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  Abstract  

 
 Correlation and regression analysis, ANOVA, multiple 

comparison by Scheffe’s post hoc test are used in the current 
study to figure out the influence of 13 soil parameters present 
in various agricultural soils in a batch adsorption study of Cr 
(VI).  The soil parameters namely pH, electric conductivity 
(Eh), Ca, CaO, organic carbon (OC), organic matter (OM), 
cation exchange capacity (CEC), available nitrogen, sulfur, 
potassium (K) and Sodium (Na) etc were estimated for all the 
soil samples as they play a vital role and influences the 
adsorption affinity of metal ions on the soils. Among the 48 
soil samples lowest pH was found in range of pH was 4.86 - 
7.94, the CEC values ranged between 0.696meq/100g to 
5.99meq/100g. The adsorption affinity of Cr (VI) on various 
agricultural soils was carried out in a batch adsorption study 
with experimental conditions, the Cr (VI) adsorption was 
found to be in the range of 37.78% to 98.725%.  Statistical 
analysis using correlation and regression analysis along with 
one way ANOVA were used to identify the influence of soil 
parameters on adsorption of Cr (VI) has been carried out. A 
significant positive correlation was observed between soil 
parameters and adsorption of Cr (VI) at 10ppm at 0.01 levels. 
The parameters CaCO3 and P2O5 had shown significant 
negative correlation. 
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1. Introduction  

 

Heavy metals are natural components of the earth’s crust and the natural concentrations of these heavy metals 

in soil tend to remain low (1). The biggest concern of today’s environment is soil pollution, and it is a 

growing risk due to the potential negative impacts on human health and the surrounding environment (2). 

Certain metals are toxic even at a very low concentration and their accumulation in soil at alarming rate is an 

issue of concern. Adsorption plays a key role for the accumulation of heavy metals. The most important 
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interfaces involved in the absorption of heavy metals in the soils are predominantly inorganic collides such as 

mineral clay content, hydroxides, various metal oxides, metal phosphates and carbonates.  

 

In the field of agriculture the major contributors of metal pollutants are the chemical fertilizers and 

pesticides. The fertilizers like nitrogen and potash contains relatively low heavy metal content as compared to 

phosphoric fertilizers which contain considerably high amounts of toxic heavy metals. The raw materials 

along with the manufacturing processes of the compound fertilizers contribute to the heavy metal 

concentrations. In fertilizers, the heavy metal contents are high in the amounts in the order of phosphoric 

fertilizer > compound fertilizer > potash fertilizer > nitrogen fertilizer (3, 4).  

 

The soil components that govern the adsorption of heavy metals in general are phyllosilicates, humic 

materials, aluminosilicates, carbonates, and other minerals with variable charges such as oxides of Al, Fe, Mn 

and Ti (5). The physicochemical properties also influence adsorption phenomenon in presence of clay 

minerals, pH, and quantity of organic fractions involved, water content and temperature of soil along with the 

properties of metal ions (6,7,8,9).  

 

At the most modern times pollution by heavy metals mainly Cr (VI) is of foremost concern as it is non-

biodegradable and at towering concentrations recognized to be toxic, carcinogenic and teratogenic, unless 

lethal.   Chromium exists in two stable forms in aquatic system, Cr (VI) and     Cr (III).  Cr (III) may also 

have toxic effect but its concentration is usually well below water quality standards due to the low solubility 

of chromium hydroxide in the pH range of natural waters.   

 

The soil quality can be evaluated by estimation of Physico-chemical parameters such as pH, electric 

conductivity, bulk density, soil texture, organic carbon, organic matter, calcium, calcium oxide, calcium 

carbonate, magnesium, magnesium oxide, cation exchange capacity (CEC), potassium, sodium etc. likewise, 

as the mobility, adsorption/desorption of heavy metals are also influenced by Physico-chemical properties of 

soils. Hence, it is requisite to focus upon the Physico- chemical properties of soil before the study of 

adsorption of heavy metals in soils.  

 

 

2. Research Method  
 

In the present research work adsorption of Cr (VI) has been investigated on agricultural soil using 48 soil 

samples collected from 6 different locations from different mandals of Visakhapatnam Viz, Anakapalli, 

Bheemunipatnam, Makavarapalem and Bondapalli mandal of Vizianagaram district and the soil samples 

were coded according to their location namely  AnM, AnG, AR, AB, VS, VR.  13 Physico - chemical 

properties of 48 soil samples were estimated with the standard procedures. Adsorption of Cr (VI) on selected 

agricultural soils samples was  carried out with a known volume of (50ml) solution containing different ppm 

of metal ion was taken in a 250ml beaker to which dosage of 1g of agricultural soil (particle size below 500 

microns.) was added. Adsorption of Cr (VI) was carried out at the stock pH of 3.1, 1g dosage at 24 hours 

contact time, the various concentrations of 1, 10 and 50ppm were varied initially. There was no adsorption 

observed.  As the pH and contact time plays an important role on the adsorption, it was varied from pH 1 to 

9, at 10 minutes of contact time with 1g dosage at 10 ppm of initial concentration.  At the optimum 

conditions the batch adsorption studies were carried with all selected soil samples.  Statistical analysis was 

carried out using correlation and regression analysis along with one way ANOVA to identify the impact of 

soil parameters on adsorption of Cr (VI). 

 

 

3. Results and Analysis  
 

3.1: Physico-Chemical Parameters  

 

Among the 48 samples lowest pH was found in range of pH was 4.86 - 7.94 and the pH of all soil samples 

were within this range.  The lowest EC value was found in sample VS6 (0.19) while the highest EC value 

was observed in AB3 (1.53). Calcium values ranged between 0.025mg/g to 0.176mg/g. Magnesium is found 

to be low in AnM7 sample (0.113mg/g) and was high in AB8 sample (0.312mg/g). The MgO were found to 

be in the range of 0.187mg/g to 0.517mg/g.  The percent of CaCO3 among 48 samples ranged from 4.5 to 

15%.  The range of percentage of organic carbon was ranged between 0.3% - 2%.  The percentage of organic 

matter ranged between 0.5196% - 3.464%.  The sodium values of all samples were in the range of 54 to 

540mg/g.  Potassium levels in soil samples ranged between 0.7mg/g to 7.9mg/g.  The CEC values ranged 
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between 0.696meq/100g to 5.99meq/100g in all 48 samples. Available sulphur ranged between 0.416mg/g to 

22.49mg/g.  The available nitrogen in all 48 samples ranged between 0.02497mg/g to 0.10267mg/g. The 

phosphates in soil samples were estimated as P2O5. The 48 soil samples were found with range of P2O5 

between 0.003 to 0.025mg/g.  

 

 

3.2: Adsorption of Cr (VI) 
 
The Cr (VI) adsorption was in the range of 37.78% (VS2) to 98.725% (AB6). Among 48 samples, about 7 

samples were reported with < 50% of Cr (VI) adsorption.  The low percentage of adsorption was prevalent 

among 4 samples of VS and 3 samples AnG. Above 90% of adsorption was observed in samples VR1 to 

VR8, 5 samples of AR1 to AR8 and 6 samples of AB1 to AB8.  The mobility and bioavailability in these 

soils was greater for Cr (VI) than Cr (III) was reported (10).  

 

The physico chemical parameters present in the agricultural soil samples may have shown influence on the 

percentage adsorption of Cr (VI) i.e. 94.64% found to be the highest among all samples. In order to identify 

the factors responsible for influencing the adsorption capacity, Statistical analysis using correlation and 

regression analysis along with one way ANOVA to identify the impact of soil parameters on adsorption of 

heavy metals has been carried out.  

 

 

3.3: Statistical Analysis 
 

A two tailed correlation studies between soil parameters and selected metal species adsorption was carried 

out followed by regression analysis, ANOVA and multiple comparison by Scheffe’s post hoc test (11).  

 

3.3.1: Correlations Between Soil Parameters and The Adsorption of Cr (VI)  
 

The adsorption of Cr (VI) at 10 ppm at pH 1 had shown significant positive correlation with parameters like 

pH, electric conductivity (Eh), Ca, CaO, organic carbon (OC), organic matter (OM), cation exchange 

capacity (CEC), available nitrogen, sulfur, potassium (K) and Sodium (Na). A significant positive correlation 

was observed between soil parameters and adsorption of Cr (VI) at 10ppm at 0.01 levels.  The parameters Mg 

and MgO had shown significant positive correlation at 0.05 levels. The parameters CaCO3 and P2O5 had 

shown significant negative correlation. These results were shown in table 1. 

 

The adsorption of metal cations such as Pb, Cr, Cu, Zn, Cd and Ni was found to be negatively correlated with 

soil pH was attributed to formation of (MOH) + at higher pH was reported (12).   

 

No correlation was observed with Cr sorption and soil organic matter content at pH 4.5 or 6.5. This was 

reported due to hexavalent form (CrO4
2- or HCrO4

-). The fraction of CrO4
2- increases, decreasing HCrO4

- 

form as the pH shifts from 4.5 to 6.5. The adsorption decreases with increase in pH due to surface negative 

change on solid phase (13).  A significant correlation between CEC and total Cr, Zn, Pb and Cd was observed 

at 0.01 levels though total Ni was found to be negatively correlated.  The exchangeable metals also had 

shown significant correlation between Cr, Zn, Pb and Cd.  No correlation was observed between CEC and 

Cu, a significant negative correlation was observed between CEC and exchangeable Ni at 0.01 level was 

reported (14). 

http://www.ijesm.co.in/


 ISSN: 2320-0294 Impact Factor: 6.765  

199 International Journal of Engineering, Science and Mathematics 

http://www.ijesm.co.in, Email: ijesmj@gmail.com 

 

 
 

 

3.3.2: Regression Analysis 
 

Regression analysis was carried out between the soil parameters such as pH, EC mhos, Mg, MgO, Ca, CaO 

CaCO3, OC, OM, CEC, available nitrogen, sulphur, P2O5, potassium, sodium and percentage adsorption of 

individaul heavy metal species in the batch adsorption studies. The soil parameters MgO and CaO are 

removed from the equation due to highly correlated with other 13 parameters. 

 

 

3.3.3: Adsorption of Cr (VI) On Various Agricultural Soil Samples 
 

The regression equation for Cr (II) = 16.6 + 0.96 pH + 9.17 EC mhos - 5.4 Mg + 125 Ca   - 0.330 CaCO3  - 

40.6 OC + 29.7 OM - 2.89 CEC + 73.6 Available nitrogen + 1.47 Sulphur + 444 P2O5+ 4.69 Potassium + 

0.0074 Sodium. 

 

Predictor Coef SE Coef T P 

Constant 16.58 15.27 1.09 0.285 

pH 0.961 3.062 0.31 0.755 

EC mhos 9.171 4.898 1.87 0.069 

Mg -5.40 35.29 -0.15 0.879 

Ca 124.93 48.62 2.57 0.014 

CaCO3 -0.3300 0.5991 -0.55 0.585 

OC -40.58 32.58 -1.25 0.221 

OM 29.74 19.93 1.49 0.144 

CEC -2.891 3.374 -0.86 0.397 

available nitrogen 73.61 97.24 0.76 0.454 

Sulphur 1.4686 0.2450 5.99 0.000 

P2O5 444.3 295.2 1.50 0.141 

Potassium 4.695 1.388 3.38 0.002 

Sodium 0.00739 0.02034 0.36 0.718 

 

 

R-Sq = 84.4%  P-Value: 0.000 
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It was concluded from the above equation that there was a significant linear relationship between the soil 

parameters with percentage adsorption of Cr (VI) on various soil samples. From the above R-square value 

(84.4%) and its corresponding P-value (0.000) there was a significant influence of soil parameters and 

percentage  of adsorption. Further, out of 13 soil parameters, three parameters such as Ca, sulphur and 

potassium had shown significant impact at 5% level.  

 

 

Sample code N Mean SD F-Value P-Value Decision  

VS 8 48.6817 8.84573  

 

38.662 

 

 

0.000 

 

 

Significant 
VR 8 96.9559 .57116 

AR 8 93.5932 5.10803 

AB 8 90.9157 9.49227 

AnM 8 70.1653 11.63130 

AnG 8 56.4910 14.11825 

 

 

With regard to the Cr (VI) at pH1, the average percentage adsorption for VR sample code was significantly 

higher than the average percentage adsorption of remaining five soil samples, followed by AR and AB as per 

the significant P-value of the ANOVA test at 5% level of significance.  The diagrammatic representation was 

shown below (figure 1). 

 

 

Figure 1: Percentage adsorption of Cr (II) for  

Various agricultural soil sampling sites 
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4. Conclusion  
 

Statistical analysis using correlation and regression analysis along with one way ANOVA carried out to 

identify the impact of soil parameters on adsorption of heavy metals. At pH 1, 1 g dose of soil sample, at 10 

minutes of contact time the adsorption of Cr (VI) was found to be high in AB5 sample (98.72%).  The 

adsorption of Cr (VI) at 10ppm at pH 1 had shown significant positive correlation with parameters like pH, 

electric conductivity (Eh), Ca, CaO, organic carbon (OC), organic matter (OM), cation exchange capacity 

(CEC), available nitrogen, sulfur, potassium (K) and Sodium (Na).  Positive significant correlation was 

observed between parameters like Ca, CaO, available nitrogen and sodium at 0.05 levels. Sulfur had shown 

positive significant correlation at 0.01 levels.  Box plot had shown a comparison for percentage of adsorption 

of Cr (VI) and area vise (sampling Location) by the Mean of 8 samples collected from 6 of the locations 

mention. 
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