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Abstract

This study was performed to evaluate the remediation efficiency by Helianthus annuus, Brassica juncea and Brassica
campestris on the soil contaminated with nickel, zinc and lead, respectively. The growth rates fell down under 60% in the
condition of over 700 mg/kg of zinc for Brassica campestris, 300 mg/kg of lead for Helianthus annuus, and 150 mg/kg of
nickel for Brassica juncea on the basis of heavy metal concentration in the soil, because of its toxicity. Also, the
hyperaccumulators showed the maximum heavy metal contents in their biomass after 90 days of cultivation. The
accumulated heavy metal content per kilogram of hyperaccumulator was 0.65 mg of nickel in Brassica juncea, 0.14 mg of
zinc in Brassica campestris, and 0.06 mg of lead in Helianthus annuus, respectively. Additionally, 73.2% of nickel
accumulated in Brassica juncea and 95.1% of zinc accumulated in Brassica campestris were concentrated in the upper site
of crop like stem and leaves. However, in the case of Helianthus annuus, 83.7% of lead was accumulated in the root.
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Fig. 1. Germination rate of hyperaccumulators after 15 days of

seeding (a; Zn_Brassica campestris, b; Pb_Helianthus annuus,
and c; Ni_Brassica juncea).
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Fig. 2. Population ratio of hyperaccumulators after 60 and 90
days of cultivation (a; Zn_Brassica campestris, b; Pb_Helianthus
annuus, and c; Ni_Brassica juncea).
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Fig. 3. Biomass of the hyperaccumulators after 60 and 90 days of
cultivation (a; Zn_Brassica campestris, b, Pb_Helianthus annuus,
and c; Ni_Brassica juncea).
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Table 1. Accumulated concentration of heavy metal in the hyperaccumulators according to the initial concentration of heavy metal in

the soil
Hyperaccumulator Accumulated heavy metal in biomass
Zn (mg/kg soil) 398 527 717 1030 1506
) . Upper (mg/kg) 80.1 82.1 81.2 62.3 15.6
Brassica campestris
Shoot (mg/kg) 30.1 30.2 425 232 20.1
Total (mg/kg) 110.2 112.3 123.8 85.5 35.6
Pb (mg/kg soil) 107 146 185 2753 654
. Upper (mg/kg) 8.1 8.4 5.0 52 1.0
Helianthus annuus
Shoot (mg/kg) 10.1 9.5 13.8 9.1 3.1
Total (mg/kg) 18.2 17.9 18.8 14.3 4.1
Ni (mg/kg soil) 40 60 89 143.8 231.7
Brassica | Upper (mg/kg) 14.5 14.2 17.0 153 14.2
rassica juncea Shoot (mg/kg) 37 3.1 25 3.5 52
Total (mg/kg) 18.2 17.3 19.5 18.7 19.4
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