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Toxicity of Cadmium and Copper to Barley in Presence and Absence of Zinc

BAO Lin-lin, WANG Xue-dong", HUA Luo

(College of Resource Environment & Tourism, Capital Normal University, Beijing 100048, China )

Abstract : Metal toxicity to plants is different in single system from in multiple metal system. Here toxicities of individual Zn, Cd and Cu and
Zn-Cd and Zn—Cu mixtures to barley( Hordeum Vulgare ) were tested in nutrient solutions. Toxic unit(TU ) model was used to evaluate the
combined toxicity of mixture metals. ECss( metal concentration at which root elongation is inhibited by 50% ) were 78.01 pmol « L7,
2.98 pmol L™ and 0.64 pmol+ L for Zn, Cd and Cu, respectively, indicating that Cu toxicity was much higher than Cd or Zn in single—met—
al system. In binary metal systems, Cd toxicity to barley was inhibited by Zn at 5 pmol L™, and the values of EC5(Cd) increased signifi—
cantly. TU,; values of Zn—Cd were greater than 1 TU and increased with Zn concentrations, suggesting an antagonistic effect between Zn
and Cd at low Zn concentrations. Such antagonism of Zn—Cd was correlated with Zn proportion in the mixture system. At higher concentra—
tions(>5 pwmol - L), Zn exerted high toxicity to barley and increased the joint toxicity of Zn—Cd. Additions of Zn showed greater Cu toxicity
to barley than Cu alone. EC5, (Cu) values were higher in Zn-Cu mixture than in single-metal system and decreased dramatically with in—
creasing Zn concentrations, showing synergistic toxicity of Zn—Cu. TU ;, values of Zn—Cu mixture were less than 1 TU. These results suggest
that Cd and Cu may have different toxicity mechanisms, and that more attention should be paid to combined heavy metal pollution.

Keywords: ECs; toxic unit(TU ); combined toxicity; antagonism; synergism
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Table 1 Metal concentrations in single—metal system

4@ Metal

HeJE Concentration/pwmol - L™

Zn 5 50 100 200 400 1000
Cd 0.1 1 2 5 20 100
Cu 0.01 0.25 0.5 0.75 1 5

1.1.2 A[EEEE Zn 5350 58— EE Cd Cu HYSE B
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A B ZE ppiA MES[2—(N-RG Rfrk ) 2 B 2 | "iE 4T pH
VRN
1.3 S

o 4 @ X K 22 %) B 4 250 R AR AR 4 (Root
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Figure 1 Dose—effect curves of releative root elongation in

single-metal system
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Figure 2 Changes of relative root elongation( RE ) over Zn

concentrations in solution with 5 wmol L™ Cd
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Figure 3 Relationship of EC5,( Cd) values for barley root

elongation with Zn concentrations
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Figure 4 Changes of relative root elongation( RE) with

Zn concentrations in solution with 0.5 wmol L™ Cu
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Figure 5 Changes of root length of barley in Zn—Cu mixture
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Table 2 ECs /TU of binary mixtures

Zn/pmol - L
HE)E
0.25 1 2.5 5
Cd 0.99 1.13 1.63 2.01
Cu 0.66 0.50 — —
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X 5O AR, BRSO T AR TE
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