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Abstract : In this study, three different biological activated carbons (BACs) were prepared from activated carbons made of each 
coal (F400, Calgon), coconut (Samchully) and wood(Pica, Picabiol) which were run for two and half years in the pilot plant. The atta-
ched bio-film microorganisms in and on the BACs were isolated and identified. The results showed that nine different bacteria spe-
cies (Chryseomonas luteola, Stenotrophomonas maltophilia, Pseudomonas vesicularis, Aeromonas hydrophila, Spingomonas pauci-
mobilis, Agrobacterium radiobacter, Pseudomonas fluorescens, Spirillum spp., and Pasteurella haemolytica) were isolated and identi-
fied, the dominant species was Pseudomonas sp. that had occupied 56.5%. More specifically, it was observed that the populations 
of the microorganisms deceased in the order: Pasteurella haemolytica (18.9%) > Chryseomonas luteola (4.0%) > Agrobacterium radio-
bacter (3.5%) > Aeromonas hydrophila (2.0%) in and on the BACs. After isolating of 9 species of biofilm microorganisms, the 
growth curve for the biomass was investigated. During 24~96 hours, the biomass has the highest concentration, and activity of the
biomass was the best to uptake geosmin as carbon resources. The operation temperatures for investigating the biodegradation of geos-
min were set at 4℃ and 25℃. Pseudomonas vesicularis, Pseudomonas fluorescens, Agrobacterium radiobacter and Stenotro-
phomonas maltophilia played a maior role in removing the target compound as geosmin. However, geosmin was not biodegraded 
well by Chryseomonas luteola, Spingomonas paucimobilis, and Spirillum spp.. It is also interesting to evaluate kinetics of biode-
gradability of geosmin. The first-order rate constants for biodegradability of geosmin at 4℃ and 25℃ were 0.00006∼0.0002 hr-1

and 0.0043∼0.0046 hr-1 respectively. Higher water temperature produced better geosmin removal rates. When concentrations of 
geosmin increased from 10 to 10,000 ng/L, the rate constants for biodegradability of geosmin increased from 0.0003 to 0.0882 
hr-1. As described earlier, higher geosmin concentration in the reactor produced higher rate constant.
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.
BAC 2 6

geosmin BAC
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2. 

2.1. BAC 

BAC pilot-
plant BAC 2 6 ,

BAC 15 cm 
. BAC 

,
3~4 , 1 g

(0.85% NaCl/L) 10 mL , 3 sonication
, 2 µm polycarbonate (Millipore, USA)

․

. colony
colony R2A

. API 20 
NE Kit (bioMerieux, France) 
Bergey's manual

.19)

2.2. 

(99.999%)
pH 7

sigma-aldrich standard geosmin
.

geosmin
500 mL KH2PO4 8.5 mg/L, 

K2HPO4 21.75 mg/L, Na2HPO4 33.4 mg/L, FeCl3 6H2O 0.25 
mg/L, MgSO4 22.5 mg/L, CaCl2 27.5 mg/L

.20)

2.3. BAC 

1:1 +
500 mL 

1~2×104 CFU/mL 
.

2.4. 

pyrex
,

,
4℃ 25℃ shaking 

150 rpm ,
geosmin biomass .

2.5. Geosmin 

Polydimethylsiloxane (PDMS)
(TwisterTM, Gerstel, Germany) geosmin

(stir bar sorptive extrac-
tion: SBSE) ,21) GC/ 
MSD . Geosmin 10 mL 20 
mL vial 10 mm, 3.2 mm



701

32 7 2010 7

℃

℃ ℃ ℃ ℃ ℃

℃

(Twister) 1,200 rpm 90
geosmin ,

auto sampler TDS-2 system (Gerstel, 
Germany) geosmin GC injector

CIS4 PTV (Gerstel, Germany)
-120℃ GC/MSD

. GC/MSD Table 1
.

2.6. 

1 mL R2A agar (Difco) 
25℃ 2

1 mL colony .22,23)

3H-thymidine DNA
.24) 2 mL 200 nM[methyl-3H] thy-

midine (specific activity: 40~50 Ci/mmol) 1 mL 200 
nM cold thymidine 1 mL

in situ 4 . ATP (25 g/L) 
100 µL 1 N NaOH 2 mL 100℃ 1

DNA · 3,000 rpm 10
1 mL ice-cold 10% trichloroacetic 

acid 5 mL 0.2 µm 
. vial

ethyl acetate 1 mL 10 mL scintillation cocktail (Aquasol-2, 
Packard Co.) liquid scintillation analyzer (HP, 
2500 TR/AB, USA) . DPM 

(disintergrate per minute) Parsons 25)

incorporation thymidine .26)

3. 

3.1. BAC 

BAC ․

9 , 3
Pseudomonas 56.5%

Pasteurella
18.9%, Chryseomonas 4.0%, Agrobacterium 3.5%, Aero-
monas 2.0% , 10%

(Table 2). Pseudomonas
BAC Pseudomonas vesicularis, BAC Pseu-
domonas fluorescens . ,

BAC 8
. BAC

, ,

.

3.2. BAC 

BAC 9 25℃
geosmin Fig. 1
. Fig. 1 Chryseomonas lu-

teola Stenotrophomonas maltophilia 24
7.1 × 105 CFU/mL 7.5 × 105 CFU/ 

mL , Pseudomonas vesicularis
7 96 4.0 × 105~7.3 × 105 CFU/mL

.
9 Fig. 1

, 24~96 biomass 
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℃

geosmin
. BAC geosmin

11) BAC geosmin
.

3.3. BAC 
geosmin 

BAC 9
geosmin

Fig. 2 . Fig. 2(a)
4℃ geosmin (residual ratio, 
C/C0) . Fig. 2(a) 9

480 4℃
3~10% geosmin

BAC geosmin
11) .

11) BAC 5℃ BAC
geosmin (t1/2) 9.05~14.29 .

(biofilm) 

. , 4℃ Pseudomonas vesi-
cularis, Pseudomonas fluorescens Agrobacterium radiobac-
ter 9~10% geosmin
Chryseomonas luteola, Spingomonas paucimobilis Spirillum
spp. 3~4% geosmin
geosmin .

Fig. 2(b) 25℃
geosmin

. geosmin
,

Pseudomonas vesicularis Stenotrophomonas maltophilia
geosmin ,

℃

℃
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․

300 Pseudomonas vesicularis, Agrobacterium 
radiobacter, Pseudomonas fluorescens Stenotrophomonas 
maltophilia geosmin .

, Chryseomonas luteola, Spingomonas paucimobilis
Spirillum spp. 4℃

25℃ geosmin 9
. , Chryseomonas luteola

Fig. 1(b)
geosmin 9

.
BAC 9 3

BAC 4
Table 3

. BAC Pseudomonas 2
Pseudomonas vesicularis 2.97 mgC/m3․hr

Pseudomonas fluorescens 2.82 mgC/m3․hr ,
3 BAC Pas-

teurella haemolytica Chryseomonas luteola
2.61 mgC/m3․hr 2.48 mgC/m3․hr

. Fig. 2
geosmin Pseu-
domonas 2

, Pasteurella haemolytica 9
, Chryseomonas luteola

Table 3
.

Pseudomonas vesicularis Pseudomonas fluorescens,
Pasteurella haemolytica Chryseomonas luteola

5~16% .

3.3. Geosmin

halo-
acetic acid McRae 27)

ln(C/C0)
pseudo-first order rate .

Fig. 3
BAC 9 4℃ 25℃

geosmin
(biodegradation rate con-

stant, k) (1) .

C/C0 = exp(-k․t) (1)

C( ) C0( )
(C = C0) 1 , k , t

℃ 

(incubation time, hr) . (1)

k . , geosmin 50%
(half- life, t1/2) (2) , Table 4

BAC 9
4℃ 25℃ geo-

smin (k) (t1/2) .

t1/2 = 0.693/k (2)

BAC 9
4℃ (k)

0.00006∼0.0002 hr-1 ,
(t1/2) 11,550∼3,465 hr

Spirillum spp.
Pseudomonas vesicu-

laris 3.3 . ,
25℃ (k)

(t1/2) Pseudomonas vesicularis 0.0052 hr-1

133 hr geosmin
, Stenotrophomonas maltophilia, Agrobacte-

rium radiobacter, Pseudomonas fluorescens ,
(k) (t1/2) 0.0043∼0.0046 hr-1

151∼161 hr . Spirillum spp.
4℃ (k)

(t1/2) , 0.0029 hr-1 239 
hr . 25℃ geosmin

(k) Pseudomonas 
vesicularis Spirillum spp. 1.8 geo-
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℃ ℃ ℃ ℃

smin ,
4℃ (k)

Spirillum spp. Pseudomonas vesicularis 3.3
Spirillum spp.

Spirillum spp. geosmin
, Pseudomonas vesicularis

4℃ 25℃ 26
(k) Spirillum spp. 48

.
BAC 9

geosmin Pseu-
domonas vesicularis geos-
min 10~10,000 ng/L

25℃ (k)
Fig. 4 . geosmin

(k)

, 10~10,000 ng/L (k)
0.0003~0.0882 hr-1 .

geosmin
, geosmin

Pseudo-
monas vesicularis

. McRae 27) HAAs

.

4. 

geosmin
.

· 9
, 3

Pseudomonas 56.5%
Pas-

teurella 18.9%, Chryseomonas 4.0%, Agrobacterium
3.5%, Aeromonas 2.0% .
9 24∼96

biomass geosmin
. 4℃

25℃ geosmin
Pseudomonas vesicularis, Pseudomonas fluorescens,

Agrobacterium radiobacter Stenotrophomonas maltophilia
Chryseomonas lute-

ola, Spingomonas paucimobilis, Spirillum spp. 
geosmin . Geosmin

4℃ 0.00006~0.0002 hr-1

25℃ 0.0043~0.0046 hr-1 ,
geosmin 10~10,000 ng/L

0.0003~0.0882 hr-1 .
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