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ABSTRACT 
 

The soil system of the Calabar Port environment has in the past three decades been subjected to irreparable 
environmental change, as a result of the continuous expansion of industrial activities coupled with the 
indiscriminate discharge of untreated effluents on the soil. The study specifically assessed the impact of 
industrial activities on heavy metal content of soil within Intel’s work environment. The soils bordering Intel’s 
work environment are derived from geologic materials of coastal plain sands. Surface (0 – 15cm) and subsurface 
(15 – 30cm) soil samples were randomly collected within and adjoining perimeter fence of Intel’s work 
environment. The soils were analysed for physico-chemical and heavy metal contents. Result obtained revealed 
that the heavy metal contents of soil are low and within the natural limits for mineral soil environment. The 
order of magnitude of heavy metal concentration in surface soil is as follows: Fe>Mn>Zn>Ni>V>Cr>Cd>Cu, 
whereas, in the subsoil, the order is as follows: Fe>Mn>Zn>Ni>V>Cu>Cr>Cd. The result also showed that 
industrial activities in the area adversely affected soil nutrients possibly due to biomass contamination by 
pollutants, thereby affecting the rate of litter decay as well as the low density of trees mostly within Intel’s 
premises which affected the accumulation of biomass. The study therefore indicates that the concentration of 
heavy metal in Intel’s work environment is within the threshold limits for mineral soil environment. 
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Introduction 
 

The soil ecosystem of the Calabar Port environment has in the past three decades been subjected to 
irreparable environmental change, as a result of the continuous expansion of industrial activities coupled with 
the indiscriminate discharge of untreated effluents on the soil. The Calabar Port ecosystem contributes 
immensely to the economic development and environmental security of the state and country as a whole 
(Offiong et al., 2012), but, the presence of industries and increasing urbanization in the area are immensely 
affecting the biophysical resources available. The poor effluent management of industries in the Calabar Port 
Authority has negatively impacted on the soil resulting in the change of its natural contents. The industrial 
activity in the area includes food processing, fuel bunkering, corrugated iron sheets, logging and shipping. The 
most serious risks of industrial production activities in the area include air and water pollution which stems from 
the discharge of effluents (in both gaseous, solid and liquid forms) without prior treatment into rivers, estuaries, 
lagoons, soil, vegetated areas and into the atmosphere (Offiong et al., 2012). This perhaps is of great concern to 
the terrestrial and aquatic environment.  

The daily industrial activities in the area result in soil pollution thereby increasing the levels of heavy 
metals in the soil. Heavy metals are not only toxic, but have cumulative or synergistic effects on both terrestrial 
and aquatic resources (Lameed and Ayodele, 2008; Muwanga and Barifaijo, 2006). The concentration of heavy 
metals such as lead, oil and grease, copper, bromide, mercury, aluminum and zinc among others in large 
quantities induces many biochemical and chemical changes in the soil systems (Kabir et al., 2010), which in the 
long run may inhibit plant growth. Sonawane et al., (2010) noted that the presence of heavy metals and residues 
from industrial wastes has been found to be the causes of pollution in soil. Barbara (2003), Kabir et al., (2010) 
noted that high intense industrial disturbances sometimes threaten the survival of some species and yield to low 
richness. Heavy metals are natural components of the earth's crust, and cannot be destroyed (Njar et al., 2012).  

The rapid growth and industrial activities in the Calabar Port Authority is causing enormous environmental 
pollution problems and affecting distribution of plants and soil characteristics of the area. According to Dueck 
and Endenijk (1987), industrial pollution is “caused by the discharges of varieties of industrial pollutants in the 
forms of gases, liquids and solids which affect the physical, chemical and biological conditions of the 
environment and are detrimental to human health, fauna, and flora and soil properties”. Industrial effluents 
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cause adverse effects on soil and soil organic matter (Kabir et al., 2010). Once pollutants are incorporated in the 
soil, its concentration continues to rise and depending on the frequency and duration, it may be toxic biotic life 
like plant, microorganisms and human being (Dilip, 2006). Thus, as a result of their environmental persistence, 
toxicity and ability to be incorporated into food chains, heavy metals are regarded as serious pollutants of 
aquatic and terrestrial ecosystems (Dmirbas et al., 2005; Hoda et al., 2009). 

Earlier and related studies have shown gross contamination and modification of soil nutrient by industrial 
activities. For instance, Kabir et al., (2010) in their study showed that soil in the industrial area was acidic to 
alkaline in nature and the contents of soil properties were recorded in wide range.  Sonawane et al., (2010) 
studied the impact of industrial waste water on soil quality and organic matter around Kurkumbh industrial area 
Daund, Pune district (MS). The study noted that the soil quality in terms of mainly biomass accumulation was 
disturbed due to industrial pollution. These few studies however, provide diverse view on the status and 
concentration of metal elements in the soil in relation to the type of industrial activities in operation. This is so 
as the type of industrial activities carried out in an area influences the incorporation of pollutants and increase of 
metals in the soil. For instance, there may be significant difference in the concentration of metals in the soil 
between a food production industry and an oil extraction industry. In the present study environment, despite the 
age long operation of the area as a business hub of the state; there is paucity of literature on the heavy metal 
status of the studied soil which therefore implies that not much has been done. The present study therefore 
provides a preliminary assessment of heavy metal concentration in soil of the Calabar Port Authority, Cross 
River State, Nigeria. Specifically, the study assesses the impact of Intel’s activities on heavy metal content of 
soil within its work environment. 

 
Materials And Methods 
 
Study area: 

 
The study area is Calabar Port Authority (NPA) which lies between latitude 05 00’40”N and longitude 008 

19’04”E (GPS readings). The area has temperature of 27 0C, and rainfall ranges between 2000mm - 3000mm 
reaching its peak within the month of July and August; with a relative humidity of about 80%. It has a luxuriant 
topography which heads seaward; the soils are basically loamy sand and sandy loam. It also has luxuriant 
vegetation dominantly occupied by oil palms, grasses, herbs, Alstonia boneii, Anthocleista vogelii, Terminelia 
spp, Nypa palms and cultivated crops. The area is basically an industrial zone comprising of primary, secondary 
and tertiary industries. The industries in the area include food processing industries, fuel bunkering activities, 
tanneries, metal works, building materials and engineering industries, logging activities, shipping services and 
financial institutions among others. These industries through their numerous production activities have impacted 
tremendously on the biophysical components of the environment mostly soil and vegetation. The vegetation of 
the area has been seriously modified due to the continuous expansion of industrial units and the indiscriminate 
disposal of toxic substances (Offiong et al., 2012), thereby resulting in alteration of the soil chemistry.  

 
Soil sampling: 

 
This study assessed the impact of Intel’s activities on heavy metal content of soil within its work 

environment. The soils bordering Intel’s work environment are derived from geologic materials of coastal plain 
sands. The area is completely an industrial estate with patches of farmlands, as such is mostly polluted with 
industrial effluents. Vegetation is purely fallow with patches of woodland. The heavy metal pollutants in include 
caustic soda, dye, hydrocarbons, lead and fecal coliform. Soil samples were randomly collected within and 
adjoining perimeter fence of Intel’s work environment. In each sampling point, 5 surface (0 – 15cm) and 
subsurface (15 – 30cm) soil samples were collected using a soil auger and then composited. In all, 4 soil 
samples were randomly collected (1 within Intel’s work environment and another 3 from Intel’s perimeter 
fencing seaward, where most of its effluents are discharged) and used for the assessment. The sampling 
station/location names including GPS (global positioning system) readings/coordinates of the sampled sites are 
depicted in Table 1. 

 
Laboratory analysis: 

 
The soils were put in polythene bags with labels; they were thereafter air-dried and taken to the laboratory 

for analysis for physico-chemical and heavy metals. Particle size distribution was determined by Bouyoucos 
hydrometer method (Gee and Bauder, 1986) using sodium hexa-metaphosphate as a dispersant and the textural 
classes determined using the textural triangle chart.  Soil pH was determined using the routine method of IITA 
(1979).  The method of Walkley and Black (1934) was used to determine organic carbon, after which values 
obtained were multiplied by 1.724 (Aweto, 1981) to convert to organic matter. Available phosphorus was 
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determined by Bray and Kurtz (1945) No. 1 method. Total nitrogen was determined by the micro-Kjeldahl 
digestion method (Jackson, 1962). Exchangeable bases (Ca, Mg K and Na) were extracted with neutral IM NH4 
OAc, pH 7.0; the potassium and sodium in the extract was by flame photometry while calcium and magnesium 
was by Versenate EDTA titration method (Jackson, 1962; IITA, 1979). Cation exchange capacity (CEC) was 
obtained by the summation of exchangeable bases. Available Zn, Fe, Cu, Mn, Cr, Ni, Pb, Cd and V contents of 
the soils were extracted by digestion of the samples with a mixture of concentrated HNO3 and HCI and their 
concentrations determined by Atomic Absorption Spectrophotometry (AAS) method using “Buck Scientific 
200A” by flame atomization (Barnhisel and Bertsch, 1982). Quality assurance was guaranteed through double 
determinations and use of blanks for correction of background and other sources of error. 

 
Data Analysis: 

 
Soil data obtained from the laboratory were analyzed using simple percentages, tables, average, range and 

Pearson’s correlation.  
 

Results: 
 

Physical properties of the studied soil: 
 
The physical properties of the soils sampled from the prescribed study area are summarized in Table 1. The 

sand, silt and clay fractions varied in texture along the sampling stations. The textures of the soils collected 
along the stations were classified as loamy sand (with 73% of sand) and sandy loam (with 69% of sand) for 
surface and subsurface soils respectively. Sand fractions ranged from 67.28 to 77.01% with a mean value of 
72.58% (surface soils) and between 64.92 to 76.11% with a mean of 68.74% (subsurface soils); Silt from 12.90 
to 28.46% and 13.20 to 29.24% with means of 20.23% and 21.78% respectively; clay contents from 1.90 to 
14.90% and 2.54 to 24.62% with means of 7.19% and 9.48% respectively for surface and subsurface soil 
samples collected from the study area (Table 1).  The soils are characterized as coarse-textured with a high 
proportion of sand fraction exceeding 60%.   

 
Chemical properties of the studied soil: 

 
The chemical properties of the soils in the study environment are presented in Table 2. Soil pH is 

fundamental to the understanding of soil systems, because it is an indicator of many reactions in the soils 
(Moore and Loeppert, 1987; SSSA, 2001). It shows whether the soil is acidic, neutral or basic and provides 
useful information on the availabilities of the exchangeable cations. Soil pH controls plant nutrient availability 
and microbial reactions in soils. The pH value of the studied soils ranged from 5.1 to 5.8 (surface soils) and 5.0 
to 5.5 (subsurface soils) with mean values of 5.4 and 5.2 respectively (Table 2). This depicts strong acidity in 
the ecological zone, particularly seaward of the Intel’s environment. The strongly acidic nature of the soil is 
basically due to the leaching of basic cations from the soil solum. Such acidic soil condition can induce 
phosphate fixation and consequently reduce the ability of microbes to fix atmospheric nitrogen. Pappoe et al., 
(2011) noted that the decrease in soil pH causing higher acidity in the soil would increase the dissolution of 
heavy metals. The electrical conductivity (EC) values varied from 0.034 to 0.042dSm-1 (surface soils) and 0.036 
to 0.040dSm-1 (subsurface soils) (Table 2).  This range of values indicate that the soils are non-saline as all the 
values along the sampled stations are below 4dSm-1 (Miller and Donahue, 1995) and do not exceed the critical 
value of 2dSm-1 for sensitive crop species (FAO, 1974).  These results suggest that the soils do not have salinity 
problem.   

Carbon is an essential plant nutrient and the foundation of all life (Magddoff, 1992).  Carbon compound are 
enzymatically oxidized to produce carbon dioxide, water, energy, and decomposer biomass.  Soil organic matter 
contributes to soil aggregation and reduces susceptibility to erosion (Brady and Weil, 1996).  The organic 
carbon in soils of the study area ranged from 1.20 to 3.15% and between 1.00 to 2.18% for surface and 
subsurface soils respectively (Table 2).  Such soils are rated medium in fertility status (Holland et al., 1989). 
Thus, the soils can sustain crop production in the ecological zone.  Nitrogen in the form of protein is present in 
the protoplasm of every cell.  The available form of nitrogen in the soil is ammonium or nitrate ion. Total 
nitrogen content of the soil varied from 0.04 to 0.07% and 0.03 to 0.05% for surface and subsurface soils 
respectively (Table 2). This range of values is rated low when compared with the medium range of 0.10 to 
0.45% (Holland et al., 1989) for soils of the area under study. This range of values are consistent with the works 
of Ukaegbu and Akamigbo (2005) who reported average total percentage of 0.08 in soils of the Cross River 
Coastal plain sands and mean range of 0.10 to 0.14% reported by Aluko (2005) for surface and subsurface soils 
of Onne in Rivers State. Thus, there is variation in the contents of total nitrogen in the present ecological zone. 
Phosphorus is an essential part of nucleoprotein in the cells nuclei, which control cell division and growth, and 
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of deoxyribonucleic acid (DNA) molecules.  In the studied soil, available phosphorous (Available P) ranged 
from 6 to 9mgkg-1 (surface soils) and 7 to 14mgkg-1 (subsurface soil) (Table 2).  

Available P contents were generally moderate in all the stations as values are below 15mgkg-1 (FPDD, 
1990). This range of values is consistent with the findings of Ekundayo (2004) who reported near mean value of 
10mgkg-1 for arable soils of South-Eastern Nigeria. Exchangeable cations (Ca, Mg, K and Na) are positively 
charged ions usually absorbed by electrostatic or columbic attraction to soil surface colloids. Plants absorbed it 
in exchangeable form (Donahue, 1990). The exchangeable cation contents for surface soils were as follows: Ca 
(range: 0.88 – 1.42cmolkg-1); Mg (range: 1.79 – 2.43cmolkg-1); K (range: 1.00 – 2.18cmolkg-1) and Na (range: 
0.07 – 0.09cmolkg-1). Conversely, the following values were recorded for subsurface soils: Ca (range: 0.40 to 
1.93); Mg (range: 1.65 – 2.38 cmolkg-1); K (range: 0.98 to 2.00 cmolkg-1). The exchangeable cation contents 
were <10.0cmolkg-1 for both surface and subsurface soils.  The rating shows that magnesium and sodium were 
moderate and within the permissible limits (range, 0.06 to 2.48 cmolkg-1) (Table 2); K was above the threshold 
(>1.2cmolkg-1) in both surface and subsurface soils and Ca was below the permissible limits (>20cmolkg-1) 
(table 2). Effective cation exchange capacity (ECEC) was rated medium in both surface and subsurface soils 
with range values of 7.11 to 8.40cmolkg-1 compared to the range values of 5.89 to 9.37 cmolkg-1 for the 
subsurface soil samples (<10.0 cmolkg-1) recommended by Holland et al., (1989). Exchange acidity value for 
the surface soils ranged from 2.07 to 3.18 cmolkg-1 and subsurface soils ranged from 2.00 to 3.40cmolkg-1. 
These values are generally moderate when compared with a medium range of 2.1 to 4.1 cmolkg-1 reported by 
Holland et al., (1989). Base saturation ranged from 60 to 73% and 55 to 74% for surface and subsurface soil 
samples respectively (Table 2).  

 
Heavy metal status: 

 
The heavy metals status in soils of the study area is presented in Table 3. Heavy metals exists in variable 

oxidation states, particularly those that belong to the d-group of the periodic table, each with different reactive, 
toxicological, physiological and bioconcentration potential. Although, many heavy metals, namely Cadium 
(Cd), Lead (Pb) and Zinc (Zn) are toxic in their cationic form, while others require biochemical transformation 
to organic metallic compounds (Donahue, 1990). Iron is one of the most abundant elements in the earth’s crust 
with variable oxidation states of +2 and +3 (Fe2+ and Fe3+). For this study, iron contents ranged from 1998 to 
2671.10Mgkg-1 with a mean value of 2298.57Mgkg-1 (surface soils) and 1581.60 to 2201.61Mgkg-1 with a mean 
of 1920.94Mgkg-1 for the subsurface soils (Table 3).  The results show that iron contents were high in surface 
soils compared to the subsurface soils. This range of values is within the natural limits for mineral soil 
environment (Brady and Weil, 1996). Manganese contents ranged from 201.20 to 267.18Mgkg-1 with a mean of 
229.03Mgkg-1 (surface soils) and 110.26 to 211.60mgkg-1 with a mean value of 162.45Mgkg-1 for subsurface 
soils (Table 3). There are slight variations in the mean contents of manganese. In spite of this, manganese 
contents are within the tolerable limits established for mineral soil environment (Brady and Weil, 1996).  

Copper (Cu) is an essential micronutrient required for plant growth, and is normally found in soils only in 
trace amount. Copper can be retained in soils by adsorption via non-specific and specific interactions, as well as 
precipitation reaction with hydroxides, carbonates, phosphates and silicates (McBride, 1989; McLaren, 2003). In 
the study soil, copper contents varied from 1.26 to 3.91Mgkg-1 with a mean of 2.27Mgkg-1 (surface soils) and 
ranged from 1.09 to 2.98Mgkg-1 with a mean of 2.02Mgkg-1 for subsurface soils (Table 3). In contrast, mean 
copper contents were high in the surface soils compared to the subsurface soils. This range of values is within 
the maximum permissible limits of 2-100Mgkg-1 (Bohn et al. 1985) established for mineral soil environment. 
With the low contents of Cu, the area is safe in terms of water quality, crop growth and ecological sustainability 
(Mclaughin et al., 2000; McLaren, 2003). Zinc is mainly found in rock forming minerals. It could be present in 
industrial discharges and not considered very toxic to humans or other organism (K.W.W., 1994).  The mean 
concentration of zinc in soils of the area varied from 12.81 to 41.28Mgkg-1 with a mean of 27.11Mgkg-1 and 
9.80 to 44.19Mgkg-1 with a mean value of 23.29Mgkg-1 for surface and subsurface soil respectively (table 3). 
Though, this amount of concentration is within the threshold limits of 10-300mgkg-1 established for mineral 
soils (Bohn et al., 1995).  

Concentration of chromium (Cr) varied from 2.04 to 6.26Mgkg-1 with a mean of 3.57Mgkg-1 (surface soils) 
and 1.06 to 3.08Mgkg-1 with mean of 1.99Mgkg-1 (subsurface soils) (Table 3). Comparatively, Cr contents were 
slightly higher in surface soils than in subsurface soils (Table 3).  Despite this amount, the concentration is 
within the safe limits of 5-1000 Mgkg-1 established for mineral soil environments (Bohn et al., 1985; Mortved, 
2000). Nickel (Ni) concentration in soils of the area varied from 11.28 to 28.74Mgkg-1 and 10.00 to 26.09Mgkg-

1 with mean values of 20.01Mgkg-1 and 16.92Mgkg-1 respectively for surface and subsurface soils (table 3). 
Comparatively, Ni was slightly higher in subsurface soils in contrast to subsurface soils. This range of values is 
within the allowable limits of 1-1000Mgkg-1 established for mineral soil environment (Bohn et al., 1985; 
Mortvedt, 2000). Mean lead (Pb) contents are low and ranged from 1.26 to 28.10Mgkg-1 and 1.80 to 
20.12Mgkg-1 with means of 15.03Mgkg-1 and 11.22 Mgkg-1 for surface and subsurface soils respectively (Table 
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3). Thus, slight differences in Pb contents in the soils were recorded. These values are within the threshold limits 
of 2-200Mgkg-1 for the soils of the area under investigation (Bohn et al., 1985; Mortvedt, 2000). Cadmium (Cd) 
is a non-essential element that diminishes growth of organisms. It is widely spread but occurs in mild 
concentration and considered a potential carcinogen. The concentration of Cd varied from 1.28 to 3.28Mgkg-1 
and 1.11 to 2.98Mgkg-1 with mean values of 2.54Mgkg-1 and 1.90Mgkg-1 for surface soils and subsurface soils 
respectively. The concentration of Cd is within the permissible limits established by FEPA (1988). Vanadium 
(V) contents varied from 2.19 to 8.28Mgkg-1 and 2.18 to 8.96Mgkg-1 with means of 4.75Mgkg-1 and 5.56 Mgkg-

1 for surface and subsurface soils respectively (Table 3). This range is within the threshold limits of 20-
500Mgkg-1 of the soil environment (Bohn et al., 1985). In view of the sandy, the soils have weak surface 
aggregation and inherently fertile for sustainable crop husbandry in the ecological zone. 

 
Table 1: Field codes and GPS coordinate in the study sites 

 
Field 
Code 

 GPS Coordinates    
 
Eastings 

 
 
Local name of station 

 
Depth (cm) 

 
Northings 

NPAS1 0-15 
15-30 

N 050 00’ 40’’ E 0080 19’ 04’’ Within Intel’s - marine company  
 

NPAS 2 0-15 
15-30 

N 050 00’ 31’’ E 0080 19’ 03’’ Intel’s perimeter fencing seaward 
 

NPAS 3 0-15 
15-30 

N 050 00’ 31’’ E 0080 19’ 05’’  Intel’s perimeter fencing seaward  
 

NPAS 4 0-15 
15-30 

N 050 00’ 30’’ E 0080 19’ 10’’  Intel’s perimeter fencing seaward  
 

Legend: NPAS = Nigerian Ports Authority vis –a-vis Intel’s perimeter soil samples 
 
Table 2: Summary of physic-chemical property of soils in the study area 

Parameters Surface soils Subsurface soil Max permissible limits 
Range Mean Range Mean 

Physical properties  
 

     

Sand (%) 67.28 - 77.01 72.58 64.92 - 76.11 68.74 NL 
Silt (%) 12.90 - 28.46 2023 13.20 -29.24 21.78 NL 
Clay (%) 1.90 - 14.90 7.19 2.54 -24.62 9.48 NL 
      
Chemical properties      
PH  5.1 - 5.8 5.4 5.0 - 5.5 5.2 5.1-6.5 
EC(dSm-1) 0.034 -0.042 0.039 0.036 - 2.040 0.038 2-4 dSm-1+ 
Organic carbon (%) 1.20 - 3.15 2.28 1.00 - 2.18 1.82 2.0%++ 
Total nitrogen (%) 0.04 - 0.07 0.06 0.03 - 0.05 0.04 0.20%++ 
Avail. P (Mgkg-1) 8 - 9 8.25 7 - 14 10.25 20Mgkg-1+++ 
Calcium (cmolkg-1) 0.88-1.42 1.23 0.40-1.93 1.34 10-20 cmolkg-1 
Magnesium (cmolkg-1) 1.79-2.43 2.09 1.65-2.38 2.09 3-8cmolkg-1+++ 
Sodium (cmolkg-1) 0.07-0.09 0.08 0.06-0.09 0.07 0.6-1.2 cmolkg-1+++ 
Potassium (cmolkg-1) 1.00-2.18 1.75 0.98-2.00 1.35 0.7-1.2 cmolkg-1+++ 
Exch. Acidity (cmolkg-1) 2.07-3.18 2.67 2.00-3.40 2.47 4.1 cmolkg-1+++ 
ECEC (cmolkg-1) 7.11-8.40 7.82 5.89-9.37 7.33 10 cmolkg-1+++ 
Base saturation (%) 60-73 66 55-74 66 60-80%+++ 

Legend:  +Miller and Donahue, 1995; ++FPDD, 1990; +++Holland et al., 1989  
ECEC = effective cation exchange capacity; EC = electrical conductivity 
 
Table 3: Summary of heavy metals status of soils results collected from the project area 

Parameters Surface soil Subsurface soil Max permissible limit 
Range Mean Range Mean 

Iron (Fe) 1998.19-2671.10 2298.57 1581.60 - 2201.61 1920.94 10,000-100,000 mg/kg* 
Zinc (Zn) 12.81-41.28 27.11 9.80 - 44.19 23.29 10-300mg/kg** 
Copper (Cu) 1.26-3.91 2.27 1.09 - 2.98 2.02 2-100mg/kg** 
Manganese (Mn) 201.20-267.18 229.03 110.26 - 211.60 162.45 200-2000mg/kg** 
Chromium (Cr) 2.04-6.26 3.57 1.06 - 3.08 1.99 5-1000mg/kg** 
Cadmium (Cd) 1.28-3.28 2.54 1.11 - 2.98 1.90 - 
Nickel (Ni) 11.28-28.74 20.01 10.00 - 26.09 16.92 10-1000mg/kg** 
THC 1.26-28.10 15.03 1.80 - 20.12 11.22 100mg/kg*** 
Vanadium (V) 2.19-8.28 4.75 2.18 - 8.96 5.56 20-500mg/kg** 

Legends: *Brady and Weil, 1996; **Bohn et al., 1985; ***Line et al., 1987 
 

 
Pearson’s correlation matrix between surface soil pH, OM, clay and heavy metals: 

 
The Pearson’s correlation matrix shown in Table 4 indicates that the pH levels (5.1 to 5.8) had high, 

positive but insignificant association with Zn and Ni (0.92 and 0.86, p>0.05), while its relationship with Cr  was 



3298 
J. Appl. Sci. Res., 9(5): 3293-3300, 2013 

 

negative and significant (-0.99, p<0.01). The result implies that the present level of pH does not significantly 
favour the increase the metals. As the present level of pH brings about a corresponding decrease in Cr, Mn and 
Fe contents in the studied soils, whereas the level of pH results in Cu, Zn, Cd, V, and Zn accretion of the studied 
soils, though the increase is insignificant to cause any effect. These observed relationships confirm the findings 
of Aref (2012) that solubility of heavy metals decreases a thousand fold for each unit increase in soil pH in the 
range of 4 to 9. Moreover, the content of OM (1.20 - 3.15) negatively and insignificantly correlated with Fe (-
0.07, p>0.05), Zn (-0.89, p>0.05), Cu (-0.50, p>0.05), Ni (-0.88, p>0.05) and V (-0.62, p>0.05). This indicates 
that the present level of OM in the studied soils reduces the levels of Fe, Zn, Cu, Ni and V, but increases the 
contents of Cr, Mn, Cd and Mn (Table 4). This result also corroborates the findings of Aref (2012) that metal 
deficiencies are greatest in soils with low organic matter contents. Indeed, Table 4 further reveals that the 
proportions of pH and OM increase the dissolution of the metals in the studied soil (Pappoe et al. 2011). 
Nevertheless, Fe and Cd, Zn and Cr as well as Cu and Mn show high negative and significant correlations 
(p<0.05), which implies the elements, must not have been influenced by similar factors, whereas, Fe and Ni as 
well as Cu and V show high positive and significant correlation (p<0.05), which means the elements must have 
been influenced by similar factors (Adelekan and Alawode, 2011).  

 
Table 4: Pearson’s correlation matrix of surface soil between pH, OM, clay and heavy metals 

 pH OM Clay Fe Zn Cu Cr Mn Cd Ni THC V 
pH 1.00            
OM  -0.66 1.00           
Clay  -0.08 -0.69 1.00          
Fe  -0.68 -0.07 0.90 1.00         
Zn 0.92 -0.89 0.29 -0.38 1.00        
Cu 0.49 -0.50 0.27 0.05 0.56 1.00       
Cr  -0.99+ 0.71 0.00 0.60 -0.95* -0.59 1.00      
Mn -0.29 0.27 -0.16 -0.13 -0.33 -0.97* 0.40 1.00     
Cd 0.43 0.32 -0.87 -0.95* 0.10 -0.32 -0.33 0.35 1.00    
Ni 0.86 -0-88 0.37 -0.23 0.96* 0.67 -0.92 -0.57 -0.08 1.00   
THC 0.36 -0.85 0.75 0.20 0.62 -0.01 -0.36 0.24 -0.32 0.52   
V 0.66 -0.62 0.26 -0.09 0.72 0.98* -0.75 -0.89 -0.21 0.87 0.12 1.00 

*. Correlation is significant at 0.05 level (2- tailed) 
+. Correlation is significant at 0.01 level (2-tailed) 
 
Discussion: 

 
The soils of the area are characterized as loamy sand and sandy loam with a high proportion of sand 

fraction exceeding 60%.  The coarse nature of the soils is attributed to the high precipitation in the area resulting 
in the weathering of parent materials (Attoe and Amalu 2005). The pH value of the studied soils depicts strong 
acidity due to the leaching of basic cations from the soil solum (Paudel and Sah 2003; Foth 2006). Such acidic 
soil condition can induce phosphate fixation and consequently reduce the ability of microbes to fix atmospheric 
nitrogen. The strong acid condition indicates that certain elements such as zinc, iron, manganese and aluminum 
are available in soils of the area. The electrical conductivity values indicate that the soils of the area are non-
saline, which suggest that the soils do not have salinity problem.  The organic carbon (OC) in soils of the study 
area is rated medium in fertility status (Holland et al., 1989), and can sustain crop production in the ecological 
zone. Nitrogen (N) content of the soils is rated low. The low proportions of OC, P and T including other 
elements in the studied soils may be ascribed to biomass contamination by industrial pollutants thereby 
disrupting the rate of litter decay. It may also be attributed to the little rate of nutrients returned to the soil 
through the fall and subsequent decomposition of litter, as soil within Intel’s work environment does not have 
dense vegetation (Offiong and Iwara, 2011). The result obtained suggests that the industrial activities results in 
soil nutrient modification, as it reduces the proportion of OC, possibly due to the low density of trees which 
affects the accumulation of biomass. In the studied soil, the contents available phosphorous (P) are generally 
moderate and below 15mgkg-1 (FPDD, 1990). Effective cation exchange capacity (ECEC) is rated medium in 
both surface and subsurface soils. Exchange acidity value for the surface and subsurface soils. The result of base 
saturation reveals that basic nutrient must have occurred in available forms in soil solution in spite of the low 
cation reserves in the study area.  

The concentration of heavy metal in the soil is acknowledged to be determined by soil pH, organic matter 
and clay contents (White and Zasoski, 1999; Adelekan and Alawode, 2011; Aref, 2012) as well as the nature of 
parent material and pedogenic processes (Lhendup and Duxbury, 2008). The heavy metal contents of soil in the 
area are low and within the natural limits for mineral soil environment (Brady and Weil, 1996; Bohn et al., 
1985; Mortved, 2000) due possibly to the low organic matter content and the existing pH values may be 
unfovaurable to the accumulation of heavy metal in the studied soil. According to Matini et al., (2011), Pappoe 
et al., (2011) soil acidity induces the dissolution of heavy metals. Soil organic matter has significant positive 
effect on micronutrient levels, which perhaps entails the importance of agricultural practices such as the planting 
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of forest trees that minimize soil erosion and conserve soil organic matter. The result obtained suggests that 
industrial activities results in soil nutrient modification, as it reduces the proportion of OC, T and P, possibly 
due to the low density of trees which affects the accumulation of biomass. In general, the low concentrations of 
other nutrients are possibly because of low levels of organic matter in the soils, acidic nature of the soil and 
leaching by the high rainfall in the area (Foth, 2006; Iwara et al., 2011). Also another reason for the low nutrient 
contents of the soil is that, the biomass of the soil must have been affected because of industrial pollution, 
thereby reducing the rate of nutrient returned to the soil (Sonawane et al., 2010) 

 
Conclusion: 

 
The result obtained shows that the heavy metal contents of the studied soil are not impaired or polluted in 

any way by the ongoing industrial activities in Intel’s work environment; as their contents in the soil are within 
the threshold limits for mineral soil environment.  The order of magnitude of heavy metal concentration in 
surface soil is as follows: Fe>Mn>Zn>Ni>V>Cr>Cd>Cu, whereas, in the subsoil, the order is as follows: 
Fe>Mn>Zn>Ni>V>Cu>Cr>Cd. However, to maintain the current level of heavy metal in the studied soil, 
regular monitoring should be ensured by the concerned authorities. Nevertheless, effluent should be properly 
treated before being discharged.  
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