3]: Compared with other methods. alkaline pretreatment
has several advantages, i.e. simple devices, easy to operate
and high efficiency. Most of the investigations exhibited an
increase in methane production and decrease in volatile
suspended solids (VSS), especially during low-dose alkaline
treatment [4]. [5]. Alkaline destroys floc structures and cell
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walls by hydroxyl anions. Extremely high pH causes natural
shape losing of proteins. saponification of lipid. and
hydrolysis of RNA. Chemical degradation of the hydroxyl
croups leads to extensive swelling and subsequent
solubilization gels in sludge [6]. The preferred reagent. in
most cases, 1s sodium hydroxide (NaOH). which is reported
to yield greater solubilization efficiency than calcium
hydroxide (Ca(OH),). Reference [7] used the alkaline
pretreatment performed at pH 12 and 30 minutes of contact
time by various alkaline agents at ambient temperature. The
results showed the soluble COD values were increased about
39.8%, 36.6%. 10.8% and 15.3% for NaOH, KOH, Mg(OH),
and Ca(OH}),. respectively after added alkaline. Reference [8]
reported that the percentages of SCOD to total COD (TCOD)
were 331% to 36.3% by
pretreatment. Moreover, reference [9] reported the wet
electrolytic oxidation pretreatment can be improved
biodegradability of WAS. After pretreatment. the BOD/COD
ratios were mcreased to =50% from 6-15% of raw WAS that
caused to increase methane yield.

increased from alkaline

Temperature is one of the most important environmental
parameters  for anaerobic  digestion. With  better
understanding of the basic mechanisms occurring in the
anaerobic process and conducting the process at thermophilic
temperatures, many advantages such as higher conversion
rate, better pathogen reduction effect. and shorter retention
time can be obtained than when it is carried out at mesophilic
temperature. This work focused on alkaline pretreatment for
anaerobic digestion. The sludge used in the experiments was
a waste activated sludge. The process of alkaline sludge
disintegration was first examined using NaOH. The variation
in sludge pH was investigated during alkaline pretreatment.
Based on these data, the parameters of alkaline pretreatment
were optimized. Under the proposed conditions, the effect of
pretreatment on the performance of anaerobic digestion and
treatment efficiency was evaluated under both ambient and
thermophilic condition.

IT. MATERIALS AND METHOD

A. Sludge Samples

The waste activated sludge (WAS) samples were taken
from the oxidation ditch wastewater treatment of the Health
promoting hospital. a regiomal health promotion centre 5,
Nakhon Ratchasima municipality. Thailand. The WAS
samples were stored at 4°C for stabilization components
before used in experiments. The WAS characteristics are
shown in Table L

B. Alkaline Pretreatments

The experiment was performed by varving pH values in
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ranges of 8§ to 14, and using NaOH adjusted as the
semi-concentration, detailed in Table II. Then, the WAS and
NaOH mixtures were agitated at 250 rpm with contact times
24 hr under anoxic condition at ambient temperature. The
solubilization of the organic substances in the WAS was
measured using soluble chemical oxygen demand (SCOD).
The degree of sludge disintegration was calculated as the
ratio of increase in SCOD. And TBOD,y/TCOD ratios were
used to evaluate the WAS biodegradability.

C. Anaerobic Digestions

The experimental set up consisted of four continuous
stirred tank reacters (CSTR) with 20L working volume for
each, two of which were under thermophilic condition and
two The
temperature was controlled by circulating hot water inside
the reactor water jacket from water bath maintained at 55 °C
for thermophilic reactor. The hydraulic retention time was
set at 21 days. Reactors were fed and withdrawn once a day.
The influent and effluent samples of alkaline pretreatment
analyzed following the standard methods [10] for the
examination of water and wastewater included COD, SCOD.
TS and VS. The BOD was determined by an OxiTop®-C
measuring pressure head instrument [11]. Biogas production
was measured by water displacement method.

the other were under ambient conditions.

TABLE I: WASTE ACTIVATED SLUDGE (WAS) CHARACTERISTICS

Parameters Values
pH 78+02
COD (mg1) 10615+ 1020
BOD:g (mg/l) 2050 = 640
TS (mg/l) 11720+ 2273
VSITS 0.32
TEKN (mg/l as N) 430352
Total alkalinity (mg/1 as CaCO5) 4704 = 17

TABLE II: THE ADJUSTED NAOH CONCENTRATIONS FOR SUFFICIENT THE

PH VALUES
Condition at ¢ NaOH/m® wet Condition = NaOH/m® wet
pH sludge at pH slndge
Untreated 4] 11.0 472
8.0 B 12.0 1.576
9.0 88 13.0 11,000
100 232 14.0 31.000

III. RESULTS AND DISCUSSION

A. The Effect of Alkaline Pretreatment oin WAS

Alkaline pretreatment was performed under various pH
values. The overall result of this study is illustrated in Fig. 1.
For experiments with various pH values. the overall result
showed that SCOD concentrations increased when pH values
were increased. This can be explained by SCOD expressing
various reactions when being adjusted pH values such as
saponification of uronic acid and acetyl ester, the reactions
occurring with free carboxylic groups and neutralization of
various acid formed from the degradation. Moreover. the
SCOD were about 1.99%. 2.28%. 2.58%. 3.23%. 16.35%.
32.34% and 33.29% for pH values of 8,9, 10, 11, 12, 13 and
14, respectively. As same as, the result of several researches

such as, reference [7] improved the WAS solubility to
increase in 39.8% of SCOD by NaOH adjusted treatment for
3.8 % of TS of raw WAS: reference [12] improved the WAS
solubility to >65% of SCOD by NaOH adjusted treatment for
5.6% of TS of raw WAS and reference [4] reported the
soluble fraction increased to >=50% of TS for WAS 1.2 % of
TS that pretreated by NaOH 40 meq/L. It can be concluded
that the soluble fraction decreased when TSS concentration
of WAS and NaOH concentrations were increased [1].

035
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Fig. 1. Biodegradability performances by alkaline pretreatment.

Biodegradability performance is indicated by the results of
biodegradability test by BOD,/COD ratio evaluation with
varying pH values and 24 hr of contact time. The value of
biodegradability of raw WAS was about 0.22. The
BOD,,/COD ratios increased to 0.46 and 0.45 for pH & and
pH 9. the BODs/COD
decreased for adjusted pH 10 and 11, and biodegradation was
inhibited at pH 12. This can be explained by the metabolism
of microorganism. which was inhibited at pH higher than 9
[12]. [13]. Hydrolysis of organic matter is limited at high
sodium hydroxide concentration [12]. As the result.
BOD,o/COD ratios were less than 0.05 when adjusted pH
values were in the range of 12 to14. Sodium hydroxide at low
concentration is essential for the methanogenic bacteria
presumably because it 1s important for the formation of ATP
or oxidation of NADH. However. high concentration of
sodium ion was inhibits the activity of the microorganisms
and interferes with their metabolism. The level of inhibition
depends on the concentration found in the sludge. The
optimal growth condition of hydrogenotrophic methanogens
occurs at concentration of 350 mg Na /L. Moderate

respectively. However, ratios

inhibition 1s at the concentrations between 3.500 and 5.500
mg/L, whereas the concentration about 8,800 mg/l is strongly
inhibitory to methanogenic bacteria during mesophilic
digestion [2]. [13].

In conclusion, the waste activated sludge (WAS) with
highly slowly degradation is a disadvantage of anaerobic
digestion or conventional digesters. Alkaline pretreatment is
capable of improving WAS biodegradability by increasing
organic solubility fraction or soluble chemical oxygen
demand (SCOD). The SCOD increased when pH was
increased. However, the BOD;/COD ratios decreased for
adjusted pH 10 and pH 11, and biodegradation was limited at
pH 12. This caused by inhibition of the metabolism of
microorganism at pH higher than 11. And. the result
indicated that 8 was the optimal value for alkaline
pretreatment on anaerobic digestion.
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B. The Effect of Alkaline Pretreatment on Anaerobic
Digestion

To verify the effectiveness of alkaline pretreatment
process, the percent removal of TS, VS and COD were used
as the indicator of the biodegradability enhancement. In past
thermophilic temperature condition. alkaline pretreatment
thermophilic anaerobic condition (PTAN) removed 42.16%.
43.15% and 50.64% for TS, VS and COD, respectively. In
thermophilic anaerobic condition (TAN). it removed 38.42%.
38.71% and 42.88% for TS. VS and COD, respectively.
which indicated that it had lower efficiency than PTAN.

In past ambient temperature condition, alkaline
pretreatment anaerobic condition (PAN) had higher removal
efficiency for TS. VS and COD than anaerobic condition
(AN) with the same past thermophilic temperature condition.
PAN had removal efficiency of 36.92%, 35.94% and 38.41%
for TS, VS and COD. respectively. For AN reactor, it
removed 33.61%. 32.11% and 36.51% for TS, VS and COD,
respectively. The overall result of this study is illustrated in
Fig. 2.

100
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PTAN TAN PAN AN

Fig. 2. Variations of efficiency remove organic matter on anaerobic
condition.

Gas production shown in Fig. 3 was 84.22, 78.24, 72.46
and 61.09 ml/d for PTAN, TAN. PAN and AN, respectively.
Alkaline pretreatment condition had an increase in gas
production because that pretreated WAS hydrolyzed much
organi¢ matter into soluble forms. and the anaerobic
digestion process use it immediately consumed. Alkaline
pretreatment could make organic matter release from inner
fractions to outer fractions. thus increase the hydrolysis rate
of granular organics and improve digestion efficiency [14].
PTAN and PAN reactors had greater rate of gas production
than TAN and AN reactors. The fractional increase in gas
production of PTAN and PAN was 7.64% and 18.61% when
compared to TAN and AN. respectively.
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Fig. 3. Variations of gas production on anaerobic condition.

From data, fractional increase in gas production of
comparison between PTAN and TAN was less than that of
comparison between PAN and AN. but removal efficiency
for remove COD in PTAN compared to TAN was increase by
18.09%, which was more than that (5.20%) in PAN
compared to AN. So, in past thermophilic condition. alkaline
pretreatment increased removal efficiency for organic matter
and slightly increased in gas production. For ambient
temperature condition, alkaline pretreatment showed increase
of removwal efficiency for organic matter and gas production.
Reference [4] showed that alkaline pretreatment. an
improvement of digester to have high performance compared
to that without alkaline pretreatment at ambient temperature
and HRT 20 days, can remove 36% of VS and produce gas
production by 113 U’ Reference [15] reported that
adjusting pH values (9-12) of WAS with comparison to the
control (without adjusting pH). provided an increase in
remeoval of TSS and VSS following pretreatment at pH 9-11.
and improved gas production by 7.2-15.4%. Reference [16]
showed that NaOH was used to disintegrate a mixture
composed mainly of primary sludge with biofilm sludge
before anaerobic digestion in batch experiments, NaOH
pretreatment dissolved some organic substance, and with
dose 0.1 mol/l of NaOH, the oganic degradation rate was
38.3% and the gas production was 0.65 l/gyss.

For the effect of temperature on anaerobic digestion,
thermophilic and mesophilic condition, it was found that
thermophilic anaerobic digestion was much faster than
mesophilic anaerobic digestion. Two conditions on
pretreatment and non-pretreatment in this study showed that
PTAN and TAN had higher removal efficiency for organic
matter, and gas production. In thermophilic anaerobic
digestion. waste activated sludge with thermal lysis of
microbial cell was the dominant mechanism resulting in high
degradation rate. Reference [17] showed that performance of
the reactor improved with increases in temperature and with
HRT 20 days. The COD removal increased from 35% in
mesophilic condition to 45% in thermophilic condition, and
gas production were 0.33 to 0.45 1113:'1(g vsted at mesophilic
and thermophilic condition, respectively.

IV. CONCLUSION

Alkaline pretreatment has capability to improve WAS
biodegradability by increasing organic solubility fraction or
soluble chemical oxygen demand (SCOD). The SCOD
increased when pH values were increased. However, the
BOD3y/COD ratios were decreased for adjusted pH 10 and
pH 11. Adjusted pH 8 showed the optimization for alkaline
pretreatment with increasing SCOD and maximizing
BOD,,/COD ratios.

In alkaline pretreatment. thermophilic anaerobic condition
(PTAN) removed 42.16%, 43.15% and 50.64% for TS. VS
and COD. respectively. and provided higher efficiency and
gas production when compared to other conditions.
Regarding the effect of temperature on anaerobic digestion,
thermophilic and ambient condition, and alkaline
pretreatment and non-alkaline pretreatment, it showed that
PTAN and TAN reactors had higher removal efficiency for
organic matter and gas production compared to PAN and AN
reactors.
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Abstract

Slow degradation of waste activated sludge (WAS) is a disadvantage of anaerobic digestion leading to high sludge
retention times in conventional digesters. So, the purpose of this study was to investigate the effect of pH values are the alkaline
pretreatment for WAS. Experimental were performed by pH values in ranges of 8 tol4 by NaOH adjusted, the WAS and NaOH
mixtures were agitated at 250 rpm by contact times 24 h at ambient temperature. The SCOD/TCOD ratios were indicating
parameter for capable of solubility that to reflect the extent of hydrolysis. As well as BOD,TCOD ratios were used to evaluated
the WAS biodegradability. It was found that the SCOD/TCOD ratios were about 1.99%, 2.28%, 2.58%, 3.23%, 16.35%, 32.34%
and 33.29% by pH values of 8, 9, 10, 11, 12, 13 and 14, respectively. The overall results are showed that SCOD concentrations
were increased when pH values were increase. Biodegradability, the value of raw WAS biodegradability was about 0.22. After
adjusted pH. the BOD,/COD ratios were increased to 0.46 and 0.45 of pH 8 and pH 9, respectively. However. the BOD,/COD
ratios were decreased during adjusted pH 10 and pH 11 and biodegradation was inhibited at pH 12. This can be explained by the
metabolism of microorganism were inhibited at the higher values than pH 9. Sodium hydroxide at low concentration is essential
for the methanogenic bacteria, high concentrations of sodium ion was inhibited the activity of the microorganisms and interfere

with their metabolizm.

Keywords : waste activated sludge; Alkaline Pretreatment; Biodegradability
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Abstract

Anaerobic sludge digestion is an appropriatz technmique for the treatment of sludge befors final disposal. But waste
activated shidge showing slow degradation 15 a disadvantage of anaerhic digestion. Sa, the ppose of this study was m
investigate the cffeet of temperature on anacrobie sludge digestion of waste activated sludge. The performanee was compared
between the treatment of organic compound and gas production under thermophilic temperature and room temperature condition.
Waste activated sludge samples were taken from the wastewater treatment in the hospital. Tha results showed higher efficiency
(rotal solids, total volatile solids and biogas production) by degradation of anaerobic sludge digestion at HR1 of 21 days under
thermophilic temperature condition, compared to the room temperaturs condition; the performance at thermophilic temperature
condition was higher than 23.33 percent of the total volatile sclids in comparison with the room temperature condition; mn
addition, biogas production from anaercbic sludge digestion at thermophilic temperature condition increased by 23.5 percent

when compared to room temperature condition.

Keywords : wastz activated sludge; Anaerobic Digestion
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