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ABSTRACT 

The study investigated soil potentially toxic elements contamination in different rural - urban fringe land uses in Edo 

State, Nigeria. The objectives were to determine the level of PTEs in the soils, their contamination status and 

implications. Nine soil samples were collected from mechanic workshop, secondary forest, block molding site, oil palm 

production site, fire wood processing site, cassava farm, back yard farm, cooking gas plant site and oil palm 

plantation respectively at 0-15cm soil depth. Each soil sample was analyzed for lead, chromium, cobalt, arsenic, 

cadmium, vanadium and nickel using USEPA method 3050B. Data obtained was analyzed using index of 

geoaccumulation, contamination factor and single element pollution indices. The results revealed that the status of 

Lead (Pb), Chromium (Cr), Cobalt (Co), Arsenic (As), Cadmium (Cd), Vanadium (V) and Nickel (Ni) in the soils were 

low. Backyard farm had higher Co, As, V and Ni levels compared to the other examined land uses. Contamination 

factor showed very slight contamination (< 0.1) while Single Element Pollution Indices indicated low contamination (> 

1). Index of Geoaccumulation demonstrated that the soils’ were unpolluted (0 < Igeo ≤ 1). The findings also indicated 

that backyard farm had higher levels of PTEs (Co, As, V and Ni), followed by oil palm plantation (Cr and Cd), 

firewood processing site (Pb) and secondary forest (V) respectively. The study concluded that the PTEs status of the 

soils was not toxic and that the soils in the investigated land uses were not severely contaminated. It recommended 

intervallic monitoring in the existing land uses while further researches should focus on the evolving ones. 
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INTRODUCTION 

 

Ecological contamination is a severe problem in developing countries as a result of rapidly increasing population 

growth, industrial and commercial development, and accelerated urbanization (Qadir et al. 2010). Soil 

contamination indicates the incidence of a chemical or foreign substance in concentrations beyond the normal 

threshold, which may be harmful to an organism or human (Agyeman et al. 2022). Heavy metals (As, Cd, Cr, 

Cu, Hg, Ni, Pb, and Zn) are considered potentially toxic elements (PTEs) due to their high toxicity, lengthy 

period of time and persistent bioavailability (Alloway et al. 2013). PTEs are a significant type of contaminant 

that can accrue in the soils from varied sources. Following the prevalence of industrial activities, mining, fossil 

fuel consumption, transportation, use of agricultural inputs, etc, PTEs contamination has arisen as a grave global 

concern during the recent past and its contents have been detected in soils at varying scales (Natasha et al. 2022; 

Lima et al. 2024).  

 PTEs that are generally present in soils include aluminum (Al), arsenic (As), cadmium (Cd), chromium 

(Cr), cobalt (Co), copper (Cu), lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), and zinc (Zn). Amongst 

these PTEs, As, Cd, Hg, and Pb are also reported in the top 20 Hazardous Substances of the Agency for Toxic 

Substances and Disease Registry (ATSDR) and the United States Environmental Protection Agency (USEPA) 

(Goren et al. 2022). The incidence of extreme quantities of PTEs over allowable limit in soil instigates toxicity 

to all living organisms (El-Naggar et al. 2021). Soil PTEs contamination has adverse effects, such as 

contamination of ground water and soil, phytotoxicity, biotoxicity, accumulative behavior and potential human 

health risk (Qin et al. 2020). Consumption of plants from the contaminated area or inhalation of polluted 

particles is the prime factors instrumental to PTEs exposure for the human population (Loutfy et al. 2006). When 

high levels of PTEs go into the soil biota, they damage the structure and function of the ecosystem and 
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progressively depreciate the soil quality, and diminish the soil productivity and subsequently alter human health 

through the food chain (Taghavi et al. 2023). Soil contamination by PTEs of adjoining biomes and inhabited 

areas is often unavoidable due to leaching and wash-off (Patinha et al. 2018). 

 Globally, researchers have undertaken a series of studies on soil PTEs contamination. Notable amongst 

them are; Simic et al. (2023); Kamanina et al. (2023); Albanese and  Guarino et al. (2022); Chen et al. (2022);  

Gan et al. (2022); Goh et al. (2022); Zhang et al. (2022); He et al. (2015) etc. In Nigeria, researchers (Elemile et 

al. 2023; Olatunji and Adeyemi 2021; Edogbo et al. 2020; Ezeofor et al. 2019; Orobator et al. 2019; Odukoya et 

al. 2018; Orobator et al. 2017; etc.) have also carried out inquiries on PTEs contamination in soils. These prior 

studies revealed that there is dearth of empirical investigations on PTEs contamination in rural - urban fringe 

soils especially in the study area. Rural-urban fringe soils serve as a spatial transition zone between urban and 

rural areas, keeping the local milieu and biome in balance (Olatunji and Adeyemi 2021). Nevertheless, due to 

increasing urbanization, PTEs concentration in soils of rural - urban fringe land uses may develop more rapidly 

than in rural soils.  

 In addition to filling the gap in research, examining the concentrations and degree of PTEs 

contamination in rural-urban fringe soils can allow for the identification of contamination hotspots within rural - 

urban fringe land uses as well as potentially show their concentration levels. Orobator et al. (2019) noted that the 

buildup of heavy metals (PTEs) on anthropic soil obliges exigent reaction from biogeographers, soil 

geographers, ecotoxicologists, urban planners and soil scientists. Consequently, the present study examined soil 

PTEs contamination in different rural-urban fringe land uses in Edo State, Nigeria. The objectives of the research 

were to (i) determine PTEs concentrations in the soils (ii) examine the status of soil PTEs in the rural-urban 

fringe (iii) analyze the degree of PTEs contamination, and (iv) examine implications of the investigated PTEs on 

soils. The novel evidence on PTEs contamination from this investigation can act as significant baseline data 

supporting soil management for soil quality and sustainability in the rural-urban fringe as well as immensely aid 

local environmental monitoring. 

 

MATERIALS AND METHODS 

 

Study area 

In order to achieve the objectives of the investigation and to find a suitable site for the study, an all - inclusive 

reconnaissance survey was conducted by the authors. A distinctive rural – urban fringe comprising of Egbean - 

Iguadolor - Uhogua communities situated in Ovia North East Local Government Area, Edo State, Nigeria was 

adopted for the research. However, the study area (Figure 1) of the present study had earlier been extensively 

described in the prior contemporary work of the authors (Orobator and Daniel 2023).   



J. BIOL. ENVIRON. SCI., 

2023, 17(50), 13-25 

 

15 

 

 
Figure 1 Location of rural-urban land uses 

 

Soil sampling 

Nine soil samples were collected for the purpose of this study. One soil sample was collected using a soil auger 

from each of the nine examined rural-urban fringe land uses (Mechanic workshop, secondary forest, block 

molding site, oil palm production site, firewood processing site, cassava farm, back yard farm, cooking gas plant 

and oil palm plantation) at 0 -15cm (top soil). The land uses were chosen because they are the dominant ones in 

the rural-urban fringe. The simple random sampling technique was utilized for the investigation.  

 

Laboratory analysis 

The air-dried soil sample was finely ground in stainless steel, 1 g of each sample was placed in a conical flask, 

and a mixture of concentrated HNO3:HClO4:HF in the ratio 3:1:3 was added (Yahaya et al. 2021). The mixtures 

were then heated to 800 oC for 3 hrs. The digests were filtered into a 100-ml standard plastic bottle and made to 

100 mL with deionized water (Lu et al. 2009). The PTEs concentrations in the soil samples were measured using 

fame atomic absorption spectrophotometry (Varian model-AA240FS). AAS is an extensively used analytical 

method for determining the concentrations of elements in soil samples (Kamanina et al. 2023). The PTEs 

determined include: Lead (Pb), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Nickel (Ni), Arsenic (As) and 

Vanadium (V).  Goren et al. (2022) stated that these PTEs are reported as hazardous substances by the Agency 

for Toxic Substances and Disease Registry (ATSDR) and the United States Environmental Protection Agency 

(USEPA). 

 

Data analysis 

Pollution indices are valuable in processing, analyzing, and transmitting raw environmental data to the public 

and decision-makers (Yahaya et al. 2021). This study adopted the Index of Geoaccumulation (Igeo), 

Contamination Factor (Cf) and Single Element Pollution Index (SEPI) pollution indices to determine the degree 

of PTEs contamination in soils of the examined rural-urban fringe land uses. Department of Petroleum 
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Resources (2002) permissible limits were used to determine the status of PTEs in the rural-urban fringe land uses 

soils. 

 

Index of Geoaccumulation (Igeo)  

The Index of geoaccumulation (Igeo) essentially permits the assessment of contamination by comparing the 

current and pre-industrial concentrations originally utilized with bottom sediments (Weissmannová and 

Pavlovský 2017). It can also be applied to the assessment of soil contamination. The method evaluates the degree 

of heavy metal pollution in terms of seven enrichment classes (Table 1) based on the increasing numerical values 

of the index Aigbogun (2018). It was computed using the Equation (1) below. This contamination assessment 

index has been adopted by many researchers in environmental studies (Loska et al. 2003; Abrahim and Parker 

2008; Lu et al. 2009; Aigbogun 2018) and is defined by the equation:  

 

𝐼𝑔𝑒𝑜= log2
Cn

1.5∗Bn
              (1)  

Where:  

Cn  =  is the measured concentration of element n in the soil,  

Bn  =  is the geochemical background value for the element n, 

1.5 = constant introduced to minimize the effect of possible variations in the background.   

Values X which may be attributed to lithologic variations in the soils.  

 

Table 1:  Classes of index geoaccumulation 

Igeo value Igeo Class Status of Soils 

< 0 0 Unpolluted 

0-1 1 From unpolluted to moderately polluted 

1-2 2 Moderately polluted 

2-3 3 From moderately to strongly polluted 

3-4 4 Strongly polluted 

4-5 5 From strongly to extremely polluted 

˃ 5 6 Extremely polluted 

 Source: Aigbogun (2018) 

 

Contamination Factor (Cf)  

The geochemical background values in continental crust averages of the PTEs under consideration reported 

by Taylor and McLennan (1985) were used as background values for the PTMs (Equation 2).  

 

𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐶𝑓) = 
𝐶𝑚𝑒𝑡𝑎𝑙 

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                  (2) 

 

Where:  

CF = is the contamination factor,   

C metal = is the concentration of pollutant in soil, 

C background = is the background value for the metal.  
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Cf was classified into four groups as expressed in Table 2 below:  

 

Table 2:  Categories on basis of contamination factor  

CF value CF category Contamination extent 

<1 0 Low contamination 

1≤CF<3 1 Moderate contamination 

3≤CF≤6 2 Considerable contamination 

>6 3 Very high contamination 

(Hakanson, 1980; Nasr et al., 2006 & Mmolawa et al., 2011)  

 

Single Element Pollution Index (SEPI) 

Single Element Pollution Index (SEPI) was adopted to identify single-element pollution consequent on heavy 

metal toxicity. The formula used to calculate SEPI is as follows (Equation 3): 

 

𝑆𝐸𝑃𝐼 =
 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑠𝑜𝑖𝑙𝑠  

𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙
              (3)  

 

SEPI ≤ 1 = low contamination, 1 < SEPI ≤ 3 = moderate contamination and SEPI > 3 = high contamination 

(Chen et al. 2005). 

  

RESULTS AND DISCUSSION 

 

Lead (Pb) 

Pb is a highly prevalent toxic metal that is released in air from varied anthropogenic activities such industries 

using Pb composites, fossil fuels combustion, alloys, Pb mining, automobile exhaust etc. (Collin et al., 2022). 

The values of Pb in the examined land uses ranged from 0.70 - 1.80 mg/kg (Figure 2). The order of occurrences 

follow this pattern; oil palm production site/cassava farm < mechanic workshop/block molding < secondary 

forest/cooking gas plant site < back yard farm < oil palm plantation< firewood processing. The higher level of 

Pb observed in firewood processing site may be due to the effects of traffic pollution from the road-side. The 

firewood processing site was situated near a paved road in the study area. The combustion process from vehicles, 

the layer of road degradation and the particles from the road surface contributed to release pollutants into the 

environment (Olafisoye et al. 2016). Orobator et al. (2019) reported higher values of Pb (10.27 mg/kg) in motor 

mechanic workshop located in the Benin metropolis. The levels of Pb reported in this study are relatively low 

compared to that observed by Onianwa and Umoren (2005).  

 High concentrations of Pb can be damaging, resulting to blood and nervous system maladies, kidney 

impairment, diarrhea, infertility, miscarriages, and exhaustion (Staudinger and Roth 1998). Nevertheless, 

comparing the values obtained for Pb with Department of Petroleum Resources (DPR) permissible limits, the 

status of Pb is low (< 85). To assess the degree contamination in all the land uses, Igeo values (Figure 3) 

indicated that Pb was unpolluted in the soils (Class 1; 0 < Igeo ≤ 1).  Cf values (Figure 4) revealed very slight 

contamination (< 0.1) while SEPI values (Figure 5) indicated low contamination (> 1). The findings of this study 

do not agree with Yahaya et al. (2021) who reported that the degree of Pb contamination was strongly to 

extremely polluted (Igeo).  
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NB: A- Mechanic workshop, B- Secondary forest, C -Block molding site, D- Oil palm production site, 

E- Firewood processing site, F- Cassava farm, G- Back yard farm, H- Cooking gas plant, I- Oil palm plantation. 

 

Figure 2. PTES values in the different rural-urban fringe land use 

 

 
Figure 3. Index of Geoaccumulation values of PTEs 
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Figure 4. Contamination index values of PTEs 

 

 
Figure 5. Single element pollution index (SEPI) values of PTEs 

 

Cobalt (Co) 

Co is found in the environment along with Fe, Ni, Ag, Pb, Cu, Mn and is likewise found to be existent as 

carbonates (Mahey et al. 2020). Besides, factories that produce cement, carbide tool grinding, e-waste, polishing 

disc, pigment and paint; incinerators, mining activities as well as televisions (TVs), mobile batteries, computer 

monitors, and liquid crystal display TVs are also potential human sources of Co (Graedel et al. 2014). 

Comparative values of Co in all investigated land uses ranged from 0.10 - 0.16 mg/kg (Figure 2). The order of 

Co concentrations as indicated in Table 2 follow this trend; block molding site /cassava farm < oil palm 

production site < mechanic workshop/secondary forest/ firewood processing site < cooking gas plant < back yard 
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farm/oil palm plantation. The higher level of Co in back yard farm can be ascribed to the prevalence of organic 

manure from the droppings of poultry birds and livestock on the soils.   

 Akhter et al. (2022) reported that due to poultry waste, press mud, and farmyard manure, Co showed 

more concentration in the soil. Excessive use of herbicides and fertilizers may account for the higher level of Co 

detected in oil palm plantation (Adedeji et al. 2019). The disproportionate use of pesticides and fertilizers will 

lead to the higher levels of PTEs in the soil (Huo et al. 2022). High concentrations of Co can provoke 

cardiotoxicity in humans when exposed heavily ( Linna  et al. 2020). However, comparing the values of Co with 

DPR permissible limits, Co status is low (< 20). To ascertain the degree of Co contamination in the land uses, 

Igeo values (Figure 3) indicated unpolluted (Class 1; 0 < Igeo ≤ 1) while Cf values (Figure 4) revealed very 

slight contamination (< 0.1). SEPI (Figure 5) showed low contamination (>1). The values of contamination 

factor observed in this study were lower than those reported by Akintola (2014), Akintola and Bodede (2019).  

 

Chromium (Cr) 

 Cr is released into the environment via both natural practices and anthropogenic undertakings such as 

agricultural activities, metal processing, smelting, manufacturing, and, mining causing pollution and the damage 

of ecologies (López-Bucio et al. 2022). Cr concentration values across the investigated land uses ranged from 

0.12 to 0.70 mg/kg (Figure 2). Cr concentrations followed the order; backyard farm < oil palm production site < 

block molding site < cassava farm < firewood processing site/ mechanic workshop < cooking gas plant < 

secondary forest < oil palm plantation. The higher value of Cr in oil palm plantation may be due to inappropriate 

use of agrochemicals and fertilizers (Kalpakjian et al. 2011, Olafisoye et al. 2020, Thompson-Morrison et al. 

2022). The finding of study was consistent with Olafisoye et al. (2020), who reported higher level of Cr in soils 

of all the fifteen sampled oil palm plantations. The levels of Cr found in this study were relatively low compared 

to that reported for soil of automobile workshops (Oguntimehin and Ipimoroti 2008). Comparing the results with 

DPR permissible limits for Cr, Cr content is low (< 100). To determine the degree of Cr contamination in soils of 

the examined land uses, Igeo values (Figure 3) indicated that Cr concentrations was unpolluted (Class 1; 0 < 

Igeo ≤ 1); Cf values (Figure 4) revealed very slight contamination (< 0.1). SEPI (Figure 5) indicated that 

contamination Cr was low ( > 1). This present study contradicts (Ololade 2014), reported contamination of Cr in 

soils investigated (Igeo). 

 

Arsenic (As) 

As is a naturally prevailing potential toxic metal whose place in pollution are global due to both natural 

processes and anthropogenic happenings (Hettick et al. 2015). As values in soils under the examined land uses 

are indicated in Figure 2. The level of concentrations of As in the soils under the examined land uses ranged 

from 0.10 - 0.14 mg/kg. The order of incidence of As in soils under different land uses are as follows; block 

molding site < mechanic workshop/secondary forest/oil palm production site/firewood processing site /cassava 

farm/cooking gas plant/oil palm plantation < back yard farm. The occurrence of higher level of As in back yard 

farm may be due to the influence of domestic wastes and livestock droppings. (Kayode et al. 2021).  As levels 

observed in this study were lower than a study carried out within the vicinity of the mechanical workshop by 

Oloye et al. (2014). As toxicity can cause developmental effects, neurotoxicity and diabetes in humans (Singh et 

al. 2007). However, comparing the results of As with DPR permissible limits for As, the status is low. To 

determine the degree of As contamination in the investigated land uses; Igeo values (Figure 3) indicated that As 

concentrations in soils were unpolluted (Class 1; 0 < Igeo ≤ 1); Cf values (Figure 4) revealed that As 

contamination was very slight (< 0.1). SEPI (Figure 5) indicated that contamination was low in all the land uses 

(> 1).  

 

Cadmium (Cd) 

 Cd is a heavy metal whose continuous sources of contamination are linked to its use in industry as a corrosive 

reagent, as well as its usage as color pigments, a stabilizer in PVC products, and Ni-Cd batteries (Genchi et al. 

2020).  The values of Cd in soils under the different land use ranged from 0.06 - 0.51 mg/kg (Figure 2).  
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They are in the following order; block molding site/oil palm production site < cassava farm < mechanic 

workshop < firewood processing site < secondary forest / cooking gas plant < back yard farm < oil palm 

plantation. The higher value of Cd in oil palm plantation may be credited to the application of phosphate rock 

fertilizer on the soils (Orobator et al. 2017). This study contradicts that of Bamgbose et al. (2000), who reported 

higher levels of Cd. In humans, Cd toxicity can lead to a range of severe effects, such as renal and hepatic 

dysfunction, pulmonary edema and testicular damage (Gencihi et al. 2020). Conversely, comparing the Cd 

results obtained for the investigation with DPR permissible limits for Cd, Cd status is low (<0.8). To assess the 

degree of Cd contamination, Igeo values (Figure 3) indicated that Cd concentrations in soils were unpolluted 

(Class 1; 0 < Igeo ≤ 1); Cf values (Figure 4) revealed was very slight Cd contamination in all the land uses (< 

0.1). SEPI (Figure 5) indicated that contamination was low in all the land uses (> 1). 

 

Vanadium (V) 

V is an abundant heavy metal on earth whose main anthropogenic sources of release into the environment 

includes burning of fossil fuels, industries, mining, pesticide and fertilizer application and recycling of domestic 

waste (Imtiaz et al. 2015). The pattern of V incidences under the different land uses are shown in Figure 2. The 

level of V contents in the soil ranged from 0.07 to 0.12mg/kg. The trend of abundance of V is as follows; 

cassava farm < block molding site < mechanic workshop/oil palm production site /firewood processing site 

/cooking gas plant/oil palm plantation < secondary forest/back yard farm. The higher level of V in back yard 

farm may be due to the prevalence of household wastes in the soils (Liu et al. 2022). In addition, incidences of V 

in secondary forest may be accredited to the parent material of the soils. The parent materials of soils can 

indicate V concentrations in soils, even in those unaffected by contamination (Guagliardi et al. 2018). The result 

of this study agreed with Han and Xu (2022), who reported that higher concentrations of heavy metals were 

detected in the secondary forest. V toxicity can prompt oxidative impairment in the brain and develop blood 

brain barrier disorder and neuropathology (Rojas-Lemus et al. 2020). Yet, comparing the findings of V with 

DPR permissible limits, V status is low. To evaluate degree of V contamination, Igeo values (Figure 3) indicated 

that V concentrations in soils were unpolluted (Class 1; 0 < Igeo ≤ 1), Cf values (Figure 4) revealed that V 

contamination was very slight in all the land uses (< 0.1) whereas SEPI (Figure 5) indicated that contamination 

was low in all the land uses (> 1). 

 

Nickel (Ni) 

Ni is a potentially toxic element extensively released into the ecosystem from various anthropogenic and natural 

sources such as pigment manufacturing processes, wastes, alloy industries, industry wastewater, aerial deposition 

of pollutants, mafic and ultramafic rocks (El-Naggar et al. 2021). The contents of Ni in soils under the different 

land use ranged from 0.10 - 0.52 mg/kg (Figure 2). The order of Ni concentration in soils follow this pattern; oil 

palm plantation < block molding site < firewood processing site/cassava farm < mechanic workshop < oil palm 

production site < cooking gas plant < secondary forest < back yard farm (Figure 2). The higher level of Ni in the 

back yard farm may be ascribed to the effects of farming activities. Anthropogenic activities such as farming 

activities, smelting and mining development etc. can directly influence soil (Wang and Zhang 2007). In addition, 

Ni levels observed in backyard farm could be as a result of organic manure coupled with leaching from 

household wastes (Oladeji 2017). PTEs infiltrate the soils of farmland as well as the crops (Leng et al. 2023). 

The levels of Ni observed in the present study were lower than that found in urban soils in Nigeria (Umoren and 

Onianwa 2005). Ni toxicity can instigate a multiplicity of side effects on anthropoid health, such as allergy, 

cardiovascular and kidney diseases, lung fibrosis, lung and nasal cancer (Genchi et al. 2020). However, 

matching the results obtained for Ni with DPR permissible limits for Ni, the status of Ni was low (< 35).  To 

ascertain the degree of Ni contamination, Igeo values (Figure 3) indicated that Ni concentrations in soils of the 

examined land uses were unpolluted (Class 1; 0 < Igeo ≤ 1), Cf values (Figure 4) revealed that Ni contamination 

was very slight in all the land uses (< 0.1) while SEPI (Figure 5) indicated that contamination was low in all the 

land uses (> 1). This finding of this study do not agree with Iyama et al. (2021), who reported that Ni (0.028 – 

2.197) showed very slight contamination to moderate pollution (contamination factor). 
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CONCLUSIONS  

 

We examined soil potentially toxic elements contamination in different rural-urban fringe (R-U fringe) land uses 

in Edo state. The findings indicated that the status of Pb, Co, Cr, As, Cd, V and Ni were low in all the 

investigated land uses. The results also revealed that backyard farm had higher levels of majority of the 

investigated PTEs (Co, As, V and Ni), followed by oil palm plantation (Cr and Cd), firewood processing site 

(Pb) and secondary forest (V). Furthermore, results obtained showed that the degree of soil PTEs contamination 

were very slight (Cf), low contamination (SEPI) and unpolluted (Igeo). The research concluded that the status of 

the examined PTEs in the soils were not toxic, hence, not detrimental to humans when transferred to consumable 

parts of plants. It also concluded that anthropogenic undertakings have not yet intensified in the rural-urban 

fringe land uses to severely contaminate the soils. The study recommended regular monitoring of soils in the 

existing land uses by biogeographers, soil geographers and soil scientists, to promptly detect any incidence of 

high PTEs status and contamination. Further studies should focus on the evaluation of PTEs in emerging land 

uses in the rural – urban fringe to determine possible contamination. 

 

REFERENCES 
 

Abraham GMS and Parker RJ (2008). Assessment of heavy metal enrichment factors and the degree of contamination in marine sediments 

from Tamaki Estuary, Auckland, New Zealand. Journal of Environmental Monitoring Assessment, 136,227-238. 

Adedeji  OH, Olayinka OO and Tope-Ajayi OO (2019). Spatial distribution and health risk assessment of soil pollution by heavy metals in 

Ijebu-Ode, Nigeria. Journal of  Health  and Pollution 9(22):190601 

Agyeman PC, John K, Kebonye NM, Borůvka L and Vašát R (2022). Combination of enrichment factor and positive matrix factorization 

in the estimation of potentially toxic element source distribution in agricultural soil. Environ Geochem Health 

https://doi.org/10.1007/s10653-022-01348-z 1-28 

Aigbogun J (2018). Spatial distribution of some potentially toxic metals (PTMs) in dust from selected major roads/streets in Benin-City 

Metropolis, Edo State,  Nigeria. Unpublished  M.Sc. thesis submitted to the Department of Chemistry, University of 

Lagos in partial fulfillment of the requirements for the award of degree of Master of Science in  Environmental Management 

(MEM). 

Akhter P, Khan ZI, Hussain MI, Ahmad K, Awan MUF, Ashfaq A, Chaudhry UK, Ullah MF, Abideen Z, Almaary KS, Alwahibi MS and 

Elshikh MS (2022).  Assessment of Heavy  Metal Accumulation in Soil and Garlic Influenced by Waste-Derived Organic 

Amendments, Biology, 11(850):1- 13. https://doi.org/10.3390/biology1106085.  

Akintola OO and Bodede IA (2019). Distribution and Accumulation of Heavy Metals in Red Cedar (Cedrela odorata) Wood Seedling Grown 

in Dumpsite Soil. J. Appl. Sci. Environ. Manage. 23 (4):811-817. 

Akintola OO (2014). Geotechnical and Hydrogeological assessment of Lapite waste dumpsite in Ibadan, Southwestern Nigeria.  Unpublished 

PhD Thesis, University of Ibadan, pp 307. 

Albanese S, and Guarino A (2022). Assessing contamination sources and environmental hazards for potentially toxic elements and organic 

compounds in the soils of a heavily anthropized area: the case study of the Acerra plain (Southern Italy)  AIMS Geosciences, 

8(4),552–578. DOI: 10.3934/geosci. 030. 

Alloway B, Centeno AJ, Finkelman RB, Fuge R, Lindh U, Smedley P (2013). Essentials of Medical Geology, 1st ed.; Selinus, O., Ed.; 

Springer: Dordrecht, The Netherlands. 

Bamgbose O, Odukoya O and Arowolo TOA (2000). Earthworm as bioindicator of heavy metal pollution in dumpsite of Abeokuta city, 

Nigeria.  Revista de  BiologiaTropical, 48(1), 229-234. 

Chen H, Wu W, Cao L, Zhou X, Guo R, Nie L, and Shang W (2022). Source Analysis and Contamination Assessment of Potentially Toxic 

Element in Soil of Small Watershed in Mountainous Area of Southern Henan, China. Int. J. Environ. Res. Public Health, 

19:13324. https:// doi.org/10.3390/ijerph192013324. 

Chen T, Zheng Y, Lai M, Huang Z, Wu H, Chen H, Fan K, Yu K, Wu X and Tian Q (2005). Assessment of heavy metal pollution in surface 

soils of urban parks in Beijing, China. Chemosphere, 60,542 - 551. 

Collin MS, Venkatraman SK, Vijayakumar N, Kanimozhi V, Arbaaz SM, Stacey RGS, Anusha J, Choudhary R, Lvov V, Tovar GI, Senatov 

F, Koppala S and Swamiappan S (2022). Bioaccumulation of lead (Pb) and its effects on human: A  review, Journal of 

Hazardous Materials Advances, 7:2772-4166. https://doi.org/10.1016/j.hazadv.100094. 

DPR (Department of petroleum resources) (2002). Environmental guidelines and standards for the petroleum industry in Nigeria (revised 

edition). Department of Petroleum Resources, Ministry of Petroleum and Natural Resources, Abuja, Nigeria. 

Edogbo B, Okolocha E, Maikai B, Aluwong T, Zakari F and Uchendu C (2020). Assessment of Potentially Toxic Elements in Soils, Water 

and Vegetables around River Salanta Area  of Kano State, Nigeria: Health Risk Analysis, Chemistry Africa, 3:469–478 

https://doi.org/10.1007/s42250-020-00141-8. 

https://doi.org/10.1007/s10653-022-01348-z%201-28
https://doi.org/10.3390/biology
https://doi.org/10.1007/s42250-020-00141-8


J. BIOL. ENVIRON. SCI., 

2023, 17(50), 13-25 

 

23 

 

Elemile OO, Gana AJ, Ejigboye PO, Ibitogbe EM, Olajide OS and Ibitoye OO (2023).  Analysis of potentially toxic elements 

from selected mechanical workshops using  the geo-accumulation index and principal component analysis in Omu-Aran 

Community, Nigeria. Environ Monit Assess, 195:276 https://doi.org/10.1007/s10661-022-10800-7. 

El-Naggar A, Ahmed N, Mosa A, Niazi NK, Yousaf B, Sharma A, Sarkar B, Cai Y and Chang SX (2021). Nickel in soil and water: Sources, 

biogeochemistry, and remediation using  biochar, Journal of Hazardous Materials, 419:126421,03043894, 

https://doi.org/10.1016/j. 

Ezeofor CC, Ihedioha JN, Ujam OT, Ekere NR and Nwuche CO (2019). Human health  risk assessment of potential toxic elements in 

paddy soil and rice (Oryza sativa) from Ugbawka fields, Enugu, Nigeria. Open Chem, 17,1050–1060. 

Gan L, Wang J, Xie M and Yang B (2022). Ecological risk and health risk analysis of soil potentially toxic elements from oil production 

plants in central China Scientifc Reports, 12,170771-10. 

Genchi  G, Carocci A, Lauria G, Sinicropi MS and Catalano A (2020). Nickel: Human  Health  and Environmental Toxicology Int. J. 

Environ. Res. Public Health, 17(679),1-21.  doi:10.3390/ijerph17030679.  

Genchi G, Sinicropi MS, Lauria G, Carocci A, Catalano A (2020). The Effects of Cadmium Toxicity. International Journal of 

Environmental Research and Public Health. 17(11):3782. https://doi.org/10.3390/ijerph17113782. 

Goh TA, Ramchunder SJ and Ziegler AD (2022). Low presence of potentially toxic elements in Singapore urban garden soils, CABI 

Agriculture and Bioscience, 3:60  https://doi.org/10.1186/s43170-022-00126-2.1-29. 

Goren T, Feingold G, Gryspeerd E, Kazil J, Kretzschmar J, Jia H and Quaas J (2022). Projecting Stratocumulus Transitions on the Albedo-

Cloud Fraction Relationship Reveals Linearity of Albedo to Droplet Concentrations. Geographical Physical Letters, 49,1-11. 

Goren AY, Genisoglu M, Kazanci Y and Sofuoglu SC (2022). Countrywide Spatial Variation of  Potentially Toxic Element 

Contamination in Soils of Turkey and Assessment of  Population Health Risks for Nondietary Ingestion. ACS Omega 7, 

36457−36467. 

Graedel TE, Gunn G, Espinoza LT (2014) Metal resources, use and criticality. Crit Metals Handb 6:1. 

Guagliardi I, Cicchella D, De Rosa R, Ricca N and Buttafuoco G (2018). Geochemical sources of vanadium in soils: Evidences in a southern 

Italy area Journal of Geochemical Exploration, 184:358–364. 

Hakanson L (1980). An ecological risk index for aquatic pollution control. A sedimentological Approach. Journal of Water Research 14: 

975– 1001. 

Han R and Xu Z (2022). Spatial distribution and ecological risk assessment of heavy metals in karst soils from the Yinjiang County, 

Southwest China. Peer J., 10:e12716. http://doi.org/10.7717/peerj.12716. 

He Z, Shentu J, Yang X, Baligar VC, Zhang T and Stoffella PJ. (2015). Heavy Metal Contamination of Soils: Sources, Indicators, and 

Assessment Journal of Environmental Indicators, 9:17-18. 

Hettick BE, Cañas-Carrell JE, French AD and Klein DM (2015). Arsenic: A Review of the Element’s Toxicity, Plant Interactions, and 

Potential Methods of Remediation. Journal of Agricultural and Food Chemistry. 63 (32),7097-7107. DOI: 
10.1021/acs.jafc.5b02487. 

Huo A, Wang X, Zhao Z, Yang L, Zhong F, Zheng C and Gao N( 2022). Risk Assessment of Heavy Metal Pollution in Farmland Soils at the 

Northern Foot of the Qinling Mountains, China. Int. J. Environ. Res. Public Health, 19:14962.  

 https:// doi.org/10.3390/ijerph192214962. 

Imtiaz M, Rizwan MS, Xiong S, Li H, Ashraf M, Shahzad SM, Shahzad M, Rizwan MS and Tu S (2015). Vanadium, recent advancements 
and research prospects: A review.  Environment International, 80: 79-88. https://doi.org/10.1016/j.envint.2015.03.018. 

Iyama W, Okpara K and Techato K (2021). Assessment of Heavy Metals in Agricultural Soils and Plant (Vernonia amygdalina Delile) in 

Port Harcourt Metropolis, Nigeria. Agric. 12 (1), 27- 42. 

Kayode OT, Aizebeokhai AP and Odukoya AM (2021). Arsenic in agricultural soils and implications for sustainable agriculture. IOP 

Conference Series: Earth and Environmental Science. 655 012081DOI 10.1088/1755-1315/655/1/012081. 

Kamanina IZ, Badawy WM, Kaplina SP, Makarov OA and Mamikhin SV (2023). Assessment of Soil Potentially Toxic Metal Pollution in 

Kolchugino Town, Russia: Characteristics and Pollution. Land, 12: 439. https://doi.org/ 10.3390/land12020439. 

Kalpakjian S, Schmid SR and Musa H (2011). Manufacturing engineering and technology. In Machining. Prentice Hall. 

Leng Q, Ren D, Wang Z, Zhang S, Zhang X, Chen W (2023). Assessment of Potentially  Toxic Elements Pollution and Human Health Risks 

in Polluted Farmland Soils around Distinct Mining Areas in China—A Case Study of Chengchao and Tonglushan. Toxics,  11, 

574. https://doi.org/10.3390/ toxics11070574 

Lima FA, Bhattacharjee, S, Sarker, MJ and Salam MA (2024). Ecological risk assessment of potentially toxic elements (PTEs) in agricultural 

soil, vegetables and fruits with respect to distance gradient in proximity to lead-acid battery industry, Environmental 

Nanotechnology, Monitoring and Management, 21. https://doi.org/10.1016/j.enmm.2024.100932. 

Linna A, Uitti J, Oksa P, Toivio P, Virtanen V, Lindholm H, Halkosaari M and Sauni R (2020). Effects of occupational cobalt exposure on 

the heart in the production ofcobalt and cobalt compounds: a 6-year follow-up. Int Arch Occup Environ Health. 93,365–374 

https://doi.org/10.1007/s00420-019-01488-3. 

Liu J, Huang Y, Li H and Duan H (2022). Recent advances in removal techniques of vanadium from water: A comprehensive review, 

Chemosphere, 287:1.  

López-Bucio JS, Ravelo-Ortega G and López-Bucio J (2022) Chromium in plant growth and development: Toxicity, tolerance and 

hormesis. Environ. Pollut., 312:120084. doi: 10.1016/j.envpol.2022.120084. 

Loska K, Wiechula D, Barska B, Cebula E and Chojnecka A (2003). Assessment of arsenic enrichment of cultivated soils in Southern 

Poland. Pol J Environ. Stud 12: 187– 92. 

Loutfy N, Fuerhacker M, Tundo P, Raccanelli SEL, Dien A and Ahmed MT (2006). Dietary intake of dioxins and dioxin-like PCBs, due to 

the consumption of dairy products, fish/seafood and meat from Ismailia city, Egypt. Sci. Total. Environ. 370,1-8. 

https://doi.org/10.1016/j
https://doi.org/10.1186/s43170-022-00126-2.1-29
http://doi.org/10.7717/peerj.12716
https://doi.org/10.1016/j.envint.2015.03.018


J. BIOL. ENVIRON. SCI., 

2023, 17(50), 13-25 

 

24 

 

Lu X, Li LY, Wang L, Lei K, Huang J and Zhai Y (2009). Contamination assessment of mercury and arsenic in roadway dust from Baoji, 

China, Atmospheric Environment, 43, 2489–2496. 

Mahey S, Kumar R and Sharma M (2020). A critical review on toxicity of cobalt and its  bioremediation strategies. SN Appl. Sci. 2:1279 

https://doi.org/10.1007/s42452-020-3020-9. 

Mmolawa KB, Likuku AS and Gaboutloeloe GK (2011). Assessment of heavy metal pollution in soils along major roadside areas in 

Botswana. African Journal of  Environmental Science and Technology, 5(3),186-196. 

Muller G (1969). Index of geoaccumulation in sediments of the Rhine River. Geojournal, 2(3),108-118. 

Nasr SM, Okbah MA and Kasem SM (2006). Environmental Assessment of Heavy Metal Pollution in Ottom Sediment of Aden Port, 

Yemen. International Journal of  Ocean & Oceanography, 1(1),99-109. 

Natasha N, Shahid M. Murtaza B, Bibi I, Khalid S, Al-Kahtani AA, Naz R, Ali EF, Niazi NK, Rinklebe J and Shaheen SB (2022). 

Accumulation pattern and risk assessment of potentially toxic elements in selected wastewater-irrigated soils and plants in Vehari, 

Pakistan, Environmental Research, 214(3).  https://doi.org/10.1016/j.envres.2022.114033. 

Odukoya AM, Olobaniyi SB. and Oluseyi TO (2018). Assessment of Potentially Toxic Elements Pollution and Human Health Risk in Soil of 

Ilesha Gold Mining Site, Southwest Nigeria, Journal Geological Society of India 91,743-748.  

Oguntimehin I and Ipimoroti K (2008). Profile of heavy metals from automobile workshops in Akure, Nigeria. Journal of Environmental 

Science and Technology, 1(1),19-26. 

Oladeji SO (2017). Evaluation of nickel levels in wastewater, soil and vegetable samples grown along Kubanni stream channels in Zaria, 

Kaduna State, Nigeria.  Archives of Agriculture and Environmental Science. 2(3),141-147. 

Olafisoye OB, Fatokia OS, Oguntibeju OO and Osibote OA (2020). Accumulation and risk assessment of metals in palm oil cultivated on 

contaminated oil palm plantation soils. Toxicology Reports, 7:324–334. 

Olatunji OS and Adeyemi MO (2021). Pollution and Health Risk Assessment of Potentially Toxic Elements (PTE) in a Suburban Area, 

southwestern Nigeria. Springer Nature, 1-21. 

Ololade IA (2014). An assessment of heavy-metal contamination in soils within auto-mechanic workshops using enrichment and 

contamination factors with geoaccumulation indexes. Journal of Environmental Protection, 05(11), 970–982. 

https://doi.org/10.4236/jep.2014.511098. 

Oloye FF, Ololade IA, Ololade DO, Bello M and Oluyede OP (2014). Fate and Potential  Mobility of Arsenic (As) in the Soil of Mechanic 

Workshops. Environment and Pollution, 3(4), 1-10. 

Orobator PO and Daniel A (2023). Anthropic land use impact on soil quality indicators in a typical rural-urban fringe in southern Edo State. 

Nigerian Journal of Environmental Sciences and Technology, 7(1), 42-45. 

Orobator PO, Ekpenkhio E and Jideonwo O (2019). Assessment of point - source pollution of anthropic soils in Benin City, Nigeria. The 

Nigerian Geographical Journal, New Series. 13(2),51-64. 

Orobator PO, Ashiriba H and Aighewi IT (2017). Assessment of heavy metals concentration in soils under selected oil palm (Elaeis 

guineensis) plantations in Edo State, Nigeria. Port Harcourt Journal of Social Sciences. 7(1), 26-33. 

Patinha C, Durães N, Dias AC, Pato P, Fonseca R, Janeiro A and Cachada A (2018). Long-term application of the organic and inorganic 

pesticides in vineyards: environmental record of past use. J Appl Geochem, 88, 226–238. 

https://doi.org/10.1016/j.apgeochem.2017.  05.014. 

Qadir M, Wichelns D, Raschid-Sally L, McCornick P, Drechsel P and Bahri A (2010). The challenges of wastewater irrigation in developing 

countries. Agr Water Manage. 97(4), 561–8. 

Qin FX, Yi Y, Gong JY, Zhang YB, Hong K and Li YK (2020). Accumulation Characteristics and Risk Assessment of Potentially Toxic 

Elements for Major Crops and  Farmland  Around A High-arsenic Coal Mine in Xingren, Guizhou, Southwest China. Nature 

Environment and Pollution Technology; An International Quarterly Scientific Journal, 19(3), 909-921. 

Rojas-Lemus M, Bizarro-Nevares P, López-Valdez N, González-Villalva A, Guerrero-Palomo G, Eugenia Cervantes-Valencia M and 

Fortoul-van der Goes T (2021). Oxidative Stress and Vanadium. IntechOpen. doi: 10.5772/intechopen.90861. 

Simic SB, Miljkovi´c P, Baumgertel A, Luki´c S, Ljubiˇci´c J. and Cakmak D (2023). Environmental and Health Risk Assessment Due to 

Potentially Toxic Elements in Soil near Former Antimony Mine in Western Serbia. Land, 12:421.  

 https://doi.org/ 10.3390/land12020421. 

Singh N, Kumar D and Sahu AP (2007), Arsenic in the environment: Effects on human health and possible prevention. Journal of 

Environmental Biology 28 (2 Suppl), 28(2), 359-365. 

Staudinger KC and Roth VS (1998). Occupational lead poisoning. American Family Physician, 57 (4),719. 

Taghavi M, Darvishiyan M, Momeni M, Eslami H, Fallahzadeh RA and Zarei  A (2023). Ecological risk assessment of trace elements (TEs) 

pollution and human health risk exposurein agricultural soils used for saffron cultivation. SciRep, 13, 4556. 

https://doi.org/10.1038/s41598-023-31681-x 

Taylor SR and McLennan SM (1985). The Continental Crust: Its Composition and Evolution. Blackwell, Oxford, UK., ISBN-13: 978-

0632011483, p 312. 

Thompson-Morrison H, Gaw S and Robinson B (2022) An Assessment of Trace Element Accumulation in Palm Oil Production. 

Sustainability,14:4553. https://doi.org/10.3390/su14084553. 

Umoren I and Onianwa PC (2005). Concentration and distribution of some heavy metals in urban soils of Ibadan, Nigeria. Pakistan journal 

of scientific and industrial research.48:397-401.https://api.semanticscholar.org/CorpusID:99660522. 

Wang L and Zhang M (2007). Release behaviors of heavy metals from polluted soils with heavy metals of different sources. Research of 

Environmental Sciences, 04:134–138. DOI 10.13198/j.res.2007.04.138.wanglp.025. 

Weissmannová HD and Pavlovský J (2017). Indices of soil contamination by heavy metals-methodology of calculation for pollution 

assessment (minireview). Environ Monit Assess., 189:616.pl-25. 

https://doi.org/10.1007/s42452-020-%093020-
https://doi.org/10.1016/j.apgeochem.2017.%20%0905.014
https://doi.org/


J. BIOL. ENVIRON. SCI., 

2023, 17(50), 13-25 

 

25 

 

Yahaya SM, Abubakar F and Abdu N (2021). Ecological risk assessment of heavy metal-contaminated soils of selected villages in Zamfara 

State, Nigeria. SN Applied Sciences, 3:168. https://doi.org/10.1007/s42452-021-04175-6. 

Zhang C, Zou X, Yang H, Liang J and Zhu T (2022) Bioaccumulation and Risk Assessment of Potentially Toxic Elements in Soil-Rice 

System in Karst Area, Southwest China. Front. Environ. Sci., 10:866427. Doi: 10.3389/fenvs.2022.866427. 

https://doi.org/10.1007/s42452-021-04175-6

