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Abstract 11 
The effect of organic matter removal and adsorbate solution composition on phosphate sorption by selected soil in Moro 12 

Local Government of Kwara State (Malete and Elemere) was studied. The organic matter was removed by treating the 13 

soil with hydrogen peroxide. This is referred to as the treated sample while the untreated samples were those to which 14 

hydrogen peroxide was not added. The adsorbate solution used was KH2PO4+KCl. The sorption study for maximum 15 

adsorption capacity was carried out with 1g of soil in 20ml phosphate solution at different concentration. The maximum 16 

adsorption capacities of treated and untreated Malete soil were observed to be 0.29mg/g and 0.23mg/g respectively while 17 

those of treated and untreated Elemere soil were observed to be 0.24mg/g and 0.14mg/g respectively. The phosphate 18 

sorption data were fitted to both Langmuir adsorption isotherm, the R2 values for the samples (Malete =0.870, 19 

Elemere=0.792) and Freundlich (Malete =0.013, Elemere=0.043). The adsorption data of Malete and Elemere soils were 20 

observed to fit Langmuir II adsorption isotherm. 21 

Keywords: Adsorption, Phosphate, Langmuir Isotherm, Freundlich Isotherm and colorimetric analysis. 22 

 23 
1. INTRODUCTION  24 
Phosphorus (P) is an essential element classified as a macronutrient because of the relatively large amounts of 25 

phosphorus required by plants. Phosphorus is one of the three nutrients generally added to soil in fertilizer. One of the 26 

main roles of phosphorus in living organism is in the transfer of energy. Adequate phosphorus availability for plants 27 

stimulates early plant growth and hastens maturity. Although phosphorus is essential for plant growth, mismanagement of 28 

soil phosphorus can pose a threat to water quality. The concentration of phosphorus is usually sufficiently low in fresh 29 

water so that algae growth is limited. When lakes and rivers are polluted with phosphorus, excessive growth of algae often 30 

results. High levels of algae reduce waters clarity and can lead to decrease in availability of dissolved oxygen as the algae 31 

decays, these conditions can be very detrimental to game fish populations. In tropical and subtropical acidic soil low 32 

Phosphorus (P) availability is a factor that limits plant growth. When soil phosphate levels are too low, Phosphorus 33 

deficiency in plants represents a major constraint to world agricultural production. The fate and efficiency of native and 34 

applied phosphorus therefore remains one of the biggest problems in arable crop production in the tropics. One problem 35 

is that fertilizer Phosphate can largely be fixed by oxides, hydroxides and oxyhydroxides of Fe and Al and clay minerals in 36 

acidic soil, which makes it less available or effectively unavailable to plants. This is because the availability of both applied 37 

and native phosphorus is largely controlled by sorption and desorption characteristics of the soil [1]. 38 

Variable charge minerals are also major components of most soil in the tropics that make phosphorus unavailable to 39 

plants [2]. Such is the case with Nigerian soil. It is dominated by metal oxides and low activity clay content and available 40 



 

Phosphate in these soil variations makes it imperative that problems associated with phosphorus availability are 41 

investigated.  42 

2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY  43 
2.1 Site description 44 

The analysed farmland soils were collected from two different farmlands in Malete and Elemere towns each site 45 

represented a different phosphate loading. 46 

2.2 Soil sampling 47 

Surface soil samples (0 - 15cm) were collected from two locations in Kwara State [3].  This consisted of four samples per 48 

hectare of cropped farmland bulked to make one composite sample. Samples from the two farmlands in each location 49 

were bulked and sampled to represent the locations both in Moro local government of Kwara State. The samples were air-50 

dried and sieved through a 2mm sieve then stored for subsequent laboratory analysis. Sub-samples of each soil were 51 

finely ground to pass through a 2.0mm-mesh sieve and stored for organic carbon determination and phosphate sorption 52 

studies. 53 

2.3 Soil Characterization 54 

Soil pH was determined in water and 0.1M KCl solution in 1:1 soil:water suspension using an electronic pH meter.  The 55 

texture was determined using settling methods. Organic carbon was determined using wet oxidation method [4].  56 

 57 

 58 

2.4 Bulk density of the soil samples 59 

An empty 10ml measuring cylinder was weighed as (W1) and then filled with water to determine the exact volume. The 60 

measuring cylinder was emptied, dried and then filled with the soil sample by tapping to ensure compactness. This was 61 

reweighed as (W2). The bulk density is given by the ratio of difference in masses to the volume of the bottle 62 

(www.eformulae .com/chemistry/specific.php). 63 

2.5 Determination of soil texture by settling column 64 

 50 ml of soil was put in the graduated cylinder and filled with Calgon (amorphous sodium polyphosphate) solution to the 65 

100 ml mark. The Mixture was well mixed and allowed to stand for 15 minutes. The mixture was shaken by inverting for 66 

15mins.  It was then allowed stand undisturbed for 24 hours.  Lines that divide the sand, silt, and clay columns were seen. 67 

The sand settled at the bottom, the silt in the middle and the clay on top. The observed data was read and record. 68 

(www.smtaylor.org) 69 

2.6 Soil treatment before equilibration with phosphate 70 

The soil samples were treated for the removal of organic matter with hydrogen peroxide (H2O2).To 30g of soil, 50ml of 71 

distilled water and 10ml of 30% H2O2 were added. The mixture was stirred thoroughly and left to settle overnight. The 72 

supernatant liquid was carefully decanted, and the soil sediment was air dried and ground in a mortar. The ground soil 73 

was used for Phosphate equilibration Studies. 74 

2.7 Preparation of mixed reagents for colour development 75 



 

125ml of prepared 5M sulphuric acid was thoroughly mixed with 37.5ml of 4% ammonium molybdate and 75ml of ascorbic 76 

acid and diluted to 250ml standard flask.  77 

2.7.1 Determination of maximum wavelength 78 

The maximum adsorption peak, of phosphate solution was determined to select the wavelength of maximum absorbance. 79 

The absorbance of the stock solution (i.e1000mg/l) of phosphate solution was taken on a colorimeter at different 80 

wavelength; (480 – 620nm). The absorbances obtained were plotted against the corresponding wavelength. The 81 

wavelength (λ max) corresponding to the maximum absorbance was then selected for maximum absorbance 82 

measurements.  83 

2.8 Equilibration of treated and untreated soils with adsorbate solutions 84 

1g soil sample was weighed into each of nine 250ml capacity vials and 10ml of 0.04MKCl was added to each sample. 85 

Eight samples received 20ml of 5, 10, 15, 20, 25, 30, 35, and 40 ppm Phosphate as KH2PO4 respectively. The ninth vial, 86 

which served as the control, received 20ml of distilled water. Each mixture received two drops of chloroform to control the 87 

growth of fungi. Each container was covered tightly and agitated on an orbital shaker for 24 hours at 150rpm daily. The 88 

mixtures were filtered through Whatman No. 42 filter paper on the second day. The filtrate was analyzed for phosphorus. 89 

2.8.1 Colorimetric analysis of the filtrate samples 90 

4ml of the mixed reagent was added to each 20ml of 5, 10, 15, 20, 25, 30, 35, and 40ppm of the soil filtrate samples 91 

respectively. The colourless solution changes to blue. Small sample of the filtrate was put in to a cuvette and inserted into 92 

the colorimeter.  The results for different ppm were recorded. 93 

 94 

2.8.2 Determination of adsorption capacity of the soil using phosphate solution 95 

The sorption capacity was determined using varied initial concentration of phosphate solution (0-40ppm) while maintaining 96 

the absorbent (soil) dosage at 1g per 20ml of solution. 24hrs was used as maximum time for agitation. The mixture of 97 

each flask was filtered and the absorbance of the filtrate from each flask was taken. The residual concentration of the 98 

filtrate was determined from the calibration curve. The amount sorbed was calculated from the equation [5].  99 

 100 

 101 
 102 
 103 
Where qe= amount sorbed at equilibrium (mg/g) 104 

Ci = initial concentration of phosphate solution (mg/l) 105 

Cf = final concentration after equilibrium (mg/l) 106 

V = volume of phosphate solution used (l) 107 

M = mass soil used (g). 108 

The equilibrium amount sorbed was plotted against initial concentration of solution to know the equilibrium point where the 109 

increase in concentration does not have effect on the quantity sorbed. 110 

2.8.3 Investigation of langmuir and freundlich adsorption isotherm on the adsorption data of phosphate ion 111 

The isotherm studied, were carried out by weighing 1.0g of soil sample each in to nine conical flasks containing 20ml of 112 

various concentrations of phosphate solution (0-40ppm) at room temperature. The flasks were covered with foil paper, 113 

agitated for 24hrs and the mixtures were filtered. The filtrate were analysed colorimetrically and the quantity of phosphate 114 

adsorbed was determined. 115 

qe   =  (Ci-Cf) (mg/l)   •  V (l) 
                    

M (g) 



 

2.8.4 Adsorption isotherm equations 116 

Langmuir Type II;      [6] 117 

Freundlich logQe= nlogCf  +  logKf   [7] 118 

The Langmuir adsorption isotherm constants were determined by plotting 1/Qe against 1/Ce. While in the case of 119 

Freundlich, its constants were deduced from the graph of logarithm values of phosphate adsorbed per gram of soil against 120 

the logarithm values of the equilibrium concentration. The slope and the intercept obtained from the graph were used to 121 

calculate the Langmuir and Freundlich constants. 122 

3. RESULTS AND DISCUSSION 123 
3.1 Physicochemical characterization of the soils  124 
The colour of the soils was determined using visual observation. Malete soil was observed to be reddish brown 125 
while that of Elemere is brown. The soil texture was determined using settling column method. Malete soil is 126 
loamy sand while Elemere is sand. bulk density was calculated to be 0.47g/cm3 and 0.48g/cm3 respectively 127 
using core sampler. Elemere soil was observed to be acidic compared to Malete. Organic carbon was 128 
determined using wet-oxidation method. Total nitrogen was also determined using modified Kjeldahl method. 129 
%weight Fe and % weight Al was analysed spectrophotometrically. Table 1. shows the representation of the 130 
data.  131 
 132 
Table 1. Physical, chemical and biological properties of experimental soil (0-15 cm) 133 
 134 

Particulars Value Value Methods 
 Malete Elemere  
Colour 
 

Reddish 
Brown 
 

Brown Visual Observation 

Texture Loamy 
Sand 

Sand Settling Column method 

Bulk density, g cm-3 0.47 0.48 Core Sampler  
 

pH (1 : 1:: Soil : Water) 
pH (1:1::Soil : KCl) 

7.74 
7.44 

5.94 
6.50 

Glass Electrode pH Meter 

Organic carbon (g kg-1) 0.09 0.092 Wet-oxidation method 
Total N, % 2.00 2.43 Modified Kjeldahl Method 
% weight Fe 67.4 56.1 Atomic Absorption Spectroscopy 
% weight Al 1.3 2.1 Atomic Absorption Spectroscopy 

3.2 Calibration graph of phosphate solution 135 

The plot of absorbance against concentration of the standard solution of the phosphate is shown in Fig. 1 which was used 136 

to determine the final concentration (Ce) of the phosphate solution using the best fitted straight line for regression 137 

analysis. The graph of absorbance versus concentration (ppm) is presented in fig.1 with correlation factor of 0.994. 138 



 

 139 

Fig. 1 Graph of absorbance versus concentration 140 
3.3 Phosphate adsorption capacity of treated and untreated soil samples  141 

The amount of soil and the volume of phosphate solution used were kept constant i.e.1g and 20ml respectively. The initial 142 

concentration was varied between 0 and 40mg/l. Fig. 2 and Fig. 4 shows the graphical representation for the adsorption 143 

capacity of the untreated soil samples while Fig. 3 and Fig. 5 shows the graphical representation for the adsorption 144 

capacity of treated soil samples from the two sites. From the graphs it was observed that as the initial concentration 145 

increases the quantity adsorbed also increases after which quantity adsorbed remain constant with increasing initial 146 

concentration.     147 

 148 
Fig. 2 Graph of quantity of phosphate sorbed by Elemere (untreated) soil  149 
 150 



 

 151 
Fig. 3 Graph of quantity of phosphate sorbed by Elemere (treated) soil 152 

 153 
Fig. 4 Graph of quantity of phosphate sorbed by Malete (untreated) soil 154 

 155 
Fig. 5 Graph of quantity of phosphate sorbed by Malete (treated) soil 156 
3.4 Linearized langmuir adsorption isotherm 157 
The sorption data of Malete and Elemere soils were fitted with the Langmuir II Adsorption isotherm (Fig. 6 and 7). The 158 

Langmuir adsorption constants obtained for Malete soil are qm=8,333.300 and b=0.050 and the correlation coefficient, 159 

R2=0.870 and that of Elemere was qm=27.030 and b=18.478 From the observed adsorption efficiency (qm) value, it can 160 

be concluded that the maximum adsorption corresponds to a saturated monolayer of adsorbate on adsorbent in the plane 161 

of the adsorbent surface with no transmission of adsorbate in the plane of the adsorbent surface [8,9]. To confirm the 162 

favourability of the adsorption process, the separation factor (RL) is calculated from; 163 



 

 164 

b=Langmuir constant for adsorption energy 165 

Co=Initial Concentration 166 

When RL>1, the adsorption process is unfavourable; RL=1, it is linear; when 0<RL<1, adsorption is favourable; and when 167 

RL=0 it is irreversible [10]. The RL value obtained for the adsorption process for Malete and Elemere were 0.4 and 0.0018 168 

respectively which falls between 0 and 1 and this confirmed that adsorption process is favourable for the different soils 169 

[11]. 170 

 171 
Fig. 6 Langmuir adsorption isotherm plot for Elemere soil 172 

 173 
Fig. 7 Langmuir adsorption isotherm plot for Malete soil 174 
3.5 Linearized freundlich adsorption isotherm 175 
The fitting of the adsorption data for Malete soil using Freundlich adsorption isotherm is represented in Fig. 8. The 176 

Freundlich adsorption constants obtained are n=-0.177, Kf=5.94 and the correlation coefficient, R=0.013 and the fitting of 177 

the adsorption data for Elemere soil using Freundlich adsorption isotherm is represented in Fig. 9. The Freundlich 178 

adsorption constants obtained are n=-0.192, Kf=7.06 and the correlation coefficient, R=0.043. The Freundlich constants 179 

(Kf and n) indicate whether the sorption is favourable or unfavourable [12]. The intercept is an indication of sorption 180 

intensity.  A relatively slight slope n<<1 indicates that the sorption intensity is good over the entire range of concentration 181 

studied while a steep slope of n>1 indicate that sorption intensity is good at high concentration but much less at lower 182 

concentration [13]. A high value of Kf is indicative of high sorption capacity. The high values of Kf (5.94 and 7.06) observed 183 

for the two soils respectively in this work and the low values of n (-0.177 and -0.192) shows that sorption intensity and 184 



 

capacity is good over the entire range of concentration studied but the correlation coefficients (R=0.013 and R=0.043) 185 

shows that Freundlich adsorption isotherm does not satisfactorily fit the experimental data.    186 

 187 
Fig. 8 Freundlich isotherm plot for Elemere Soil 188 

 189 
Fig. 9 Freundlich isotherm plot for Malete Soil 190 
 191 
4. CONCLUSION 192 
Soil generally has been found to be an effective adsorbent for the removal of phosphate as adsorbate. Both samples 193 

(Malete and Elemere) studied have their correlation coefficients of Langmuir adsorption isotherm higher than that of 194 

Freundlich. Therefore the adsorption data fits Langmuir most. The adsorption maxima of treated and untreated soils of 195 

Elemere are 0.24mg/g and 0.14mg/g respectively, a slight difference was observed in the adsorption maxima of treated 196 

and untreated soils of Malete are 0.29mg/g and 0.23mg/g respectively, therefore, it can be concluded that removal of 197 

organic matter favours adsorption. The adsorption efficiency, Kf of Elemere is slightly higher than that of Malete.  Malete 198 

soil was also confirmed to have more loamy sand content compared to that of Elemere that is sandy justifying the high 199 

adsorption maxima of Malete soil. It can be concluded that Malete soil has the capacity to retain phosphate as nutrient for 200 

plants than that of Elemere that can be easily washed off by erosion. 201 
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