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Effects of Phosphorus Application on Translocation of Lead; Zinc and Cadmium in

the Soil-Plant System
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Abstract: A pot experiment was conducted to determine the influence of phosphorus (P) application on the translocation and accumulation of
lead (Pb); zinc (Zn)> and cadmium (Cd) in a soil solid-liquid-plant system using a plant Swamp Morningglory ( Ipomoea aquatica Forsk) as
an indicator and Visual MINTEQ model. A contaminated soil containing 22 830 mg*kg™' Pb, 746 mg*kg™' Zn, and 10 mg*kg™' Cd was
amended with P as KH,PO, at 0:1,0.18:1,0.36:1,0.72:1,1.08:1,and 1.44:1 P:Pb mole ratios. The results showed that Pb concentration
in the root was significantly decreased after P application, while the Zn concentration were increased, but no impact on Cd concentration after P
application, compared to the control. Further more, concentrations of Ph; Zn; and Cd in plant tissue were sharply reduced after P application by
53%-92% s 35%-71% > and 59%-86% » respectively; Concentrations decreased exponentially with increasing amount of P; Relationship
between Pb and Zn (r=0.993, p < 0.01); between Pb and Cd (r =0.986, p < 0.01) suggested that there was a positive relationship between
the mechanisms controlling the phytoavailability of Pb, Zn, and Cd. It was suggested that Cd concentrations in the soil solution were reduced
generally by P application as a result of the increased soil pHs> and Zn concentrations were no changeds but Pb concentrations were increased.
Species distribution showed that PbHPO, » PbOH* and PbH, PO, were the main complexation species of Pb in the soil equilibrium solution after
P application. It was also suggested that Pb accumulation by root were negatively correlated to Pb in soil solution with coefficient of —0.872(p
<0.05); and that water soluble Zn and Cd concentrations were reduced while the concentrations in root lissues were increased after P addition.
These results indicate the difference between Zn; Cd and Pb and suggest that P as KH, PO, successfully decreased the phytotoxicity of Pbs Zn,
and Cd in the contaminated soil.
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Fig.1 Effects of phosphorus application on soil pH values
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Table 1  Effects of P application on the concentration of metals in the contaminated soil solution/mg*kg "
Ak 2 Pb Cd Zn Ca P Al
CK 0.35+0.24* 0.018 = 0.004" 0.70£0.37* 187 + 3¢ n.d. n.d.
PO.18 3.34£0.30° 0.019 £ 0.006° 1.02+0.41* 95.7+0.8¢ 21.1+0.0° 16.1+2.0°
P0.36 9.72+0.78° 0.011 +0.002* 0.57+0.22* 53.7+4.0° 87.3x2.1" 55.2+3.5
P0.72 18.2+1.72¢ 0.010 +0.003* 0.69+0.15" 27.8+3.1° 258 + 4¢ 94.8+11.6°
P1.08 17.9 £ 1.96" 0.010+0.001° 0.56 +0.23" 27.5£0.0" 450 = 3¢ 90.5£16.6°
P1.44 20.6+2.0% 0.012 +0.003" 0.93+0.21° 73.7£3.3° 692 £ 2° 101 + 18.0°
P1.8 21.3£2.0° 0.013 +0.001" 0.99+0.15" 80.8+5.1 977 £ 19" 89.8+2.1°

Dn.d. S80S BAR TR B 17— 20 (1 2 b 10 5 B A (7] 3 A B (AT 4ok 38 25 57 (p < 0.05)» 7 RFAR ) R AR B R JE &

F2 TETEBED PSS

Table 2 Pb species distribution in the P treated soil equilibrium solution

BB PO.18 P0.36  P0.72  PI1.08 P1.44
P2+ 99.65  99.40  56.45  76.39 52.27
PLOH* 0.333  0.561 11.14 4.38 5.378
Pb(OHD, Caq) - - 0.033 - -

Ph, OF* - - 0.024  0.013 0.013
PbH, PO 0.012  0.023 1.337 2.46 3.131
PbHPO, (aq) - 0.015 31.02 16.75 39.20
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Fig.2  Effects of phosphorus application on the accumulation of

Pb>Zn and Cd in the root tissues
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