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Effect of heavy metal pollution on the absorption and
accumulation of Pb in spinach
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Abstract In order to study the absorption and accumulation of Pb in spinach grown in soil polluted by Pb or combined

heavy metal a pot experiment was carried out. The contents of heavy metals in the shoot and roots at the seedling and

harvest stages and the accumulation and distribution rates of each metal element were investigated. Results demonstrated

that combined heavy metal pollution by Pb  Cd Cu and Zn depressed the toxic effect of Pd. Under the condition of

multiple heavy metal pollution Cd Cu and Zn inhibited the absorption of Pb by the root system but had slight effect

on the transportation of Pb. Under the experimental condition the distribution rate of Pb in the shoot was low being about

14.73% - 28.72% .
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Pb Cd Cu Zn
Pbh Cd Cu Zn
Pb
1
1.1
pH 7.66 12.60
g/kg N 0.35 g/kg N 51.06 mg/kg P
7.30 mg/kg K 129.45 mg/kg mg/ kg
Pb 30.54 Cd 0.14 Cu 21.52 Zn 13.81 CEC 13.10
cmol/kg 3 mm
7 1
3 22
cm 18 em 4 kg Pb AC ;
3H,0 Cd AC 2 2H,0 CuSO;  ZnSO,
N 0.30 P,0s
0.20 K,0 0.30 g/kg NH, ,S0, KH,PO, K,SO,
1
Table 1 Design of the experiment
mg/kg
Treatment Heavy metal amount
Pb Cd Cu 7/n
To 30.54 0.14 21.52 13.81
T, 150 0.15 50 100
T, 300 0.3 100 250
T 500 1 400 500
Ty 1000 2 800 1000
Ts 500 0.14 21.52 13.81
Te 1000  0.14 21.52 13.81
Soil environ. qual. stand. GB15618-95
Grade I <300 <03 <100 <250
Grade [l <500 <1.0 <400 <500

Spinacia oleracea

2006 9 27
3d 10 5 10
1.2
20d 50 d
Pb Cd Cu Zn
Pb Cd Cu Zn HNO;-HCIO,
SAS
2
2.1
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5
6
Mg-
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Protochlophyllide reduc-
tase -Y- Aminolaevulinic acid
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8 Pb
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Table 2 The content of chlorophyll dry weight of shoots and roots of spinach at different growth stages
Seedling stage Harvesting stage
Treaiment Chlorophyll Shoot Root Chlorophyll Shoot Root
o/kg g/pot DW g/pot DW g/kg g/pot DW g/pot DW
To 1.3a 3.56 b 1.44 b 2.7b 19.24 b 4.42 ab
T 1.4a 4.28 a 1.86 a 3.1a 21.39 a 4.63 a
T, 1.4a 4.04 a 1.69 ab 3.2a 21.03 ab 4.59 a
T 1I.1b 2.82¢ 1.07 ¢ 22¢ 16.42 ¢ 4.20 ab
Ty 0.8 ¢ 0.51 e 0.32 ¢ 1.6d 8.25d 2.67 ¢
Ts 0.9c 1.67d 0.61d 1.7d 12.89 cd 3.54b
Te 0.6 d 0.44 e 0.28 ¢ 1.3e 6.55d 1.77 d
3 5%
Note The data are mean values of 3 repeats. Values followed by different letters in same column means significant at 5% level. The same below.
Pb Cd 3
Cu Zn Pb Cd
Pb Cu Cd 7Zn
2.2 Pb Cd
Cu Zn
Ty Pb Cd Cu Zn
0.06 1.64 0.12 2.06 Zn
50% Ph
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10
Metallothionein 13-16
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Te To To
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3 Pb Cd Cu Zn mg/kg
Table 3 The contents of Pb Cd Cu and Zn in shoots and roots at the seedling and harvesting stages
Shoot Root
Treatment Pb Cd Cu 7/n Pb Cd Cu 7n
Seedling stage
To 1.061 d 0.071 d 10.87 ed 26.51 e 12.735 f 0.375 e 10.39 e 34.77 e
T 1.825 ¢ 0.073 d 11.74 ¢ 46.37 d 42.657 e 0.369 e 57.27 d 94.18 d
T, 3.644 be 0.432 ¢ 21.60 b 91.80 ¢ 66.561 d 1.100 ¢ 118.64 ¢ 143.68 ¢
Ty 3.926 b 0.890 b 28.77 ab 124.85 b 86.842 ¢ 1.976 b 234.58 b 186.37 b
Ty 4.371 a 1.264 a 31.46 a 231.21 a 119.594 b 2.965 a 318.59 a 227.61 a
Ts 3.901 b 0.071 d 10.76 d 24.88 e 116.445 b 0.627 de 11.24 e 28.35 ¢
Te 4.369 a 0.067 d 10.93 cd 24.76 e 127.391 a 0.736 d 10.59 e 19.43 f
Harvesting stage
Ty 1.323d 0.062 e 11.61d 31.35 ¢ 14.294 ¢ 0.011 d 10.48 e 18.86 d
T, 1.915d 0.057 e 13.62 ¢ 52.64 ¢ 33.513d 0.017 d 55.63 d 40.57 ¢
T, 3914 ¢ 0.104 ¢ 23.32b 107.33 b 57.318 ¢ 0.091 be 120.44 ¢ 838.04 b
T; 4.166 be 0.932 b 30.72 ab 135.61 b 63.437 ¢ 0.649 b 228.36 b 106.61 a
T, 4.625 b 1.369 a 36.21 a 233.17 a 82.701 b 0.837 a 297.17 a 113.04 a
Ts 4.531 b 0.074 de 11.31d 27.35 ¢ 87.82 b 0.048 ¢ 10.51 e 21.65 d
Te 5.043 a 0.093 d 11.28 d 24.21 d 105.71 a 0.059 ¢ 10.69 e 20.19d
2.3 Pb Cd Cu Zn 2.4 Pb Cd Cu Zn
Cu Zn Pb 5
4 Pb Cd Cu 7Zn
Cd T; T,
Ty Ty
T, T, Pb
Cu Cd Zn Cu
Ts Te
Pb T; T, Ty 82.82% 27.35%
Cd Zn Pb
Pb Cd 14.73%—~28.72% Ts T T; Ty
Cu 7Zn Cd Zn Pb Ty Cd
Pb Cu Cu Zn
Pb
4 Pb Cd Cu Zn %
Table 4 The accumulation rates of Pb Cd Cu and Zn in shoots and roots at the harvesting stage
Shoot Root
Treatment Pb Cd Cu 7/n Pb Cd Cu 7/n
To 4.33 a 44.29 ¢ 53.95 a 227.01 a 46.80 a 7.86 d 48.70 b 136.57 a
T, 1.28 b 38.00 ¢ 27.24 b 52.64 b 22.34 b 11.33 ¢ 111.26 a 40.57 b
T, 1.30 b 34.67 ¢ 23.32 b 42.93 b 19.11 b 30.33 b 120.44 a 35.22 b
Ty 0.83 ¢ 93.20 a 17.68 ¢ 27.12 ¢ 12.69 ¢ 64.90 a 57.09 b 21.32 ¢
T, 0.46 d 68.45 b 4.53d 23.32 ¢ 8.27 ¢ 41.85b 37.15 ¢ 11.30 d
Ts 0.91 ¢ 52.86 be 52.56 a 198.04 a 17.56 be 34.29 b 48.84 b 156.77 a
Te 0.50 d 66.43 b 52.42 a 175.31 a 10.57 ¢ 42.14 b 49.67 b 146.20 a
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Table 5 The absorption and distribution rate of Pb Cd Cu and Zn in shoots at the harvesting stage
Absorption amount mg/pot Distribution rate %

Treatment Pb Cd Cu 7/n Pb Cd Cu 7n
To 0.0255 0.0012 0.2234 0.6032 28.72 96.08 82.82 87.86
T 0.0410 0.0012 0.2913 1.1260 20.89 93.94 53.08 85.70
T, 0.0823 0.0022 0.4904 2.2571 23.83 83.96 47.01 84.82
Ty 0.0684 0.0153 0.5044 2.2267 20.43 84.88 34.47 83.26
T, 0.0382 0.0113 0.2987 1.9237 14.73 83.48 27.35 86.44
Ts 0.0584 0.0010 0.1458 0.3525 15.82 84.88 79.67 82.14
Te 0.0330 0.0006 0.0739 0.1586 14.00 85.37 79.61 81.61

Note = / Distribution rate = absorption in leaf/total absorption.
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