
Interna onal Journal of Natural Resources and Environmental Studies 

arcnjournals@gmail.com                                                       Page | 19  
 

 

 

Effect of Water Soluble Phosphate on Immobiliza on of Pb+2 in 
Lead Contaminated Soil 

Dagari M.S.a*, Jimoh WLO.b and Kanada, Y.Bc.                                                             
a,Department of Chemistry, Faculty of Science, Federal University, Gashua, P. M. B. 1005, 

Gashua, Yobe State, Nigeria                                                                                                               
b,Department of Pure and Industrial Chemistry, Faculty of Science, Bayero University, Kano, P. M. 

B. 3011, Kano, Kano State, Nigeria                                                                                                    
cDepartment of Science Laboratory Technology, Ramat Polytechnic, Maiduguri, Nigeria 

aCorresponding Author; 08065497722, Email: dagaribuk@gmail.com 

  

Abstract: There are documented reports that phosphate forms insoluble precipitate with Pb, thereby lowering the 
concentration of Pb+2 in the roots, shoots and leaves of tree species grown in soil amended with phosphate. In this 
study, the effect of soluble phosphate on immobilization of Pb+2 in lead contaminated soil was investigated. Four 
replicates each of 0 and 5,000mg of lead nitrate were applied alone or in combination with 0, 10, 50 and 250mg of 
disodium dihydrogen pyrophosphate separately to 3kg soil and mixed thoroughly in plastic pots perforated at the 
base. The soil samples were watered with tap water for two days. The pH and water soluble phosphate of the soil 
samples were determined. Water soluble fraction of the soil was extracted with deionized water. Concentrations of 
Pb+2 in soil extracts were determined by Atomic Absorption Spectrometry. The water soluble lead decreased highly 
significantly (Pr < 0.01) with a corresponding increase in water soluble phosphate and pH due to precipitation of Pb+2 
from the soil solution.  
 
Keywords: Disodiumdihydrogen pyrophosphate; Water Soluble Lead; Water Soluble Phosphate; Precipita on; 
Immobiliza on; pH. 

 

 

     

 

1. Introduction 

Soil factors controlling lead availability to plants have been well documented. Perhaps the 
most important are pH (Cox & Rains, 1972; Arvick & Zimdahl, 1974; Reddy & Patrick, 1977; Harter, 
1983), redox poten al (Swaine & Mitchell, 1960; Reddy & Patrick, 1977) and organic ma er 
(Gregson & Alloway, 1984; Stevenson, 1986). Some nutrient anions could also control lead 
solubility and therefore phytoavailability. For example, phosphate formed insoluble precipitate 
with Pb, thereby lowering the concentra on of Pb+2 in the roots, shoots and leaves of tree species 
grown in soil amended with phosphate. This suggests that Pb interacts, at least in part, with 
phosphate in the soil. MacLarean et al. (1969) demonstrated significantly lower Pb concentra ons 
in oat straw and alfalfa tops grown with 500mg/kg added to soil compared with control. This was 
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par cularly effec ve at higher rates of Pb amendment. Although, there were decreases in the 
concentra ons of Pb extracted with ammonium acetate and calcium chloride, no specific 
mechanism was proposed by the authors, other than to iterate that lead phosphate compounds 
are generally insoluble (Rolfe,1973; Nriagu,1974; Lindsay, 1979) 
2. Materials and Methods 

2.1 The Study Area 

       The soil sample used for this study was collected from Interna onal Ins tute of Tropical 
Agriculture (IITA) farm in Wase village, Minjibir Local Government Area of Kano State. Figures 1 
to 3 show the loca ons of sampling site. 

            
              Figure 1: Map of Nigeria Showing Kano State    

 
              Figure 2: Map of Kano State Showing the Study Local Government Area 
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             Figure 3: Kano State L.G.A. Map Showing Sampling Site 

2.2 Instruments, Apparatus and Reagents  
All equipment and instruments used in this research were calibrated before conduc ng the 
experiments. All glassware used were thoroughly washed with detergents and tap water and 
then rinsed with deionized water. Suspected contaminants were cleaned with 10% concentrated 
nitric acid (HNO3) and metal surfaces were rinsed with deionized water.  
In the prepara on of reagents, chemicals of analy cal grade purity and dis lled water were used. 
All glassware and plas c containers were washed with detergents.  
 

2.5 Soil Sampling and Pre-Treatment 
The soil sample was collected using the method recommended by (Petersen, 1994). 100m2 of the 
land was divided into ten equal sized grid cells of 10m2. A steel augur was used to dig the soil to 
a depth of 25cm. Samples collected from all cells were thoroughly air dried, mixed and stored in 
large plas c bags. 

For the purpose of analysis, 1kg of the air-dried sol was taken. A er removing the debris, the soil 
was ground in a wooden mortar and sieved through a 2mm mesh. It was then stored in a labeled 
plas c container. 

  2.4 Soil Treatments  

Four replicates each of 0 and 5,000mg of lead nitrate were applied alone or in combina on with 
0, 10, 50 and 250mg disodium dihydrogen pyrophosphate separately to 3kg soil and mixed 
thoroughly in plas c pots (Wong and Lau, 1985). The soil samples were watered with tap water 
for two days.  
 2.5 Soil Analysis 

Soil analyses were carried out by standard methods; the pH and conduc vity meters were used 
to measure the pH and electrical conduc vity, respec vely, in the soil suspension (1:2.5 w/v 
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dilu ons) (IITA, 1982). Organic carbon was determined by Walkley and Black method (Nelson and 
Sommers, 1996).The hydrometer method was used for the determina on of par cle size 
distribu on (Gee and Or, 2002). Total nitrogen was determined using the Kjeldahl method 
(Bradstreet, 1954) and available phosphorus by Bray 1 extrac on method (Bray and Kurtz, 1945), 
exchangeable ca on by extrac on with 1 N NH4OAc solu on (Page et al.,1982), exchangeable 
acidity by leaching the soil sample with 1 N KCl solu on (Agbenin,1995), total metal concentra on 
by tri-acid diges on (Stober et al., 1976) and effec ve ca on exchange capacity by summa on 
method. 

2.6 Extrac on of Water Soluble Lead 

The water soluble lead was extracted from a mixture of 10g of pre-treated soil and 100cm3 of 
deionized water in a 120cm3 of plas c bo le (Stober et al, 1976).    
2.7Atomic Absorp on Spectrometric Analysis   
The soil extracts were analyzed for lead at 283.5nm using flame atomic absorp on 
Spectrophotometry. Blank determina ons were made prior to sample analysis. Concentra ons of 
Pb+2 in soil extracts were obtained in quadruplicates from calibra on curves and expressed as 
mg/kg (IITA, 1979). 
2.8 Statistical Analysis  
The data were analyzed in triplets and expressed as mean and standard devia on. The mean of 
all treatments was subjected to a One-way analysis of variance (ANOVA) using IBM SPSS 
Sta s cs 23 so ware and mean differences were performed using the Tukey test. All graphs 
were plo ed using Microso  Excel 2013. 

2. Results and Discussion 
a. Results of Routine Analyses 

Table 1: Soil Fertility Parameters   

Parameter Result RVAS 

Texture: Sand (% ) 73.8 ± 1.15  
              Silt    (% ) 12.0 ± 0.00  
              Clay  (% ) 14.2 ± 1.15  

             Textural class Sandy loam Sandy loam 
pH 

7.08 ± 0.05 6.00–7.80 
Organic carbon (% ) 0.671 ± 0.09 0.5–0.7 

Total nitrogen (% ) 0.02 ± 0.00 0.05–0.30 

Carbon-nitrogen ra o  34.762 ± 0.04 2.3–10 

Total organic ma er (%) 
 1.16 ± 0.12 0.9 –1.2 
Ca on exchange capacity(cmol/kg soil)  
 

3.44 ± 0.10 2.00–30.00 

Exchangeable ca ons (c mol/kg soil) 
 

  

               Na   0.15 ± 0.00 0.3 – 2.0 
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               K 0.86 ± 0.01 0.2 – 1.2 
 

               Mg         0.11 ± 0.01              0.5 – 8.0 

               Ca         1.92 ± 0.01              2.0 – 15.0 
Exchangeable sodium percentage (%) 
 

        4.37 ± 0.11              <15 

Electrical conduc vity (mS/cm)         0.02 ± 0.01              <4.00 

Water soluble phosphate (mg/kg)  
 

        2.60 ± 1.00               <10 

                   RVAS: Recommended values for agricultural soil (Landon, 1991) 

 The soil parameters; pH, total organic ma er, ca on exchange capacity, exchangeable 
potassium and calcium, exchangeable sodium percentage, electrical conduc vity and water 
soluble phosphate of the IITA farm soil were within the range of recommended values for 
agricultural soils. However, the total nitrogen, exchangeable sodium and magnesium were 
below the recommended values for agricultural purposes (Landon, 1991).  

 

 

Table 2: Heavy Metal Concentra ons (mg/kg) in Soil  
 

Metal WSF      Total  Alloway 
(1990) 

Landon 
(1991) 

Wild  
(1996) 
 

Chromium 18.33 ±10.00 375.00 ± 16.67 5 –1500 5 –1500 NA 
Manganese 1.26 ± 0.25 11.94 ± 1.08 NA 20 – 

10,000 
NA 

Iron 6.00 ± 2.31 60.00 ± 16.33 2 – 100 NA NA 
Cobalt 0.87 ± 0.16 18.25 ± 0.92 NA 0.05 – 65 NA 
Nickel 1.15 ± 0.59 13.76 ± 1.87 2 – 1000 2 – 750 75 
Copper 6.62 ± 1.23 15.93 ± 6.17 2 – 250 2 – 250 140 
Zinc 18.18 ± 10.50 113.64 ± 26.24 10 – 300 1 – 900 300 
Cadmium 0.11 ± 0.02 1.09  ± 0.26 0.01 – 2.4 0.01 – 2.4 3 
Lead 3.31 ± 074 49.63 ± 3.68 2  –  300 2  –  300 300 

 
             NA means value not available 
     WSF: Water Soluble Frac on         Total: Total metal concentra on 
Metal concentra ons in the water soluble and exchangeable frac ons, as well as total metal 
concentra ons in the soil were compared with Alloway (1990), Landon (1991) and Wild (1996). 
There was no heavy metal contamina on of the soil, since the concentra ons of all metals were 
either less or within the range of these standard values. 
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b. Effects of Disodium Dihydrogen Pyrophosphate on pH, Water Soluble Lead 
and Water Soluble Phosphate of Soil Solutions 

Among the divalent metals, Pb is usually the least soluble in aerobic soil environments because 
of its high ability to adsorb to soil par cles (Elliot et al, 1986), low solubility of several mineral 
phases (Nriagu 1973; Mar nez et al, 2004) and limited solubility at high solu on pH and high 
phosphorus ac vi es (Mar nez et al. 2004; Lindsay 2001).  

Table 3: pH, Water Soluble Lead and Water Soluble Phosphate of Soil Solu ons 

LNT DSDHP WSL pH WSP 
0 0 3.31±0.74 7.08±0.05 2.60±1.00 
0 10 2.85±0.96 7.10±0.08 9.11±0.83 
0 50 2.46±0.69 7.13±0.05 34.72±0.87 
0 250 1.98±0.85 7.15±0.06 71.16±0.00 

5000 0 7.72±0.74 7.00±0.00 1.30±0.42 
5000 10 6.25±0.06 7.05±0.06 3.04±0.15 
5000 50 5.88±0.20 7.10±0.00 6.51±0.67 
5000 250 4.68±0.42 7.15±0.06 17.36±0.87 

 
 

LNT: Lead nitrate (mg in 3kg Soil)    

DSDHP: Disodium dihydrogen pyrophosphate (mg in 3kg Soil)  

WSL: Water soluble lead    WSP:  Water soluble phosphate    
 
Figure 4 shows the water soluble Pb+2 and water soluble phosphate of the soil solu ons. 
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The water soluble Pb+2 in the control was 3.31mg/kg which decreased highly significantly 
(Pr < 0.01) to 1.98mg/kg when 250mg of disodiumdihydrogen pyrpphosphate (DSDHP) was added 
to soil, giving a highly significant increase (Pr < 0.01) in water soluble phosphate from 2.60 to 
71.16mg/kg. When 5000mg of lead nitrate was added to soil, the water soluble Pb+2 was 
7.72mg/kg which decreased to 4.68 when 250mg of DSDHP was added. The corresponding 
increase in water soluble phosphate was 1.30 to 17.36mg/kg.  

The decrease in water soluble lead with increase in amount of DSDHP was due to precipita on of 
the heavy metal (MacLean et al, 1969; Rolfe, 1973; Zindahl and Forster, 1976; Wong and Lau, 
1985).  

4(s)4(aq)3
2
(aq))(2

2
7(aq)22 PbHPOPOHPbOHOPH  

  

Figure 5 shows the water soluble Pb+2 and water soluble phosphate of the soil solu ons. 
 
 

 

 
Addi on of 0 – 250mg DSDHP to soil amended with 0 and 5000mg of lead nitrate 

increased the soil pH from 7.08 to7.15 and 7.00 – 7.15, corresponding to decreases in water 
soluble Pb+2 of 3.31 to 1.98 and 7.72 to 4.68mg/kg respec vely. Lagerverff (1971), Zimdahl and 
Skogerboe (1977) demonstrated that soil pH exerts a significant influence on the solubility of Pb 
salts. The compe on between Pb2+ and hydrogen ions for available fixa on sites within the soil 
matrix will govern the Pb availability. Thus, under alkaline condi ons most of the Pb salts were 
insoluble and became unavailable to plants.     

4. Conclusion 

Disodium dihydrogen pyrophosphate has been found to significantly decrease the concentra on 
of lead by precipita on of Pb+2 ion in lead contaminated soil. The use of this chemical substance, 
though expensive, in reducing extractable Pb+2 provides a basis for adop ng management 
prac ces to lessen the poten al hazard of Pb-contaminated soil. 

0

2

4

6

8

10

0 10 50 250

p
H

 &
 W

at
er

 S
ol

u
b

le
 P

b
+

2

(m
g/

k
g)

Weight  of Disodiumdihydrogen Pyrophosphate (mg)

Figure 5: pH and Water Soluble Lead of Soil Fractions

WSL (0) WSL (5000) pH (0) pH (5000)



Interna onal Journal of Natural Resources and Environmental Studies 

arcnjournals@gmail.com                                                       Page | 26  
 

Acknowledgement  

The authors are grateful for the invaluable contribu ons of Mal. Mustapha Muhammad Uba 
and Mal. Yakubu Shitu  Sa’id of the Department of Soil Science, Bayero University, Kano for soil 
analysis. Mal. Abubullahi Haruna of Interna onal Ins tute of Tropical Agriculture (IITA), Kano 
Sta on assisted immensely during the plan ng period. 
 
Authors’ Contributions 
Dagari M.S.: Conceptualization, design, undertaking the research work, write-up and data 
analysis  
Jimoh W.L.O.: Supervision of the research work; Edi ng of the write-up 
 References 
Agbenin J (1995). Laboratory Manual for Soil and Plant Analysis (Selected Methods and Data 

Analysis). Faculty of Agriculture/ Ins tute of Agricultural Research, ABU Zaria, 7–71 
 
 
Alloway, B. J. (1990). Heavy Metals in soil, 5th edn, Blackie Academic and Professionals, Glasgow, 

Scotland, 69 – 75. 

 
.Arvick J. H. & Zimdahl R. L. (1974). The Influence of Temperature, pH and Metabolic Inhibitors on 

Uptake of Lead by Plant Roots, J. Environ. Qual., 3, 374 – 376. 

 

Bradstreet RB (1954). Kjeldahl Method for Organic Nitrogen, Anal Chem., 26(1):185–187 
   
 Bray RH, Kurtz L (1945) Determina on of Total, Organic, and Available Forms of Phosphorus in 

Soils, Soil Sci,59(1):39–46 
 
Cox W. J. & Rains D. W. (1972). Effect of Lime on Lead Uptake by Five Plant Species, J. Environ. 

Qual., 1, 167 – 169 
 

Gee GW, Or D (2002). Par cle-size Analysis, Methods Soil Anal Part 4,(598):255–293 

 

Gregson S. K. & Alloway B. J. (1984). Gel Permea on Chromatography Studies on the Specia on 
of Lead in Solu ons of Heavily Polluted Soils, J. Soil Sci., 35, 55 – 61 

 
Harter R. D. (1983). Effect of Soil pH on Adsorp on of Lead, Copper, Zinc and Nickel, Soil Sci. Soc. 

Am. J., 47, 47 – 51 
 

IITA (1982). Automated and Semi-automated Methods for Soil and Plant Analysis, Interna onal 
Ins tute of Tropical Agriculture, Ibadan 

 



Interna onal Journal of Natural Resources and Environmental Studies 

arcnjournals@gmail.com                                                       Page | 27  
 

IITA (Interna onal Ins tute of Tropical Agriculture) (1979). Laboratory Manual on Basic Soil and 
Plant Analyses, 3rd edn,. Longman London, UK, 9 – 67. 

        
Lagerverff, J. V. (1971). Uptake of Cow dung, Lead and Zinc from Soil and Air, Soil Sci., 111: 129 – 

133.   

 

Landon, J. R. (1991). Booker Tropical Soil Manual (A Handbook for Soil Survey and Agricultural 
Land Evalua on in the Tropics and Sub-tropics), 1st edn., Longman Scien fic and Technical, 
New York, USA, 108 – 154.   

 

Lindsay, W. L. (2001). Chemical Equilibria in Soil, 8th edn., Blackburn Press, Caldwell, New Jersey, 
USA,12 – 37. 

Lindsay W. L. (1979). Chemical Equilibria in Soils, Wiley Interscience Publica on 
 
MacLean A.J., Halstead R.L. & Finn B. J. (1969). Extractability of added Lead in Soils and its 

Concentra on in Plants, Can. J. Soil Sci., 49, 327 – 34 

 
MacPherson, S. A and Mar n, M. H. (1994). Effects of Phosphate Addi on to Soil on Lead and 

Phosphate Concentra on of Holcus Lanatus Grown on Lead Amended Soil, Chemosphere, 
29(12): 2571 – 2579. 

 

 Mar nez, CE, Jacobson AR, and McBride, M. B. (2004). Lead Phosphate Minerals: Solubility and 
Dissolu on by Model and Natural Ligands, Environ Sci. Technol., 38: 5584–5590. 

 

Nelson DW, Sommers LE (1996). Total Carbon, Organic Carbon, and Organic Ma er, Methods of 
Soil Anal., Part3 Chem. Methods, 9:961–1010 

 
 
Nriagu J. O. (1974). Lead orthophosphates IV, Forma on and Stability in the Environment, 

Geochim. Cosmochim. Acta, 38, 887 – 898 
 
Nriagu, J. O. (1973). Lead Orthophosphates-II, Stability of Chloropyromorphite at 25oC, Geochim 

Cosmochim Acta, 37: 367–377 

 
Page AL, Miller RH, Keeney DR (1982). Methods of Soil Analysis, Part 2. Chemical and 

Microbiological Proper es, Agronomy, No. 9. Soil Science Society of America, Madison, 
WI, 1159 



Interna onal Journal of Natural Resources and Environmental Studies 

arcnjournals@gmail.com                                                       Page | 28  
 

 
Petersen, R. G. (1994). Agricultural Field Experiments, Design and Analysis, 8th edn., Marcel 

Dakker Press, New York, USA, 87 – 91 

Reddy C. N. & Patrick W. H. (1977). Effect of Redox Poten al and pH on the Uptake of Cadmium 
and Lead by Rice Plants, J. Environ. Qual., 6, 259 – 262 

   
  Rolfe G. L. (1973). Lead Uptake by Selected Tree Seedlings, J. Environ. Qual., 2, 153 – 157  
Stevenson F. J. (1986).Cycles of Soil: Nitrogen, Phosphorus, Sulphur, Micronutrients, Wiley    

Interscience Publica ons  
 

 Swaine D. J. & Mitchell R. L. (1960). Trace Element Distribu on in Soil Profiles, J. Soil Sci., 11, 347 
– 368  

Stober, R. C. Sheely, G. C. and Rolle, G. (1976). Water Pollu on Control, Fed., 48: 2165–75.   

 

Walkley, A. and Black, I. A. (1934). An Examina on of the Deg jareff Method for Determining Soil 
Organic Ma er and Proposed Modifica on of the Chromic acid Titra on Method, Soil Sci, 
37: 29 –38. 

Wild, A. (1996). Soils and Environment: An Introduc on, 4th edn., Cambridge University Press, 
London, 93 – 98.   

  
Wong, M. H. and Lau W.M. (1985). The Effects of Applica ons of Phosphate, Lime, EDTA, Refuse 

Compost and Pig Manure on Pb Contents of crops, Agricultural Wastes, 12: 61 – 75.  

Zimdahl, R. L, Foster. J. M. (1976):  The influence of applied phosphorus, manure or lime on uptake 
of lead from soil, J. Environ. Qual., 5: 31 – 4. 

 

Zimdahl, R.L and Skogerboe, R.K (1977):  Behaviour of Lead in Soil, Environ Sci. and Technol., 11: 
1202 – 7. 

 

 

 

 

 


