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Nitrogen Removals according to Aeration/Non-aeration Periods
in the Intermittent Aeration Reactor and Analysis of Microbial Community
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Abstract : In this study, variations of the organic and nitrogenous compounds in wastewater were investigated in a single reactor
with intermittent aeration. Over 90% of organic and nitrogen removals are accomplished with C/N ratio of 3:1 and 20/20 min of
aeration/non-aeration period. Longer non-aeration period on the aeration/non-aeration cycle showed more stable nitrogen removal,
showing various microbial community in the reactor. From PCR-DGGE analysis, it is conclusive that Dysgonomonas mossii strain
Melo40, Eubacterium sp. oral clone JN088, Uncultured bacterium clone SPESB2 718, and Bacterium enrichment culture clone LE
are related with the organics and nitrogen oxidation. Uncultured Acidobacteria bacterium clone AKYGA487, Lactobacillus harbinensis
strain FQO003, Erythrobacter litoralis strain Gi-3, Phytobacter diazotrophicus strain Ls8, and Mycobacterium sp. enrichment culture
clone GE10037biofNNA are distinctly appeared under denitrification condition.
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Table 1. Operating conditions of the intermittently aerated bio-

reactor
ltem Condition
Aeration/Non-Aeration (min/min)  40/20 30/30 20/40 10/50

HRT (hr) 18
SRT (d) 30

pH 705

Temp. (C) 30+3
Aeration on 4~5

O (mg/L) ,
Aeration off (0,08
MLSS (mg/L) 3,100+200

Table 2. Composition of the synthetic wastewater

Components Concentration (mg/L)
Glucose (as COD) 100
NH4Cl (as N) 25
KNO;s (as N) 5
KHPO, (as P) 25
KoHPO, (as P) 25
KHCO;3 (as HCO3) 366

1mL

* The nutrient solution contains per liter: 90 g MgSQOs - 7H:0, 6 g
CaCl, - 2H,0, 15 g FeCls - 6H,0, 6,5 g MnCl, - 4H,0, 1.7 g ZnS0s -
7H0, 0.1 g CuCl; - 2H,0, 1.9 g CoCl; - 6H.0, 6.5 g NiSO4 -
6H20, 0.1 g H3BOs, 0.6 g (NH4)eM07004 - 4H20, 1 g yeast extract

Nutrient solution*

77k Eo %9t §E4E 19 28] At} AR
SIS $LRAPRLRE COD, 55 TN N
=, pH 5& 15:90] 23] o]

—5]'93\‘:4' CODwn Tégdﬁ%é”ﬁmm)oﬂ 1‘0]—0:1
#3591l SS I T-NZ standard methods”S ]85}
= 4—5}@@ NH;"-N, NO,-N, 181 NO;-N&] EA o=
Ion Chromatography (Metrohm, Germany)S AF&-3}%1.0. 1
o gE BAe B s 7| H(PCR-DGGE)S o] 83514
u}m sl4Ee] DNAL: 7HElE7] 7k 7bollAl 38 7 A
& 11,000 rpmof| A 5E7F LA Ee]sto] F5HS Aot

= Power Soil DNA Isolation Kit (MO BIO Labora-
tories, Inc.) & AMgalo] &3kt Adof| AM2E primer
(Bionics, Korea)?] sequence> Table 31} Z+c}l. 16S rDNA

X:Pﬁg

Table 3. PCR primers used in this study

Primer pair Nucleotide sequence Size of PCR Refer-
(Target) (5'-3" product (op) ence
10f AGA GTT TGA TCM TGG CTC AG 1408 19)
1400r ACG GGC GGT GTG TAC AAG
341f CCT ACG GGA GGC AGC AG 103 20)
518r ATT ACC GCG GCT GCT GG
ac CGC CCG CCG CGC GCG GCG
olam GGC GGG GCG GGG GCA CGG 233 20)
P GGG G

* f : forward primer, r : reverse primer, The GC clamp added DGGE

CHEtErA S St3|R| | #1367 M 1] 20144 12
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Table 4. Removal efficiencies of CODwm, according to the C/N
ratio and aeration/non-aeration period

Aeration/Non-Aeration Removal efficiency (%)

(min/min) C/N 1:1 C/N 2:1 C/N 3:1
40/20 941+17 96,005 944+10
30/30 948+24 952402 944+06
20/40 958=+08 959+02 945+04
10/50 9834=+23 959402 942+07

Table 5. Removal efficiencies of T-N according to the C/N ra-
tio and aeration/non-aeration period

Aeration/Non-Aeration Removal efficiency (%)

(min/min) C/N 11 C/N 2:1 C/N 3:1
40/20 - 22+09 345+44
30/30 - 134+33 420+56
20/40 59+23 16.7+£28 926+44
10/50 9.0+34 33.1+10.5 935+04
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Fig. 1. Concentration profiles of NHs-N and NOz-N with in-
termittent aeration at C/N ratio as 1:1, Total time of the
aeration/non-aeration period was 1 hour,
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Fig. 2. Concentration profiles of NHs*-N and NOz-N with in-

termittent aeration at C/N ratio as 2:1, Total time of the
aeration/non-aeration period was 1 hour,
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Fig. 3. Concentration profiles of NHs™-N and NOs-N with in-
termittent aeration at C/N ratio as 3:1, Total time of the
aeration/non-aeration period was 1 hour,
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Table 6. T-N removal efficiency according to intermittently ae-
ration and C/N ratio

T
3:1 56
1 60/60 4:1 88 Choi™”
5:1 90
60/60 64.4
2 50/70 3:1 835 Choi®¥
40/80 86.9
2:1 62.4
3 60/60 3:1 89.1 Choi*?
41 92.9
60/60 60
4 50/70 3:1 822 Lim®?
40/80 82.9
40/20 34_5
30/30 42 i
5 3:1 This paper
20/40 926
10/50 935
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Fig. 4. DGGE profiles of the sludge from Intermittently aeration,
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Table 7. Affiliation of denaturing gradient gel electrophoresis (DGGE) fragments determined by their 16S rDNA sequence

Band Gen band search result ) o ) o
name Phylogenetically closet relative Assession No. Similarity Taxonomic description (class)
A Uncultured Acidobacteria bacterium clone AKYG487 AY921925 1 100% Acidobacteria
B Erwinia billingiae partial FR695871 1 98% y-proteobacteria
C Dysgonomonas mossii strain Melo40 KC866165.1 100% Bacteria
D Eubacterium sp, oral clone JNO88 AY349377 1 100% Firmicute
E Lactobacillus harbinensis strain FQO03 KF418816.1 100% Firmicute
F Uncultured Acidobacteria bacterium clone Upland_75_7169 JF987871 1 81% Acidobacteria
G Erythrobacter fiforalis strain Gi-3 KF444160 1 100% a-proteobacteria
H Uncultured bacterium clone SPESB2_718 KC327255 1 100% Bacteria
| Bacteroides xylanolyticus partial HF558386.1 100% Bacteria
J Pantoea sp. A1059 KC236721 1 100% y-proteobacteria
K Enadosymbiont of Sphenophorus levis clone Field_clone_A06 FJ626273 1 100% Actinobacteria
L Goraoniia sp, AmG KF444801 1 64% Firmicute
M Eubacterium tarantellae partial FR733677 1 100% Firmicute
N Phytobacter diazotrophicus strain Ls8 DQ821583.1 97% y-proteobacteria
O Mycobacterium sp. enrichment culture clone GE10037biofNNA JX083129 1 100% Actinobacteria
P Bacterium enrichment culture clone LE JNO82535 1 97% Bacteria

o4} DNAE F%&3}to] PCRE 53
9] V3 region®] DGGE 43S T3] ¥
BANDE©|th AR+ Y49 C/NH|7} 3
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%tk AlAlE DGGE fM=z2ie d9H ndEe] A5UA
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