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Bioremediation of Oil-Contaminated Soil Using Rhizobacteria and Plants. Kim, Ji-young and Kyung-
Suk Cho*. Department of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750,
Korea — Phytoremediation is an economical and environmentally friendly bioremediation technique using
plants which can increase the microbial population in soil. Unlike other pollutants such as heavy metals, poly-
chlorinated biphenyl, trichloroethylene, perchioroethylene and so on, petroleum hydrocarbons are relatively
easily degradable by soil microbes. For successful phytoremediation of soil contaminated with petroleum
hydrocarbons, it is important to select plants with high removal efficiency through microbial degradation. In
this study, we clarified the roles of plants and rhizobacteria and identified their species effective on phytore-
mediation by reviewing the papers previously reported. Plants and rhizobacteria can degrade and remove the
petroleum hydrocarbons directly and indirectly by stimulating each other’s degradation activity. The preferred
plant species are alfalfa, ryegrass, tall fescue, poplar, corn, etc. The microorganisms with a potential to
degrade hydrocarbons mostly belong to Pseudomonas spp., Bacillus spp., and Alcaligenes spp. It has been
reported that the elimination efficiency of hydrocarbons by soil microorganisms can be improved when plants
were simultaneously applied. For more efficient restoration, it’s necessary to understand the plant-rhizobacte-
ria interaction and to select the suitable plant and microorganism species.

Key words: Petroleum hydrocarbon, plant-assisted bioremediation, rhizodegradation, rhizobacteria, soil pol-

lution

M B

M54 e2=2x(petroleum hydrocarbons)#t X|slell A A
dHez AAbEE AA) wElea m ol F AAg Aoz
A, o] F AAIEA] o2 AdAte)e] S dfeka g
A= A (84~87%)F Ta(11~14%)2 FAFOZ 3}
o] glol|l e &, A4 AMALE A=k TSI Sl ARA &
e FAAAES '4 Alelel chain FEF 7HA &
alkanes(methane, ethane, propane %), B4 Alolo] &hte]
ring 735 7FX]%= aromatics(benzene, toluene, ethylbenzene,
xylene %), 2813 27] ©]Ae] ring T2 E o] FoiA
polycyclic aromatic hydrocarbons(PAHs; e.g. naphthalene,
phenanthrene, anthracene, benzo[a]pyrene)o|™, ¢ 52| T4
Hlgo) wel = A 71Re] S 2 EX3ITH(Fig. 1).

7Rl 373 BTEXS 22 Wk walpis AR
s7h 2 Hu IR ol g Sel=ot 2 55 A
o= dEA dd. A, o AER 5o S Fd
o 50009 7Hx9) AR-5E FAHE o slon, BE 92070

*Corresponding author
Tel: 82-2-3277-2393, Fax: 82-2-3277-3275
E-mail: kscho@ewha.ac.kr

o] &4 o]Folx] gl7] witel] 7o vls)] vlFe] &
I Eol Wigt Sl =9} A e] vt oo £
1474 o]}, 2|3 307071A)9] 't= o] FolA i7] wfEol
Ffrivh BAlge]l Al AAe] aH ol A vl

A A edkeat 7P S AR, 2 AR, opEelut
A 98 5 F geks FuE ARE I 9len e
uje} B o AfA stEleart 3o ARsle] AdlA
9} olAldl T B A ot wiEd FRERS o=
Eokor o S/ Hid, B U] 7 AR &
¥ A TH AR Qg A A3 E EHE T
oF AejAlel o3g-E FA At AfA ehslgael] 23t ol
Ao] ek 1 FRe) =F AR FH ol vl o2
viel =4, benzene, toluene, xylene 5 H-A}aFo] 2k &
AL FFAAA N FgS T AL A5 Al ol2r=
3P p-hexane> Y7) & %7} 500~2,500 ppmvyd o o}
2] 24zt vp| F w2 E doxiv of e A
A siEeats g, WAAA, 2H AR 9 5 4 A6
A7t o3-S FoH9L.

vl AR FHEA Y, Fi4 2 X8 f-F 8S
717 L ENE Fi7) FEH] T B 9 v &
AH 3 glet. SEhtells Al 2006 A 11,74970¢)
FAat o @A 3], 2006), FHAS E3lele]



186  Kim AND CHO

Saturated hydrocarbons Unsaturated hydrocarbons

Alkanes Alkanes Alkynes
Normal. continuous chain (C,Hy,+n)  Olefins (C,H,,) Acetylens (C,HZ)
C
C-C-C-C-C-C | _
c-c-c-C c=C
Jso, branced chain (CH,,+2) Arenes c
(CsHy) C// \C
Benzene (C,
¢ ¢ & | |
C-C—C—C—C—C Toluene (CyHy) C\C _C
I
c Polynuclear Aromatics c c
N T
Naphthalene (C,Hg/ C C C
Cyclic. circle of carbons: naphthenes | I |
SN #
C = C/ ~ C =
C/ \C Oxygenates
|C (|: Ethanol (C,HOH)  C~C-0O-H
C
~c MTBE (CH,0CH,) |
C-C-0-C

|
C

Fig. 1. The molecular structure of petroleum hydrocarbons [1].
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Fig. 2. Possible fates of pollutants during phytoremediation
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Table 1. Plants with a potential to tolerate petroleum hydrocar-
bons.

Plants Reference
Fescue grass (Cynodon dactylon) [5]
Western wheatgrass (Agropyron smithi) [29]
Indiangrass (Sorghastrum nutans) [29]
Common buffalograss (Buchloe dactryloides) [29, 70]
Switchgrass (Panicum virgatum) [16,72]
Bermuda grass (Cyrnodon dactylon L.) [83]
Alpine bluegrass (Poa alpine L.) [66]
Ryegrass (Lolium perenne L.) {31, 49, 53, 79]

[59, 65, 66,

Alfalfa (Medicago sativa L.) 72,83, 103]
Carrot (Daucus carota) [102]

Tall fescue (Festuca arundinacea Schreb.) [16, 34, 42, 70]

Red fescue (Festuca rubra var. Arctared) [29, 79]
Soybean (Glycine max) [25]
Mulberry (Morus L.) [70]

Oriental goat’s rue (Galega orientalis) [40]
Palisadegrass (Brachiaria brizantha) [61]
Water hyacinth (Eichhornia crassipes) [70]
Broad bean (Vicia faba) [74]
Canada wild-rye (Elymun Canadensis) [29]
Fern (Azolla pinnata) [18]
Side oats grama (Bouteloua curtipendula) [29]
Blue grama (Bouteloua gracilis) [29]

Poplar trees (Populus deltoids x nigra) [29, 39, 68, 70, 86, 93]

Little bluestem (Schizachyrium scoparius) [29, 72]
Big bluestem (Andropogon gerardi) [29]
Sorghum (Sorghum bicolor) [10, 83]
Duckweed (Lemna gibba) [70]
Black mustard (Brassica nigra) [89]
Willow (Salix viminalis L.) [70,99]
Mangrove (Kandelia candel and Bruguiera [43]
gymnorrhiza)

Corn (Zea mays) [54, 81, 105]
Lupin (Fabaceae Lupinus L.) [52]
Dill (Arnethum graveolens L.) [52]
Oat (4vena L.) [52, 54]
Pine (Pinus L.) [52, 58]
Common reed (Phragmites australis) [65, 94]
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o u}E A& 8ol ] Table 30 Az]stATt. Cyperus
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Table 2. Hydrocarbon-degrading microorganisms.

Microorganism Reference
Pseudomonas fluorescens [45]
Pseudomonas putida [32, 69]
Pseudomonas veronii [101]
Pseudomonas stutzeri [84]
Pseudomonas aeruginosa [37, 96]
Pseudomonas alcaligenes [95]
Stenotrophomonas maltophilia [21]
Arthrobacter oxydans [73]
Alcaligenes piechaudii [71]
Alcaligenes eutrophus [37]
Alcaligenes faecalis [69]
Corynebacterium [75]
Achromobacter xylosoxidans [7]
Micrococcus luteus [37]
Mycobacterium [21, 41]
Nocardia [15]
Acidovorax avenae [63]
Acidovorax facilis [101]
Sphingomonas Yanoikuyae [36, 78]
Clavibacter " [23]
Acinetobacter junii [60]
Acinetobacter calcoaceticus [38]
Cunninghamella elegans [92]
Paenibacillus polymyxa [101]
Brevibacillus [90]
Corynebacterium [22]
Cytophaga [44]
Erwinia [80]
Methanosarcina mazei [85]
Cellulomonas flavigena [73]
Cellulomonas turbata [101]
Rhodococcus erythropolis [62, 73]
Rhodococcus aetherovorans 71
Bacillus cereus [60]
Bacillus subtilis [6, 37]
Bacillus sphaericus [60]
Bacillus fusiformis [60]
Bacillus pumilus [60]
Gordonia rubropertincta [62]
Gordonia terrae [62]
Xanthomonas [32]
Aspergillus ochraceus [92]
Phanerochaete chrysosporium [92]
Saccharomyces cerevisiae [92]
Syncephalastrum racemosum [92]
Methylobacterium [7]
Acidocella [23]
Staphylococcus [64]

sp2 TAE U)AE consortiumS ©)-4-8)S o] 1804 E9t
90%2] total petroleum hydrocarbon(TPH)°| A=)}
ATAIFE HorE gl e [27), ¥]ay sl E4] total
PAH®| 7-5- alfalfa, switchgrass, little bluestem grass®] 2]
E Foll g8l 22 77 Tt 57%Y] AAEEE Byt
[72]. 2} A3 AAEEE A7) 918 “C-labeled pyrene



190 KM AND CHO

Table 3. Comparison of the elimination efficiency.

Contaminants Plants Microbes Efficiency Ref.
Consortium (Bacillus sp. o
. > 27
Cyperus laxus Lam Pseudomonas sp., Arthrobacter sp.) 90% after 180d 271
TPH Hydrocarbon-degrading bacterial  72.7% in 12 weeks (light fraction of diesel fuel)

- consortium (Bacillus sp., [13]
Acinetobacter sp., Pseudomonas sp.) 75.2% in 12 weeks (heavy fraction of diesel fuel)

Tall fescue 38% mineralization [16]
14C-labeled pyrene Switchgrass Not identified 30% mineralization

Corn 15% more than bulk soil [105]
14C Benzo[a]pyrene Poplar Sphingomonas yanoikuyae 0:2% *CO; production - [78]

Oat 0.3% '"CO; production
Pyrene, anthracene Alfalfa, grass Not identified 30~40% more than unplanted soil [76}
Total PAH ﬁi;i%;uizgzlgzzz Not identified 57% reduction after 6 months [72]
Mineral oil Willow Not identified 57% removal after 1.5 years [99]
86% after 28d (second diesel application) [68]

Diesel Poplar Not identified

’ 50~60% after 30d (first diesel application) [67]
PCB Alfalfa Sinorhizobium meliloti 45% mineralization [59]
Black mustard Not identified 61% removal after 9 weeks [89]
PBB wild ryegrass Not identified 95% decrease by 185d [91]
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