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Abstract
This research focused on the level, pollution, and ecological risk assessment of selected heavy metals from agricultural soils at 
major roadsides in Nasarawa Eggon and Doma areas. Composite soil samples were collected at 0–20 cm depth, homogenised, and 
assayed for metal (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, U and Zn) levels using the X–ray fluorescence technique. Pollution and 
toxicity of the studied metals were determined by evaluating enrichment factor (Ef), geo–accumulation index (Igeo), contamination 
factor (Cf), degree of contamination (Cd), pollution load index (PLI), and ecological risk assessment (ERA). The result showed that 
concentrations of As, Cd, Cr, Cu, Fe and Ni were lower than the average shale values, except for As of site N2 in the Nasarawa 
Eggon area and Fe of site D4 in the Doma area. The Ef suggests a significant anthropogenic contribution to the presence of As, Co, 
Hg, Mn, Pb and Zn in some of the sampled sites. The Igeo indicated that Nasarawa Eggon sampled soils were polluted by Hg and 
Pb while Hg and Co polluted those of Doma. The Cf values revealed that most of the soils were contaminated with Hg in addition to 
As, Co, Fe, Mn, and Zn in some sites. All sites have low Cd except N2 and N4 (Nasarawa Eggon) and D2 and D4 (Doma). 
However, PLI showed that only sites N2 and D4 were polluted. ERA revealed that As, Co, and Hg posed potential ecological risks 
ranging from low to a significant level in different sites. Sites N2, D2 and D4 showed a moderate ecological risk index. Therefore, 
this study showed significant anthropogenic inputs from automobile emissions and human activities to the pollution of agricultural 
soils along major roads and the pollution could pose negative health implications to human and animal health.   
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1. INTRODUCTION

Soil pollution by metals (especially heavy 

metals) is a global phenomenon which results from 

natural or anthropogenic sources. However, the 

authorities in Nigeria give little attention to the 

associated health and physiological risks to humans 

and animals. Metals are unique environmental 

pollutants given their ubiquity and distribution in 

various environmental matrices [1]. Natural sources 

of metals depend on the geological substrates and 

the processes that form the soils [2]. Metals are 

concentrated and transformed into various products 

via anthropogenic processes. These processes often 

lead to much higher concentrations of different 

chemicals than those naturally present in the 

 
environment. According to De-Miguel et al. [3], the 

categories of anthropogenic sources of heavy metals 

can be generally classified as; urban elements, 

natural elements and elements of a mixed origin, 

implying that some metallic pollutants undergo 

geochemical reactions which alter their significant 

features. Heavy metals act antagonistically 

disrupting trace elements in the body, inhibiting, 

and competing with protein and enzyme for binding 

sites and impairing the immune system. 

Unachukwu and Agomuo [4] reported that non-

communicable diseases (NCDs) such as 

cardiovascular disease, diabetes mellitus, cancer, 

renal diseases, liver failure etc., may be associated 

with heavy metal toxicity and are probably more 

pronounced through occupational exposures [5]. 

Nasarawa Eggon and Doma towns can be 

described as peri–urban or semi–urban areas which 

are the administrative headquarters of their 

respective Local Government Areas in Nasarawa 

State, north-central Nigeria. These towns are 

surrounded by rural areas and are predominantly 

agricultural areas with majority of the inhabitants 

known to be farmers and traders. Nasarawa Eggon 

town is located along the ever-busy Lafia–Abuja 

road. This major road is characterized by high 

automobile/vehicular and human traffic due to its 
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Figure 1. Map of Nigeria (a), Nasarawa State (b), Nasarawa Eggon (c) and Doma (d) Local Government 

Areas showing sample collection points.  

proximity to Nigeria’s Federal Capital Territory, 

Abuja as well as the Nasarawa State capital, Lafia. 

Commuters (public and private) stopover at this 

town to buy agricultural produce (tubers such as 

yam and potatoes, fruits etc.) and food, while 

inhabitants of surrounding rural areas visit the town 

to carry out minor business transactions and also 

board vehicles to Abuja and other destinations. 

Drivers equally stopover in the town to repair and 

refuel their vehicles as well as pick passengers. 

Doma town is along busy Lafia–Rukubi road. It is a 

major road characterized by a high volume of 

automobile traffic arising from its linkage to 

Rukubi where Africa’s largest rice mill is located 

and also, a major route to rural agricultural farms in 

Doma where large-scale irrigation farming is 

practised all year round, using water from Doma 

dam. Thus, the focal towns are located on the high-

way characterized by heavy vehicular and human 

traffic which results in high human activities [6]. 

The busy nature of Nasarawa Eggon and Doma 

major roads make them attractive to sundry human 

activities, ranging from indiscriminate citing of 

automobile parks and workshops (which are centres 

of sundry activities ranging from automobile 

servicing, panel beating, spraying, etc.), markets, 

business centers (typing, photocopying, printing, 

cybercafé, Niajabet stations, movie or football 

viewing center etc.), food vending spots, gas 

stations, primary health care centres, etc. Most of 

the businesses on these major roads (Nasarawa 

Eggon and Doma) are powered by generators due to 

a lack of power supply from the National grid. 

Their activities generate different kinds of wastes 

(gaseous, liquid and solid) which comprise 

automobile/vehicular and generator emissions, 

medical wastes, electronic waste (such as 

computers and their accessories, TV sets, fax 

machines, cell phones, telephones, photocopy 

machines and printers, dryers, wireless devices, 

video cameras, chips, motherboards, cathode ray 

tubes and peripheral items, kitchen equipment, 

electronic toys, washing machines, refrigerators 

etc.), automobile workshop wastes (damaged 

vehicle parts, car paint dust, engine oil, grease etc.) 

faeces, urine, garbage, sludge from sewage etc [6]. 

The unregulated disposal of waste in these towns 

results in indiscriminate and open dumping of these 

generated wastes (which are the surrounding 

agricultural soils) which wind up in landfills and 
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informal dumps where they decompose and release 

toxic metals into the environment. Long-term 

dumping of municipal wastes can influence soil 

properties and productivity at municipal waste 

dump sites but still may be used for farming 

provided that ecotoxicological risks associated with 

its usage are continuously assessed and controlled 

[7]. 

The concentration of these toxic metals in the 

environment has significantly increased due to 

increased human activities through emissions from 

industrial plants, thermal power stations, waste 

disposal, soil amendments and fertilization, 

vehicular traffic and road infrastructure [8], mining, 

smelting and refining of ores. Heavy metals such as 

cadmium (Cd), copper (Cu), chromium (Cr), lead 

(Pb), manganese (Mn), nickel (Ni) and zinc (Zn) are 

often contained as additives in some lubricants and 

gasoline are non-degradable in the soil. Some of 

them have been classified as priority pollutants by 

United State Environmental Protection Agency 

(USEPA). At the moment, very few technologies, 

such as soil washing and bioremediation, are 

available to treat these mixed wastes [9]. Edori and 

Kpee [10] reported that heavy metals can be 

generated from faeces and urines of mammals 

which are either deposited in the agricultural soil or 

washed into the nearby agricultural soil. 

High levels of heavy metals in soils do not 

necessarily reflect anthropogenic influence but 

instead may be of a diagenetic origin or grain size 

effects [11]. Since metals from both natural and 

anthropogenic sources accumulate in soils, it is 

often difficult to determine what fraction of soil’s 

metal load comes from which source. A crucial step 

for pollution assessment of soil is to establish the 

expected natural background concentrations [12], 

from which various approaches can be used to 

quantify anthropogenic inputs. Thus, this study is 

aimed at quantifying the level of selected metals in 

agricultural soils along major roads of Nasarawa 

Eggon and Doma and evaluating their origins 

(natural and anthropogenic), contamination level 

and toxicity.  

 

2. MATERIALS AND METHODS 

 

2.1. Description of Study Areas 

Nasarawa Eggon (NE) town is in the Local 

Government Area (LGA) of Nasarawa State, 

Nigeria and lies between latitudes 8°33‟ and 8°52‟ 

N and between longitudes 8°14‟ and 8°39‟ E. The 

climate of NE falls within the tropical savannah 

climate with two clearly marked seasons; wet and 

dry. It has a mean temperature of 15.6 °C and 26.7 °

C with annual rainfall between 1317 mm and 1450 

mm [13]. 

Doma town is in Doma LGA of Nasarawa State, 

Nigeria and located at latitude 8024’N and 805’N 

and longitude 60E and 6030’E of the Greenwich 

meridian. The entire LGA is generally characterized 

by a low land area about 100-200 m above sea level 

although there is a kind of spatial variation in the 

surface area [14].  

The ground positions of the sampling points in 

both Nasarawa Eggon and Doma study areas were 

referenced with a handheld global positioning 

system (GPS) unit (Garmin GPSMAP 76) and are 

shown in Figure 1.  

 

2.2. Sample Collection and Preparation 

A total of 20 (twenty) composite soil samples 

were collected from 20 (twenty) agricultural farms 

at both study areas (Nasarawa Eggon and Doma). 

The investigated agricultural farms are within 50 m 

from the major road but more than 1 km apart from 

each other. At each agricultural farm, six quadrats 

were marked. In each quadrat, four core soil 

samples were collected randomly at 0–20 cm depth 

using a soil auger and mixed together properly to 

form a composite of that agricultural farm. Thus, 10 

(ten) composite soil samples were collected from 

each study area. Foreign materials such as rocks, 

pebbles, metal scraps, plant debris, waste 

polythenes and plastics were removed from the soil 

samples. They were air-dried for a week, ground 

and sieved through a 2 mm sieve. The samples were 

then stored in a dried plastic container for analysis. 

 

2.3. Elemental Analysis 

The concentration of elements (metals) in the 

soil samples was determined using x–supreme8000 

model of Energy Dispersive X–ray fluorescent 

Analyzer [Detection limit: 0.0001 % (1 ppm)–

99.9999 %]. A recovery test was carried out on the 

XRF machine by spiking analyses so as to ensure 

the reliability of the result. 

 



J. Multidiscip. Appl. Nat. Sci. 

4 

2.4. Soil Pollution Assessment 

The metal contamination, as well as ecological 

risk of the soil samples in the study areas, were 

assessed using enrichment factor (Ef), geo–

accumulation index (Igeo), contamination factor 

(Cf), degree of contamination (Cd), pollution load 

index (PLI), ecological risk (Er) and potential 

ecological risk index (RI) models. 

 

2.4.1. Enrichment Factor  

The enrichment factor (Ef) was evaluated by 

normalizing the metal concentration in the sample 

with respect to a reference metal [15].  The most 

common reference elements are Sc, Mn, Ti, Al and 

Fe [16]. The Ef of the metals/metalloids in the soil 

samples at both studied areas were calculated using 

Eq.1.  

 

  (1) 

 

Where Cn(sample) is the concentration of the 

investigated metal “n” in the study site, Cref(sample) is 

the concentration of the reference metal in the study 

site; Bn(background) is the background concentration of 

the investigated metal (usually the average shale 

value of the investigated heavy metal) and Bref

(background) is the background concentration of the 

reference metal (usually the average shale value of 

the reference metal). In this study, Fe is the most 

naturally abundant element in all the studied soils 

and thus, was used as the reference metal while the 

average shale value described by Turekian and 

Wedepohl [17] was used as the reference value. 

 

2.4.2. Geo–accumulation Index 

The geo-accumulation index (Igeo) values for 

the determined heavy metals were evaluated using 

the formula proposed by Muller [18] as shown in 

Eq. 2.  

 

             (2) 

 

Where Cn is the concentration of the heavy 

metal “n” in the soil sample; Bn is the geochemical 

Ef Classes Enrichment Level I-geo value Classes Pollution Level 

Ef < 1 No enrichment 0; I-geo ≤ 0 Practically unpolluted 

Ef = 1–3 Minor enrichment 1; I-geo = 0–1 Unpolluted to moderately polluted 

Ef = 3–5 Moderate enrichment 2; I-geo = 1–2 Moderately polluted 

Ef = 5–10 Moderate severe enrichment 3; I-geo = 2–3 Moderately to strongly polluted 

Ef = 10–25 Severe enrichment 4; I-geo = 3–4 Strongly polluted 

Ef = 25–50 Very severe enrichment 5; I-geo = 3–5 Strongly to extremely polluted 

Ef > 50 Extremely severe enrichment 6; I-geo > 5 Extremely polluted 

Cf Classes Contamination Level Cd Classes Degree 

Cf < 1 Low contamination Cd < 8 Low degree of contamination 

Cf = 1–3 Moderate contamination Cd = 8–24 Moderate degree of contamination 

Cf = 3–6 Considerable contamination Cd = 24–48 Considerable degree of contamination 

Cf > 6 High contamination Cd > 48 Very high degree of contamination 

Er Classes Er Level RI Classes Risk Levels 

Er < 40 Low potential ecological risk RI < 150 Low ecological risk 

Er = 40–80 Moderate potential ecological risk RI = 150–300 Moderate ecological risk 

Er = 80–160 Significant potential ecological risk RI = 300–600 Significant ecological risk 

Er = 160–320 High potential ecological risk RI > 600 High ecological risk 

Er > 320 Very high potential ecological risk     

Table 1. Classes of Ef, Igeo, Cf, Cd, Er and RI in relation to enrichment, pollution, contamination, degree of 

contamination, potential ecological risk and ecological risk levels, respectively  
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background value for heavy metal “n” which is 

either directly measured in fossil argillaceous 

sediments of the area or adopted from literature 

(world average shale value); 1.5 is the correction 

factor for the variations in background value which 

could be due to lithogenic effects. The world 

average shale values of the studied heavy metals as 

described by Turekian and Wedepohl [17] and 

shown in Table 2; were used in this study. Geo-

accumulation classes proposed by Muller [18] as 

reported in Table 1, was used for the interpretations 

of geo–accumulation index. 

 

2.4.3. Contamination Factor (Cf), Degree of 

Contamination (Cd) and Pollution Load Index (PLI) 

The extent of soil contamination by a certain 

metal was determined using the contamination 

factor (Cf). Cf is the ratio of the concentration of 

metal to the background value of the metal, as given 

by Eq. 3. 

 

     (3) 

 

Where Cn is the concentration of the metal “n” 

in the sample, Cb is the background concentration of 

the metal “n”. Nigerian Directorate of Petroleum 

Resources target values for metals in soils (Table 2) 

were adopted as the background values “Cb” [19]. 

The sum of all contaminant factors of the various 

metals is referred to as the degree of contamination 

(Cd) [20]. It was calculated using Eq.4. 

 

    (4) 

 

Where n is the number of metals studied and Cfi 

is the contamination factor for metal “i” in the soil 

sample. The standard employed in the interpretation 

of contamination factor and degree of contamination 

values was adopted from the different classes 

proposed by Hakanson [21] as reported in Table 1. 

Pollution Load Index (PLI) was calculated so as 

to obtain a proper assessment of the degree of 

contamination. The procedure (Eq. 5) by Tomlinson 

et al. [22] was used to calculate PLI in order to 

measure the overall level of metal toxicity at a 

particular sampling site.  

 

            (5) 

 

Where n is the number of metals and Cf is the 

contamination factor. A PLI value under one 

indicates unpolluted soils or sediments; zero 

indicates perfection; a value of one indicates the 

presence of only baseline levels of pollutants and 

values above one would indicate progressive 

deterioration of the soil quality (i.e., polluted) [22]. 

The pollution load index was interpreted as reported 

in Table 1.  

 

2.4.4. Ecological Risk (Er) and Potential ecological 

Risk Index (RI) 

Hakanson [21] proposed ecological risk factor 

(Er) as a quantitative expression of the potential 

ecological risk of a given contaminant (metal). It 

was calculated using Eq. 6.  

 

          (6) 

 

Er is the single index of ecological risk factor 

and Tr is the toxic response factor suggested by 

Hakanson [21] which is presented in Table 2. The 

potential ecological risk index (RI) index reflects 

the general situation of pollution caused by the 

simultaneous presence of the twelve (12) metals 

and was calculated using the expression in Eq. 7. 

 

          (7) 

 

n is the number of the metals considered; Er and 

RI are the potential ecological risk factors of 

individual and multiple metals, respectively. The 

ranges of values used for the interpretation of the 

potential ecological risk factor [21] are reported in 

Table 1. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Metals 

Table 2 presents the concentrations of metals 

(As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, U and Zn) 

analysed in the soil samples at the various sampled 

sites of Nasarawa Eggon and Doma study areas. 

Based on the mean value, the metal concentrations 

follow a decreasing order of Fe> Mn> Zn> Pb> Ni> 

Hg> As> U and Fe> Mn> Co> Zn> Pb> Hg> Cr> 

As> U, in the Nasarawa Eggon and Doma study 

areas respectively. It was observed that the mean 

concentration of Fe in each study area was higher 
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than that of other metals but was below DPR and 

average shale reference values [19]. Also, the mean 

concentration of Fe is higher in Doma (18162.09 

mg/kg) than in Nasarawa Eggon (17048.87 mg/kg) 

area. The mean concentrations of Cd, Cr, Cu, Fe, 

Mn, Ni, U and Zn for both study areas are lower 

than the reference values of DPR [19] and average 

shale [17] while the mean concentration of Hg is 

higher than the reference values. However, the 

mean concentrations of As in Nasarawa Eggon and 

Doma areas, are below the average shale [17] value 

but above the DPR [19] value. Contrarily, the mean 

Co concentration in Nasarawa Eggon is below the 

aforementioned reference values but above them 

(reference values) in the Doma area.  

Arsenic (As) is naturally found in water, soil, 

and sediments [23]. The nature of the soil parent 

material appears to be the main factor that 

determines the As concentration in soils, although 

due to its low supergene mobility, the soils are 

slightly enriched in As compared with their soil 

parent rocks [24]. As is not only toxic but rated to 

be carcinogenic which causes skin lesions such as 

hyperpigmentation (especially on the trunk), 

keratosis on the palms and soles, chronic cough, 

crepitation in the lungs, diabetes mellitus, 

hypertension, and weakness [23]. In this study, As 

levels recorded in the sampled sites in Nasarawa 

Eggon (except N2 and N4) and Doma (except D2, 

D4 & D5) study areas are below the 

instrumentation limit of detection. However, in 

Nasarawa Eggon, the level of As in sampled site N2 

is above DPR [19] and average shale [17] reference 

values while in sampled site N4 (Nasarawa Eggon) 

as well as sampled sites D2, D4 and D5 (3.55–6.60 

mg/kg) of Doma study area, As levels are above the 

DPR [19] value but below average shale [17] value. 

This indicates possible anthropogenic contribution 

to As level in sampled site N2 while lithogenic 

origin with little or no anthropogenic contribution 

could be the source of As in other sampled sites 

including N4, D2, D4 and D5. The range of As in 

this study is higher than those recorded by Edori 

and Kpee [9] and Fosu–Mensah et al. [25] for soils 

within selected abattoirs in Portharcourt, Nigeria 

and soils at Korle Lagoon area in Accra, Ghana; 

respectively. However, Li et al. [26] and Santos-

Francés et al. [27] reported As concentrations 

higher than the findings of this study, for surface 

soils in electronic waste dismantling area and soils 

of the Andes mountain range, respectively. 

The concentrations of copper (Cu) and 

cadmium (Cd) in the various investigated soil 

samples from the study areas are below the 

instrumentation detectable limit and the reference 

values of DPR [19] and average shale [17]. This 

suggests little or no possible anthropogenic 

contribution (such as fertilizer, pesticides, plastics, 

plumbing, welding etc.) to the presence of Cu and 

Cd in the sampled soils of both study areas. Thus, 

their presence is of lithogenic or natural origin. Cu 

is an essential micronutrient required for plant 

growth. Although a human can handle a 

proportionally high concentration of Cu, human 

exposure to it causes a variety of health problems. 

At lower concentrations, it causes headache, 

nausea, vomiting and diarrhea while at significant 

concentrations, it causes to anaemia, 

gastrointestinal disorder, flu-like condition known 

as metal fever, liver, and kidney malfunctioning in 

extreme cases [28][29]. On the other hand, Cd is a 

toxic metal that occurs naturally at a low level in 

the environment [30] and can disrupt biological 

systems more than most toxic metals, at acute and 

chronic exposures through inhalation and ingestion 

[31]. Chronic exposure leads to ulcerations and 

perforations of the nasal septum, chronic bronchitis, 

decreased pulmonary function, pneumonia, bone 

disease, coughing, emphysema, headache, 

hypertension, kidney diseases, lung and prostate 

cancer, lymphocytosis, microcytic hypochromic 

anaemia, testicular atrophy and vomiting [32][33]. 

Studies by Iwegbue et al. [34], Amos- Tautua et al. 

[35], Asawalam and Eke [36] and Njoku and Ayoka 

[37] reported similar low concentration range of Cd 

for urban agricultural and waste dump soils. 

However, higher Cu concentrations were recorded 

by Fosu–Mensah et al. [25], Esen et al. [38], Tang 

et al. [39] for soils at Korle Lagoon area in Accra, 

Ghana; surface sediments of Nemrut Bay, Aegean 

Sea and soils from Wenling city, respectively. 

Cobalt (Co) is a natural occurring essential 

element to plants (though still under consideration) 

and has some biological functions in humans. Soil 

pollution problems from Co are generally less 

significant than those associated with some other 

heavy metals [40]. In this study, Co concentrations 

in sampled sites from Nasarawa Eggon and Doma 
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(except D2 and D4) are below the instrumentation 

detectable limit (BDL), DPR [19] and average shale 

[17] reference values. This implies that the presence 

of Co in these sampled sites could be due to natural 

(lithogenic) processes such as fragmentation or 

weathering of rock. However, Co levels in D2 and 

D4 of the Doma study area are significantly higher 

than the reference values. This indicates 

anthropogenic contribution (such as automobile 

workshop waste, burning of municipal waste, cola 

combustion, fertilizer, leachate from Pb mining and 

processing etc.) to the level of Co in these two 

sampled sites in Doma. A high level of Co intake 

could depress Fe and Cu levels in the body which 

can lead anaemia [41]. Human exposure to Co can 

be through occupational, dietary, environmental and 

medical pathways or sources and chronic exposure 

can cause skin rashes, asthma, neurological (e.g., 

hearing and visual impairments), cardiovascular, 

and endocrine deficits [42]. 

The concentrations of Cr in sampled soils from 

Nasarawa Eggon and Doma are below the DPR [19] 

and average shale [17] values, indicating lithogenic 

or natural or crustal origin (such as rock 

weathering/fragmentation) of Cr in all sampled sites 

of the study areas. This is in agreement with 

findings by Amos-Tautua et al. [35] for soils of 

municipal open waste dumpsite in Yenagoa, 

Nigeria but contradicts higher Cr concentrations 

reported by Dawaki et al. [43] and Agbaji et al. [44] 

for Kano urban agricultural soils and soils in Kakuri 

Industrial Area of Kaduna, Nigeria; respectively. 

Thus, the highest Cr level of 35.96 mg/kg was 

recorded in sampled site D2 which suggests a 

possible little anthropogenic contribution to crustal 

origin (such as rock weathering/fragmentation) of 

Cr in sampled site D2. Anthropogenic sources of Cr 

in the soils could be due to waste consisting of lead-

chromium batteries, coloured polythene bags, 

discarded plastic materials and empty paint 

containers [45]. Cr (III) is not toxic but Cr (VI) is a 

carcinogen [46] whose acute toxicity is due to 

oxidation properties, hemolysis and organ failures 

[47]. Occupational exposure to Cr is mostly by 

inhalation, but gastrointestinal tract and skin can 

occur [48]. Cr (VI) corrodes skin and causes 

denaturation and precipitation of tissue proteins 

[49]. 

Iron (Fe) is one of the most abundant naturally 

occurring elements in the earth’s crust. In this 

study, it is the most abundant metal present in all 

the soil samples analysed. The concentration varied 

from 4403.79–30662.08 mg/kg and 2385.52–

81069.80 mg/kg for Nasarawa Eggon and Doma 

soils respectively (Table 2). Thus, Fe levels in the 

various sampled soils of both study areas are below 

the DPR target [19] and average shale [17] values 

except for sample D4 (81069.80 mg/kg) in the 

Doma area. The findings of this study are 

significantly higher than those reported by Iwegbue 

et al. [34] and Osakwe [50] for soils around cassava 

processing mills in sub-urban areas of Delta State, 

Nigeria and soils from automobile workshops in 

Abraka, Delta State, Nigeria; respectively. High Fe 

levels obtained in this study could be a combined 

effect of lithological or crustal and anthropogenic 

origins based on the fact that natural soils contain 

significant amounts of Fe [51]. Thus, the presence 

of Fe in the soil could be attributed to weathering of 

rock types, geothermal activities, indiscriminate 

disposal and discharge from automobile waste 

(metal scraps from vehicle repairs, crankshafts 

wear), sewage discharge etc. Acute exposure to Fe 

in humans leads to vomiting, cardiac depression and 

metabolic acidosis [52]. 

Mercury (Hg) is one of the most toxic metals 

generated naturally in the environment from 

degassing of the earth’s crust during volcanic 

emissions. Result (Table 2) shows that Hg level was 

significantly found in most of the analysed soils 

from Nasarawa Eggon and Doma areas ranging 

from BDL – 10.73 mg/kg and BDL – 8.67 mg/kg 

respectively. Thus, Hg levels in a few of the 

Nasarawa Eggon (N4, N7 and N10) and Doma (D3 

and D10) soils, are below the instrumental 

detectable limit and reference values of DPR [19] 

and average shale [17]. However, Hg 

concentrations of the other soils which varied from 

5.43–10.73 mg/kg and 4.90–8.67 mg/kg for 

Nasarawa Eggon and Doma areas respectively; are 

above the reference values. Higher Hg 

concentrations were reported for simple household 

e–waste recycling workshops [39] and soils in the 

Kakuri Industrial Area of Kaduna, Nigeria [44]. 

However, Hg levels lower than the findings of this 

study were reported in other literature [25][39][53] 

for e–waste dumpsites. Hg levels in the sampled 

sites could be attributed to lithogenic (such as rock 
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fragmentation, volcanic eruptions, geothermal 

activities etc.) and anthropogenic (such as 

discharges from used batteries, household e–waste, 

paint wastes, coal combustion, manometer at 

pressure measuring sites and hydraulic lifts attached 

to heavy-duty trucks on the ever-busy roads) 

sources. Exposure to Hg can have some adverse 

effects on humans such as ataxia, attention deficit, 

blindness, deafness, decreased rate of fertility, 

dementia, dizziness, dysphasia, gastrointestinal 

irritation, gingivitis, kidney problem, loss of 

memory, pulmonary edema, reduced immunity and 

sclerosis [33][54]. 

Manganese (Mn) is the second most abundant 

metal found in all the sampled sites of the study 

areas and the concentration varied from 220.43–

971.81 mg/kg and 153.88–1261.60 mg/kg for 

Nasarawa Eggon and Doma sampled sites 

respectively. Mn concentrations in samples N10 

(971.81 mg/kg) and D4 (1261.60 mg/kg) from 

Nasarawa Eggon and Doma respectively, are above 

the DPR target [19] and average shale [17] values 

while the concentrations of Mn in the other 

analysed soils from both study areas are below the 

aforementioned reference values. In comparison to 

the findings of this study, Osakwe [50] found lower 

concentrations of Mn in soils from automobile 

workshops. High Mn levels could be attributed to 

lithogenic origin based on the fact that in the form 

of oxide, Mn is a component of subsoil material 

[55]. However, high levels of Mn in sampled sites 

N10 and D4 indicates possible contributions from 

anthropogenic sources such as used batteries, 

discarded metal scraps, machinery parts, 

automobile exhaust fume and wastes from welding 

works and spray paintings of the vehicles [50][56]

[57]. Mn is an essential microelement for both 

plants and animals. However, exposure to a high 

dose of Mn results in kidney failure, liver and 

pancreas malfunctioning low fetal birth weight and 

increased infant mortality [58]. 

Nickel (Ni) is absorbed through the lungs [59], 

gastrointestinal tract [60] and skin [61], but 

excreted in the urine [62]. Human exposure to 

nickel causes a variety of pathologic effects but its 

adverse health effects are dependent on exposure 

route (inhalation, oral or dermal) and classification 

based on systemic, immunologic, neurologic, 

reproductive, distorted developmental or 

carcinogenic effects, following acute (1 day), sub-

chronic (10–100 days) and chronic (100 days or 

more) exposure periods [63]. In this study, Ni 

concentrations in the sampled sites of Nasarawa 

Eggon (except N7) and Doma study areas are below 

the instrumentation detectable limit and the 

reference values. Ni was significantly found only in 

site N7 (64.59 mg/kg) of the Nasarawa Eggon area 

which is above the reference value by DPR [19] but 

below that of the average shale [17] value. This 

implies that the presence of Ni in sampled site N7 is 

possibly due to anthropogenic origin such as 

leaching from metal scraps, runoff of paints/

pigment waste, discharge from sewage and 

indiscriminate waste dumps etc. 

Lead (Pb) is the most immobile element present 

in the soil [64]. A literature survey showed that Pb 

has several negative health implications on various 

organs and systems in all living species under 

experimental conditions, including the blood, 

reproductive, immune system and kidneys [65]. Pb 

is a highly neurotoxic agent that particularly affects 

the development of the central nervous system 

(CNS) and consequently can be the cause of many 

negative effects on humans such as anorexia, 

chronic nephropathy, damage to neurons, high 

blood pressure, hyperactivity, insomnia, learning 

deficits, reduced fertility (by reducing testosterone 

production in vitro and in vivo), renal system 

damage, a risk factor for Alzheimer's disease and 

shortened attention span [15][66]. In this study, the 

Pb concentrations in the investigated soils from 

Nasarawa Eggon varied from 21.29–82.64 mg/kg 

and thus, are above the average shale [17] value but 

below the DPR [19] value. However, only Pb 

concentration in sample D4 of the Doma study area 

was above the average shale [17] value but below 

the DPR [19] value. Hence, the Pb concentrations in 

the remaining analysed Doma soils are below both 

aforementioned reference values. Pb concentrations 

in the sampled soils of both study areas could be a 

contribution from anthropogenic sources mainly 

from atmospheric depositions from automobile 

exhaust and generator emissions/fumes and others 

such as used dry cell batteries, sewage effluents, 

runoff of paint/pigment wastes and leachate from 

municipal waste, owing to the close proximity of 

the sites to high vehicular traffic [35] [54]. The low 

concentration range of Pb in most sampled sites in 
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Doma could be due to natural processes such as 

fragmentation of source rocks. It was observed that 

the concentrations of Pb are higher in Nasarawa 

Eggon sampled sites than in Doma. This suggests 

higher vehicular/automobile traffic in the Nasarawa 

Eggon area than in Doma which is not surprising 

because Nasarawa Eggon has accessibility to many 

economic locations than Doma. Nduka et al. [29] 

who investigated Pb in scrap paint dust reported 

lower Pb concentrations while the results of Ololade 

[67] investigation on soils within auto–mechanic 

workshops, agree with those of this study. 

Uranium (U) is a naturally occurring radioactive 

and chemical metal with a global background 

concentration in the earth's crust of approximately 2

–4 mg/kg. Natural U is approximately 10 times 

more abundant than other toxic heavy metals such 

as cadmium (0.3 mg/kg) or mercury (0.4 mg/kg) 

[15][17]. Table 2 showed that U concentrations in 

most sampled sites of Nasarawa Eggon and Doma 

study areas were below the instrumentation limit of 

detection. Therefore, significant amounts of U were 

only determined in sampled sites N3 (8.68 mg/kg) 

of Nasarawa Eggon and D2 (5.30 mg/kg), D3 (4.79 

mg/kg) and D4 (4.22 mg/kg) of Doma. This implies 

they are above the average shale [17] reference 

value but below the DPR [19] value and hence 

suggests a contribution of anthropogenic sources 

(such as coal and fuel combustion) to the presence 

of U in these soils (N3, D2, D3 and D4). U has 

biologically dynamic toxicity, metabolic toxicity 

and chemical toxicity, leading to potential long-

term harm to mammalian reproduction and 

development with reduced biological fertility, 

abnormal and slow embryonic development [68]. A 

similar low U concentration was recorded in 

southeastern Brazil mine [69] and sediments of 

watersheds in Abiete-Toko gold district, Southern 

Cameroon [15]. 

Zinc (Zn) is a micronutrient essential for normal 

plant growth which is involved in various metabolic 

activities of many organisms [70]. Human exposure 

to a high dose of Zn can cause many health 

disorders such as ataxia, depression, gastrointestinal 

irritation, haematuria, icterus, impotence, kidney 

and liver failure, lethargy, macular degeneration, 

metal fume fever, prostate cancer, seizures, and 

vomiting for Zn [71]. Result (Table 2) shows that 

Zn concentrations in the sampled sites in Nasarawa 

Eggon (except N4 and N10) and Doma are lower 

than the reference values of average shale [17] and 

DPR [19]. The level of Zn in N10 soil of Nasarawa 

Eggon is above the reference values while in 

sample N4, the Zn level was above the average 

shale [17] value but below the DPR [19] value. 

Similar to the trend of Pb concentration, higher Zn 

concentrations were also observed in Nasarawa 

Eggon sampled sites than in Doma. This supports 

the earlier suggestion of higher automobile/

vehicular traffic as well as generator usage in the 

studied Nasarawa Eggon area than in the Doma 

area. Zn and Pb are products of gasoline 

combustion from automobiles and generators 

exhaust [72]. Other anthropogenic sources such as 

runoff of paint/pigment wastes, smelting activities, 

indiscriminate disposal and dumping of Zn 

containing wastes, crude oil tyre etc. [72] could be 

responsible for the high concentrations of Zn 

observed while lithogenic processes were indicated 

by low Zn concentration especially in Doma study 

area. According to Jaradat and Momani [73], the 

major sources of Zn in soils are probably the 

attrition of motor vehicle tyre rubber and the 

lubricating oils in which Zn is found as part of 

many additives as zinc dithiophosphates. Result 

obtained in this study is within the Zn 

concentrations reported by Dawaki et al [43] and 

Iwegbue et al. [34] for Kano urban agricultural soils 

and soils around Cassava Processing Mills in Sub-

Urban Areas of Delta State, Southern Nigeria 

respectively. However, higher Zn concentrations 

were found in automobile workshop soils as 

reported by Osakwe [50]. 

 

3.2. Soil Pollution Indices or Assessment 

In order to understand the quality of agricultural 

soils along major roads with high vehicular and 

human traffic, levels of metal pollution were 

evaluated using different techniques for 

environmental assessment. 

 

3.2.1. Enrichment Factor 

The enrichment factor (Ef) is generally used as 

an appropriate method to discriminate between 

natural and anthropogenic sources of metals [74] 

and to reflect the status of environmental 

contamination, based on the use of a normalization 

element in order to improve the variations produced 
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by heterogeneous sediments [75]. The Ef values 

close to unity indicate crusted origin, those less than 

1.0 suggest a possible mobilization or depletion of 

metals, whereas Ef > 1.0 indicates that the element 

is of anthropogenic origin [76].  

The Ef values obtained in this study for the soil 

samples from the study areas are presented in Table 

3 and Birth [77] categorization of Ef values (Table 

1) was used for the interpretation. Based on the 

average, both Nasarawa Eggon and Doma sampled 

soils are enriched minimally and extremely severe 

with Mn and Hg respectively. Pb and Zn are 

enriched at significant and minimal levels, 

respectively, in Nasarawa Eggon while Co is 

minimally enriched in Doma soils. As, Cd, Cr, Cu, 

Ni and U are not enriched in the sampled soils of 

both study areas. 

A comparison among different sampling sites of 

the study areas based on Ef values of metals showed 

no enrichment of Cd, Cr, and Cu in all the 

investigated soils of both study areas. In most of the 

sampled soils of both study areas, Hg has the 

highest enrichment level ranging from severe to 

extremely severe enrichment. Hg is not enriched in 

sampled sites N4, N7 and N10 of Nasarawa Eggon 

soils and D3 and D10 of Doma soils. The Ef values 

indicate minimal to a severe enrichment level of Pb 

in Nasarawa Eggon soils and no enrichment to 

minimal enrichment levels in Doma soils. Mn is 

enriched at a minimal to moderate level in 

Nasarawa Eggon and no enrichment to a moderate 

level in Doma soil. The U enrichment levels range 

from no enrichment to moderate at both Nasarawa 

Eggon and Doma soils. Enrichment levels of As 

and Ni in Nasarawa Eggon soils range from no 

enrichment to moderate enrichment while there was 

no enrichment of either of the metals in Doma soils. 

Sampled sites N2 and N4 are minimally enriched 

with As while N7 and N3 are moderately enriched 

with Ni and U respectively. Co is not enriched in all 

the investigated soils from Nasarawa Eggon but 

ranged from no enrichment to severely enrich in 

Doma soils. Zn enrichment varied from no 

enrichment to moderate enrichment level in 

Nasarawa Eggon soils but in Doma soils, it varied 

from no enrichment to minimal enrichment. 

Zn is not enriched in most of the Nasarawa 

Eggon soils except in N1, N4 and N10 which have 

moderate enrichment and N6 with minimal 

enrichment. Only sampled site D1 in Doma soils is 

enriched minimally with Zn, with no enrichment in 

other sampled sites. 

It is obvious from the results (Table 3) that the 

investigated soils of Nasarawa Eggon and Doma are 

highly enriched with Hg and Mn, as well as Pb and 

Zn in Nasarawa Eggon only and Co in Doma only. 

This is an indication that in addition to natural 

sources of these heavy metals, there is a significant 

contribution from anthropogenic sources to the 

presence of these heavy metals in the soils [78]. 

Studies by Gibson and Farmer [79] and Sezgin et 

al. [80] established that vehicular emission, 

industrial production and weathered materials are 

the three main sources of heavy metals in urban 

areas. Consequently, the high Ef of Pb, Mn and Zn 

in the soils could be attributed to automobile/

vehicular traffic because Sutherland [16] had 

reported that automobile/vehicular exhaust 

emissions significantly accentuate Pb 

accumulations in the air and soils. Automobile 

emission accounts for about 80 % of heavy metal 

pollution in Nigeria [81] and has been shown to 

contain Pb and Mn from gasoline as well as Zn 

from tyres [72]. Weathering of rocks, burning of 

fossil fuels (petroleum and coals) and municipal 

waste (containing e-wastes, automobile and 

automobile workshop wastes, and medical wastes) 

[39] in these study areas are the probable sources 

(lithogenic and anthropogenic) of Hg, Pb, Mn, and 

Zn, in the investigated soils. The literature revealed 

that anthropogenic sources contribute more to 

heavy metal pollution than natural sources [9][25]. 

The Ef values of As, Cd, Co, Cr, Cu, Ni and U, as 

well as Pb and Zn in Doma; suggest they were 

majorly derived from crustal material, or natural 

weathering process [82]. 

 

3.2.2. Geo–accumulation Index (Igeo) 

The level of pollution of the investigated soils 

was assessed using Igeo indices proposed by Muller 

[18] as shown in Table 1. The Igeo values of the 

different metals at different sampled sites in the 

study areas are presented in Table 4. The average 

Igeo values of the metals suggest that the soils from 

the study areas (Nasarawa Eggon and Doma) are 

moderate to strongly polluted by Hg and practically 

unpolluted to moderately polluted by the rest of the 

metals. Thus, Hg is the only toxic metal that has 
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accumulated in the investigated soils as a result of 

indiscriminate disposal of municipal waste and high 

automobile traffic. 

A comparison of Igeo values among different 

sampled sites of the study areas showed that 

sampled sites in Nasarawa Eggon are strong to 

extremely polluted by Hg except N4, N7 and N10 

which are practically unpolluted by Hg. However, 

sampled site N10 is moderately polluted by Pb and 

so is N5 which is also strongly polluted by Hg. 

Thus, Hg and Pb are two toxic metals that 

accumulate in studied agricultural soils of Nasarawa 

Eggon. The Igeo values of Doma investigated soils 

showed that except for D3 and D10, all sampled 

sites are strongly polluted by Hg. Sampled sites D2 

and D4 are moderate to strongly polluted by Co. 

Hence, Hg and Co are the accumulating toxic 

metals in Doma studied agricultural soils which can 

be attributed to the combustion of household e–

waste, fertiliser, automobile workshop waste etc. 

 

3.2.3. Contamination Factor (Cf), Degree of 

Contamination (Cd) and Pollution Load     Index 

(PLI) 

The values of Cf, Cd and PLI at the sampled 

sites of both study areas are summarized in Table 5. 

Applying Hakanson [21] classification (Table 1), 

the sampled sites in the Nasarawa Eggon area 

showed low contamination by Cd, Co, Cr, Cu, Fe, 

Pb, U and Zn (Table 5). 

However, sampled sites N2 and N4 are highly 

contaminated by As while N7 and N10 are 

moderately contaminated by Ni and Mn 

respectively. Except for N4, N7 and N10, all 

sampled sites in Nasarawa Eggon are moderately 

contaminated by Hg. The sampled sites in Doma 

showed low contamination by Cd, Cr, Cu, Mn, Ni, 

Pb, U and Zn based on their Cf values. D2 and D4 

showed high contamination by As and Co. D4 is 

moderately contaminated by Fe while D5 is 

considerably contaminated by As. All sampled sites 

are moderately contaminated with Hg except for D3 

and D10. High As contamination of some sampled 

sites showed that a metal that highly contaminated 

soil may not necessarily accumulate to cause 

pollution. This is because Igeo did not indicate that 

As is one of the toxic metals that accumulates in 

either Nasarawa Eggon or Doma area. Similarly, 

low Pb contamination of the sampled sites in the 

Nasarawa Eggon area showed that even at the low 

contamination, a metal can still accumulate and 

pollute the site. 

Cd measures the degree of overall contamination 

at a particular site [83]. Cd showed that sampled 

sites in Nasarawa Eggon had a low degree of 

contamination except for N2 and N4 which had a 

moderate degree of contamination. Sampled sites 

D2 and D4 in the Doma area, had a moderate 

degree of contamination while other sample sites 

had a low degree of contamination. 

The PLI represents the number of times by 

which the metal content in the soil exceeds the 

average natural background concentration [67]. The 

PLI value greater than one (1) is considered 

polluted, less than one (1) indicates no pollution 

whereas a value equal to one (1) indicates 

contaminant loads close to the reference 

concentration [84]. Results (Table 5) show that only 

sampled sites N2 and D4 of Nasarawa Eggon and 

Doma, respectively, were polluted (PLI >1). Thus, 

this study has shown that a sampled site can be 

contaminated by metals but not polluted. 

 

3.2.4. Ecological Risk (Er) and Potential 

Ecological Risk Index (RI) 

The quality of the investigated soils in Nasarawa 

Eggon and Doma which are contaminated by 

metals, were assessed using this risk factor. Table 6 

shows the Er and RI of metals in the investigated 

sites of the two study areas (Nasarawa Eggon and 

Doma). Er of Fe and U were not calculated as their 

toxic response factor are yet to be determined. By 

Hakanson classification (Table 1), the average Er of 

the metals showed that the levels of As, Cd, Co, Cr, 

Cu, Mn, Ni, Pb and Zn do not pose any ecological 

risk to the study areas (Nasarawa Eggon and 

Doma).  Nevertheless, the Hg level poses a 

moderate ecological risk (40≤Average Er <80) to 

the environment of the study areas. This supports 

our earlier finding in the Igeo studies. 

However, comparing the Er of metals in the 

investigated sites of the study areas showed that Cd, 

Co, Cr, Cu, Mn, Ni, Pb and Zn have low potential 

ecological risk (Er <40) and thus, do not pose any 

risk of serious diseases (cancer, kidney, liver 

damage, etc.), as well as impact in the ecosystems. 

At Nasarawa Eggon, As has significant and 

moderate potential risk in sampled sites N2 and N4 
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respectively. The Hg has significant (N1 and N9), 

moderate (N2, N3, N5, N6 and N8) and low (N4, 

N7 and N10) potential ecological risks in the 

Nasarawa Eggon area. The low potential risk of As 

at sampled site D5 as well as the moderate potential 

risk of As and Co at D2 and D4 sites of Doma area 

was observed. However, Hg exhibits moderate 

potential ecological risk in sampled sites in Doma 

except in D4 where it shows significant potential 

ecological risk in D3 and D10 where it poses no 

ecological risk. RI sums the Er of all the studied 

metals in a sampled site. Results (Table 6) showed 

that except for sampled site N2, all sampled sites in 

Nasarawa Eggon presented a low ecological risk 

index (RI< 150). 

Sample site N2 had a moderate ecological risk 

index which implies that the pollution of this soil 

can cause serious ecological risks. Sampled sites D2 

and D4 in the Doma area also showed a moderate 

ecological risk index (150≤ RI <300) while the 

other sampled sites presented a low ecological risk 

index. This shows that soil may not be polluted 

(PLI<1) but its usage could still pose an ecological 

risk to the inhabitants.  

 

4. CONCLUSIONS 

 

This study successfully quantified selected 

metals in sampled soils of study areas (Nasarawa 

Eggon and Doma) and evaluated their origin 

(natural and anthropogenic), contamination level 

and toxicity. The result showed non–uniform 

distribution of the analysed metals in the sampled 

sites of the study areas. Cd, Cr, Cu and Ni 

concentrations were all below average shale 

referenced value. Fe was the most abundant of the 

metals analyzed in all the sampled sites of the study 

areas. Significant concentrations of As, Co, Hg, 

Mn, Pb, U and Zn were recorded at the different 

sampled sites of both study areas. In pollution 

assessment, enrichment factor (Ef) analysis showed 

that some sampled sites in the Nasarawa Eggon area 

are enriched with As, Fe, Hg, Mn, Ni, Pb, U and Zn 

while Co, Fe, Hg, Mn, Pb, U and Zn are enriched in 

sampled sites (some) in Doma area. The enrichment 

levels of Mn, Pb and Zn are higher in Nasarawa 

Eggon soils than in Doma soils. However, geo–

accumulation index (Igeo) suggested that only Hg 

and Pb could pollute the sampled soils and 

similarly, Hg and Co could pollute Doma sampled 

soils despite being enriched with Co, Fe, Hg, Mn, 

Pb, U and Zn. Among the analysed metals, 

contamination factor (Cf) showed that sampled sites 

N2 and N4 in the Nasarawa Eggon area and D2 and 

D4 in the Doma area, recorded a moderate degree 

of contamination by all the studied metals. PLI 

values showed that only sampled sites N2 and D4 

of Nasarawa Eggon and Doma area, respectively, 

were polluted. Ecological risk (Er) assessment 

revealed that As and Hg pose moderate to 

significant potential negative implications to human 

and animal health in some of the sampled sites in 

Nasarawa Eggon while As, Co and Hg showed 

similar ecological risk in some of the sampled sites 

in Doma. The potential ecological risk index (RI) 

showed that metal pollution in sampled site N2 of 

Nasarawa Eggon and D2 and D4 of Doma can 

cause serious negative health implications for 

humans and animals in such an environment. Thus, 

the study suggests higher vehicular/human activities 

in Nasarawa Eggon than the Doma study area and 

they had a remarkable contribution to the presence 

of the investigated metals in the nearby agricultural 

soils.  

 

AUTHOR INFORMATION 

 

Corresponding Author 

Jude Chinedu Onwuka — Department of 

Science Laboratory Technology, Federal 

University of Lafia, Lafia – 950101 (Nigeria); 

Department of Chemistry, Federal University of 

Lafia, Lafia – 950101 (Nigeria); 

orcid.org/0000-0003-2950-8273 

Email: emperor20062003@yahoo.com 

 

Authors 

Jonathan Maduka Nwaedozie — Department 

of Chemistry, Federal University of Lafia, Lafia 

– 950101 (Nigeria); Department of Chemistry, 

Nigeria Defence Academy, Kaduna– 802151 

(Nigeria); 

orcid.org/0000-0002-3314-513X 

Emmanuel Hala Kwon–Dung — Department of 

Botany, Federal University of Lafia, Lafia – 

950101 (Nigeria); 

orcid.org/0000-0002-7238-1629 

Paul Tersoo Terna — Department of Botany, 

https://orcid.org/0000-0003-2950-8273
mailto:emperor20062003@yahoo.com
https://orcid.org/0000-0002-3314-513X
https://orcid.org/0000-0002-7238-1629


J. Multidiscip. Appl. Nat. Sci. 

18 

Federal University of Lafia, Lafia – 950101 

(Nigeria); 

orcid.org/0000-0002-3754-8315 

Gladys Nkeiruka Nwobodo — Department of 

Biochemistry, Federal University of Lafia, Lafia–

950101 (Nigeria); 

orcid.org/0000-0002-5018-5504 

 

Author Contributions 

J.C.O. conceptualization,  writing–original draft 

preparation, funding acquisition, resources, 

methodology, investigation, formal analysis, 

software, validation, writing–review & editing, data 

curation; J. M. N. conceptualization,  writing–

original draft preparation, funding acquisition, 

methodology, formal analysis; E. H. K.-D. and P. T. 

T. funding acquisition, resources, methodology; G. 

N. N. methodology, writing–review & editing, 

resources, formal analysis, data curation.  

 

Conflicts of Interest 

The author(s) declared no conflict of interest 

 

ACKNOWLEDGEMENT 

 

The authors appreciate the efforts of Mr 

Ombugadu Akwashiki, during the sample collection 

especially in taking the GPS coordinates of 

sampling sites. We also thank Mr Esua D. Yaharo 

of the National Geological Survey, Kaduna State, 

Nigeria; for his aiding in sample analysis. This 

research was funded by the Federal Government of 

Nigeria through its agency, Tertiary Education 

Trust fund (TETFUND) Institutional Based 

Research Grant of 2016/2017. Grant reference 

number FUL/VC/TETF/010/VOLI/IBR. 

 

REFERENCES 

 

[1] X. Fang, B. Zong, and S. Mao. (2018). 

“Metal–Organic Framework-Based Sensors 

for Environmental Contaminant Sensing”. 

Nano-Micro Letters. 10 (4): 64. 10.1007/

s40820-018-0218-0. 

[2] C. Li, K. Zhou, W. Qin, C. Tian, M. Qi, X. 

Yan, and W. Han. (2019). “A Review on 

Heavy Metals Contamination in Soil: Effects, 

Sources, and Remediation Techniques”. Soil 

and Sediment Contamination: An 

International Journal. 28 (4): 380–394. 

10.1080/15320383.2019.1592108. 

[3] E. De Miguel, J. F. Llamas, E. Chacón, T. 

Berg, S. Larssen, O. Røyset, and M. Vadset. 

(1997). “Origin and patterns of distribution of 

trace elements in street dust: Unleaded petrol 

and urban lead”. Atmospheric Environment. 

31 (17): 2733–2740. 10.1016/S1352-2310

(97)00101-5. 

[4] C. N. Unachukwu, D. I. Agomuoh, and D. D. 

Alasia. (2008). “Pattern of non-

communicable diseases among medical 

admissions in Port Harcourt, Nigeria”. 

Nigerian Journal of Clinical Practice. 11 (1): 

14–17. 

[5] P. N. Obasi and B. B. Akudinobi. (2020). 

“Potential health risk and levels of heavy 

metals in water resources of lead–zinc 

mining communities of Abakaliki, southeast 

Nigeria”. Applied Water Science. 10 (7): 184. 

10.1007/s13201-020-01233-z. 

[6] J. C. Onwuka, J. M. Nwaedozie, E. H. Kwon 

– Dung, and P. T. Terna. (2020). “Fertility 

Status of Selected Agricultural Soils Along 

Major Roads in Nasarawa Eggon and Doma 

Areas of Nasarawa State, North Central, 

Nigeria”. Journal of Chemical Society of 

Nigeria. 45 (4). 10.46602/jcsn.v45i4.498. 

[7] K. Lei, Y. Zhu, W. Chen, H.-Y. Pan, Y.-X. 

Cao, X. Zhang, B.-B. Guo, A. Sweetman, C.-

Y. Lin, W. Ouyang, M.-C. He, and X.-T. Liu. 

(2019). “Spatial and seasonal variations of 

antibiotics in river waters in the Haihe River 

Catchment in China and ecotoxicological risk 

assessment”. Environment International. 

130 : 104919. 10.1016/j.envint.2019.104919. 

[8] A. A. Adeyi and N. Torto. (2014). “Profiling 

heavy metal distribution and contamination 

in soil of old power generation station in 

Lagos , Nigeria”. American Journal of 

Science and Technology. 1 (1): 1–10. 

[9] V. Srivastava, M. Puri, T. Srivastava, P. V. 

Nidheesh, and M. S. Kumar. (2022). 

“Integrated soil washing and bioreactor 

systems for the treatment of 

hexachlorocyclohexane contaminated soil: A 

review on enhanced degradation 

mechanisms, and factors affecting soil 

washing and bioreactor performances”. 

https://orcid.org/0000-0002-3754-8315
https://orcid.org/0000-0002-5018-5504
https://doi.org/10.1007/s40820-018-0218-0
https://doi.org/10.1007/s40820-018-0218-0
https://doi.org/10.1080/15320383.2019.1592108
https://doi.org/10.1016/S1352-2310(97)00101-5
https://doi.org/10.1016/S1352-2310(97)00101-5
https://doi.org/10.1007/s13201-020-01233-z
https://doi.org/10.46602/jcsn.v45i4.498
https://doi.org/10.1016/j.envint.2019.104919


J. Multidiscip. Appl. Nat. Sci. 

19 

Environmental Research. 208 : 112752. 

10.1016/j.envres.2022.112752. 

[10] E. O. Simeon and K. Friday. (2016). “Index 

Models Assessment of Heavy Metal 

Pollution in Soils within Selected Abattoirs 

in Port Harcourt, Rivers State, Nigeria”. 

Singapore Journal of Scientific Research. 7 

(1): 9–15. 10.3923/sjsres.2017.9.15. 

[11] X. Miao, Y. Hao, F. Zhang, S. Zou, S. Ye, 

and Z. Xie. (2020). “Spatial distribution of 

heavy metals and their potential sources in 

the soil of Yellow River Delta: a traditional 

oil field in China”. Environmental 

Geochemistry and Health. 42 (1): 7–26. 

10.1007/s10653-018-0234-5. 

[12] Y. Sun, H. Li, G. Guo, K. T. Semple, and K. 

C. Jones. (2019). “Soil contamination in 

China: Current priorities, defining 

background levels and standards for heavy 

metals”. Journal of Environmental 

Management. 251 : 109512. 10.1016/

j.jenvman.2019.109512. 

[13] J. Laah and E. Ayiwulu. (2010). “Socio-

Demographic Characteristics of Patients 

Diagnosed with HIV/AIDS in Nasarawa 

Eggon”. Asian Journal of Medical Sciences. 

2 (January) : 114–120. 

[14] B. F. Sule, T. L. Adunkpe, and A. W. Salami. 

(2018). “Evaluation of the Reservoir Yield 

and Hydropower Potential of the Doma Dam, 

Nasarawa State, North Central Nigeria”. 9 

(1): 16–24. 10.14716/ijtech.v9i1.1194. 

[15] E. P. B. Mandeng, L. M. B. Bidjeck, A. Z. E. 

Bessa, Y. D. Ntomb, J. W. Wadjou, E. P. E. 

Doumo, and L. B. Dieudonné. (2019). 

“Contamination and risk assessment of heavy 

metals, and uranium of sediments in two 

watersheds in Abiete-Toko gold district, 

Southern Cameroon”. Heliyon. 5 (10): 2591. 

10.1016/j.heliyon.2019.e02591. 

[16] R. A. Sutherland. (2000). “Bed sediment-

associated trace metals in an urban stream, 

Oahu, Hawaii”. Environmental Geology. 39 

(6): 611–627. 10.1007/s002540050473. 

[17] K. K. Turekian and K. H. Wedepohl. (1961). 

“Distribution of the elements in some major 

units of the earth’s crust”. Bulletin of the 

Geological Society of America. 72 (2): 175–

192. 10.1130/0016-7606(1961)72

[175:DOTEIS]2.0.CO;2. 

[18] G. Müller. (1969). “Index of 

geoaccumulation in sediments of the Rhine 

River”. Geology Journal. 2 (3): 108–118. 

[19] S. M. Yahaya, F. Abubakar, and N. Abdu. 

(2021). “Ecological risk assessment of heavy 

metal-contaminated soils of selected villages 

in Zamfara State, Nigeria”. SN Applied 

Sciences. 3 (2): 168. 10.1007/s42452-021-

04175-6. 

[20] J. B. Kowalska, R. Mazurek, M. Gąsiorek, 

and T. Zaleski. (2018). “Pollution indices as 

useful tools for the comprehensive evaluation 

of the degree of soil contamination–A 

review”. Environmental Geochemistry and 

Health. 40 (6): 2395–2420. 10.1007/s10653-

018-0106-z. 

[21] L. Hakanson. (1980). “An ecological risk 

index for aquatic pollution control.a 

sedimentological approach”. Water Research. 

14 (8): 975–1001. 10.1016/0043-1354(80)

90143-8. 

[22] D. L. Tomlinson, J. G. Wilson, C. R. Harris, 

and D. W. Jeffrey. (1980). “Problems in the 

assessment of heavy-metal levels in estuaries 

and the formation of a pollution index”. 

Helgoländer Meeresuntersuchungen. 33 (1–

4): 566–575. 10.1007/BF02414780. 

[23] C. M. George, L. Sima, M. H. J. Arias, J. 

Mihalic, L. Z. Cabrera, D. Danz, W. 

Checkley, and R. H. Gilman. (2014). 

“Arsenic exposure in drinking water: an 

unrecognized health threat in Peru”. Bulletin 

of the World Health Organization. 92 (8): 

565–572. 10.2471/blt.13.128496. 

[24] M. Du, D. Wei, Z. Tan, A. Lin, and Y. Du. 

(2015). “The potential risk assessment for 

different arsenic species in the aquatic 

environment”. Journal of Environmental 

Sciences (China). 27 (C): 1–8. 10.1016/

j.jes.2014.03.006. 

[25] B. Y. Fosu-Mensah, E. Addae, D. Yirenya-

Tawiah, and F. Nyame. (2017). “Heavy 

metals concentration and distribution in soils 

and vegetation at Korle Lagoon area in 

Accra, Ghana”. Cogent Environmental 

Science. 3 (1). 

10.1080/23311843.2017.1405887. 

[26] J. Li, H. Duan, and P. Shi. (2011). “Heavy 

https://doi.org/10.1016/j.envres.2022.112752
https://doi.org/10.3923/sjsres.2017.9.15
https://doi.org/10.1007/s10653-018-0234-5
https://doi.org/10.1016/j.jenvman.2019.109512
https://doi.org/10.1016/j.jenvman.2019.109512
https://doi.org/10.14716/ijtech.v9i1.1194
https://doi.org/10.1016/j.heliyon.2019.e02591
https://doi.org/10.1130/0016-7606(1961)72%5b175:DOTEIS%5d2.0.CO;2
https://doi.org/10.1130/0016-7606(1961)72%5b175:DOTEIS%5d2.0.CO;2
https://doi.org/10.1007/s42452-021-04175-6
https://doi.org/10.1007/s42452-021-04175-6
https://doi.org/10.1007/s10653-018-0106-z
https://doi.org/10.1007/s10653-018-0106-z
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.1007/BF02414780
https://doi.org/10.2471/blt.13.128496
https://doi.org/10.1016/j.jes.2014.03.006
https://doi.org/10.1016/j.jes.2014.03.006
https://doi.org/10.1080/23311843.2017.1405887


J. Multidiscip. Appl. Nat. Sci. 

20 

metal contamination of surface soil in 

electronic waste dismantling area: Site 

investigation and source-apportionment 

analysis”. Waste Management and Research. 

29 (7): 727–738. 

10.1177/0734242X10397580. 

[27] F. Santos-Francés, A. Martínez-Graña, P. A. 

Rojo, and A. G. Sánchez. (2017). 

“Geochemical background and baseline 

values determination and spatial distribution 

of heavy metal pollution in soils of the andes 

mountain range (Cajamarca-Huancavelica, 

Peru)”. International Journal of 

Environmental Research and Public Health. 

14 (8): 859. 10.3390/ijerph14080859. 

[28] J. Briffa, E. Sinagra, and R. Blundell. (2020). 

“Heavy metal pollution in the environment 

and their toxicological effects on humans”. 

Heliyon. 6 (9): e04691. 10.1016/

j.heliyon.2020.e04691. 

[29] J. K. Nduka, J. P. Onyenezi Amuka, J. C. 

Onwuka, N. A. Udowelle, and O. E. 

Orisakwe. (2016). “Human health risk 

assessment of lead, manganese and copper 

from scrapped car paint dust from automobile 

workshops in Nigeria”. Environmental 

Science and Pollution Research. 23 (20): 

20341–20349. 10.1007/s11356-016-7219-7. 

[30] D. Hammash, A. Kitaz, and G. Sabbagh. 

(1970). “Total Phenolic Content, Flavonoid 

Concentration and Antioxidant Activity of 

Leaves and Bark Extracts of Celtis australis 

L”. International Journal of Pharmaceutical 

Sciences and Nanotechnology. 9 (2): 3188–

3192. 10.37285/ijpsn.2016.9.2.5. 

[31] A. Bernard. (2004). “Renal dysfunction 

induced by cadmium: Biomarkers of critical 

effects”. BioMetals. 17 (5): 519–523. 

10.1023/B:BIOM.0000045731.75602.b9. 

[32] M. Sebogodi Keletso and B. O. Olubukola. 

(2011). “Identification of soil bacteria from 

mining environments in Rustenburg, South 

Africa”. Life Science Journal. 8 (SUPPL. 2): 

25–32. 

[33] M. O. Fashola, V. M. Ngole-Jeme, and O. O. 

Babalola. (2016). “Heavy metal pollution 

from gold mines: Environmental effects and 

bacterial strategies for resistance”. 

International Journal of Environmental 

Research and Public Health. 13 (11): 1047. 

10.3390/ijerph13111047. 

[34] C. Iwegbue, F. Bassey, G. Tesi, G. Nwajei, 

and A. Tsafe. (2013). “Assessment of Heavy 

Metal Contamination in Soils around Cassava 

Processing Mills in Sub- Urban Areas of 

Delta State, Southern Nigeria”. Nigerian 

Journal of Basic and Applied Sciences. 21 

(2): 96–104. 10.4314/njbas.v21i2.2. 

[35] A. Tautua, M. W. Bamidele, A. O. 

Onigbinde, and D. Ere. (2014). “Assessment 

of some heavy metals and physicochemical 

properties in surface soils of municipal open 

waste dumpsite in Yenagoa, Nigeria”. 

African Journal of Environmental Science 

and Technology. 8 (1): 41–47. 10.5897/

ajest2013.1621. 

[36] D. O. Asawalam and C. I. Eke. (2018). 

“Trace metal concentration in soils used for 

Waste disposal around Owerri, Nigeria”. 

Proceedings of the 40th Conference of the 

Agriculture Society of Nigeria. 427–430. 

[37] P. C. Njoku and A. O. Ayoka. (2007). 

“Evaluation of heavy metal pollutants from 

soils at municipal solid waste deposit in 

Owerri, Imo State, Nigeria”. Journal of 

Chemical Society of Nigeria. 32 (1): 57–60. 

[38] E. Esen, F. Kucuksezgin, and E. Uluturhan. 

(2010). “Assessment of trace metal pollution 

in surface sediments of Nemrut Bay, Aegean 

Sea”. Environmental Monitoring and 

Assessment. 160 (1–4): 257–266. 10.1007/

s10661-008-0692-9. 

[39] X. Tang, C. Shen, D. Shi, S. A. Cheema, M. 

I. Khan, C. Zhang, and Y. Chen. (2010). 

“Heavy metal and persistent organic 

compound contamination in soil from 

Wenling: An emerging e-waste recycling city 

in Taizhou area, China”. Journal of 

Hazardous Materials. 173 (1–3): 653–660. 

10.1016/j.jhazmat.2009.08.134. 

[40] S. Mahey, R. Kumar, M. Sharma, V. Kumar, 

and R. Bhardwaj. (2020). “A critical review 

on toxicity of cobalt and its bioremediation 

strategies”. SN Applied Sciences. 2 (7): 1279. 

10.1007/s42452-020-3020-9. 

[41] G. Bjørklund, J. Aaseth, A. V. Skalny, J. 

Suliburska, M. G. Skalnaya, A. A. 

Nikonorov, and A. A. Tinkov. (2017). 

https://doi.org/10.1177/0734242X10397580
https://doi.org/10.3390/ijerph14080859
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1007/s11356-016-7219-7
https://doi.org/10.37285/ijpsn.2016.9.2.5
https://doi.org/10.1023/B:BIOM.0000045731.75602.b9
https://doi.org/10.3390/ijerph13111047
https://doi.org/10.4314/njbas.v21i2.2
https://doi.org/10.5897/ajest2013.1621
https://doi.org/10.5897/ajest2013.1621
https://doi.org/10.1007/s10661-008-0692-9
https://doi.org/10.1007/s10661-008-0692-9
https://doi.org/10.1016/j.jhazmat.2009.08.134
https://doi.org/10.1007/s42452-020-3020-9


J. Multidiscip. Appl. Nat. Sci. 

21 

“Interactions of iron with manganese, zinc, 

chromium, and selenium as related to 

prophylaxis and treatment of iron 

deficiency.” Journal of Trace Elements in 

Medicine and Biology. 41 : 41–53. 10.1016/

j.jtemb.2017.02.005. 

[42] L. Leyssens, B. V. C. Straeten, F. Wuyts, and 

L. Maes. (2017). “Cobalt Toxicity in Humans 

A Review of the Potential Sources and 

Systemic Health Effects”. Toxicology. 387 : 

43–56. 

[43] U. Dawaki, A. Dikko, S. Noma, and U. 

Aliyu. (2014). “Heavy Metals and 

Physicochemical Properties of Soils in Kano 

Urban Agricultural Lands”. Nigerian Journal 

of Basic and Applied Sciences. 21 (3): 239. 

10.4314/njbas.v21i3.9. 

[44] E. Agbaji, S. Abechi, and S. Emmanuel. 

(2015). “Assessment of Heavy Metals Level 

of Soil in Kakuri Industrial Area of Kaduna, 

Nigeria”. Journal of Scientific Research and 

Reports. 4 (1): 68–78. 10.9734/

jsrr/2015/13212. 

[45] C. H. Jung, T. Matsuto, and N. Tanaka. 

(2006). “Flow analysis of metals in a 

municipal solid waste management system”. 

Waste Management. 26 (12): 1337–1348. 

10.1016/j.wasman.2005.11.018. 

[46] U. Baig, R. A. K. Rao, A. A. Khan, M. M. 

Sanagi, and M. A. Gondal. (2015). “Removal 

of carcinogenic hexavalent chromium from 

aqueous solutions using newly synthesized 

and characterized polypyrrole–titanium(IV)

phosphate nanocomposite”. Chemical 

Engineering Journal. 280 : 494–504. 

10.1016/j.cej.2015.06.031. 

[47] M. D. Cohen, B. Kargacin, C. B. Klein, and 

M. Costa. (1993). “Mechanisms of chromium 

carcinogenicity and toxicity”. Critical 

Reviews in Toxicology. 23 (3): 255–281. 

10.3109/10408449309105012. 

[48] S. De Flora. (2000). “Threshold mechanisms 

and site specificity in chromium(VI) 

carcinogenesis”. Carcinogenesis. 21 (4): 533

–541. 10.1093/carcin/21.4.533. 

[49] P. Patnaik. (2003). “Handbook of Inorganic 

Chemical Compounds”. Mcgraw Hill 

Publishers, New York. 

[50] O. S. Anapuwa. (2014). “Heavy Metal 

Contamination and Characteristics of Soils 

From Automobile Workshops in Abraka, 

Delta State, Nigeria”. International Journal 

of Natural Science Resear. 2 (4): 48–58. 

[51] O. P. A. Aluko O.O., Sridhar M.K.C. (2003). 

“Characterization of Leachates from a 

municipal solid waste landfill site in Ibadan, 

Nigeria.” Journal of Environmental Health 

Research. 2 (1): 32–37. 

[52] N. Shuja. (2016). “Hand Book of Soil 

Science”. New York. 10.4172/2161-0495.s3-

007. 

[53] N. N. Ha, T. Agusa, K. Ramu, N. P. C. Tu, S. 

Murata, K. A. Bulbule, P. Parthasaraty, S. 

Takahashi, A. Subramanian, and S. Tanabe. 

(2009). “Contamination by trace elements at 

e-waste recycling sites in Bangalore, India”. 

Chemosphere. 76 (1): 9–15. 10.1016/

j.chemosphere.2009.02.056. 

[54] H. Ali, E. Khan, and M. A. Sajad. (2013). 

“Phytoremediation of heavy metals-Concepts 

and applications”. Chemosphere. 91 (7): 869

–881. 10.1016/j.chemosphere.2013.01.075. 

[55] D. B. Levy, K. A. Barbarick, E. G. Siemer, 

and L. E. Sommers. (1992). “Distribution and 

Partitioning of Trace Metals in Contaminated 

Soils near Leadville, Colorado”. Journal of 

Environmental Quality. 21 (2): 185–195. 

10.2134/jeq1992.00472425002100020006x. 

[56] D. S. Sheppard, G. G. C. Claridge, and I. B. 

Campbell. (2000). “Metal contribution of soil 

at Scott urban-rural land use gradients”. 

Applied Geochemistry. 15 : 513–530. 

[57] T. El-Hasan, M. Batarseh, H. Al-Omari, A. 

Ziadat, A. El-Alali, F. Al-Naser, B. 

Berdanier, and A. Jiries. (2006). “The 

distribution of heavy metals in urban street 

dusts of Karak City, Jordan”. Soil and 

Sediment Contamination. 15 (4): 357–365. 

10.1080/15320380600751728. 

[58] A. H. Spangler and J. G. Spangler. (2009). 

“Groundwater manganese and infant 

mortality rate by county in north carolina: An 

ecological analysis”. EcoHealth. 6 (4): 596–

600. 10.1007/s10393-010-0291-4. 

[59] F. W. Sunderman Jr and A. Orkarson. (1991). 

In “E. Merjan (ed) Metals and Their 

Compounds in the Environment”. New York. 

[60] M. Patriarca, T. D. B. Lyon, and G. S. Fell. 

https://doi.org/10.1016/j.jtemb.2017.02.005
https://doi.org/10.1016/j.jtemb.2017.02.005
https://doi.org/10.4314/njbas.v21i3.9
https://doi.org/10.9734/jsrr/2015/13212
https://doi.org/10.9734/jsrr/2015/13212
https://doi.org/10.1016/j.wasman.2005.11.018
https://doi.org/10.1016/j.cej.2015.06.031
https://doi.org/10.3109/10408449309105012
https://doi.org/10.1093/carcin/21.4.533
https://doi.org/10.1016/j.chemosphere.2009.02.056
https://doi.org/10.1016/j.chemosphere.2009.02.056
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.2134/jeq1992.00472425002100020006x
https://doi.org/10.1080/15320380600751728
https://doi.org/10.1007/s10393-010-0291-4


J. Multidiscip. Appl. Nat. Sci. 

22 

(1997). “Nickel metabolism in humans 

investigated with an oral stable isotope”. 

American Journal of Clinical Nutrition. 66 

(3): 616–621. 10.1093/ajcn/66.3.616. 

[61] B. Gammelgaard, A. Fullerton, C. Avnstorp, 

and T. Menné. (1992). “Permeation of 

chromium salts through human skin in vitro”. 

Contact Dermatitis. 27 (5): 302–310. 

10.1111/j.1600-0536.1992.tb03284.x. 

[62] J. Angerer and G. Lehnert. (1990). 

“Occupational chronic exposure to metals - 

II. Nickel exposure of stainless steel welders 

- biological monitoring”. International 

Archives of Occupational and Environmental 

Health. 61 (8): 7–10. 10.1007/BF00397842. 

[63] K. K. Das, S. W. Das, and S. A. Dhundasi. 

(2008). “Nickel, its adverse effects and 

oxidative stress”. Indian Journal of Medical 

Research. 128 : 412–425. 

[64] M. A. El-Alfy, Y. A. El-Amier, and H. T. A. 

El-Hamid. (2017). “Soil quality and health 

risk assessment of heavy metals in 

agricultural areas irrigated with wastewater 

from Kitchener Drain, Nile Delta, Egypt”. 

Journal of Scientific Agriculture. 1 : 158. 

10.25081/jsa.2017.v1.50. 

[65] M. A. Assi, M. N. M. Hezmee, A. W. Haron, 

M. Y. Sabri, and M. A. Rajion. (2016). “The 

detrimental effects of lead on human and 

animal health”. Veterinary World. 9 (6): 660–

671. 10.14202/vetworld.2016.660-671. 

[66] Q. Zeng, B. Zhou, W. Feng, Y. X. Wang, A. 

L. Liu, J. Yue, Y. F. Li, and W. Q. Lu. 

(2013). “Associations of urinary metal 

concentrations and circulating testosterone in 

Chinese men”. Reproductive Toxicology. 41 : 

109–114. 10.1016/j.reprotox.2013.06.062. 

[67] I. A. Ololade. (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. 

10.4236/jep.2014.511098. 

[68] J. L. Domingo. (2001). “Reproductive and 

developmental toxicity of natural and 

depleted uranium: A review”. Reproductive 

Toxicology. 15 (6): 603–609. 10.1016/S0890-

6238(01)00181-2. 

[69]  D. Abessa, L. Morais, F. Perina, M. 

Davanso, V. Rodrigues, L. Martins, and J. 

Sígolo. (2014). “Sediment Geochemistry and 

Climatic Influences in a River Influenced by 

Former Mining Activities: the Case of 

Ribeira de Iguape River, SP-PR, Brazil”. 

Open Journal of Water Pollution and 

Treatment. 2014 (1): 43–53. 10.15764/

wpt.2014.01005. 

[70] A. H. Gondal. (2021). “A Detailed Review 

Study of Zinc Involvement in Animal, Plant 

and Human Nutrition”. Indian Journal of 

Pure & Applied Biosciences. 9 (2): 262–271. 

10.18782/2582-2845.8652. 

[71] M. B. Gumpu, S. Sethuraman, U. M. 

Krishnan, and J. B. B. Rayappan. (2015). “A 

review on detection of heavy metal ions in 

water - An electrochemical approach”. 

Sensors and Actuators, B: Chemical. 213 : 

515–533. 10.1016/j.snb.2015.02.122. 

[72] Z. O. Ojekunle, O. O. E. Jinadu, T. A. 

Afolabi, and A. M. Taiwo. (2018). 

“Environmental Pollution and Related 

Hazards at Agbara Industrial Area, Ogun 

State”. Scientific Reports. 8 (1): 6482. 

10.1038/s41598-018-24810-4. 

[73] Q. M. Jaradat and K. A. Momani. (1999). 

“Contamination of roadside soil, plants, and 

air with heavy metals in Jordan, a 

comparative study”. Turkish Journal of 

Chemistry. 23 (2): 209–220. 

[74] H. Pekey. (2006). “The distribution and 

sources of heavy metals in Izmit Bay surface 

sediments affected by a polluted stream”. 

Marine Pollution Bulletin. 52 (10): 1197–

1208. 10.1016/j.marpolbul.2006.02.012. 

[75] N. Hanif, S. A. M. A. S. Eqani, S. M. Ali, A. 

Cincinelli, N. Ali, I. A. Katsoyiannis, Z. I. 

Tanveer, and H. Bokhari. (2016). “Geo-

accumulation and enrichment of trace metals 

in sediments and their associated risks in the 

Chenab River, Pakistan”. Journal of 

Geochemical Exploration. 165 : 62–70. 

10.1016/j.gexplo.2016.02.006. 

[76] P. B. Subedi, K. Ayer, M. S. Miya, B. 

Parajuli, and B. Sharma. (2022). “Forest Fire 

Risk Zone Mapping of Aalital Rural 

Municipality, Dadeldhura District, Nepal”. 

Journal of Multidisciplinary Applied Natural 

https://doi.org/10.1093/ajcn/66.3.616
https://doi.org/10.1111/j.1600-0536.1992.tb03284.x
https://doi.org/10.1007/BF00397842
https://doi.org/10.25081/jsa.2017.v1.50
https://doi.org/10.14202/vetworld.2016.660-671
https://doi.org/10.1016/j.reprotox.2013.06.062
https://doi.org/10.4236/jep.2014.511098
https://doi.org/10.1016/S0890-6238(01)00181-2
https://doi.org/10.1016/S0890-6238(01)00181-2
https://doi.org/10.15764/wpt.2014.01005
https://doi.org/10.15764/wpt.2014.01005
https://doi.org/10.18782/2582-2845.8652
https://doi.org/10.1016/j.snb.2015.02.122
https://doi.org/10.1038/s41598-018-24810-4
https://doi.org/10.1016/j.marpolbul.2006.02.012
https://doi.org/10.1016/j.gexplo.2016.02.006


J. Multidiscip. Appl. Nat. Sci. 

23 

Science. 2 (2): 70–81. 10.47352/jmans.2774-

3047.115. 

[77] G. Birch. (2003). In “C. D. Woodcoffe and 

R. A. Furness (eds) Coastal GIS”. 

Wollongong. 

[78] R. Sinem Atgin, O. El-Agha, A. Zararsiz, A. 

Kocataş, H. Parlak, and G. Tuncel. (2000). 

“Investigation of the sediment pollution in 

Izmir Bay: trace elements”. Spectrochimica 

acta, Part B: Atomic spectroscopy. 55 (7): 

1151–1164. 10.1016/S0584-8547(00)00231-

7. 

[79] M. J. Gibson and J. G. Farmer. (1986). 

“Multi-step sequential chemical extraction of 

heavy metals from urban soils”. 

Environmental Pollution. Series B, Chemical 

and Physical. 11 (2): 117–135. 10.1016/0143

-148X(86)90039-X. 

[80] N. Sezgin, H. K. Ozcan, G. Demir, S. 

Nemlioglu, and C. Bayat. (2004). 

“Determination of heavy metal 

concentrations in street dusts in Istanbul E-5 

highway”. Environment International. 29 (7): 

979–985. 10.1016/S0160-4120(03)00075-8. 

[81] P. C. Onianwa and S. O. Fakayode. (2000). 

“Lead contamination of topsoil and 

vegetation in the vicinity of a battery factory 

in Nigeria”. Environmental Geochemistry 

and Health. 22 (3): 211–218. 10.1023/

A:1026539531757. 

[82] H. Feng, X. Han, W. Zhang, and L. Yu. 

(2004). “A preliminary study of heavy metal 

contamination in Yangtze River intertidal 

zone due to urbanization”. Marine Pollution 

Bulletin. 49 (11–12): 910–915. 10.1016/

j.marpolbul.2004.06.014. 

[83] C. E. Duru. (2019). “Assessment and 

modeling of heavy metal pollution of soil 

within reclaimed auto repair workshops in 

Orji, Imo State Nigeria”. Chemistry Journal 

of Moldova. 14 (1): 54–60. 10.19261/

cjm.2018.544. 

[84] C. P. Priju and A. C. Narayana. (2006). 

“Spatial and Temporal Variability of Trace 

Element Concentrations in a Tropical 

Lagoon, Southwest Coast of India: 

Environmental Implications”. Journal of 

Coastal Research. 39 (Special Issue 39): 

1053–1057. 

https://doi.org/10.47352/jmans.2774-3047.115
https://doi.org/10.47352/jmans.2774-3047.115
https://doi.org/10.1016/S0584-8547(00)00231-7
https://doi.org/10.1016/S0584-8547(00)00231-7
https://doi.org/10.1016/0143-148X(86)90039-X
https://doi.org/10.1016/0143-148X(86)90039-X
https://doi.org/10.1016/S0160-4120(03)00075-8
https://doi.org/10.1023/A:1026539531757
https://doi.org/10.1023/A:1026539531757
https://doi.org/10.1016/j.marpolbul.2004.06.014
https://doi.org/10.1016/j.marpolbul.2004.06.014
https://doi.org/10.19261/cjm.2018.544
https://doi.org/10.19261/cjm.2018.544

