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UNANED

msfnwdiigUsrasdifiofnwanmeiimnzaulumandansaesdinanngnounatowas Lo
T duunasnnsueuneuenlitussuuidaneanasansdanin efnwn 5 unaersuou Ao nin
MENOULIININTLUU conventional activated sludge (CAS) NINHENBULTININTTUUNTANBANDTAN
1070 (enhanced biological phosphorus removal, EBPR) Wagns (swine manure, SM) agnoudIuLiY
PNILUUNAALAENITINN (raw sludge, RS) LLawmaua’amﬁummzwmﬁmLLﬁas?nmwﬁQﬂﬁﬁﬂm 10
U (fermentation sludge, FS) ﬁgwm 10 YAN1IVNaDY fAig set 1-2 (NMNRLABULIY) set 3-6 (NNATNDULTS
31N52UU EBPR) set 7 (SM) set 8 (FS) uagset 9-10 (RS) lnanw1dnSnavounasnisuou gungil n1s
Vit udu uwazdadiuvatmsnauuay AF 7isnafu axneuduAueInsEUUNAALRETINN FS:AF (1:1)
(set 8) wuUTuunIAesdRnanniign 1,406 mg/L Lﬁammmzwﬁqmmﬁ 35 °C szegian 96 h duluy
ﬁ’wﬁﬁ%mﬁi‘ﬁ RS:AF (4:1) (set 9) uag RS:AF (1:4) (set 10) finsnoz@fn 1,018 way 792 mg/L L@y
dlonnaeunnsadn paired ttest fisziuaudesiu 95 % vewmenaudLALINITTUVIINTZUUNAALTA

o o

Fanw set 8-10 wuintunisldnznou FS (set 8) dinuumanaisedsiitodnsy (p <0.05) dunsldnznou
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RS lu set 9-10 dsiuganismaaesdl 8 awnsatlUldusslonilunisudansaesdfniialuuvasaniveu

Tituszuumdaneanasansdinn wazenatisananbianglunistewrainsusunieuaninussuule

AdAry : nsnevdRn; nsviln; azneudiui; svuza1iniu

Abstract

The aims of this study were to investigate the optimum conditions to produce acetic acid
from various excess sludge as carbon sources for biological phosphorus removal processes. Five
substrates were used to produce acetic acid which were waste from conventional activated sludge
(CAS), waste from Enhanced biological phosphorus removal (EBPR), swine manure (SM), waste from
biogas systems (raw sludge, RS) and waste from fermented biogas production system after 10 days
of fermentation (fermentation sludge, FS). The fermentation was carried in batch fermenter with
ten substrates series; series 1-2 using WAS from CAS, series (3-6) using WAS from EBPR, series 7 using
pig manure and the rest of the series using excess sludge from biological gas production. RS and FS
series were combined with acid fermentation (AF) in three different ratios; FS:AF (1:1), RS:AF (4:
1) and RS:AF (1:4) in series 8, 9 and 10, respectively. Further investigation regarding the influence
of carbon sources, temperature, pretreatment and the proportion of excess sludge (FS and AF) and
acid fermentation (AF) was also conducted. The results showed that the highest concentration of
acetic acid was 1,406 mg COD/L in the reactor containing FS:AF 1:1 (series 8) after 96 hours and
control conditions at 35 °C whereas similar combinations in reactor 9 and 10 produced the acetic
acid of 1,018 and 792 mg/L, respectively. The paired t-test of series 8-10 showed significant
difference (p < 0.05) for FS in series 8 and RS in series 9-10. The composition in experimental series
8 can be used to produce acetic acid as a carbon source for the biological phosphorus in the

removal system since it has a potential to reduce the cost of additional acetic acid.

Keywords: acetic acid; fermentation; waste activated sludge; retention time

1. U doufinunasansueulusunsnesdin Judungu

a13dunIgansuaunyaunsdlussuuingn V898150 UNI & 58Lne g1y (volatile fatty acids,

Noanosan199 1019 (enhanced biological VFAs) @101500an91nnsyuIunt1susnuuuls

N 6

phosphorus removal, EBPR) fiaan1seglusufl  eendiauvesendedunid delaeundldiduunas

[

aunsatlUlgladne Ae nsmezddn dnsulddu ANSUBUAIBUBNLANUNTEUIUNISANT AN aanasa

wasuRzadvayunsUdeseain (1199 n1e¥inam (EBPR) [4,5] :1uld8v09 Javier hag
unumlunistisidnnseu [2,3] Fadlanusndun AMg (2012) ANWI9MINdIuveINg lAdLAY
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CH,COONa fisharfuluszuuieadons (sequencing
batch reactor, SBR) wuiiiie CH,COONa Vi
$9uay 100 fi5ns1d7u COD:P Winfy 235:1
syvuansamdarloamniuiy [4] miseves
Piasai WazAMuy (2017) Anw1UlaU0Ia158UNT e
asvsuilmunzanlunisidaneanedalussuy
EBPR nuidieldumasnsuemdy CH,COONa &
Usgansnmlunisidneanssagsiianieiosay
99 FanuFenanldiinguadunidiannsniiv
avauveaneadaliluiwad (PAOs, polyphosphate
accumulating organisms) 8178 CH,COONa Tu
Maasaiule 3edwmaneuszansamnismia
Woawesa [5]
szvutivadndoniesdaninaziinisi
Arneud1ULN U (waste activated sludge) lng
HagUuiinnazneusssiuauniiindulunis

o w

Undndideguaumeseuunnause [6] N340

a e < o w =
Yaudenanddsnarstduldgyumidifgy tasl

v

AlI1eluN1ITAN1589 50-70 % VoA UNUNIT

Q

anduanuluszuuiiadndeianua [7] §9015

ANTANINALNBULS ITNA1NNA18I 5N In19LAdl

] '

AMEAIN kazdian wannazneuswunzneau
v939aunIifansdunidey amnsalundn
VFAs NMSRANNSABETANINNAINNENBUL a1y
ASTUIUATT WU Sans1919Y nswiTnasnau 84
nsndnuuuldesndiauduisfvisuddaym
USUTRININAENDULT Lnganusunuaemenou
(8-10] G snrsnsinid umalulad i arunsaudly
{]zgmmﬂmzﬂauLi'qmﬂiswﬂﬂﬁmfﬂl,?m [11] wa
Iensnezdfnsdruiunin [12] Wunszuaunisilyl
Fudou aunsaiiulszansammsmdaveanesa
Adrian Lagamg (2006) latUSaulisun1snidn

NoaNasAINNNNT FTLUAIAISUBUINNLINT N LBLUA
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wazasdLnn WuUsEANSNINNITNNARNRED A
Feldezdmmduunasaiusugeninlilnsiilotn
[13] ﬂizmumwﬁﬂ%u acidogenesis Usgnouse
U581 hydrolysis acidogensis ag acetogene
sis §9a158un38 1Wu Wiy a1sTulawmse uay
sty szidswduluanavuiaidndejaze
hydrolysis k&13auv3gnay acidogenic iy

VFAs Wunsnez@in nsalnsiledn waznsada
lv3n damavesfisentuogfumaiineiiidma
ABN1IVNUVRIAUNTES 19U pH gun)ll uay
unaIASTUDU [14]

Rademacher hagAay (2012) N 17797
gamniifidenisudn VFAs Tuanniglseendiauiu
Haduiiddey Seilarionguuszvinsqaunds [15)
1n891UIT8984 Jiuxiao wag Hui (2015) ladnun
ﬂ’1Wﬁﬂmﬂmzﬂaul,'i'ﬁmmwvﬂwﬂ’mfwLﬁasqmu
Tuanneilifinismunu pH wazarunuguMnTd
35+1 uag 55+1 °C wudnuTunuues VFAs g9dn
Tugegaumgil 55+1 °C Wiy 5,627.3+354.6 mg
con/L wagluyivaunnd 35+1 °Cinfu
574.4+29.2 mg COD/L 71 48 h [11] :1uidelu
AUsEIWATI8UANUIazdure s swTARa
Eea1nsruunznows wit end uuna sans veu
neuenlunisidnlulnsiaulazeanessa [16,
17] Xiong wazaaz (2018) ladnwinimdnazneu
Pnavemsiiediunismdaneanedalusyuy
Trdadndsyuey Tasnaveanisldansmindae
annzaruduurasaisvounieusnliiuszuy
wuindl VFAs 66.3 % veeUsinadled uaztieiiu
Usgdnsnmnisidalulasiaunasweanesa 78.2
ey 95.2 % mua1au [17] waluusenalnedslaid
nmsihegneuunldduumnasasuesulsiiuseuu e

fuwnpafiazihnmnaznewsanliduingiulunis
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NAANSABETAN LB uUSEANSA1nlunISAdR
Woanm F9971998anAlEIN8N Il UNIST oL A

ANSUBULALAISANIANINALNBULII bR

v
a v @

mATelRadinguszsasdiieAnmianiogi
wizanlun1snannsnezdAnanngnaumnany
wnas ot Ul S uwnasanguounisuenliiv
sguundnneanasan1sdinin lnednwiau
uansinsvasundsAUou gaumgl msvadadusu

LAY EAAIUVDINE NBULAL LN VINNTANLANF1INY

2. gunsaluazdsnig

2.1 quidnwazvasaznauiildluniswiin
Tuanialdeandauiiondnnsnazdfn

annznouildlunisnes fe tinin

arneunndinnaznevlusyuutdadenuy
conventional activated sludge (CAS) U93UT ¥"
ténauuimilsludminuassvdan (Mnazneu
139 set 1 LAy 2) set 3-6 UININAZNDULITINIAIA
5¥UU EBPR set 7 dngnausnaIngagns (swine
manure, SM) wagset 8-10 Wru191naznauludg
ninuuulSoondlauvesssuuNdaLian1edinin
dutnmiinngs (acid fermented, AF) 41311971nU®
WINNIATBITTUUNAALAAN19T 1AM Tamznou
fomnazianfvinuliludaainiaamad 4
°C NEULNNNAABY NUINANWULEVDINENDUY set
1-6 \udmauy dauset 7-10 Wudhanasm

2.2 anaziimanzanlunisvdnaznau
PNUAEuRE IR aNAANIARERnTagn1MAaDY
LuUung

2.2.1 Anvmavesguuniiivnzaly

ASWAR VFAs aannsmeiniuulieandiaueasnin
AENBULTY set 1-2 1AULANNINAENDULS S 200

faddns (mL) adluvinguruyauin 250 mL nau
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wawdl 120 seusioundt (rpm) [18] TneldipSoauen
(shaker) wazAIuALAUMQRT 35+1 °C [7,16,18)
uay 551 °C [11] \ivdsgiiyn 4 h iilednse
%1 VFAs

2.2.2 ANYINAVRIGUNNAFADNITNER
nsnezdfniiinainniswin Tneldundsnnsuen
PINAINALADULTIVDITZUU EBPR (NINAZNDULTS
set 3 wag 4) ninlaglAunINAznauLse 200 mL
atluvinguonnauin 250 mL Anwilagaiuau
gaumqil 3541 wag 55+1 °C naumawd 120 rpm
\Audiasigsinn 4 h Lt 931AT1zvin VFAS N
p8dfn nsalnsiledn wagnsndalvin

223 Anwnsvrvaduduyesnin
MENDULIY set 5 1ne Boontian wazAmy (2016)
na1a7lunistdad uduazyaeliufAsen
hydrolysis inl@agy [19] Fen1snmaaesiildunds
ANSUBUAINNINAZNBULTIVOITZUY EBPR 7131 pH
Sudu 7.58 dhunudu pH sed 1,2, 3, 6,9, 10,
11, 12, 13 waz 14 1agly 2 N NaOH wag 2 N HCl

¥ o

[20] wabludmsieinUsunaaseiinued VFAs

v
= @

FinTundaninnisusu pH laedlAs1ziinm VFAs
nIneLdAn nInlnsiledn wagnsndalvsn

2.2.8 AnwUSunainsnesdaniandu
1INNITULNNINALNDULTIAINTEUY EBPR (set 6)
Wisuiieuiunzneu SM anwhsuvyusiandsly
JanTauassvdun (set 7) lnensinagnauluds
YU 5 ang FeduSanaungneu ¢ ans igaumgdl
35 °C 1iUMeg 1R NouUsuINg 120 mL uAazyn
NsNARBINN 12 h Wi 931AI12 M1 VFAs N30

a

a¥Rn NIalnsilafin waznsadalnsn

v
a =

2.2.5 AnwUsuaunsnesdRntAnIuan
msusinagnauludamdniuulseendLauveasyuy

NAAWAEN1ITININ (set 8-10) nainlugavun 5
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°C 1 AUFBE199ZNAUUSUIAT 120 ML wAaZIANIT

dn3 JailUTinumzneu 4 3ns muemguMATi 35
%
NAABINN 12 h 1A VFAS NTARETAN NI
nsiledin wagnsadalnsn
2.3 BMFIANZA

MsisedAnwmanasfimunzalunns
nAnNsARdRnaInazneunatsunas et U1y
Wuwnasarsveunitsuenliiuszuunida
Weanosansdinm Ssazdesiimsfiuiognedios
WlUiasen Tneanudlunisifivieds davde
7 2.2 WdhegensesiunszAYnsas GF/F
yuInALNgy 0.45 lulasins et luiesed
A9 leaa (chemical oxygen demand, COD)
vewuduruaoetiaun (total suspended solids,
TSS) Upaud dhyIuanesEinedie (total volatile
suspended solids, TVSS) wag VFAs 1ag3§n13
aseaiithuldlunsfnwsndeann standard
method for examination of water and waste
water [21] Tngmnaoa anun 3 47 d2un1s
As1EKinTReddn nsalnsiledn waznsadn
30 a8 19nTe9HILATEANYNTEY GF/F AU
AMuNgY 0.45 lulasiuns AOUIATIZAR LA O3
gas chromatograph (GC) i;u 6890 7114 flame
ionization detector (FID) Ap&@ U4 Innowax (DB
FFAP) detector kag injector ﬁqquﬁmaa 250
°C [6] drumsinsedoyansadflunsfinuwing
Yoauna A uauii A ulun1sudn VFAs uay
nsnozddniu 19Tusunsy SPSS® version 21 lu

nMATIEvdteya

3. NANTITBUALIRTA
3.1 Anwnandnuuzvanznauiildlunis

winluaniizl¥eanBauinenannsnazdin
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ANYIAUTNYULVDININALNOULAL
aznoudruAui v ldlunisminluaniigls
pondlauliiondnnsnozdin wuiiAudnuzes
AENBUIINTZUUNAALAENIIT1AN (RS) & pH
4.56 dndauvesndalviuaosseinedne (total
volatile suspended solids, TVSS) @' 8¥04LT 9
LYIUABET IR (total suspended solid, TSS)
n39 VSS/TSS tv1Av 0.31 COD 15,540 mg/L
VFAs WU 685.7 mg COD/L. Wlathmznauain
wwwﬁmLLﬁ”amn%amwuWﬁﬂﬁaﬁﬁqmmqﬁﬁm
U 10 U (FS) WUl pH 5.67, VSS/TSS R
\Ju 0.36 USunau COD 20,160 me/L Wuimgnau
flsiunisuinun 10 u fiuSunawes COD gaflan
W ewSeuiioudu RS wazdUSuiaaes VFAs
2,452 mg/L analesnananuiduduves VFAs
Tu WAS 56?714@@"5113383nawaﬂmisjaaaawuas
NILVIUNMTINNTA d2U AF UIN191NUONINNTA
YOITLUURARAEAN19T0 W Wudn pH 6 4.75 &
A1 COD gafia 31,080 mg/L usifien VFAs siniies
323 mg/L 5T 1

N1INAADY set 8-10 AxU1 AF W INAUNY
avneuInUendnuiafidnaiusistu fe RS: AF
(4:1) (set 9) uag RS:AF (1:4) (set 10) duyn
msveaesi 8 THunasmsuewdu FS naufu AF
fidndau FS:AF (1:1) Fanudnuagmanionin
waziadl wanslumsned 2 NUIAUAN YUY
AZNBUVBININAZNBULTININTEUU CAS set 1-2 ¥
1 T1sS 1JuesAUsznau 24.7 nSuneans (g/L)
TVSS 6.63 ¢/L pH 7.31 @1 TVSS/TSS 0.27 d7u
AAATNBIIIINTTUU EBPR set 3-6 i1 TSS 1ady
14.74 ¢/L TVSS \ale 3.69 ¢/L pH 1nde 7.62 uay
alkalinity 1,232 meg/L SM Tu set 7 di@1 alkalinity
2,150 mg/L lnefidadau TVSS/TSS 0.39 d3uyn
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MsMaaesfl 8 wuinfiuTann VFAs gefign 1,357
mg/L COD gafle 24,360 mg/L dmeu TVSS/TSS
0.32 @1 set 9-10 wuIdUIUIM VFAs Tnalfes

AU A9 548 Way 341 me/L amua1su COD 14,280

waE 21,980 mg/L AUEIAU dndlu TVSS/TSS
0.28 WA 0.19 MuEFU FeuTunal TVSS igeas

winznunsgesaaekuulilteandiau

Table 1 Characteristics of excess sludge from biogas system which used as a carbon source for

fermentation.

Characteristics AF RS FS
pH 4.75+0.02 4.56+0.01 5.67+0.01
VFAs (mg/L) 323+4.90 685.7£11.15 2452+15.39
COD (mg/L) 31,080+18.03 15,540+8.00 20160+10.39
Alkalinity (mg/L) 1,060+10.00 2800+13.23 6050+10.54
TSS (me/L) 20,816+62.50 18320+27.87 27500+47.03
TVSS (me/L) 3,416+33.41 5620+24.27 9812+40.04

Table 2 Characteristics of excess sludge from CAS, EBPR, swine manure and biogas system.

Samples pH  |VFAs (mg/L)| COD (mg/L) | Alkalinity (mg/L) | TSS (mg/L) |TVSS (mg/L)
Set 1-2 (CAS) 7.31+£0.02| 88+3.00 |[15,576+13.08 1,445+8.66 24,723+046.13 |1 6,635+41.07
Set 3-4 (EBPR) 7.54+0.01| 93+7.81 7792+6.56 1050+5.00 9485+28.79 | 1893+27.07
Set 5 (EBPR) 7.58+0.02| 85+5.29 8562+24.57 1300+17.32 11388+41.72 | 3684+42.32
Set 6 (EBPR) 7.75+0.02| 311+16.09 | 5,040+16.09 1,345+5.00 23,300+46.81 |5,486+49.87
Set 7 (SM) 7.89+0.02| 187+13.00 |13,860+20.88 2,150+8.66 3,988+37.47 |1,548+33.78
Set 8 FS:AF (1:1) 4.9+0.05 |1,357+16.09|24,360+17.32 3,000+25 25,455+32.74 |8,042+29.21
Set 9 RS:AF (4:1) |4.49+0.02| 548+9.17 [14,280+11.36 2,550+8.66 18,920+35.16 |5,318+33.51
Set 10 RS:AF (1:4) |4.52+0.01| 341+£29.05 |21,980+12.17| 2,650+43.30 20,321+47.57 |3,846+29.46

3.2 Anwrannazf sunzaulunisusin
AznauIINRAIBMELRBNARNIaZRNTAENS
NAADILUUNG

W3S Anwnanisutnazneuan
SEUUAZNOWL WlanAnnInazdRn Inan1snnass

wuung (batch test) IaalsuAUANWINSUTANIN

279

AENBULTIINRINAZNEUVRITTUY CAS Tu set 1
WA 2 WUIUIUIU VFAS AU 597 wag 283 mg
COD/L figauvindl 35 uag 55 °C auadiu Aiszes
1381 24 h ﬁqgﬂﬁ 1A uaz 1B lgUSunniues VFAs
ﬁLﬁﬂﬁuﬁquQﬁ 35 °C 31nnIfgamndl 55 °C

UAZLONAADUNIIENA paired t-test NTzAUAINL
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Lo 95 % WUIUTUIaL VFAS U99RzNaUaNn
JEUUATNBULIY set 1 Ngaunqll 35 °C way set 2

v o o

gaunnil 55 °C luflanuusnsiafiuesedidudfny

v
7

M9adif (p=0.10>0.05) uansingaumgivisaasly
finaredninstosaaeuainznouszuy CAS 7
dndues TVS/TS 0.27 Favsnennainnudnvae
yosmznoudunznouiitesaanslioin uddos
aneld ulfgumnilunisgosamedindu aglaid

a

HananN1SHan VFAs Tussuudesdiin U A3en

=

hydrolytis W ¢ acidogenesis [22] CRCRRERN
WITHT Yun wavamey (2017) fidnwnsngn
NNAZNBULTIINEIRNAZNaUTUT 2 Yedsyuy
Vrindndsuasdigssaarsuuulieondiaud
gaunnianaiu Ae 35, 42 uag 55 °C w1 6 Tu
wuinfiguvndl 35, 45 uaz 55 °C fUTua VFAs
Lﬁm%yu 1,195, 1,625 way 3,856 mg COD/L a1y
817U Adndauves TVS/TS 0.79 [23] G auansds
Ui sdunidge deiSeudisutunisdnil
sziiuldiny3unas VFAs fiintuiiaanuunnsnadiu
11N waznUdn TVS vaenznauBuduresnising
fnan 6.7 wih iewisuifisuivaiseves
Yun wazane (2017) ¥lidsunaeansduniciay
go8da1unI LazA1IiuNISANYIeY Hullel way
Ay (2012) 7 Anwin1smlnAInAENaULs 991n
szuvtaiidslussmeiu woiideguuad
Wu91n 40 1Ju 50 °C ¥l nsmandn VFAs

497U 1.65 W uag VFAs 3zanas 1.31 i1 Nsse

—

1@1n1A LAY 120 h 5qa§Ua'1ﬂ13m§m VFAs
Gﬁuagﬁmzamamﬁmmzqmmﬁ [24] wagmneny
A15ANWIes Hyun warame (2015) Ainusnly
sywinensuinuuulSeondiau na:uifﬁmwaimLaqa
187 (mono-saccharide) waznsnozdlu (amino

acid) az1Ud suguidu VFAs Taen1svinguves
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wuATilenaY acidogenic WagWuiNNISHER VFAS

g9vu Weguuiiudu lnugumgiilinadens

uresaundngy acidogenic [25]

4

nsfinymavesgumginon1smdnnIn
PTNOULIININTLUU EBPR Lﬁamamﬂimz%aﬂluﬁqm
VAT 3-6 NUIUTUUVBININBTTRNUAZNTA
Tnsilefings drunsatalninduiuusiuin
(Indidesrud) lnonrsnaassly set 3 @11190
wAnnsABEdAng qn 62 me/L fiLaan 88 h Gl
VFAs 1lgs 120 mg COD/L Al gauma)fl 35 °C s

'
=

SUN
Y

a

2A drumsvinasslu set 4 figamgil 55 °C

Y

T00
600
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200
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0 Y Y N T IR SN I N

Concentration of VFAs (mg/L)

20 25 30 35 40 45 50

Time (Hrs.)

300

250
200
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50
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0 5 10 15 20 25 30 35 40 45 50 55

Time (Hrs.)

Figure 1 Concentration of VFAs from fermented
excess sludge from activated sludge
system (set 1-2) at 35 °C (A) and 55 °C
(B).
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o/L)

m

(

=R W B Oy =
oo D o o o o O

0 20 40 60 80 100 120 140 160

Concentration of VFAs

Time (Hrs.)

— e acetic acid (mg/L) ----4-.-. propionic acid (mg/L)

- Dutyric acid (mg/L)

T0
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50
a0
30
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0 LA ;o
—ans—|n—4us spnenng = ENE 4 —an|m——|
0 20 40 60 80 100 120 140 160

Time (Hrs.)
-.-.a-.-. propionic acid (mg/L)

Y
L y .
Al adasadd -k mata

Concentration of VFAs (me/L)

— e acetic acid (mg/L)

..... a— butyric acid {mg/L.)

Figure 2 Concentrations of acetic acid, propionic
acid and butyric acid from excess
sludge in EBPR, at 35 °C (A) and 55 °C
(8.

wulsuunInesdAnuay VFAs JUTunal 55
Wag 108 me/L MINEIAU 1152821287 44 h ULa
U304 VFAs gegia 133 mg/L W5zeiglian 20 h 69

JUM 2B Fauanadnfgumngil 55 °C Tdaanlunis

U 3
HaANISARETANYosni1N g unnd 35 °C uag

gaunndnsaamuUsuIn VFAs gegalnaifeeiy

q Y

LW aNAdoUNINEN A paired t-test 152AUAIY
Wonu 95 % NUINUSUIUNTABETANYBININ
MENBULIIINNTEUU EBPR set 3 way 4 Luindy

o o

uanFNNUY1tEEAYNSERA (p = 0.09 > 0.05)

281

wansingungillidnasenisminninaznoulss
[enAnnsnosdAn wiUSunaes VFAs filiniu
Uogun mmﬁ'aqmmﬂ@mﬁﬂwmmaamﬂmﬂau
Seiidnldlunisnaass 1hunainszuu EBPR &
JUSU TS 9,485 mg/L wazdusuimaes TVS
1,893 me/L Faildndan TVS/TSS 0.2 waneiniu
nznouiidevaarsldenn uidsdesaanale 1o
WSguiigual TVS/TS Upsnznau set 1-4 WU
TVS/TS A1 0.27 uag 0.20 Tungnou set 1-2 way
3.4 Fauansinznoutiassdesaanslden urges
garele lnumegnouaInssuy CAS lu set 1-2
#11150g0gaaN8d18nIINENBUIINTEUU EBPR Tu
set 3-4 FanuIngnouly set 3-4 GUSUU VFAS
s Wl elfsuuUSuna VFAs fiLAad uainnis
nAaed set 1-2 laggaumnd 35 °C (set 1) uag 55
°C (set 2) TUS w0l VFAs 597 me/L Lay 283
my/L wanddriigamad 55 °C SUSuna VFAs o
nifigaumail 35 °C udTanal VFAs fiAndulugn
A1NAaRIR 1-2 49n91N131AR04 set 3-4 i
US04 VFAs gaimuiies 133 me/L figaumgd 55°C

dlowSeudlsutiunsAnedunuinns
nAnNsAoEdAnluNsnaesd Weldnnmynouss
91n53UY EBPR (set 3) wiinfigamgd 35 °C 4l
USinaunsnesdfin 62 my/L FetfeeninnisAne
Y94 Jiuxiao way Hui (2015) fivsfaninaznouss
Mnszuuthoatidsyueu nuiduinansnesd
fin 191 me/L 7 35+1 °C [11] AIUNINAZNDULTS
93 EBPR (set 4) figaumgdl 55 °C 1innsnozdin
56 mg/L WardosnI1N15ANYIY8Y Huibin Lag
Sheng (2017) fingnninmzneuissil 55 °C nu
n3neLdRn 615 me/L [26] Fmseil 3 Fauanain
USunaumesansdunisiannsaaanslaives 919

$ o9 N1SUNU AT UA UL aUSUAN IR NBUN DU
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\19991nA1 VFAs Tunznausiazvinlilantaiiia
VFAs @11 @9 Zhang-Wei Lazang (2016) la@nws

n15UIURT ua ulaely rhamnolipid S8R UAS

Table 3 Concentrations of VFAs and acetic acid from different conditions

nindamladuuulsainia wuinaiu1sanan
SCFAs gaan 378 mg COD/g VSS fiszezinan 72 h

A1 pH 10 UazAIUANEUUATT 35+1 °C [16]

Concentration of

reactor)

Carbon sources Acetic acid Conditions Ref.
VFAs
Set 1 (WAS from AS) - 597 mg/L at 24 h | pH not controlled at 35 °C
Set 2 (WAS from AS) - 283 mg/L at 24 h | pH not controlled at 55 °C
Set 3 (WAS from EBPR) 62 mg/L 120 mg/L pH not controlled at 35 °C
Set 4 (WAS from EBPR) 56 mg/L 133 mg/L at 20 h | pH not controlled at 55 °C
Set 5 (WAS from EBPR) 93.14 mg/L 152 mg/L pH 14 This
Set 6 (WAS from EBPR) - 574 mg/L study
Set 7 Pig Manure 109 mg/L 439 mg/L
Set 8 FS:AF (1:1) 1,406 mg/L | 2,505 mg/L at 96 h  |pH not controlled at 35 °C
Set 9 RS:AF (4:1) 1,018 meg/L 1,233 mg/L at 96 h
Set 10 RS:AF (1:4) 792 mg/L 1,227 mg/L at 108 h
Excess sludge from Ratio of excess sludge from
sedimentation tank and 423.22+25.49 mg  |sedimentation tank and 23]
secondary sedimentation COD/g VSS secondary sedimentation tank
tank (1:1 w/w) at pH 8.9
Animal dung and wheat
1,394 mg/L - Anaerobic condition for 10 days | [27]
straw
Cow manure and corn
6,444 mg/L 14,651 mg/L Controlled 55 °C for 4 days [28]
silage
secondary sedimentation
tank and anaerobic 615 meg/L 666.5 mg/L Controlled 55 °C for 6 days [26]
fermentation tank
Sludge from trickling filter
- 1,327 mg/L at 120 °C |Heating at 75 °C for 10 min. [29]
system
Pig manure - 12.6 mg. COD/g VSS | Controlled at 35 °C [30]
Mixing 165 rpm, pH 6.6-7.1 for
Waste activated sludge 191 mg/L 574.4 mg/L at 35 °C a8 h [11]
Excess sludge from SBR
2,862 meg/L pH 4; 3,914 mg/L | Controlled 26 °C and mixing 60
(sequencing batch [31]
At pH 4 pH 6; 2,607 mg/L  |rpm
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Figure 3 Concentration of VFAs in pretreatment
of excess sludge from EBPR (set 5)
with different pH.

nsAnunsIRtudumesninasnou
13997N92UU EBPR set 5 A1 pH iU fp 1, 2, 3,
6,9, 10, 11, 12, 13 uag 14 wuiifiaA1 pH 14 &
U3uNur8INInRETANgIdn 93.14 me/L Laznsn
Tnsledn 59.1 me/L waz#i A1 pH 9 LAANsA
9zdfin 90.82 me/L Fan1nArnowLs s uFud
daduvos TVS/TS 0.32 Tnegnua1UTu1ave9
VFAs TiAntulndifestu USina VRAs gafian Ao
152 wag 150 mg COD/L A1 pH 9 uae 14 Ayl
d1fu faguil 3 Feedunelédndien pH 14 9auan
N1371NUVBIRAUNIENGU methanogenic wazd
Usuavesveandefisosaanlags wazdadiu
UfAsen hydrolysis vaslusAuuazni1sngdneie GR
N13@N¥1984 Boontian LazAnz (2016) Na1131
nsUsvanmnIniud1Usndeniunsnnionanay
Au¥oursdasvinliiia VRAs il ugadu [32)
A9AAA DA UITUTTBUDY Rungnapa WagAME
(2015) fiFnwnsvinnnaznewssilondn VFAs
TawiiAn pH fisnetu Ao 8,9, 10 waglalauauea
pH wuUIued VFAS Ejﬂ?jﬂﬁﬁ’] pH 9 fiszeziian
3.5 h [33] WewSsuiluiuauideves Ruyi uaz

Ay (2016) 71 ANWINISULNNINALNADULT 9917

283

sruuthtntdeguru leandnuusremenoud
VSS 12.9 ¢/l wavlde (seeding sludge) AN VSS
5.1 ¢/L vinanslasnaudnaiuved seeding sludge
waznznau 1:10 ndnludelfisen 2.5 §n5 nau
wetsl 200 rpm Aignumgdl 19.5-22.5 °C Taedian pH
funnsnety 6 ¥n Ao 6,7,8,9, 10 uaglulinig
AIVANAT pH WuUTINA VFAS fifinduainns
wiiniAnTIasafigan1avaaesdilifinnsaunu

pH [34] d@un1sAnw1ved Zhu azauz (2015) 1a

v
o v

NAR VFAs TngnisndinsaudunisunUatunueig
AMusoulag alkalinity Ingldngneauainssuu
Trdaiideguen nuiniina VRAs gefigniign
msveaasiisien TS 75 ¢/L wiriu 7.31 ¢/L wleth
pzneusUTUA pH 1 12 waznmunauiigamgs
90 °C unu 2 h il eainavesvosgdunidngu
methanogens L%‘ﬂﬂmsﬂauﬂdmﬁiﬂ seed sludge
Faludsuisenasnandaoganinaznaulss 500
mL Alairunszuaunistiivadudu waziia 20
mL 983 seed sludge (75 /L) [35] wu3n15UIUn
sﬁguﬁumaﬂmﬂmﬂams'aﬁmwmi’wLﬂuuazﬁwﬁzﬂu
n1saR VFAs dlumsrhirindususieniueu
wag alkalinity aztdunisii uaudunIunis
N394 (filtration resistance) LagAIINNRL AVD
prnoulAuniy 4 an1smainazan filtration
resistance 9¥aAYUIAVOIALNBUAY N1SANYIE
AOINITNAFDUNITNANNTADETANINNLAAS
mfusuiisnaiu Inetdonldnzneuiifian VFAs g
fesnunasaniveutuazdosaasligs vhlvd
Temaiaziinnsnozdanifiuundu Fausunams
NaRNIADLTANG T AAdI VT UATNBUIINTEUY
EBPR it ulu set 1-4 iy 32.78 mg VFAS/c
VSS FedpanisAnuunasaniuendufisiu Tng

WAIASUBUTNAINNSaEIN LI W UAINAENDY
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139 LYU SM AZNBUINNSLUUNTNLAETINN Fala
A ud A sasuunasasveuluniswan
nInEdAn Ine@nwIUSuunInedRnaINNITUN
WAAIANSUDY 3 UL1aY AD NNAENBULSIIINTEUY
EBPR (WAS) (set 6) 3jadns (SM) (set 7) wag
ATNBUIMNITTUUNAALARTININ (set 8) WU FS:

v '
a = a

AF (1:1) #USunaunsnezdRninduasiian 1,406.8
mg/L fisvziaan 96 h (set 8) wonantuwuing
USuunsalwsitledin 852.81 mg/L LazAninia
130 246.25 me/L d@ulungnou SM (set 7) wuan
AUSNUNIARETAN 109.43 mg/L nTalwshilaln
222 me/L wazAnsn T3ty 10.11 me/L 7

J28LIA1 36 h

3000

2500
2000
1500 e Y
1000
500

Concentration of VFAs (me/L)

40
Time (Hrs.)

—m— EBPR — &—.SM ---e---FS: AF (1:1)

Figure 4 Concentration of VFAs from EBPR (set
6), SM (set 7) and FS:AF (1:1) (set 8)
at 35 °C.

dlawSsuilsuusununsaesdfinnuin
SM (set 7) iUSurunsnezdfn 109 me/L 7
gaunadl 35 °C Faoundneuves Cristina way
AtlE (2017) ﬁiﬁi’ﬁméam%mumﬂga%LLasﬁﬁnIWﬂ
93N Gﬁqwudﬂﬁﬂ%mmmmaz%ﬂqﬁq 6,444 mg/L
[28] §99197197 3 2INUSIQL VFAS 99393 3 Unaa
ANSUBN WUINLNBUIINTEUUNARLAATINN (set

8) flU3unm VFAs gefign (2,506 mg/L) Ausae

284

NINAENDULTY (set 6) Wag SM (set 7) 650 Lag
439 mg/L MUAIAU LLamsTﬁgiJﬁ 4 TagnsAnen
N1IRANNINAZNDULTININTEUY EBPR (set 6) A1
pH LS uy 7.75 USua VFAs g9 n 650 mg
COD/L fiszuzinan 2 Ju aenndesfiun1sdnwves
Yue wavAmz (2015) IANBININAZNOULS 197N

UV SBR vasszuuinUnddesyuvuludseinaiy

'
=]

Nszezian 6 U JUSuad VFAs 118.3 mg COD/L
fifin pH 4 LLﬁiLﬁamUﬂmm pH %104 8 1iim VFAs
1,676.4 mg COD/L 7 53821981 6 Tu [36] d7u
USuna VFAs 7 1ind uainnismin SM (set 7)
WUIIUBENIINITANYIVDS Maie wazanz (2017)
ﬁﬁﬂmy‘aﬁm’iuazﬂ/\lwﬁnaﬁ Fawudnanunsondn
N3AeLARNgIR 1,394 me/L [27] usinuinUTua
VFAs TiinTulunnsnaaes set 7 iy 283.59
mg COD/g VSS Fannitlunsinwues Jingang
wazAny (2016) fifnwin1sndin SM wuda fien pH
11 fiUSua VFAs gefian 79.1 mg COD/g VSS
J2YzLIaN 8 U muqmqmugﬁ‘ﬁ' 55 °C LAz UBILde
20 %TS Wioszeziiariuly 8 Ju wudndiuves
ﬂimaz%ﬁﬂqaﬁqm (80.4 %) 71 pH 12 [18] uax
WINNIIN1SANBIVDY Weiwel wazaaz (2016) 7
WUUSURL VFAS 19U 12,6 me COD/g VSS 1ile
14 SM [30]

dlennaoudaUfizen FS:AF (1:1) (set
8) WisuAUNINALNBULTY (set 6) UaziauATen
FS:AF (1:1) (set 8) Wiguriungnau SM (set 7) Tu
nnswan VFAs Tagld independent t-test 7iszeiy
ARty 95 % vadeunuIndiauwAnEIeiy
o819l Uyd1AYN19adF (p=0.00<0.05) Wa 2 A
LARIINNSHARN VFAS 91NUMaIASUDuTa 3 WIAGS;
NINAZNOULTY SM 1hag FS WUl FS:AF (1:1) &

UTu10u989 VFAS §4n31n1NRENBULT 1AL SM
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ANUAINU LT BI9INNINALNBUNNIUNTSUIIN (FS)

11 10 Tu AUTHansBun3daenda SM waznn

'
' Ly

AENaULTI HuAe FS arusasldewdu VFAs 1a

~ el

lngedunsdneglu AF anunsagesaaea1sauvsy
LaZLANNTZUIUNTT acidogenesis Ay acetogene
sis ¢ waziilovadeudaufitunvesninaznouss
(set 6) Wiguiunznau SM (set 7) Tun1swén VFAs
Tngld independent t-test fiszduauidosiu 95
% wuakidAuLanssiueg 1l TudAy NI
add (p=0.06>0.05) kanIN15udn VFAs Yo

2 YA Inaas Inafimileuiu

60
Time (Hrs.)
---e--- RS:AF 4:1

80

—a— FSIAF 111 —e— RSIAF 1:4

Figure 5 Effect of pH on VFAs production
during the fermentation of the FS:

AF (1:1),RS:AF (4:1), RS: AF (1:4).

nsnaasslaenistdnznou RS AifiA
pH 13u6U 4.56 mznauil FS nuinfian pH Susu
5.67 381319 TRTNTULINTUS U UNANARTD Y
VFAs #1 Uszanas 1.3-1.8 ¢/L Tnevinaesiigamg
35 °C waweIN"3ANWIAT pH NuI1Aioglugag

3.74-5.21 LLamﬂugﬂ‘ﬁ' 5 anaslugg 60 Faluausn

al I

wazAsioglugae 3.74-4.09 JUAUNITNAABY T3

]

o v 6

FUNUSAUN SN LV UIDIUT U VFAS LiBuNS

nAaaed 120 h wudn pH Uszuias 4.04 §an1s

a

NARRIUNUIIA1 pH anadilensnasdAnIiiugWu
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d8AAd0IiUIUVEY Ehsan kavAy (2016) WUl
A1 pH anaad oUFuunIAoed A nii ugedu
\osannalnnisairsiusylalasiauvesluiana
nsmerdfnuagliuanidesulosouvedlessussd
wa Taefinsaezddn (Wuguuuuiidfey [37) was
aenndeaiuIuYes Infantes WazA (2011) 7
miinaznouInszuu T At uFoyury wuiy
USinansnozdAnanasies pH Lﬁ'uqﬁ%uua:
gaumndanas Fsagifiudnen pH Hudladedifinase
NISHE R VFAs [31] wazdonaa 09 UII1UUD
Yingchon uagzAniz (2018) finuinA1 pH finasn
Agaieaussaurlulfisen hydrolysis 78ann

uasfudrugndadien pH 0.38 figaumad 100 °C

'
a =

liAn VFAs lusunsnev@iinganian [38]

U

3500
3000
2500
2000
1500
1000

500

Concentration of alkalinity (me/L)

40
Time (Hrs.)

60

- —a - FSAF 1:1 ---0--- RS:AF 4:1 —e— RSIAF 1:4

Figure 6 Effect of alkalinity (mg/L) in batch
tests operated at different substrates
[FS:AF (1:1), RS:AF (4:1), RS:AF (1:
4)] for different period of time.

N15AN¥I1989 Zhang-Wei LagAuy
(2016) Wu31@n125 uFuA L uaadinasonis
danefauaznng hydrolysis T3a15dunss dadu
Uselovdmonisudn VFAs [16] ag19lsAnny

Usunauvasannigidusinsiuegiud3unansasiie

¥
a =

Fawwltuieatudinedulunsld RS: AF (4:1)
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(set 9) way RS:AF (1:4) (set 10) LU uunas
A15UBY LABAT pH 928083981997 9 LazAIY
duduves VFAs azaey 9 anal daiensindinas
14 FS:AF (1:1) (set 8) WJuundannsueu wuind
96 h wos FS: AF (1:1) Insmexdfngsiian (2,506
mg VFAs/L) wazdian alkalinity 111U 840 me/L
Faguit Tnemuinlufeuizen FS:AF (1:1) (set 8)
RS:AF (4:1) (set 9) @y RS:AF (1:4) (set 10) &
A1 alkalinity 128 85EnInensuITIWInAU 1,333,
1,779 waz 1,285 me/L muaau § 9 Oehmen
wazAz (2007) leeSu1e11 PAOs Aoen39a3 pH
7-8.5 lun1siiulnaos PAOs [39] s arfudn
alkalinity Sefinnuddy iszfudvinesiiane
Frumunsiasuslaesd pH lussuunsudn
VFAs 983aznauLtaaz i wuandlanuiduduaes
nsnexdAngsiian mudiensadalninuaznselng
Wletnluszgninenszuiunistesaasaziinnig
WasugUanvesudaduaisdunidasaton
(SCOD) eUsznausie VFAs uazasusenaudiil
Twanaidn q nmsAnwdnuiiinames VRAs 1
waniilafinslundsansuau FS.AF 1:1 wisdudh
7 9 12 §1 96 h wandluguil 7 U VFAs
RS:AF
108 h

adrefulunsvaaesild RS: AF (4: 1) uay
(1:8) FefiAn 361-1,362 me/L 71 96 wa
AINAIPU

A15ANWINISNER VFAs Lt U lUld
Useloridnudomsvdndiuvesarsdunsdus
axadafiAnty 89 VFAs Wuansunidisiansuou
2-5 9¥ABN LYY NTADLTRAN NTAlnsNlelln Lag
nsndaln3n wudmamuly 36 h dsUfjisen FS:
AF (1:1) (set 8) 61 VFAs 2.5 ¢/L HaN15NAa 8
"??Lﬁl,ﬁui’mﬁﬁ%m hydrolysis, acitogenesis kag

acedogenesis 1inTuag1933157 Weldngnoun
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gndaosiield 10 Tu iluuvdeansueu wudd
USinaunsnezddnuinniinsalnsiiledn desing
31N31891UABUNTIYOY Huijun kagAny (2016)
Fanuiinsmezdfnuaznsnuesdaiaiiunandn
VFAs filaaisu [8) nsmezdinidungu VFAs figes
amgldinesegaunidlussuuiitn Ssenavili
USinamFeriduduansiias insiznsnesdin
Dundnfusimaniiefiinannszuiunismiin
wuul¥eendiau neuflazgnivdsudunfaivuly
N3¥UIU methanogenesis Inuy dunsdngy

methanogens [8]

3000
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1000

500
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60 80
Time (Hrs.)

—a—-FSAF 11 --—-—- RS:AF 4:1 —e— RSAF 114

Figure 7 VFAs in batch tests operated at

different substrates ratios FS: AF (1 :
1), RS:AF (4:1) and RS:AF (1:4).
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1750 -
1500 -
1250

< 1000

ch

E 750
500
250

Concentration of acetic acid

40 60
Time (Hrs.)

—a— FSAF 121 ---¢--- RS:AF 4:1 —e—RSAF 14

Figure 8 Acetic acid operated at different
substrates ratios FS: AF (1:1), RS: AF
(4:1) and RS:AF (1:4).
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dloneaedagld FS:AF (1:1) (set 8) 7i
96 h wuiniUTununsnerdAngsiian 1.4 ¢ COD/L
Fa3Uft 8 nanismaassuandliiiuliufise
hydrolysis, acitogenesis Wag acidogenesis Linla
samdudieldnznou FS uaznuiai VFAs 2,506
mg/L Tuganismaaesii 8 [FS:AF (1: 1] 1l olal
AIUANAN pH wazAIUAugumadl 35 °C Fewuin
YoUNIINITANYIVDY Ana LagAtg (2010) WU
USunas VFAs qﬁumﬂ 3,500 10w 8,700 me/L Tu
ﬂwwﬁﬂmﬂmsﬂawﬁ'nﬁgﬂuﬁﬂmLLéh 4 Ju lnedl
USununsnezdin 41 % wagnsalwsiladn 36 %
Fafndulugae 36 Faluausnveenisugnnin
AENDULTY [40] TnensnesdAndiAntuainnisusi
s lUld duunasnsveuliiuszuuida
150NN 18 Guojing LazAaly (2018)
Ig@nwnstdanleanesalusyuu EBPR wuddle
ldons1d1unsdianmnondiwasea 100/0 % 4
Usgdnsamlunisiidareanadagefic 90.2 %
[41] MU3TYY89 Piasai kagauy (2017) Anwing
TFordnnduunasarsueulusyuy EBPR wuin
USuauozdmnianumunzauiunisasgiule
Y993AUNTENG U PAOs [42] Fafunisudanse
peddnly set 8 anunsninlUIdduumrasansueulu
MsindaneanasanIInIm

a % I3

nsalnsilod Nl unaniueifinais

SENINNITYYAANYANTBUNTY T99v@Aw0ES

'
=

71 9 WeTeuiiguiunsnesdin FNan15Naad

v
a =

wuhUsnunsalnsiilednganvzintuluyanig
V@ 8 [FS:AF (1:1)] § 853 me/L fisvasiian
96 h wazyANIMIAABS 9 WAz 10 1 341 uag 612
mg/L ARy fiszezinan 108 h wansiagui 9
Faaonndoeiun1sAny1ves Yongging uazmae

(2011) Ai@nwINSEANUSEEANS A nlun1sA19m

287

a1sesuazanUsinaninaznause laglyssuu
anaerobic anoxic oxic (A’0) Wu31n15us NN
nznousuinUfATeT hydrolysis T 38.2 % uay
And

MANTUIFnEILYRINTABETANLALNTALNT N LBLN

ASe1 acidification 19.7 % Lagwu31 VFAS

Re £29)

fige othanlfifuuvasenfueulifuszuy A0
wua1Usedns anlunismanlulasiauuay
woave¥agaduile 80.1 uay 90 % mud1dy [43]
FansAnw1ves Maite wazamz (2017) ladnwn
szUU SBR lagldunasaisuauainlnsilolus
LagREdLan NUINININLDLUAEINITANIAR
woameSanvian wuinsluTuns PAOs ogjge ileld
Insilowmduunasansueuy [27] du Satoh uay
AMNE (1996) LARNWINAYBIAISUBUABNITANIR
Woanesan1931n1m wuIdnsInsAmeneanesa

1% a

luaanzueunalsingeign eiln1sldesding

o
o

wazlnsilawwaduinasaisuau [44] faiunis
NAAad set 8 @NUNTALINTADLTANLALATALNTA
Todnfindwduwnasaisvauliiussuuiida

Noansan193In

1000

800 +

Concentration of propionic acid

Time (Hrs..)
--—4--- RSAF 4:1

—a— FSAF LI —e—RSAF 14

Figure 9 Propionic acid in batch tests operated
at different substrates FS: AF (1:1), RS: AF (4:1)
and RS: AF (1:4)
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Figure 10 Butyric acid operated using different
substrates FS:AF (1:1), RS:AF (4:1)

and RS:AF (1:4).

nsfnwUsunavesnsadalninluys
N15NAaBaT 8-10 NUTUNAIATUBY set 8 [FS:
AF (1:1)] fUFunansadalningefign 246 me
COD/L A 3¢8%1981 96 h Loz pH 3.92 99891
Ao RS:AF (1:4) dUSununsadalnin 212 mg
COD/L #1381 108 h uazAn pH 3.57 @71 RS: AF

(a:1) fUsinunsndalvindesiian 91 mg COD/L

'
=

fiszozaan 108 h uaze pH Wity 3.83 dagu
10 A15AN®IVDY Rustrian WagAmue (1996) Wuin
azdimanazdqlmsmduwnagsrsvauiialunis
fsaneanesa Tuvmsi nsiloiundwalud
Uszavsnmlunisidanealesatosdian [45] 3
Namimaamudm%mmmmaz%amﬁmsﬁuqaqm
se9a91 Ao nsalnsiledn §em199ann1sAng
299 Hujjun wazAny (2016) finuinsnesdan
l,l,azﬂmﬁﬂm%ﬂmam%umﬂﬁqmﬁam pH qasﬁu [8]
Fansfneranznsndnilmuivanlunisuan
nsnosd@nii ol uuna s uountsuenli iy
FEUUNMIANDEANDTANIITININ WUIINITNAADS
set 8 aunsathlulduunasasveaulifuszuu
fvaneanesaniadanin vl 099 nTusua

acetic gaiian Fadungu VFAs fwingaulunis

288

WSiulnvesdunidnau PAOs lusyuuiidn

Noanasan1933n N

4. g3y
anmefiungadlunisminninazneuse
\londnnsnozdin Ae anngilufinisauau pH
yosdalfAzendilingneunnsruundnuiatanm
sl iftgnmagivosteuiumin 10 Yu weaw
U AF 716m51d9u 1:1 w58 FS:AF (1:1) (set 8)
wuUunInozdAn 1,406 me/L 1 eAruawi
gaunni 35 °C MuKANT 120 rpm SvewLIan 96 h
dnllufafisendily Rs: AF (4: 1) (set 9) ua RS
“AF (1:4) (set 10) An3Aazdfn 1,018 way 792
me/L AUy ilennaounnsadf paired ttest
fiszumnandotu 95 % veswmenaudlwiugin
FZUUIINTEUUNAALAATININ set 8-10 WUl
AMUUANANEElted1AgY (p =0.04, 0.02<0.05)
Tunisldmznou FS (set 8) uag RS (set 9-10) uel
fenaasunisldmznau RS (set 8 uay 9) 74
dndau AF fiuansnety wudnldfannuuwaneig
oslitadAgYn19ads (p = 0.44 > 0.05) WazNUIN
ganITVAaesd 8-10 fUTuanInerdAnunniy
nsalnsilefin dwiunsdlvesynnisvaaedi 1-7
\AnNIABEBRANUBINN 62, 56, 93 wag 109 me/L
HANISNAABT 3, 4, 5 WAy 7 AMNEISU @21unn
PTNBULTIINTLUY EBPR set 3-4 Tigamndl 35
WA 55 °C AUAIRU wagnuinUSinansaeyding
Aatuanmsniindigumgfiviaasslsidanuunn
fetueg 1l dud1AYN19ads (p=0.09>0.05)
Tngnan snaaanuINsldurassueuluganis
naaoaf 8 a1uisathluldussledlunisnin
nsnerdfn iieduundsnsueuliiuszuumia

Woanasan19Inn waze1avivanA1lianelunis
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Fauvasansuauneuenlinussuuls

5. ARANISHUSZAA

NMUITedlaTunuatuauuIINnuing

Jaudie Un15AN®WY 1/2558 d11NIAINTTUAIENS

wndngrdumalulagdygsuns uazyuganyunis

A7y UsznnUaiadne) anng1dnauaue

AFFUNNTIFELAIF (3%.) UszanT 2560

6. References

(1]

Pan, Y.W., Maneesha, P.G., Anna, H.K,, Ralf,
CR,, David, CS. and Ka, Y.C,, 2015,
Simultaneous phosphorus uptake and
denitrification by EBPR-r biofilm under
aerobic conditions: effect of dissolved
oxygen, Wat. Sci. Tech. 72: 1147-1154.
Puig S.,, Coma, M., Monclus, H., van
Loosdrecht, M.CM., Colprim, J. and
Balaguer, M.D., 2008, Selection between
alcohols and volatile fatty acids as
external carbon sources for EBPR, Water
Res. 42: 557-566.

Javier, G., Carlota, T., Albert, G. and Juan,
AB., 2012, Glycerol as a sole carbon
source for enhanced biological, Water
Res. 46: 2983-2991.

Pijuan, M., Saunders, A.M., Guisasola, A,
Baeza, J.A., Casas, C. and Blackall, L.L,
2004, Enhanced biological phosphorus
removal in a sequencing batch reactor
using propionate as the sole carbon
source, Biotechnol. Bioeng. 85: 56-67.

Piasai, C., Boontian, N., Yingchon, U. and

289

[9]

[10]

Pyae, H.A., 2017, Efficiency enhancement
of biological phosphorus removal with
difference carbon sources, Eng. J. Res.
Develop. 28: 41-52.

Xiangfeng, H., Changming, S., Jia, L. and
Lijun, L., 2015, Improved volatile fatty
acid production during waste activated
sludge anaerobic fermentation by different
bio-surfactants, Chem. Eng. J. 264: 280-290.
Hongbo, L., Hang, X., Bo, Y., Yepin, Z., He,
L., Bo, F. and Huijun, M, 2016, Enhanced
volatile fatty acid production by a modified
biological pretreatment in anaerobic
fermentation of waste activated sludge,
Chem. Eng. J. 284: 194-201.

Huijun, M., Xingchun, C., He, L., Hongbo, L.
and Bo, F., 2016, Improved volatile fatty
acids anaerobic production from waste
activated sludge by pH regulation:
Alkaline or neutral pH?, Waste Manage.
(Oxford) 48: 397-403.

Talat, M. and Allan, E., 2006, A review of
secondary sludge reduction technologies
for the pulp and paper industry, Water
Res. 40: 2093-2112.

Lise, A, Jan, B, Jan, D. and Raf, D., 2008,
Principles and potential of the anaerobic
digestion of waste-activated sludge, Prog.
Energy. Combust. Sci. 34: 755-781.
Jiuxiao, H. and Hui, W., 2015, Volatile fatty
acids productions by mesophilic and
fermentation:

thermophilic sludge

Biological responses to fermentation



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 2 February 2020

[12]

temperature, Bioresour. Technol. 175:
367-373.

Danielle, B., 2001, Enhanced Biological
Modelling and

phosphorus  Removal

Experimental  Design, JABS.  Ghent
University, Belgium, 291 p.

Adrian, O., Aaron, M.S.M., Teresa, V.,
Zhiguo, Y. and Jurg, K., 2006, Competition
between polyphosphate and glycogen
accumulating organisms in  enhanced
biological phosphorus removal systems
with acetate and propionate as carbon
sources, J. Biotechnol. 123: 22-32.

Leitao, R.C.,, Haandel, A.C,, Zeeman, G.
and Lettinga, G., 2006, The effects of
operationaland environmental variations
on anaerobic wastewater treatment
systems: A review, Bioresour. Technol. 97:
1105-1118.

Rademacher, A., Nolte, C., Schonberg, M.
and Klocke, M., 2012, Temperature
increases from 55 to 75 °C in a two-phase
biogas reactor result in fundamental
and

alterations within the bacterial

archaeal community structure,

Appl.
Microbiol. Biotechnol. 96: 565-576.

Zhang-Wei, H., Chun-Xue, Y., Ling, W., Ze-
Chong, G., Ai-Jie, W. and Wen-Zong, L.,
2016, Feasibility of short-term
fermentation for short-chain fatty acids
production from waste activated sludge
at initial pH10: Role and significance of

rhamnolipid, Chem. Eng. J. 290: 125-135.

290

[17]

[18]

[20]

Xiong, Z., Weinan, Z., Rui, W., Jingyang, L.,
Yinglong, S., Haining, H. and Yinguang, C.,
2018, Increasing municipal wastewater
BNR by using the preferred carbon source
derived from kitchen wastewater to
enhance phosphorus uptake and short-
cut nitrification-denitrification, Chem. Eng.
J. 344: 556-564.

Jingang, H., Rongbing, Z., Jianjun, C., Wei,
H., Vi, C, Yue, W. and Junhong, T., 2016,
Volatile fatty acids produced by co-
fermentation of waste activated sludge
and henna plant biomass, Bioresour.
Technol. 211: 80-86.

Boontian, N., Pyae, H.A., Yingchon, U. and
Piasai, C, 2015, Biogas production from
cassava pulp: Review of current condition
and future perspective, pp. 11-17, 27th
Environmental Technology Conference,
Environmental Engineering Association of
Thailand, Bangkok.
Bermudez-Penabad, N., Kennes. C,
and Veiga, M.C., 2017, Anaerobic digestion
of tuna waste for the production of
volatile fatty acids,
(Oxford) 68: 96-102.

APHA, AWWA and WEF, 2012, Standard

Waste Manage.

Methods for the Examination of Water
and Wastewater, 22th Ed., Washington
D.C., 1496 p.

Racho, P. and Wichitsathian, B., 2012,
Enhancement of anaerobic digestion of

waste activated sludge (WAS) by alkaline


https://www.ncbi.nlm.nih.gov/pubmed/?term=Berm%C3%BAdez-Penabad%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28629710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kennes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28629710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veiga%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=28629710

Ui 28 avuil 2 qunwius 2563

215815 Imemansuazinalulad

[23]

[25]

recirculation, Suranaree University of
Technology, Nakhon Ratchasima, 102 p.
Yun, C., Xie, J., Keke, X., Nan, S., Raymond,
J.Z. and Yan, Z., 2017, Enhanced volatile
fatty acids (VFAs) production in a
thermophilic fermenter with stepwise pH
increase Investigation on dissolved organic
matter transformation and microbial
community shift, Water Res. 112: 261-268.
Huilei, X., lJinluan, C., Hui, W. and
Hanchang, S., 2012, Influences of volatile
solid concentration, temperature and
solid retention time for the hydrolysis of
waste activated sludge to recover volatile
fatty acids, Bioresour. Technol. 119: 285-
292.

Hyun, U.C., Young, M.K., Yun, N.C,,
Hye, G.K. 2015,

and Jong, M.P.,

Influence  of temperature on
volatile fatty acid production and
microbial ~community  structure
during anaerobic fermentation of
microalgae, Bioresour. Technol.
191: 475-480.

Huibin, C. and Sheng, C., 2017, Impact of
temperatures on microbial community
structures of sewage sludge biological
hydrolysis, Bioresour. Technol. 245: 502-
510.

Maite, E.G., Reda, A.S., Irini, A.,, Basma, O.,
Per, V.S., Dimitar, B.K. and Yifeng, Z., 2017,
High efficient ethanol and VFA production

from gas fermentation: Effect of acetate,

291

[28]

[30]

gas and inoculum microbial composition,
Biomass Bioenergy 105: 32-40.

Cristina, C., Cinzia, D.R., Paolo, P. and
David, B., 2017, Influence of temperature
and  hydraulic retention on the
production of volatile fatty acids during
anaerobic fermentation of cow manure
and maize silage, Bioresour. Technol. 223:
59-64.

Jiabing, L., Yifang, Z., Wenwei, L., Yulan,
W., Yuyi, Z., Changqjing, L. and Youcai, Z.,
2016, Effect of methanogenesis of residue
from thermal pre-treatment sludge by
anaerobic fermentative hydrogen
production, Proc. Environ. Sci. 31: 318-
324.

Weiwei, H., Wenli, H., Tian, Y., Ziwen, Z.,
Wei, C., Zhenya, Z., Zhongfang, L. and
Chuanping, F., 2016, Volatile fatty acids
(VFAs) production from swine manure
through  short-term  dry  anaerobic
digestion and its separation from nitrogen
and phosphorus resources in  the
digestate, Water Res. 90: 344-353.
Infantes, D., Gonzllez del Campo, A,
Villasefior, J. and Fernandez, F.J., 2011,
Influence of pH, temperature and volatile
fatty acids on hydrogen production by
acidogenic fermentation, Int. J. Hydrogen
Energy 36: 15595-15601.

Boontian, N., Yingchon, U., Pyae, H.A. and
Piasai, C., 2015, Enhance sludge fermenta

tion by zero valen iron under anaerobic



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 2 February 2020

[36]

[37]

conditions: A review, pp. 67-75, 27th
Environmental Technology Conference,
Environmental Engineering Association of
Thailand, Bangkok.

Rungnapha, K., Karel, J.K, Huub, R. and
Hardy, T., 2015, Volatile fatty acids
production from sewage organic matter
by and

combined  bioflocculation

anaerobic fermentation, Bioresour.
Technol. 193: 150-155.

Ruyi, W., Yongmei, L., Wenling, C., Jinte, Z.
and Yinguang, C., 2016, phosphate release
involving PAQOs activity during anaerobic
fermentation of EBPR sludge and the
extension of ADM1, Chem. Eng. J. 28T:
436-447.

Zhu, Y.F., Liu, H.B., Liu, H., Huang, S., Ma,
HJ. and Tian, Y. 2015, Filtration
characteristics of anaerobic fermented
sewage sludge for fatty acids production,
Sep. Purif. Technol. 142: 8-13.

Yue, Y., Shuying, W., Ye, L., Baikun, L., Bo,
W. and Yongzhen, P., 2015, Long-term
effect of pH on short-chain fatty acids
accumulation and microbial community
in sludge fermentation systems, Bioresour.
Technol. 197: 56-63.

Ehsan, R., Bart, Z., Sascha, RAK. and
Boelo, S., 2016, Extraction of volatile fatty
acids from fermented wastewater, Sep.
Purif. Technol. 161: 61-68.

Yingchon, U., Boontian, N., Piasai, C. and

Pyae, H.A., 2018, Optimization of cassava

292

[39]

decanter cake biogas production, Eng. J.
Res. Develop. 29: 53-63.

Adrian, O., Paulo, C.L., Gilda, C., Zhiguo, Y.,
Jurg, K, Linda, L.B. and Maria, AM.R., 2007,
in  enhanced

Advances biological

phosphorus removal: From micro to
macro scale, Water Res. 41: 2271-2300.

Ana, S., Pantelis, K., Sarah, M., Elizabeth,
W., Jon, B., Martin, T., Simon, A.P. and
Elise, C. 2010, Comparison between

disintegrated and fermented sewage
sludge for production of a carbon source
suitable for biological nutrient removal, J.
Hazard Mater. 175: 733-739.

Guojing, Y., Dongbo, W., Qi, Y., Jianwei, Z.,
Qilin,
Xiaoming, L. and Hailong, L., 2018, Effect

Yiwen, L., W., Guangming, Z,
of acetate to glycerol ratio on enhanced
biological phosphorus removal, Chemo
sphere 196: 78-86.

Piasai, C., Boontian, N., Yingchon, U. and
Pyae, HA., 2017, Effect of acetate as a
sole carbon source for enhance biological
phosphorus removal, Renewable Energy
Sources, Research and Business (RESRB)
Conference, Wroctaw.

Yongging, G., Yongzhen, P., Jingyu, Z,
Shuying, W., lJianhua, G., Liu, Y., 2011,
Biological sludge reduction and enhanced
nutrient removal in a pilot-scale system
with 2-step sludge alkaline fermentation

and A20 process, Bioresour. Technol. 102:

4091-4097.


https://www.sciencedirect.com/science/article/pii/S1383586616300375#!
https://www.sciencedirect.com/science/article/pii/S1383586616300375#!
https://www.sciencedirect.com/science/article/pii/S1383586616300375#!
https://www.sciencedirect.com/science/article/pii/S1383586616300375#!

Ui 28 avuil 2 qunwius 2563

215815 Imemansuazinalulad

[44] Satoh, H., Ramey, W.D., Koch, FA,
Oldham, W.K., Mino, T. and Matsuo, T.,
1996, Anaerobic substrate uptake by the
enhanced biological phosphorus removal
activated sludge treating real sewage,

Water. Sci. Technol. 34: 8-15.

[45] Rustrian, E., Delgenes, J.P. and Moletta, R.,

293

1996, Effect of the volatile fatty acids on
phosphate uptake parameters by pure
cultures of Acinetobacter sp., Lett. Appl.
Microbiol. 23: 245-248.



