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UNANYD

n1sfnwiaunaulaveseanasa (phosphorus, P) lulmsiau (nitrogen, N) uasdlad (chemical
oxygen demand, COD) Tuszuumdaneanasan1a¥anan (enhanced biological phosphorus removal,
EBPR) fionduanizuounelsdn weuendn wazuelsdn Insunasweasmsuawdu acetic acid vuneIy
nznoU (sludge retention time, SRT) 20 11 wuI1UTueu TP, TN tag TCOD ﬁLGﬁ’wajamwuauLLaiiﬁﬂ
1.20, 1.16 wag 23.88 N31/7U MNEIHU wWarxeanaINTEUU 0.49, 8.10x 102 1Ay 0.59 A5U/TU AUa1RY
N15AN®INITATTA TP, TN way TCOD wuuszdnsnIn 53.26+14.13, 98.67+1.04 wag 99.20+1.02 %
AuEdU Uszansamnnsmdareanean wadoraiiieswiain SRT luszuuties (SRT = 20 ¥u) win
AuANlY phosphorus accumulating organisms (PAOs) HunuméanAglussuuazdamadeyussdnsaimms
faaneanesa FsansathulddusumslunmsesouasemnsTiiuse uu EBPR saudanunsatiun

Uszandldlussuuinnvesidoyuu

e

Adaey : Blof; lulnsiaw; Weanesa; aunawia

Abstract
The aim of this project is to study mass balance of TP, TN and TCOD in enhanced biological

phosphorous removal (EBPR). Anaerobic-anoxic- aerobic conditions were combined in the EBPR.
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This study used acetic acid as carbon source for synthetic wastewater through 20 days SRT with
1.20, 1.16 and 23.88 ¢/d of TP, TN and TCOD, respectively. The amount of TP, TN and TCOD in
effluent were reduced to be 0.49, 8.10x10” and 0.59 g/d, respectively. Generally, the EBPR resulted
TP, TN and TCOD removal as much as 53.26+14. 13, 98.67+1.04 and 99.20+1.02 %, respectively.
Nevertheless, phosphorus removal efficiency was low. This may be due to low SRT period.
Furthermore, control of phosphorus accumulating organisms (PAOs) plays an important role in the
system because the amount of PAQOs affects the efficiency of phosphorus removal. However, this
result can be used as a guide to customize nutrient flow into EBPR system and into municipal

wastewater treatment system.
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1. UNUI U158 nitrification, denitrification lagn15v1
n1sfnwaunauiaveseanasa (phos-  aunaunainilusyuule fie mInTaaeuiudnm,
phorus, P) tulasiau (nitrogen, N) wazdlof nsluanazUsuiaves TP Tuszuu wazlussuu

(chemical oxygen demand, COD) tHuwmaiia#ild \Wa osaniiafigasveulaeenlan (CO,) uay

o w

AUDYAINVINE NI UNITUTZITUNTAITAANT finwlulasiau (N,) deegluguvesing ldawise

DM IUILTUUMATAA1T9195NN93A N [1,2] 1Tu M5797A WALUSEUUNITANBANSANI9T I N

v

Lﬂnﬂiuiagﬁﬂﬂmﬁizqﬂmﬁlﬂuizuuﬂﬂﬂmﬁ’]L?ﬁﬁJLﬁa ( enhanced biological phosphorus removal,
Freudltoranainlngl 9 Tunsiiuszuu Iud EBPR) aansnrdnléiie TP, TN waz TCOD den1s
HrglunisaeuifisukuudIae (model calibra-  vaunaulavzyreliaiunsalseifiunisnidn
tion) [3] dauimgwm'ﬂ%’a;ﬂaﬁiwi’mmmzw A1991911309na1 [4,5]

tinidesjaiiulufimsiinseinaiiveslu Uagdudsingnisalglnsiliadu (eutro-
auaviiing InedidafeUszansnlunsiida phication) .uilymiliAnany3unm TN uag TP
el duteyalunisifussuuuaziiouiiouiu gafufvue lagwuan TP 3.01-55.73 14n/a [6]
\NEeILIASEIY TamnsinaNgasnaazTIsanalY e'z?'aLﬁu:uwmgmﬁéwﬁyﬂmﬂiwuﬂﬂﬂ'mﬁqmwm

Prelunsdounasaniuou mufsoudlonmun Yssalnedildsvuanasgiuves TP 13l 2
va3taya Meijer kagany (2002) lalauaisnis un/a TN1UAu 20 4n/a way biochemical
ATUIUALR ANIA faﬂisqﬂﬁmmﬂmﬁﬂm oxygen demand (BOD) lsi\fiu 20 un/a [7] A3
Aszuaunsndn (4] 1 Juisiuszauanudnsaly Adaneanesaszuu EBPR ladrunldlunisiidn
n1snedeunuratesuululUssndulsaLaun WoanafavesszuuUUauLde uazldsunis
Meijer uazany (2001; 2002) Na1¥INSTaLAR gousuindumeluladfivseudaaildane (8] Tng

WIBUBNINAYILTEUAUAANA LAY §agaeld nszuunsiivszauanudisaiesnindqdunid

Ysuugsdeiianaialumsaiupuuisesng 4 Wy Aidwnsaidaveanssalduinnineadund 10y
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nguuuAfiiSeLawmlsnsedin (heterotrophic) 7o
71W1ele (polyphosphate accumulating orga-
nisms, PAOs) [9,10] #iazUaoseoalsnadLia
(ortho-P) aanunainnsaalsdlvesindweaine
(poly-P) Felvimdsnuuazaendanueeniinon
fu [11] nszuaunsiivszneudeaniizueunels
On annzuouendn wazanneuelsin dwzidn
Wearesaluinds Tnenalndl 2 nszuaunis e
n13A18 ortho-P luaniziouuslsdn waztinain
98un3d PAOs FUTH Ortho-P lutide wdauiu
poly-P 13luiea [12,13] @nunsanidaneanasa
senanszuulnemsiiemeney %ﬂuﬁmﬁwmmz
nueanedaluguves poly-P usag hydrolysis
Ju ortho-P 33 PAOs anunsathlulélunisiasey
diule asdiiuinearesadumsiiwesiddalu
szuutiatids Senunulden vilinudmn
V\IaaV\Im“’aimf’]ﬁyuﬁummgm WaLN1ISAIA

a

Noanasavsfniandudunssd PAOs Fadndumas

Tdans8unidszinedraiduunasnisueu 1ag
asAnwdiulng wuin acetic acid iwunzaulu
sl duurasasusuneuen [14] ualsIATLNg
\dunsiindunuluninfuszuy 49 acetic acid
uansdeduiidnsdnuwundian 1iosands
URATeNTifinsiiu acetic acid azdimnuannsaly
msazauoaings uazansuvddaluafinuly
Tsenuddainged acetic acid Wussdusznou
upe19ldiiganenonudeInIsvessruulunig
miaveaneasa [15] uazdanuinergnznoy
(sludge retention time, SRT) dNaRBUNUINUDS
PAOs Tuszuu

A19ANYI999 Wentzel wazamz (1991)
WU PAOs diunumafgluseuu uasUszans

awlunisindaneanesaiiiugau aeldaniei
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SRT w1 4i19991n8RI1N15@a18f2vee PAOS #in
nindesy [16] warnsAnyIves Chuang (1997)
Wu31 SRT flunumddgiiAsadesiunisaie
waznsduldleaniesa lnewuinil SRT geaziin
nsAereanasaninnind SRT 61 [17] waly
N19AN®IU89 Seviour LagAny (2008) LAy
Rodrigo Wazaa (1999) wuinieniuaulst SRT
41N qﬁuw?ﬂﬂﬁiu glycogen accumulating orga-
nisms (GAOs) azHuNUMdIAYNINNI1 PAOS Lag
Rodrigo l@@nw17i999 SRT 11-65 Ju wazldunaa
ansuewu acetic acid Fauduaduiasudivaely

UszanSamlunisndnneanasaliansnas [18,

a '

19] warm9NU Randall wazAay (1992) Nna11an
Asufiudn SRT Tuszuu lalfinaseusyansainns
Adaneanesaluszuu [20]
ﬁ"ﬁﬂfﬂumiqumwu EBPR 11111371V
nalnlunismdnansdunidvesseuu lagdnw
AUAANIATDITTUY EBPR anunsaldnisnisasy
W8 U activated-sludge model no.2d (ASM2d)
Fadulumaiiosurenisasuwlaswesanslums

o

4R ATATENENITOINT NSLASELAULR uazeoy
aa1890398un3gnau heterotroph, autotroph
wag PAOs I8 [21] wazthanudnladludielunis
f19n TP, TN uay TCOD Litelrusnnsgutiia
18 wazdsgrpUszndarldselunisde acetic
acid Agasldlunisiduszuu Tnssuiselusnia
UsemasieuaLiaziuvesnisvainveade
INTTUUALNBULS IMALNUNNST oansLAdl ey
wrasatsvauneuenlunisiTnlulnsiauuay
Woanesa [17,18] Xiong wazAmg (2018) AnwA
15T NAZNDUINLAYEINTT LIl DL UASANT
woavoaluszuutidaindegusu lnonavesns

THarsminmeaniizaadulvasasuaunieuean
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T usEUU WUl VFAs 66.30 % U89U3NNM
COD warteinuszansnmnisiidnlulasiou
wazneanada 78.20 way 95.20 % auadu [18]

NM135ANIBY Puig wazAmy (2008) fifnw
Foyavassruutidadnds dddaunaualunis
FPEGRINGH Imamamimaaawuduﬁaﬂmmw
yoatoyamsiiuszuudi tiesndlvgfnw
amzUszansamlunisman §93insnzdnas
fimedanzluihiidwazihesnanssuy e1avh
TiAndeRianatn laewdeuledl neliiinaiy
RANa1A LU SRT n15ld8angiau (O,) WaLnIs
muﬁaumﬂussw (internal conversions rate)
6'?5&%LLﬁlmqmﬂwwmaﬁay‘ahﬁmamiﬁ’mamama
Wl WieUTEEUNSTUIUNTUAZBENLUUSTUY
Vrdmdide vinldnsuin acetic acid 14lunas
Meaneanedaluidsldaseiiuosioud uas

98uW38 heterotroph 14 acetic acid #inaalui

a

Fvdolunsisaduln wasidalumsmludidu
lunsaoonlan (N,0) uag N, wavavauliluwad
[17] agiuinsvhaunaualusyuy EBPR 4 dau
IngjasAnwraunauiaved COD way N [21] us
aunaved P azfnuwudimdulunsdnui dsvae
BudunudiieaiunsmuuauANYeIsT UL
ddeluituiivssmelvels Wesmnnusaindlveds
luifinsidaneanesa

[

nsvhaunauIalusyuy EBPR dmnudnday
fgrauaruANUIIIY acetic acd TAuliszuy
anad 1H10999nn15M9 TP, TN wag TCOD itelw
Husasguiiisessemalng Fosld acetic
acid fmnganlyiiuszuy EBPR Tnsmsthluna
wazaunauaulFlunafussuy nsfnunid
FaguszasdileAnuaunauiaves TP, TN uaz

TCOD ¥845¥UU EBPR wavAnwiuszdnsninlu

n3f13n TP, TN waz TCOD iiteansiuvu waztdu
wwmslumsauauszuuiUaundevesuseine

g

2. gunsaluadsnig

2.1 miﬁn‘lenqmﬁnwmamznaumniwu

=

Urunudeeltlunisiiiussuu

UNAUNTENNGWNALNBUTUT 2 VBY

sEUUIURUIESRUURZNBULIWBIUTENAT Y
it (o) Wailudjseniledesnauniely
szuv EBPR Tne@nwinnsnflimessed A DO
(dissolve oxygen) #iLa% (pH) @ il (tempera-
ture) TCOD Aglafazany (soluble chemical
oxygen demand, SCOD) wauluiisuloou (amo-
nium, NH,") Tules9d (nitrite, NO,) lumsm (nitrate,
NO,) vesudaitanua (total solids, TS) waauda
SELMEd18 anLn (total volatile solids, TVS)
suaaLLs’fJamnuaasJﬁu’wm (total suspended solids,
TSS) wag ortho-P
2.2 A32INUUUYANITNARDY

§93u1m 100 daT (a) ldussqude

'
4

Funsedd lnediedosguindoidissuuinane
(peristaltic pump) Afinsn1slnaiirgszuu 60
dnsdodu (8/7) Widannzweuuelsin uavanny
weuandniifinaniuin 2 $3lue druannizuels

Inflvianiunn 8 T7lus AdUSUIRS 5, 5, 20 @

' '
= =

MURIU UaziannAznay MIgUf 1 Fanenauain
damnagnauuEuarlvalsundudaniisuouue
TsOnsaflesludiannedu q muddu wWieshw
USunamsnoulussuuliainase muunsnsins
quagneudsundu 105 (/) duasesiudeitn
sguulaeiian TCOD 500 fadnsunedns (Un/a)

TN 15 5n/a uaz TP 25 un/a Lt Wiqadwlusyuy
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Influent

COD, TN, TP

COD, TN, TP

was

COD, TN, TP

Figure 1 Mass balance of TP, TN and TCOD in EBPR process

\Rnnsu3ush muAuengaznou (SRT) agil 20 Yu
v 99970 SRT wruwesza16l¥ PAOs @115
9uldd Tae SRT fmunzay fie 3-28 Yu [16,
171 Tngldidussuaundnasidiganiazaad
(steady stage) Lavazidandndiu TP aa COD
WU 1:20 [22,23] SasUsinasansiaiiilaluns
Funsizindedszneudae CH,COONa 29.164
n3u (n), NH,CL 5.732 A, KH,PO, 10.967 n Lag
trace element 100 Sadans (ua) AiUsznaudiy
MgSO,7H,0 0.88 1, CaCl,2H,0 1.40 n, KCL 0.38
n, FeClL6H,0 1.5 1, KI0.18 1, H,B0, 0.15 1,
CoClL6H,0 0.15 n, MnCL,4H,0 0.12 n,
ZnS0,7H,0 0.12 A, Na,MoO,2H,0 0.06 n,
CuSO,5H20 0.03 n, EDTA (C;oH;4N,0g) 10 0 Tu
1 1 & warihlUazanenaufuidsyradudai
Wsguuwn 100 a leeszuulifinisaauay pH
Yndedildiian pH 7.07+0.20 Tagldifussuuau
wuirAitmseilunias Tudalndidesiu T

wadgiuvewniu Fadedrssuuinganiza

ansiazaulusyuy = arsidngszuu - anseenamnseuy

TNie - TNuas - TNegr - TNge = 0 (Rlansululasiau/du)

1033

(steady stage) Lagazidondadiu TP oo COD
Winifu 1:20 [22,23] SasuTunaiansiediildlunis
Fuaswididedadanannuidoues Pasai
wazAny (2560) [24]
2.3 n3vinaunauaa TP, TN uag TCOD

nanlunsinsieildnannisitauna
178813 (mass balance) eTiQL?Juwé’ﬂmﬁﬁugmﬁuad
ngnseusnEiaaasligymevsegniinane
W drfinsuszuuiiduaasivasiudieen
nsAnwilaTgazauuAinssuvegluaniozasi
minefaansiduazeenasiiliiudsulununm
aunsialuvesaunamaasluiaznszuauns
wazsrUUTIRIANNST 1 augauatavanluszey
vo3uTs voaman uazuAavessyuy EBPR §9ans
duvisdasuauay TN U99suuasiinbuguves
CO, uag N, ImEJmsLﬂﬁlaul,mmhﬂugﬂ“uaw,ﬁ"a%
Lignin deaunaves TP azFuIMaINgUR 1
WeoavleFaluszuvaglioanainsyuuluglveuia

F9a111507A TP MU 1bazeanaInNszuu

(1)
2
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TCODys - TCODyys - TCODgr - TCOD: = 0 (Alansudlon/ ) 3)

TP -TPuas -TPeee = 0 (Alansunlaaiuen/iu)

1PUNTIVFDUONIINTINATINAE AU
mMaasunlames COD waz TN @1nsainsIzy
aaﬁﬂisﬂmﬂuLm’azﬁ’aﬂﬁﬁ%mamaﬁgmmmm
Snanslva druaunaves N wansfoaunisi 3
NSAIMANRRIIAYRY P USunaueanesalugy
vesasavansduiivgiuiteglugy ortho-P awa
nsTaneanedat LAY TN LAY ortho-P
anunsavundium denalniiedudl 2 4y fe
(1) M3 ortho-P luan1zdilid 0, uazlunsm
waz (2) N334 ortho-P luan izl 0, nde
Lumsn ng ortho-P aggnisunivliluwadves
aun3dunuluguves poly-P faiun1svauga
173 P U957 UU EBPR 914 3 fUfiTe1 NMsneaes
annsaml@ainnismsaaves TP Tyt deidh
svuu wa TP luthisfioenluurasdruvessyuy
wazua TP lumznau muaunsi 4

2.4 Bnsheeiiidlunsise

ﬂ1ﬁﬁ’aﬁﬂumsﬁﬂmamamamaa P,
N ey COD v995¥UU EBPR Wag@AnwnUse@nsnin
fdaveariesa Tnegaufiusiegns Ae neludah
\deo dalouwslsdn dweuandn dulalsin wagds
Yt ¢ 1t e 15 1As1g9 TCOD, SCOD, NH,"
Tulasit (NO,) Tuwmsn (NO;) Usunauarsdunsd
szuedne (volatile-fatty acid, VFA) Tngldiados
GC Ju 6890 @21 pH uazgumgiifadieindog
Ohaus Starter 5000, ortho- P, acetic acid,
propionic acid, butyric acid W & ¢ total
phosphate (TP) 33nsimsienidhinnldluemise
91489310 Standard Method for Examination of

Water and Wastewater (APHA) [25] uananniu

(@)

AT mixed liquor suspended solids (MLSS)
Tudsaunsevisszuuegluaninzasil A1 TCOD way
TP TunznouduAulgisn153AT1z9in LT3
Abd wagatuy (2017) §91433 digestion method
[26]

3. HAN15IBUAZITAl
3.1 Uszansamlunisnnda TP v8932UU
Uszdnsnanlunisnndn TP U958 UU
EBPR 10@® 4558 % a3l 2 FeiiuFuna TP lu
1hils 11.16+1.87 un/a Ineididnsnaau TCOD: P
Wiy 1:20 wayld acetic acid 1uuwasansueu
100.00 % Fatieaninnuideves Guojine wasAny
(2018) fidnwinsrdaneanesalussuu EBPR
Tneldozimnaonaweseatduunasansueu wuin
dleldes@ian 100.00 % fuszavdanwlunisiin
Woaneagedis 90.20 % [27] USunauves TP uag
ortho-P Tuusiagfa fienanslugui 3 wuinlu
dndofiit1gsruudivuiinnues TP 21.91£1.06
un/a elvaidgannzueunelsin qauvidngy
PAOs azaane poly-P neluwad lanandmeiidu
ortho-P uazwdaa &3 PAOs azldweaniesalusy
ortho-P #3aunsii 5
ortho-P + Wasau (PHA) = poly-P  (5)
WUIIUT NIV ortho-P luaniog
LL@uLL@Iiﬁﬂﬁﬁﬂ%ﬂﬁu 63.08+13.34 un/a 447n
Gy 2.88 wihwes ortho-P Mdhgszuu dumdsny
fildlunsia acetic acid WwniAvlluwadlugy
299 PHA [12] uazldlunisiaSgiAvlnveusad

Fawaneiluaniizwouwelstinazliiinn1siidn
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ortho-P U ortho-P agminlaluan1izususnin
wazuelsdn lnsazfnnisaanendsnuiiavanlily
\wad PAOs Tuguves PHA AR Tundsauildly
nstasgavlnveswaauazldlunisfs ortho-P
WrnnAuliluiwadves PAOs lnseglugUres
poly-P & 9nszuauntsd azvi i iAanisien
ortho-P senaininde Tnensazaueanasals
Tuiwadees PAOs Faazfdneenainszuurung
fanzneudnuiu Tnenssuiunmsiedesiuans
gih‘?i 4 Fawuinen TP L 1usnnssu uiamusn

wilulaensLLraIANSUBUlANUSEUU EBPR &4

100

119NN NAZNOUAIUAUYDITEUULAE NN TLY
SRT vesszuU lneaasiinisiisdeiindialunism
dnduimunzaniigaues PACs doqaunidly
SsyuUMn
3.2 Uszansnnlunisindn TN vasseuuy
WU TN#dsyuuieds 14.38 un/a
wazanudututhfiswes TN 10ae 0.12 un/a waz
fUszavsamlunisindn TN 1ade 99.20 % (U
5) Lﬁaqmﬂiuswmﬁmﬂﬁﬁ%m ammonification,
nitrification Wag denitrification SAuf9N158 oY

aangvedgauvIdluszuu EBPR iy laeinnig

Efficiency of TP removal (%)

100
90
80
70
60
50
40
30
20
10

Efficiency of Ortho-P rermoval (%)

0

Tirme (day)

—&— Ortho-P removal in effluent

—— Ortho-P removal in aerchic

---+---TP removal in effluent

Figure 2 Efficiency of TP and ortho-P removal in the EBPR processes, that operated at 20 days of SRT.

120

100
80
60
ao

Concentration of Ortho-P
(me/L)

—=— Anaerobic Tank

80
Tirme (day)
—— Anoxic Tank —#®— Aerobic Tank .

Effluent

Figure 3 The concentration of ortho-P in anaerobic, anoxic, aerobic and effluent conditions, that

operated at 20 days of SRT.
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Figure 4 The concentration of SCOD, TKN and ortho-P in anaerobic anoxic and aerobic conditions.
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. 100 - T ” TTaw i T TT T TITTN R rm———— W 100 .
S g
T 99 9 T
£ ' 2
T A - 08 O
g ' ¢
BT A B - 9T O
- o
= =
D 06 e - 96 ¢
[w} L
i U
95 e T . e T . 95 &
0 20 40 60 80 100 120 140 160 180 200 220 240
Time (day)
—-=e=== TN TKN

Figure 5 The efficiency of TN (TKN + nitrite + nitrate) removal (%) and the efficiency of TKN removal

(%) in EBPR processes.

Table 1 O, requirement in nitrification reaction

Reaction Equation Conditions O, requirement
Concentrations of NH," flow
NH; + 1.50, — NO, + 2H" + H,0 into aerobic tank 4.67 mg/L | 3.75x10“ mole
Nitrification 4
(2.59x 10" mole)
(remove
. Concentration of NO, was
NH,") Y
NO, + 0.50, — NO; produced in aerobic tank 1.54%x 10" mole
1.42x10 > mg/L

UfAS o1 nitrification vl NH," 1U& sugidu
Tulasvinaglumsvluannedd o, ludufivenie
Fenan1TMnaeansdUTINUeY O, ileenass
n15UNUA NH," Tnea1uiddeves Xiongliu Wayag
(2013) Wus e u wuesrud Uty FA
(free ammonia) dmsunisldweanesa 17.76 un
Tulnsiaw/a 7i pH 7.5-8.0 [28]

NH, Tutiidefidiganiisuelstn 1
Tua azsiodld O, 2 lua ELUﬂ’]iLUSEJuEUL‘fJqumiV]

Fawud1 NH," Midrgannizuelsin 4.67 un/a (A

u 2.59%10* Tua) azdudouniin 0, 3.75x10°
Tua (Aadu 0.72 1 0/7) feagieanenonis
\RnUiA3en nitrification AivUAsu NH," 1Juluasi
wardndudesld 0, 1.54 x 10 Tua (Aadu 0.30
n 0/7) Werdalulasi 1.42x10? un/a fleglu
an1zuelsdn wanadanisnedl 1 49uanain
U581 nitrification 481869 UATe1v09nq
duiSE PAOs uar GAOs 7l 0, Tumsiasgyiule

LATES 19N

3.3 lulasvivazlumsm
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0.2
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Time (day)
—&— Nitrate - & - Nitrite

Figure 6 The concentrations of nitrate and nitrite in effluent when operated the EBPR processes at

20 days of SRT.
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Figure 7 The concentration and efficiency of SCOD in EBPR process.
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Table 2 Parameters analyzed in the EBPR processes at 60 days of SRT. Experimental results for

mass balance were measured from August 8, 2018 to September 19, 2018.

Average +SD
Parameters Unit
Influent | Effluent | Excess sludge | Anaerobic tank | Anoxic tank Aerobic tank
Q m*/d 0.06 6.00x10%| 5.94x10? 0.06 0.06 0.06
SCOD  |g COD/m?| 398.00+58 | 9.78+9 | 1,559.64+282 | 13,777.78+5,595 | 4,142.22+1088 | 3,786.00+1,070
TKN g N/m? 19.40 1.19+2 122.50+30 307.42+215 120.75+60 192.50+84
TKNg g N/m? 12.17+1 0.00 1.05+1 11.24+4.20 2.63+1 0.00
Nitrate g N/m® 0 8.90x 107 0 6.30x10%+0.03 | 5.90x10%+0.01 | 1.53x10'+0.08
TP g P/m? 20.08+3 8.37+3 424.50+67 426.05+£220 269.60+133 360.33+110
ortho-P gP/m® | 20.08+3 | 837+3 0 64.87+12 31.65+13 9.09+3

Table 3 The contents of ortho-P, NH," and SCOD in the EBPR processes at 60 days of SRT.

Experimental results for mass balance were measured from August 8", 2018 - September

19", 2018.
Anaerobic tank Anoxic tank Aerobic tank

COD | TKN | PO | COD | TKN | PO/ NO5- CoD TKN PO | NOj

(g/d) | (&/d) | (g/d) | (g/d) | (g/d) | (g/d) (g/d) (g/d) (¢/d) | (/d) | (g/d)
Influent 2286 | 0.52 | 120 | 210 | 1.71 | 11.24 |6.70x10%| 0.90 0.87 10.44 (4.40x 107
Accumulation | -20.76 | 1.19 | 853 | -1.20 | -1.32 | -0.80 |-2.30x10°| -0.90 -0.87 -7.67 |4.00x10°
Effluent 210 | 1.71 | 9.73 | 090 | 039 | 10.44 |4.40x10°| 0.00 0.00 2.77 (8.30x107
Efficiency 90.81 * 57.14 | 77.19 | 7.12 34.32 | 100.00 % | 100.00 % | 73.47 *

* Not efficiency because the overall condition of the system does not eliminate such substances.
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Figure 8 (A.) Mass balance for phoaphorus over

A - EBPR Process

B - Sedimentation

the EBPR processes when using acetic
acid as a carbon source, calculations
based on Baker and Dold (1995) [34],
(B.) Mass balance for nitrogen over the
EBPR processes when using acetic acid
as a carbon source, calculations based

on Baker and Dold (1995) [34]
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Figure 9 Mass balance for COD over the EBPR
processes when using acetic acid as
a carbon source, calculations based

on Baker and Dold (1995) [34]
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welsOn faus kinetic uazUsuraduus 3a
AsM2d Fagluntsussdiviunanesansavaneni
TunszUIUNITANN 9 TALA S, Syae Snos W8E Spos
[14] Fensfineniith AsM2d aneduneld esann
WWansAeuagly ortho-P lunsazanzaaisiu
ASM2d saudsinuAseanisndaluinsnly
an1ezueauendnaleufisen denitrification \in
Wu N,

aunaves P luannzuouwslsdnd
3w ortho-P Lﬁ'uqq‘fmﬂu 77.25 un/a Gn
Hu 3 wihwes3an ortho-P filirgszuu Taeidn
a1nnalnil PAOs @ane poly-P aneluigad e
nanAneidu ortho-P wazndenu Tnenderuiy
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wdsulugves PHA @ sazinluldluanig
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¥99 ortho-P ‘17{Lﬁﬂ@d%U%ﬁiJﬁUﬁ‘ﬁJUU%N’lmsuad
acetic acid LazU3u1ave9 poly-P lulgad PAOs
FaufAsedasiAnluaninzueuuelstn lag
ASM2d wui1m1nUSune ortho-P 7 AnBBanw
0.40 Tua PAOs 9214 acetic acid U 1 Tua 910
AIMAaeaNUINUSIa ortho-P finneaeanuly
annzuouuelsin 64.80 un/a Andu 4.00x 10"
Tua uaned acetic acid #lilagaaunsed PAOs Tu
anmzueuelsdn 1.00 x 10° lua Aadu 0.06
o 60.00 un/a IneUSunames TP fduazeen

IN5¥UU 1.20 wag 0.50 n/2 asuelainusuna

TP #imelazgn PAOs IVl uagazauliunn
ﬁlfm a2 heterotroph agl4 COD: N: P 111U
100:1:0.2 Tugnnguounelstn wag 100:5:1 Tu
anmzweuendnuazuelsdn TneUSunames TP 7
IR muaannsafieudnauldann ASM2d g
wuindlefin1sida COD 2.10 n/2 azinduld
ortho-P luan1izusuendnuazwelsin 0.46 n/2
FelndAnsiugui 8A

A131991 3 azLRuIIUS NI TCOD an
Mdauniigaluaninzusuuelstingin Asm2d

44

osveliluanneddunisifiunumady fo
ngu PAOs MiUdsu TCOD 1undaavluguves
PHA (iUl luiwad uinuindndruluatignrindaly
spuuategendnlu Asmad iilesarnaniizasaay
\iana5ld TCOD lngqdun3e heterotroph &4

=

591D 9 GAOs NilAIu@ u15atun1SA1TnaNs

dunidaniueu usliaunsamidnveanesaiiog
A28 91N ASM2d wui19aunsangu heterotroph
agld TP lunsasaiaule wasludAsen
denitrification PAOs 14 TP Tuduneunisifiuifu
poly-P luswad feluanzueuendnuazuelsdn
d2u autotroph 19 TP Tuaniazuslsdn lae
anusamusunuLes TP ﬁgﬂ@@n%lm%m%ﬁﬁm
TuszuuldannuSunaduiusly Asmad dslunis
AUINAUAAUIAVDY p lusvuuilfiuunen k, Ks

way Y Tunsazanieaanisnan 4 [14,36]

Table 4 Stoichiometric constants for calculation the mass balance of P in EBPR processes.

Typical stoichiometric constants
Yeao Yield coefficient (biomass/PHA) 0.63 g COD/g COD
Yegm PP requirement (Spoq release) for PHA storage 0.40 g P/¢ COD
Yeua PHA requirement for PP storage 0.20 g COD/g COD
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