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Laboratory scale aerobic/anaerobic biofilm reactor was used for simultaneous and stable removal of organics, N and P
components to investigate optimum design and operation parameters and to analyze the microbial distribution and
consortium structure of nitrification and denitrification bacteria in aerobic and anaerobic biofilm systems. The biofilm
reactor was successfully operated for 143 days to show CODc, BODs, SS removal efficiencies of 88, 88, and 97%,
respectively. During the experiment period, almost complete nitrification efficiency of 96% was achieved. Denitrification
efficiency was about 45% without addition of any external carbon sources. In case of total phosphorus removal, 44%
of the inlet phosphorus was removed. Fluorescence in situ hybridization (FISH) results showed that most of the
ammonia oxidizing bacteria in the aerobic nitrification zone was found to be Nitrosomonas species while Nitrospira was
the representative nitrite oxidizing bacteria. For the denitrification, ARhodobacter, Rhodovulum, Roseebacter and
Paracoccus were the dominant denitrification bacteria which was 10 to 20% of the total bacteria in numbers.

Key Words : wastewater treatment, fluorescence in situ hybridization, nitrification, denitrification, microbial consortium
structure, biofilm reactor
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Figure 1. Schematic diagram of the anoxic-oxic upflow biofilm

reactor experimental set-up for domestic wastewater treatment.
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Figure 2. Scanning electron microscopy of the surface of the ceramic media.
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Table 1. 16S and 23S rRNA-targeted oligonucleotide probes
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Probe Specificity Probe sequence (5°-3°) % FA® NaCl (mM)°
EUB338 Bacteria GCTGCCTCCCGTAGGAGT 20 225
ALF1b a subclass of Proteobacteria, genus Nitrospira CGTTCGYTCTGAGCCAG 20 225
BET42a B subclass of Proteobacteria GCCTTCCCACTTCGTTT 35 80
RRP1088 Genera Rhodobacter, Rhodovulum, Paracoccus and other bacteria CGTTGCCGGACTTAACC 0 900
NSMi56  Nitrosomonas spp. TATTAGCACATCTTTCGAT 5 636
NSV443 Nitrosospira spp. CCGTGACCGTTTCGTTCCG 30 112
NIT3 Nitrobacter spp. CCTGTGCTCCATGCTCCG 40 56
NSR1156  Freshwater Nitrospira spp. CCCGTTCTCCTGGGCAGT 30 112

* Percentage formamide in the hybridization buffer.

b Millimolar concentration of sodium chloride in the washing buffer.
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Table 2. Results of the anoxic-oxic upflow biofilm reactor operations
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(Average value)

Influent concentration (mg/L)

Effluent concentration (mg/L) Removal efficiency (%)

NH,* 34.4
NO; 0.05
NOy 29
T-N 37.0
T-P 52
CODcr 274.1
BOD; 117.8
SS 194.7

1.3 96.2
0.8 -
17.8 -
20.2 45.4
29 442
33.0 83.0
14.3 87.9
6.1 96.9

5
R

8 8

Nitrogen concentration (mg/L)
3

oWKWM—

0 20 40 60 80 100 120 140
Removal efficiency (%)

Figure 3. Time courses of the nitrogen concentration (@: Influent
T-N concentration; (: Effluent T-N concentration; A: Influent NH,"-N
concentration; A: Effluent NH;'-N concentration).
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(A]

(C]

(B]
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1

Figure 4. Fluorescence in simu hybridization (FISH) image of the ammonia oxidizing bacteria in the aerobic zone. [A] : EUB338(blue), [B] :
DIC image, [C] : AlFlb(red) and BET42a(green), [D] : NSR1156(red) and NSM156(green).
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(B]

(D]

Figure 5. Fluorescence in situ hybridization(FISH) image of the ammonia oxidizing bacteria in the anoxic zone. [A] : EUB338(blue), [B] : DIC
image, [C] : AlF1b(red) and BET42a(green), [D] : NSR1156(red) and NSM156(green).
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Figure 6. Fluorescence in situ hybridization(FISH) image of the denitrifying bacteria. [A]

Korean J. Biotechnol. Bioeng., Vol. 17, No. 1
[B]
[D]

: EUB338(blue) and RRP1088(green), [B] :

RRP1088(green). ([C] and [D]); anoxic zone [C] : EUB338(blue) and RRP1088(green), [D] : RRP1083(green).
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