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Performance of sequencing batch reactor under aeration-limited
condition and characteristics of microbial community change
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ABSTRACT

Recent focus on wastewater treatment includes energy-saving and renewable energy generation for energy-independence
of water infrastructures. Aeration and pumping in biological wastewater removal processes account for nearly 30-60%
of the total electricity cost in real wastewater treatment plants. In this study, the performance and microbial characteristics
were investigated in sequencing batch reactor under typical oxygen and oxygen limited condition. Under typical DO
(7.55£0.99 mg/L) and low DO (0.23£0.08 mg/L) conditions, COD removal was stable over 91 % during SBR operation.
Ammonia removal efficiency was reduced from 95.6 % to 89.2 % when DO concentration was dropped sharply. Phosphorus
removal efficiency also reached 77% at oxygen-limited condition. The results indicated that removal efficiency both ammonia
and phosphorus was influenced by DO condition. Microbial analysis revealed that Proteobacteria and Bacteroidetes at
phylum level was dominant in typical DO and low DO conditions and DO concentration did not much affect phylum
distribution. Population decrease of genera of nitrifying bacteria(Dokdonella) and Dechloromonas spp. affect removal
efficiency of nitrogen and phosphorus at low DO condition.
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| B oA Ay GESIZASE et DIE = Hst 54
78] diftEe AATEAL Jlon, HErtee] F7]e} & FroA AP S 408 F7|2 QJslA axn]
Sk FAHIZOA 614%2 71 W e ARgSkaL = olluA1e] A sAloll A=lede #AE 4 9l
Ko AP A] o] g5 Feor R, A= = geolet & 4= ek
o] 27%= 71 Eom 1 ¢ AL fjREo] 5%0] | 7] ArE F9 A Al WA ek 2 A
)R] Fah= Ao R ZAFE| QT (Ministry of Environment, Ao =T Q= TS HARSH] 3 AFA
2016). 2 o2tk ou R A W AL R| 9 O] A7} ELEP*E} e, =uelA &
AL QA ZasleA] g AdS a2 25lrtA B F< o APEe] 500E F=2 1 o]k}l Aldoll=
2] dhA A @ eksban] 271 A AU R o< 3B A HE-S-Z(sequencing batch reactor, SBR)7} Af
AAVERS. Zrbela cmEskeA A el oy A G A EHIL Q= AAolrk 53], 1002 0|5k At
sP2 et AGS AF Fo ek st A4 EWHWVH B relbs ke A=A ) o
o garo g o oA sk Ao YR Ve 2 =0l diFE AuAaEE e HE W SFVA 2
s7beurd W oy wde 4o My o ST ANSE SAEr R 7180} dpaEls UCT
(Kim et al, 2010). LU}, Sjof A olgsr AXd mosp o8 /IWh A B Eefur Aehee] wgiEe 2
23] a) A o] AFRElS o UR]s Er] W HE A4 H Aol Al =3gt SBR 7|9ke] dA+t= EF A ekl A
Ho|A teFo g 4wl AHL 7haA]| WA sk de 7HH 4 doly 9 Ay Alms 35skeAlE
e oS ox|3t 2 9l Hloto]| W Qi) A AU AA-SE 917t ARz E-8o] 7R Aot
HAEA 0l 5l 2] uw ol 8428 %] 34 (activated wehA, & AFtoMe Sqti st A 7h
sludge process)> 7| %, A4 9 Q1o A (nutrient) S 3 wol AMgEm AF wete] ot 2o Bolt
S S g 5] 2ol s 2% SBR $8& 2Asp] A dad qr=e e
o o|gsle Aoz MBS R A7 (biological = o]ttt F/d/4H DOx DO ARt
nutrient removal, BNR)Z} E2it}. A2 BNREZA-L o} BollA Hhex 2 BT ndE e Wk =
O] 2 7|(extended aeration)S ©]-83}al o|&= A g A& ekt stk
A A 2 odA] AHIFEE] 30~60%7HA] 48
ttal R E At (Appelbaum, 2002; Tchobanoglous et 2 xHE I;lcl Iél-l:é-l
al,, 2003). WA, E7|EFS A ouA] A7 o
dotal sAlol MR Ve & o e 2 =24 2.1 HZ3x 71 2 2H
o FpaA TR oo = A]
;;:Tijo] I S I e e e W 1% 15 om0 25
A}i oA S W daol Amety Ao OME TAE S 4L RR ofad AFY WgxE
QE ATE Qe sleAe BRoIA Amatgey o ora SBROAISEIE Fig 19 Al &
(Hu et al., 2005, Liu et al., 2013). Daigger and Littleton YA, IS E, ERAR AYH wheE
(2014)__ X—]E] zE)]oﬂki 1/]-_9_ _9_54_/\]_/\_04 o;@] oz ;{E]/ﬂ_ oﬂ %7] 7%"5(]% ‘11:‘—3——7— pH% *E]A]Z_l‘f_li E—”’] Eo] ‘(?——_]' ZI\“
s19} SRS B0 TAE 2 ek BuEch A% AA Ak BEREEE W seed £ A=
e Alsl o2 UCT 349 &7|-FAA-5 7] 9] vk full-scale sl=%]2]4e] & 7143k FARAS REGR U9
o A] Yo _Q_ Kz ©AA oFgH el 94 malo  =ClAE 2 50%(volume Wb Egote] 1 LS Nex
o RS QIR A ER-E 90%] o] 2T} (Keene et of AFstt. U] 2218 &2 A 2] #
al, 2017, ABHF BN e Bz eduy ¢ BT F TOA FAGEE 3 vl fAsh
ZHIAE & Ah A7 80| 50% oA W omPak el =AY Table 1o] vrebglom 1242h5

et al., 2002), HE&]u} AJEWH-S-Z(membrane bioreactor,
MBR) &%9] AQo| A& e g2 4 27 oA AAF
kol eha HEe-S § 8- o2 o]Zo] Wrt (Rieger et
al, 2014). 7]29] A1Z vjgto B uj, GO g2 A}

1 cycleZ2 SAE+= WH3-x 24 &A= fill 158, react
(anoxic) 4A] 7}, react (oxic) 6A]7F, settle 30, decant 15
B idle 60502 AT £ uhS 2 SA7|7F oF
2109 2 AAFA 0l E7] AF(DO, oF 7.5540.99 mg/L)=

=
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Fig. 1. Schemes of the experimental set-up.

Table 1. Operating cycle in sequencing batch reactor

Operating cycle (1cycle / 12hr) Time
Fill 15 min

React (anoxic) 4 hr

React (aerobic) 6 hr
Settle 30 min
Decant 15 min
Idle 60 min

o]: 75017]_ OX]E]oJ ou:] 1 _§4 7] Zﬂb‘} 174(1)0 ol:
023 + 0.08 mgL)o & HHe%2 gx|stgon ez
W pHE= 75582 FAE = oA stk

Hhe- X 4L A3 o]-_‘: o} X]QX_,?_] Ex
Sl 4Bfes] v CoD) 14 o
S olgon] 4718 % deredel o
Q5lo]  glucose(CsH1,0s), ammonium chlorlde(NH4C1),
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COD, NH;3-N, PO,/ *-PE ©F 280 mg/L, 21 mg/L, 5 mg/L
2 A4 290
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WRSE 24 cyeleo] 124340 ShElo] 12417 5
oF 5 WMot S mUEPSGL H717t 34
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WA AR(ESE 27 S
oA BIAE A RS TS oA A Ak
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23 H AHE 2] genomic DNAE £2]517] Y84 soil
DNA extraction kit(NucleoSpin Soil, Macherey-Nagel,
Germany) S AH8319. 0] AZAL A T el &
71&0 2 DNAE FE3}% ;. %3 DNAE nanodrop
(Nanodrop, Thermo Scientific, USA)E 0|83} =&
Z435}FH a1 -20°Co|| Rt th &% genomic DNA
£ 100 ng/luL= ¢ 10 x Taq buffer, INTP mixture,
10 uM9] fusion primerS &3sto] ZFE 50 ulLz=
PCR(polymerase chain reaction)2 4385} tl. PCRE]
2 2L 94°Co| A 557} initial denaturation, 55°C
ol 5] 30%7t primer annealing, 72°CojA] 30%7t
extension®] 1} 303] HHE & 72°Cof|A] 7E7t final
elongationS 213§}t PCR AHE2 2% agarose gel 2]
A7) %sto] =2 3¢] & [llumina Misequencing= ©]
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Fig. 2. COD reduction in the sequencing batch reactor.

FE7F 033 mg/LE AE Al AHelgHo] FFEA
=48 $ U A=A AA A AL F3gFE vl

XA 9kQFt (Keene et al., 2017).

o} ALNHN), o}
AANOs-N) 2 EAf 5}
qxsiel 9ol BHL
aslaz AekEn, A4 Bee 14Hee
o7} obdAbe R Wsfalz Tt ofdAto] thal
VP B4R AREE BPOR Lol 4 27
of fEZ <l u|AHEL Nitrosomonas?}t Nitrobacter

EAFE obdl Al AAksh 34 b Aol
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NH," + 3/2 0, — NO, +H,0 +2H"
NO, +1/2 O, — NO5
Overall equation: NH;" + 2 O, — NO; + H,0 +2H"
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21.60+4.60 mg/L, SEH 5% : 2.41+1.8 mg/L)e] A|

&5 Btk 27185 ATAR 7] B AAE
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Fig. 3. Ammonia-nitrogen reduction in the sequencing batch
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Fig. 4. Nitrate reduction in the sequencing batch reactor.
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Fig. 5. Phosphorus reduction in the sequencing batch reactor.
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Fig. 7. Abundance of phylum level in typical-DO reactor (a) and low-DO reactor (b). The abundance less than 1.0% was

eliminated.
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Table 2. Genera level at typical DO and Low DO condition.

Genera Typical DO Low DO References
Terrimonas Nitrification 2% 2% Jung et al., (2016)
Pedobacter Nitrification 1% 3% Vanparys et al., (2005)
Herbaspirillum Nitrification 1% 1% Oliveira et al., (2012)
Arcobacter Nitrification None 1% Kong et al., (2013)
Chlorobaculum Nitrification None 15% Wu et al., (2017)
Rhodobacter Nitrification None 3% Schmehl et al., (1993)
Brevundimonas Nitrification 1% 1% Ji et al., (2016)
Dechloromonas Nitrification 5% 3% Horn et al., (2005)
Ignavibacterium Nitrification 2 1% Tian et al., (2015)
Dokdonella Nitrification 25% 17% Figueroa-Gonzalez et al., (2016)
Marinimicrobium Denitrification None 1% Bertagnolli et al., (2017)
Aeromonas Denitrification 1% 1% Chen et al., (2014)
Thiocapsa Denitrification None 4% Schott et al., (2010)
Kineosphaera Phosphorus removal 1% None genomes online database
Lactococcus Phosphorus removal None 2% Vuyst et al., (1993)
Rhodocyclus Phosphorus removal 2% 2% Zilles et al., (2002)
Dechloromonas Phosphorus removal 5% 1% Horn et al., (2005)
Lewinella Hydrolyser 22% 12% Sun et al., (2018)
Methylocaldum Methane None 6% Eshinimaev et al., (2004)
Caldilinea Sludge bulking 2% 4% Wang et al., (2016)
Trichococcus Sludge bulking None 1% Wang et al., (2016)
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