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Abstract:In this study, bioremediation of petroleum—contaminated soil was investigated using 4 mixed cultures and organic fertilizer. The
degradation efficiency, the concentrations of the 16 priority PAHs, the dehydrogenase activity, pH, the cation exchange capacity (CEC )and
microbial diversity of the soil were monitored for different treatments in pot experiments. The resulis showed that the addition of organic fertil—
izer(humic acid, NovoGro and biological organic calcium )and mixed microbes(4% addition of mixed cultures )notably improved the futility of
the saline soil. The pH of the treated soil was stable at 6.9 and CEC increased to 201.94 cmol-kg™. Combination of the 4% microbial consor—
tium and organic fertilizer provided the greatest degradation efficiency. With this treatment, the total concentration of petroleum hydrocarbon
decreased by 73% and most of the PAHs decreased significantly. The degradation percentages of naphthalene, anthracene, benzo(a)pyrene
and benzo(g,h,i )perycene were 65.5%, 57.7%, 74.7% and 55.5%, respectively. Both the abundance and diversity of soil bacteria were stimu—
lated during the bioremediation process.
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Table 1 Physical and chemical properties of soil
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Figure 1 Changes of soil pH with time
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Table 2 Changes of CEC with time

} CK 2% 4% 8%
A a]/d
cmol kg™
1 163.37 158.69 148.58 176.24
16 164.15 176.16 178.20 179.70
32 157.46 160.58 193.13 203.93
64 175.40 165.69 201.94 187.46

M3 pH FIRH B FAcH BB AT LIFR 1, 4% F1
8940+ AL IA TSR] T Bk, BHLAEM
BRI ABRES T 13 pH, UIGINT TS p
REJT.
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Figure 2 Degradation of total petroleum hydrocarbons with time
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2.3 AESHTL
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Table 3 Changes of PAH concentrations in soil as function of time

with 4% addition of mixed cultures

PAHs REREY e /e ke
min 1d 16 d 64 d

Naphthalene 8.39 1.6293 05857 0.562 4
Acenaphthylene 12.27 03538 0.1842 0.1957
Acenaphthere 12.69 02919 0.1465 0.1784
Fluorene 13.97 04484 02482 02912
Phenanthrene 16.5 21881 13768 1.108 3
Anthracene 16.68 04973 03304 02105
Fluoranthene 20.36 02512 0.1878 0.1909
Pyrene 21.01 08970 0.6437 05926
Benzo(a)anthracene 24.63 04073 02936 02840
Chrysene 24.76 37007 23678 25336
Benzo(b )Fluoranthene 29.6 67215 41499 7.6001
Benzo(k )Fluoranthene 29.72 12649 09829 1.8318
Benzo(a)pyrene 31.22 60.194 6 4.3537 152179
Indeno(1,2,3-(d )pyrene 36.75 49858 2.1708 5.6733
Dibenz(a, h)anthracene 36.78 10.647 5 3.628 7 13.890 1
Benzo(g,h,i)perycene 3885 213066 18.8808 9.4889

R4 REEWRAIPERR

Table 4 Degradation rate of substance unidentified

o PR 2R/ %
GRE8El 16d 64 d
11.83 73.95 65.92
13.18 34.67 32.00
15.41 33.86 26.61
1825 65.80 71.53

VfRBE ST BOSRESY, QNI 4 B, e RE SR ] A9 18
TP SRS R K, BB B 2 S R T A T
MBI, X5 AR R R AL B A
o TEBANREFRLTRP,2% 4% 8% P S
BEWHEET CK,32d GEAHEB AT &S50
CK 9 1.78.3.58 .4.41 £, 1BJ2 32 d JR LS BRE TR
AL AR AN, R B A TR, XRE R
&R J5 BIREE 5 W ff s Yo s b  ERE R AL A Y
EREAFRIEW TR BB DS R
232 HEPHAEYEBENAZ L

5 HB IR ANE BB, M HERIA
BERIAIRTIA , 2% A% F0 8%AbFE + 338 41 B R B AT 2
HEET CK, {EEXFTHX 3 MBS 1 d 45 REK,
BAR 4% 8% B A R B AR = T 2904038, B4R
ZIEAHZETC L. W BT , A8 BR B SR R PRl ek
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Table 5 Total number of bacteria in soils with different treatments
RN cfu- g™

A E)/d
CK 2% 4% 8%
1 5.23x10° 5.25x10 3.27x10° 3.03x10°
32 5.70x10¢ 1.17x10° 1.16x10° 8.37x10*
64 4.60x107 1.33x10° 5.53x10 1.08x10°

20 5 30 35 40

Time/min

B 3 4% AR B H R AR IR A0 GC-MS Eig
Figure 3 GC-MS of crude oil before and after degradation with 4% addition of mixed cultures
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Figure 4 Changes of dehydrogenase activity with time
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Figure 5 DGGE profiles of bacterial community in soil with 4%

addition as function of sampling time
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