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Abstract 
Soil samples were collected randomly but uniformly distributed around Itakpe iron-ore mines in both dry and 
wet seasons. Surface soils were collected from 0cm to 10cm using stainless steel augers and located using Global 
Positioning System (GPS). Soil samples were air-dried, sieved through 500um mesh and 1.0g digested, 
evaporated and analysed using Atomic Absorption Spectrometer (AAS).Five (5) geo-environmental indices were 
used to quantitatively evaluate the degree of soil contamination due to iron ore mining. The anthropogenic factor 
(AF) for both seasons revealed that all heavy metals have greater than 50% AF except for Cd in the dry season. 
The geo accumulation index (Igeo) for both seasons showed background concentration to unpolluted for Cu and 
Zn while Fe, Ni, Cdand Pb recorded moderately to very highly polluted. The pollution index (Eri), showed tiny 
hazard level for all the heavy metals in dry season and in wet season, Cd and Ni recorded strong hazard level 
while tiny hazard level were observed for Cu and Pb. The ecological pollution index for the area is strong 
(RI=323.25). Dry and wet season enrichment factor (EF) revealed background concentration for all the heavy 
metals except Fe with EF> 40 (extremely high enrichment). While contamination factor (CF) was very high for 
Fe in both seasons, Cu and Ni recorded considerable to very high contamination in dry season. The wet season 
also revealed considerable contamination for Ni and Cd; moderate to considerable contamination for Cu, Zn and 
Pb. The sites in both seasons have experienced various degrees of deterioration but more significant in wet 
season. Based on these indices, the soils around Itakpe iron-ore area has suffered significant degrees of 
contaminations with respect to Fe, Ni, Cd and Pb. 
Keywords: Itakpe, geo-accumulation index, enrichment factor, contamination factor, pollution index. 
1. Introduction 
The Itakpe iron-ore deposit is mined from ferruginous quartzites. The ferruginous quartzites are metamorphosed 
iron-rich sediments that occur as bands and lenses within the Precambrian gneisses and migmatites (Olade, 1978 
and Odigi, 2002). The Itakpe deposit contains more than 300 million tons of iron-ore, with an average of 40% Fe 
(Olade, 1978). Iron and steel are the backbone of human civilization and industrialization. Iron ore can be used 
as a measure of level of industrial development and living standards of nations. If this Itakpe iron-ore deposit is 
properly harnessed to its logical conclusion, Nigeria could experience rapid industrial and economic 
developments. 
Pollution of the environment due to mining is ubiquitous because these metals are indestructible and most of 
them have toxic effects on living organisms and man. Heavy metals with potential hazards and occurrences in 
contaminated soils around iron ore mines include: Cd, Cr, Pb, Zn, Ni, Fe, Cu among others (Akoto et al. 2008). 
This study is to evaluate the spatial distribution of these heavy metal pollutants in soils around Itakpe iron-ore 
mines using locally determined background values (control values) for metal concentrations, employing in-depth 
heavy metal analysis using integrated approaches. 
The objectives of the present work therefore,include: i) assessment of heavy metal contamination by Cu, Pb, Zn, 
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CF = Cm sample/ Cm control values                            (2) 
Where the contamination factor, CF<1 refers to low contamination; 1<CF<3 means moderate contamination; 
3<CF<6 indicates considerable contamination and CF>6 indicates very high contamination. Each sample 
location was evaluated for the extent of heavy metal pollution by employing the method of pollution load index 
(PLI) developed by Thomilson et al., 1980 as follows: 

 PLI = (CF1 x CF2 x CF3 x . . . x CFn )1/n(3) 
Where n is the number of metals studied (six in this study) and CF is the contamination factor calculated 
(equation 2).The PLI provides simple but comparative means of assessing a site quality, where a value of PLI<1 
denote perfection; PLI = 1 indicate that only baseline levels of pollutants are present and PLI > 1 indicate 
deterioration of site quality (Thomilson et al. 1980). 
This method has been defined in many ways by different authors as numerical sum of eight factors (Hakanson, 
1980).Ibrahim (2005) defined site quality as arithmetic mean of analyzing pollutants but in this study, it is 
appropriate to express the PLI as the geometric mean of the studied pollutants because this method reduces 
outliers which could bias reported results. 
(iii) Geo-accumulation index (Igeo): Heavy metal enrichment above the control point values was evaluated using 
the geo-accumulation index (Igeo) method proposed by (Muller, 1979). This method assesses the heavy metal 
pollution in terms of seven (0 to 6) classes of enrichment, ranging from background concentration to very 
heavily polluted as follows: 

Igeo = log2 [Cm sample/ 1.5 x Cm control] (4) 
The factor 1.5 is introduced in this equation to minimize the effect of possible variations in the control values, 
Cm control, which is attributed to lithogenic variations in soils. The proposed descriptive classes for Igeo values 
are in Table 6b (Muller, 1979). 
(iv)Anthropogenic factor (AF): This was calculated for the top sediment samples.  

The AF = Cs/Cc(5) 
where Cs = concentration of heavy metal in sediments; Cc = concentration of heavy metals in control values. This 
result indicates the extent of anthropogenic influence on heavy metals in top sediment samples. 
(v) Ecological risk factor (Eri): An ecological risk factor (Eri) is used to quantitatively express the potential 
ecological risk of a given contaminant as suggested by Hakanson, (1980) as follows: 

Eri = Tri x Ci
f(6) 

where Triis the toxic-response factor for a given substance (Table 1) and Ci
f.is the contamination factor. The 

following terminologies are used to describe the risk factor: Eri< 40, low potential ecological risk; 40<= Eri<80, 
moderate potential ecological risk; 80<= Eri< 160,considerable potential ecological risk; 160<= Eri < 320, high 
potential ecological risk; and Eri>= 320, very high ecological risk. 
 
Table 1. Toxicity factor by Hakanson (1980) 
Elements Cd Cu Pb Ni Zn 
Toxic reference factor 30 5 5 3 1 
 
4. Results and Discussion 
Table 2.Itakpe dry and wet seasons soil sample (mg/l) and descriptive statistics      Acv values shifted 

   Na K Ca Mg Fe Cu Zn Pb Ni Cd 
Min 13.69 22.24 28.75 3.52 11737.5 0.14 0.53 0.05 0.01 0.45
Max 30.82 95.42 751 4.93 142420 0.8 1.63 0.64 6.86 1.89
Mean 19.4 56.27 149.09 4.04 60924.5 0.46 1.17 0.28 1.69 1.24
Std Error  1.79 1.76 7.68 69.66 0.16 10892.02 7.68 10.74 6.38 7.06
T-test  10.85 7.32 2.14 25.47 5.59 5.98 2.54 4.52 2.08 2.18
ACv value 14.52 60.13 37.3 3.41 307.75   0.17 0.83 0.04 0.55 1.68
Std. Dev. 5.65 24.29 220.3 0.5 34443.59 0.24 0.45 0.19 2.26 0.6 
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Min. 7.24 45.5 22.5 2.5 9158.6 0.39 0.11 0.01 0.07 0.98
Max. 21.62 189.22 139.25 4.5 46900 3.27 1.85 0.16 2.61 1.95
Mean 13.91 73.91 80.91 3.76 27784.82 1.02 0.81 0.09 0.55 1.69  

T-test  10.09 6.18 6.04 1.75 7.37 4.76 3.94 2.08 2.85 1.2 
ACv value 86.82 13.88 22.57 3.84 81   0.54 0.56 0.03 0.02 0.34
Std. Dev  4.57 39.65 44.44 0.64 12523.03 0.83 0.56 0.06 0.76 0.4 
*ACv = average control value 
 
The control values of all analytes were lower than their respective mean values except for K and Cd whose 
control values were 60.13mg/l and 1.68mg/l and their mean values were 56.27mg/l and 1.24mg/l respectively. 
The major and heavy metal concentrations order were Ca> K>Na>Mg for both seasons and 
Fe>Ni>Cd>Zn>Cu>Pb and Fe>Cu>Cd>Zn>Ni>Pb for dry and wet seasons respectively (Table 2).  
 
Table 3. Correlation matrix of dry season soil samples 

 Na K Ca Mg Fe Cu Zn Pb Ni Cd 
Na 1 .261 .018 -.039 .033 -.081 -.265 -.058 -.323 .141 
K  1 .518 -.017 .210 -.094 -.281 -.166 .235 -.684*
Ca   1 .396 .783** .325 -.427 .387 .710* -.356 
Mg    1 .225 -.137 -.149 .609 .546 .372 
Fe     1 .417 -.333 .643* .441 -.023 
Cu      1 -.594 .339 -.150 -.311 
Zn       1 -.470 .154 .286 
Pb        1 .211 .393 
Ni         1 -.157 
Cd          1 

*Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level. 
 
Table 4. Correlation matrix of wet season soil samples 

 Na K Ca Mg Fe Cu Zn Pb Ni Cd 
Na 1.000 .564 .164 .318 .127 -.436 -.164 .490 .064 -.418 
K  1.000 .300 .755** .400 -.645* .036 .760** .082 -.300 
Ca   1.000 .127 .345 .264 .391 -.027 .191 .000 
Mg    1.000 .318 -.473 -.136 .485 .136 .191 
Fe     1.000 .173 -.309 .508 .300 .127 
Cu      1.000 -.155 -.339 .109 .291 
Zn       1.000 -.394 .318 -.036 
Pb        1.000 .133 -.330 
Ni         1.000 .309 
Cd          1.000 

*.Correlation is significant at the 0.05 level.**Correlation is significant at the 0.0 level. 
 
In dry season at P<0.01, Fe-Ca displayed strong correlations. At P<0.05, Pb-Fe-Ni-Ca-Cd-K also recorded 
significant correlations (Table 3). During rainy season, at P< 0.01, Mg-K, Pb-K showed positive and strong 
correlations (Table 4). Also at P<0.05, Cu-K revealed strong relationships. These strong relationships indicate 
same sources for these elements. The likely sources of these heavy metals from the study area are: mining and 
processing activities, fuels from automobiles and agricultural sources among others. 
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Table 5. Anthropogenic factor of heavy metals in dry and wet season soils 
 Dry Wet  
Heavy 
metals 
(mg/l) 

Mean 
measured 
concentration 

Control point 
concentration 

Anthropogenic 
factor (AF) 
value 

% 
AF 

Mean 
measured 
concentration 

Control point 
concentration 

Anthropogenic 
factor (AF) 
value 

% 
AF 

Fe 60924.50 307.75 197.97 99.00 27784.82 81.00 343.02 99.71
Cu 0.4590 0.17 2.70 73.00 1.02 0.54 1.89 63.38
Zn  1.1660 0.83 1.40 58.00 0.81 0.56 1.45 59.12
Pb 0.2760 0.04 6.90 87.34 0.09 0.034 2.65 72.58
Ni 1.6930 0.55 3.08 75.48 0.55 0.02 27.5 96.49
Cd 1.2400 1.68 0.74 42.47 1.69 0.34 4.97 83.25
AF =Cm/Cv: Cm = mean concentration; Cv = control concentration 

 
From table 5, it is clear that dilution has reduced the effect of AF between the dry and wet season concentrations. 
Iron (Fe) was relatively higher during wet season as a result of precipitation and co precipitation of ox 
hydroxides from solution (Ameh, et al., 2014). The highest AF during dry season was iron (Fe) 99% and the least 
was Cd (42.47%) while in wet season, Fe recorded the highest AF value of 99.71% and Zincthe least AF of 
59.12%. 
 
Table 6a. Igeo of heavy metals in dry season soils 

Heavy metals (mg/l) Sample locations 
 ITK01 ITK02 ITK03 ITK04 ITK05 ITK06 ITK07 ITK10 ITK14 ITK16 
Fe 7.46 6.89 6.53 4.95 7.11 4.67 6.63 6.89 7.29 6.45 
Cu 0.82 0.79 -0.50 1.21 0.58 -0.50 1.65 1.56 1.42 -0.87 
Zn -0.92 0.15 0.28 0.26 -0.96 -0.62 0.39 0.34 0.20 -1.23 
Pb 2.42 3.42 0.74 3.17 1.12 -0.26 1.32 2.12 2.59 1.81 
Ni 3.06 2.15 -6.37 -0.46 -6.37 -1.08 -6.37 1.73 1.60 -2.46 
Cd -2.28 -2.49 -1.12 -0.42 -1.28 -0.46 -0.50 -0.52 -0.74 -2.45 

 
The Igeo = log2 [(Cm)/ (1.5* Cv)]: Where Cm = measured concentration; Cv = control values; 1.5 = a factor for 
possible variations in reference concentration due to lithologic differences. 
 
Table 6b. Geo-accumulation indices of heavy metal classes (Muller, 1979) 

Igeo index Pollution intensity 
0 background concentrations 
0-1 unpolluted 
1-2 moderately to unpolluted 
2-3 moderately polluted 
3-4 moderately to highly polluted
4-5 highly polluted 
>5 very highly polluted 

 
The dry season Igeo showed that Fe was highly polluted to very highly polluted in all locations while the wet 
season was very highly polluted for all locations. Except for few locations (which recorded moderately to 
unpolluted), Cu recorded unpolluted in all locations in both seasons. During both seasons, Zn recorded 
unpolluted in most locations. Moderately polluted was observed with respect to Pb in the dry season while in wet 
season, Pb recorded unpolluted in most locations while fewer locations experienced moderately to unpolluted. 
During wet season, Ni revealed moderately to very highly polluted in most locations while in dry season, most 
locations recorded moderately to unpolluted. Cadmium in wet season was moderately to unpolluted in all 
locations while during the dry season, background concentrations were observed in all locations (Tables 6 & 7). 
The Igeo index order were Fe > Pb > Ni > Cu > Zn > Cd for dry season and thus Fe > Ni > Cd > Pb > Cu > Zn 
for wet season (Figure 3). 
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Table 7. The Igeo of wet season soils 
Sample location Heavy metals (mg/l) 
 Fe Cu Zn Pb Ni Cd 
ITK29 7.72 2.01 -0.42 0.45 5.10 1.73
ITK30 7.94 0.43 0.14 1.65 3.42 1.70
ITK31 7.96 0.08 -0.22 -2.35 2.94 1.93
ITK32 6.67 -0.54 1.14 1.56 2.74 1.88
ITK33 8.43 0.15 0.51 1.56 1.42 1.92
ITK34 8.19 1.08 1.03 0.65 6.44 1.46
ITK35 8.08 -0.09 -0.43 0.97 3.22 1.93
ITK36 8.59 -1.06 -2.93 1.46 4.97 2.26
ITK37 8.01 -0.27 -0.62 0.97 2.66 1.51
ITK38 6.40 -0.56 -1.25 -1.36 1.74 1.29
ITK39 6.24 -0.67 -1.64 -2.35 1.22 0.94

 

 
Figure 3. The Igeo index average of heavy metals in dry and wet season soil 

 
Table 8. Grading standard of Ei

r and RI (Hakanson, 1980) 

Pollution coefficient Ei
r Pollution index RI Pollution level  

(ecological hazard) 
≤ 40 ≤ 150 Tiny 
40-79 150- 299 Middle 
80-159 300-600 Strong 
160-320 ˃ 600 very strong 
˃320 - Serious 

 
Table 9. Assessment of potential ecological risk of heavy metals in dry season soil 

Elements Toxicity coefficient Measured value (mg/l) Ratio of Cs/Cn (mg/l) Ei
r Hazard level

Cd 30 1.24 0.74 22.20 Tiny 
Cu 5 0.46 2.71 13.55 Tiny 
Pb 5 0.28 7.00 35.00 Tiny 
Ni 3 1.69 3.07 9.21 Tiny 
Zn 1 1.17 1.41 1.41 Tiny 
RI 81.37 
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Table 10. Assessment of potential ecological risk of heavy metals in wet season soil 
Elements Toxicity 

coefficient 
Measured 
value (mg/l) 

Ratio of Cs/Cn (mg/l) Ei
r Hazard level 

Cd 30 1.69 4.97 149.10 Strong 
Cu 5 1.02 1.89 9.45 Tiny 
Pb 5 0.09 2.65 13.25 Tiny 
Ni 3 0.55 50.0 150 Strong 
Zn 1 0.81 1.45 1.45 None 
RI 323.25 
 
Dry soil samples around Itakpe iron-ore showed tiny ecological pollution index (RI =81.37) and all the heavy 
metals also showed tiny hazard level. Wet season soil samples from the same area revealed strong ecological 
pollution hazard level (RI= 323.25), while Cd and Ni also showed strong hazard levels. Both Cu and Pb recorded 
tiny hazard levels (Tables 9 and 10). 
 
Table 11a. Enrichment factor (EF) of heavy metals in Itakpe dry season soils 

Heavy    Sample locations     
Metals (mg/l) ITK01 ITK02 ITK03 ITK04 ITK05 ITK06 ITK07 ITK10 ITK14 ITK16
Fe/100 3.31 1.07 3.31 2.58 2.68 0.39 0.76 0.94 1.36 2.05 
Cu 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.02 0.02 0.01 
Zn 0.00 0.01 0.01 0.00 0.00 0.03 0.01 0.01 0.01 0.00 
Pb 0.03 0.09 0.02 0.03 0.02 0.03 0.03 0.04 0.04 0.04 
Ni 0.65 0.51 0.00 0.03 0.00 0.26 0.00 0.38 0.27 0.03 
Cd 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.00 0.00 

 
Table 11b. Enrichment factor of heavy metal classes (Sutherland, 2000) 

EF indices Degree of enrichment 
EF ≤ 1 background concentration 
EF 1-2 depletion to minimal enrichment
EF 2- 5 moderate enrichment 
EF 5- 20 significant enrichment 
EF 20- 40 very high enrichment 
EF > 40 extremely high enrichment 

 
Table 12. Enrichment factor (EF) of wet season soils 

Sample location Heavy metals (mg/l) 
 Fe Cu Zn Pb Ni Cd 
ITK30 223.94 0.006 0.005 0.013 0.044 0.013 
ITK32 46.04 0.007 0.022 0.029 0.065 0.036 
ITK33 243.29 0.003 0.004 0.009 0.008 0.011 
ITK29 281.49 0.019 0.004 0.007 0.161 0.016 
ITK31 289.51 0.004 0.004 0.001 0.031 0.015 
ITK34 143.53 0.007 0.007 0.005 0.294 0.009 
ITK35 365.90 0.004 0.003 0.007 0.034 0.014 
ITK37 392.40 0.003 0.003 0.008 0.024 0.011 
ITK38 202.48 0.008 0.005 0.005 0.039 0.029 
ITK39 234.52 0.008 0.004 0.003 0.031 0.025 
ITK36 2947.76 0.001 0.000 0.007 0.08 0.012 
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Figure 4. The EF average of dry and wet season soils 

 
For both seasons, the enrichment factor for Fe was extremely high with raining season having higher degree of 
enrichment. For other heavy metals, background enrichment was recorded in both seasons. All heavy metal’s EF 
were lower during rainy season than dry season (Tables 11and 12). On the average, order of heavy metal 
enrichment were Fe > Ni > Pb > Cu > Zn > Cd for dry season and Fe > Ni > Cd > Pb > Cu > Zn in wet season 
(Figure 4).  
 
Table 13a. The CF of heavy metals in dry season soils  

Heavy    Sample locations     
Metals (mg/l) ITK01 ITK02 ITK03 ITK04 ITK05 ITK06 ITK07 ITK10 ITK14 ITK16
Fe/10 26.32 17.79 13.83 46.28 20.70 3.81 14.82 17.84 23.51 13.07 
Cu 2.65 2.59 1.06 3.47 2.24 1.06 4.71 4.41 4.00 0.82 
Zn 0.80 1.66 1.82 1.80 0.77 0.98 1.96 1.90 1.72 0.64 
Pb 8.00 16.00 2.50 13.5 3.25 1.25 3.75 6.50 9.00 5.25 
Ni 12.47 6.65 0.02 1.09 0.02 0.71 0.02 4.98 4.55 0.27 
Cd 0.31 0.27 0.69 1.13 1.10 1.10 1.10 1.05 0.90 0.27 

 
Table 13b. Contamination factor of heavy metal classes (Hakanson, 1980) 

Contamination factor (CF) indices Degree of contamination 
CF < 1 low contamination 
1 ≥ CF ≥ 3 moderate contamination 
3 ≥ CF ≥ 6 considerable contamination 
CF > 6 very high contamination  

 
Table 14. Contamination factor (CF) of wet season soils 

Sample location Heavy metals (mg/l) 
 Fe Cu Zn Pb Ni Cd 
ITK29 367.90 2.02 1.64 4.71 16.00 4.85 
ITK30 152.10 1.04 3.30 4.41 10.00 5.50 
ITK31 516.98 1.67 2.13 4.41 4.00 5.68 
ITK32 316.67 6.06 1.13 2.06 51.50 4.97 
ITK33 372.22 1.59 1.29 0.29 11.50 5.71 
ITK34 438.27 3.17 3.05 2.35 130.5 4.15 
ITK35 405.09 1.41 1.11 2.94 14.00 5.75 
ITK36 385.39 1.24 0.98 2.94 9.50 4.26 
ITK37 126.55 0.94 0.63 0.59 5.00 3.68 
ITK38 113.07 0.93 0.48 0.29 3.50 2.88 
ITK39 579.01 0.72 0.20 4.12 47.00 7.21 
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Figures 5. The CF averages of dry and wet season soil 

 
The contamination factor for Fe was generally lower at dry season than during rainy season. In both seasons, Fe 
had very high contaminations. The contamination factor for Cu and Zn were moderate for both seasons. 
Fewerlocations showed considerable contamination in dry season for Cu. Dry season CF for Pb revealed very 
high contamination in most locations while wet season recorded mostly considerable contamination. Nickel in 
wet season showed higher degree of contamination than in dry season. While Ni recorded very high 
contamination in wet season, considerable contamination was observed in most locations in dry season. 
Cadmium revealed considerable contamination in wet season while low to moderate contamination was recorded 
during dry season (Figure 5). Heavy metals such as Fe, Ni and Cd were relatively higher during wet season than 
dry season. 
 
Table 15a. The PLI of dry and wet seasons 

Dry season    Sample locations      

Heavy metals (mg/l) ITK01 ITK02 ITK03 ITK04 ITK05 ITK06 ITK07 ITK10 ITK14 ITK16 Average PLI

PLI 5.08 5.29 1.45 6.03 1.72 1.84 2.20 6.09 6.25 1.72 37.65 

 
Wet season    Sample locations       
Heavy metals 
(mg/l) 

ITK2
9 

ITK3
0 

ITK3
1 

ITK3
2 

ITK3
3 

ITK3
4 

ITK3
5 

ITK3
6 

ITK3
7 

ITK3
8 

ITK3
9 

Average 
PLI 

PLI 8.74 7.09 7.54 10.23 2.90 13.24 7.29 6.18 3.06 2.30 6.99 75.56 
 
Table 15b. Pollution load index of heavy metal classes (Thomilson et al., 1980) 

PLI indices Pollution level  
0 Perfection 
1 Only baseline levels of pollutants present
> 1 Progressive deterioration of the site 

 
While the samples were not exactly from same point in both seasons, dry season PLI were on average lower than 
in wet season. Both seasons have shown site deterioration but the pollution load for wet season was significantly 
higher when compared site by site with dry season (Tables 15). 
5. Discussion 
The soil samples around Itakpe showed tiny (RI = 81.37) ecological hazard risk level in dry season and strong 
ecological hazard risk level during the rainy season (RI = 323.25). The potential ecological risk was in the order 
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Ni> Cd >Pb. All the heavy metals indicated tiny hazard level in dry season. While Cd and Ni showed strong 
hazard level, Cu and Pb showed tiny hazard level and Zn showed none in the rainy season. Sources of Ni in this 
study area include: both mining and fuel sources. Though Pb sulphides may be present in the area, automobile 
fuels which have historically contained Pb as additives for value lubrication, chemical fertilizers were the major 
sources of Pb. Another factor could also be the strongly hydrophobic nature of lead (Akoto, et al., 2008). 
Cadmium was also strongly enriched and its major sources were pesticides, fertilizer applications as well as 
mining activities (Akoto et al., 2008). 
On the basis of the indices used, Pb was lower in wet season than dry season. This could be due to its immobility, 
possible dilution due to rainwater and flood water. It’s also possible that Pb attached to the soil particles were 
removed from the soil surfaces and translocated elsewhere by the action of water and wind (Harrison et al., 
1981). On the other hand, Fe, Ni and Cd were all higher in rainy season than in dry season. Iron (Fe) is generally 
present in the secondary oxides due to its mobility and dispersion which may contribute to its higher spatial 
content (Harrison et al., 1981). Over 75% of Cd is associated with mining ferrous and nonferrous materials. The 
absorption of Cd on particulate matter and bottom sediments are major factors affecting Cd concentration 
(Ibrahim, 2005). The hydrous iron and Mn oxides have a large capacity for sorption or co-precipitation with 
heavy metals such as Ni. This may suggest why Ni was higher in rainy season than in dry season. 
These hydrous oxides exist as coatings on the particles, particularly clays and can transport sequestered metals to 
great distances (Ibrahim, 2005). The Ni may also have been incorporated into solid minerals by nonspecific and 
specific adsorption, co-precipitation and precipitation of discrete oxides and hydroxides (Ibrahim, 2005). 
Furthermore, Fe and Mn oxydroxides form surface coatings on other mineral surfaces such as clays, carbonates 
and grains of feldspars and quartz (Ibrahim, 2005). The Cd concentration was also higher during rainy season 
because of its relative mobility which enables its dispersion/discharge. Besides this, Cd may have been 
remobilized from commercial fertilizers, pesticides, animal and waste water discharges as a result of runoff 
arising from rainfall (Ibrahim, 2005). 
High PLI suggests appreciable input from anthropogenic sources (Chakravarty and Patgiri, 2009). The higher 
PLI observed in rainy season can be traced to rainfall discharge and dispersion of metals under tropical 
conditions where soils are scarcely vegetated and the subsequent severe erosions due to runoff and landscape 
topography (Chakravarty and Patgiri, 2009).  
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