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In this study, we isolated 179 bacterial strains using benzene, phenol, ethylbenzene, aniline, cumene,
toluene as growth substrate from TCE contaminated soils and wastewaters. All the 179 strains were
screened for TCE (30 mg/L) removal (growth substrate 0.2 g/L, 30°C, pH 7, cell biomass 1.0 g/L
(w/v)) under aerobic condition for 21 days. EK2 strain using aniline showed the highest removal
efficiency (74.4%) for TCE degradation. This strain was identified as Delftia acidovorans as the results
of API kit, 16S rDNA sequence and fatty acid assay. In the batch culture, D. acidovorans EK2 showed
the bio-degradation for TCE in the various TCE concentration (10 mg/L to 200 mg/L). However, D.
acidovorans EK2 did not show the bio-degradation in the TCE 250 mg/L. D. acidovorans EK2 also

show the removal efficiency (99.9%) for 12 days in the low concentration (1.0 mg/L).

Optimal

conditions to degrade TCE 200 mg/L were cell biomass 1.0 g/L (w/v), aniline 0.5 g/L, pH 7 and 30°C.
Removal efficiency and removal rate by D. acidovorans EK2 strain was 71.0% and 94.7 nmol/h for 21
days under optimal conditions. Conclusion, we expect that D. acidovorans EK2 may contribute on the
biological treatment in the contaminated soil or industrious wastewater.
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Table 1. Total number of the strains isolated from TCE contaminated samples

Growth substrates Toluene Phenol

Cumene

Benzene Ethylbenzene Aniline

Isolated bacteria 88 55 9

14 5 8 179
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Table 2. Physiological characteristics of the strain EK2
Characteristics EK2

D. acidovorans®

Catalase +
Oxidase
NO;
TRP -
GLU - -
ADH - -
URE - -
ESC + ND
GEL - ND
PNPG - -
GLU - -
ARA - -
MNE - -
MAN + +
NAG - -
MAL - -
GNT
CAP
ADI
MLT
CIT -
PAC +

+ + +

+
—+
d

+ + + 4+ o+ o+

* ACM 489", data obtained from Bergey’s manual of Systematic
Bacteriology (4)



186 Woo-Jung Park and Sang-Seob Lee

(A) 100
9
80
70

60

50

40

30

20

2 '
O S @ - 2@ e 2 .. 22 == A == == 0 =

EK2 EK61 EKS57 EK62 EK60 EK56 EK58 EKS59

Removal efflclency (%)

Isolated strains

100
90
80
70
60
50

40
30
20
: i N
0

EK75 EK74 EK73 EK76 EK72

8

Removal efflclency (%)

Isolated strains

100
90
80
70
60
50

A

EK66 EK1 EK69 EK70 EK67 EK65 EK71

B

Removal efflclency (%)

Isolated strains

100
90
80
70
60
50

1hn...

EK51 EK64 EK45 EK47 EK63 EK88 EKS53 EKS5S5

g

Removal efflclency (%)

Isolated strains

100
90
80
70
60

50

40

30

20

y i
A RARERRREN]

EK8 EK32 EKI17 EK86 EK5 EK28 EK22 EK7

€

Removal efflclency (%)

Isolated strains

100
90
80
70

%[lllllll

X7 TX2 S20 AX4 Ax34 TI6 TI3 AXl17

—_~
sl
N

Removal efflclency (%)

Isolated strains

Fig. 1. TCE removal efficiency of isolated bacteria from TCE-contaminated samples for 21 days. Initially 30 mg/L of TCE with 0.2 g/L of
each growth substrate was added. Each growth substrate was aniline (A), benzene (B), cumene (C), phenol (D), ethylbenzene (E), and toluene
(F). Moreover, the cell biomass in each condition was 1.0 g/L (w/v). All values were the means of triplicates.

IsE TCE s Hilss
D. acidovorans EK22] TCE %] W2 TCE HalasS
313199t} D. acidovorans EK2 T+ 219 5<F TCE 10,

Table 3. The composition of fatty acid of D. acidovorans EK2

20, 30, 40 mg/LE 217} 66.1, 67.0, 77.4, 76.6%2] E3|a&
S HolFQlon, Bajjoke 7kt 85, 139.4, 253.9, 327.8 pgol
AL ojwje] EaLr= 22} 5.6, 11.4, 19.8, 26.1 nmol/ho]

Retention time Short hand name Systematic name %
3.031 8:0 30H 3-Hydroxyoctanoic acid 0.74
4.475 10:0 30H 3-Hydroxydecanoic acid 3.24
5.019 12:0 Dodecanoic acid 2.53
7.594 14:0 Tetradecanoic acid 0.30
9.161 15:0 Pentadecanoic acid —
10.538 Sum in feature 3* 41.97
10.84 16:0 Hexadecanoic acid 31.75
14.047 Sum in feature 8" 19.18

*16:1 wbc/16:1 wTc
" 18:1 wbe



Fig. 2. Morphological characteristics of the strain EK2. EK2 strain
is rod shaped Gram-negative bacteria, and its size is 0.3-0.4%
0.5-0.6 um.

Tk 283 TCE 50, 100, 150, 22|l 200 mg/LE Z47}
703, 67.4, 63.2, 65.8%<] EE&S HoFglon Rl
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250 mg/LollM= #3E 3FA st thFig. 4).
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Fig. 3. TCE biodegradation by D. acidovorans EK2 with various
growth substrates for 15 days. Initially 30 mg/L of TCE
concentration and 1.0 g/L (w/v) of cell biomass was added.
Incubation temperature and pH were adjusted to 30°C and 7 during
each experiment. The initial concentration of each growth substrate:
(®) Aniline 0.5 g/L, (o) Malate 3.0 g/L, (m) Fructose 3.0 g/L, ()
Succinate 3.0 g/L, (#) Maltose 3.0 g/L, (A) Citrate 3.0 g/L, (&)
Acetate (3.0 g/L)

0.4, 0.5, Z2]2 0.6 gLE A7IeI9S W, 219 Bt ZHzte)
B EaL-S 374, 629, 71.0, 59.3%°|ReH E3fjke ztzt
760.1, 1281.2, 1439.2, 1,205.6 pgola E3&EE=E 50.6
84.4, 94.7, 79.3 nmol/ho]3Jth

pH &l w&} A3 27 pH 304 Eall5o] HolA|
2o pH 5, 7, 9914 219 &<t 22} 23.0, 71.0, 42.4% 2]
FAEES HAFlom a2 717} 473.1, 1439.2, 870.9
ngola BajEwEs zhzt 312, 94.7, 57.2 nmol/ho]tk &
T ZZAXE 10, 20, 30, 40°CoA] ZHzF 3.4, 319, 71.0,
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9

— —_
g w0 100 £
g 70 so £
£ ow s
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Fig. 4. The removal efficiency and rate of various TCE concentrations by D. acidovorans EK2 for 21 days. Initial TCE concentrations were
10, 20, 30, 40, 50, 100, 150, 200, and 250 mg/L in liquid phase, respectively (aniline: 0.4 g/L, cell biomass: 1.0 g/L (w/v), temperature: 30°C,
pH 7). (A) TCE removal efficiencies (%) were 66.1, 67.0, 77.4, and 76.6, and TCE removal rates were 5.6, 11.4, 19.8, and 26.1 nmol/h,
respectively. (B) TCE removal efficiencies (%) were 70.3, 67.4, 63.2, and 65.8, and TCE removal rates were 29.8, 57.3, 80.4, and 112.0

nmol/h, respectively.
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Fig. 5. The effect of cell biomass for TCE biodegradation. The initial
TCE concentration was 1.0 mg/L in liquid phase (aniline: 0.5 g/L,
cell biomass: 0.01, 0.03, 0.05 g/L (w/v), temperature: 30°C, pH 7).

8.0% 9 H3laeS HoFom Eajoke 7+ 68.0, 653.6,
1439.2, 162.8 pg®lAaL 4.4, 43.1, 94.7, 11.1 nmol/he] E3|
£ 8 HAF]tHFig. 6).
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7899 M Ex= 747} 0.105, 0.0520190tk ofdd
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2 713k ASdEe T Aol BolR YUTHFig. 8). D.
acidovorans EK29] &% ElYL =02 ofdd 0.5 glLs
A7}8 7399} opd 0.5 /Lol TCE %% 100, 200 mg/LE
AA7kst A 42 5.7, 6.6, 132 h=E QE}VLEHTable 4).
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Fig. 6. The effect of aniline concentrations, pH and temperatures for TCE degradation. Aniline concentrations (A); 0.3, 0.4, 0.5 and 0.6 g/L
(TCE: 200 mg/L, cell biomass: 1.0 g/L (w/v), temperature: 30°C, pH 7). pH (B); 3, 5, 7, 9 (TCE: 200 mg/L, aniline : 0.4 g/L, cell biomass:
1.0 g/L (w/v), temperature: 30°C). Temperature (C); 10, 20, 30, and 40°C (TCE: 200 mg/L, aniline: 0.4 g/L, cell biomass: 1.0 g/L (w/v), pH 7).



Table 4. The effect of aniline for the growth of D. acidovorans EK2 on each TCE concentration

D. acidovorans EK29] 1'% TCEQ AE&H B3 EA 189

(TCE and aniline unit: g/L)

TCE 0.1 Aniline 0.5 TCE 0.1 with TCE 0.2 with TCE 0.3 with TCE 0.4 with
without aniline without TCE aniline 0.5 aniline 0.5 aniline 0.5 aniline 0.5
Specific growth - 0.121 0.052 ) .
rate (n)
Doubling time
— 5.7 13.2 - —
(h)

318k Ay} opddS AAVIERZ o|88l= D. acidovorans
EK27} 2 712AiA, ogdldl, EF<l, B, FH)S 0§
she @Rt o me Reaags nelrald

SAAA Aol 93l TCEE v ©agos Fajshe
TFE HIER] ¥9kom, TCEE E3llsl7] 8l Hrist 3%
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