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Uptake of Cd. Zn and Pb by two susceptible plants under mono-

and multiple-contamination conditions

DONG Yi—Ting, CUI Yan—Shan, WANG Qing—Renx (Research Center for Eco-environmental
Sciences,Chinese Academy of Sciences.Beijing 100085,China). Acta Ecologica Sinica.2003.23(5):1018~1024.
Abstract: To further understand heavy metal behaviors in soil and interaction effect on plant uptake, a pot
experiment in an orthogonal experiment design with cadmium (Cd), zinc (Zn) and lead (Pb) under mono-
and multiple contamination conditions was carried out based on the experiments of sensitivity to heavy
metals. Two susceptible plants, Medicago sativa and Elymus dahurian Turuz were tested. Biomass and
absorption to three heavy metals: lead, cadmium and zinc was first tested in mono-contamination
conditions, and then multiple-contamination of different ratio. Biomass of two plants was analyzed, and
connection between biomass of shoot and heavy metal concentrations was got. Uptake of heavy metal in
mono-polluted environment was analyzed., and absorption equation was got. The result showed that,
under mono-contamination conditions, cadmium inhibited the growth of Medicago sativa more than zinc
and lead. and lead inhibited the growth of Elymus dahurian turuz more than cadmium and zinc. The

uptake of Medicago sativa to cadmium was notably higher than Elymus dahurian turusz . with the highest

(40171087)
:2002-06-24 3 :2003-03-16
(1980~)>, s s . E-mail : dyiting @hotmail.
com
* Author for correspondence

Foundation item: National Natural Science Foundation of China(No:40171087)
Received date:2002-06-24; Accepted date:2003-03-16
Biography: DONG Yi-Ting, Master candidate, main research field: phytoremediation of heavy metals in soil. E-mail:

dyiting@hotmail. com



5 : Cd.Zn.Pb 1019

concentration of cadmium in Medicago sativa reaching 789. 06 mg/kg. The uptake Elymus dahurian turuz
of to lead was notably higher than Medicago sativa, with the highest concentration of lead in Elymus
dahurian turuz reaching 1345. 5mg/kg. Under the mono-contamination conditions, the uptake of the two
plants to heavy metals was connected with the square and quality of heavy metal concentration in the
environment. Coefficients in the equations were connected with the sensitivity of plants to heavy metals
and environmental conditions. Under the multi-contamination conditions, synergistic effect and
antagonistic effect between lead/zinc and lead/cadmium was respectively observed in the terms of uptake in
different range of concentration; antagonistic effect between cadmium and zinc was observed in the terms
of uptake in all of the range of concentration. The influence of combined effect was connected with the
sensitivity of plants to different heavy metals, ratio of heavy metal concentrations and environmental
conditions. It was found that the change of absorption of the two plants to heavy metals was different.
Exact connection between the change and the sensitivity was not found. however. The result may help in
the further research of the soil environment chemical behavior of heavy metals, the synthesis toxicity of
heavy metals to plants and the uptake heavy metals by different plants.

Key words :heavy metal; multi-pollution; synergistic effect; antagonistic effect
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Table 1 Uptake of heavy metal by Medicago sativa and Elymus dahurian turuz in mono-polluted environment

Plants Treatment Equation of total uptake Coefficient and significance
Zn Y=(—1.4369X10 ") (Zn)2+0.1354(Zn)+6. 3667 r2=0.9886" *
Medicago sativa Cd Y=1(1.31298X10"%)(Cd)?+0. 0323(Cd) +4. 9818 r2=0.9448* *
Pb Y=(—1.7468X10"°)(Pb)?+0. 2018(Pb) +6. 1796 r?=0.9877""*
Zn Y=(—1.1020X10"°)(Zn)?~+0. 0901 (Zn) +18. 3695 0.9409* *
. . Cd Y =1(2.9581X10 °)(Cd)2+0.0082(Cd)+10. 2871 r*=0.8656" "
Elymus dahurian turuz . L . )
Pb Y=(—7.9030X107°)(Pb)?+0. 0323(Pb) +4. 4768 r*=0.9833" "

% P<C0.05 ;3 x x P<C0.01;P<C0.05 R?=0.510; P<C0.01 R?*=0.797;n=7
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2 Zn.Cd.Pb
Table 2 Regression analysis of total uptake of heavy metal by Medicago Sativa in Zn, Cd and Pb compound polluted

environment
. F
v Multiple correlation F
Dependent . . ici ; Partial correlation
pe Regressed equation multiple coefficient F o 3
variable coefficient F
r? F

Y= (4. 476 X 1077) (Pb)2 4 0. 0628 (Pb) + (7. 942 X
Zn% _ . 0.8743" 25.11 Fca=22.15 Fpr=31.12
107 (Cd)2 0. 040(Cd) + 2. 637 « "

- Y= (9. 401 X 1077) (Pb)2+4 0. 0013 (Pb) + (1. 026 X
Zn® 0.7968%  19.45 Fea=—14.83 Fpy—20. 48
B 1075 (Cd)?—0. 0016(Cd)+9. 099 7968 v "

Y =1(9.016 X 10-%) (Pb)2 — 0. 0082 (Pb) + (2. 318 X
Cd? . 0.8107*  21.34  Fro=14.69 Fz,=26.87
1075) (Zn)2—0. 0041 (Zn) +5. 096 " ’

Y =(—3.209%10-%) (Pb)2—0. 0021 (Pb) + (1. 908 X i
cd® ) 0.7442%  13.08 Fpy=9.17 Fzm=17.5¢
1075) (Zn)2—0. 0202 (Zn) - 8. 965 " ’ ’

Y=1(2.358X10"")(Cd)?—1.388(Cd)—(9.375X10 %)
Pbh¥ 0. * 9.1 Fca=12.38 Fum=7.44
(Zn)?—0.775(Zn) + 4. 855 6669 8 fu ?

) Y=1(4.032%X10 9 (Cd)2—0.004(Cd)— (2. 076X 10 %)
Pb® 0.7583*  14.23 Fea=18.51 Fz=12.63
(Zn)?+0.0038(Zn)+11. 871 ’ o g

%* P<C0.05 3 % * P<C0.01;P<C0.05 R*=0.687; P<<0.01 R?=0.889;n=6.1 Total
Uptake of Elements by Medicago sativa 2)50mg/kg 3100mg/kg

3 Zn.Cd.Pb
Table 3  Regression analysis of total uptake of heavy metal by Elymus dahurian turuz in Zn, Cd and Pb compound

polluted environment

I
v Multiple correlation F
Dependent Regressed equation multiple coelficient F Partial correlation
t variable coefficient F
7 F

Y =1(5.586X105) (Pb)? -+ 0. 0040 (Ph) — (8. 556 X
Zn® ) : 0.8962° *  31.54 Fea=28.59 [Fp,=36.07
B 10T (Cd)? 0. 0067 (Cd)+1. 759 o o

Y =1(9.026X10 %) (Pb)?— 0. 0011 (Pb) — (9. 053 X
Zn® . 0.8475%  28.64 Fea=30.71 Fp,—=28.22
T 107 (Cd)? 0. 0035 (Cd)+-5. 637 ° o o

L Y=1(2.216X10"6) (Ph)2— 0. 0019 (Pb) + (7. 335 X
Cd® . 4 0.8789*  30.27 Fpp=28.17 Fzu=33.09
107 (Zn)2—0. 0011(Zn) +3. 301 P -

Y= (3.576 X106) (Pb)?— 0. 0038 (Pb) + (3. 523 X
Cd¥ 0.9113** 36.75 Fp,=29.17 Fzm=41.67
10=6) (Zn)2—0. 0049(Zn) +5. 837 0 . z

Y =(2.564X 10 %) (Cd)?— 0. 00065 (Cd) — (3. 615 X
Pb? , 4 0.7746*  15.14 Fea=19.73 Fzu=13. 65
1075 (Zn)2+0. 478(Zn) + 3. 951 o “ °

Y=(—3.675X10 %) (Cd)2—0.0030(Cd) — (1. 654 X
Pb® 0.7854% 18.77 Fca=23.04 Fz=14.11
10-6)(Zn)2 0. 0021 (Zn)+9. 070 8 cd z

x P<C0.05 ; * » P<C0.01;P<C0.05 R*=0.687; P<<0.01 R*=0.889;n=6. (D Total
Uptake of Elements by Elymus dahurian turuz 250mg/kg 3)100mg/kg

o s s 100mg /kg
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