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(0~15cm)
1.2
2 mm 4°C 1.2.1 5
pH 6.4 23.4 g/kg (B)
14 09 123 gkg (A)
21.5 cmol/kg 16 EPA (TA)
PAHs 9928.98 ng/kg 2 ~3 4 (RA)
5 PAHs 22.08% 51.32% 16.02% (TRA) 4
(D 1.5 kg 150 g
N 60%
F1 HiXEED 16 7 EPA SLER PAHs W EREX
B & PAHS BEMEH Ik 10
Table 1 Concentrations and percentages of 16 PAHs listed as 10
priority pollutants by the US EPA in tested soil .
(25C 12h / )
PAHs (Mg/kg) (%)
NAP 108.72 £0.16 1.1 60
ACY 163.24 £0.08 1.64 100 PAHs 60
ACE 122.74 £0.26 1.24
FLR 128.56 £ 0.87 1.29 1.2.2
ANT 398.4 +5.37 4.01 ol
PHE 26078 +0.31 2.63 (0.1 ~1 pm) (1~5pm)
FLN  1406.74 +7.78 14.17 (5 ~50 um) (50 ~ 250 pm)4
PYR  1180.26+7.05 11.89 (] 50 g 1L
[a] BaA 721.68 £ 0.53 7.27
CHR 776.52 £3.06 7.82 300
[b] BbF 1250.38 + 6.45 12.59
[k] BbF 1166.22 £6.19 11.75 50 ~ 250 um
[a] BaP 813.82 +3.31 8.19 L
[1,2,3-cd] InP 419.06 + 5.38 4.22
[a,h] DbahA 341.28 £1.96 3.44 (2] 10-cm
[g.h,i] BghiP 711.08 £5.50 7.16
9.928.98 + 54.29 100 10 cm
5~50 um
(Medicago sativa L.) 100 ml
1 ~
5 um
(Rhizobium meliloti) 100 ml 4 500 r/min 54 min
(Trichoderma ressei 0.1 ~1 pum
FS10-C) [13] 94.2% ~ 101.3%
(ODggo= 1 10%) CNS (14]
(10® /ml 10%) 1.3 PAHs
(mim 1:1) 28°C 20¢g 20g
72 h 70 ml
16  PAHs 24 h
Dr. Ehrenstorfer (36C) 2.0 ml
0.5 ml
(wvv 1:1) 1.0 ml
GC-MS Tedia 2 ml
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2.0 ml - (GC-MS) C G C G 4 PAHs
(13161 Co PAHs
Agilent 7890GC- Ci% C% C% Ci%
5975MSD DB-5 4.3% 41.32%
(30 m x 0.25 mm x 0.25 um) EI 24.46%  24.72% PAHs
Chemstation 250C 96.38%=20.7%
50°C Imin  25°C/min 200°C PAHs
8 ‘C/min 280 C 1 C/min 283°C SPSS 19.0
2 C/min 290°C (He) 1 ml/min
1wl (ED) )
70 eV 260°C
230°C (m/z)60 ~ 640 amu 2.1 PAHs
14
PAHs (%)=(C,—Cp)/C,x100% 1 4 PAHs
C. PAHs Gy
PAHs PAHs 18%
PAHs PAHs

(%):(C] XC1%+Crx Cy%+C3x C3%+Cyx C4%)/Co>< 100%
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PAHs 60% PAHs 1 ~5pm
PAHs TRA PAHs
TA PAHs
PAHs 5~50 um 4 PAHs
4 PAHs ( 25%) A
2 3 4 PAHs PAHs 50 ~250 pm PAHs
PAHs 5 PAHs TA TRA PAHs
4 PAHs 70% 3 RA TRA
PAHs PAHs
2 2 100
[ w2 0.1~1
3 PAHs 4 90 1~5p#1m
5 PAHSs 2 80 30 250um
PAHs( ) 9 70
PAHs s 601
(18] % 50 &\\
2 40f A
PAHSs Z ol §
.
m 20 §
PAHs 10F §
A TA RA TRA
Ab3
4 3 4MAET HIELRRRZES P PAHs BIMERER
PAH Fig.3 Degradation rates of PAHs in different particle-size fractions
s after four treatments
PAHs 3 4
PAHs PAHs
01~1luym 1~5um
zg PAHs PAHs
54 PAHs
48 PAHs
x
g Sanchez-Trujillo "' PAHs
e PAHs PAHs
z PAHS 3
<24
18 PAHs 50% 4A 4B
12 4 2 3 PAHs
6 20% PAHs
4C 4 4 PAHs
vzt TRA 50 ~ 250 pm
2 4 MR LD REIRG PAHs BIFERER PAHs 20%
Fig.2 Degradation rates of PAHs with different rings after four
treatments 4 PAHs
PAHs
2.2 PAHSs 4C A RA TA 4
PAHs 5~50 um 50 ~250 um
3 4 PAHs TRA 1 ~5pum
0.1 ~1pum 50 ~ 250 pm PAHs 50 ~250 um

PAHs
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50 ~ 250 um 4  PAHs 4D 4 5 PAHs
50 ~ 250 pum PAHs
PAHs 4 PAHs
[20] 0.1 ~1pum
I ~5um 50 ~ 250 pm
50 ~ 250 pm 5 PAHs
0.1~1pm I~5um B8 5~50pm E==350~250pm
25 - 40 -
L (A) | (B)
20
I . 30F =
S 10- g\- 20F == E
ol Ea == = =
x5 Z 10} S = =
o z 10 = = =
= ~ — =
< — =
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|
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L
S

PAHsZEH# (%)
L | —_ = DN W
o wn <o w o wn (=) w o

L
W
T

RA
UL

TA

PAHsEBRER (%)
8

-10-

TRA

RA T
Qb3

TRA

4 FEAET 2IKA) 3IRB). 4IK(C). 5 I (D)PAHs 7 4 MIESEE X PAHs BIEFRE
Fig. 4 Degradation rates of 2-ring (A), 3-ring (B), 4-ring (C), 5-ring (D) PAHs in four particle size fractions after four treatments

4 TA PAHs

PAHs

PAHs 4 PAHs
PAHs RA PAHs
50 pm

Najat 12!

PAHs

PAHs
PAHs [k] 5

5A
[k]
TA RA
5B
(k]
5B
PAHs

PAHs

[K]

TA



47

716
0.1~1pm [~5um @l 5~50pm E=50~250pm
100
A L (B
o0l (A) 80} (B)
70
60 |
50+
S 3 40}
& g 30
HI;" 20t
jasi
= = 10t
0
—10l
=20
=30
A TA RA TRA A TA RA TRA
Qb3 b3
5 FEALETIEPEHKIREQ)SEGB)EREREZE P BIPERE
Fig. 5 Degradation rates of BKF and PYR in four particle size fractions after four treatments
2.3 PAHs PAHs
PAHs
PAHs
22 PAHs -
(23 6 4 3
(50 ~ 250 pm) >
— PAHs
(1 ~5pum)> (0.1 ~1 um) > (5 ~ 50 pm)
60%
PAHs
A PAHs > > >
PAHs
24 051 PAHs
Ni (2 3 )PAHs
m= PAHsE + AHUG A " (20% ) 4 PAHs
5 PAHs
30 000f Y 116
TRA" PAHs
A 14
25 000f . _ 2 PAHs 3
oD 12 &
3 20000} E\H PAHs 3
= 10
= s PAHs
&z 15000} s ®
£ 10000} . 1°
14 [1] Thorsen WA, Cope WG, Shea D. Bioavailability of PAHs:
5000F © - 15 effects of soot carbon and PAH source[J]. Environmental
|‘| - H - H |_| H Science and Technology, 2004, 38: 2 029-2 037
A becdabeda e dabocd [2] Lake JL, Norwood C, Dimock C, Robert B. Origins of
btz polycyclic aromatic hydrocarbons in Estuarine sediments[J].
(@: 0.1~ 1 ums b: 1~ 5 um: ¢: 5 ~ 50 wm; d: 50 ~ 250 ) " Geochim Cosmocim Acta, 1997, 43: 1 847—1 854

6 TIELRRERET PAHs 5EHN RS HME
Fig. 6 Distribution of PAHs and organic content in soil four particle
size fraction

PAHs 1. , 2008,
28(8): 742-747
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Combined Effect of Plant and Microorganism on
Degradation of PAHs in Different Particle Size Fractions

ZHOU Yan'?, TENG Ying®', YAO Lun-fang'*, REN Wen-jie>, DING Ke-qiang®, LI Zhen-gao”, LIU Fang',
LUO Yong-ming®, ZHU Ye’

(1 College of Resource and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2 Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China; 3 Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: A pot experiment was conducted to explore the combined remediation of microorganisms (Trichoderma reesei
and Rhizobium meliloti) and alfalfa stimulated the degradation of PAHs by rhizosphere microflora in different particle-size
fractions of soil aggregates. Soil aggregates were partitioned into 4 particle-size fractions (clay: 0.1 — 1 pum, fine silt: 1 — 5 pm,
silt: 5 — 50 pm and fine sand: 50 — 250 um) by using the method of centrifugation in five treatments. The results showed that the
degradation rate of PAHs in soil treated with Rhizobium meliloti with alfalfa was 60%. The distribution of 16 PAHs
concentrations in different soil particle size composition was in the order of fine sand silt fine sand clay, besides,
low-molecular (2, 3-ring) PAHs was not degraded and but transferred in different size of particles (degradation rate less than
20%). The degradation of 4-ring PAHs occurred mainly on silt and fine sand soil particles and 5-ring PAHs degradation on the
clay. Hence, the distribution and degradation of PAHs in different size of particles has a great significance on remediation of
PAHs polluted soil.

Key words: Polycyclic aromatic hydrocarbons; Alfalfa; Trichoderma reesei; Rhizobium meliloti; Soil particles;

Degradation



