Research Article

Received: December 5, 2019; Accepted: February 25, 2020

NAUBIDIYASNBUABNEANTIUVBY Acinetobacter spp.
Effect of Sludge Retention Time on

Behavior of the Acinetobacter spp.

An5an Wede, Tngn yaiieu®, Sudyun wsneu wag Mohamad Padri
a3 AINT UGN umInegraemaluladgsund
A1UagIUI3 o unewles VmIAuATIIVELT 30000
Chatlada Piasai, Nittaya Boontian*, Thunchanok Phorndon and Mohamad Padri

School of Environmental Engineering, Suranaree University of Technology,

Suranari, Muang, Nakhon Ratchasima 30000

unAng

N15ANYINAYDIDIEATNBUABNYANTINYDIRAUNTINq Ui Lole (phosphorus accumulating
organisms, PAOs) Tuszuuindaneanadanisinnin (enhanced biological phosphorus removal, EBPR)
flondannizuounelsdn ueusndn uazuelstn lasuvaswesasueudunsnesdin Muunegnznou
(sludge retention time, SRT) W1y 20 waz 60 Yu ileszyviia PAOs luszuy EBPR wudndungu
Acinetobacter baumannii wa¢ Acinetobacter spp. WUINEANTIUAITHNNUYBS PAOS Tuannizueuue
T50naziAnnsae ortho-P wagduld ortho-P Tuan1izueusndn uazuslstn 91 SRT 60 Ju gendn SRT 20
Su Wiy 1.66 way 1.57 Wi mud1su Weveaeunneadfiche paired-t test fisviupuidotiudesas 95
wuIUsEanSamnnsindnnoanasanaue (total phosphorus, TP) uansnsfuegefitfuddynieadad
p-value = 0.00 (<0.05) Ta® SRT 60 Sufidunnnindl SRT 20 fu 1.23 wih UszanSamnisiidn TP ves
SRT 60 Ju war 20 Tufleiiiudesay 65.69 waz 53.26 Auaiu drunuansardnlulnsauioun
(total nitrogen, TN) wavdlefamue (total chemical oxygen demand, TCOD) uansinsiuae9iliedfy
N19adff p-value = 0.00 (<0.05) neldan1izdl SRT 20 wae 60 Ju IneUszansamnisiidn TN way
TCOD Laduadvi 2 annzgeninfevay 98.67 a3uin SRT 60 Juiluszansanlunisida TP, TN uay
TCOD gendndt SRT 20 $u iilesannu3ana PAOs diannndu dungainaleailaiivdoseenuiluanis
LLauLLa‘Eiﬁmﬁmqﬁu lesanUTunames PAOs dwaseuszavisnmnsindameanieda Jsanansathunld
Huuumaileniuauszuy EBPR iamﬁaﬂwmﬂsxqmﬂiﬂmzwﬂwﬁmﬁwL?iasuaﬂsqmulﬁ

a

Adaey : Flof; lulnsiay; fiele; Weavlesa; onenvnau

*é’%’uﬁﬂ“vauuwmm : n.boontian@sut.ac.th doi: 10.14456/tstj.2021.7



Thai Science and Technology Journal (TSTJ) Vol. 29 No. 1 January-February 2021

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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Figure 1 Diagram of TP, TN and TCOD in EBPR process [26]
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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.
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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
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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.
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Figure 7 The efficiency of SCOD (A) and concentration of SCOD (B) in EBPR process. Microorganisms

are used carbon sources in SCOD form.
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NUNLANUINUY SCOD Tuthiaadeindu 5.38

81

un./a. éﬁ’qgﬂ‘ﬁ' 7(B) %’!qﬂhumummsﬁmmgmﬁﬁﬁa
(TCOD lai1Au 120 un./a.) [2] Hanun uanein
JAuNIdanunTadesdaneasdunIdAISUs LN
UszdnSam FaudardelfAzerqaunidinnsle
A

go841

a191ustunsasAule 39l SCOD 1
waInnsUauanas InslanzasBunIed
WU NSABLARNILIINA PAOs @ansaldansdunsd
Arsuould 189y sruufeanunsamde TCOD
donndnsiunuideves Piasai wazAne (2017) 9
AnwinsldesBmmduwrasaisueulusyuu EBPR
WU AU ZANAUNITLAS LA Ul Ueg

q d

fuv3dnau 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.).

USurawes COD amasluaniizusunslsin
wauendn wazwelsdn Feannizuounelsdn wu
U3uames SCOD miglumndian dsgud 7 1An
nnalnnisudnues heterotroph wagnsaladu
awdu (short-chain fatty acids, SCFAs) gnlélne
PAOs wdsanaans poly-P auldndsay ile
a1sdunidardueudngdanaunalsinasiia
UfAsensgesaasuuulaildonia lneaduvsd
nau heterotrop inandnsauaidu CO, H,0 uaz
CH, uaznsnozddnazgnaduniddnnquunile

Ao PAOs thlUldnandundsnuiuliluwadlugy

82

Figure 9 Microorganisms found in the EBPR

system using a SEM (10,000x),
collected at 20-day SRT (A) and 60-
day SRT (B).

989 PHA faludwaunalstnaziimnuaiunsaly
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n1sidnansdunidaniveulageiign nuuans

dunsdilndeiliowngdaouandnastinujisen

3
denitrification 1inn1si1daluwmsn Tnsrdsudu
N, 98LANNISAINENTIUNTIAISUDUME LAy
anvieasBuvidivdoasgnidade
Unse1n1sgesaasuuuldonnie Ineld O,1u
Asasuans sunidmsuemdu CO,, H,0 uax
w&ulunmsiaiapivle uaziilesnnszuvedlu
anmeasi Feliifnufisenludannazneu deas

a0

MluSuae SCOD TudanalsUnuazuiy el an
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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 API 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 nMsfiauenyaunsdluszuu EBPR

HANTANYIANYUENNFUFIUINE VDS

a

wuaTiSun1elanges SEM wuinludejasend

a

AIUA SRT WU 20 wag 60 Tu wunguqduvsd

q

fifianwaziduiinaus (coccobacillus) AagU

=

8 (A) wae 8 (B) I8 NWULARIBAUNITANYIVD

Espinal wagmAg (2012); Nait wazAe (2014)
way Pour kavAg (2011) [41-43] uanaIn PAOs
Fawuqaunigduiiondeluszuuiiadndouuy

@

nznausaly nuingdunsdldnvuznavlg

wziudungu Wemuau SRT Wiy 20 uag 60

Aaguin 9 (A) uag 9 (B) aua1diu Falldnunizaay

83

a6

Augdunidssuungnausalunisfnwivas Bin
wavAmz (2015) uazdiUusadunsaumia [44] adne
AuNsANYIveY Cole wagany (2014) [45] uag
ABIEAUNITANYI98Y Jianlong Wag Jing (2005)

[46] Ingunagiuuliiudungu heterotroph &

= o w

Jugduvsdnanunsamdalang SCOD TN uag TP
@

a s

WININGUVRIRAUNI LI BAIUAN SRT 20 Uay

a

NIAALENUALIATIEYAVRIREUNTE
AewmAla PCR uag DNA sequencing mﬂﬁmz‘q
¥ilnvoIdunieglng NCBI data base wuinlu

53UV EBPR 7 SRT 20 uaw 60 Yu figdunidngw
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PAOs %1 @ Acinetobacter spp. ka¥ Acineto-
bacter baumannii lngnuadUNIgunsuavyiln
duilalddunidngy PAOs ludaegrsitmun
SRT 20 Tu f® Stenotrophomonas maltophilia
Fagenad et uN1SANYIv9 Jasna LavAmy
(2003); Nielsen hagay (2011); Kortstee Lag
AtUE (1999); Valter warmay (1998); Georg way
Ady (1991); Marlies LagmAnly (1990); Deinema
hagAy (1985); Ohtake Waz Ay (1984) ER
nnaedlnsldnsnozdinfuundsmiveutanun

'
a oA

waznuIngaunsdnguiianunsaiidareanesadu
Ny Acinetobacter spp. [17,47-53] Fasi1937n
A3ANEIUBY Koichi Wagatuy (2008) wag He way
Az (2007) inuinslderdmduwrasnisuou
Haviain WNURAUNSENAY Candidatus accumuli-
bacter ianusardaneanasals [54,55] wans
a3 1

= o o o

SRT 1unwisiiimesnafgvidinans
N159191U9999AUNIENGU PAOs Uag GAOs lay
Pa8UITULANNUA SRT RN WERIFINITI

ﬁ 2 ANSANYIRY Li kazAme (2014) wuin SRTﬁ

A9 (5, 10, 20 kay 40 Ju) dananaUszansnin

A150199 TN we bldnasausea@nsainnisnidn

'
=

TCOD waz TP 1la39nil SRT a1 azdanananis
MUVBRAUNIENGY nitrifier [38] dun13finw
494 Chan uagAy (2017) Wu3ndi SRT 61 9 (3
Fu) azdsnali PAOs gnazdnaoenly iosann
U314 ortho-P fiane wazgnduldluszuuden
anas lnenugauvsdngu accumulibacter [56]
MsAnwINaTes SRT Ailnanan1siidn
Woanasavesqdunidnay PAOs luszuu EBPR
wudioldunasnsuowiy acetate waz SRT 60
Su Buansfivanzadlunisidaneanoda Ty

a a

< s & pRp
LNUNUYAUNTY PAOS WUYNTEUUNUNITAIUAL

Q

SRT 11U 20 Waw 60 Ju WAazaIIaLRIYLAULY
1§77 SRT 60 Ju awSsufisunnuszansamn
Tunsida ortho-P TN wag TCOD ifipsannuin
fiawananeiusg19aiveddyn1eadai p=0.00
(<0.05) 1 SRT 20 wag 60 Yu agUlein Acineto-
bacter spp. anunsaridaneanesaldaa SRT GR
wazdwaliuszdnsnimlunisinda TN wag TCOD

A9
Y

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

SRT | Efficiency of | Temperature
Microorganism System References

(Days) |P removal (%) (°Q)

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]




Uil 29 avuil 1 unsIAN-NUNINUS 2564

215815 Imemansazimalulad (3am.)

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. a3y p-value = 0.00 (<0.05) 71 SRT 20 ua 60 ¥u I

PAOs Lunquii funumdrdgyuasies
arfan1ed imuzanlunisiasgiule e
nadouinves PAOs finuluszuu EBPR Wuin
L’f]uﬂa; U A. baumannii Wag Acinetobacter spp.
ANSANYIUTEANSAINA1SAI9A TP, TN way TCOD
7 SRT 20 Yu winfufeuay 53.26, 98.67 uag
99.20 puaU LieAuaN SRT Ly 60 $u wui
YsednSamnisnign TP, TN wag TCOD AU
Yoway 65.69, 99.49 Uaz 99.97 FanUANYALYDS
didouarinievesszuy EBPR uanwimnsned 3
azudiudn SCOD way TKN Tuthitsvesmsiiiuszuy
7 SRT 20 wag 60 YU HIUNNIILIATTIU Ul TP
o9 2 SRT fidngendt 2 un./a. Gslaisiuincusi
13U Tngaziiuinlszdnsamnisiide TN
ez TCOD lilmnsiu dudszansnimnisindn TP
7 SRT 60 $u wusndid1unn3ndi SRT 20 Ju ds
1.23 win wudmginssulunisviuees PAOs Tu
annzueunelsinaziinn1sane ortho-P 7 SRT
60 T gn31 SRT 20 Ju Wity 1.66 1911 uasiiin
n153ulY ortho-P luanzuausndn wazualsn
7l SRT 60 ¥u @431 SRT 20 $u vy 1.57 Wi
dlonndeunnsadfisny paired-t test fisgduaiy
derfudesay 95 nulnUszdniamnismda TP

TN wag TCOD uansinvfusesiltiedAyneansn

85

7 SRT NA9NUdIanaUsEansn1nn1snian TP

v oo

asulelaing

WL

SRT ﬁqaﬂ’iw ¥ PAOs dUSu16u

o

anRINUTIM ortho-P ﬁgﬂﬂéaﬂu
amwuauuaisﬁmﬁmqqéﬁu LAz U3 ortho-P
gniduldluaniizueuendnuasuelsln s
n15AUAN SRT AessruuliinunzauaIuise
Wl dusuamslunisauauszuy EBPR 508

ansadnUszendldlussuuindaundeyuwy
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