Journal of Life Science 2007 Vol. 17. No. 9. 1284~1289

©JLS/ISSN 1225-9918

= ==
IR 2 HIBHE o) ot MEANE 2
eyl Ho . MN2 . BER - AJIY - REE
PARIN FFEAYEY $AATE
Received August 10, 2007 / Accepted September 5, 2007

J?*.l
=
El
B
dim
0x

Characteristics of Bacterial Community for Biological Activated Carbon(BAC) by Culturable and
Unculturable Methods. Hong Ki Park*, Eun Young Jung, Mi Eun Jung, Jong Moon Jung, Ki Won Ji
and Pyung Jong Yu. Water Quality Institute, Water Works HQ of Busan Metropolitan City, Kyoungnam,
621-813, Korea - The Biological Activated Carbon (BAC) process in the water treatments represents a
kind of biofiltration process which capabilities of bacteria to remove organic matters are maximized.
It enables to eliminate organic matters and effectively reduce microbial regrowth potentials. As attached
bacteria employ natural organic matter as a substrate, they are significantly dependent on indigenous
microorganisms. In this study, characteristics of bacterial community by culturable and unculturable
Methods have been conducted in a pilot plant using BAC in water treatment process at the downstream

{ the Nakdong River. Based on the results, HPC and bacterlal production for coal-based activated
carbon material were 1.20~56.2x107 cfu/g and 1.2~3.7 mgC/m *h, respectively, in the BAC process.
The highest level of attached bacteria biomass and organic carbon removal efficiency was found in
the coal—based activated carbon. The genera Pseudomonas, Flavobacterium, Alcaligenes, Acinetobacter, and
Snv'ngomomls were identified for each activated carbon material. Pseudomonas vesicularis was the domi-

1t species in the coconut- and coal-based materials, where as Pseudomonas cepacia was the dominant
speue~ in the wood-based material. The Scanning Electron Microscope (SEM) observation of the acti-
vated carbon surface also found the widespread distribution of rod form and coccus. The community
of attached bacteria was investigated by performing Fluorescent in situ hybridization (FISH) analysis.
¢ group was dominant in coal, wood and coccunt-based materials, ¢, § and y group ranged from 27.0~
43.0%, 7.1~22.0%, 11.3~28.6%, respectively. These results suggest that o group bacterial community
appears to be regulated removal efficiency of organic material in water treatment process.
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rRNA-target oligonucleotideE A}8-3+ in situ hybridization
B Sol ded Ad AR At 2HFEE 7P Ast
A Jetd £ ole A4S 7HA 1 9tH3,4,14,16,29,31] 53],
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$ 918, BT BIZAE
7"‘}0}9\‘15} F3U0% o2+ DOCE
=434 +=d DOC(dissolved organic carbon)i= 0.2 pm 3l
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At o] A A FF(biomass)> BACS $5H 1g
% Z23 23 min, 37 kHz, 190 W)3}o] Al
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A =ud F 25T wY7]dA 2520 Wigstd 5%
g3 colony@A MFFE EASFATH23]. F AdFE nu-
cleotidec] 414 ¥ o] Z3sl= DAPI (4,6-diamidino-2- phe-
nylindole-2HCl, sigma, USA)Z @Asle] A A3l
DAPIY & o] &3le] A3t Alite] A4+ (bacterial pro-
duction)-& *H-thymidine©] DNAoﬂ ErHe A2 T3y
9] AA BAC 553 1 g& 253 AHEsta AldS 22
71 A& 2 mlel] 200 nM [methyl-3H] thymidine &9} (specific
activity: 40~50 Ci/mmol) 1 mle} 200 nM cold thymidine
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Fig. 1. Schematic diagram of a pilot-plant for water treatment. (1;raw water distributed tank, 2,05 pre-contactor, 3;coagulant mixer,
4;circulator tank, 5;pulsator, 6;settling tank, 7,03 post-contactor, 8;BAC column, 9; clean water tank)
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Table 1. Operating condition of water treatment process us-
ing biological activated carbon (BAC).

Parameter Operating condition
Empty Bed Contact Time (min) 12
Linear Velocity (m/h) 10
Bed depth (m) 25
Backwashing time (min) 19
Expansion rate (%) 40
Pre-Ozone dose (mg/1) 1
Post-Ozone dose (mg/1) 2

Table 2. Specification of granular activated carbons

Properties
Item
Coconut  Coal ~ Wood
Apparentdensity(g/cm’) 047 043 023
Hardness number(%) 99 98 98
lodine value(mg/g) 1163 10516 937
MB adsorption(ml/g) 245 256 250

Residual materal after mesh
(8 x 32 mesh)

Specfic surface area(m’/ g) 1230 1100 1350
Total pore volume(cm®/g) 050 055 103
Mean pore radius(A) 18 23 28

99 99.5 98

FA}H A8 1) 7 (scanning electron microscope; SEM) 42
AzA17] BAC Al 89l 10 ml9] 25% glutaraldehyde 8- (in
0.1 M sodium caccodylate buffer; pH 6.8)2- % 7}3}o] 4T 9l
A 27759 A 1A E & 0.1 M sodium caccodylate buffer
(pH 6.8) 10 mlZ H 147} & A4 AAsHT 1%
0sOy &9 (in 0.IM sodium caccodylate buffer; pH 6.8) 5 ml
£ 718k & 134171 & A 0.1 M sodium caccodylate
buffer (pH 6.8) 10 mlZ 2204 AF3ttt. 1231 2z} 10
ml¢] 30, 50, 70, 80, 90, 95, 100% ethanol & z}2}9] 3= o A
108304 944120 F24], B A28 720 SEM 2
S 953t BAC YAlo] H-28 Ais #dFsA

M2 ZETZE
Al AA
HA BAC §5F 1 g& A2 F 257 Agsto Al

< g4 7 g AlEE 0.2 um polycarbonate 7 B #| 9l
e (Millipore) 2 ]33} t}. o] 3} & Ixphosphate bufferd
saline(PBS, pH 74)2 #2389 1L, t}A] ethyl alcoholS- ©]
&3t A FHs F7] T ZHE ARAFAG-

Gene probes

E Ao AE-E probeEL  Eubacterias} AFtshe
EUB338, o group®} Z3sl+= ALF 1b, p groupy} Z2Esl=
BET 42a, y group¥} Z3}sl= GAM 42a, Cytophaga-
Flavobacterium(CF) group3} Z#3l= CF 319, 11
Gram (+) High G+C Content9} 2 %3t HGC probeo] ™,
o]E probe?] sequence B! specificityE Table 3¢ YeR]
At

Fluorescent in situ Hybridization(FISH)

Gelatin coated slide glassell ZHE &2{%-2 & probe 1
pl(HZF%5 = 5 pg/ul)9t hybridization buffer(0.9 mM NaCl,
0.01% SDS, 20 mM Tris/HCl, X% Formamide) 8 ul& %7}
st 46ToA 90% A= u-EA]Zl 3 water bath (5B,
Eyela, Japan)Z v]2] 7}¥A)7] washing buffer® 487 ol A
158 s AAst 37 FolAM AxAAY. FFEYA
(Axioskop 2 plus, Carl Zeiss, Germany)¥} scanning con-
focal laser microscopy(LSM 510, Carl Zeiss, Germany)Z A}
8-3kof 800u) B! 400u] o] ul & A fieldo] Yebd AE 5
S 104 ol A%l 1 YRS A8

41 o

-

kl

EME T2 DOC HHs

FFo A3 £F §71€4 & DOCE F2 FA
ZEAshs At 2AWAR SO 25t Bo] AAREZ[]
% WAEC] ol ¥& A4t e BACH 3] o=
BAE AAHEAE 2ABIAY. A1 F2F BAC /5
9l FoFE40o B DOCE 163 mg/ ¢ o]Fo.m BACY
DOCY| g AA LS ek 20% AFE w3847 vehgo
U} MeA BACE A +&57F & 252%= o BAC &
F B 4zt & Ao g yelytt} (Table 4). DOC &35
2 HeA A4 B4d0] M $73AL, U502 off
A, E8A €02 Ykt

Table 3. Sequences, target sites specificities of rRNA-targeted oligonucleotide probes used for Fluorescent in situ hybridization

Probe Specificity Probe sequence(5'—3')
EUB338 Eubacteria GCTGCCTCCCGTAGGAGT
ALF 1b « subclass of Proteobacteria CGTTCGYTCTGAGCCAG
BET 42a p subclass of Proteobacteria GCCTTCCCACTTCGTTT
GAM 42a y subclass of Proteobacteria GCCTTCCCACATCGTTT
CF 319a Cytophaga-Flavobacterium TGGTCCGTGTCTCAGTAC

HGC Gram (+) with high G+C content TATAGTTACCACCGCCGT




Table 4. Removal efficiency of dissolved organic carbon in
different BAC types

Efficiency of DOC

LOC kgl 47 removal (%)
Post-O3 water 1.63(=0.43) -
Coal-based BAC 1.22(+0.52) 25.2(+11.8)
Coconut-based BAC 1.29(+0.38) 20.9(x9.5)
Wood-based BAC 1.31(20.54) 19.6(+18.2)

EME TR PAMTO MAZF U MAR BX
FISH= 54 9714 Qe% 5olstA Ziste gene
probeE o] &35t NEZHEE 12 FA|5EA HAste Al
XS A2Y 4 U3, AFH EHo] 5 5HL A1
A= ¥ olt}. o]y &k FISHE o] 43l eubbacteria(EUB), 7]
Z P FHQ HPCE o] &3l S4e AdE 477
of W2 FaAe AAF HsHE Table 50 Yehf ATt
WA Ae A2 FAee A$ HPCE 1.20x107~56.2x107
CFU/g #W9E JeQen, EUBE 4.1x10°~131.0x10°
cells/g9] WS vpehyo] HPC K.t} EUBo) 9§ H-2A| 7
o] A o] 1008) A= ¥ A2 e =3, 23
717t W& Z7}F s HPCY EUB 2% bed volume
20,000 € F7tste A4S BRAH
SO A9 EetA AdY S49S AHEE 9
A HPCe 7#AS okaA AR FATAE 019x10'~
151x10° CFU/g, %A Ade oA 0.9x10"~
282x10" CFU/go.2 Uehgom, EUB A% ofgAE
1.0x10°~49.0x10° cells/g0. 2 Z®AE 51x10°~98.4x10°
cells/go 2 Yeldth BA4e A2 £473d bE Al
A4+ (bacterial production)?] W3} Z¥=2 Auud Aet
A AR FAee] A= 12~37 mg-C/m’ - he] Wz
Vel 2 1, bed volume 30,000 F-Zol A 744 =4 Velyd
t}. ofAA S ZeA Bee] A$ 09~20 mg-C/m’ - h,
%7 08~31 mg-C/m’ - h& Uehgt. webd, E4e &
9 BT AR FE HPC, EUB 2% Mg A4 &4
oA 74 =& Aoz YERa, 0302 ZeH, okl
S48 08 ZAE AT

Table 5. Variations of bacterial biomass in different BAC

types
HPC FUB Bacteri.al
(CFU/g)  (cells/g) (rirg"_‘é“/c;g’}‘l)
Coal-based BAC 52'_521“07 13‘1".(1]:1 ¢ 12737
Coconut-based BAC 12';2—{07 4; (;wal o 0.9~20
Wood-based BAC 2:;3;107 9; '41;108 08~31
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EME AW RENZY 2 7X #HE

Al 1t (bacteria) Al Well= & &(Phylum)Eo] &#j sk
Gram (+) bacteria®} Cyanobacteria 12|31 Proteobacteria
7} go HB.S 2231 ¢t} I = Proteobacterias= Gram
(=) bacteria ¥ 7} 727} 21, A2dFH o2 TGS eu-
bacteria 1E 02 F&J YA Ao YEES AA s Ut
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& P9 1Y ARTL T AT 4718 0185
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A« 27 290% p 27 42% T8l3 y 24 175%9] B
S Ho] A7 BAAEFE o 0| A} A
vehgth 223 ofAAIS} HEA 848 Afde
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o2 yeygon o #39 Afole AaA Adge 6
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Fig. 2. Variations of bacterial communities and bacterial pro-
duction according to bed volume.



1288 BB ARIX| 2007, Vol. 17. No. 9

Table. 6. Distribution of bacteria isolated in different BAC

types
% population in BAC
Bacterial identification Coal-  Coconut- Wood-
based based based
Acinetobacter haemolyticus 5 4
Acinetobacter alcaligen 4 3
Aeromonas hydrophila 3 2
Alcaligenes faecalis 2 4
Alcaligenes odorans 3
Flavobacterium breve 3 6 7
Flavobacterium indolgenes 4 4 6
Flavobacterium menigosepicum 3 2
Pasteurella haemolytica 4 3
Pseudomonas vesiculari 33 31 22
Pseudomonas aureofaciens 12 3 5
Pseudomonas fluorescens 14 12 1
Pseudomonas cepacia 5 7 27
Sphingomonas paucimobilis 2 6
Bacillus spp. 2 2
Micrococcus spp. 2 1

AYAHE THHoE AR S d vwjdy Py
FISHY S 0] &3 Ald #-FRE AT e S48
AAEZ 747t o 73 27.0~43.0%, y 73 11.3~28.6%, p -
A 71~220% 02 ZAE QL o]&A A AAHE
AR EX ztol7t e olfre 72 BARE R71E &
53 AadEe] NAE 4 de AFY 327 2 839 3}
oldlA 71Q1H e Aoz AaHH, B #IETGE o 730
3717 BE @Ae A A e Ao YEY F71E o) &

g, = {78 AAE F2 o 2F9 93 2AHZE ¢
AR

¥ or

EME EY FEMZ S8 ¥ SEM 24

g4g AAEE FAAT 58 2HE Table 6 eh]
R, A HEoR 1639 AdS Eestit 479
GAdeto A Gram &4 ATl Pseudomonas ;0] 714 ol
BIseE Aow Jehyta, 1 ©8 92 Flavobacterium 4,
Alcaligenes 4, Acinetobacter 4, Sphingomonas 4 59 <0
2 =459 01, Gram %A AT¢ Bacillus 4, Micrococcus
Zo] 95 AZEH A} o] Stewart 5[30]0] ZAE d74
T = AEGAE BFE AFOoZE FF Pseudomonas,
Alcaligenes, Bacillus, Acinetobacter, Aeromonas, Chromobacterium
& Fo] sle Aoz 4R AHd vk A Bt
Pseudomonas% 2] 739~ oA A <} A ekA] BACE Pseudomonas
vesicularis, 587 BACE Pseudomonas cepacia7} -3F 0.2
Uelstth o] g7 BAC TREE RFA T +4Fo] OE
olfrt 84T AT Z7], EW 23, &4& 59 Aol
sl Aol A F2F = e 4 2o 27]

(a) Coal-based

(c) Wood-based
Fig. 3. SEM photograph of attached bacteria on BAC.

dEQ Aoz deEg.

SEM A1l %2 $4% Evo] 238 A vt
o YehsHAel ST eyl BEe] B TRe 3
SAG oA ALY BT UL B Fig. 3 (1) 2
W Fig 3 (2)9] A8 A B (o) ZuA A2 ¢
Heol vste] gxze AF 2% AL ANTE AR
A% B2Y 4 9900

2 o

A5Ae YA HTHYUBAC) 39 L nBEY
8 AASE FHEN U9 4Eelst FHolh BAC
e #7123 VAR ARESS ERHoE AAB.

BAC 382 1 FA EAste vAEE0] G4 +
% Q48 s50) BAR712AL 142 o837 HE
o 1 FA AAste nAE FE Wl JEH o £
ATE 454 5 d WAASY 458 Age] 42
A eto)] 93} pilot-plant ¥4 -2 $-Ashd

g4g AAEE oA (F A )

(FISH)& o]§3}e] BAC 2479 2472 54& 24
stk 49 2% HeA ADY FHAF HPC 2 44 o]
7kz} 1.20x10°~56.2x10° CFU/g , 12~3.7 mg-C/m’ - he]
W2 Ho AlF AAFHY DOC AAEL AekA Ao
7 & ASE YEnt Wi Wy oz S A2
FRAA TS 4T A} Pseudomonas o] SR, 1
O30 2 Flavobacterium 2, Alcaligenes 5, Acinetobacter 4,
Sphingomonas & T w02 FAHYAD. =3I,
Pseudomonas® Z A1ebA| &} ofx} A BACOH| A= Pseudomonas
vesicularis, S €A BACO| A= Pseudomonas cepacia7} -3 %
o wastgch v P FSHYE 0|88 AT 7
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