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A Study on the Distribution Characteristics of Nitrite Oxidizing Bacteria in
Wastewater Nitrification Systems
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*School of Chemical Engineering and Bioengineering, University of Ulsan
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ABSTRACT : Genus Nitrospira and Nitrobacter species are the key nitrite-oxidizing bacteriaNOB) in nitrifying wastewater treatment plants.
It has been hypothesized that genus Nitrospira are K-strategists(low K, value) that can exploit low amounts of nitrite more efficiehfly than
Nitrobacter. In contrast, Nitrobacter species are r-strategists(high Vi) that can grow faster than Nitrospira. It has also been known that the
availability of organic compounds and dissolved oxygen as well as nitrite affects the distribution of NOB. In this study, we determined the
distribution and competition of NOB in wastewater nitrification systems where nitrite, organic compounds, and dissolved oxygen concentra-
tions were compositively varied. For the purpose, several compounds of the laboratory-scale nitrification bioreactor and full-scale A,O waste-
water treatment plant and their distribution of NOB were analyzed and compared. The analysis showed that Nitrobacter was the dominant
NOB in nitrification bioreactor where average nitrite was maintained at 5 mg-N/L with very low organic concentration in aerobic condition,
whereas Nitrospira was the dominant NOB in full-scale A,O plant where nitrite was maintained very low and organic compounds were
maintained relatively high in alternating aerobic-anoxic condition. The result indicates that nitrite concentration is more critical factor than
organics and dissolved oxygen which determines the dominant NOB in nitrification system and it is confirmed that Nitrobacter and Nitrospira
showed the characteristics of r-strategist and K-strategist, respectively.

Key Words : K/r Hypothesis, Nitrification, Nitrite Oxidation, Nitrite-Oxidizing Bacteria(NOB), Nitrobacter, Nitrospira
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Fig, 1. Schematic diagram of the laboratory scale airlift bio-
reactor for the nitrification of wastewater.
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2.3. Fluorescence in situ hybridization(FISH) &

() BEY Az 13

FISH 482 & w8719 A8E 2PN 4% para-
formaldehyde 890 Yol 4THA 2-3412F S 1T &
phosphate-buffered saline(PBS) &2 33 Aty 1
A ke AAG 5 AJEE gelatin(0.1% gelatin + 0.01% chro-
mium potassium sulfate) 2.2 AGYH Lefoltd] BZA)x)
AE7F gEtol=d] & RAETE 7] $4siA overnight B
T & ethanol 3|AH(50, 80, 98%) .2 oF 3EH B 31

& F@sanh

(2) 238 ALE3 16S RNA oligonucleotide probes

FISH A& A-83% oligonucleotide probes} ©]52] A H,
specificity 28] 3L hybridization conditiong Table 1¢] t}eh]
). ©]E probex fluorescein isothiocyanate(FITC), hydro-
philic sulfoindocyanine dye(Cy3)2 EF %4 35l9 4519
tH{MWG Biotech, Germany).

(3) In situ hybridization and microscopy

233 g H89 AANHE AR A& hybridization
buffer(0.9 M NaCl, 20 mM Tris-HCl, 0.01% SDS, formamide)
¢} probeZ hybridization chamberdl| Al 46°C, 1208 %¢F dt
SAAT? 2713 probe BEE 25-50 ng/ul 2 LA
A d7rete] FAh Hybridizationo] v & wg] Adg
washing buffer(20 mM Tris-HCI, 0.01% SDS, NaC)&E 7}
A AT 48TAA 1584 289 A2 P +PAAT}
AR B¢ AEE 742 /WA B70] washing buffer
E AAS & A 37 FAA AdRAIA F 10 pLg mount-
ing mediumg J7FST cover slide® Yol A|EE 943}
St} In situ hybridizationo] &4 slider Kr/Ar ion laser
(Excitation wave length 494, 550, 650 nm)7} 22 confocal
laser scanning microscope(Model: MRS-1024, Bio-Rad, UK.)
& AMg3le] #E3 Y FISH o|r|x)9 54 nAdE A
X X E M= A8 T B 10709 omAE ti
L2 ojux] ZEAY AZESS(IMT i-Solution, version 3.0)
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Fig. 2& ¢8 #3524 489879 ¢4 278 g
Zolth. AENE77L Al =@ & gEUolg COD
= BT 95% ol AAHACH old whgr)e BF AV1E
2 otruold A& i 247 0.183F 0.175 kg/m’ - day
2 Ao Hi S804 3.6 myl ZEF T

Table 1. 165 rRNA-targeted oligonucleotide probes used in this study

s Sequence FA' NaCl®
ference
Probe Sepecificity (53 %) mM) refer
EUB3381L bacteria GCTGCCTCCCGTAGGAGT (22)
bacteria group not covered by
EUB338II EUB338T and EUB 33811 GCAGCCACCCGTAGGTGT 2 225 o
bacteria group not covered by
EUB338H1 EUB3381 and EUB 33811 GCTGCCACCCGTAGGTGT
Nsm156 Nitrosomonas spp. TATTAGCACATCTTTCGAT 5 636 )
Nsv443 Nitrosospria spp. CCGTGACCGTTTCGTTCCG 30 112
Ntspa662 genus Nitrospria GGAATTCCGCGCTCCTCT 40 56 (19)
Nit3 Nitrobacter spp. CCTGTGCTCCATGCTCCG 40 56 (24)

]Percentage formamide in the hybridization buffer.
? Millimolar concentration of sodium chloride in the washing buffer.
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Fig. 2. Profiles of operation data in the biofilm airlift reactor
for simultaneous carbon and nitrogen removal(@ :
input ammonium; O : output ammonium; [ ] : output
nitrite; A : output nitrate; 4 : input COD; > : output
COD; ¥ : COD load;V : NH4-N load; (p : DO).
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Fig. 3. FISH/CLSM images of ammonia oxidizing and nitrite
oxidizing bacteria in the BAR. [A]: Simultaneous in
situ hybridization with Cy3-labeled probe EUBMIX
(EUBI + EUBII + EUBIID) and FITC-labeled probe
NSM156(Nitrsomonas spp.), [B]: simultaneous in situ
hybridization with FITC-labeled probe EUBMIX and
Cy3-labeled probe NSV443(Nitrosospira spp.), [Cl:
simultaneous in situ hybridization with FITC-labeled
probe EUBMIX and Cy3-labeled probe NIT3(Nitro-
bacter spp.), [D]: simultaneous in situ hybridization
with Cy3-labeled probe EUBMIX and FITC-labeled
probe NTSPA662(genus Nitrospira). FITC-green, Cy3-
red. Bar =50 um.
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et Nitrospiraz UEFgos ole TE #4Xw 25
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Nitrospira®l K, g2 10 uME Nitrobacterd] ¥]8) 10~60
(115 ~606 uM) 71 HE 3E BAFIL 9T, Vau)
A-%£ Nitrobacter7} 200~20008] © & RAoE daA

fr

i

Table 2. Quantification of Nifrosomonas, Nitrosospira, Nitrospira
and Nitrobacter of full-scale(A20) biological nutrient
removal plant and lab-scale biofilm airlift reactor

Genus Lab-scale Bioreactor' Full-scale A20 plant'
Nitrosomonas 14.1£2.0° 1.440.3°
Nitrosospira 3.0£1.0 0.74£0.1

Nitrospira 2.0+£0.6 1.6£0.2
Nitrobacter 7.1£0.7 0.4£0.1

"Percent to the number of eubacteria bound with EUBMIX(EUB338I
+ EUB338II + EUB338111)
* Standard deviation(n = 10)
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