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ABSTRACT

A series of batch and column experiments were conducted for the development of biobarrier technology which can be
applied to containment and reduction of contaminants in soil and ground waters. The growth kinetic constants of
Pseudomonas fluorescens on glucose or molasses were determined using batch experiments. The maximum specific
growth rate (Vmax) of P. fluorescens at 23°C on glucose or molasses were 0.246 hr' and 0.073 hr!, respectively.
However, molasses was selected as carbon source due largely to the absence of lag phase of P fluorescens growth on
molasses and economic reason. In constant head column experiments, the hydraulic conductivity of the column soil
reduced by 6.8 x 107 times from 4.1 x 107 cm/sec to 2.8 x 10 cm/sec after the inoculation of P. fluorescens and
administration of carbon source and nutrients. The biomass concentration was observed highest in the column inlet.
Measurements of carbon source and electron accepter (dissolved oxygen) concentration showed that the growth of P,
Sfluorescence, which is the main reason for hydraulic conductivity reduction, was limited not by the concentration of
carbon source but by the concentration of electron acceptor.
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Fig. 1. Detailed schematics of unit column reactor.
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Fig. 2. Detailed schematics of constant head column reactor.
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Fig. 3. Detailed schematics of constant flow column reactor.

Table 1. Composition of nutrients for the growth of
Pseusomonas fluorescens

Nutrient Concentration (g/L)

K,HPO, 1.23
KH,PO, 0.40
NaCl 1.00
NaNO; 3.00
NH4NO; 2.00
Yeast extract 0.05
Carbon source (glucose or molasses) 10.0

AR TS Air filterS 20L Feed tank(Nalgene
Co.ll AxJslar o] ujek= A= 44S Ha
3}l7] 218k Feed tanke WYl Uil AX|sHATh
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Table 2. Kinetic constants (V. and K) of P fluorescence
determined under different carbon source

Vinax (hr™) K (mg/L)
Glucose 0.246 509.9
Molasses 0.073 326.6

o W wAE AAEE(V)E TSI, Monod?] (Eqn.
nel Al WS Fig. 59149} Z°] Lineweaver-Burk?)
(Eqn. 2)0& 4Fg3}9iTt.

Vmax S
VRS M
1 K, 1 1
—_—— > . _+
V Vmax S Vmax (2)
A7IM, V= A BIAEE ()
V=44 (hr')
Kg= W2 Huddeo] 124 wel 717
o] &&= (mg/L)

S="dZAZ 7149 F&= (mgL)

O Az}, FFI=e} sz AAAE 0.95 2
0.88Z H|w A =2 AYIAE Ko, 2K rdE
FY8} 3= Table 2049} o] 27729 9 Vi
0.246, K, 509.9°19, 3E] 9 Ve 0073, K, 326.62
24z} AHE
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Eo] 71&xIslEe] A1, v|AE HFEA A7 #AYG
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H3le] A YE3FEE(Kao et al., 2003; Komlos et al.,
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Fig. 6. Observed and Monod model fitted growth rate of P
fluorescence in molasses.

Table 3. Initial values of hydraulic conductivity in the constant
head column under different packing conditions

AR E 4 A

FA14 (cm/sec)

(No. 40:A4]) No.1 No.2 Average
1:0 0.051 0.049  0.0500 £0.0010
1:05 0.043 0.039  0.0410 £+ 0.0020
1:1 0.020 0.019  0.0195 £ 0.0005

S AT aelal Zhzke] Agel uis FAlS
K(cm/secYS Eqn. 32| Darcy HZol tYst] A=3513T)

__QelL
AeteAh 3)
oA7IM, Q= LAAIFENS] e
L = column ZA0]
A = column T 7]

h=53}
=A%t

Table 3¢llX]9} o] 40A1E T3t 212 o] o]
F7E FAROIN S Bl AAsleH, B
Algee] Wslghs st 2 AjelMe S35 2o
40A ZHFF B ¥ 1:0.5F5A5 0.041
cm/sec)@ A3

HES-Z(480 mm)ll XS FTXISKAL P fluorescence=
HETslaL 24/t AAVNE & §F IS T
FAge] dusts #ER Avk= v Fig 79 2
o GYHs FYS 271HE oF 393t FRATE

4.1%x 102 cm/secoll A 8.0x 107 cm/secE 1.9 x 107'1j
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Fig. 7. Temporal hydraulic conductivity changes in the constant
head column reactor.

Table 4. Spatial distribution of biomass measured as volatile
suspended solids in the column reactor

Sampling port No. VSS(g/kg)
No. 1 3.143 £ 0.63
No. 2 2.621+0.59
No. 3 2.782+0.63
No. 4 2.454 £ 0.60
No. 5 1.597 + 0.68
No. 6 2,155+ 0.44

7AaslGT). 1 $ol| FAITY] ST A =2A]
A B4 6 Foll= FAGTE 28%x 107 em/secE X
7] FAT #holl HIsl 6.8 x 1078 ZHASFAAIRE, o] )
FHE 2 mY 722 ¢ ol Y7 7S 4
T AT} o]} o] FAGTE 27de 48] A
st il Yel2 Wsksl= A Azotobacter -2
2 PBES o83 AEHA A AFME Hald
vk ek#sE 5, 2000; #HFst, 2003).

Table 4= A FTE F Column 3NASFHA] 2+
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HFEE No. 6) 9x12] 2185 ANF3t VSSE S
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I} A A GFA YT AEER SISk FYEE 7Y
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2 7P =11, R o|FESE nER] sk A
< HoFa Qlt} 1 o= 71 e 71d 2 A
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Adagel ] mldEoe] viEskE EPS7E 3= Wl o R
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HolsS THAAIA WA RN nE F21& Algkst

Journal of KoSSGE Vol. 12, No. 2, pp. 1~8, 2007

1000

800 -

600 -

COD (mg/L)

400 -

200 - —@— Effluent
—O— Influent

Time (days)
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Fig. 9. Temporal DO concentration in the column reactor.
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