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Isolation, identification and degradation characteristics of
microorganisms in petroleum contaminated soil
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Abstract:In order to provide excellent strains for microbial remediation of gasoline-contaminated soil, the
gasoline-degrading bacteria were isolated and identified from petroleum-contaminated soil using LB medium

as the substrate, and the gasoline degradation rate was determined by using the oil-reducing medium as the
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substrate. Single factor test was carried out on five strains with excellent gasoline degradation performance
at culture temperature, medium pH and culture time. Based on the single factor test results, three factors
and three levels of orthogonal test were carried out to degrade with gasoline. Response surface analysis of
test results with gasoline degradation rate response, screening of strains with excellent degradation
performance and determining the optimal conditions for the degradation of gasoline by the strain. The
results showed that nine strains with gasoline degradation properties were isolated from petroleum
contaminated soil. Among which Pseudomonas aeruginosa, Pseudomonas, Pleurobacter, Bordetella and
Goldenella had excellent degradation performance. The optimal conditions for determining the degradation
of gasoline by these five kinds of bacteria as follows: The optimum culture temperature for Pseudomonas
aeruginosa » Pseudomonas ., Pleurobacter, Bordetella and Gordonia is 32°C ,the pH of the medium is 7.0
and the culture time is 20 h. The degradation rates of gasoline in the oil-reducing medium are 70.12%, 76.
42%, 75.66%, 77.50% and 73.22%, respectively.

Keywords: petroleum contaminated soil; gasoline degradation rate; microorganisms; orthogonal test;

remediation of contaminated soil
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Fig.1 Gasoline contaminated soil

1.2 ExE

LB B bk BeRER i 5 o/ L B H ik 10 g/
L, S@Ak#h 10 g/L. 3 g 15 g/L, Bl 200 mL,pH {H
WA N 7.0,121 CKH 20 min,

Wb 35 #% 3. NaCl 10 g, NH,Cl 0. 50 g,
KH,PO, 0.50 g, K,HPO, 1.0 g, MgSO, 0.50 g,
CaCl, 0.1 g, KC1 0.10 g,FeSO, « 7H,0 0.01 g,7&1%
7K 1000 mL,95 55 4 g, pH{HE 7.2,121 CKH

20 min,
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Table 1 Single factor test plan
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Fig.2 Morphological characteristics of colonies on flat plates
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F) A NCBI ¥ % Chttp: //www. ncbi. nlm. nih. gov)
Y Blast %0 77 45 A0 C R 51 BEFT He X 43 3
FALEE B AR Y S 5@ S5 R Ry T/ 1 4 A i T
(Pseudomonas aeruginosa ), FH 2 H R 8 M #H 8
(Pseudomonas) s & 3 NE A H @ (Pleurobacter) ,
4 AR ICE & (Bordetella) s T 5 2 3% [ &
(Gordonia) , 7 6 N6 52 ZF B & (Bacillus) s @ 7
F 18 AE A S FE B (Acinetobacter) s [ 8} B F6 AN 8 AT
W (Acinetobacter junii), 1§ 9 k18 B 2f 4@ A
(Bacillus licheniformis) s HARLZ KT 99.9% .
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Table 2 Physiological and biochemical characteristics of strains
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Table 3 Gasoline degradation rate of nine strains

4 Wi &/ (g« LY Yo
45 o4 2.d 1d 6a  MEER/%
B 1 3.294 152 1190 70.25
B2 1 2.893 128  1.025 74.37
B3 4 3.41 1362 1.112 72.20
B4 4 2.78 1185 0.995 75.13
5 1 3325 148 1.201 69.98
B 6 1 3452 1.982  1.420 64.50
% 7 1 3.78 2031 1.980 50.50
e 4 3.82 2122 1.857 53.57
9 4 3.95 2.095  1.880 53.00
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Fig.3 Effect of culture temperature on the degradation

rate of five kinds of bacteria
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Fig.4 Effect of medium pH on gasoline degradation rate
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Fig.5 Effect of culture time on the degradation rate of

five kinds of bacteria
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Table 4 Experimental factors and level

A B C

e HORIE/C HORE pH KRN/
—1 29 6.5 16
0 32 7.0 20
1 35 7.5 24

MR BT A IE A 2 00 T A AT SRR X R A
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Table 5 Orthogonal experimental results of five bacterial degradation rates

IEAC SR AR T 220 Hr i3 6~ 10 o .

IR AR/ 0
2 A B (
1 W2 T 3 W 4 W5
1 0 0 0 70.18 76.42 75.68 77.46 73.25
2 —1 1 0 69.02 73.19 72.15 75.13 68.81
3 —1 0 1 69.33 73.36 72.23 75.12 68.85
4 —1 0 —1 69.31 73.21 72.11 75.03 68.72
5 0 1 1 69.43 73.40 72.24 74.47 68.92
6 1 0 —1 69.29 73.29 72.17 75.11 68.79
7 0 0 0 70.12 76.38 75.67 77.50 73.26
8 1 —1 0 69.24 73.30 72.15 75.08 68.84
9 1 1 0 69.36 73.38 72.26 74.48 68.87
10 0 0 0 70.18 76.45 75.66 77.61 73.25
11 0 0 0 70.2 76.43 75.68 77.52 73.25
12 0 —1 —1 69.34 73.25 72.20 75.02 68.74
13 0 1 —1 69.39 73.38 72.16 75.03 68.79
14 —1 —1 0 69.24 73.33 72.11 75.10 68.80
15 1 0 1 69.38 73.39 72.28 74.49 68.91
16 0 —1 1 69.35 73.36 72.20 75.14 68.88
17 0 0 0 70.15 76.42 75.67 77.61 73.24
6 HIEXIBERNAEDN
Table 6 Analysis of variance of orthogonal experiment results of bacteria 1
BiH -5 Fil SRty S ¥75 F {8 P Bk
1o 75 2.71 9 0.30 91.75 <20.000 1 *%
A 0.017 1 0.017 5.21 0.056 4
B 1.125X10* 1 1.125X10* 0.034 0.858 4
C 0.003 2 1 0.003 2 0.97 0.356 5
AB 0.029 1 0.029 0.001 53 0.020 9 *
AC 1.225X1073 1 1.225X1073 0.37 0.560 7
BC 2.250x 1071 1 2.250 X101 0.068 0.801 1
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it H V5 A B ¥75 F i Py B
A? 1.05 1 1.05 321.08 <0.000 1 %%
B2 0.85 1 0.85 260.13 <£0.000 1 3
C? 0.48 1 0.48 146.43 <0.000 1 %%
B 2% 0.023 7 3.285X 1073
S8 0.019 3 6.358X 1073 6.49 0.051 3 ne
N 3.92X1073 4 9.8x10*
W PRI o "R  “ne " RARA W .
RT RA2EXEHRERNAEDN
Table 7 Analysis of variance of orthogonal experiment results of bacteria 2
it H 05 A R ¥75 F Py M
R 34.52 9 3.84 2 042.52 <<0.000 1 %%
A 1.125X10* 1 1.125X 101 0.060 0.813 7
B 0.021 1 0.021 11.19 0.012 3 *
C 0.018 1 0.018 9.61 0.017 3 *
AB 0.068 1 0.068 36.00 0.000 5 *%
AC 6.25X10"* 1 6.25X 107! 0.33 0.5821
BC 2.025X 1073 1 2.025X1073 1.08 0.333 6
A? 10.95 1 10.95 5 833.68 <<0.000 1 x5
B2 10.48 1 10.48 5 583.26 <<0.000 1 *x
C? 9.35 1 9.35 4981.24 <£0.000 1 %
bk 2% 0.013 7 1.878X103
SR 0.010 3 3.408X107* 4.67 0.085 4 ne
ali i3 2% 2.92X10* 4 7.3X1073
TE " "RIOR B ox VR E s ne " RIRAWE
x8 BHIEXERLERMWAESW
Table 8 Analysis of variance of orthogonal experiment results of bacteria 3
it 5 A ih ¥r F i P {H I
Y 43.11 9 4.79 14 452.75 <20.000 1 %%
A 8.45X1073 1 8.45X1073 25.50 0.001 5 %%
B 6.05X 1073 1 6.05X 1073 18.25 0.003 7 %%
C 0.018 1 0.018 54.46 0.000 2 %
AB 1.225X1073 1 1.225X1073 3.70 0.096 0
AC 2.5X10°° 1 2.5X1073 0.075 0.791 5
BC 2.5X107° 1 2.5X10753 0.075 0.791 5
A? 12.85 1 12.85 38 762.16 <C0.000 1 x5
B2 13.07 1 13.07 39 430.75 <<0.000 1 *
C? 12.63 1 12.63 38 099.29 <<0.000 1 %%
B %= 2.32X1073 7 3.314X 10
B3R 1.8X1073 3 610 4.62 0.086 8 ne
afi R 2% 5.2X10°* 4 1.3X10 4

T 0 PFROR B e PRI e " RARA R
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Table 9 Analysis of variance of orthogonal experiment results of bacteria 4
it H 07 # B ¥o7 F 8 P {8 2
LAY 24.34 9 2.70 1091.50 <£0.000 1 x5
0.19 1 0.19 75.09 <0.000 1 *x
0.19 1 0.19 76.32 <0.000 1 *x
C 0.12 1 0.12 47.47 0.000 2 *x
AB 0.099 1 0.099 40.04 0.000 4 *x
AC 0.13 1 0.13 50.86 0.000 2 *%
BC 0.12 1 0.12 46.65 0.000 2 %%
A? 6.81 1 6.81 2.749.38 <C0.000 1 *x
B2 7.06 1 7.06 2 847.50 <0.000 1 %%
C? 7.17 1 7.17 2 891.67 <0.000 1 %%
b2 0.017 7 2.478 X103
A 3.825X1073 3 1.275X 1073 0.38 0.775 4 ne
aliif 2% 0.014 4 3.38X 1073
W PRI B o "RIRIM B “ne " RR A BE .
£10 W5 EXEREROFENN
Table 10 Analysis of variance of orthogonal experiment results of bacteria 5
it H 07 A B ¥o7 FAi P i .
2 69.10 9 7.68 79 620.51 <£0.000 1 *%
A 6.613x10°3 1 6.613X1073 68.57 <C0.000 1 %%
2.112X1073 1 2.112Xx1073 21.91 0.002 3 *%
C 0.034 1 0.034 350.52 <20.000 1 %%
AB 1X1074 1 1X1074 1.04 0.342 4
AC 2.5X1073 1 2.5X1073 0.26 0.626 3
BC 2.5X1073 1 2.5X1073 0.26 0.626 3
A? 20.70 1 20.70 2.147 X 10° <0.000 1 %
B2 20.43 1 20.43 2.11X10° <0.000 1 %%
C? 20.66 1 20.66 2.142X10° <£0.000 1 %%
5k 2% 6.75X 107" 7 9.643X107°
ES 7R 4.75X107° 3 1.583X 10+ 3.17 0.147 3 ne
4R % 2X107! 4 5X107°
W = "RIR B o "RIRR B “ne " RR A BE .
HIZE 6~ 10 Al 0xX 5 MR F {20500y BRI >89 2k pH fED 5 th 22 7 nI R0 X i 2 1)
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TR >R 9738 pH D .

FIH Design-Expert 8.0.6 8 {4 Bt A K i ix 5 4
B GBS R0 1 1 W R R IR 3214 C,
B B Ak pH {H M 7.00, 5 85 35 B R 420,12
h 78 6250 55 8 00 A0 i R A R oM 70,167 4045 1 2
1 s FE S SR IR O 32.00 C L B R EL 0 Fe i pH (H N
7.01, FefERY S RS )25 20.07 h, 78 B0 45 10 T 5 Y
VMR N 76,416 8% T 3 MR SR IRIE N
32.03 C,Kr R W et pH (EH M 7.00, I A 15 57 0
[6]24 20.05 h, 7€ I 2% 1 F & A 9300 BE A R
75.676 6% ;5 4 BRI SRR EE A 31.84 C, 1%
R I e pH H6.97 S S FR B (8] 19.84 h, #E
I 25 B VI B AR R 77,524 6 2605 TR 5 I B
fEXE SRR R 32.02 C, ¥ FR M & 4 pH H A
7.00, Fe FERY BE TR ] 25 20.06 h, 7 BL 45 44 T 5 H
PRI B AR N 73.250 6%,

H T 3 2 g A A 1R 1 S B0 S B 4 A KT P AR
MESE I, 25 3 PR 2R T4 R B R e RN A LT
BB 1 R RE SRR R 32,1 C L B SR A [R] A
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HAT017 % s 2 BREFREE pH AN 7, 155
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HONT6.42 % s G TR 3 1 K5 IR TR N 32.0 C L H
FEEFEIR 20 h, 76 BE 45 78 T E AT 52 56 45 21 /) 730 B
fift R A 75.66 %0 5 85 B 4 1 R IR IR A L N 31.8 C,
Kigek pH {H A R 7.0, Kr F2 B (8] 24 20 h, 76 BE 4%
PR HEAT S0 A5 2 1 VR B AR R R 77.50 00 s K 1A 5
B RE IR B R Bl 32 CL K5 FRF A 20 h, 7 L 4%
PR HEAT S50 A5 20 WP B A R oM 73,2204

3 iR

) AT IS G A= dr J3 25 1 0 9 Bl TR 43 3 - 4
SR AR PR A BN R R L R B R L AR AR TG
J& X8 TR & | W2 ZE AT I FE S S AT I L B
IRANBIAT B DA LG8 % 2R F T 1 B R B — &
) R fifk HE T

2) Wi 35 HH P i A5V T A A B T 1Y) 5 A R A 4%
A M A AR R M TR A AT AR L TS R IR R R
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