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Changes of Nitrifying Bacterial Populations in Anaerobic-Anoxic-Oxic Reactors

Jong-Woong Park! - Young-Ok Lee* - Jun-Heok Go - Won-Sik Ra - Uk-Min Lim - Ji-Eun Park*

Department of Health Environment, Daegu Haany University - *Division of Life Science, Daegu University

ABSTRACT : This study was carried out to investigate the changes of nitrifying bacterial populations including Nitrosomonas sp. and
Nitrobacter sp. in AYO pilot plant with the configuration of anaerobic-anoxic-oxic reactors. The suspended nitrifying bacterial populations
in mixed liquor and those of attached populations on granular carrier surface made by molded waste tire were analyzed by Fluorescent in
situ Hybridization(FISH) method. The nitrification rate of a pilot plant showed the value of 1.97~2.98 mg N/g MLVSS - hr. The ratios
of suspended ammonia oxidizer including Nitrosomonas sp. (NSO) to total bacteria in each reactor were oxic { anoxic { anaerobic. On
the contrary, the ratios of suspended nitrite oxidizer including Nitrobacter sp. (NIT) were anaerobic { anoxic  oxic. The thickness, dry
density and mass of the attached biomass on granular carriers were 180~188 ym, 38.5~43.9 mg/cm 29.4~32.5 mg/g, respectively.
Also, the ratios of attached nitrifier to total bacteria on granular carriers were similar regardless of ammonia/nitrite-oxidizer (NSO; 3.2%,
NIT; 2.8%) and very low compared to those (NSO; 22.8 ~28.4%, NIT; 17 ~26%) of suspended nitrifier.

Key Words : A%/O Pilot Plant, Nitrifier, Biofilm, FISH Method, Nitrification Rate.
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A9 GrE, FLAEZ, BIRAA W FFoz WIS A 911:}. EFAY i A FTH HeoloR HE
AzD QAZA ) 849 A F L FISHY o2 2A590 Pilot X9 ANJEEE 1.97~ 298 mg N/g MLVSS - hre] #&
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o F&A FAFESF F éﬁw}&ﬂ AA e ¥ S-S NSOB.2%)9 NIT(2.8%)7F A9 Hl&ataey,  wgxd EAse &
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ARoz BaS Aot E¢ I&F ATzt Ags  ATTEAY EAR 5oz A8 ofF vud AP
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o A5EAYRY BRSE FAG2A Acgazy  TIEIS TS A 2ATEE FAHE AL A
Z4 0]tk olo] AR 71AAM ¥ AT BN 7] A PNz eArs 4 HHEE, LF99Y Y EXY
2 1EAYIEH 2L & 2L 97 22789 Fe detsted #8F FRE AFAE Foh S
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FISHY 2 AX o dFoz ZAsdA wolzt A8A
%2 RNA9 gene probe =, o|n] & A 9l RNA data-
baseE ©]&3ste AZAF GYF ANFFE9 single strand
DNA(oligonucleotides probes, 2F 17-34 nts)& aLZA]A(hy-
bridized) WiFg B3A G Y FAZYE(n sit) 9] A
#2HE sk Wgeln

0t B AFME AAAAY BAsE AR
{1 Nitrosomonas sp. 59 YR olASM FI Nitrobacter
sp. 59 oFAABAFo] AYO pilot AR B Z, TA
&F, Z7|1RA od Fgoz WEst=AE FISHE R
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(79.2) mg/Lo)9)3L COD/T-NH]9} SCOD/T-NH|7} 3.4~43
(3.9), 20~28 2HZ 2 g EYrh Table 2= pilot
BA 9 AxAE YERAATE Table 29} Fo] 4Y4F
WHEEE 2 $84 94582 242 24 m'/day, 150% 2
50%Z WS, SRTE 18Yoldth. 57|29 &34

e f
Waste
Sludge
: Oxic reactor

: Internal return reator

: Sedimentation tank

: Internal recycle

: Return activated sludge

gt

]

: Motor

: Blower

: Wastewater tank

: External carbon source tank
: Anaerobic reactor

: Anoxic reactor

o on e Wy
S e 0 oA

Fig. 1. Schematic diagram of A%O pilot.
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Table 1. Characteristics of sewage primary effluent

Item Range Mean = S.D.
pH 69~73 72401
Alkalinity (mg as CaCOs/L) 112~132 1244%79
BOD (mg/L) 39.1~629 51.2+8.6
COD (mg/L) 62.8~92.6 792+11.1
SS (mg/L) 46.0~76.0 6231+10.8
T-N (mg/L) 163~232 202+2.7
NH,N (mg/L) 9.7~14.8 122417
T-P (mg/l) 1.6~2.1 20103
COD/T-N 34~43 39402
SCOD/T-N 2.0~28 24+02
Average * Standard deviation
Table 2. Summary of operating conditions
Item Value
Q (m’/day) 24
Anaerobic reactor 14
HRT(hr) Anoxic reactor 2.0
Oxic reactor 2.5
SRT(days) 18
S « R¥(%) 50
I R*(%) 150
Air flowrate (m’/min) 0.3
Injection ratio(SCOP/NO;'-N)of external carbon source 38
In anoxic reactor
Filling fraction(%)*** 15

* ; Sludge return ratio, ** ; Intémal return ratio, *** ; Volume of

carrier per volume of reactor

2 03 m3/min°]91°11], Z DOEEE 28~32 mglL
ot =3 BHIEEL FAH] st FaALFAE &
AE2EIIE 7}“["\:5“-‘— Adax, 2g0Ed 2 a9R
YFAE o] &t AZF Aade gRuirger F
gtk FYF REde FFAFLS pH 6.1, BOD
48,460 mg/L, COD 73,440 mg/L, T-N 2,181 mgL, T-P
326 mg/LolAtt. SFEAYY FYI|EL &4 F1E
o] AF=Q FFadg fHFe @ EFF 5 MY
At g ol o] SCODS FArAz9 NOy-NH|7} 3.80] HE=
w240 LY B A5t

3. EMWH

231 FISHH S 0|28t F/4/RAN HsMFZ2e &3

Zr gk Zo A AR AGA1 82 mixed liquors ZulR
ol ez uFSHL FA FIE AFS FAE
HEEFFo E3L 58ksec S22 EFO AFE g2
¥ ©& mixed liquorst L& P2 Ptk

1) A8 3; £3A A|E(= mixed liquor)E 10-100
vl FA% & ZutE 4% paraformaldehyde solution (A&
: 4% paraformaldehyde solution = 1:2)Z 24A)7F o]4F 1
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Table 3. Oligonucleotide probes with their targeted organisms

Target site .
. Formamide
Probe Sequence (E.coli IRNA Target organisms %) Reference
positions)
16S Ammonia-oxidizing
- -3 55 No. 8
NSO150 S-CGATCCCCTGCTITICTCC S (190-208) bacteria including Nitrosomonas °
16S Nitrite-oxidizing
e -3 40 No. 3
NIT3 S-CCTGTGCICCATGCICCGS (1030-1047) bacteria including Nitrobacter °

ANAT. 2AF AES 14,000 pmolA 527 2T
S e, A5 WIIA pelletg phosphate buffered
saline(PBS) 1 mLZ washingdt v}, ©HA] 0.5 mL PBS9)
resuspensionA] 71 &, teflon-coated slide glass(Cel-line)<] 2
FEGS-8 w9 ARE SHFI IV Fod ARAFAT
A&7F slided] Z FFHUAII(immobilized) FEFEHA
50%, 80%, 99%9] ethylalcoholo] 387t XH&€ 2 @7l €%
ARl & oAl F7] Fo AzAF

2) Gene probes; 2 AFo]A ALE3FE gene probe}l
NSO190¢} NIT3& Table 33 o] FE A Z(TaKaRa,
Japan)dte] AHESIA LW Z; probed] £ FFEZ S CY3
(indocarbocyanine dye)o]t}.

3) In situ Hybridization; Ethylalcoholo] €723 AZRT
Qe o vE AdIAA £ 16 xL9 hybridization solution
[0.9 M NaCl, 20 mM Tris-HCI(pH 7.4), 0.01% SDS, for-
mamide(NSO 55%; NIT 40%)o]l Z+Z+¢] gene probe(100
ng/pl) 3 pLE FUMst] Z A2 F, 46TelA 90£3+
hybridization chambero| A wjkstgct. oW Nitrobacter
sp.& EFE obFAINSAAFY A, mismatchingg F
A&7l 98] gene probe, NIT3¢] EL3T <2 CNIT3 pro-
beE A7bstel AR MY T NI WFLER
T 2T &2 259 48T, 158 5<¢ FR=d o9
A1-&3+= washing solution [20 mM Tris-HCl, 5 mM EDTA,
0.01% SDS, 0.056 mM NaCl|2 ulg] AHAA ALEEH
th AF F, ZAEF 58S 9% DAPI (4,6-diamidino-
2-phenylindole) @4 (033 pg/mL)S 587 GANA A
P35 F, FF4Hv F(Axioplan 2, Zeiss)o 2 #F - A 53
e

4) AFA A 2 FALT AE; FEgAFEY 27 A
A4 e AFAE QU 9 4 vgxd AE g, 49
157 ol4e] f9AQ fieldsete]l EAs= 3G Ade A
Fate] doln HAFE A4l 5L7 fieldse) DAPIZ ¢
AP AFFHEAEHN g v FEagn”

232 Fan|MEe HEks

gA9 HANPEF 3L Fig 2014 ANGE 33487
o w2t zde FAE 10748 SAY 2§22 R A
Hstel vl B3 WA BESE AAY F FF
H s8FAE 38 289 AR dZAE B
sto] ARl & Axsty RAEY AxFASG Feee
St S4% FAMNAEY A2FAY AxRA=F
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233. SEEN
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2AANER'3 Standard Methods'"e} Bxto] we} 243}
ft

3. &xt & uF

3.1. 0] - 3i5ty H3El Y H2MS

B Ppilot BA9 HE wMLIU L& 253~297CE
LHPR, IR, BAAZ, 7129 pHE 77 7.0~
72, 68~7.1, 6.7~720]9em, olu Alkalinity: 98~
128, 84~106, 70~84 mg/L as CaCO;E YEbgt. %
7z, FAALZ, §71%9 ORPE 7zt -387~-254 mV,
362~-239 mV, 146~175 mVo|Qi, DOS A% d7)=z,
BEAEZANE A AEHA Fon, TIRNAME 28
~32 mg/Lo|Qt}t olx A3 AL FAe ALE F,
Nitrosomonas sp.$} Nitrobacter sp. 59 & JZxRAL
2 A & 25~30C, pH 7.5~80>Vs} A9 gAlst
Qfom, ORPS} DO 9] AidsiMge g4 Fgatact
obge Z wgzs} A%HoR wdsel 97 wWEd B
7%, BAAZ, 57129 MLSSEEE 2,780~2,900 mg/L
2 A9 fA d9E Bnyoen, ol MLVSS/MLSSH| &
0.67~0.720) A t}.
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Table 4ol .ok Tl stgt}. Table 4914 HZo| HE2o&&
<] BOD, COD, SS ¥ T-N, T-P9] BF5%= 242 76
mg/L, 16.7 mg/L, 9.6 mg/L9} 2.5 mg/L, 0.9 mg/LZ L¢3
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@ $4¢ 9g F YA 5 TN 872.7% B2 A yasse ge 4 @)oz mEud
AL HoW, NH/N 91 FERE54A4 A9 A
FHA gtk B AYO BHNA wL A2 AARLS ,
HQL AL 122 gAY AN AFAARC Fhaze  gp— CLWHL —Ninf —(NH{ —Neff]
drgard FYoz gAxgol FUHYY @Rl Vodc X+ 2
Table 4. The result of treatment performance in each reactor
Item Influent Anaerobic Anoxic Oxic Effluent Removal effluency(%)
BOD (mg/L) 51286 242+ 14) (182+0.8) (5.810.6) 76+0.8 84.7+3.6
COD (mg/L) 7924111 (39.8+2.5) (30.9+2.4) (134%1.1) 16.7+05 78529
SS (mg/L) 623+10.8 ; ; - 9.6+0.7 84.1£33
T-N (mg/L) 202+2.7 143£0.8 8.7£0.5 27104 25104 87.7£0.6
NH,"N (mg/L) 122+1.7 48+04 23403 0.1+0.1 0.0£0.0 99.9+0.3
T-P (mg/L) 20+03 1.6£04 13£0.1 0.9+0.3 0.9+0.2 553%3.1

Average * Standard deviation, ( ) : SBOD or SCOD

Pt S x] 27H 2%, 20059 2¢
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Fig. 3= Pilot Zx]¢] ¥lg=U NH,'N, NO,-N ¥ NO;-N
9 s=wsE Jellgith Fig 394 REo] ¥z, ¥4
A%, 371%9 NHS-N:= ZH7 41~55, 1.9~29, 0.0~
0.1 mgLolQX, NO,-N:& 0.0~0.1, 0.0~0.1, 02~05
mg/Lo]%L™, NOy-N& 0.0~0.1, 0.0~0.1, 1.2~22 mg/
LolQiek. o9} 2ol AFAITL B¢ 72U AAR
NH,'NE& NO,-N¢} NOy-Neg Ag=Egen, AFE NOs-
NEe 3 e8zdA4 ZALZRE ggAZosy 2d7d
€ 58 -2 AAD ALE yeyih

=% $949 COD/T-Nw7} 3.4~420]3 T-N/BOD9
Hl7F 037~0429 o) 2] (4)E o] &3 & Pilot FX
9 AXF&EEE 1.97--298 mg N/g MLVSS - r24 Ran-
dall 5'0] A A8 T-N/BODH|7} 0219 H$ SRT7F 5~
309 ¥YlA SNRo] 0.5~1.9 mg N/g MLVSS - hr$} H]
@il B o ti JFolE 2Ptk ol #ERW T-N/
BODH|¢] 8 ¥ u ol Frv|zUd EAde H4,
FANRES 24 Ade 48 84 HEd A=
g

33 4 prST0M2 AASIME HE

A A5 (nitrification)> FEUoLE otdAO R EHA
7)== drUo}l 24hA f-a-(ammonia-oxidizing bacteria; NSO)
¥ o}d g AR A FE ofdd A o Pnitrite-
oxidizing bacteria; NIT)S] Q£:2Q] wgo] osf Qojye}?

Lol BAFEE BF5Hd AHEE NSOI90 pro-
bedl 98] AZo] 7158 HEElE Nitrosomonas sp.,
Nitrosococcus mobilis sp.,‘: Nitrosospira sp. So) glom!?
o] MFZE B-subclass proteobacteria &t}

W) oA A AES %’g‘%}x—‘:—tﬂ AH-&-g NIT3 pro-
beell Q3] AEo] Jted AEE
sky$} N. hamburgensis & Nztrochter sp.ZM « -subclass
proteobacterias] ¥ Aoz gz ch'”

Fig. 4olx E& wtel gol & Mg A Nitrosomonas
sp. &, YEYo} AAstAFo] AA e HlE2 F7]Z(284
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< Nitrobacter winograd-
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Fig. 3. The variation of NH,"-N, NO,-N and NO;-N con-
centration in each reactor.
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Fig. 4. The dynamics of Nitrosomonas (NSO) and Nitrobacter
(NIT) in each reactor.
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Table 5. Characteristics of suspended and attached biomass
in oxic reactor

Concentration(mg MLSS/L)  |2,780~2,900 (2,850)
Suspended .
Biomass (kg) 7.0~73 (7.1)
Water content (%) 95.7~96.2 (95.9)
Thickness (um) 180~ 188 (185)
Density (mg/em’ 38.5~43.9 (413
Atached y ogen) @13
Biomass per surface area (mg/em’)| 0.7~0.8 (0.8)
Biomass per carrier wt (mg/g) | 29.4~32.5 (31.4)
Biomass (kg) 34~38 (3.6)
Attached biomass/Total biomass (%) 32.0~35.0 (33.5)
Total biomass concentration (mg MLSS/L) |4,194~4,386 (4,280)




Fig. 5. SEM micrograph of attached bacteria on granular
carrier surface.
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