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Abstract—Effect of temperature and time on Lead (Pb) 

adsorption and affinity of the adsorbed Pb was evaluated in 

three acidic soils from China. The distribution coefficient 

increased slightly with increasing temperature up to 35 0C 

and then decreased at 450C.The increase of temperature 

was not favorable to sorption. The heat of reaction (△H) 

was positive (endothermic) at lower temperatures, while it 

was negative (exothermic) at higher temperatures. It was 

observed that there was an increase in the percent 

adsorption of Pb2+ within the first  8 min of the reaction and 

a decrease within 20 min of the reaction. The equilibrium 

was reached after 40min with 95.8 %, 87.4 % and 83.8 % 

for the Yellow brown soil (YBS), Latosol soil (LS) and 

Lateritic red soil (LRS) respectively. The analysis of images 

obtained by scanning electron microscope (SEM) with 

adsorbed Pb showed coverage of the surface with white 

layer (molecular cloud). 

Keywords— sorption, lead; variable charge soils; time; 

temperature. 

 

I. INTRODUCTION 

Lead is a common contaminant of soil and considered to 

be a risk to human health. Lead may contaminate soil 

through vehicle exhausts, sewage-sludge biosolids, min ing, 

and smelt ing [16] [1]. Toxicity from Pb-contaminated soils 

primarily occurs from direct ingestion. Symptoms of lead 

poisoning in human beings include irritability, poor muscle 

coordination, nerve damage, increased blood pressure, 

developmental delays etc. [ 20]. 

Heavy metal concentration in soil solution is of great 

importance for all eco logical consideration because the 

plants are likely to take up the available metals from soil 

solution. The transport of metals within the soil or even to 

groundwater depends on the metal concentration of the 

solution phase [5]. It  was suggested that the fate and 

transport of toxic metal ions in  the environment are 

generally controlled by adsorption reactions, complexation 

etc. [21]. Studies on Pb (II) adsorption were performed on 

soils, clay minerals and oxides [8] [17][21] [2]. These 

studies showed that soil type, ionic strength, ion type, 

contact time affected the adsorption of heavy metals onto 

soils and clay minerals. Other factors such as liquid: solid 

ratio [14], solution pH, ionic strength [12] and temperature 

also affect sorption process [4] [11]. 

It is well known, t ropical and subtropical regions are 

distributed with large areas of variab le charge soils. These 

soils usually carry both positive and negative charges on 

their surfaces, therefore can  adsorbed both anions and 

cations [23]. 

It has been observed that increasing the contact time 
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favor the adsorption of metal ions because the sorbed 

phase of metals changed from loosely bounded phase to 

strongly bounded phases with increasing contact time 

[9][15]. However, there are few studies  and limited 

informat ion on the effect of these operating variables  on 

the adsorption and affinity of Pb  onto variable charge 

soils .The process of adsorption, though widely applied, is 

still only partially understood [ 19].  

 This paper therefore investigated impact of reaction 

variables like  contact time and temperature and on 

adsorption and affinity of Pb2+ onto three variable charge 

soils. The aim is to provide scientific information that will 

help in the management of lead contaminated soils. 

 

II. MATERIALS AND METHODS 

2.1 Soil samples and basic properties 

   Three representative variable charge soils were used in 

this study : Yellow brown soil (YBS), A lfisol in America 

Soil Taxonomy and Argosol in China Taxonomy; Latosol 

soil (LS) and Lateritic  red soil, Oxisols in America So il 

Taxonomy and Ferralosols in China Taxonomy，collected 

from Hubei, Hainan, and Guangxi provinces, respectively 

in China. These uncontaminated soils with contrasting 

properties were sampled at  0 – 20 cm depth. Composite 

samples of the soils were air-dried, ground, sieved through 

2-mm mesh prior to use. Soil pH value was measured in 

de-ionized water at a soil: water ratio of 1:2.5. Cation 

exchange capacity (CEC) and organic matter content were 

determined by the methods described by Rhoades and 

Walkley – Black respectively [13]. Particle size 

distribution was determined using the pipette method. 

Amorphous iron (Fe) and alumin ium (Al) oxides were 

determined by the oxalate ext raction [10]. Crystalline Fe 

and Al oxides were determined by the oxalate – ascorbic 

acid extraction method of Shuman [18]. The mineralogical 

composition of the clay  samples was determined with 

Cu-Ka radiation on X –ray diffractometer (D8 Bruker 

Advance X –ray diffractometer). 

2.2. Effect of temperature on sorption 

Weight of 1 g of soil samples were p laced in 50 mL 

polyethylene bottles. Twenty-five mL of 0.01 KCl solution 

containing 100 mg L-1 Pb2+ was added. The solutions were 

adjusted to pH 5.5±0.1 with either 0.1 M NaOH or HCl. 

These were ag itated at 230 rpm at different temperatures 

within the range of 5 – 45 0 C, after which they were 

centrifuged and the supernatant solution taken for metal ion 

analysis using AAS. The amount adsorbed was calculated 

by the difference between the total applied Pb2+ and the 

amount of Pb2+ remaining in the equilibrium solution. The 

heat of reaction (△H) was determined using the formulae: 

Heat of reaction = q/1000÷ Moles [3] 

Where q= mass x specific heat capacity x change in 

temperature. 

2.3. Effect of time on sorption  

Weight of 1 g  of soil samples were placed in 50 mL 

polyethylene bottles. 25 mL of 0.01 KCl solution 

containing 100 mg L-1 Pb2+ was added. The solutions pH 

were ad justed to 5.5±0.1 with either 0.1 M NaOH or HCl. 

These were agitated at 230 rpm at different times within the 

range of 5 – 80 min, after which they were centrifuged and 

the supernatant solution taken for metal ion analysis using 

AAS. The amount of metal ions adsorbed was  calculated as 

above.    

2.4. Scanning electron microscopy 

After adsorption, the soil residues were air-dried for 7 days 

and gold coated under vacuum in a JFC – 1600 sputter 

coater (JEOL, Japan) for 20 min. The SEM images obtained 

by a JSM 6390 scanning electron microscope (JEOL, 

Japan)  

    

   2.5. Statistical analysis  

All experiments were carried out in duplicate and only 

mean values are presented. All data were processed by 

Microsoft Excel, SAS and sigmaplot10. 

 

III. RESULTS AND DISCUSSION 

3.1. Physicochemical  and mineralogical properties of 

soils 
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The results of the physicochemical propert ies showed that 

YBS had higher CEC and pH (27.4 cmol kg -1 and 5.2) 

respectively than the other soils , while LS had higher 

organic carbon and crystalline Fe2O3 and Al2O3 (13.1 g kg-1, 

84.0 g kg-1 and 5.2 g kg-1) respectively than the other soils 

(Table 1). The part icle size analysis showed that LS was 

clay, YBS was silt loam and LRS was clay loam. 

Mineralogical composition showed that LRS main ly 

consisted of kaolin ite 60 %, and illite 40 % characterized by 

diffract ion peaks at 0.719nm and 1nm, respectively. The LS 

consisted of kaolinite 75 %, hydroxyinterlayed vermiculite 

15 % and goethite characterized  by diffraction  peaks at 

0.71nm, 0.48nm and 0.27nm, respectively. Yellow brown 

soil consisted of illite  45 %, vermiculite 25 % and kao lin ite 

30 % characterized by diffract ion peaks at 1nm, 1.396nm 

and 0.717nm, respectively (Fig.1). The YBS has higher 

adsorption capacity probably due to its higher CEC, pH and 

illite content (Table 1). This result is in agreement with 

previous reports suggesting that adsorption capacity of Pb2+ 

by soil has a significant relat ionship with CEC of soils 

[6][22]. Other propert ies that are associated with metal 

adsorption e.g. clay content and organic matter may also 

influence metal retention through their relation to  CEC [22]. 

The result of particle size analysis agrees with [7] that 

oxisols with high Fe oxide content are rich in  clay; however, 

the soils exhibit moisture characteristics of sands. 

Table.1: Properties of the soils studied 

  soil 

 

 

pH  

(H2O) 

O.M  

g kg-1 

CEC  

g kg-1 

Clay 

(<0.002mm)  

g kg-1 

Clay minerals Crystal  

Fe  

g kg-1 

Crystal 

Al  

g kg-1 

 YBS 5.2 10.8 27.4 256.5 I (45),V(25),  

K (30) 

16.0 1.3  

 LS 4.5 13.1 15. 9 415.9 K(75), 

HIV(15), GE 

84.0 5.2 

 LRS 4.1 9.9 21.9 361.2 K(80),GE(20) 21.0 2.1 

I = illite, V = vermiculite, K = kaolinite, HIV =hydroxyinterlayed vermicu lite, GE= goethite. Data in  the parentheses are the 

contents (%) of the corresponding minerals.  

 

Fig.1: X-ray diffraction patterns of three soils, a. LRS; b. LS; c. YBS 

 

3.2. Effect of temperature on sorption 

In a series of adsorption experiments at temperature 

between 5 0 C and 45 0C, the distribution coefficient (Kd) 

increased slightly with  increasing temperature up to 35 0C 

and then decreased at 45 0 C. The maximum increase of 365 

mL/g was observed in YBS, while the maximum reduction 
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of 608 mL/g was observed in LS (Fig.2). The heat of 

reaction (△H) was positive at lower temperature and 

negative at higher temperatures. At 5 0C, 15 0C and 25 0C, 

△H was 962 kJ mol-1,544 kJ mol-1, and 126 kJ mol-1 

respectively. At 35 0C, and 45 0C, △H was – 293 kJ mol-1 

and -711 kJ mol-1 respectively (Table 2). To the best of our 

knowledge, this result has not been reported. The attraction 

of Pb2+ to soils increased slightly with increasing 

temperature up to 35 0 C and then reduced at 45 0C. This 

could be because at (25 -35 0C) the temperature is warm 

and the environmental condition is conducive for rap id 

decomposition and mineralizat ion or release of simple 

inorganic products such as sulfates, nitrates etc. which may 

lead to increase adsorption of Pb2+ onto soils, while at high 

temperature of 45 0C there was damage of act ive binding 

sites in the soils. The negative value for △H indicates that 

desorption is favoured as temperature increase [24] The 

distribution coefficient (Kd) of YBS is greater than other 

soils, indicating that Pb2+ has a greater affinity for YBS 

than other soils. 

Table.2: Enthalpy change at different temperatures during 

Pb adsorption. 

Temperature ℃ Enthalpy change △H 

(kJ mol-1) 

5 962 

15 544 

25 126 

35 -293 

45 -711 

 

Fig.2: Distribution coefficient of Pb2+ at different 

temperatures 

 

3.3. Effect of time on sorption  

From Fig.3, it was observed that there was an increase 

in the percent adsorption of Pb2+ within the first 8 min of 

the reaction and a decrease within 20 min of the reaction. 

The equilibrium was reached after 40min with 95.8 %, 

87.4 % and 83.8 % for the YBS, LS and LRS, respectively. 

In the experiments, 24 h was selected to achieve the 

adsorption equilibrium. The effect of time on adsorption of 

Pb ion is contrary to p revious observation by [2] that 

adsorption of Pb2+ onto kaolinite clay increased with time 

and reaches equilibrium after 8 min and 20 min  for 

P-modified and unmodified kaolin ite respectively. The 

reason for this trend is not understood. Further investigation 

is warranted to exp lain this behavior, presumably  associated 

with the interaction between Pb2+ and soils. 

 

Fig.3: Percent Pb2+ adsorbed at different time intervals 
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3.4. Scanning electron microscopy analysis  

The morphology of the soils with Pb2+ ion showed some 

important observations. Typical SEM photographs are 

shown in Fig.4 (a–f). Coverage of the surface of the soil 

due to adsorption of Pb2+ ion presumably lead ing to 

formation of layer of lead molecules over the soil surface. It 

is evident from the fo rmation of white layer (molecular 

cloud). There was h igher surface coverage of lead in YBS 

and LRS than LS. It is noticed that soils have bigger pore 

structures, 1 – 5μm and after adsorption, the pore size have 

been reduced to 0.4 – 0.6 μm where the lead has attached to 

it due to its surface chemistry. There was spherical like 

structures attached in bundles. This could be due to 

adsorption of Pb2+ ion on soils. We see beautiful surface 

adsorbed spherical shaped Pb particles on the soils. 

a                           b                         c  

 

d                             e                              f 

 

Fig.4: Scanning electron microscopy of soils without and with Pb a. LRS, b. LS, c YBS without Pb, d. LRS, e. LS, f. YBS with 

Pb 

  

IV. CONCLUSIONS 

At warm temperature the distribution coefficient (Kd) was 

highest in all the soils. Sorption of Pb2+ decreased with the 

increase in temperature. The Pb2+ has a greater affinity for 

YBS than other soils. Lead ion adsorption decreased with 

time in all the soils  and decreased pore structures in studied 

soils. 

 

ACKNOWLEDGEMENTS  

The researchers would like to thank the Chinese 

government for their financial assistance .We are also 

grateful to the Special Research Fund for the Doctoral 

Program of Higher Education, Ministry of Education 

(Grant No: 20090146110003) for the financial support to 

this work. We also thank all our laboratory mates for their 

encouragement and assistance during this research. 

 

REFERENCES 

[1] Abdel-saheb, I., Schwab, A.P., Banks, M,.K., and 

Hetrick, B.A.,  (1994). Chemical characterization of 

a heavy metal contaminated soil in  southeast Kansas. 

Water Air Soil Pollut., 78: 73-82. 

[2] Adebowale, K.O, Unuabonah, I.E., and Olu –Owolab i, 

B.I. (2006). The effect of some operating variables on 

http://dx.doi.org/10.22161/ijeab/3.4.46
http://www.ijeab.com/


 
International Journal of Environment, Agriculture and Biotechnology (IJEAB)              Vol-3, Issue-4, Jul-Aug- 2018 
http://dx.doi.org/10.22161/ijeab/3.4.46                                                     ISSN: 2456-1878  

www.ijeab.com                                                                             Page | 1491  

the adsorption of lead and cadmium ions on kaolinite 

clay. J. Hazardous materials B, 134: 130 – 139. 

[3] AUS-e- TUTE n.d., (2011) June 1. Chemistry Tutorial : 

Heat (enthalpy) of Reaction. Retrieved 9 June 2011, 

http:// www. ausetute.com.au/heatreact.html. 

[4] Bestas, N., Agim, B.A. and Kara, S. (2004). Kinetic 

and equilibrium studies in removing lead ions from 

aqueous solutions by natural sepiolite. J. Hazardous 

materials, 122: 115 – 122. 

[5] Brummer, G.W., Gerth, J., and Herms, U. (1986). 

Heavy metal species, mobility and availability in soils. 

Z. Pflanzenernaehr. Bodenk., 149: 382 -398. 

[6] Coles, C.A., and Yong, R.N. (2002). Aspects of 

kaolinite characterization and retention of Pb and Cd. 

Applied Clay Sci., 22: 39 -45. 

[7] Foth, H.D. (1984). Fundamentals of Soil Science. 7th 

Ed. New York: John Wiley and Sons.  

[8] Lee, S.Z., Cheng, L. Yang, H.H., Chen, C.M., and Liu, 

M.C. (1998). Adsorption characteristics of lead unto 

soils. J. Hazard. Mater., 63: 37 -49. 

[9] Lim, T.T., Tay, J.H.,  and Teh, C.I. (2002). 

Contamination time effect on lead and cadmium 

fractionation in a t ropical coas tal clay. J. Environ. 

Qual., 31: 806 -812. 

[10] McKeague, J.A., and Day, J.H. (1966). Dithionite – 

and oxalate – extracted Fe and Al as aids in 

differentiat ing various classes of soils. Can. J. Soil Sci.  

46: 13-22. 

[11] Nkwopara, U.N., Ihem, E., Agim, L. Uzoho, B., 

Onweremadu, E., Ahukaemere, C.,  and Hu, H. 

( 2013). Effect of temperature and mechanism of Pb  

sorption on selected acid soils of Southern China. Acta 

Agronomica Nigeriana, 13(1-2): 43-56. 

[12] Nkwopara, U.N., Emenyonu-chris, C.M., Ihem, E.E., 

Ndukwu, B.N.. Onweremadu, E.U., Ahukaemere, C.M.  

Egbuche,C.T.  and Hu, H. (2015). Batch studies for 

the investigation of the mechanism of Pb sorption in 

selected acid soils of China. Agriculture, Forestry and 

Fisheries, 4(3-1): 11-20. 

[13] Page, A.L., Miller, R.H. and  Keeney,  D.R. (1982). 

Methods of Soil Analysis: Part 2, Chemical and 

Microbiological Properties (2nd ed.). (Madison, WI : 

Soil Sci. Soc. Ame). 

[14] Pulse, R.W., and Bohn, H.L. (1988). Sorption of 

cadmium, nickel and Zinc on kaolinite and 

montmorillonite suspensions. Soil Science society of 

America Journal, 52: 1289-1292.  

[15] Qin, F., Shan, X., and Wei, B.  (2004).. Effects of low 

– molecular –weight organic acids and residence time 

on desorption of Cu, Cd, and Pb from soils. 

Chemosphere, 57: 253 – 263. 

[16] Schwab, A.P., He,, Y. and Banks, M.K. (2005). The 

influence of organic ligands on the retention of lead  in  

soil. Chemospere, 61: 856 – 866. 

[17] Sipos, P., Nemeth, T., Mohai, I., and Dodony, 

I.,( 2005). Effect of soil composition on adsorption of 

lead as reflected by a study on a natural forest soil 

profile. Geoderma, 124: 363 - 374 

[18] Shuman, L.M. (1982). Separating Soil Iron –  and 

Manganese oxide fractions for microelement analysis. 

Soil Sci. Soc. Am. J., 46: 1099 – 1102. 

[19] Unuabonah E.I., Olu–Owolabi, B.I., Adebowale, K.O., 

and Ofomaja, A.E. (2007). Adsorption of lead  and 

cadmium ions from aqueous solutions by triphosphate 

– impregnated kaolin ite clay. Colloids and surface A: 

Physicochemical and Engineering Aspects, 292: 202 –  

211. 

[20] USEPA (United State Environmental Protection 

Agency), (2000). Eliminating childhood lead 

poisoning: a federal strategy targeting lead paint 

hazards. Washington, DC: US Government Printing 

Office).  

[21] Wang, S., Jun, H., . Li, J., and . Dong, Y., (2009). 

Influence of pH, soil humic/fulvic acid, ionic strength, 

foreign ions and addition sequence on adsorption of 

Pb (II) onto GMZ bentonite. J. Hazard. Mater., 167, 

44 -51. 

[22] Yang, J.Y., Yang, X.E. He, Z.L,. Li, T.Q., Shentu, J.L,. 

http://dx.doi.org/10.22161/ijeab/3.4.46
http://www.ijeab.com/


 
International Journal of Environment, Agriculture and Biotechnology (IJEAB)              Vol-3, Issue-4, Jul-Aug- 2018 
http://dx.doi.org/10.22161/ijeab/3.4.46                                                     ISSN: 2456-1878  

www.ijeab.com                                                                             Page | 1492  

and  Stofella, P.J.( 2006). Effects of pH, organic acids 

and inorganic ions on lead desorption from soils. 

Environ. Pollut., 143: 9 – 15.  

[23] Yu, T.R. (1997). Chemistry of variable charge soils.  

New York: Oxford University Press. 

[24] Zhang, J., Zeng, J., and He, M.  (2009) Effect of 

temperature and surfactants on naphthalene and 

phenanthrene sorption by soil. Journal of 

environmental sciences 21: 667-674 

http://dx.doi.org/10.22161/ijeab/3.4.46
http://www.ijeab.com/

