+ % (Soils), 2013, 45(6): 10911096

B4 R R B E A A KR E IR R I

50 mg/kg

2/8 3/8 12 1
12.4% ~ 35.8%

49.0%
33.7% ~ 52.6%
S154.5 X171.5
(1]
(2]
[3-6] [7-8]
[9-10]
1
1.1
1.1.1 Aldrich Chemical
Co. 178.24 97.0%
(

* (fenghu@njau.edu.cn)

(1984—)

210095)
(CK)
4
33.6% ~ 146%
34.5% ~ 59.6% 23.0% ~
62.8%
54.0% ~ 102.0%
(200 ~ 300 )
(Loliunmulti florum L.)
(Eisenia fetida)

1.1.2 (0 ~20 cm)

2 mm

1 000 mg/L
50 mg/kg
1

1.1.3

4 h 30%
30 min

15
1.14 KQ-250B
BUCHI(B-490) LC-20AT
(HPLC) SPD-20A

ODS Cig3 (4.6 mm x 250 mm 5 pm)
Ci3(4.6 mm x 12.5 mm)
1.2
1.2.1 Zhang '

E-mail: zm.shi@163.com
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020g (22C £17C) 2 6 16h
( 2.5 5
20 ) 4h
200 ml ( 200 EM2 EM6 EM16
40 g) 5g (< 0.2 mm)
F1 X HIHEAELER
Table 1 Physical and chemical properties of studied soil
pH (g/kg) (g/kg) (g/kg) (cmol/kg) (g/kg)
6.31 31.6 2.02 3.06 23.6 345
F2 MBIFERLFMER
Table 2 Chemical properties of earthworm mucus
pH (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
EM2 8.01 82.8 8.84 6.60 55.6 0.69
EM6 7.70 102 24.6 5.73 97.1 0.24
EM16 7.31 193 406 11.5 159 0.30
EM2 EM6 EMI6 2 6 16h
1.2.2 40°C
6h 2 ml 0.22 pum
EM6 c 1 ml/min
c 0 2/8 38 12 1 5 30C 40 pl 254 nm
CK 2/8c 3/8 1/2¢ ¢ 1.2.4
0 2/8xc 3/8xc 1/2xc ¢ Excel 2003 Grubbs
3 SPSS 17.0
65% Levene
40 g 100 ml Duncan
24 h 0.05
6
2
12 h 50% ~ 60% 2.1
25C +1°7C 18C +17C 3
65% ~ 70%
30
40 44 50 65ml 15 33.6% ~ 146% 12¢ ¢
~70°C #3 EZEYHHRE. 0 EMREHKEYSEHE (ng/HF)
Table 3 Root, shoot and plant fresh weight of ryegrass
1.2.3
[12]
CK 141£26¢ 513+24b 654+4.1b
Na,50, 25 ml 2/8¢ 216+33ab  47.1£23b  688+53b
10 ml 3/8¢ 188+ 1.5b 523+550D 71.1£690b
1/2¢ 304+6.2ab 57.7+7.3 ab 88.0+ 13.4 ab
lh 2ml 3g c 347+71a  69.7+24a 104+ 10a
I1mll:1 (P<0.05)

(5 ml + 6 ml)
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12.4% ~ 35.8%
34.5% ~ 59.6%

131 Edwards!' 75%
Zhang '
(Metaphire guillemi)
Zhang "
[11, 15-16]

COOH N-H [

2
(TAA)
[18]
2.2
1
CK
CK CK  23.0% ~49.0%
CK
(50
mg/kg) CK

30% ~ 40%

70 o HER
a o E3#
oo a iR
% 50 b b =+
£ 40 ¢
i
&30
20
10
0
CK 2/8¢ 3/8¢c 1/2¢ c
Kb
( P<0.05 )
1 TEMBEEERIERE

Fig. 1 Phenanthrene concentrations in soil and ryegrass

[19]

(R-)

0.54%

2.3

1.56%

R—

(15

(NH>—-

[20]

COOH-)

Zhang

(aging effect)

[21]

1.26% ~
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CK

62.8%

x4 LTEPEERE. BEEEREERETME
Table 4 Removals of phenanthrene in soil, phenanthrene
accumulation in ryegrass and its contributions

(ng) (ng) (%)
CK 807 +173 8.97+0.80 b 1.27+0.29
2/8¢ 688 + 132 9.94+127b 1.46 £0.19
3/8¢ 615 +229 10.7£0.5b 1.43 £0.22
1/2¢ 728 +219 108+03b 1.26 £0.11
c 750 + 79 146+0.0a 1.56 £0.28
14 - o ¥ o Hi B3R a
12+
g,) 10} . b b b ‘}
i S
o4t
2 - |‘|%| |+|% HE' b a
0 . . . .
CK 2/8c 3/8¢ 1/2¢ c
Ab3E

2 BEEWIFERKE
Fig. 2 Uptake of phenanthrene in ryegrass

1.27% ~ 1.56%
[20]

2.2

2.4 -

(Root concentration factors, RCFs)

(Shoot concentration factors, SCFs)

Mattina  *%

(Translocation
factors, TFs)

5 CK

33.7% ~ 52.6%

54.0% ~ 102.0%

*5 BREEWIHEMEVMERMEHEARY

Table 5 Bioaccumulation and translocation factors of ryegrass

CK 2.06+034a 0.102+0.021  0.050+0.014 b
2/8¢ 1.25+0.29b 0.096 +0.025  0.077 +0.009 a
3/8¢ 137+0.22b 0.082 £0.006  0.064 +0.007 b
1/2¢ 1.30+0.30b 0.102+0.015  0.082+0.023 a

¢ 0.997+0.274b  0.117+0.008  0.101 +0.005 a
[23-24] [25]
- (Kaw)
(261 (DOM)
Tween-80 -
2.2
3
(DOC) NH;-N
TIAA
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Influence of Earthworm Mucus on Ryegrass Seedling Growth
and Phenanthrene Uptake

SHI Zhi-ming, MA Li-li, HU Fei-long, HU Feng"
(College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A microcosm incubation experiment was conducted to investigate the effects of earthworm (Eisenia fetida)
mucus on the growth of ryegrass seedling and uptake phenanthrene. The tested soil was artificially spiked with phenanthrene
(50 mg/kg) and 2 treatments (ryegrass inoculated with and without earthworm mucus) were set up. According to the different
concentrations of earthworm mucus, 2/8, 3/8, 1/2 and 1 of the concentration of the original earthworm mucus were set up as the
treatments. Results showed that: 1) earthworm mucus significantly enhanced the growth of ryegrass seedling, with the fresh
weight biomass of root shoot and the total ryegrass seedlings increased by about 33.6%—-146%, 12.4%-35.8% and 34.5%-59.6%,
respectively; 2) remarkably lowered the phenanthrene concentration in root of ryegrass by approximately 23.0%-49.0%, and
elevated phenanthrene uptake of ryegrass by approximately 62.8%; and 3) reduced root concentration factors and improved the
translocation factor by about 33.7%-52.6% and 54.0%—102.0% respectively.

Key words: Earthworm mucus, Ryegrass, Bioremediation, PAHs
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