+ % (Soils), 2013, 45(6): 1048-1054

HE 5 X 555 S8 TR SR S INOR R SRS RSN

(1 210042 2 210095)
4 Zn (100 200 300 400 mg/kg)
Zn (Pheretima sp.) Zn
Zn Zn Zn
0.21 ~ 0.29
pH DTPA-Zn Zn
NOs3-N NH;-N
Zn DTPA-Zn
S154.2
[1-2] 7n
pH NH;-N NO;5-N
[3-4]
[5-6]
[7]
1
sl 1.1
(0 ~20 cm)
pH 8.15 5.18 g/kg
0.70 g/kg 0.66 g/kg Zn 62.26 mg/kg
(4] Zn 4.6 mg/kg (Pheretima sp.)
1.2
lkg 2mm ( )
1ol ZnSO, 0 100 200 300
() 2] 400 mg/kg Zn
Zn 400 g/kg
vin 13 [14]
Zn 28°C 2
(30370286)
* (fenghu@njau.edu.cn)

(1978—) E-mail ddwang78@163.com
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4 1
(+E ) 20+0.1) g 8 ml
(NoE ) (HNO; 88 mol/L pH 2)
60% ~ 70% ( ) 1 h(
3 15 min (85C)
1h 8 ml
(HNO; 8.8 mol/L pH 2)
4C 40 ml (HNO, 1 mol/L pH
2) 1
1.3 2 mol/L
pH 5:1 15 min
Beckman pH KCl 3
Olsen (NaHCO; )
NH4OAC SPSS Duncan
NH;-N NO3-N 2 mol/L K,SO, P<0.05
( AA3)
Zn 2
2.1 Zn
24 h 100°C ~110C
HNO;-HCIO,4
[15]
HNO;-HCI10, (Pheretima sp.)
DTPA Zn
BCR (P<0.01)
Zn Zn400
-14.35%
08 g 100 ml 32 ml
0.11mol L (25C) 16 h
20 min(10 000 r/min)
100 ml 16 ml
15 min 20 min (10 000 r/min)
(4°C)
Fe-Mn 1
32 ml 0.1 mol/L (HNO;
pH 2)
*1 TESERE Zn WFHEBIE KT
Table 1 Effect of Zn on earthworm growth
Zn (mg/kg)
0 100 200 300 400
& ) 7.99a 8.01a 8.00 a 8.00 a 8.01 a
(g/ v 721b 7.15b 6.98 b 691D 6.89b
(%) -9.78 -10.74 -12.75 -13.50 -14.35

(P<0.05)
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2.2 2.3
(D 3 Zn NH;-N NO;-N
/n
NH,/-N NO;-N
20.70% ~ 32.78% Zn400 NO;-N
+ +
Zn (Zn<200 mg/kg) NH,-N NH,-N 3.8 ~
28.02 (NH;-N+ NO;3-N)
NO;5;-N NH;-N
[16-17] Zn0
[18-19]
[22]
20] Yang
NO;-N NHj4-N
( D
Zn300  Zn400
/n
[23]
- NH;-N
NO;-N
2 [24] NO3-N
L vzza+E C—NoE a
16 ¢ a . @ . % a
601 r
g oNoE a+E w12t T a a a
Ei 50 E 8 __% b 7 7
K 5 40t A4l
K & o) H
= %0 301 Z 0 " . . . Z |
g 2 2300 [, 5 i ! .
= o} <20 7 7
0 - - | £ 200 7 7
Zn100 Zn200 Zn300 Zn400 E’ H b
% 100 b b b b J—‘
30'( oNoE B+ % 0— — — 1. _.;| 1. )
i 25+ Zn0 Zn100 Zn200 Zn300 Zn400
% :9:0 20t Zn AbH
SERE 2 B854 4 NHS-N 70 NOS-N 2B H#0
{jﬁkﬁ ~ 1ot Fig. 2 Effects of earthworms on NH;-N and NO3-N contents in
H st soils
0 T Znl00 Zn200  Zn300  Zn400 2.4 pH
70 ONoE a+E pH -
oy 60r ©
£55 pH 2
T & 40}
= H
= E 30 p
2o 0.07 ~ 0.16 Zn
1(()) - - s - . . Zn pH Zn400
Zn100 Zn200 Zn300 Zn400 7n0 0.11

Zn AbFR

El1 AESEELIRPIEGR(). Bib). F(OBEMI

Fig. 1 Effects of earthworms on concentrations of available N, P

and K in soils

pH [25]
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Fz 2 BEWI3T Zn 531 1E pH B9 M
Table 2  Effect of earthworms on soil pH
Zn (mg/kg)
0 100 200 300 400
(+E) 8.14b 8.10b 7.99b 8.01b 797b
(NoE) 8.23 a 8.17a 8.15a 8.14a 8.12a
2.5 DTPA-Zn
DTPA BCR
DTPA Zn BCR
Zn ( 3 Zn0 7n
DTPA-Zn ( 3) BI ( )
Cheng  Wong™® B2
DPTA-Zn B3
_ :g: o+E ONoE
% 60t —R 3 Zn
£ 50t < <
3l < o
= 20+ 7n
T
0 . . Zn
Zn0 Znl100 Zn200 Zn300 Zn400 [28]
Zn Jb3
3 #E%5|%t + 3% DPTA-Zn S EHF M
Fig. 3 Effects of earthworms on soil DTPA extractable Zn < < < <
2.6 Zn Zn
DTPA
%3 MEBIESILIE Zon HEREN
Table 3  Effects of earthworm on soil Zn fraction distribution
Zn (mg/kg) B1(mg/kg) B2(mg/kg) B3(mg/kg) R(mg/kg)
+E NoE +E NoE +E NoE +E NoE
0 1458+0.82 11.5+£0.83 10.02+1.17 7.66+0.96 238+0.99 3.03£0.77 33.02+2.98 37.81£2.56
100 39.39+0.18 31.03£0.18 51.54+£2.29 43.63+£1.22 239+0.27 2.41£0.09 66.69 +5.74 82.93 £2.49
200 404+0.51 36.18+1.62 59.58+2.89 51.98+1.87 2.79+0.05 3.89+0.28 157.63+345 167.95+3.77
300 47.12+3.45 4034108 70.96+2.56 68.07+1.43 2.65+048 3.25+047 242.16+6.49 245.50+2.70
400 59.11+2.33 52.35+£1.59 79.52+£250 79.04+£2.83 291+0.26 2.99%036 318.46£5.09 325.62+4.78
Bl B2 B3 R +E NoE
3 Zn (Zn400) Zn [29]
Zn (P<0.05)
11.66% ~26.78% 4.24% ~ 30.81% Wen %
Zn
Zn
Zn
Cheng  Wong 2% 2.7 Zn
Zn Zn 4 (
) Zn ( /
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) Zn
Zn Zn
0.21 ~0.29 Zn
( )
1) NO;5;-N NH,-N
Zn
Zn 3) pH
31
Bl Zn Zn
» N o DTPA-Zn
F 4 DUS|EIARBIZEN LIED Zn MEYEE
Table 4 Concentrations of Zn in the body of earthworms and 4) Zn 0.21~0.29
earthworm casts 7n  DTPA-Zn
Zn (mg/kg)
0 100 200 300 400
Zn 8.82 28.65 5568 72.24 82.58
(mg/kg)
Zn 21.78 38.89 76.67 109.73 126.08
(mg/ke) [1] Maenpaa KA, Kukkonen JVK, Lydy MJ. Remediation of
~ 029 028 024 021 ep - ione » HyQy V. Remediation ©
heavy metal-contaminated soils using phosphorus: Evaluation
of bioavailability using an earthworm bioassay[J]. Archives of
Environmental Contamination and Toxicology, 2002, 43(4):
Lukkari 321 389-398
(Lumbricidae) Cu/Zn 79/139 mg/kg [2] , :
40 mg/kg Cu 600 mgkg Zn . [J1. , 2005, 42(1): 140-148
I 3] : .
[J. , 2008, 27(6): 2 382-2 386
[4] Surgeon DJ, Svendsen C, Rimmer VR, Hopkin SP, Weeks
JM. Relative sensitivity of life-cycle and biomarker response
in four earthworm species exposed to zinc. Environmental[J].
DTPA Zn . pectes &Xp . V)
Environmental Toxicology and Chemistry, 2000, 19(7):
Zn (5 DTPA 1.800-1 808
[5] Nahmani J, Hodson ME, Devin S, Vijver MG. Uptake
kinetics of metals by the earthworm Eisenia fetida exposed
to field-contaminated soils[J]. Environmental Pollution,
2009, 157(10): 2 622-2 628
DTPA [6] Ruiz E, Rodr ¥ guez L, Alonso-Azc&rate J. Effects of
DTPA earthworms on metal uptake of heavy metals from polluted
BSAF [33] mine soils by different crop plants[J]. Chemosphere,

#*5 HEZn 2EREYES Zn SEEEYE. Zn KE.
Wl%E Zn & 2 Z B HIHE K%
Table 5 Correlations between soil total Zn / DTPA-Zn and casts
earthworm biomass, earthworm Zn concentration, Zn in earthworm

Zn Zn
Zn -0.948" 0.977" 0.988"
DTPA-Zn  —0.982" 0.996" 0.991"
ok P<0.01

(D) Zn

(7]

(8]

(9]

[10]

2009,75(8): 1 0351 041

Darling CTR, Thomas VG. Lead bioaccumulation in
earthworms, Lumbricus terrestris, from exposure to lead
compounds of differing solubility[J]. Science of the Total
Environment, 2005, 346(1/3): 70-80

Lukkari T, Teno S, Viisdnen A, Haimi J. Effects of
earthworms on decomposition and metal availability
contaminated soil: Microcosm studies of populations with
different exposure histories[J]. Soil Biology Biochemistry,
2006, 38(2): 359-370

Edwards CA. Earthworm Ecology[M]. 2 ed. New York:
CRC Press LLC, 2004: 34

s

1. , 2003, 23(5): 922-928
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Effects of Earthworm on Soil Nutrients and Zn Chemical
Forms in Zn Contaminated Soil

WANG Dan-dan', WU Li-jun', DAI Ying', ZHONG Shu-ming', SUN Hua',
ZHANG Wei-qing', LI Jie', LI Hui-xin’, HU Feng®"
(1 Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042, China; 2 College of
Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Pot experiment was carried out to study the roles of earthworms in Zn contaminated soil, Zn was added in the
form of ZnSQO, solution to the soil (1 000 g per pot) at rates ranging from 0 to 400 mg/kg and the soil was incubated for 60 days at
20°C for fractionation and stabilization. Zn-tolerant earthworms (Pheretima sp.) were introduced into half of the pots, with the
other half as control. The results showed that the employed earthworms could tolerate heavy metals and survive in Zn polluted
soil tested, and their Zn enrichment coefficients were about 0.21-0.29, but the growth of earthworm was negatively affected by
Zn pollution, the growth rate declined with soil polluted degree increased. Earthworm activities decreased soil pH and
significantly increased concentration of DTPA-Zn of soil. In additional, earthworms made Zn fractions change from residual
forms and organic forms to Fe-Mn oxides-bound and extractable forms, which contributed to increase soil plant-available heavy
metals amounts. And earthworm could significantly increase available N, P and NO;-N contents in contaminated soil, but had no
effect on soil available K and NH,;-N contents.

Key words: Earthworm, Contamination soil, Zn forms, DTPA-Zn, Soil nutrients
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