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ABSTRACT

To determine structure and activities of microbial communities in a food wastewater treatment system, biofilm of
RABC (rotating activated Bacillus contactor) and samples of aeration tanks were analyzed. Heterotrophic bacterial con-
centrations were similar between biofilm and stage 1 aeration tank and decreased 2-log at stage 3 aeration tank as dis-
solved oxygen decreased, however portions of Bacillus groups were increased at stage 3 aeration tank. It was revealed
by quantitative and qualitative analysis of metabolic fingerprinting patterns of Biolog GN2 plate that RABC represented
much higher activities and a different microbial community structure compared to aeration tanks. Metabolic fin-
gerprinting showed the carbon sources that isolated Bacillus groups could or could not use, were used similarly meaning
that not only Bacillus groups but also other microbial groups would contribute to the treatment of wastewater.
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Fig. 1. Schematic diagram of wastewater treatment system.
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Table 1. Concentration of heterotrophic bacteria (CFU/ml)

on TSA and Bacillus group on Bacillus selective
media. DO means dissolved oxygen.

Bacillus ~ Heterotrophic
. DO
Sample group bacteria (mg/L)
(CFU/ml) (CFU/ml)
RABC 5.1x10° 1.1x10° 0.5~1.0
Aeration tank
Stage 1 1.8x107 5.2x10° 1.0~1.5
Stage 3 3.7x10° 3.9x10° 0.1~0.2
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Fig. 2. Number of highly (Ill) and medially (L) used carbon
sources at each day.
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Table 2. Correlation coefficient of carbon usage patterns
among RABC, stage 1 and stage 3 aeration tanks.
Level of significance (p) was below 0.05 and (-)
represent values were not significant at p=0.05

level.
Day RAB(;—stage 1 Stage Al—stage 3 Stage 3 aeration

aeration tank aeration tank tank-RABC

1 0.838 0.931 0.872

2 0.674 0.877 0.636

3 0.257 0.613 0.235

4 0210 0.576 0.402

5 0.830 0.745 0.720

6 ) 0.523 0.265

7 ) 0.421 0.283

3 stage 3 E7]Z7} D-galactose, D-mannose 3 Th.
ARSI FEHT AolFe] e ol 7 AEE
Apolell xS 388 AolE el d3E
vhkEr}.

Table 2= o|&3sh= Thadd FRe] 354 < 4
HAGTE 7t Aot IR Hlwst Flo|th FUs Al
EUellA S8 Alelol Hls] SU3F Yl A8 AL
o7} o &2 A#AAAE HGtHdata not shown).
RABCS} stage 1 E7]1% Alo|g} 7o) AaaAlE 1Y
A AL EFAL 4L sttt 59 ST

4AANA] 7hAadk AL 2Pz zlel2 o8
o= wagle] FR7F Sl w7 AsdE g
k= Ag ofvlshy 59 S71s AL AgEET)
=¥ R Ee] 3EHCE EAPY AR A
Hroh. o]Hgh Wd2> RABCY stage 3 FE7|x Aol
stage 13} 3 EZ7|Z Alolo|A % WAF S THTable 2).
64A|2} 7Y7 = RABCS} stage 1 Z7|Z Alolol| /-2
gk AEATTE =T ol ERTFERS] AolUAlE
RABC A59] & &Addl sl whagle] 6 ol
A A~ Ang AdkErh

Table 2= WA=F0] 0]8 + e B T/
of thet B84 w7t WEEH o] +H{T+xEE U
Efl= Aol Fig. 2= A73 ovl7t S A543
2 Ho|= 7} vhAglo] o]g ko] Aol FHee Ab

N

Table 3. Biochemical properties of isolated Bacillus group
and carbon usage patterns in Biolog GN2 plate by
microbial communities of biofilm (RABC), stage 1
and stage 3 aeration tanks of wastewater treatment
system. Carbon usage patterns were measured
0OD540 at day 7 of incubation. (+) and (-) mean that
isolated Bacillus group could and could not use,

respectively.
Isolated Biolog GN2 plate

Substrate Bacillus Aeration tank

group  RABC G T Stage 3
Cyclodextrine (-) 2.02 091 1.10
D-galactose -) 3.95 3.14 3.14
Glycogen (-) 2.01 1.74 1.60
M-inositol ©) 241 1.63 1.46
D-mannitol ©) 2.01 1.83  2.06
Average 2.60 1.68  2.06
D-mannose +) 241 2770 246
N-acetyl-D-glucosamine  (+) 2.25 1.29 1.17
D-trehalose +) 242 190 172
D-glucose (+) 2.26 1.83 2.32
Average 242 1.89 1.85

Journal of Environmental Health Sciences, Vol. 34(4)



AEAS 2] GAE S QARE 331

ol vkt & = Sith 5UA 7EAe] Al
WS XYW RABCY} stage 1 7|27} 0.562, stage
13} 3 E71Z7F 0748, stage 3 EZ7|Z9} RABC7}
0.5730]t}. o]= olgeh= vl FFe AR o)
oFgh 2o FAk=EtaL & ¢ 9le Aotk wE
A 2RFZE] 2ol RABCVF E7]1ZE<] Hlg)] =t}
A 5= gUslek

4. 22|58t Bacillus IF MA-E3 A|22R el M|
Bacillus 4 M2 GFi-e] 9ot DO 5&7t %
o718 YA Z A} (endospore)s BAJslar Aol sk 2
7o) Tl FAEH X7} dotste] JYAEE A
3e)S ATel stage 3 E7|ZROAE DO FE7F
grol AWAlTE-2 APESIY Bacillus & M2 XAE
HA3t3L RABCOIA Eolsl= Bacillus’t 2 F71&
B st? Bacillus & ©]21¢] IAEA AldELE
2 A4S AS Zojt). vt A% DOE HAAIR]
T F7IIIE QI gEUote] A|AEo] io]'{“:}l
sl o] FRE EAAEHFH Aol s F Uk
Table 32 Bacillus ~THIA] oA =223t 16S
DNAS] @7IMEEAcr WAEXARE PAdste
Bacillus ZL5 AlTFo2 S4E 2019 550 Hol
= Azl B4 7F s FHEE ORI ’B
ol ElAYd o|8AEE H|wdl Aol Bacillus L&
220 RABCS} 7|ZSolM Zas Relsigith 2
218 Bacillus L5 #7552 3522 FE cyclodextrine,
D-galactose, glycogen, M-inositol, D-mannitol -5
o] &% F AT ANELHES BAYoR o83}
AT} 53] galactose= 957FA] B FollA 71 o]
L7t =2 Aot D-mannose, N-acetyl-D-
glucosamine, D-trehalose, D-glucose ‘5% Bacillus —L
F AFET o8 F Qe w©AYoe] ofyt) st
Table 12 X™ RABC®} stage 1 7|12+ Bacillus
T Alro]l 49 10% J=o|H stage 3
71z = 90% FeRUHl 2218 Bacillus I
Eo| olgalA] Rl ©adEe] o857} Bacillus L
F OFER o8 F e @AYy ol8xe AL
sttt webA 2 Agelx BE xR J8d-S
AE3 AL oA ¥ RABC 2|EZH=2] A 228 ol A
WA ZAE AA8k= Bacillus Zx Aﬂ-‘T—_(-U}o] T3} 7]

100

m

ol

52 YA FeTe A % 5 Ak
v.z =

) 712 A5E Asks AEAFH

A ="E 45h= RABC &9t 2271 s
ol gshk= E71x Al gt MlasE AR} Biolog
GN2 plateE ©]8-8+ thAA| - (metabolic fingerprinting)
< AR v 22 AES Ak

1. $59 UM A 555 RABC AE97} stage 1 7]
ZolA 108 CFU/mMIZ _n_/\]_g],o:]—-/ DO %& 0.1~02
ppm FEZ ZHE= stage 3 E7|Z04= 10° CFU/
ml 74ste] £8A] dAFE 29 F de 2S¢
T AAJT

2. &9 o]84Ee ODE AME3L o]gAo] &
EHelS HlwEho g A& E7]x Alele] 3
T2} B9 Aol et 4= St

3. 58Y Alolo] wtAel o]& Wizt AEE W]
B4y o] oﬂ :Hs} ;gﬂx% )\l-_,Jr_,Jr;ﬂg B
RABC A=50] #7x &/do] ofF Eom
x5 ¥7]|xE Hg] xe)7t S-S BRlTh

4. 288 AR A Bacillus 15 #4552
A3} vEZF ] AR RS HwEe] RABC A&
HA g =" olA Bacillus T 2ol oFE 25 -4

52 79Y + 982 T 4 It

3}

-&H

H_]_Lu ‘:J

].
A7

'{'Ja—l— _,‘_JO_,_?S]— 7]

2
rot

ik

1. Park, Y. S. and Kim, D. S. : A comparison study on
the simultaneous organic, nitrogen and phosphorus
removal in sequencing batch reactor and sequencing
batch biofilm reactor. Korean Journal of Environmen-
tal Health, 31, 152-159, 2005.

2. Kim, D. S. and Park, Y. S. : Nutrient removal char-
acteristics by the addition ratio of BNR sludge in
SBR. Korean Journal of Environmental Health, 34,
76-85. 2008.

3. Choi, M. S. and Shon, I. S. : Removal of organics
and nirtogen in wastewater using 2 stage A/O(RBC)
process. Korean Journal of Environmental Health,
29, 59-64. 2003.

4. Murakami, K., Doi, Y., Aoki, M. and Iriye, R.: Dom-
inant growth of Bacillus spp. in the aerobic night soil,
digestion tanks and their biochemical characteristics.
Japanese Journal of Water Environment, 18, 97-108.
1995.

5. Park, Y. S. and Moon, J. H. : Treatment of textile
wastewater by anaerobic sludge and aerobic fixed -
bed biofilm reactor. Korean Journal of Environmen-
tal Health, 28, 55-63, 2002.

6. Kim, E. H,, Jo, Y. J., Park, S. J., Sin, G. S., Im, S. B.
and Jeong, J. G. : Advanced wastewater treatment
process using rotating activated Bacillus contactor
(RABCQC). Journal of Korean Society on Water Qual-
ity, 20, 190-195, 2004.

7. Lee, D.- G. : CLPP of biofilm in free chlorine resid-

Journal of Environmental Health Sciences, Vol. 34(4)



332

718 - o4 - olF

ual and monochloramine. Korean Journal of Environ-
mental Health, 31, 147-151, 2005.

. Weber, K. P., Grove, J. A., Gehder, M., Anderson,

W. A. and Legge, R. L. : Data transformations in the
analysis of community-level substrate utilization data
from microplates. Journal of Microbiological Meth-
ods, 69, 461-469, 2007.

. Garland, J. L. and Millis, A. L. : Classification and

characterization of heterotrophic microbial communi-
ties on the basis of patterns of community level sole
carbon source utilization. Applied and Environmental
Microbiology, 57, 2311-2359, 1991.

. Shida, O., Takagi, H., Kadowaki. K. and Komagata,

K. : Proposal for two new genera, Brevibacillus gen.
nov. and Aneurinibacillus gen. nov. International
Journal of Systematic Bacteriology, 46, 939-946, 1996.

11.

12.

13.

14.
15.

Ros, M., Goberna, M., Pascual, J. A., Klammer, S.
and Insam, H. : 16S rDNA analysis reveals low
microbial diversity in community level physiological
profile assays. Journal of Microbiological Methods,
72, 221-.226, 2008.

Guckert, J.B., Carr, G.J., Johnson, T.D., Hamm, B.G.,
Davidson, D.H. and Kumagai,Y. : Community anal-
ysis by Biolog: curve integration for statistical analy-
sis of activated sludge microbial habitats. Journal of
Microbiological Methodes, 27, 183-197. 1996.

Viti, C. and Giovannetti, L. : Characterization of cul-
tivable heterotrophic bacterial communities in Cr-pol-
luted and unpolluted soils using Biolog and ARDRA
approaches. Applied Soil Ecology, 28, 101-112, 2005.
www.genex.co.kr/app/product/Data/Income_08.pdf
www.genex.co.kr/app/product/Data/Income_07.pdf

Journal of Environmental Health Sciences, Vol. 34(4)



