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Adsorption—desorption of Pb( II ) on natural soil nanoparticles : Effects of pH and ionic strength

AN Wei-qiang', SUN Hui-min'?, LU Jia-long"?, YIN Xian—qiang"?’, WEI Ge-hong®, LI Jun'

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition
and the Agri—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3.College of Life Science, Northwest A&F
University, Yangling 712100, China )

Abstract : Nanoparticles may play an important role in adsorption—desorption of heavy metals because of small sizes and huge surface area.
In this study, natural soil nanoparticles were extracted from four typical soils, and adsorption and desorption of Pb( Il ) by natural soil
nanoparticles were investigated under different pH and ionic strengths (IS ). Results showed that amount of adsorbed Ph( II ) on four differ—
ent soil nanoparticles increased along with increases of pH when pH was lower than 3. Amount of Pb adsorption by four soil nanoparticles
was in order of loessal soil>lou soil>aeolian sandy soil>black loam soil nanoparticles. Under different IS, adsorption rates of Pb by four soil
nanoparticles varied greatly. The adsorption amount of Pb( I ) in 0.01 mol - L' NaCl solution was highest, but lowest in 0.1 mol - L™!
NaCl solution. The inner surface adsorption complex was formed at low IS, while the outer surface complex happened at high IS. The desorp—
tion rates of Pb decreased as pH values increased, with the highest desorption found at pH 3. In different IS solutions, the Pb desorption
rates increased with increasing IS. The Pb desorption rates in four soil nanoparticles decreased in order of aeolian sandy soil colloid >lou soil
colloid > black loam soil colloid >loessal soil colloid.

Keywords: pH; ionic strength; natural soil nanoparticle; adsorption; desorption
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Table 1 Basic chemical and physical properties of soil and soil nanoparticles

Ak +-4 KR,

pH HSE/uS-em™ &% K% W%  HERKE % KE/lgem™ Efklg-kg'  WE/mg- L' PERARMm  pH
W+ 7.66 156.97 3237 3509 3255 22.54 1.48 8.86 345 40.12 7.13
myst 815 15075 3035 3327  36.38 22.51 1.48 12.54 345 4531 7.15
#Hat 8.14 143.23 18.88  20.51 60.61 28.83 1.22 14.57 235 39.05 7.16
Kbt 8.08 74.13 334 452 92.15 14.80 1.56 3.50 255 35.69 7.23
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Figure 1 Effect of pH on Pb( Il ) adsorption on natural

soil nanoparticles
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Table 2 Results of Pb( Il ) adsorption by natural soil nanoparticles in different pH solution

pH {H b BRp Sk EE iR ST SR L ORIBORL AP - K kL
3 51.707+12.512¢ 36.713+2.312¢ 41.051+5.316b 74.436+3.328¢
4 69.791+19.284¢ 84.782+31.557¢ 44.785+3.129b 69.800+6.286¢
5 444.749+14.551b 567.506+22.118b 239.515+9.601a 405.139+24.112b
6 492.578+7.009a 618.364+20.330ab 239.689+3.362a 432.985+9.634ab
7 480.405+3.020ab 600.451+14.784ab 251.159+2.705a 446.143+2.622a
8 478.644+6.756ab 590.688+18.947ab 247.256+0.840a 412.120+3.842ab
9 472.247+3.298ab 634.802+5.991a 246.232+4.664a 445.660+7.403a
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Figure 2 Changes of pH in soil nanoparticles suspension after

Pb( I ) adsorption
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Figure 3 Effect of ionic strength on Ph( Il ) adsorption on

natural soil nanoparticles
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Figure 4 Effect of pH on Pb( II ) desorption on natural soil nanoparticles
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Table 3 Results of Pb( I )desorption from natural soil nanoparticles in different pH desorption solution
pH {H e S S Tk EE iR ST SR L GORIBORL TP - Kk
0.456+0.001 Oa 0.444+0.009 Oa 0.554+0.005 Oa 0.571+0.011a
0.098+0.001 Ob 0.085+0.001 Ob 0.154+0.006 Oa 0.127+0.008b
0.070+0.012 Oc 0.049+0.002 Oc 0.070+0.005 Ob 0.063+0c

O 0 N AN N A~ W

0.026+0.000 5d
0.023+0.001 2d
0.022+0.000 3d
0.017+0.000 7d

0.035+0.000 2d
0.024+0.000 8e
0.027+0.001 Ode
0.022+0.003 Oe

0.054+0.006 Ob
0.045+0.006 Ob
0.049+0.001 Ob
0.032+0.000 8b

0.046+0.001dc
0.045+0.001 1dc

0.038+0.007dc

0.029+0.001d
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Figure 5 Effect of different ionic strengths on desorption of Ph( I )

on natural soil nanoparticles
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