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ABSTRACT

The objective of this research was to study temperature as a factor effecting the
bicavailability of crude oil components during a biodegradation process by an indigenous soil
microorganism, Acinetobactor calcoaceticus. In this study, the experiments of crude oil
degradation were conducted on the batch-bioreactor system incubated at the temperatures of
20° and 30°C for 0, 1, 5, 10, 20, 40 and 60 days. Sphere shaped fired clay stones was used
as model of soil particles for studying the biodegradation of oil contaminated soil. The residual
oil fractions were determined by gas chromatographic (GC) and gravimetric analysis.

The results by the GC analysis showed that the highest percentages of total oil
removal by Acinetobactor calcoaceticus were achieved at 30°C for both the total hydrocarbons
(72.28%) and the major peak hydrocarbons (64.03%) at the end of a 60-day period. At 20°C,
the percentages of the oil removal were lower, 65.26%, for total hydrocarbons (THC) and
60.26% for major peak hydrocarbons {Cg-Csp). Oil removal determined by the gravimetric
analysis demonstrated that the highest oil biodegradation was obtained at 30°C (67.08%)
during the 40-day run, whereas the oil removal at 20°C was 46.10% during the 60-day run.
These results indicated that the GC analysis was more sensitive and accurate for petroleum
biodegradation than the gravimetric analysis. In addition, the highest rate of total oil removal
per stone surface area also occurred at 30°C during the first day of the incubation period
(31.63 mg/cm2/day), while the rate of removal at 20°C was only 22.06 mglcmzlday. At the end
of the experiment, the degradation rate decreased to-0.79 and 0.72 mg!cmzlday for 30° and
20°C, respectively. The results obtained clearly indicated that high temperature significantly
enhanced the rate and extent of the oil biodegradation. Furthermore, abiotic hydrocarbon
processes also affected the oil degradation. The results of the GC chromatograms showed
that the n-alkanes components, especially C,, to C,, disappeared more rapidly at 30°C than at
20°C. This suggested that the physical processes, such as aeration, volatilization, the
movement of a liquid medium, and oil solubilization, could contribute to the abiotic losses of oil.

In conclusion, this research could add an effective method to the crude oil

bioremediation techniques in the soil environment of tropical regions such ad Thailand.
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2.3.1 Growth Measurement
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M1371IN 1 UWNAIHAN DY abiotic removal 189 THC was MPH NmuNN 20° uaz 30°y

Jarsvualanly ge
20° 30°
Days THC MPH THC MPH
(%) (%) (%) (%)

] 0 0 0 0
1 42.84 19.56 33.29 24.84
5 53.17 37.14 4411 28.63
10 47.52 30.35 56.20 4255
20 54 17 44.26 51.64 43.91
40 56.53 38.80 65.17 51.48
60 42.30 29.34 47.92 37.77

Fy

4 4
AT IIN 2 UAAJIHAT DY abiotic removal 189 THC 183 MPH NNV 20° ua: 30°w

as1evinalay gravimetric analysis

20° 30°
Days oil removal oil removal
from stones (%) from stones (%)

0 0 0

1 19.99 28.47
5 30.64 32.03
10 36.34 48.83
20 28.66 42.20
40 44 95 4712

60 46.19 41.24

13



233 ua'uaoqmnqﬁﬁﬁdamﬁauamn&%ffuﬁu {ay Acinetobactor
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Acinetobactor calcoaceticus Wwazn1sWaouuURg pH luszuuthdelu
&N W biotic Wa: abiotic Lﬂu'lﬂmuzﬂﬁ 4 uaz 5 MNAIAL
2.3.3.3 msulSsuiisy nisdesaaiori1ainsznite GC ua: GM
TamuSouidisuiRewtdBnsia glunsdaiunmmssan
s tisssnmsld oe 1 IwdEREsanTuet N udlWnadon
TATLDUN HAVDINMINAADITININ GC uaz GM uamﬁuazt'é'uaaglu
a7 3 lasdumanSoufisureadafiduduas total oil removal a0
M7t 4 wuhinsld 6c mwnsndemizdmsdesaaoiniwle

sensitivity @an3INTIE GM 1nn faudiszAuaunninfiena

14



107

100
E
< q0s
g
[«
L& ]
L
< 107
g
=
(=)
=
108
105 T T 1 B T ki 5
0 10 20 30 40 50 60

Incubation time (days)

31!?; 4 Growth patterns and pH changes of Acinetobactor calcoaceticus at the

temperatures of 20° and 30° C.
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‘iﬂﬁ 5 The pH changes under the biotic and abiotic processes at the temperatures of 20°
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and 30 C.
a1391 3 wWSsuifisunisiiansiuanisdasaatslas3s Gas Chromatography

(GC) uaz Gravimetric Method (GM)

20° 30°
Days GC GM GC GM

0 0 0 0 0

1 45.95 26.68 36.32 36.38
5 49.40 38.16 50.26 29.69
10 69.90 44 84 64.19 35.11
20 56.22 43.78 73.13 4245
40 59.10 42.15 63.43 67.08
60 65.26 46.10 72.48 46.76




Chromatograms 184N UATIZWGY GC flaomnll 20° uaz 30 e

v

uamag;'lugﬂﬁ 6 uar 7 nItasFMUHIaTaIgMMnl 30°w (Aelulun
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.3.3.4 A INTHANAI LRI

N

aasImstasaasvindulasuwunfisy Acinetobactor calcoaceticus
= . o e - .~
7 20° uaz 30°1 lousaa I luensnd 4 uRz3un 9 AINATILAU LA TN
" v ov - -9 d -9 e H [ =] »
dandasrashuiagiganawnnd 30°7 lwiun 1 ussdasnistay
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@13197 4 @sanisdasaanidndonitoni e ﬂqmngﬁ 20° uaz3o’y
20° 30°
Days Qil removal Rate of oil Oil removal Rate of oil
per surface removal per per surface removal per
area (mglcmz) surface area area (mgfcmz) surface area
(mglcmz) (mg!cmz)
1 22.06 22.06 31.63 31.63
5 33.91 6.78 22.96 4.59
10 31.81 3.18 23.14 2.31
20 33.69 1.63 29.60 1.48
40 29.39 0.73 57.56 1.44
60 43.52 0.72 47.24 0.79
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31]‘7’1 6 Chromatograms of the residual crude oil after the degradation by Acinetobacdtor

calcoaceticus in each reactor incubated at 20°C.
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‘iﬂﬁ 7 Chromatograms of the residual crude oil after the degradation by Acinetobactor
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calcoaceticus in each reactor incubated at 30°C.
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Amount of 0il removal (%)
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EﬂﬁB Percentage of oil removal using gas chromatographic analysis (GC) after the

degradation at 20°C and 30°C.
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