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Enrichment characteristics of Cd and Pb by four kinds of plant under hydroponic culture.
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Abstract A hydroponic experiment with different concentrations of Cd and Pb was conducted to
investigate the capabilities of sunflower ricinus alfalfa and mustard in accumulating Cd and
Pb. After treated for five weeks the Cd and Pb contents in the roots and shoots of test plants in-
creased with increasing concentrations of medium Cd and Pb. In treatment 20 mg Cd- L~" sun-
flower roots had the highest Cd content 237.86 mg- kg™'  and its shoots accumulated 89. 48
mg- kg™' of Cd. In treatment 200 mg Pb- L~' mustard roots showed better capability in enric-
hing Pb  597.22 mg- kg™' . In treatment 100 mg Pb- L' sunflower shoots had the highest
content of Pb 318.33 mg- kg~' . For the test plants the enrichment coefficients of Cd and Ph
decreased with increasing concentrations of medium Cd and Pb and had definite correlations with
plant biomass and the concentrations of medium Cd and Pb. In the treatments with combined ap-
plication of Cd and Pb there existed definite antagonism in the Cd and Pb uptake by the plants.
Through the comparison of plant biomass and of the enrichment characteristics of Cd and Pd by
roots and shoots it was considered that relative to the other three test plants sunflower could be

selected as a potential candidate for the phytoextraction of soil Cd and Pb.
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Cd
Cd Cd 5 ~40
mg- kg™
0.83% ~1.25%
2007 Cd Pb
2008
Cd Pb 1994
2002
Cd Pb
Prasad 1995 An-
drade et al. 2004
Cd Pb
2
4 Cd Pb
hyperaccumulator Cd Pb
Cd Pb
2005
1
Helianthus annuus 1.1
Ricinus communis Medicago sativa
Brassica juncea 5%
Cindy 2006 20 min > 1
Pseudomonas putida cd®*  Pbh** 6h 144 1= min 4
2007
Pb 28 C
Pb 60% 2 cm
2005 Hoagland-Arnon Hoagland & Arnon 1938
Cd 60 d 1.2
10 ~400 mg- kg~ Cd cd Hoagland-Arnon 1
Cd 360 mg- kgil Cd 1 Hoagland-Arnon
4460. 3 mg- kg‘l Tab.1 Composition of Hoagland-Arnon nutrient solution
Cd
~ ) Ca NO, - 2.4H,0 5 mmol- L~
4.6 kg Cd- hm™  Miller et al. 1995 KNO, | P
2002 10 mmol- L~' Pb NO, , MgCly, - 5H,0 1 mmol- T~
BHKH, PO, 1 mmol- L'
10d Pb EDTA-Fe 10 pmol- L~
Pb H;BO, 50 pmol- L~
. MnCl,- 4H,0 4.5 pmol- L7!
Cd Pb 1997 Begonia CuS0,- 5H,0 0.3 pmol- 1!
1997 Pb ZnS0,- 7H,0 3.8 pmol- L~!
/ﬁg 2002 H2M004' Hzo 0.1 p,mol- L'
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1.3 c /C
CdCl, - c C Cd Pb
2.5H,0 Pb NO, ,- H,0 mg: kg~
Cd5 10 20mg L' Cd; Excel 2003  SPSS 11.5
Cd, Cd, Pb50 100 200 mg- L' Pby, Pb,, one-way ANOVA
Pb,, Cd20 mg- L™'+ Pb200 mg- L' LSD
Cd,, + Pb,, Cd Pb 0.05
pH 6.8~7.0 )
4 6 2.1
450 ml 400 ml Hoagland-Arnon 354d 4 2
3 P<
1 1/2 Hoagland-Arnon 0.05 Cd5mg L™ 5.90 ¢ Pb 50 mg- L~
1 Hoagland-Arnon 6.05 g
25 C Cd Pb
16 h Cd Pb
5 4d
400 ml
3 2 4
1.4 Cd
4 3 Pb
2.2 4 Cd Pb
20 min 5 2.2.1 Cd 4 Cd
72 °C 8 h 1 4 Cd
1.5 Cd 5mg- L7
HNO,-HCIO, Cd 1 Cd
87:13 v/v 20 mg- L' Cd P <0.05
AA-220 cd Pb 237.86 mg- kg Cd
Wei & Zhou 2004 89.48 mg- kg™ 1 4
1.6 Cd Cd
bioconcentration factors BCF = Cd
2 4 g
Tab.2 Biomass of plants in different treatments
CK 0. 88 aA 0. 69 bA 0.26 cA 0. 14 dA 8.81 aA 2.27 bA 1. 60 cA 0.58 dB
Cds 0.80+0.30 aA 0.54 £0.19 bC 0.18 £0.11 ¢C 0.11 £0. 13 ¢B 5.10£0.11 aB 1.59 £0.34 bB 1.56 £0.07 bA 0.39 +0.28 cC
Cd, 0.69 £0. 14 aC 0.50+0.17 bC 0.14 £0.09 ¢D 0.08 +0.20 dC 4.74 £0.24 aC 1.48 +0.18 bC 1.08 £0.12 ¢C 0.33 £0.04 dC
Cdy 0.48 £0.28 aD 0.49 +0.26 bD 0.15+0.24 bD 0.07 £0. 13 cC 3.37£0.50 ak 1.46 +0.08 bC 0.99 +0.26 cC 0.29 +0.17 dD
Pbs, 0.75+0.10 aB 0.60 +0.24 bB 0.22 +0.11 ¢B 0.12 +0.16 dB 5.30+0.40 aB 2.10 £0.09 bA 1.66+0.21 cA 0.71 £0.08 dA
Pb,g 0.62+0.24 aC 0.52 £0.23 bC 0.20 £0.21 ¢cB 0.09 £0.21 dC 4.06+£0.55 aD 1.71 £0.27 bB 1.28 +0.32 bB 0.53 +0.04 ¢B
Pb,yy 0.48 £0.19 aD 0.49 +0. 13 aCD 0.18 £0.10 bC 0.09 =0. 15 bC 3.48 £0.75 aE 1.68 £0.21 abB 1.05 +£0.02 bC 0.53 +0. 14 cB
Cdyy +Phbyy 0.51 £0.19 aD 0.44 £0.03 aD 0.15+0.02 bD 0.07 £0.00 bC 3.89+1.16 aD 1.23+0.12 bD 0.72 +0.03 bD 0.29 +0.04 bD

H+

4 P<0.05 n=3
P<0.05 n=3
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Fig.1 Cd contents enriched by roots and shoots of plants

Cd,, + Phyy,
Cd
Cd,, + Pb,,

173.62 mg- kg™

46.41 mg- kg™' P <0.05

Pb
Cd
2.2.2 Pb 4 Pb
4 Ph
2 Cd Pb
50 mg- L7 2 Pb
Pb 2 4 Pb
Pb
Ph Pb
Cd,, +
Ph,g Pb 492. 66

256.34 mg- kg™ P<0.05

Fig.2 Pb content enriched by roots and shoots of plants

cd
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2.3 4 Cd  Pb
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Cd, BCF
15.08 15.75 P <0.05
BCF
Cd, 7.59
Cd, 1.55 P<0.05
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BCF Pbg, 4 BCF
Ph,
512 4.93 P<0.05 4
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3 4 Cd
Tab.3 BCF values of roots and shoots in Cd treatments
BCF BCF
Cds 7.97£0.58 hC 3.76 +0.41 cB 15.08 +2.24 aA 15.75+1.62 aA  5.44+0.99 bA 4.75+0.42 bA 7.59+1.28 aA 4.62 +0.78 bA
Cd, 8.87+0.92bB 4.65+0.24 cA 14.41 £2.05 aA 10.29 +0.74 bB 5.96 +0.09 bA 2.95+0.28 cB 6.76 +0.28 aA 3.43 £0.53 cB
Cdy 11.89 £0.97 aA 2.60+0.48 cC 7.73+0.34 bB 7.90 £1.55bD  4.47+0.34 aB 1.55+0.12 dC 3.50 £0.59 bB 2.51 £0.44 cC
Cdyy + Pbyy 7.13£1.44 bC 1.77£0.09 ¢cD 6.50 £0.67 bC 8.68 £0.37 aC 1.35+0.03 bC 0.45+0.12 ¢cD 2.32 +0.56 aC 1.36 £0.24 bD
4 4 Pb
Tab.4 BCF values of roots and shoots in Pb treatments
BCF BCF
Pby, 6.67 £0.14 aA 3.21 £0.47 cA 4.83 £0.64 bA 3.79 £0.48 cB 5.12+0. 11 aA 0.93 £0.08 cA 2.74 £0.10 bA 4.93 £0.70 aA
Pb,y 3.85+0.06 aB 1.97 £0.18 bB 4. 11 £0.34 aA 4.34 +0.46 aA 3.18+0.08 aB 0.69 +0.14 ¢cB 1.55+0.11 bB 2.98 £0. 14 aB
Pbyyy 2.39+0.19 bC 1.35+0.12 cC 2.33+0.28 bB 2.99 +0.35 aC 1.56 £0.04 aC 0.71 £0.03 bB 0.70 £0.25 bC 1.48 £0. 13 aC
Cdyy +Pbyy 2.46 £0.73 aC 0.80+0.17 bD 2.13 £0.19 aB 1.66 +0.24 aD 1.28 +0.13 aC 0.55 +0.03 ¢cC 0.84 £0.07 bC 0.85 £0.07 bD
2.4 4 Cd Pb
3
4
5 Cd
BCF
r=-0.957 -0.971 P<0.05
BCF Lasat 2002
Papoyan &
BCF Kochian 2004 4
Cd Pb
5 4
Cd Pb
Tab.5 Correlation coefficients between BCF values and 2008 2005
Cd or Pb concentrations and biomass of roots and shoots Cd Pb Cd Pb
BCF- BCF-
Cd -0.957* 0.997 * NR
Pb -0.971°* -0.931°*
a/b
Cd -0.678 0. 636
Pb 0.988 * 0.979 "
Cd -0.771 0.996* 2007
Pb -0.703 -0.930* Pb
Cd -0.549 0. 159
Pb 0.768 0.996 " 3
Cd -0.938* -0.973 ¢
Pb -0.960 * -0.999 * Cd Pb
cd 0.876* 0.996 * 5
Pb 1. 000 * 0.944 cd Pb
Cd 0. 560 -0.884 "
Pb -0.965* -0.732
_ Cd Pb
Cd 0.992 " 0.983 "
Pb 0.916 " 0. 181 2003
%P <0.05 n=3 Pb Cd
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Pb Cd > Cr Pb
> > /
Cd Pb 4 2
Cd Pb 4 Cd Pb
2 Pb Cd Mo-
han  Hosetti 1997
Cd Pb Cd Pb Cd*” Cu’*  Pb**
100.3 mg- kg™' Cd 20 mg- L~'
352.6 mg- kg™' Pb 200 mg- L'
2008 Mohan  Hosetti 1997 2008
Cd Pb Cu 0 25 50 100 200 mg- kg™ Cd 0
1.0 10.0 mg- kg™
Cd Cd-Cu
a/b
Kim et al. 2001 Shah et al.
2001 Pereira & Molina 2002 Pb POD
CAT SOD
Cd 2008
Pb Cd Pb
1999 Pb Cd Cd Cd
Pb
4 Lin 2004
Pb Cd 5 mg- kg™ Cd Pb
Cd Pb 10 mg- kg™'  Cd Pb
Cd Chakravarty  Srivastava 1997 Zn
Cd Cd Cd Linum usitatissi-
Hart et al. 1998 Pb mum 2009
Pb Cd
2002 Cd Pb Pb Cd Pb Cd
Pb Cd
2007
Cd Pb Zn Cd Loliurn pe-
renne Zn Cd Zn Cd
Zn Cd
1.95 1.54 1.40 pH
Cd 20 mg- L' Pb 200 mg- L~' 5.18 Zn Cd
Cd Pb 2
2008 Cd Pb Cd,,
2005 10 ~ 400 mg- + Pb,y, Cd Pb Cd Pb
kg™ Cd Cd 40 mg- kg™
Cd Cd Pb
Han 2005 Vetiveria zizanioides ~ Cd 2008
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. 2005.
S22 132-134.
y . 2003
Cd 5 mg L 301 5i-
Cd 11.2 55.
BCF 4.21 Pb . 2008. Cu Cd
Pb 50 mg- L™ 6.23 26 4 141-147.
4.22 2008 . 2007. Pb Cu
cd Pb 21 6 23-
29.
. 2007. C4
2007 2008 Zn 175 1839-1842.
. 2005. Cd
BCF cd Pb . 24 4 674-677.
. 2008. -
Cd Pb . 1994,
. 14 1 46-50.
o) cd Pb . 2002.
n —
21 6 599-601.
Cd Pb Cd Pb 1 . 2002.
cd cd 22 4 342-345.
Pb . 2008.
35 9
Cd Pb Boonyapookana et 1291-1296.
al. 2005 Mani et al. 2007 . 2009.
2 398-426.
4 . 2008.
. 16 2 411-415.
Cd Pb . 2007.
75 50-56.
4 cd Pb . 2008. 7
29
10 121-128.
4 Cd Pb . 2007. Zn Cd
Zn Cd
28 9  2089-2095.
Cd Pb . 2002.
Cd Pb 11 4 331-334.
. 2008. Pb Cd
35 6 54-58.
. 1999. La-Gly Pb
17 4 381
Cd Pb -384.
Andrade ML Covelo EF  Vega FA. 2004. Effect of the prestige
cd Pb oil spill on salt marsh soils on the coast of Galicia North-
western Spain . Journal Environmental Quality 33 2103
Cd Pb
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