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ABSTRACT

This research is aim to find an approach to reduce the excess sludge from activated
sludge wastewater treatment. The effluent from anaerobic treatment of wastewater from processes
of ethanol plant from molasses was treated in a pilot scale activated sludge system. The treated
wastewater was then treated by ozone in a column. The effect of ozone concentration and
treatment time were studied. The experiments were carried out in a 20 liter aeration tank using
seeding sludge from activated sludge plant of Pathumthani Brewery and effluent that dilute to
concentration that chemical oxygen demand (COD) was 400 mg/l. The result showed that the
appropriate treatment time was 48 hrs. The COD removal efficiency of the system was 25-50%
while concentration of sludge or MLSS was increased by 49-119%. After passed the treated water
to the ozone column, the results showed that the variations of ozone concentration yielded the
different reduction of MLSS. The maximum concentration at 1,905 mg/l reduced MLSS faster
than that of 1,364 and 655 mg/l. After 4 hrs of treatment, MLSS was reduced about 76, 51 and
55%, respectively. The treatment time required to reduce 50% of sludge for each ozone
concentration was then calculated for economic evaluation. The results show that treatment time
for ozone concentration 1,905 1,364 and 655 mg/l was 1, 3, and 4 hr, respectively. When compare
the cost of treatment of excess sludge, the concentration of 655 mg/l gave the cheapest price at
11.6 baht/ 1 kg of sludge while the cost of concentration 1,905 and 1,364 mg/l was 13.28 and

35.19, respectively.
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4. Complete-mix or Continuous-flow-stirred tank
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N1INAAN MLSS COD
MLSS MLSS %MLSS COD COD %COD
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LTUNU ’q@l‘l/nfl IWNUU ITUANU ’ﬁ;ﬂ‘ﬂ']fl anay
(48h) (48h)
1 942.5 2,065 119 400 200 50
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3 927.5 1,550 67 400 280 30
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1 ' 9 Y
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nAaed | (mgh) | (h) | (Baht/h) | (Baht) gAfiva Minaznou
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1 1,905 1 0.11 0.11 0.23 13.28

2 1,364 3 0.06 0.18 0.8 35419

3 655 4 0.02 0.08 0.38 11.60
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dasmstlonTelau 655 mgh (Sasn1s Inamaeandiau 500 co/min 5261 To Ty 100 mg/h)

4.2.4 waveamsldlalauaeam COD

manfasuulasar cob lunediniTe Taunnaimiauaasiegili 4.4

350
300 l\_.____/—“-
250 74 = <
5 200 ——TT T e, ——03 1905 mg/h
g 150 —f— 03 1364 mg/h
8 T 03 655 mg/h
50
0
0 60 120 180 240

71U 4.4 neraanamanaassmsaaaznaudiele launiinade COD

'
~ 1

Y Y o q
10317 4.4 wunTaem liludamua Tduaesns ¥ le Twurziinansznuioi 14
U 1 ¢ d g { Y o aaa a L4 d a e o 9 4
coD dimgeiudafitlumaniannnsile Tswdwinlfisoeend ladivadaaunidinldiaad
@ a A J= y v @ ay = ' =2 4? 1A
HANGT AIIUNTININIATENEMIIANIN LAY A1 COD Tegeiu uafinarlunisnaaes
1 Q:/ 1 d‘ 1 1 Q‘ 4?‘ lﬂ' Q
%24 1-2 93 Tuanana1 CoD azaaasuaziionaidiiulilar cob azimniu Tasiidasinislva
[2) a = @ ' 2 dgl Ao (24
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n.1 Teyansmanedlumsmaaalumsinl§dsen (Hydraulic Retention Time)

A15199 .1 HANTNABBINIA Hydraulic Retention Time

nal YT Tritrant (ml) COD

(hour) blank Yo (mg/)
0 5.16 4.22 4.22 376
6 5.16 4.24 4.12 392
12 5.16 43 43 344
18 5.16 4.4 4.1 364
24 5.16 4.22 4.1 400
30 5.16 434 4.35 326
36 5.16 4.54 4.44 268
42 44 3.88 3.9 204
48 4.4 3.9 3.92 196
54 44 4.02 4.08 140
60 4.4 3.54 3.64 324
66 44 4 3.94 172
72 4.4 3.8 3.84 232
78 4.4 3.88 3.72 240
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1 9 Hoy EY [ !
A15199 0.2 ﬁmﬁﬂmﬂaumwuﬁuuazm COD NanadusIN1sNAaDeT 1

MsivaudenIsnaanai 1

1a1(F2 Tu9)

MLSS(mg/l) | COD(mg/l) | %increase MLSS | %removal COD
0 942.5 400 - o
48 2065 200 119.0981432 50

H 9 [ v [ v
A15197 .3 ﬁmﬁﬂﬂfmaumwﬁimmxm COD NaafNuddN1TNAaedn 2

MsUaITenIsTNAanai 2

1287(%2 Tg) MLSS(mg/1) | COD(mg/l) | %increase MLSS | %removal COD
0 917.5 400 - 3
48 1370 300 49.31880109 25

] 9 v 0 v v v
13199 0.4 MDA NEUNIRVAULAZAT COD NAAIUDINITNARDITN 3

Sy T
MsUaIdenIsNAanai 3

a2 Tu9)

MLSS(mg/1) | COD(mg/l) | %increase MLSS | %removal COD
0 927.5 400 - -
48 1550 280 67.11590296 30
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MARNUIN Y

ADLNIMIMUIUASHANITATHIN

V. 081N IAIHINY

v.1 ml¥ane

Inivh
Level 500 19i&a 10 36 watt AaitluSy 0.036 unit/¥2 114
1¥on5181 W wnit a2 3 vIn azAeiluty 0.036x3=  0.108 VA2 a4

15199 .1 uaasa 1Feueans 14 e Taw

MSNAADY Flowrate | LevelO, | maslvdh | ol
(ml/min) (mg/h) (W) (Bath/h)
1 2,500 500 36 0.1
2 1,500 300 21.6 0.06
3 500 100 7.2 0.02

v.2 sieelumsannznoua Ny
nanlumsidle lsunausoannznoula 50%

a4

a1 x oas1a 14910

MINAABIN 1 1 92739 x 0.11 V1/42 Taa

Il

5199 ¥.2 518918 TUNT AN N UT A UV ILABL AN

MINABDY Flowrate | Level O, naniild swaldie
(ml/min) (mg/h) (h) (Bath)
1 2,500 500 1 0.1
2 1,500 300 3 0.18
3 500 100 4 0.08




1.3 PmnalelsuasiSanamzneuiignida
AndSalelounldddanznoudunul nsu
N15NAADIN 1

Ysuaznoungniigm 50% 1,080 mgMLSS/1x 81

8,640 mgMLSS

50

147019 1,905 mgO,/hx 1 h = 1,905 mgO,
U5 To TouaeilSuanz nou = 1,905/8,640
= 0.23 mgO,/mgMLSS
msai v.3 uanaSine Tolauildmianznew 1 Tadnsy
M3 | 0, flowrate | USnanisld | Ysinaeznoud | YsinaTelauseySuna
NAADY (mg/h) ToTau(mg) gnMidA(mg) #zNoU(mg0,/mgMLSS)
1 1,905 1,905 8,260 0.23
2 1,364 4,092 5,080 0.8
3 655 2,620 6,860 0.38
v.4 mlinalumsmdanznen
MsNARBAT 1
510918 10.82 U Haale Tlau'ld 1,905mgO,

MusanIdanzneu la

[

80313151 o InuaedSnaazneuiignivg

£
v W 1

aaiumlgnelumsmdanznounilariae

0.11 U11/1,905mgO, x 0.23 mgO,/mgMLSS
1.32 x 10° U1N/mgMLSS

Il

13.28 UTN/kgMLSS

a QY Yo o
M5197 v.4 A lgelgivanznoy

1,080 mgMLSS/1
0.23 mgO,/mgMLSS

Mms | 0, mg |mldnelums | YsmaleloudedSum | mldedenisiida
NANDY Wan(Bath) mﬂauﬁgﬂﬁﬁﬂ ALNOU(Bath/kgMLSS)
(mgO,/mgMLSS)
1 1,905 0.11 0.23 13.28
2 4,092 0.18 0.8 35.19
3 2,620 0.08 0.38 11.60
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MANHIN

a d LY Z’ a W d' Y a
ms’Jmi1::ﬂqmaﬂymzmaammﬂmuﬂsﬁ°|5ﬂ1ﬁaﬂmznu

1.1 M3 COD

1 v
coD fie mnvenanuandsnveuitdes TasaanlssuiioulugdveslSuaesndiou

=

Ay Y a 4 a 4

naeams 15 lunseond ladesounsd
= d d
SelauALazglnsal

1. viaealanaauda TuTsBana (Borosiclicate) Y119 25x150 mm ¥iaR N2

(351

eBe

2
3. msmnasguTnunadonlalasimua (K,Cr,0,294.185 g/mole) oufigaivgi
150 peruaioa i 2 421 i WEuluadinaes

4. nsaFara3nidudu (Conc. H,S0,)

5. msdanesdama (Ag,SO, technical grade)

6. 135 HgSO,

7. msnasguesauon Tutisudgaima (Ferrous Ammonium Sulphate, FAS)

8. msazavlanad (0.0167M K,Cr,0,) 22218 0.4913 g K,Cr,0, NHUNTE LAY

1
[ a

vindu so Tadaas Munsadaflaindudu 167 Sadans hldidumsazats salidu uda
Renailumsazans 100 Tadans
9. AIATAYIUAINNDS Ferroin azaN 0.1845 g 1,10-phenanthroline monohydrate
and 695 mg FeS0,7H,0 Thndu ndafenafiumsazane 100 Tadans
msifisuasazaenIns§Iu
) MsWIeNaITazaw 0.1 N FAS
1. asan® 3.92 g Fe(NH4)2(S04)2.6H20
2. unsadai Lty 20 Nadans
3. daneI3E0 udaisenadi 100 Tadans
) MmN uduiniuenves 0.1 N FAS
1. @nindu 5.0 fiadans aalumasAnAasq COD
2. Mlamsazarslawad 3.0 Taaas

3. EunsaganSndudy 7.0 Nadans



56

Yy 9
v a

Jqg v K ay
4. aaia 3 lABudsguugiives
5. IANBUAAMOS Ferroin 2 oA
6. 1w udrInmsaduansazaie FAS aud1sazatolasuinaivassew

= < :I : a o a a
Aenduimhmauns Fuilugagaveams lnmsa TuiindSunsves FAS A4 ums lninsa

o a d Y
MMmANMTNTHYo Az BNIATEIU FAS M3inzy Cob lushieehs

9y
v A

wuasazaeae ldnuday fatl

1. Unledee14 5.00 Naaans

2. Mlamsazaelandd 3.00 Tadans

3. Avyq lunsadaiasndudy 7.0 Nadans Iaeldlvansdeq viaea
A A v
e lvinarunsalaruvesaisazae

4. Yarh 1w wiuma vy lidesnsmaz e e i a1sazaronay
o o o 9 A & a v
fuauysaltaztostuanuiouwnnizh deonsziala

v
(% Y 1

E
5. wssuLUAIAmUauA081 Tasldhnduumuaiesa

[
= a

o v [l g 1 I~]
6. WmasadIodIazuUas ld ludouNgungdl 150 ssruraioe 1y

1812 2 104

[
=

y
0 @ 1 o <
7. 1#Ma0ANAABIAIBE1N HAZHABALYAINDBNIINADY Al ITuN

a g y

gungies udududuainmes Ferroin $1u9U 12 ea Inmsaduasaza1ennsgiu FAS
Ed
fudniinaniuves 0, AvAATYDIN1 AI0819M3 AU Normality Y3 FAS 9101501

Cr,05™ + 6F%* 4+ 14H' & 2C3* 4+ 6Fe3* + 7H,0 @)

NAUNIT (N.1)

Il

MninTuYave K,Cr,0, nin Tuiana/e = 294.19/6 49.03 gleq

v
niinluana/l
mass of K»Crp07
49,032

Normality of K,Cr,0, = = ﬂfq = ymeq/mL .2)

v
Wminauyauee FAS

NUIUANYAVDI FAS PUIUANYVDI K,Cr,0,

(Normality of FAS)x(mL of FAS) (Normality of K,Cr,0,)x(mL of K,Cr,0,)

U Normality of K,Cr,O, y me g/mL 1z 94 K,Cr,0, =3.00 mL

Normality of FAS = Ne



57

MIMUIUMITNATIZHA0E1

UIUANYAVDI FAS IMIUTUYAVBN K,Cr,0,

TIIUAVYAVDIMNIAIBEN = FWIUAVYAVBI K,Cr,0, (a-b) ml x  (N,,;) meq/mL

9
< a @ 1 a o v A
a0 el mg veseondiuludiona 1 aas eunsasiuan laaal

(a-b)mLx{E)med, PE)
mg0, = mgCOD = @b (1.3)
(mL of sample) xm
Tagn  a = 1J5u1m5U049 FAS ﬁ“l%'iums"lmmmmmﬁ(mu
b - 1Suasved FAS N1 lums Inmsaiigiee19 (mL)
(a-b) = iunsves FAS il lums lnmsa laTaswafivi§ase

WOANUAI15A2D814 (mL)

0, = 32/4 = 8 mg/meq

M9 4.1 YSunamediaagSionuan lsdmsuvinng g vesmsusilddesaasdmsy

MAs12H cob Taedssnanauuyuie

nnavaeaudmld | WSnenh | Psnmmsazan | nsedaihind | U5uas
Tumsdesansazany | @) | NASPIUKCLO, #i | ooud a.) Wanue
15 lunsdesaae (¥a.)
16 x 100 1. 2.5 1.5 3.5 7.5
20 x 150 L. 5.0 3.0 7.0 15.0
25 x 150 WA, 10.0 6.0 14.0 30.0

4 o
U7 : 5A¥Y UAZYHI (2535)

3.2 uneadaed (Mixed Liquor Suspended Solids, MLSS)

A A <
in3eadenazgUnIal
1. nszamnsealonds GF/C idumguinas 4.7 xu.

2: ﬂiﬁﬂu%!uﬂgﬂ’ﬂuﬂ 100 1. 5.

v

1NTIABINIA
9
4. IO

5. Tavwsi (desiccators)
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6. 1A309%I0ENALIDYA

ada d
IHAUANSH

]
A a

Y v a £ o 2 qgw
1. 0“ﬂ53ﬂ1]&]ﬂ59\ﬂﬂ“ﬂ\3ﬂ@ﬂ!ﬁﬂﬂ 103-105 DaALK Qs HWHWHQ‘H')IUQ‘VNTH

9 u

< o Y Y o :’ Y]
By luTaiudiaudrraimiinnszaienses
o :‘ 9 : LY a A :’ LY a 9 a
2. WEUe 1w MinnszaEnIeenan nsorhmiindeundasdseas 4 auud
[~ a a o
Wdlu A fadnsu
A a : [ 1 =& Y < 1 L)
3. 1pendSunsthdiedadees Idavedeedeilos 2.5 un.
4. NTOIAIBINTOINTOIFAINIA

5. i lJeungumgil 103-105 senumaiFoa sundzuialunan 1 .
L ogua o off U Y
6. Maldoululoduriudidaimin

Vv v [
o ¥

o 1 o v =1 A °y @ d' Y "9y
7. M0 5,6 dwnInihinazasi nseminasundasiosninesas 4
anuauilu B adnsy

NFATUIN
vmiinfiuan(B—A x1,000
MLSS = Sl

v
AL BN VDI ININAIDE

(3.4)

4. 3 adsnl¥lunuduszuuih i ndanuunzneus 9

'
A o w

3
aulshdngyline lUT

4.3.1 NN (Hydraulic Retention time: HRT)
v & A Y ot i ola e = 1 £ 9
IANNINUAD nawmumrﬂ“lummmmmaﬂﬂuw%zﬂaaaaaﬂmﬂszuummmmﬂ

a

wofigaun3dldlumsdosamumsane minsinadnfuiuiulasfigesing wgndes
"lii?iaﬂ}gquﬁwﬁﬂﬁ BoD Tegluiidenn aunsouansnuduiusdeaunsi 4.5

(Q(HRT) = N (.5)
Tafi v fe Snesvesszuy (m)

v
Q Ao 9A31M3 IMaveaiude (m’/day)

a a J

4.3.2 BATNAIUVDIINIIADYAUNIE (F/M ratio)
:’ a g a S 9 = Yy 9 a a7
msfJm15“lummmﬂummsmawaumEJ DIVINUNUUVUVUUDIFITOUNTY
A | 1 a a a = J v o d
Waswasnneztinanomswsy@ulavesgaunidlussuy TasuansnnuduRusuo

F/M ratio A9aUN15N 1.6
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B BODxQ
—ratio = e (4.6)
M MLSSxV
Taeh Q An 0313 IMatnveuiude (m*/day)
BOD fi® Biochemical oxygen demand (mg/L)
A a 3
A% 1) ‘ilJimm‘UfNiz‘lJ“U (m)

4.3.3 Chemical Oxygen Demand (COD)
coD fie Aivenanuanisnveninds Tasaanlssuieuluzvessina

a A 9 9 a L4 a =4
PONFIUNADING 1% IUNITDONT IATFAITOUNTO

4.3.4 M pH
A 1A o ' & BPC ' A
ﬂﬂﬂTV]‘]Jaﬂﬂj'lulﬂuﬂﬁﬂﬂ'mmﬂ\jiguu HNTTUVUIUAUUFSLUUASNBDULITIAITUA

pH 9E5EMIN 6-7

4.3.5 MLSS (Mixed Liquor Suspended Solids)
MLSS 79 Ysuaveandamiuassneluindevesszuuthiainde





