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(total nitrogen, TN) wavdlefamue (total chemical oxygen demand, TCOD) unnsinsiuae9iliedfy
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Abstract

The aim of this project is to study effect of sludge retention time on behavior of the
phosphorus accumulating organisms (PAOs) in enhanced biological phosphorous removal (EBPR)
processes. Anaerobic-anoxic-aerobic conditions were combined in the EBPR process with acetic
acid as a carbon source for synthetic wastewater through 20-day and 60-day SRT. The results
revealed that the PAOs in EBPR were Acinetobacter baumannii and Acinetobacter spp. in both SRT
20 and 60 days. The activity of PAOs in anaerobic conditions resulted ortho-P released and uptake
of ortho-P in an anoxic and aerobic conditions at 60 days SRT was higher than that of 20 days,
those equal to 1.66 and 1.57 times, respectively. The paired t-test of total phosphorus (TP) removal
showed a significant difference between SRT 20 and 60 days (p <0.05). The SRT of 60 days was 1.23
times higher than that of the 20-day SRT where the efficiency of total phosphorus removal was
65.69 % in SRT 60 days and 53.26 % in SRT 20 days. Total nitrogen (TN) and total chemical oxygen
demand (TCOD) removals were significantly different under SRT 20 and 60 days (p <0.05). The
removal efficiencies of TN and TCOD reached the average more than 98.67 %. It was concluded
that 6 0-day SRT was more effective to remove TP TN and TCOD than 20-day SRT, because the
amount of PAQOs increased in 60 days SRT and the observed phosphate released in anaerobic
conditions. Eventually, the amount of PAOs affects the efficiency of phosphorus removal. This
result can be referred as a guideline to control the EBPR system specifically in wastewater treatment

systems around Thailand.
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1. unih PAOs) flanwauisalunsidaneanesalud

A1 TP Tuthfisegsening 3.01-55.73 fad  eldunningBunidily [4-5 Bunduuuaiiide
nfuredns (un./a.) [1] %aﬁummgmﬁwﬁamﬂ wnlansedin (heterotrophic) aunsavinaulatu
ssuutUnynvuvesUseinalned lddnua  annazuouuelsin annzueusndn waraniie
wnsgiuves TP 13LilAu 2 unsa. [2) 1esann  uwelsdn lasazUdeseelseains (ortho-P) 910
daaliiiasngmisalglnsiiaduled ssuu nisaanadivedlndvieama (poly-P) Aandey
enhanced biological phosphorus removal fannsailuldlunisis ortho-P WanAulilu
(EBPR) ﬁqgﬂﬂwm‘h’ﬂuizuuﬂwﬁmﬁ%ﬁa wazlasu wad (6] Saasiinddareanesaluindelvan
nssansuindumeluladfivsendalunisida Hovas Wothiderunszuiunsnnazneuasiin
weanosaaninde (3] fafesendogdunidngy  wadqAunidesnainszu Woavedasgnida
#itole (polyphosphate accumulating organisms, ponluse [7,8] 53UV EBPR fiosedunaistlady
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Tumsiussuuiivnzas Tunsian TP, TN way
TCOD 19U unasesansdunIda1sueu 1gnznay
(sludge retention time, SRT) [8] &anuinsney
Fanduundsemsvesgdunid [9] ileadresd
Tufulnsweann (adenosine triphosphate, ATP)
Fsazgnifiuliluwadves PAOs LitelWiAnng s
Jwganau ortho-P Tuansazane Iae ortho-P fign
AANGUILNINNTI ortho-P gnuaeseanuily
annzuouuelsln

SRT 1undslutladefi dnaseunumues
PAOs Tuszuu [10] n15Anw1983 Wentzel hay
AMY (1991) WU PAOs AunuindiAglussuy
LLax‘disﬁ‘w%mwiumaﬁﬁmﬂaaﬂa%’aLﬁ'mqas’ﬁu
meldanniedl SRT vy ilesndmsnisaatsdh
483 PAOs ANT L8 08 U [11] wazn1sAnw1ves
Chuang (1997) Wu31 SRT Sunuina1a gy
Aeadestunisae waznisduldveanesa g
Wu3d SRT @szLﬁmmsmamam%mmiwﬁ
SRT ¢ [12] win15An®wes Puig wazAnss (2008)
Way Rodrigo uaymadg (1999) WU’iflLﬁamUﬂuiﬁ
SRT u1n Qﬁu‘m?&fﬂa;m glycogen accumulating
organisms (GAOs) aziiunumaAguINnd1 PAOs
[13,14] waz19iunN13An®¥1909 Randall wazmuy
(1992) fiwuianisifinan SRT Lifiuasdeuszans
amn1sidaneanasaluszuu [15] n1saruay
Uadwsing 9 duaneqdunidngu PAOs ioglu
52UV Feaudle SRT fe TnennsAnwives Auling

= a

uwazAy (1991) Anwigdunidngu PAOs Ninuluy

q

aa

szuufiiinisldnsnosdfnduundemsuou e
UszAnSamlunsidaveanesagnitdesas 50
ﬂa:m PAOs finutfiuwiin Acinetobacter spp. [16]
d1un13An¥Ived Jasna wagay (2003) [17] e

14 propionate 1Juunasasueu asnugaunid
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f aq' 4 Acinetobacter calcoaceticus 8¢ ‘nelu
58U FaUSvesqdunidngy PAOs fnasie
Uszansamlunisidaneanedaluszuu @
ngAnssulunN159UVed PAOs aansadungla
29nN15A1Y ortho-P Tuanizueuuslsdn uagnis
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Ine Fadiesmaunn SRT Awaneauliiiuseuu EBPR

¢ A =
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v
v o

Undnindeguguld
4 ad
2. q‘ljﬂimuﬁggﬁﬂ'ﬁ
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WI91HLReIAYHE A1 DO (dissolve oxygen), WLoY
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(pH), 8 unnd (temperature), TCOD, A9 1am
agay (soluble chemical oxygen demand,
scoD), weulutdeulaau (ammonium, NH, "),
voeudeianua (total solids, TS), veudasyine
$e3tanun (total volatile solids, TVS), va4ud4
LLmuaastwm (total suspended solids, TSS)
ey ortho-P [21]
2.2 NMTPNLUUYANITNAADY

Faru1m 100 A0 1Fussgude
damsngn I@aﬁLﬂ?'aaquﬁwLﬁ&JL‘i’hin%‘mma
(peristaltic pump) ﬁﬁé’mﬁmﬂwaﬁ%jisw 60
dnssotudnganiizuouelsln uagan1izue
wend@nfidnaniuin 2 $9lue drwanmzwelsdng
nanfuin 8 Falus AdUSuns 5, 5, 20 Ans A
19U LazaannnzNou é’fﬂgﬂﬁ 1 Femznouainds
anagnauudLagivaisundudaniizueuuels
On dewflesludannizdu 9 audidu Wesnw

USunamenaulussuuliasieus AMuunsnsInig

Mixina

Mixing

Influent
Qin = 2.5 L/hr  Pump

Anoxic
Tank
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Tank

2L

Return sludge rate = Qin

guagneudeundu 105 Ansretuduansviinidy
W1sguulaeiaAn TCOD 500 un./a. wag TP 25
un./a. W elwgdunidluszuuiAnnisuiuda
W 99910 SRT drasenismsaneanesanisly
svuu [11-14] Tunsinwniisaulafiesiu3euiiiou
PAOs wial4 SRT wu 20

a a6

N1SVUVDIIAUNTE

q

wag 60 U [22]

=

FIANAINAIDNVVILATUAYUAT

3¢ PAOs Wsianunsaninam COD, N

a

uYesauUnN
wag TP Wsuanasguihiicld Tnenisdnwiues
Ge wazAmy (2015) wudinisaauauly SRT U1
Tuszuunznaussdwaliiinnisuasy CO, 7
Wiy [23] uansingduniduresialuszuy
annsaldansdunidansusuldinntu msdnwni
\AusEUUadngan1azasi (steady stage) uay
\dondndu TP sio COD winu 1:20 [24] 6051
USinuansiedfililunsdneseiiidessdean

INUIFLVBY Piasai wazauy (2560) [25]

Internal return rate = 3Qin
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! Excess sludge

Figure 1 Diagram of TP, TN and TCOD in EBPR process [26]

2.3 P13 uunydundluszuy
n1sdungdnuvaedagIuvesfunsd
meluszuu EBPR lngldndosqansseidianvsou
(scanning electron microscope, SEM) Lﬁaﬁﬂmﬁ!
Snvarvesgdunidneludeujisen esann

a6 1

EEIAGEY

q

Aun PAQOs flwunatanuin vinlwlianunse

-2
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a6

dunndnuazdugiuvendunigdaiende

- Lo

qanssmiuvulfuas Javurnidniigaveavadd
annsadeuiuld Ao 0.2 um we SEM aunsasae
Tiudnwazneusnveawadla [27] fifdweny
§14 20,000 1¥11 @ursausnAuiRgIUIALAnds

0.0004 um [28] Fwiliaunsodanadnvaznie
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douguvesgdunidlinvy

o«

NsduNRT Ny dNFIUVDIAUNTE

v
o

\Fuseehed eusiazanizannsyuy EBPR 10t
nuiy glutaraldehyde $ovaz 2.5 wagUsu pH
7 7.2 Tngld phosphate buffer Tnguad 4 °C
2819108 1 Ay ﬁw‘i’aaa’wmmu%mﬁ 4,000
rpm 91w dehydrating Au3 5989 Jung wax
Ay (2011); Haberman wazAueg (2017); Bin tay
ALY (2015) waztandosndas SEM fimdaveny
5,000-20,000 %11 [29-31]
mnwwmgmqﬁw%‘ﬁmmsw EBPR
Tneldomisidsaie Pikovskaya’s broth Uudl
gaunQil 30+2 °C iy 2 Ju [29] lunsdauenld
15 streak-plate technique Ul Pikovskaya’s
agar Unilgaungdl 30+2 °C 1y 2 fu 9Nt
TaladfiAnduiuenideusans neld3s streak
plate Uummitﬁysuﬁya MacConkey agar WJu
difference media it efauenid eiduwnsuay
Fudanisiasaivlavend e Wunnsuuan
Acinetobacter spp. \Junuailisounsuauansnge
wapivlpluonmsviiedd wazinnzidedly sheep
blood agar ey selective media [32]
Fan1sAnwaeq Ajao thagaay (2011) WUiN
sheep blood agar 1533WU Acinetobacter spp.
161 100 % [33]
mnduihlaladfiinduu streak v

agar slant wiethdansI9 Acinetobacter spp. 7
AugNI3TTITeN1NTFRUNNY AuEdn
wngeEns univendeuding daldinaila PCR
(polymerase chain reaction) [34] @y DNA
sequencing kaz11158yvilnvesdunidlag
NCBI data base

2.4 3515 0AseuniglunisIde
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au & & -
myideilidunsfnwaunauiaves TP
TN wag TCOD ¥8958UU EBPR waz@nwuseans

AnnTaneanasa n1siAudleg19n Az Y

'3 o

Aasizinniu lngsnsiesgindunlyluany

@

398 91999910 Standard method for examina-

tion of water and wastewater (APHA) [35] Ing
FMTAIUIUNITNIAT COD, TKN Uag Ortho-P

LEAIAIANNISA 1 D4 3

. (A-B)x M x 8,000
ansAuIuMT COD (Un/a) = ————
v UA.VDNAIBYN

. (c-D)x N x 14,000
ANIANWIUMT TKN (Un./a.) = —————
v UA.VDINIBYN

R 1n. P x 1,000
gnInun Ortho-P (Wn/a) =——— (3)
19.U9903889

ilo A = faaansves FAS M4lunislmnge blank;

©

B = fadansves FAS ildTunslnmsadiagg;
M = AU Ut uYesasaraty FAS nuledu
Twans; C = fiadansves H,50, fldlunisinmsn
Freths; D = Hadansaes H,50, dlunslnmse
blank; N = Normality 993981582818 4195514
H,50,

3. NANSAYUAZITA]
3.1 Uszansamlunisaidn TP vasssuy
UszanZnmn1sda TP 7l SRT 20 uas
60 Tu WA uSaYay 53.26 LAy 65.69 AIUAIAU
wandluguit 2 Welddnsndau TCOD:P Wiy 20
warldnsnezdfnduwdinsueudosay 100 ile
NARDUNIIAR ALY paired-t test 7 5xfuAITY

o w

Watusagay 95 nul1UsEansamnnsn1an TP

'
aada

uRnR A URY WU B AN 19adfv p-value =
0.00 (<0.05) Tnefiuse@nSaInn1snnam TP 9 SRT
60 JudlA111NA31 SRT 20 JU 1.23 %11 lagnuin

USuauves ortho-P Wil auideidnganey
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a

wouuelstn tiesannalnnisiauvesqdunis
ngu PAOs daflauanunsalunisiinvieanssa
wisdudeadn 2 naln Ao nsmeneanesa uaz
nsduldvleaesa Tnamsmeveanesaaziintu
Iluannizuouuelsdn 1lesainngu PAOs axiin
nsaangluiana poly-P aeluwwad landnsiue
O ortho-P uasndaru dedwaliusunnmes
ortho-P luanngiifisgedu Inowdsauiilday
inlUldlunmsiaigiavlsvewsad wazurlulalu
nsfansaezdinluiidoduniulilugiveamed
wosneluwag PAOs fiSaniieie (PHAs,

polyhydroxyalkanoates,) FaLduguuuuvandiia

100

91WLevU0 (PHB, poly-beta-hydroxybutyrate)
WagWLavd (PHV, poly-beta-hydroxyvalerate)
LLamﬁagﬂﬁ 3 TAgHANITNAABINUINAANITANY
ortho-P Tuan1agueuuslstniniu 57.96 uag
82.02 un./a. fi SRT 20 waz 60 Su AUEINU §a
5Uil 4 daunalnmsduldneanasainain PAOs
aanelndwesneluwadluguves PHA LA
w&suiitlvldlunsasyiuln wandundenu
Tuns3uld ortho-P Tudide Whandiuiluead
Y89 PAOs Tuguves poly-P Fanszurumsiazin
THARN3n ortho-P sanainiide

nsazaueanasaliluwadvas PAOs
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Figure 2 TP removal efficiency calculated from aerobic tanks and in the effluent of the EBPR system

on SRT 20 and 60 days.

Acetic acid

Anaerobic phase

Anoxic phase

Aerobic phase

Figure 3 Mechanism of release and uptake ortho-P of PAOs in anaerobic, anoxic and aerobic

conditions. [36]
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Figure 4 The concentration of ortho-P in anaerobic, anoxic, aerobic and effluent conditions.

100

99.5

99

98.5

Efficiency of TN removal (%)

98

97.5 f

—4+—SRT 20 d

Figure 5 The efficiency of TN (TKN + nitrite + ni

in EBPR processes

Gz'fwsgﬂﬁﬁ’maﬂmﬂ'ﬁzuumumiﬁymzﬂau
druiu [37] TngagiiudnuSuna ortho-P lu
anmzueuendnanawade 35.27 un./a. Al SRT 20
wag 60 U mNanU Lavan1izuelsindAianas

a

WABINAY 14.39 un/a. dlewSouiisulszans
Amlun15/80 ortho-P wuindi SRT 60 Ju dena
TAnn1sAe waziuld ortho-P qaﬂdwﬁ SRT 20
Fu flesann PAOs annsavhauldndnil SRT g
AOAARBRINUNISANWIVDY Li kavay (2016) i
WU SRT 11nn7 (20 1) azdawalnuszansnin

lumsidnneanesageian (8] wuirUSuiuves

200

Time (Days)

ay —®— SRT 60 day

trate) removal (%) and the efficiency of TKN removal

ortho-P luaanzuounelsiniidngelu 63.08+
13.34 yn./a. SsAndu 2.88 Wihwes ortho-P ik
GEEAY

UseAnsamnisinda TN wile SRT 60
Su wihfuSesas 99.49+0.09 daufl SRT 20 Tu 7
WU TN Fdszuuiads 14.38 un./a. wazaau
Wuduiswes TNad o 0.12 un./a. wasil
Ustavisnmnisiida TN wde¥esay 99.20 (3Ui
5 Lﬁ'aﬁnmaauﬁw paired-t test ﬁszﬁummv’ﬁlaﬁu
Josay 95 NuI1UsEANTAINNITAI9R TN Lag

TKN @asszuuLilonuAy SRT 71 20 Tu uag 60 Tu
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fiaunnsnetuegaivodfyn1adai p=0.00
109910 SRT 60 Ju wnnifisswarensiasayivle
Y899AUNIENGY autotroph Uag heterotroph T
Lﬂuﬂqﬂﬁﬁmwmﬁmﬂﬁﬁ?m ammonification,
nitrification Way denitrification S3uf NS¢ D8
aa189999 uNn3glussuy EBPR lastAnnns
UATen nitrification vl NH," 1WA suguLdu
Tulassinazlumsnluanziid O, vesdufinena
Fanan1svnassuansdUSuiuves O, liaenane
N300 NH,™ §sqenmdaatuiuideves Yu
(2011) Aiwudnslonruguszuulasld SRT w0 ag
daaliuszansnmnsiida TN Angn Taewdleld
SRT 11 Ju @11150n19a TN laseeay 85.4 [37]
waraenndosiunuiseves Li wazane (2014) 7
AN¥INaY09 SRT luszuumMIna1T01915N19
Fanm Taervuadl SRT 5, 10, 20 waz 40 Su
WU SRT fwasen1sidn TN 1ila SRT a1 9y
deransgnusiogauvIdngy Nitrifier [38]
3.3 lulasiuazluasm

Usinamedlulas waylumsvluthdi

Winiu 2.56x10° way 6.71x107%+0.01 un./a. 7

SRT 60 T4 @1u? SRT 20 Tu wuUSu U9

Tulnssiuazlumsvluhiaifu 0.01 uag 0.08
un/a. Falsnalumsniintuluaniisuelsdn
Wiy 0.122+0.03 1n./a. uaggnidnmeudisen
denitrification Tugiaeuen®n wdelumsnminiu
0.05+0.01 un./a. ﬂ”&gﬂﬁ 6 FUAn9INN1TYY
‘ua&qﬁum%‘&fﬂdm denitrifying phosphate accu-
mulating organism (DNPAOs) n1snaaed il

a

nsuyulude wazgaunsdludaelstinlug

daueuendnifierdnlunsn Tagldsnsdiunis
mudsundud 3 whvesdamnisinavesindy
Wszuu §efinadeuszdnsninnisdida TN
Tagtawglunsm Faazgnudnduludauelsdn 91n
N5YINUVDIRAUNIENGY Nitrosomonas sp. Way
Nitrobacter sp. 38n11U§A381 nitrification [39]
wazazgnirdadu N, fidsusuendnssufAzen
denitrification @ 49zdin1514 SCOD Tngqaun3d
nau heterotroph 4 saenAd pafusud Toveq
Chuang wazaaiz (1997) Ailé@nw SRT 1 5, 10,
12 uay 15 Ju WU SRT HdudAngysaUsz@nsnn
N13M9A TN 9110 SRT 17nn31 10 11 agadewal
UsgdnSamnisinda TN Lﬁmqas'ﬁu Feanideil

ATUAL SRT 71 20 wae 60 $u [12]

02 0.2

S 5
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g 4"'#". | 2
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Figure 6 The concentrations of nitrate and nitrite in effluent when operated the EBPR processes at

20 and 60 days of SRT.

79



Thai Science and Technology Journal (TSTJ)

Vol. 29 No. 1 January-February 2021

!
&
= I R S S 2
m
-3
g 99
g
o 98
°)
- 97
5 (A)
e 9%
g
(3
& 95

94 e e e e = = =

93 t } t } } t } f }

0 20 40 60 80 100 120 140 160 180 200

700 100
— m
g, 600 g%
£ 95 %
= 500 - 2
S a0 &
5 90 O
§ 30 2 (8)
= 3
€ 200 o}
E L 85 ;_

100 =
§ &

D ) O . . # ‘.

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (Days)

—e— Influent

Aerobic

oo Effluent

—a— Anaerobic

—a— Anoxic

- . ». = Efficiency of COD removal

Figure 7 The efficiency of SCOD (A) and concentration of SCOD (B) in EBPR process. Microorganisms
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3.4 Uszansamlun1snidm TCOD vas
STUU
Usgd@nSarnnisniam TCOD 1ad g

SRT 20 way 60 Ju winfuSesay 98.67 way 99.97

[

ALEIAUAIFUN 7 (A) Fasielisnaiu aonrdaq

FUNISENBIVDY Li wazanls (2016) NiafAnwINa

a

994 SRT AaUsedNsn1nn15A19a TCOD WUIN

SRT 30 T4 UseANEA1nn1sida TCOD Afian

q

A5A Ny T U NLEedaas1eiitmseuaInnsea

=

aedRnNaraun ke TCOD windu SCOD Tu
AT UURAIINAY LAY 430.20 Un./a. tag

wuANUNTY SCOD Tuthandswindu 5.38

80

un./a. éﬁ’qgﬂ‘ﬁ' 7(B) s?iﬂsifmmmﬂmeﬁmmgmﬁwﬁa
(TCOD laitAu 120 un./a.) [2] Hanun wanin
AUVIdanuNTadesdaneaTBUNIIAIS UL
UsgAnsam GaudardalfAzerqaunidinnsly

asomstunsiasaules 39vinler scob Midu

'
i '

WAAIANSUDUANAY LABLRNITE1SIUNIENEaadNe
WU NSABLARNILIINA PAOs @ansaldansdunsd
arsuauldinedu sruussaunsamsa TCOD
donndnsiunuideves Piasai wazAne (2017) 9
AnwnsldesBimmduwrasasueulusyuu EBPR
wuldAnuurauAunIsias A ulnuea

JAu3dngs PAOs [40]
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Figure 8 Acinetobacter buamanii microorga-

nism (small image) in the EBPR
processes (5,000x), collected at 20-
day SRT (A), and 60- day SRT

(20,000x) (B.).

USurues COD anasluanitzuaunalsin
wouendn wazwelsdn Feannzueuwelsdn wui
USunawes SCOD mglumniian fsgud 7 1in
nnalnnsudnues heterotroph wagnsaladuy
a1wdu (short-chain fatty acids, SCFAs) gnldlae
PAOs wdsa1naany poly-P aulandsny ile
asdunigasusudngdakeunelsinasiia
Ufisenisgesaansuuulaldennie lngqdunsd

[N

q

heterotrop LARNARAMILTU CO,, H,0 uay
CH, WagnInezdfnargnyduniganng unils

Ao PAOs thidldnandundsnuiuliluwadlugy

81

Figure 9 Microorganisms found in the EBPR

system using a SEM (10,000x),
collected at 20-day SRT (A) and 60-
day SRT (B).
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Table 1 Types of microorganisms that can eliminate phosphorus in the biological system of each

study.
Types of Efficiency of
Carbon sources Methods References
Microorganisms ortho-P removal
A. baumannii DNA sequencing and NCBI
acetate 50-70 % this study
Acinetobacter spp. data base
Fluorescence in situ Nielsen et al.
Accumulibacter spp. |- -
hybridization (FISH) (2012) [47]
Koichi et al.
C. accumulibacter |- - sampling from aerobic tank
(2008) [54]
The GenBank accession He et al.
C. accumulibacter | acetate =

and glucose

numbers (2007) [55]
Na-propionate Jasna et al.
A. calcoaceticus CFU -
and peptone (2003) [17]
Valter et al.
Acinetobacter spp. |acetate APl 20 E sampling from aerobic tank
(1998) [49]
APl 20NE and polyamine Auling et al.
Acinetobacter spp. |acetate >50 %
patterns (1991) [16]
acetate, lactate |Gram stain and transmission Marlies et al.
Acinetobacter spp. 50-70 %

electron microscopy (TEM)

(1990) [51]

A. calcoaceticus acetate -

ortho-P was released about
Ohtake et al.

4-8 % of phosphorus in
(1984) [53]

anaerobic tank

3.5 nMsfauenyaunsdluseuu EBPR
NANSANYIAN YL NFUFIUING VBT
wuaiiFonelindes SEM nudnludeujisend
AIUAN SRT WiNAU 20 kag 60 Fu wunguydunsd
Afidnvaniduinans (coccobacillus) Fa5Udl
8 (A) ua 8 (B) FsdnwazadeAunsAnyIves
Espinal wagmuy (2012); Nait wasaais (2014)

WAy Pour azmauy (2011) [41-43] wanan PAOs

9 sl A

anudunsgduniandelusvuuintnundenuy

a A o

nznausialy nudngdunsdidnvaznaylng

| o

imziudungy Weeuau SRT Wi 20 way 60

= 1%

AIFUN 9 (A) uag 9 (B) muandu Falldnwuranny

82

a6

Augdunigssuungnausdlunisfinwivas Bin
warAmz (2015) uasdiusadunsaumia [44] adne
AuNsANYIves Cole wagany (2014) [45] uag
A8 UNISANYIVDY Jianlong wag Jing (2005)
[46] Ingunagiuuliiudungu heterotroph

= o w

Juadursdnanunsardalasia SCOD TN wag TP

u_
Nl

a S

WLAUIINGUVDIRAUNIELTBAIUAN SRT 20 uay

a

NIAARENKALIATIZYAVRIREUNTE
AewmAla PCR uag DNA sequencing mﬂﬁmz‘q
¥invoI i unieglng NCBI data base wuinlu

S¥UU EBPR 7 SRT 20 uay 60 Yu figdunidngy
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PAOs 41 A Acinetobacter spp. kag Acineto-
bacter baumannii lngnuaFuUNIFunsuauvile
duitlalyqdunidngy PAOs ludingrsfimunu
SRT 20 11 A8 Stenotrophomonas maltophilia
Fadenndoatun1sAnwIve9 Jasna wavaAney
(2003); Nielsen Wagaay (2011); Kortstee thag
AtlE (1999); Valter wayAue (1998); Georg way
Ay (1991); Marlies wazmgdy (1990); Deinema
LagAy (1985); Ohtake has Ay (1984) oR
nnasddasldnsnezdinduumamuoustomun
wagnuIgduvdnguiiannsaidaeansfadu
NAu Acinetobacter spp. [17,47-53] Fasn9a1n
AIANYIVDY Koichi wazAay (2008) way He Lag
Az (2007) Finuimsldesfiamiuunasaivou
Wann WNURAUVSENGY Candidatus accumuli-
bacter iausafdanoanasals [54,55] wans
Fap51991 1

= o

SRT Wun1s1ilnesidAgidinans
N15%191u999aUNTINqY PAOs Uag GAOs Lag
PA8UITYLANINUA SRT A9 LERIFINIT

1'7i 2 ANSANYIRY Li kazAme (2014) wuin SRTﬁ

f19nU (5, 10, 20 Lag 40 ) dsnanaUssdnsain

A151199 TN weliinanaUsea@nsninnisnidn

=

TCOD waz TP 1la39nil SRT a1 azdananonis
MUVeRAUNIENGY nitrifier [38] dun13finw
484 Chan uagAy (2017) WU31di SRT 61 9 (3
Fu) azdenalii PAOs gnuzd1soenly iosann
Y31 ortho-P fiane uazgnduldluszuufian
anas lnenugduvisgngu accumulibacter [56]
AsAnwINaTes SRT Aislnanan1siidn
Woanasavesqdunidnay PAOs luszuu EBPR
wudloldundsnsuowiy acetate waz SRT 60
Su Buaansfiunsadlunisidaneanada Ine

a a

< e & PRy
WLNUNUYAUNTY PAOS WUYNTEUUNUNITAIUAL

q

SRT 11U 20 waz 60 Ju UAazaINTOLRIYLHULY
1§77 SRT 60 Ju ilawSeufisuannuszansam
Tunsidn ortho-P TN wag TCOD iipsannuin
fidwaneneiusgaiveddyn1eaddi p=0.00
(<0.05) 1 SRT 20 wag 60 Fu agUlein Acineto-
bacter spp. anunsafidaneanesaldaa SRT GR
uazdwaliuszdndnimlunisinda TN wag TCOD

AR
Y

Table 2 Suitable sludge retention time (SRT) for phosphorus removal of each study.

SRT | Efficiency of | Temperature
Microorganism System References

(Days) |P removal (%) (°0)

20 53.26 30+5 Acinetobacter baumannii

continuous |this study

60 65.69 30+5 and Acinetobacter spp.

8 99 16-19 - continuous [Valverde-Perez et al. (2016) [57]

20 highest 22+3 - continuous |Li et al. (2016) [8]
2-2.5 >90 20-22 Comamonadaceae semi-batch |Ge et al. (2015) [23]

11 74.9 30 - continuous [Yu et al. (2011) [37]

20 93 20+2 - continuous |Lee et al. (2007) [58]

10 >90 20+1 - continuous |Chuang et al. (1997) [12]
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Table 3 Characteristics of Influent and effluent in EBPR processes with 20- and 60-day SRT.

SRT 20 days SRT 60 days Standard
Parameters
Influent Effluent | Efficiency Influent Effluent | Efficiency |effluent [2]

SCOD (mg/L) | 430.20+84 5.38+5 98.67+1.06 | 417.78+30.40 | 0.22+0.84 | 99.97+0.77 <120
TN (mg/L) 14.38+0.12 | 1.10+1.18 | 99.20+0.33 | 13.53+1.93 | 0.07+0.01 | 99.49+0.10 <20
nitrate (mg/L) 0 8.00x10™ 0 6.71x10” -

TP (mg/L) 21.91+1.31 | 11.09+£1.88 | 53.26+8.34 | 22.45+1.75 |7.30+2.23 | 65.69+£9.71 <2
4. ayy p-value = 0.00 (<0.05) 71 SRT 20 ua 60 ¥u I

PAOs i unguil funumdrdyuazios
a1fsan1gimurzanlunisasyiiule wle
naaeuvinvas PAOs inuluszuu EBPR wuin
L‘f]uﬂq'm A. baumannii Wag Acinetobacter spp.
A1sANYIUSEANSAINNNSAIaA TP, TN kag TCOD
7 SRT 20 Yu winfufouag 53.26, 98.67 uag
99.20 puady LieAuau SRT Liu 60 Yu wui
JsgdnSamn1snign TP, TN wag TCOD wfiu
oAy 65.69, 99.49 Uay 99.97 FanuANLAILYDS
didsuazinfiewessyuu EBPR wansan1sned 3
zudiudn SCOD uay TKN lutiievesnsiiuszuy
7 SRT 20 wag 60 Yu HILNMAILIATIIU Wi TP
ot 2 SRT fergendn 2 un./a. Belaikunasi
135U Tagaziiuiuszd@nsamnisiide TN
waz TCOD limnsiu dudsza@nsnmnisindn TP
i SRT 60 Yu wusndidwnndnfl SRT 20 Yu &s
1.23 wih wudngAnssulunisviinuees PAOs Tu
anmzuauwelsinasiinnsane ortho-P 7 SRT
60 U gand1 SRT 20 Tu Wiy 1.66 111 uazifin
n33uld ortho-P luanzuausndn uazuslsdn
#i SRT 60 ¥u gandn SRT 20 Yu wirfu 1.57 i
dlonnaeunnsadfsiy paired-t test fiseiuaIy
Fetuderay 95 nuinUszdnsamnismda TP

N v

TN Wag TCOD wansnanuseltedAynansin

84

7 SRT NA9NUdanaUseansnInn1snian TP

v oo

asuelaing

v

SRT ﬁqnﬂ'jw ¥ PAOs JUSu1eu

o

Wy anRINUTIM ortho-P ﬁgﬂﬂéaﬂu
amwuauuaisﬁmﬁmqqéﬁu LAz U3 ortho-P
gniduldluanizueuendnuasuelsdn s
n15AUAN SRT YassruuliinunzauaInise
Wl dunuamslunisauauszuy EBPR 5908

ansadinUszendldlussuuintaundeyuwy
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