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Table | Physical and chemical properties of the experimental soil
pH (g/kg)
(grkg) (g/kg) (g/kg) (g/kg)
6.82 18.53 1.07 0.43 30.70 293 402 305
PAHs
(Bacillus subtilis)
(Bacillus licheniformis) (Bacillus TOC STOCpays 131 201 571 10:1
pumilus) (Bacillus megaterium) 5%(v/v)
(Bacillus stearothermophilus) 40°C®
150 r/min
M (Sphingobium
sp.)No. CCTCC AB 2010361
Aladdin PAHs (3 50 ml
97% 3 000 r/min 30 min
(100 ) 0.22 pm 4
1.2 PAHs ( PAHs
(LDZX-30KBS) ) 60
(ZWY-240) (CT14RD) 20 g 50 ml
(SW-CJ-ID) (SIGMA) 20 g
(RE2000B) (KQ5200B) 10.0 ml lh 4000 r/min
(Agilent 1200) 5 min 3.0 ml
1.3 1:1
40
2.0 ml 0.22 pm =20
PAHs
5 mg/kg 93.2% 90.7%
HPLC 4.6 mm x 150 mm
PAHSs C18 =90:10
40°C 150 r/min 1 ml/min 30C 20 pl
24h 8000 r/min 5 min 254 nm 240 nm
3 2
600nm OD
1.0 2.1
PAHs
3 1
2:1 251 311
( ) 200g 30
150 ml 50.0%

31.7%
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Fig. 1 Removal curves of phenanthrene (A) and pyrene (B) in soil slurry with time in sterilization system and mixed microbes system
PAHs 2
PAHs ( R* 0.72)
6
18 87.6%
92.5% 2.2
PAHs (P<
0.01) 12 18 PAHs
(P>0.05) 18
24 (P>0.05)
18 2
2
2
201 25
C=Cope™ c ¢ 3:1 4 6
Co A 2:1 25:1
301
2
" e E A . . 12
*2 REGKREFARERMEEHMENEHARBIEM
EERIPE RN N F RS
Table 2 Degradation kinetic equations and parameters for phenanthrene
and pyrene in sterilization system and mixed microbes system
PAHs R (d)
C=5.549¢ "% 0.95 29.8 18
C=5.763¢ %" 0.89 55.6
C=3.388¢ "7 0.72 1.8
C=5.490¢ "% 0.97 49 3
3 201
3.1 2501 3°1
29.8 55.6 3.6 3.9
1.8 21
49 5.0 25:1 31
5.8 5.9
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Table 3 Degradation kinetic equations and parameters for

Influence of water/soil ratio on the degradation of phenanthrene (A) and pyrene (B)

phenanthrene and pyrene in different water/soil ratios TOC
PAHs R (d) TOCppys 1:1 21 51 10 ° 1 5 10
201 C=4.309¢""" 0.75 3.1 25 50 mg/L
C=6.033¢ """ 0.96 5.0 12
2501 C=4.299¢ "' 0.68 3.6 4 5
C=6.717¢ " 0.96 5.8
301 C=4.508¢ "' 0.74 3.9
C=6.641e """ 0.97 5.9 10 mg/L
(5 mg/L)
(P>0.05)
(P>0.05)
(5
10 mg/L)
201 PAHs
R4 RMAERRIEICREERPIERNEBRE(%)
Table 4 Removal rate of phenanthrene from soil sully with different carbon sources
TOC (mg/L)
5 10 25 50
87.6 1.1 {F
90.5+0.2 cC 947+ 0.3 aA 89.5+£ 0.0 deDE 89.6 £ 0.0 deCDE

90.1 £ 0.4 cdCD
88.9+0.1¢E

89.5+ 0.3 deDE
89.5+ 0.2 deDE

89.6 £ 0.1 dCDE
89.5+ 0.5 deDE

93.2+0.1 bB
89.9+ 0.1 cdCDE

(P<0.01)

(P<0.05)

x5 RNMTREBRARRIARFEENERE(%)
Table 5 Removal rate of pyrene from soil sully with different carbon sources
TOC (mg/L)
5 10 25 50
71.4+2.5bB
77.1 £0.4 aA 80.6 £ 0.3 aA 67.7+0.5bB 70.2+0.8 bB
69.2+0.1 bB 68.8+1.7bB 68.7+0.3bB 69.2+2.5bB
67.5+1.1bB 62.5+52cC 61.0+4.8 cdC 57.8+1.4dC
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Removal of Phenanthrene and Pyrene from Soil Slurry by Mixed
Microbes and Its Influencing Factors

LIU Yifan, ZONG Lianggang’, SHI Yanfu, SUN Mingming, DU Xiafei
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Phenanthrene and pyrene were used as representative polycyclic aromatic hydrocarbons (PAHs) to investigate
their removal efficiencies from soil slurry by mixed microbes of thermophilic bacteria and PAHs degrading bacteria and their
influencing factors of soil/water ratio, and the concentrations of glucose, starch and salicylic acid with indoor simulated
experiments. The experiments were conducted at 40°C. At this temperature, the two kinds of microbes grow and reproduce
quickly. The results showed that the removal rates of the two PAHs from soil slurry by the mixed microbes were significantly
greater than those in control (P<0.01). The maximum removal rates of phenanthrene in a single day was 20%, and that of pyrene
was 15.3%. With the progress of the reaction, the removal rates of phenanthrene and pyrener increased significantly, but the
removal reaction rate gradually decreased. The half-life of phenanthrene was 1.8 d, and less than 4.9 d of pyrene. Therefore, the
removal of phenanthrene was faster than that of pyrene. The most appropriate water/soil ratio for the removal of the PAHs by the
mixed microbes in soil slurry was 2 © 1, and the carbon source was glucose with TOCgjycose/ TOCpans ratio of 2 - 1. The results
presented in this study can provide theoretical basis and technical support for remediation of PAHs contaminated soil by mixed
microbes.

Key words: PAHs; Soil slurry; Mixed microbes; Soil water ratio; Glucose



