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TPH Removal of the Biodegradation Process Using 4 Indigenous
Microorganisms for the Diesel Contaminated Soil in a Military Camp

Minho Park' - Minhee Lee**
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’Department of Earth Environmental Sciences, Pukyong National University

ABSTRACT

Batch experiments using indigenous and commercialized adventive microorganisms were performed to investigate
the feasibility of the biodegradation process for the diesel contaminated soil, which was taken in US Military Camp
‘Hialeah’, Korea. TPH concentration of the soil was determined as 3,819 mg/kg. Four indigenous microorganisms
having high TPH degradation activity were isolated from the soil and by 16S rRNA gene sequence analysis, they
were identified as Arthrobacter sp., Burkholderia sp., Cupriavidus sp. and Bacillus sp.. Two kinds of
commercialized solutions cultured with adventive microorganisms were also used for the experiments. Various
biodegradation conditions such as the amount of microorganism, water content and the temperature were applied to
decide the optimal bioavailability condition in the experiments. In the case of soils without additional
microorganisms (on the natural attenuation condition), 35% of initial TPH was removed from the soil by inhabitant
microorganisms in soil for 30 days. When the commercialized microorganism cultured solutions were added into the
soil, their average TPH removal efficiencies were 64%, and 54%, respectively, which were higher than that without
additional microorganisms. When indigenous microorganisms isolated from the contaminated soil were added into
the soil, TPH removal efficiency increased up to 95% (for Bacillus sp.). According to the calculation of the average
biodegradation rates for Bacillus sp., the remediation goal (87% of the removal efficiency: 500 mg/kg) for the soil
would reach within 24 days. Results suggested that TPH removal efficiency of biodegradation by injecting
indigenous microorganisms is better than those by injecting commercialized adventive microorganisms and only by
using the natural attenuation.
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Table 1. Physical and chemical properties of two adventive microorganism cultured solutions

Type of adventive microorganism

. Chemical components
cultured solution P

Physical characteristics and effect Contents (wt %)

(NH,4),SOq4

Na,HPO,

KH,PO,

S1 (The trade secret)
S2 (The trade secret)

Oilbug 1010 (O)

Nutrients for efficiency increase 22.5
Nutrients for efficiency increase 233
Nutrients for efficiency increase 11.3

The trade secret
The trade secret

Oil-degrading microorganism
Oil-degrading microorganism

Sarsapogenin
Spirostant
Humic acid
Zymogen
Zyme-Leaven
Parigenin
Glycine
Laminarin

Penazyme (P)

Sarsaponin
Proenzyme
Quzyme

Removal of NH; 20.0
Surface tension decrease 20.0
Removal of heavy metals 10.0
Decompositon of organic matter 10.0
Yeast fungus 10.0
Vitalization of microorganism 10.0
Neutralization 5.0
Vitalization of microorganism 5.0
Removal of NH; and H,S 5.0
Decompositon of organic matter 4.0
Vitalization of microorganism 1.0

Table 2. Various conditions for batch experiments using indigenous and adventive microorganisms

Tupes of microoreanism added into the soil Amount of indigenous microorganism Water content Temperature Reaction
P & solution (per 300 g soil) (%) ©C) time (day)
Arthrobacter sp.(Al) 5
Burkholderia sp. (A2

ur .o .erla sp. (A2) 03 ml 10

Cupriavidus sp.(A3) 10
Bacillus sp. (A4)
Mixed 4 indigenous microorganisms 20
(A1+A2+A3+A4:T) 20
O (adventive microorganism)

. . . 0.6 ml 20

P (adventive microorganism)
Without the addition of microorganism 30

(natural attenuation)
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Table 3. Results of the analysis for soils properties
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SHAEYORRE I3 vAE A5 16S rRNA
sequencing S o83t FHS A3 Arthrobacter
sp.01F ‘A1’ E W), Burkholderia sp.©]F ‘A2Z
B, Cupriavidus sp.(©15 ‘A3’Z "89), Bacillus sp.
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HAE Fig. 19} Fig. 20 YR vdE Al 52
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MBS o8 Ae B A3 T R MPNS
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Table 40 UERisich. = vhola] Ashe e o
o7 mAEY] A5 EY W s=7F H4 1,000 CFU/
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1999) 4185}, SYEG) 2D EANE 43 %
T Ap FEE U0 R A0 geht AR
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l‘l

Size distribution (%6) Bulk density TOC TN T-P TPH
Sand St Clay (gem’)  content (%) (%)  (mgkg)  (mgke) (mg/ke)
Soil 93.9 5.9 0.2 6.7 1.50 2.39 4.80 0.06 3,819
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Table 4. Concentrations of 4 indigenous microorganisms in cultured solution and soil (measured by most probable number (MPN)

method)

Indigenous microorganisms

Concentration of microorganisms in cultured solution

Concentrations of microorganisms in soil

(CFU/ml) (CFU/ml)
Arthrobacter sp. (A1) 3.4 x10° 7.6 x 10°
Burkholderia sp. (A2) 1.8 x 10° 2.1x10°
Cupriavidus sp. (A3) 2.1x10° 1.6 x 107
Bacillus sp. (A4) 1.9x10° 1.1x 108

o8 [~ A. polychromogenes DSM 201367 (X80741)
Ll A. oxydans DSM 201197 (X83408)
o A DSM 186067 (AM176541)
A d jcus DSM 128297 (AF102267)
A. defluvii DSM 187827 (AM409361)
ssl— 4 niigatensis 1AM 153827 (AB248526)

DSM 140027 (AF235091)

A
—gs{ ,—A. oryzae NBRC 1020557 (AB279889)
= A iformis DSM 201247 (X80736)
\—ML{A ramosus DSM 205467 (X80742)
971 A. pascens DSM 205457 (X80740)
A phus DSM 14008T (AF235090)
1AM 153837 (AB248527)

A. nicotinovorans DSM 4207 (X80743)

L A DSM 201157 (X83406)
‘—A, ureafaciens DSM 20126" (X80744)
99 A. luteolus DSM 130677 (AJ243422)

A. iflicis DSM 201387 (X83407)
A. aurescens DSM201167 (X83405)
971 A. nitroguajacolicus CCM 49247 (A)512504)

0,005

(A) Arthrobacter sp. (A1)

89 Cupriavidus laharis CIP 108726" (AB054961)

C pinatubonensis CIP 1087257 (AB121221)
C basilensis DSM 118537 (AF312022)

C oxalaticus DSM 11057 (AF155567)

C taiwanensis LMG 19424T (AF300324)

100! ¢ necator ATCC 432017 (AF101737)
C. respiraculi LMG 215107 (AF500583)

C. campinensis LMG 192827 (AF312020)
C metallidurans DSM 28397 (D87999)
C pauculus LMG 34137 (AF085226)

100 3

Ralstonia insidiosa LMG 214217 (AF488779)
84— R. $y2ygii ATCC 495437 (AB021403)
R. solanacearum LMG 22997 (EF016361)
36 R mannitoliytica LMG68667 (AJ270258)
56 R. pickettii ATCC 275117 (AY741342)
J pulmonicols LMG 181067 (AF139175)
sordidicola KCTC 120817 (AF512827)
‘TL:MDSM 182357 (DQ465451)
68

B. gladiioli CIP 1054107 (EU024168)

—
0.01

(C) Cupriavidus sp. (A3)

B. phenazinium LMG22477 (U96936)
B. sartisoli LMG 240007 (AF061872)
B. ginsengisoli LMG 240447 (AB201286)
B. bryophila LMG 236447 (AM489501)
8. sediminicols KCTC 220867 (EU035613)
B. caledonica LMG 190767 (AF215704)
B. phytofirmans LMG 221467 (AY497470)
B. fungorumLMG 162257
8. LMG 236507 (AM489502)
B LMG 214637 (U86373)
8. graminis LMG 189247 (U96939)
B. phenoliruptrix ATCC 390277 (AY435213)
B. terricola LMG 20594 (AY040362)

497'75 tuberum CIP 1082387 (AJ302311)

8. BCRC 175167 (AY752958)

5

8. sabiae BCRC 175877 (AY773186)

8. phymatum CIP 1082367 (AJ302312)
8. caribensis LMG 185317 (Y17009)

B. hospita LMG 205987 (AY040365)
B. terrae CIP 1091967 (AB201285)

—
0,002

(B) Burkholderia sp. (A2)

8. vallismortis DSM 110317 (AB021198)
B. amyloliquefaciens ATCC 233507 (X60605)
8. mojavensis IFO 15718 (AB021191)
8. atrophaeusJCM 90707 (AB021181)

8. lic DSM 137 (X68416)
8. pumilus DSMZ27T (AY456263)

8. marisflavi CIP 1081357 (AF483624)

499|——5 vietnamensis CIP 1086727 (AB099708)
B. anthracis ATCC 145787 (AB190217)
100 8. mycoides ATCC 64627 (AB021192)
B. weihenstephanensis DSM 118217 (AB021199)
8. cereus ATCC 145797 (AE016877)

84lg. thuringiensis 1AM 120777 (D16281)

8. DSM 87237 (X76447)

B. luciferensis LMG 184227 (AJ419629)

B. funiculus NAF 0017 (AB049195)

8. muralis LMG 202387 (A628748)
B. circulans NCDO 17757 (X60613)

8. flexus IFO 157157 (AB021185)

B. megaterium DSM 327 (X60629)

0,005

(D) Bacillus sp. (A4)

Fig. 1. Phylogenetic trees of four indigenous microorganisms isolated from the contaminated soil (modified from Park, 2012).

s gog 4 9l

o

Aoz ATt

(i

3.3, M= Hix| AIE 2T
3.3.1. QJE U E wjok gole o]83l A% Ay}t

AFsH oPHRBE wF 8AS o183 ARl HiA

A3 A= Fig. 30 UeRRITE R RES H7FekAl
%S EQK(Fig. 304 ‘Control’ B 749 71& B
el &A= PS8l 2 71EF AAA7E G 9

Soil & Groundwater Env. Vol. 17(3), p. 49~58, 2012



54 vl s .

(C) Cupriavidus sp. (A3)

Fig. 2. SEM images of four indigenous microorganisms.
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(B) Burkholderia sp. (A2)

(D) Bacillus sp. (A4)
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Adventive microorganism cultured solutions gl
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90 Remediation goal : 87 % (500 mg/kg)

30
20
10
0 T
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Experimental condition

W20 days
M 30 days

TPH removal efficiency (%)

Fig. 3. TPH removal efficiency using adventive microorganism
cultured solutions in experiments.
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Fig. 4. TPH removal efficiency using indigenous microorganism
Al in experiments.
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. . . 3d;
Indigenous microorganism A2 e
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30
20
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Experimental condition

Fig. 5. TPH removal efficiency using indigenous microorganism
A2 in experiments.
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A3 in experiments.
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A4 in experiments.
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