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Abstract

The concentration of organic compounds was analyzed at each step of BAC process though BDOCuayrapiassiow. Further,
bacteria communities and biomass concentrations measured FISH and ATP methods were analyzed. The bed volume (BV)
of steady state is different from that of based on assessment of organic compounds removal. Bed volumes in DOC,
BDOC:4pia and BDOCouansiow removal at steady state were around 27,500 (185.8 day), 15,000 (101.4 day) and 32,000 (216.2
day), respectively. A biomass didn't change after the bed volume reached 22,500 (152.0 day) according to analyzing ATP
concentration of bacteria. The concentration of ATP was 2.14 pg/g in BV 22,500 (152.0 day). The total bacterial number was
4.01+0.4x10’ cells/ g at the bed volume 1,150 (7.8 day) (the initial operation) and the number of bacteria was 9.27+0.2x 10° at
the bed volume 58,560 395.7 day) that increased more than 200 times. Bacterial uptrend was reduced and bacterial
communities were stabilized since BV 18,720 (126.5 day). When BV were 1,150 (7.8 day), 8,916 (60.2 day), 18,720 (126.5
day), 31,005 (209.5 day), 49,632 (335.3 day), 58,560 (395.7 day), a proportion of total bacteria for the Eubacteria were
60.1%, 66.0%, 78.4%, 82.0%, 81.3% respectively. y-Proteobacteria group was the most population throughout the entire
range. The correlation coefficient (rz) between Eubacteria biomass and ATP concentration was 0.9448.

Key words: Biological activated carbon (BAC), Attached bacterial community, Fluorescent in situ hybridization (FISH),
Biomass, Biodegradable dissolve organic carbon (BDOC), Bed volume (BV).
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AAsH= Y& GAC 3782 A7 48 A9 7
2Rt 2jo} A biomass) ] F7 1= o] A=(biofilm)
O gATHSon 5, 2009). ]2 4AH Oz A
AE B AETE ol EAs: 884 1=
Qo) AAe] e Al Ao ok ot
(Carlson} Amy, 1989; Chien 5, 2008).
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S5 el gl Frd HElEloRs 2 GAC 21
ol 32}, A4 9 et wha sl A 2412 B s
AEato = FARI: Fig. 1ol 241717ke] 7t w
2 GAC 37504 BAC 34 S & A== dAIE o] &
20 2 3ehA R Liro] AR 408 7} EhAlo] A
B2 §7]ekAax(dissolved organic carbon, DOC) 2] A #
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o A~C 77k 747H B2) 0 FARAA 77H, F2
VA=A 7ol 7} 5Al of) o] Fof A= THAIB 71 %
AEE7 5 o] F= dA(C 7h = s, B
A 7 GAC B4 0.2, BRHC I BAC 40
2 H7)skcK Servais 5, 1994).

T
Steady-state

| Adsorption

Period

(®)

Period

©

L Period

(G

Adsorption + Biodegradation Biodegradation

poc, c/c,

Non-adsorbable fraction

Bed volume (-)

Fig. 1. DOC removal by adsorption and biodegradation
from GAC period to BAC period.

BAC 349 4717t &<t &3l 7ks3 DOC
(biodegradable DOC, BDOC) 2] A| 7 = Y =5+ 7}
YZo] gdstr] wol AESH AARe o] ¢
BAC 349 £ HE LS FU51E Slaadi 34 A2
uto] sl U B/ mpel2 w9 58 5l Wakelin -5,

2010). 2, GACo||X BAC ©HA| 2 2] gk 7} o4 <]
S2F e 2ols2) A B4 T 2o A
2|t A doll gt 37|17 ot Al
jl-$- S8}tk

2t F2tde|elolEo] AT S5k sk
HPC(heterotrophic plate count)(Stewart %, 1990),
epifluorescence microscopic total cell count
(Dewaters 2} Digiano, 1990), phospholipid analysis®H
(Fonseca 5, 2001; Seredynska-Sobecka &, 2006),
ATP(adenosine tri-phosphate) analysis®(Velten &,
2007; Magic-Knezev®} van der Kooij, 2004),
16S-rRNA (ribonucleic acid) gene-targeting DGGE
(denaturing gradient gel electrophoresis) analysis'H
(Dewaters -5, 1990; Boon 5, 2011) FISH(fluorescent
insitu hybridization) ¥(Son %, 2005; Son 5, 2008) 5
e So] ol gHlo] 011 glon, 2zt HhHE
7 - o] glo] 1 B /b W B ol g5t
uje|eloRE o] 248 B71E Flek 53], FISHY
3k probe5-& ARE-5to] HLE ATF o HA o=
= st uig|ejol 24 Sof Tt A] - 27 a4
o] 7ks5t7] wiZell o] FE de] ARgRt Witk
(Lew 5 2010). FISH®HS ©]-8-3F BAC 374 ¢] 2} 8t
BlejoEo] 24 sfiA ol thgt o] o] W A Av=
o] 9lo 1} o] 5 ¢ ATHE(Son 5, 2005; Son 5, 2008)
& Tl probe 23ho 2 b dbg| o} S ARRE
A}, =4 probeSo] 23l HEZE|A] &S Eubacteria
(others) 9] H3Z H|-g0] 2F 8% ~30% 2 Wj-$-=A) Bl
=31 Q7] vzl et w3 sl A ofl= RHAI7E At
(Son -5, 2005; Son -5, 2008).
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Fig. 2. Schematic diagram of biological activated carbon
(BAC) filter.

HH(Son =, 2004)2 0]-8-516] BDOCotal, BDOCrapia
9 BDOCgiow S 2451t LW 0 2 BDOCrapia =
W2 A EE S-S UERfo] BAC 3A0A AA 715
3 BDOCO|H, BDOCyowt= =3 A E5 52 LR

o] BAC Foll A AARA 9, v - Faapo
459 7Ps40] £ BDOC 4% ejugichSon
5 2004).
222 ATP sk EAM
Hz-dlg|g|olo] ATP 5=+ BAC 553200 mgS

A ked(Velten 5, 2007)50] A et HH L 0] 85
o] ZA]2|gt & A3}tk ATP standard(Promega,

m PE|Q] fx|(Millipore, USA)E ARg-0Fo] et USA)E o]g3lo] ATP i ZTFAS 2451
ool TOC H-4]7|(Sievers 5310C, Slevers, USAE luminometer(Victor3, PerkinElmer, USA)E- 0]-8-5}¢]
ARgstef EASHAT. BROCA A= £ 501 ANE gy nap upeelolS o) ATP 58 Zgskick
Table 1. Characteristics of BAC filter influent water
Parameter pH Turbidity Temp. DOC BDOC (mg/L)
) (NTU) () (mg/L) total rapid slow
Value 6.8~7.5 0.04~0.08 10~15 1.32~1.57 0.32~0.58 0.13~0.33 0.15~0.31
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FISH THH- 913k 2] probe 52 2120 2 Aol
T57golA] Ehol HE(Son <55 2005; Son -5; 2008) Fh= 0,
3, y-Proteobactera group, Bacteroidetes(CF) group,
HGC(Gram + high G+C content) group, Acinetobacter
spp., Fimicutes(Gram + low G+C content) group 2 &
% @40} s o] He] E4Jsk= Cyanobacteria
group(Lymperopoulou 5, 2012), Plactomycetes group
(Neef 5, 1998; Wang¥} Webb, 2002), Acidobacter
group(Faoro -5; 2010), Desuifovibrio group(6 Protecbacteria
group)(Suzuki 5, 2007)& 7} AT, o] BT
£ E3F5H= A A+ Eubacteria probe 714 157119]
probe 52 E4] probe 2 & - A|Z5}4 ) Table 29|
£ FISHY ol ARG 15711 2] probe5°] teh A E& 1
Bl 2lom, 5 12719] groupE& 5743131t
slelelol RS DelAl B ARE 4%
paraformaldehyde solution (A]&: 2N =1:3)02 4T
oA 16AIZE &2t AGAZTE IFH ARE 4T,
12,000 x g © & 20452t LA E-2]ato] 45 A A
31, phosphate buffered saline(PBS:130 mM NaCl; 10

mM sodium phosphate buffer; pH 7.2) 0.2 313 H-2- A
25kt LA Al FE99% ofehe(1:1, v/v)oll Eol
-20 Cof| #7Fsto] e ol ARg-sHtHManz 5, 1992).

Higgjol FAMREE AAEE Azl 8 A= 2H 1
mL A2 polycarbonate membrane(diameter, 25 mm;
pore size, 0.20 um; type GTTP 4700; Millipore,
Eschborn, Germany) 0.2 o115} 50%, 80%, 100%
O] oflghZofl A o' ZF 3EM A2t & 7] &
oA A=A 2442 probes< wAI7E F2HE
polycarbonate membrane©]] Boj=g] & 46Co|4] 90
2 5ot 3ASIA|FL} 1 & polycarbonate membrane
248 Col| A n]g] o €= washing bufferof| 4] 158 5
oF M|& A% % confocal laser scanning microscopy
(LSM 510, ZEISS, Germany) 2 0| 8-5}0] &3-S =] u}
g 2]obE Al4=513lrt.

DAPIHo| oI5t & Alet S LAH Al 2 1
LE gelatin®® FHEF slide glasso] =31, DAPI
(4’,6-diamidino 2-phenylindole 1 pg/mL; Sigma, U.S.A)
2 53 59t QUi AR ARt BE S5
2 AM|A3 & confocal laser scanning microscopy
(LSM 510, ZEISS, Germany)Z o|8-3}o] 2% &3
3w ue 2o} S A4aH gk Manz 5, 1992),

Table 2. Characteristics of oligonucleotide probes used in this study

Probe Probe sequence (5'-3") Specificity Ref.

ALF1b CGTTCGYTCTGAGCCAG a subclass of Proteobacteria Wagner 5, 1993
BET42a GCCTTCCCACTTCGTTT B subclass of Proteobacteria Wagner 5, 1993
GAM42a GCCTTCCCACATCGTTT y subclass of Proteobacteria Wagner 5, 1993
CF319a TGGTCCGTGTCTCAGTAC Bacteroidetes Wagner 5, 1993
CF319b TGGTCCGTATCTCAGTAC Bacteroidetes Wagner 5, 1993
HGC69 TATAGTTACCACCGCCGT Gram(+) high G+C content Wagner 5, 1994
Aca23a ATCCTCTCCCATACTCTA Acinetobacter spp. Wagner 5, 1994
PLA46 GACTTGCATGCCTAATCC Planctomycetes Neef 5, 1998
HoAc1402  CTTTCGTGATGTGACGGG Acidobacter Juretschko 5, 2002
Cyan785 CTACTGGGGTATCTAATCC Cyanobacteria Nu'bel 5, 1997
DSV698 GTTCCTCCAGATATCTACGG Desulfovibrio spp. Manz 5, 1998
LGC354a TGGAAGATTCCCTACTGC Firmicutes Meier 5, 1999
LGC354b CGGAAGATTCCCTACTGC Firmicutes Meier 5, 1999
LGC354c¢ CCGAAGATTCCCTACTGC Firmicutes Meier 5, 1999
EUB338 GCTGCCTCCCGTAGGAGT Eubacteria Wagner &, 1993
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Fig. 5. Variations of attached bacterial biomass (up) and percentage (down) using FISH
method according to operated bed volume.
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o]7]of| &3 (Delong 5, 1993), &5l 7F-&013 G-7 &
A2 o §5to] M2 4752 7H group O 2 el 9]
THGlockner 5, 1999). 3L, o] A]7] o] Eubacteriaoll =
5145k 1 A0l 4] ALg3E FISH probee= 7%
] ¢F-2-others group 2] 0] 2] 24%01 A 11% Y == 7+
A3 Ao 2 YERiTh BV 18,720 (126.5 day) o| &2
= BDOC o ZHEH] 2410] QP SE THA o] o =iz A
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U & AlwHDAPD) 9] At ATP -5 :=910] A
()& 0.9631 2 Eubacteria A1} ATP S9}o]
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Table 3. Bacterial biomass in biological activated carbon (BAC) according to operated bed volume (unit: cells/g)

Bed volume(BV)

Bacteria group 1150 8916 18720 31005 49632 58560
(7.8 day) (60.2 day) (126.5day)  (209.5day)  (335.4day)  (395.7 day)

+Protesbacieria 7.6x10° 2.0x10° 9.5x10° 1.5%10° 1.6x10° 1.6x10°

(31.7%) (15.4%) (23.2%) (22.4%) (21.1%) (21.3%)

Proteobacteria 6.6x10° 1.5x10° 5.5x10° 8.9x10° 1.2x10° 1.2x10°

(27.5%) (11.5%) (13.4%) (13.3%) (15.7%) (16.0%)

Protesbadteria 1.4x10° 4.5x10° 7.8x10° 1.5x10 1.6x10 1.6x10

¥ (5.8%) (34.6%) (19.0%) (22.4%) (21.1%) (21.3%)

Bacteroidetes 2.1x10° 7.7x10’ 6.2x10° 7.0x10°* 6.8x10° 7.0x10°

(8.8%) (5.9%) (15.1%) (10.4%) (8.9%) 9.3%)

HGC 2.9x10° 2.3x10° 2.8x10° 8.2x10° 7.3x10° 7.5x10°

(1.2%) (17.7%) (6.8%) (12.2%) (9.6%) (10.0%)

. 1.1x10° 2.2x10° 1.1x10 8.1x10’ 1.0x10°* 9.9x10’

Acinetobacter spp. (0.4%) (0.2%) (0.3%) (1.2%) (1.3%) (1.3%)

Planctomyodtes 6.5x10* 5.6x10° 1.5%107 7.9x10’ 3.3x10° 3.1x10°

Yy (0%) (0.4%) (0.4%) (1.2%) (4.3%) (4.1%)

Acidobacter 7.9x10* 2.0x10° 2.1x107 6.6x10’ 9.5x10’ 9.4x10’

(0%) (0.2%) (0.5%) (1%) (1.3%) (1.3%)

Cyanobacteria 1.0x10* 7.8x10° 2.9x107 6.5%10’ 7.5%10’ 7.1x10’

(0%) (0.6%) (0.7%) (1%) (1.0%) (1.0%)

Desulfoibrio 2.1x10* 5.5%10° 3.0x10° 4.1x10° 8.0x10° 9.0x10°

Pp- (0%) (0%) (0.1%) (0%) (0.1%) (0.1%)

Firmicutes 1.0x10° 5.6x10’ 4.6x10° 6.1x10° 7.5%10° 7.5%10°

(0.4%) (4.3%) (11.2%) 9.1%) (9.9%) (10%)

Oth 5.9x10° 1.2x10° 3.9x10° 4.7x10° 5.3x10° 42x10°

ers (24.6%) (9.2%) (9.6%) (7.0%) (7.0%) (5.6%)

Eubacteri 2.4x107 1.3x10° 4.1x10° 6.7x10° 7.6x10° 7.5x10°

ubacteria (100%) (100%) (100%) (100%) (100%) (100%)




FISH 7|12 o] §3H A2 SE 34041 2] 2071118 5.2 uhefefob 24 s} 4] 33

10.0
y=3.6099x-0.5517
& 8o  r'=0.9436 BV 58560
—
= BV 49632
2
2 6o}
©
RS2
[]
g
£ 40 |
5 BV 18720
a
o
o 20}
O BV 8916
BV 1380
00 lo IR T S S
0.0 0.5 1.0 15 2.0 2.5

ATP concentration (ng/g)

Fig. 6. Relationship of Eubacteria biomass and ATP
concentrations according to operated bed volume.
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