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ABSTRACT

Bioremediation is one of the most effective ways to remediate TPH-contaminated sites. However, under actual field
conditions that are not at the optimum temperature, degradation of microorganisms is generally reduced, which is why the
efficiency of biodegradation is known to be significantly affected by the soil temperature. Therefore, in this study, the lab-
scale experiment was conducted using indigenous crude oil degrading microorganisms isolated from crude oil
contaminated site to evaluate the remediation efficiency. Crude oil degrading microorganisms were isolated from crude oil
contaminated soil and temperature, which is a significant factor affecting the remediation efficiency of land farming, was
adjusted to evaluate the microbial crude oil degrading ability, degradation time, and remediation efficiency. In order to
assess the field applicability, the remediation efficiency was evaluated using crude oil contaminated soil (average TPH
concentration of 10,000 mg/kg or more) from the OO premises. Followed by the application of microorganisms at 30°C,
the bioremediation process reduced its initial TPH concentration of 10,812 mg/kg down to 1,890 mg/kg in 56 days, which
was about an 83% remediation efficiency. By analyzing the correlation among the total number of cells, the number of
effective cells, and TPH concentration, it was found that the number of effective microorganisms drastically increased
during the period from 10 to 20 days while there was a sharp decrease in TPH concentration. Therefore, we confirmed the
applicability of land farming with isolated microorganisms consortium to crude oil contaminated site, which is also
expected to be applicable to bioremediation of other recalcitrant materials.
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Table 1. Composition of solid and liquid medium used in
isolation and cultivation of microorganisms

Medium

(NH»)SO,4 3g

Na,HPO, 332¢g

KH,PO, 083g
MgSO, - TH,O 04¢g
MnCl, - 2H,0 0.002 g
CaCl, * 2H,0 0.002 g

Tween 80 00lg

Crude oil 10g/1 D.W.
Agar Powder* 8g

*D.W. : Distilled Water
*only for solid medium
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Table 2. The list of the international depositary microorganisms

Registration number Registration date

Name of microorganism

KCTC 12547BP 2014.02.10.
KCTC 12548BP 2014.02.10.
KCTC 12549BP 2014.04.29.
KCTC 12550BP 2014.02.10.
KCTC 12551BP 2014.02.10.
KCTC 12552BP 2014.02.10.

Arthrobacter sp. CO1
Methylobacterium oryzae CO2
Caulobacter henricii CO3
Acinetobacter olevorans CO4
Pseudomonas frederiksbergensis COS5
Pseudomonas sp. CO6

COl1 TF= A 81F°] EAISH= Arthrobacter <90
&3l AT CE Arthrobacter oryzae T2} 99.88%,
Arthrobacter sulfonivorans 9 99% o] =2
16S DNA sequence fFAIE=EE H PO MEGA 6.0
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A 211F 18015°] EAS= Pseudomonas <591 &5}
= ARTLE Pseudomonas fiederiksbergensis Ftwd5}
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¢} 99.77%, Pseudomonas moraviensis X2}t 99%
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CO3, Acinetobacter oleivorans CO4, Pseudomonas frederiks-
bergensis COS5, Pseudomonas sp. CO6Z HH3|aL Sk
ArgeedT FA 230 22k KCTC 12547BP,
KCTC 12548BP, KCTC 12549BP, KCTC 12550BP,
KCTC 12551BP, KCTC 12552BPZ 7|€}5}3iT}.
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Fig. 1. Temporal change of TPH concentrations with
microorganism application (a), without microorganism application
(b), and after autoclaving (c) at 30°C and 15°C. Error bars
indicate standard errors of triplicates.
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Table 3. Result of TPH concentration and remediation efficiency controlled by temperature and microbial addition

Initial TPH Conc.

28-day TPH Conc.

56-day TPH Conc. Remediation efficiency

freatment (mghe) (mghkg) (mghkg) )
30°C (microorganism +) 10,812+ 198" ns’ 4,133+75 a* 1,890+ 51 a 83 a
30°C (microorganism —) 10,954 £ 160 ns 7,955 +£266 b 5,086 +438 b 54 b
30°C (autoclaved) 10,821 £637 ns 9,055+222 ¢ 8,986 +335 d 17 d
15°C (microorganism +) 10,434 £ 363 ns 7,268 + 448 b 4,661 £365 b 55 b
15°C (microorganism —) 11,061 £516 ns 9,093 +36 ¢ 7,092 +87 ¢ 36 ¢
15°C (autoclaved) 10,927 £275 ns 10,093 +53 d 9,892 +£392 d 9d

*The values are given as mean + standard deviation (n=3).

*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p <0.05).

*None significant.
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Fig. 2. The number of total microorganisms (a) and crude oil
degrading microorganisms (b) through landfarming.
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Table 4. TPH degradation kinetics with different application of isolated microorganisms

Microorganism + biodegradation rate Microorganism — biodegradation rate Autoclaved removal rate coefficient

Temperature coefficient (k, day™) coefficient (k, day™) (k, day™
30°C 0.0311(0.0190y* a* 0.0137(0.0082) b 0.0033 ¢
15°C 0.0144(0.0108) a 0.0079(0.0055) b 0.0018 ¢

*Means in the same row with different letters differ significantly by Duncan’s Multiple Range Test (p <0.05).
Means the number in the parenthesis indicates TPH degradation rate coefficient considering the effect of volatilization.
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