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Absorption and Accumulation of Pb and Cd in Sweet Potato and Species Distribution of Pb and Cd in Rhizo-
sphere Soil
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Department of Environmental Engineering, Jinan University, Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation, De—
partment of Education of Guangdong Province, Guangzhou 510632, China
Abstract In present study, effects of single and combined pollutants Pb, Cd and Cd—Pb on the growth, accumulating potentialities and Pb,
Cd form distribution in sweet potato—rizosphere soil system were studied with a 60—day pot experiment. As the results of single pollutants
treatments, the suitable concentrations of Cd 1 mg*L™ , Pb 10 mg-L™" were found to improve, and the threshold concentrations of Cd >3
mg:L7 ,Pb >50 mg- L were found to inhibit the growth of sweet potato P<0.05 . The major affecting factor for sweet potato accumulation
was concentration of Cd, and there was very positive significant correlation between them P<0.01 . In treatments of combined pollutants Cd—
Pb, there was marked interactions between concentrations of Cd—Pb and sweet potato accumulation, namely Pb stimulated Cd to transfer from
sweet potato root to its top, while Cd stimulated Pb to accumulate in sweet potato root. The available Cd and Pb contents accounted for more
than 55% of the total Pb ,Cd, and the activity index of Pb in the concentration of 50 mg-kg™ was significantly P<0.05 higher than that in the
other concentrations of Pb under combined pollutants Cd—Pb, moreover it markedly improved the available Cd contents in rizosphere soil.
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) Table 2 Experimental factors and levels of compound pollution
. 1 2 3 /mg kg
Cd Pb CdxPb Cd Pb
1 1 1 1 1 10
: 2 1 2 2 1 50
Pb.Cd Pb.Cd 3 . 3 3 . 00
4 2 1 2 3 10
Pb.Cd 5 2 2 3 3 50
6 2 3 1 3 500
i 7 3 1 3 10 10
8 3 2 1 10 50
1 9 3 3 2 10 500
1.1
AA_T000 2000 5 10 2,
pHS-3C  pH kpe- 13
40 HH 60 d
OO 2-3
2 .o .
pH5.8 27.09 g kg %o
1.24 g-kg ' 0.81 g-kg' 87.97 Tessier  ©
mg- kg™ 34.33 mg-kg™'. 51.49 mg* °
ke 7.66 cmol kg1 GSS—1 GSS—4 GSV-1 20%
4mm . 1 2 3 °
3 0 1.4
3 ) - + SPSS13.0
22 ¢cm. 18 em 4 kg, °
300 5
15 cm, 20 em 500 g 40
3.5 ke 2.1 Pb.Cd N
o Pb NO; ,:3H,0.
CdCl,-2.5H,0 3.4 Cd
. 1 mg-kg™
N 0.30 g-kg' . P,05 0.20 g+ kg . K0 0.30 9.34%
o kg NH,NO; . KH,PO, . KNO, p  O38% Pb 10 mg-kg™
) o 17.53%.5.77%
| P<0.05 Ph 500 mg-kg™.Cd
Table 1 Experimental factors and levels of single pollution 10 mg: ki;)

/mg kg™
Cd 0 1 3 10 20
Pb 0 10 50 500 1 000

13.4% .29.65% Cd
54.34%

42.1% .
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6 Cd.Pb

Table 6 Analysis results of sweet potato orthogonal experiment

under Cd and Pb compound pollution

Pb.Cd Pb
50 mg-kg™.Cd 3 mg-kg™
P<0.05
o 5. 6 Pb.Cd
Pb.Cd
P<0.01
P<0.05 Pb.Cd
Pb  Cd o
Pb.Cd Cd
3 Pb
Table 3 Effects of Pb on biomass of sweet potato
fg
— / £ 1%
CK 14.01£0.34a 2.96+0.04a 13.98
10 16.47+1.40b 3.09+0.26b 18.76
50 14.49+0.47a 2.35+0.71a 16.20
500 12.93+0.23¢ 1.51+0.04ca 11.67
1 000 12.12+0.41c 1.38+0.04¢ 11.27
4 Cd
Table 4 Effects of Cd on biomass of sweet potato
A
mg ke / 's 1%
CK 14.01+0.34a 2.96+0.04a 13.98
1 15.32+0.42b 3.01+0.19b 19.67
3 13.93+0.19a 1.99+0.19a 14.26
10 9.62+0.05¢ 1.02+0.34¢ 10.58
20 8.11+0.36¢ 0.89+0.02d 8.57
5 Cd.Pb
Table 5 Effects of Cd and Pb compound pollution on
biomass of sweet potato
/mg kg™ Jge !
G ow g &
CK CK 14.01+0.34b  2.96+0.04a 13.98
1 10 16.62+0.45¢  3.12+0.22a 18.78
1 50 14.57+0.11b  2.34+0.33a 16.06
1 500 12.82+0.88b  1.81+0.24¢ 14.11
3 10 15.67+1.09¢  2.71+0.36a 17.21
3 50 11.44+0.90ba 1.75+0.45¢ 15.29
3 500 10.31+0.30a  1.27+0.17d 12.31
10 10 11.02+0.46a  1.83+0.44c 16.66
10 50 10.48+0.41a 1.28+0.29¢d 12.21
10 500 9.57+0.48a  0.98+0.29¢ 10.24

Cd F 11.934 8.210
P 0.000 9#+ 0.003 5%
Pb F 10.917 5.741
P 0.001 3## 0.021 0%
CdxPb F 4.061 2.004
P 0.025 8* 0.145 0
* P<0.05 ** P<0.01,
2.2 Ph.Cd Pb.Cd
7. 8
o Pb 10 mg-kg™.Cd 1
mg-kg?  Pb .Cd
o 9.
10 Cd.Pb Cd.
Pb o
Pb Cd Cd
Pb Cd
Cd
Ph Cd Ph
Pb Cd
Pb Pb
Pb °
Cd Cd Pb
Cd Cd Pb
Cd Cd Ph
Cd Pb °
2.3 Pb.Cd Pb.Cd
MF mobility factor
o 1 o Fl F2
F; F, Fs
M Fo b T :
1 4 Cd Cd

64.94% .67.16%.78.22%.81.71%
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Pb Pb Pb Cd.
58.78% .55.03%.77.50% .70.27% 55% Pb Cd o Pb
o 50 mg-kg!  Cd Cd
7 Pb NEEN Ph Pb Cd Ph
Table 7 Pb concentrations in root stem and leaf of sweet potato Pb 50 mg-
under Pb single pollution kg™ Pb o
/mg-kg”  /mg-kg’ /mg kg™ /mg kg 2.4 Pb.Cd Pb.
CK 12.81£3.56a 9.14x1.0la  8.78x1.10a 0.69 Cd
10 17.33+3.47a  15.69+2.18a 16.77+1.31b 0.93 9. 10. 1 4
50 29.92+5.83b 17.74+2.73a 19.79+2.45b  0.62 Ph.Cd
500 78.87+5.79¢ 23.36+4.18ba 20.77+£3.64b  0.27 Ph.Cd
1 000 576.58+23.58d 65.20+7.60c 51.27+2.88c 0.11
P<0.05 N N
8 Cd NN Cd Cd
Table 8 Cd concentrations in root stem and leaf of sweet potato Ph Ccd
under Cd single pollution cd
/mg-kg"  /mg-kg /mg-kg /mg-kg! Pb 50 mg-kg™
CK 0.84+£0.09a  0.55+0.07a  0.46+0.05a  0.61 Pb
1 1.37+0.10a 1.25+0.32a  0.51+0.04a  0.64
3 2.94+0.14ba  1.79£0.41a  1.13x0.22b  0.49 Cd Pb
10 5.33+1.56¢c  2.21+0.25ba  1.15+0.282  0.30 Pb N
20 13981264 4.60:0.63h  124:0.07h 021 Pb Pb 50 mg-kg™
9 Cd.Pb NN Cd.Pb
Table 9 Cd and Pb concentrations in root stem and leaf of sweet potato under Cd and Pb compound pollution
/mg kg Cd  /mg-kg Pb /mg-kg’
Cd Pb Cd Pb
CK CK 0.84+0.09a  0.55+0.07a  0.46+0.04a  12.81+x1.59a  9.14+1.0la  8.78+1.10a 0.61 0.69
1 10 1.96+0.04a  0.28+0.05a  0.21+0.03a  33.11x2.56b 20.51+£2.09b 14.27+2.80a 0.20 0.62
1 50 1.31£0.45a 0.75+0.21a 0.63+0.05a  35.71x1.35b  19.91+2.84h 16.21+2.34a 0.56 0.52
1 500 1.03+0.17a  0.51£0.03a  0.51+0.0la 159.19+22.40d 22.28+1.50b 20.41+3.40ba 0.71 0.24
3 10 7.57+1.82b  2.05+0.29a  0.863+0.06ba 33.02+0.977a 17.11+1.62ab 15.53+2.90a 0.19 0.87
3 50 3.47+0.60ca  2.63+0.64ba  1.01x0.11ba 32.79+4.73ab 20.30£2.11b 22.49+1.76ba 0.52 0.62
3 500 3.17+0.15¢  2.49+0.46ba 0.767+0.07ba 127.51+8.78¢ 50.15+5.23d 21.96+1.26ba 0.61 0.25
10 10 13.80+£1.37d  3.67x1.24ba  1.41x0.4cb  29.71x£1.28b 14.71+£2.28ab  13.10+1.94a 0.18 0.28
10 50 12.20+1.51d  6.51x1.34¢ 2.46+0.33d  30.04+2.73ab 19.31+1.35b  15.01+2.04a 0.37 0.57
10 500 6.46+1.07b  3.75+1.57ba  0.92+0.06ba 115.71x10.1c 31.99+2.61cb 19.99+4.54ba 0.45 0.25
10 Cd.Pb
Table 10 Analysis results of sweet potato orthogonal experiment under Cd and Pb compound pollution
Cd Pb
Cd F 164.48 24.46 27.96 9.289 5.433 2.836 3
P 0.000 1%* 0.000 6** 0.000 35%* 0.001 4%*%* 0.013* 0.174
Pb F 26.27 2.57 10.35 178.29 33.25 4.713
P 0.002%* 0.12 0.002%* 0.000 09%** 0.000 17*%* 0.021*
CdxPb F 10.814 1.287 3 2.68 3.69 6.62 0.42
P 0.000 8%** 03119 0.045%* 0.021* 0.012%* 0.783
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Figure 1 Form distribution of Cd in the soil polluted by Cd
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Figure 3 Form distribution of Cd in the soil polluted by Cd and Ph
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Ph o Cd e
Cd .Pb Pb
Cd Pb 5.2%~25.4%
Cd o
o Ph
Cd P< °
0.05 Pb Cd.Pb Cd.Pb
Cd Cd
o Cd Cd.Pb
Cd N
Cd Cd Pb N o
Pb 70% Cd
[14]O Cd Pb [19]O
Pb Pb o Cd Pb
Ph 50 mg-ke™ Cd
p ATP Ph. Cd
- P ATP 5
PIB Zn** [ Co™* | o Pb Pb 50 mg-kg™
Cd*.Pb*, Pb
Cd Pb Pb
sl )
o Youssef [° N N
o Shumen 1 N N
o Cd.Pb
Cd Cd.Pb
Cd Zn
Pb. Cd 55% °
30% - Cd.Pb o
Cd.Pb
Cd.Pb N
Cd 0 +2
Cd*.CdOH*.Cd OH ;. 4
CdCI*.CdHCO; Cd OH ,.CdCO5.Cd; PO, .
CdSs Cd* 1 Pb.Cd
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