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Abstract 

 Heavy metal pollution is an environmental problem of worldwide concern. Several industrial 

waste water streams may contain heavy metals such as, Pb, Cr, Cd, Ni, as well as Zn, As, Hg, 

Cu, and Ag. A wide range of low-cost adsorbents have been studied by many researchers for 

heavy metal removal. It is evident from our literature survey that inexpensive and locally 

available materials could be used instead of conventional expensive adsorbents. The sand is one 

of the effective and environmentally suitable, low cost materials for treatment of polluted water. 

The removal of four heavy metals, i. e. Pb. Cr. Cu. and Zn from aqueous solutions, using 

ordinary sand as an adsorbent, was studied at 20
o 

C. The amount of metal adsorbed to form 

monolayer on sand, obtained from Freundlich isotherm, exhibited the preference of metals for 

sand in the order Pb > Cr > Cu > Zn. The heavy metal-sand adsorption phenomena can be 

illustrated on the basis of the interaction between surface functional group of silicates (sand) and 

the metal ions. It is deduced that sand can be used as a low cost adsorbent for the removal of 

heavy metal from waste water (containing low concentration of metals) especially in the 

developing countries.  
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 Introduction             

The rapid growth of industrial activities during the last few decades is one of the major reasons 

for pollution of water, air and soil. Effluents from metallurgical, chemical, ceramics, electro-

galvanization and textile industries are the main sources of water contamination. According to 

the World Health Organization (WHO, 1984), the metals of most immediate concern are lead, 

cadmium, copper, cobalt, aluminium, chromium, manganese, iron, nickel, zinc and mercury. 

Development of low cost adsorbents for mitigation of toxic ions is one of the most important 

areas of research and development. Various treatment techniques including adsorption, 

precipitation, ion exchange and reverse osmosis have been employed to eliminate or reduce the 

toxic ion concentrations in waste waters. Adsorption on solid surfaces is the most common one 

and efforts are being made continuously to develop new, low cost and efficient adsorbents for 

removal of heavy metals. Several low cost adsorbents such as agriculture wastes [1], natural 

clay, soils, low grade ores [2-9] and industrial wastes [10 – 14] have been projected as potential 

adsorbents for mitigation of toxic cations from aqueous streams. Water contaminants include a 

large number of chemicals ranging from aromatic hydrocarbons. Organic solvents, pesticides 

and metals. Heavy metal contamination is commonly found in areas where industrial effluents 

are discharged into natural waters. The harmful effects of such metals on living being are well 

known. Chromium exists in as Cr
3+

 and Cr
2+

 in water, these are biologically critical species 

[15,16] . Cr
2+

 is carcinogenic in nature whereas long-term exposure to Cr
3+

 can cause allergic 

skin reactions leading to cancer. Similarly, copper is extremely toxic to aquatic biota [17]. Lead 

[18] and zinc [19 – 21] have also been classified as water pollutants. Consequently, removal of 

heavy metals from waste water and industrial wastes has become a very important 

environmental issue. The process of adsorption is considered as one of the most suitable 

methods for the removal of contaminants from water, and a number of low cost adsorbents have 

been reported for the removal of heavy metals (ions) from aqueous solutions. Activated  

charcoal  is very efficient in removal of metal ions, but is readily soluble under very low and 

high pH conditions [22]. Peat moss was used for the removal of mercury, copper, cadmium [23] 

and nickel [24]. Claymperes delessertti( moss) was used for the adsorption of copper from 

aqueous solution [25]. Also lead, cadmium and zinc were adsorbed on waste tea leave [26]. The 

adsorbents discussed above show different adsorption efficiencies for different metals. In 

addition to the above adsorbents, soils and clays also showed remarkable potential towards the 

removal of heavy metals ions from water [20, 27]. Removal of heavy metals by slow sand filters 

has also been reported [28-30]. In the present work adsorption potential of ordinary sand towards 
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selected heavy metal ions, i.e. Cr
3+

,  Cu
2 +

,  Pb
2+

 and  Zn
2+

 has been examined by plotting the 

Freundlich adsorption isotherms and extracting the necessary parameters from them. Freundlich 

adsorption isotherm:                                                                                                        

 

The Freundlich adsorption isotherm, applicable to solutions (adsorbate) can be expressed as 

 

              log x/m = l/n log C + log K 

 

Where   x = the amount of heavy metal cation absorbed 

                m = weight of adsorbate 

  Thus   x/m = amount absorbed per unit weight 

                l/n = constant 

                 C = equilibrium concentration of metal cation 

                 K = constant 

 

 Materials and methods 

 

All heavy metal salts, i.e. chromium chloride, lead nitrate, copper sulphate, and zinc sulphate 

(Merck) were of analytical grade and were used without further purification. 500 g, ordinary 

sand was collected from Al-Briga City, Libya. It was washed several times with distilled water 

and left to dry in open air. Separate solutions, ranging in concentration from 200-1000 ppm, 

were prepared for each metal in distilled water. For each metal 150 ml of the solution was taken 

in 250 ml  Erlenmeyer flask  and 10 g sand was added (concentration of sand was thus 66.67 

g/L). The pH of each mixture was adjusted to 5.7 by adding a few drops of 5 M KOH solution. 

At this slightly acidic pH a metal precipitation does not occur. The flasks in triplicate were 

capped and shaken on the flask shaker at 50 r / min for 24 hours at 20ºC. The solution, above the 

sand was filtered and its metal concentration, C in (mg/L) was determined using the Atomic 

Absorption Spectrophotometer. 

 

 Results and discussion 

Freundlich adsorption isotherms Log c vs Log x / m gave a linear relation (straight lines) for all 

four metals as shown in fig. 1 to 4. The values of log x / m exhibit the preference of metal ions 

for sand in the order  Pb> Cr> Cu> Zn. Among the four metals, Pb is most readily adsorbed on 
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sand while Zn is the least readily adsorbed. In order to understand the above metal-trend of 

adsorption on sand, consideration of the types of associations among adsorbing metal ions, silica 

and feldspar (components of sand) may be helpful. Silica (SiO2) has a structure composed of 

infinite three-dimensional frame work of tetrahedron [31].   Each silicon atom forms four single 

bonds with four oxygen atoms located at the four corners of a tetrahedron. Like silica, feldspars 

are also framework of silicates. The relationship between the equilibrium concentrations(c) of 

the metal cations Pb
2+, 

Cr
3+, 

Cu
2+

and Zn
2+

 and the amounts of cations adsorbed on sand surface 

(x/m) was studied at 20
o
C. The results are given in tables 1 to 4. 

Table 1: Amounts of Pb
2+

 ions adsorbed onto sand at 20
o
C 

Equilibrium Conc. of Pb
2+

(C) Amounts of Pb
2+

 adsorbed per 10 g sand (x/m) 

ppm meq/L log C ppm meq/g log x/m 

200 0.965 0.0154 124 0.598 -0.2229 

400 1.931 0.2857 248 1.197 0.0781 

600 2.896 0.4618 372 1.795 0.2542 

800 3.861 0.5867 496 2.394 0.3791 

1000 4.826 0.6836 620 2.992 0.4760 

 

Table 2: Amounts of Cr
3+

 ions adsorbed onto sand at 20
o
C 

Equilibrium Conc. of Cr
3+

 (C) Amounts of Cr
3+

 adsorbed per 10 g sand (x/m) 

ppm meq/L log C ppm meq/g log x/m 

200 3.846 0.585 110 2.115 0.3254 

400 7.692 0.886 229 4.404 0.6438 

600 11.539 1.062 341 6.558 0.8168 

800 15.386 1.187 456 8.769 0.9430 

1000 19.232 1.284 569 10.942 1.0391 

 

Each reading is the average of four measurements. 

Table 3: Amounts of Cu
2+

 ions adsorbed onto sand at 20
o
C 

Equilibrium Conc. of Cu
2+

(C) Amounts of Cu
2+

 adsorbed per 10 g sand (x/m) 

ppm meq/L log C ppm meq/g log x/m 

200 3.150 0.498 96 1.512 0.1795 

400 6.300 0.799 196 3.087 0.4895 

600 9.449 0.975 288 4.535 0.6566 

800 12.589 1.100 392 6.173 0.7905 

1000 15.748 1.197 470 7.402 0.8693 
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It is obvious that the amount of Pb
2+

, Cr
3+

, Cu
2+

 and Zn
2+

 ions adsorbed increase with increase in 

the equilibrium concentration of the cation in the bulk solution, but the increase becomes less for 

higher concentrations. However adsorption seems to reach a maximum value when all 

adsorption sites are occupied with ions. 

 

Table 4: Amounts of Zn
2+

 ions adsorbed onto sand at 20
o
C  

Equilibrium Conc. of Zn
2+

(C) Amounts of Zn
2+

 adsorbed per 10 g sand (x/m) 

ppm meq/L log C ppm meq/g log x/m 

200 3.059 0.4860 80 1.223 0.0876 

400 6.117 0.7870 164 2.508 0.3993 

600 9.176 0.9630 239 3.655 0.5629 

800 12.234 1.0880 318 4.863 0.6869 

1000 15.293 1.1840 375 5.735 0.7585 

 

Applying the Freundlich adsorption isotherm equation to the experimental data, it satisfactorily 

fits and give a straight line relationship between log c and log x / m for Pb
2+

, Cr
3+

, Cu
2+

, and 

Zn
2+

 (Figure 1 to 4). 

 

Fig. 1    Freundlich  Adsorption  Isotherms for Pb
+2

  at  20ºC. 
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Fig. 2   Freundlich Adsorption Isotherms for Cr
+3

 at  20ºC. 

 

 

 

Fig. 3   Freundlich  Adsorption  Isotherms for Cu
+2

  at  20ºC. 
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Fig. 4   Freundlich Adsorption Isotherms for Zn
+2

 at 20ºC 

 

On the other hand the present data does not fit with Langmuir isotherms, however it has been 

reported 
  

that copper is adsorbed by clay minerals and by quartz according to Freundlich 

adsorption isotherm [32] Other researchers have reported that Cu
2+

 and Zn
2+

 cations are 

adsorbed both specifically and non-specifically by the soil [33,34]  

 Kuo and Mikkelson .[35] found that at extremely low concentrations (0.1 μg/g), zinc adsorption 

by soil could be described by Langmuir isotherm, whereas at higher concentrations only 

Freundlich equation could describe the adsorption. On the other hand, some other workers 

reported that copper adsorption could be described by Freundlich isotherm when its 

concentration was initially 200 μg or greater which agrees with the present results [36]    

A surface functional group in silicates plays significant role in the adsorption process. It is a 

plane of    oxygen atoms bound to the silica tetrahedral layer and hydroxyl groups that are 

associated with the edges of the silicate structural units [37](Donald. 1998). These functional 

groups provide  surface  sites  for  the chemisorption  of transition  and  heavy  metals [31]  .  
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The surface functional groups can be represented as: 

 

S OH

 

 

 

Where S is central atom (Si or Al) of adsorbing surface of silicates [37]. The surface  hydroxyl 

groups dissociate in water and serve as Lewis bases towards metal cations (M
n+

 ).                 

Such deprotonated sites (one or possibly two) forms complex with the heavy metal ions as 

follows [31]. 

 

 

S OH + Mn+ S OM(n-1)+ + H+

 

 

S OH + Mn+ (S O)2M(n-2)+ +2H+
2

 

 

Heavy metal cations M
n+

 may also hydrolyze in aqueous solution and adsorb in a hydrolyzed 

form according to the following reaction. 

 

Mn+  +  H2O M(n-1)+  OH + H+ (Hydrolysis)

 

 

M(n-1)+ OHS OH + S OM(n-2)+ OH + H+ ( Adsorption )

 

 

The metal-surface bonding (adsorption) reaction  is favoured by the metal's properties that 

favour its hydrolysis. Such properties include high charge, small  radius and polarizability [31].    
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Though the values of adsorption for all the four metals do not differ much yet the reason of 

slightly higher value for Pb
2+

 is that silica adsorbs it a bit strongly as it (Pb
2+

) can easily be 

hydrolyzed in water[31] which in turn favors its chemisorptions on 'silicates. Cr
3+ 

  due to its 

trivalent nature adsorbs bit more than the two other divalent metals (Cu
2+

 and Zn
2+

). It is 

therefore can be deduced that adsorption and hydrolysis are somewhat correlated; if the heavy 

metal ion is easily hydrolysable, its adsorption on silicates is relatively higher as in the case of 

Pb
2+

. 

The sand after adsorption becomes saturated with the adsorbed metals. It can be disposed off by 

employing it as a component of concrete used in various construction purposes. In a study 

Vallejo et al. proposed a method of immobilization of industrial residues containing zinc and 

chromium using two types of cements [38]. 

 

 Conclusion 

The linear  trend  of  the  plots log c vs  log x / m for Pb, Cr, Cu and Zn conform  that  their  

adsorption on sand also follows the  Freundlich  adsorption model. The removal capacity of sand 

for heavy metals in aqueous solutions is related to their (metals) potential towards hydrolysis. 

Though ordinary sand adsorbs  heavy metals yet  it can be  used  as  a low  cost  adsorbent for  

their  removal from waste waters  especially in the developing countries. 

 

References 

[1]    Sud D., Mahajan G., and Kaur M.P., 2008. Agricultural waste material as potential    

         adsorbent  for  sequestering  heavy  metal  ions from  aqueous  solutions-A review.     

         Bioresource Technology, Vol. 99, pp 6017-6027. 

[2]    Huang P., and Fuerstenau D.W., 2000. The effect of the adsorption of lead and  

         cadmium ions on the   interfacial behavior of quartz and talc. Colloids and Surfaces A:  

         Physicochemical and Engineering Aspects Vol.177, No.2-3, pp 147-156.  

[3]    Babel S., and Kurniawan T. A., 2003. Low-cost adsorbents for heavy metals uptake     

         from contaminated  water: a review. J. Hazard.Mater. Vol.97, No.1-3, pp. 219-243.   

[4]     Dong De-ming, Zhao Xing-min, Hua Xiu-yi, Zhang Jing-jing, and Wu Shi-ming,  

          2007. Lead and cadmium adsorption onto iron oxides and manganese oxides in the  

          natural surface coatings collected  on natural substances in  the  Songhua  River  of  

          China. Chemical Research in Chinese Universities, Vol.23, No.6, pp. 659-664. 

[5]      Mohapatra M., and Anand S., 2007. Studies on sorption of Cd (II) on Tata chromite    

           mine overburden. J. Hazard. Mater. Vol. 148,pp.553–559. 



             IJMIE           Volume 3, Issue 8             ISSN: 2249-0558 
__________________________________________________________      

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
215 

August 
2013 

[6]     Mohapatra M., Sahoo R.K., Rout K., Das R.P., Anand S., 2007. Completion report on  

         utilization of  goethite for effluent treatment. Report No. T/HEM/634/Oct./2007.  

         Prepared for Ministry of Environment and Forests, New Delhi, India. 

[7]    Samir Abu-Eishah I., 2008. Removal of Zn, Cd, and Pb ions from water by Sarooj  

         Clay. App. Clay Sci., Vol.42, pp. 201-205. 

[8]     Mohapatra M., Rout K., Mohapatra B. K., Anand S., 2009-a. Sorption behavior of                     

          Pb(II) and Cd(II) on iron ore slime and characterization of metal ion loaded sorbent.  

           J. Hazard. Mater., Vol. 166, pp.15061513. 

[9]      Serrano S.A., O’Day P., Vlassopoulos D., Garcı´a-Gonza´lez M.T., and Garrido F.,  

           2009. A surface complexation and ion exchange model of Pb and Cd competitive  

           sorption on natural soils. Geochimica et Cosmochimica Acta. Vol.73, pp.543-558. 

[10]    Gupta V.K, Sharma S., 2002. Removal of cadmium and zinc from aqueous solutions   

           using red mud. Environ. Sci. Technol. Vol.36, pp. 3612-3617.           

[11]    Agrawal A., and Sahu K.K.,2006. Kinetic and isotherm studies of cadmium adsorption     

           on manganese nodule residue. J. Hazard.Mater.Vol.137, No.2, pp. 915 - 924.             

[12]    Wang S., Ang H.M., and Tade M.O., 2008. Novel applications of red mud as coagulant,  

            adsorbent and catalyst for environmentally benign processes. Chemosphere Vol. 7 pp.           

            1621–1635.                 

[13]     Xue Y., Hou H., and Zhu S., 2009. Competitive adsorption of copper (II), cadmium (II),  

            lead (II) and zinc(II) onto basic oxygen furnace slag. J. Hazard. Mater. Vol. 162, pp.  

            391–401. 

[14]     Mohapatra M., Khatun S., and Anand S., 2009-b. Adsorption behaviour of Pb(II),     

            Cd(II) and Zn(II) on NALCO Plant Sand. Indian J.Chem. Technol., Vol.16, pp.291-300.  

[15]      Sawyer C N, Macarty P L, 1994. Chemistry for environmental engineering [M]. 4th  

             edition. New York: McGraw Hill. 

[16]     Dara S S, 1997'. Environmental chemistry and pollution control [M]. New Delhi: S.      

            Chand & Company Ltd.   

[17]     US EPA, 1985. Ambient water quality criteria for copper-1984[S]. U.S. Environmental  

            Protection Agency, Office of Water Regulations and Standards, Washington, DC.                                                                             

[18]      Manahan S E, 1991. Environmental chemistry [M]. 5th ed. M1: Chelsea, Lewis:      

           Publishers.                                             

  [19]    Diamond J M, Bower W, Guber D, 1993. Use of man-made impoundment in mitigating    

             acid mine drainage in the North Branch Potomac Rive [J]. Environ Management, 17:    

             225-238. 

  [20]  Murray B M, 1994. Environmental chemistry of soils[M]. USA: Oxford University Press 



             IJMIE           Volume 3, Issue 8             ISSN: 2249-0558 
__________________________________________________________      

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
216 

August 
2013 

  [21]  Evangelou V P, 1998. Environmental soil & water chemistry[M]. USA: John Wiley &    

           Sons,   Inc. 

  [22]  Huang C P, Blankenship B W, 1989. The removal of mercury ( II ) from dilute aqueous  

           solution by activated carbon [J]. Water Research, 18: 37-46.     

[23]   Coupal B. Lalancette J M, 1976.  The treatment of waste waters with peat moss [J]. Wat  

           Res, 10: 1071-1076.       

 [24]   Ho Y Set at., 1995. Batch nickel removal from aqueous solution by sphagnum moss    

           Peat [J].Wat Res, 29 (5): 1327-1332.    

 [25]   Lee C K, Low K S, 1989. Removal of copper from solution using moss [J]. Environ.  

           Technol. Letters, 10: 395-404.                                                            

  [26]  Tee T W, Kban  R M, 1988. Removal of lead, cadmium and zinc by waste tea leaves     

           [J].Environ Tech Lett, 9: 1223-1232.                                            

   [27]  Evangelou V P, 1998. Environmental soil & water chemistry [M]. USA: John Wiley    

            & Sons, Inc.  

   [28]  Schmidt K, 1977. Behavior of special pollutants in slow sand filters used in  

            artificial  recharge of ground water [C]. XVII congress, Baden- Baden. 

    [29] Muhammad N et at., 1997. Removal o f heavy metals by slow sand filtration [C].  

            Proceedings of the 23rd WEDC international conference on water supply & sanitation.   

            Durban, South Africa. 167-170.       

    [30]  Muhammad N et at., 1998. Adsorption of heavy metals in slow sand filters [C].  

             Proceedings of the 24th WEDC international conference on sanitation and water for   

             All. Islamabad, Pakistan. 258-261.    

    [31]  Murray B M, 1994. Environmental chemistry of soils [M]. USA: Oxford University  

             Press. 

     [32]  L. M. Heydemann, J. Soil Sci. Soc. Amer. Proc., 39: 454 (1975)   

      [33] K. Wada and A. Abdul Fatah, J. Soil Sci. and Plant Nutrition, 24: 417 (1978) 

      [34] L. M. Shuman, J. Soil Sci. Soc. Amer. Proc., 39: 454 (1975). 

      [35] S. Kuo and D. S. Mikkelson, Zinc Adsorption by the Alkaline Soils, J. Soil Sci. 128:  

              274-  279 (1979) 

      [36] S. C. Jarvis, Copper sorption by soils at low concentration and relation to up take by                             

              plants, J. Soil Sci., 32: 257-269 (1981) 

      [37] Donald L S, 1998. Environmental soil chemistry [M]. San Diego: Academic Press.  

      [38] Vallejo B et al., 1999. Cement for stabilisation of industrial residues containing heavy   

              metals[J]. J Environ Monit, 1 (6): 563-568.  


