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ABSTRACT

Landfarming that supplies aerobic biodegradation condition to indigenous microbes in soils is a biological remediation
technology. In this research, volatilization and biodegradation rate by indigenous microbes in the soil contaminated with
total petroleum hydrocarbons (TPH) were measured. Soils were contaminated with diesel artificially and divided into two
parts. One was sterilized by autoclave to remove indigenous microorganism and the other was used as it was. Various
moisture contents and number of tillings were applied to the soil to find out proper condition to minimize volatilization
and enhance bioremediation. Volatilization of TPH was inhibited and biodegradation was enhanced by increase on
moisture content. Tilling was usually used to supply air for microbes, but tillings did not affect the growth of microbes in
our study. Enough moisture content and proper aeration are important to control volatilization in landfarming. Also, TPH
degradation was a function of the microbe counts (x;), numbers of tilling (x;), and moisture content (x;) from the
application of the response surface methodology. Statistical results showed the order of significance of the independent
variables to be microbe counts > numbers of tilling > moisture content.
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(a)
N Moisture
on- content
sterilized soil -15% 20% 25% 30%
Moisture
Sterilized soil C:’:;“t 20% 25% 30%
- o
(b)
Number of
N°"‘_" . tilling One time One time everyday
sterilized soil | | "\ tilling three days two days
Number of . .
Sterilized soil | | tilling One time One time everyday
- No tilling three days two days
Fig. 1. Experimental setting, (a) Moisture content (b) Number of tilling.
Table 1. Soil properties in this study
Texture Sandy loam pH 72
Organic matter 0.35% Moisture content 5%
Total nitrogen 0.032% Total microbes 4.25%10* CFU/g
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Table 2. Box-Behnken design with experimental results
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Explanatory variables

Code Microbe counts Number of tilling Moisture content
Min. level -1 0 0 20
Central level 0 SE6 15 25
Max. level +1 1E7 30 30

Coded factor

Uncoded factor
TPH removal

Run order  Microbe Number of Moisture Microbe Number of Moisture efficiency(%)
counts tilling content counts tilling content
1 -1 -1 0 0 0 25 25.75
2 -1 0 1 0 15 30 53.79
3 1 0 -1 1E7 15 20 56.26
4 0 0 0 5E6 15 25 51.44
5 1 -1 0 1E7 0 25 49.42
6 0 0 0 5E6 15 25 51.44
7 0 -1 -1 5E6 0 20 34.39
8 0 -1 1 5E6 0 30 52.79
9 0 1 -1 5E6 30 20 53.45
10 -1 0 -1 0 15 20 35.79
11 1 0 1 1E7 15 30 68.53
12 1 1 0 1E7 30 25 64.11
13 0 1 1 5E6 30 30 66.50
14 0 0 0 5E6 15 25 51.44
15 -1 1 0 0 30 25 47.31
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Fig. 2. TPH change with/without microbe at moisture contents of 15, 20, 25, 30%.
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Table 3. Regression analysis and response surface model fitting
Source DF? Seq.SSY Fo pY
Regression 9 1920.66 210.57 0.000
Linear 3 1787.25 587.84 0.000
Square 3 106.92 35.17 0.001
Interaction 3 26.49 8.71 0.020
Residual error 5 5.07
Lack-of-Fit 3 5.07
Pure error 2 0
Total 14 40.62

a) DF : Degree of freedom, b) Seq. SS:Sum of squares, c) F:F value, and d) P:P value
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Fig. 6. Response surface plot (3D) for TPH removal efficiency.
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