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Bioremediation of Petroleum Hydrocarbon Contaminated Soil by Bioaugmentation

Products
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School of Environmental and Municipal Engineering Xi’an University of Architecture and Technology Xi’an 710055 China

Abstract In an experimental investigation of bioaugmentation products affected on the petroleum contaminated soil. The influence of the
bioaugmentation products dose injections and temperature on bioremediation were studied. The results showed that the degradation rate was
related positively to the amount of inoculation when the dose was increased to 0.6 mg kg™' total petroleum hydrocarbon TPH degradation
rate was 87% in 48 days. The results of GC-MS indicated that the dominant petroleum constituents in oil-contaminated raw soil were 82.1% n-
alkane 16% alkene and little of others hydrocarbons such as carotane alkylnaphthalenes hopanes and steranes. The peaks amount of GC
profile decreased from 32 to 14 after 40 days of bioremediation this result indicated that branched alkanes alkene and alkylnaphthalenes were
thoroughly degraded then line alkanes hopanes and steranes were left in soil. In addition the longer part of n-alkane were degraded with rate
relatively higher while the residual fraction at the end of the test is shorter part of n-alkane because bacteria degraded the longer n-alkane to
shorter. The shorter n-alkane concentration decreased with increasing inoculation . Onetime injection of bioaugmentation products into soil clearly
improved the biodegradation efficiency higher than injection of bioaugmentation products in turn. Soil temperature also affected TPH degradation
rate. when it was 30°C TPH rate reached 80% where as when it was 20°C the TPH rate was lower to 60% which indicated higher
temperature improved TPH degradation and accelerated bioremediation.
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Table 1  Different laboratory treatment
1
/mg kg’l /C /%
1.1 0 CK 20 18
0.01 20 18 1
L.1.1 0.2 20 18 1
0.4 20 18 1
0.6 20 18 1
’ 0.2 20 18 2
1.1.2 0.4 20 18 2
0.6 20 18 2
0.2 20 18 1
$ 0.2 37 18 1
8 SY23
2
37C 48 h
1.2 2.1
1.2.1
1 2 4.3g kg!
0.01 0.2
0.4 0.6 mg kg™' 8d
2% 10% 25% 40%
24h CK 3% 48 d
47% 68% T19% 87%
1.2.2 CK 16% . 10
TPH OCMA-350
GC Trace2000 Ms
Voyager DB-5 30 m 0.25 pm 0.6 mg kg™
30~450  6.10 min 0.0l mg kg™’
) 100°C min 10°C 20d
200°C 5°C/min 280°C 10°C
250°C..
pH pH 11
Inc =Incy — Ky ¢
1.3 c mg kg™ K;
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Fig.1 Curve of remaining TPH concentration in soil on
different bacteria dose condition 125
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Fig.2 Curve of TPH degradation rate on different
bacteria dose condition 5
Inc .3
Inc, K, 2 48 d
m/z
by =1In 2/K, . 2 m/z 57
CK [ CH,—CH,—CH,—CH,] — mlz 97
300 d ?H%
Ky CH3—CH2—(‘:—CH2—CH2—
0.6 mg kg™ ".
CH,§
2
Table 2 Half-life of the petroleum contaminant in soil m/z 55
on different dose condition [ CH;—CH=CH—C ] - . 3
R K
/mg kg™ T /d
48 d
1 CK ¢ =424 6e~ 00022 0.96 0.00225 308
2 0.0 c=4023¢""™02 096 0.0302 23 100%
3 0.2  c=418%3  0.96 0.0373 19 0.4 mg kg™
4 0.4 c=42037005% 0.96 0.0454 15
5 0.6 ¢=4299¢ 0004 0.97 0.0604 11

0.6 mg kg™ 97.4%
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Table 3 Peak area and removal rate of Aklane & Aklene
in soil under different dose conditions 5
48 d %
GC-MS
P m/z =55
e e mlz =57 mlz=97
Alx10° /%  AIx10°  7/% AIx10°  7/% -
CK 2303.0 142.0 410.0
0.01 278.0  87.9 0.0 100.0 6.0 98.5 SY23
0.2 261.0 88.7 0.0 100.0 5.0 98.7
0.4 81.0 96.5 0.0  100.0 0.0 100.0
0.6 61.0 97.4 0.0 100.0 0.0 100.0
3
kg 0.2 mg
0 4 8 40 48d GC-MS
4 4. 4 4d
98.5% 8 d 40 d
87.9% 41% 53%
8d 74.9% 48 d
91.0% 100% Ph 2 6 10 14-
1.45
4
1.30
Pr2 6 10 14 -
1.25
g
3 CK S o
= 075
48 d 0.50
8d 025
0 I I | I | I I
40 d 10.0 150 20.0 250 30.0 35.0 40.0 450 50.0
32 t/min
14 4
Fig.4 TIC of remaining TPH concentration
in soil during bioremediation
4
Table 4  Analysis of petroleum hydrocarbon after inoclumn microorganisim
m/z =55 m/z =125 m/z =128 m/z =191 m/z =217
mlz =57 mlz=97
Ax100 9%  Ax10® W%  Ax10° /% Ax10* 9% Ax10® W% Ax10® 9% Ax10® 9%
0d 9255.0 981.0 1998.0 119 26.0 84.0 11.2
4d 6524.0 87.9 577.0 41.0 6.0 98.5 113 5.0 4.0 86.4 82.0 2.3 9.53 14.9
8d 3489.0 88.7 246 74.9 5.0 98.7 10.7 91.0 0.0 100.0 82.0 2.3 5.7 49.1
40d 981.0  96.5 0.0  100.0 0.0 100.0 0.0 100.0 0.0 100.0 39.0 53.0 3.0 73.2
44 d 242.0 97.4 0.0  100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0
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