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Bioremediation of Oil-Contaminated Soil Using an Oil-Degrading Rhizobacterium Rhodococcus sp. 412
and Zea mays. Hong, Sun Hwa, Hae Lim Park, U-Ri Ko', Jae Jun Yoo', and Kyung-Suk Cho*. Depart-
ment of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750, Korea, 'Gyeonggi
Science High School, Gyeonggi 440-210, Korea — The advanced bioremediation of diesel-contaminated soil
through the exploration of bacterial interaction with plants was studied. A diesel-degrading rhizobacterium,
Rhodococcus sp. 412, and a plant species, Zea mays, having tolerant against diesel was selected. Zea mays was
seeded in uncontaminated soil or diesel-contaminated soil with or without Rhodococcus sp. 412. After culti-
vating for 30 days, the growth of Zea mays in the contaminated soil inoculated with Rhodococcus sp. 412 was
better than that in the contaminated soil without the bacterium. The residual diesel concentrations were low-
ered by seeding Zea mays or inoculating Rhodococcus sp. 412. These results indicate that the simultaneous
use of Zea mays and Rhodococcus sp. 412 can give beneficial effect to the remediation of oil-contaminated
soil. Bacterial community was characterized using a 16S rDNA PCR and denaturing gradient gel electro-
phoresis (DGGE) fingerprinting method. The similarities of DGGE fingerprints were 20.8~39.9% between the
uncontaminated soil and diesel contaminated soil. The similarities of DGGE fingerprints were 21.9%~53.6%
between the uncontaminated soil samples, and 31.6%~50.0% between the diesel-contaminated soil samples.
This results indicated that the structure of bacterial community was significantly influence by diesel contami-

- nation.
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GGC GGG GCG GGG GCA CGG GGGGCC TAC
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Fig. 1. Comparison of residual diesel concentrations in soil
samples after 30 days (initial diesel concentration: 20000 mg/
L). D, contaminated soil; D+R, contaminated soil+Rhodococcus
sp. 412; D+P, contaminated soil+Zea mays; D+P+R, contaminated
soiltZea mays+Rhodococcus sp. 412.

Table 1. Chemical and physical properties of soil samples after 30 days.

Moisture Content Organic Matter

Experimental condition pH %) %)
Soil (C) 4.6 (4.9 25.0 (18.7)% 7.1 (7.1)
Uncontaminated Soil+Zea mays (C+P) 4.9 24.8 10.8

soil Soil+Rkodococcus sp. 412 (C+R) 4.7 20.4 7.1
Soil+Zea mays+Rhodococcus sp. 412 (C+P+R) 5.1 16.6 8.1

Soil (D) 5.0 (4.9 19 (15.6)* 7.5 (7.0)?
Diesel-contaminated Soil+Zea mays (D+P) 5.1 19.8 . 8.0
soil with diesel  Soil+Rhodococcus sp. 412 (D+R) 5.0 21 8.0
Soil+Zea mays+Rhodococcus sp. 412 (D+P+R) 52 21.6 7.4

# Initial values of pH, moisture content and organic matter were represented in parentheses.
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Fig. 2. Effect of the inoculation of Rhodococcus sp. 412 on the
growth Zea mays (n=10). (a) shoot length (b) biomas. C+P,
soil+Zea mays; C+P+R, soiltZea mays+Rhodococcus sp. 412;
D+P, contaminated soil+Zea mays; D+P+R, contaminated soil+
Zea mays+Rhodococcus sp. 412.
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Fig. 3. Comparison of dehydrogenase activity in soil samples
after 30 days. C, uncontaminated soil; C+R, uncontaminated
soil+Rhodococcus sp. 412; C+P, uncontaminated soil+Zea mays;
C+P+R, uncontaminated soil+Zea mays+Rhodococcus sp. 412; D,
contaminated soil; D+R, contaminated soil+Rhodococcus sp. 412;
D+P, contaminated soil+Zea mays, D+P+R, contaminated soil+
Zea mays+Rhodococcus sp.
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C 100
C+R 21.9 100
C+Pp 39.1 29.2 100
C+P+R 53.6 40 45.8 100
D 20.8 40 31.3 33.3 100
D+R 25 36 28.6 52 50 100
D+P 38.7 27.3 34.6 64.3 39.1 46.2 100
D+P+R 24.1 25 31.7 39.3 31.6 72.2 44.4 100
C C+R C+P | C+P+R D D+R D+pP | D+P+R

Fig. 4. Similarity analysis based on DGGE fingerprints. C, uncontaminated soil; C+R, uncontaminated soil+Rhodococcus sp. 412; C+P,
uncontaminated soil+Zea mays; C+P+R, uncontaminated soil+Zea mays+Rhodococcus sp. 412; D, contaminated soil; D+R, contaminated
soil+Rhodococcus sp. 412; D+P, contaminated soil+Zea mays; D+P+R, contaminated soil+Zea mays+Rhodococcus sp. 412.



1.0
B e C
& ° v C+R
0.8 m C+P
& C+P+R
v O D
06 v DR
O D
& DPIR
<)
X 04 -
°
&
S’ -
- 0.2 n
o
[-%
-6:6 L L G
olo 02 0.4 0.6 08 € 10

PC1 (38.8 %)
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nated soil+Rhodococcus sp. 412; D+P, contaminated soil+Zea
mays; D+P+R, contaminated soil+Zea mays+Rhodococcus sp. 412.
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DGGE fingerprintsZ%-8 5719 bandE Al 8l (Fig.
4) 4% AAE Fig. 60 =A515E}. Clone -2 dl¥-&
A Eof AlBAA U F22A oFF uncultured
bacteriumo] w)¥-Eolgit}. 2 F|ME Clone RZ-2:=
agricultural soil bacterium SC-I-38(AJ252632)7} 97%%] ¥
£ FAME 843, RZ4 Clone2 V=S Bijjsl= &
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39l Burkholderia glathei(AY154379)%F 99%2] ¥2 A}
52 Holr}. 1 o] 9o X u]E uncultured bacterium ©]A]
9t RZ-1, RZ-3%= AR EHIA o] HAEEE= 752 47
DUNssu391(AY913563) T2 95%, DUNssu070(AY913293)
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H3, AES el o) Fe] FHI Ao FAEHTA
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EF A B4 d-2(clone RZ-2, RZ-3) uncultured forest
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B dFMe 3559 5 E3] Ml Rhodococcus
sp. 4125 I AF & uf dA AA Zg2 B vAE
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Fig 6. Phylogenetic tree illustrating the relationships among the closest relatives in the GenBank database and the clones.
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