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Abstract 

Developed countries’ improvement of immense load of out of date electronic devices and household gadgets 

with modern versions has resulted to legal and illegal exportation of electronics to under-developed or 

developing countries. This has given rise to intensifying electronic waste that is now of environmental interest. 

This research steered at the determination of some selected heavy metals around Alaba international market, 

Alaba in Lagos state, Nigeria. Soil samples were acquired at four different locations of the market during dry 

and wet seasons, digested and analysed for concentrations of Cadmium, Chromium, Copper, Iron, Nickel, Lead 

and Zinc using Inductively Coupled Plasma Atomic Emission Spectrometer. The degree of contamination of the 

area was evaluated using 3 indices which are Geo-accumulation factor, Contamination factor and Pollution Load 

Index. Copper recorded the highest concentration followed by zinc and chromium had the least concentration 

for both seasons with the decreasing order of Cu>Zn>Pb>Ni>Cd>Mn>Cr for dry season and 

Cu>Zn>Ni>Cd>Pb>Mn>Cr for wet season. The concentrations of metals were all below permissible standard 

by World Health Organization (WHO), United State Environmental Protection Agency (USEPA) and European 

Union (EU). The degree of contamination showed the area was slightly polluted which could be reduced to the 

barest minimum.  

Keywords: contamination factor, dumpsite, E-waste, heavy metals and pollution load index.  

 

Introduction  

Development is a critical vital part of mankind. Howbeit, each developmental act comprises synergy with the 

environment (Adebisi and Omoyeni, 2017). One of the rising ecological concern is the quickest growing cause 

of waste due to the swift advancement in electronic industry coupled with rapid modernization in electronics 

which has resulted into enormous heap of electronic appliances being discharged into the environment (Pankaj 

and Fulekar, 2019; Noel-Brune, Goldizen, Neira, Van den Berg, Lewis and King, 2013). This prompt 

development of electronic-waste has instigated unsuitable handling approaches in both developed and 

developing countries, producing multi-dimensional effects on the ecosystem and the environment (Pankaj et al., 

2019). 

Wrong disposal of E-wastes can be detrimental to the environment and to humans which can cause groundwater 

contamination, land degradation, soil contamination, atmospheric pollution, or water pollution either by prompt 

release or as a result of peripheral drainage (Odoemene and Ofodu, 2016). Environments near dumpsites are 

ceaselessly exposed to threat, diminished soil quality, surface and underground water contamination, decline in 

benthic communities owing to toxicant and risk disclosure to hazardous substances (Ukpong, Udo and Umoh, 

2015). Also, photochemical oxidant creation, toxicity of water, global warming, acidification, eutrophication, 

and abiotic resource deficiency can be brought about by irregular disposal of waste (Cheng, 2003).  

E-waste is dangerous than any other waste as it comprises a colossal assortment of harmful elements, such as 

Cd, Pb, Hg, Cr, Be, Sb, and phthalates. Long-term exposure to these hazardous substances can cause kidney 

problems, reproductive systems, bone disease, and endocrine systems (Kumar, 2018). At present, heavy metals 

contamination is one of the most hazardous environmental threat on account of their propensity for 

bioaccumulation and harmful outcome on animals, plants, and humans (Pankaj et al., 2019).  

One of the major environmental problems with heavy metals during the breakdown of organic waste is that they 

are not affected and they effectively affect living organisms when they surpass permissible concentration. The 

high concentration of heavy metals in underground water and soils is resonated by concentrations of metals in 

plants, animals, water, and bodies of man (Leke, Akaahan and Simon 2011). 
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When pollutants from E-waste are gushed into the underground water either by flood or rain, there will be a 

variation in the concentration of nutrient and heavy metal concentration of the water bodies (Asuquo et al., 

2004). Heavy metals accumulation in the soils and water bodies is subsequently of significant concern due to 

issues regarding the safety of foods and water utilization for domestic purposes. 

The most widely recognized routine for waste management in Nigeria is the utilization of open dumping (Agwu, 

2012), while huge amount of solid waste generated in diverse urban communities in Nigeria is haphazardly 

hoarded on the streets or roadsides, in waterways (drainage system), unlawful dumpsites or in open sites which 

contrarily impact the environment (Ukpong et al., 2015).  

The Environmental enforcement laws in Nigeria may not be adequate due to large concentrations of trace metals 

released from E-waste, which causes environmental effect on people and their immediate environment 

(Oladunni, Tejumade and Otolorin, 2013). About 25% of all the electronics produced and sold worldwide is 

being recycled or re-used, while 75% is wasted (Widmer, Heidi, Deepali, and Heinz, 2005). Alaba International 

Market in Lagos, Nigeria, is a dumping site for electronic appliances and hardware that originates from home 

and abroad (Oladunni et al., 2013). Some of these gadgets contain heavy metals components such as mercury 

found in flat-screen monitors and fluorescence tubes, cadmium in rechargeable batteries, and lead in lead 

batteries and cathode beam tubes (Oladunni et al., 2013). Effects of these metals cannot be over emphasised 

because when compost from an E-waste dumpsite is utilized, some heavy metals are being subjected to 

bioaccumulation and may be hazardous to human health when transferred to the food chain. Exposure to heavy 

metals can cause neurological damage, kidney damage, decreased mental capacity, blood, and bone disorders 

(Awokunmi, Asaolu and Ipinmorati, 2010). There is therefore a need to consistently evaluate the amount of 

heavy metals present in the soil of an e-waste dumpsite and its environment so as to enable persistent 

remediation.  

Materials and Methods 

Study Area 

The Alaba International market is an electronics market situated in Ojo, Lagos, Nigeria. It is a gross area of land 

which is the biggest electronic market in Nigeria which deals in sales and repairs of electronic appliances. The 

dominant wastes noticed in the market were e-waste, polythene bags, cartons, cardboards, paper, plastics bottles 

and cans. 

Sample Collection and Analysis 

Soil samples were taken from four points (covering the market) during March and September 2019 which 

corresponds to dry and wet seasons. Point 1 was the dumpsite while other points were 2km farther away from 

point 1 which is the dumpsite. The soil samples were collected by using clean plastic scoop and stored in 

polyethylene bags. The samples were digested by dissolving a known mass in nitric acid and heated till 

decomposition was complete. The digested solutions were stored in plastic bottles and the concentrations of Cd, 

Cr, Cu, Mn, Ni, Pb, and Zn were determined in all samples using Inductively Coupled Plasma Optical Emission 

Spectrometer (ICP-OES).  

Pollution Indices  

The geo-accumulation index (I-geo) and pollution load index (PLI) were utilized to assess the pollution of 

metals in the soil samples from the market.  

Geo-accumulation index (I-geo): Geo-accumulation index was determined by the following equation 

according to Müller (1979) which was described by Rabee, Al-Fatlawy, Najim, and Nameer, (2011).   

       (1) 

Where; 

Cn is the measured concentration of heavy metal in the soil sample.   

Bn is the geochemical background value in average soil (Rabee, et al 2011) of element n.  

The factor 1.5 is used for the possible variations of the background data due to lithological variations (Rabee, et 

al, 2011).  

I-geo was classified into seven grades:       
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I-geo ≤ 0 (grade 0), unpolluted; 

0< I-geo ≤1 (grade 1) slightly polluted;  

1 < Igeo ≤ 2 (grade 2), moderately polluted;  

2< Igeo ≤3 (grade 3), moderately severely polluted;  

3<  I-geo ≤4 (grade 4), severely polluted;  

4< I-geo ≤5 (grade 5), severely extremely polluted; 

I-geo > 5 (grade 6), extremely polluted (Rabee, et al, 2011). 

The Pollution Load Index (PLI) 

This is obtained as Concentration Factors (CF). This CF is the quotient obtained by dividing the concentration 

of each metal. The PLI of each point was calculated by obtaining the n-root from the nCFs that were obtained 

for all the metals. With the PLI obtained from each point. Generally, pollution load index (PLI) as developed by 

Tomlinson, Wilson, Harris, and Jeffney (1980), which is as follows:  

      (2) 

     (3) 

Where; 

CF is the contamination factor,  

n is the number of metals  

C metal is the metal concentration in soil samples  

C Background value is the background value of that metal.  

Cf ≤ 1 designates low pollution; 1 < Cf ≤ 3 is moderate pollution; 3 < Cf ≤ 6 is considerable pollution; and Cf > 

6 is very high pollution.  

PI< 1 Low contamination factor indicating low contamination or not polluted 

1< PI < 3 Moderate contamination factor 

3< PI <6 Considerable contamination factor 

6 < PI Very high contamination factor. (Hakanson, 1980) 

All samples recorded were subjected to Statistical Package for the Social Science (SPSS) to determine the mean 

and standard deviation. 

 

Results and Discussion 

Concentration of metals 

The concentrations of the metals during dry and wet seasons as determined by ICP-OES are presented in tables 

1 and 2. Concentrations of heavy metals in the soil samples varied according to the rate of particle 

sedimentation, the rate of heavy metals deposition, the particle size and the presence or absence of organic 

matter in the sediments (Abdulkareem, 2005).  

Point 1 has the highest amount of metal concentration except for chromium and manganese during the dry 

season which was significantly low. This could be because this is the main point of the dumpsite where 

activities such as burning of the e-wastes and scrambling of materials by scavengers are being carried out and 

since the concentration of metal is due to the sedimentation of metal, this means heavy metal deposit is frequent 

in this part of the study area. The metal concentration was found to be higher during wet season than dry season; 

this can be attributed to the leaching of the cations down the profile by rainfall (Alloway and Ayres, 1997; 

Chinwe, Obinna, Akeem and Alo, 2010). The heavy metal concentrations decreased as the sampling distance is 

farther from the dumpsite except for chromium and manganese which followed a varying pattern and could be 

attributed to other anthropogenic activities around the market.  
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Table 1: Metal concentrations (mg/kg) during dry season. 

Metal Mean±SD 

Point 1 Point 2 Point 3 Point 4 

Cd 0.89±0.01 0.82±0.02 0.24±0.01 0.06±0.03 

Cr 0.05±0.01 1.80±0.06 0.06±0.01 0.08±0.01 

Cu 72.13±0.31 41.75±0.41 23.97±0.09 11.00±0.01 

Mn 0.23±0.04 0.85±0.01 0.21±0.02 0.67±0.01 

Ni 1.12±0.02 1.04±0.01 0.38±0.01 0.06±0.01 

Pb 1.29±0.01 0.43±0.01 0.25±0.03 0.23±0.01 

Zn 7.11±0.05 6.61±0.09 0.92±0.01 0.61±0.01 

 ***** 

Table 2: Metal concentrations (mg/kg) during wet season 

Metal  Mean±SD 

Point 1 Point 2 Point 3 Point 4 

Cd 1.44±0.01 0.76±0.01 0.72±0.05 0.18±0.01 

Cr 0.06±0.01 0.12±0.01 1.00±0.01 0.33±0.01 

Cu 80.39±1.28 38.24±0.02 29.27±0.23 20.86±0.27 

Mn 0.60±0.01 0.27±0.02 0.51±0.01 2.46±0.01 

Ni 5.50±0.46 0.90±0.01 0.85±0.14 0.12±0.02 

Pb 1.26±0.01 1.13±0.00 1.05±0.01 0.04±0.02 

Zn 13.71±0.26 9.73±0.04 6.35±0.03 0.72±0.01 

 ******** 

Copper recorded the highest concentrations followed by Zinc for all points except manganese during the wet 

season. This may be due to the fact that copper is used to produce major component of e-waste, for example 

printing wiring board and central processing unit (Olubanjo, Osibanjo and Nnorom, 2015), which may readily 

react with suspended particulate matters and through sedimentation processes accumulate in bottom deposits 

(Cheng, 2003). This report does not agree with earlier reports by Oladunni, Tejumade and Otolorin (2013); 

Adeyi and Oyeleke, (2017) and this could be as result of the regulation enacted by Lagos State Waste 

Management Agency (LAWMA) which enforces every Lagos State citizen to dispose its waste via collection by 

Private Sector Participant (PSP) trucks, although, this regulation is still being flouted by some of the marketers 

in Alaba International Market which led to the existence of the dumpsite. The concentrations observed in this 

study is lower in comparison with report by Adewunmi, Akingunsola, Femi-Oloye and Oloye, (2017) from 

dumpsites in Akure, Ondo State, Nigeria, this could be due to proactive implementation of waste management 

system in Lagos State howbeit more improvement is still required by LAWMA for compliance of the 

regulations. 

Cadmium can be found in batteries, resistant and light sensitive resistors in electronic waste. Also, fluorescent 

layers of cathode ray tube screens, printer ink, toners, and photocopying machines contain some traces of 

cadmium (Adewunmi et al, 2017) which can be decomposed into the soil and accrue in the soil over a duration. 

Cadmium is grossly harmful and its consumption could lead to detrimental effects like renal disease and cancer 

(Zhao, Liu, Xia, Chu, Wei, Chang, Yin and Jiang, 2014). Although, the concentration of cadmium from this 

dumpsite during dry and wet seasons are minute, because of its harmful effect, its exposure should not be 

encouraged.  

High dosage of chromium can result in liver and kidney damages and can also result to cancer. The chromium 

observed in this study was significantly low at the point of the dumpsite and a bit high farther away from the 

dumpsite. It can be said that the presence of it in the soil could be due to other anthropogenic activities which 

could be municipal solid sludge prompting further studies to be carried out to verify its source. 

Copper is widely used in electrical wiring, various alloys, pigments, piping and in the chemical industries 

(Jumbe & Nandini, 2009). It is an important trace element that is required in enzymes systems accountable for 

various metabolic processes needed to sustain life. Excess copper build up in the body may result in illness like 

migraine, arthritis, constipation and anorexia (Trumbo, Yates, Schlicker and Poos, 2001). The concentration of 

copper in this study decreases as sampling is carried out farther from the dumpsite, this could be attributed to the 

disposal of wires, which are being burnt on the dumpsite.  

Nickel can occur in Ni-Cd batteries and electric guns in cathode ray tubes; it may seep into the underground 

water thereby causing skin damages and asthma (Lenntech, 2009). The nickel concentration in this study 

reduced in other points except at the dumpsite indicating it may be caused by activities on the dumpsite. 
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Exposure to nickel could also lead to bronchitis, lung impairment and cancer which could result on burning of e-

wastes.  

The presence of lead in this study which could be from printed circuit boards, batteries or computer monitors 

were within the limit of FEPA standard but accumulation of lead could result in tiredness, lassitude, slight 

abdominal discomfort, irritation and anaemia (Cecil, Brubakar, Adler, Dietrich and Altaye, 2008). Lead can 

result in cumulative poisoning and also be carcinogenic (Bakare-Odunola, 2005) therefore; lead concentration 

should be reduced to the barest minimum in all soil so as not to pollute the underground water. Previous study 

where concentration of 0.1mg/kg was recorded had resulted in neurological complication in foetuses and 

children (Fatoki, Lujizan and Ogunfowora, 2005), the result in this study therefore require urgent mitigation.  

The concentration of zinc during wet season is higher than during dry season, this could be due to the effect of 

permeability of water thereby allowing deposition of the metal in the soil. In e-wastes, zinc can be found in the 

form of zinc sulphide used in glasses of monitors, although zinc is vital to plant and animals but excessive 

exposure to it could lead to nausea, vomiting, loss of appetite, stomach cramps, diarrhea and headaches, it is also 

corrosive to skin and lungs (Adaramodu, Osuntogun and Ehi-Erimosele, 2012). 

The concentration of heavy metals recorded in the sampling points falls below the threshold limit of World 

Health Organization (WHO) (FAO/WHO, 2011; Mohammed and Folorunsho, 2015), United States 

Environmental Protection Agency (USEPA) (USEPA, 2002; Emurotu and Onianwa 2017) and European Union 

(EU) (Kamunda et al. 2016; Muhammad et al 2018) as depicted in table 3. 

Table 3: Standard limits of heavy metals in soil (mg/kg). 

Metals  FAO/WHO 

(2011) 

USEPA 

(2002) 

EU 

(2002) 

Cd 3 3 3 

Cr 100 100 150 

Cu 100 200/250 140 

Mn - 80 - 

Pb 100 300 300 

Zn 300 300 300 

Source: (FAO/WHO 2011; USEPA, 2002; Emurotu and Onianwa 2017; Kamunda et al. 2016; Muhammad et al 

2018). 

Pollution Indices 

The Pollution indices for this study was carried out using geo-accumulation index and contamination factor 

during both seasons and their results are presented in table 4 and 5. 

 
Table 4: The Geo-accumulation index (Igeo) and Contamination factor of heavy metal in soil samples during 

dry season. 

 

Heavy Metals Parameter Point1 Point 2 Point 3 Point4 

Cadmium Igeo 0.02 0.02 0.01 0.09 

 CF 1.17 1.27 0.34 0.09 

Chromium Igeo 0.52 0.01 0.02 0.20 

 CF 0.15 0.12 0.17 0.20 

Copper Igeo 0.08 0.52 0.30 0.86 

 CF 0.39 2.58 1.49 0.86 

Manganese Igeo 0.04 0.01 0.01 0.17 

 CF 0.12 0.10 0.05 0.17 

Nickel Igeo 0.07 0.07 0.03 0.19 

 CF 0.30 0.14 0.12 0.19 

Lead Igeo 0.10 0.02 0.02 0.12 

 CF 0.15 0.09 0.82 0.12 

Zinc Igeo 0.02 0.02 0.02 0.07 

 CF 0.10 0.08 0.08 0.07 
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Table 5: The Geo-accumulation index (Igeo) and Contamination factor of heavy metal in soil samples during 

wet season 

Heavy Metals Parameter Point 1 Point 2 Point 3 Point 

4 

Cadmium Igeo 0.02 0.04 0.02 0.06 

 CF 1.09 2.06 1.03 0.26 

Chromium Igeo 0.29 0.02 0.03 0.10 

 CF 0.10 0.12 0.33 0.92 

Copper Igeo 0.15 0.58 0.27 0.21 

 CF 0.75 2.87 1.37 1.05 

Manganese Igeo 0.03 0.03 0.01 0.01 

 CF 0.10 0.14 0.07 0.06 

Nickel Igeo 0.06 0.04 0.06 0.08 

 CF 0.10 0.18 0.29 0.39 

Lead Igeo 0.08 0.03 0.09 0.08 

 CF 0.10 0.20 0.45 0.38 

Zinc Igeo 0.02 0.03 0.02 0.02 

 CF 0.09 0.17 0.12 0.08 

 

Indices of Soil Contamination 

The contamination indices for each sampling point during dry and wet season are illustrated in table 4 and 5 
above. The Geo-accumulation index (Igeo) less than 1 indicates a degree of slightly polluted area. Geo-

accumulation indices (Igeo) of heavy metals in this study ranged from 0.01 to 0.86 for both dry and wet season 

which indicated slight pollution. The contamination factor index indicates low to moderate contamination 

tranversing all the sampling point for both dry and wet season. Based on the table above, Cu has the highest 

contamination factor across all the sampling point for both dry and wet season except point 1 during dry season. 

High Cu may be due to high usage of copper in electronic component. The Contamination factor decreases 

along the sampling point; this could be as a result of disposal of wires, which are being burnt on the dumpsite. 

Cd, Cr, Mn, Ni, Pb and Zn are also low to a moderate level for all sampling point. These study disagreed with 

the average contaminator factor reported by Karimi, Naghizadeh, Biglari, Peirovi, Ghasemi, and Zarei, (2020) 

range from 1.12 to 2.31, which indicate the soil to be moderately polluted (1 ≤ CF < 3 class) but agreed to the 

Igeo values of Karimi, et al (2020) for Cr (0.18), Mn (0.09), and Pb (0.62) resulted in an uncontaminated to 

moderate contamination. Doabi et al (2018) reported heavy metals in agricultural soil, the Igeo value showed 

that the pollution levels were in the order of Ni > Cu > Cr > Zn for agricultural soils and the Ni concentration 

was in “moderately to heavily contaminated” class (Doabi, Karami, Afyuni, and Yeganeh, 2018).  

Considering table 6, the pollution index PI value for dry and wet season for all the sampling point ranges from 

1.08 to 1.28 implying the study area is moderately polluted (1< PI < 3). This study agreed with Karimi, et al 

(2020) whose pollution index value was 2.19 which also symbolizes moderate pollution. In the study by 

Keshavarzi and Kumar (2018), the PI value recorded for both top soil and sub soil were unpolluted with 0.166 

and 0.138 respectively, the pollution in the current study area could also be lessened to such extent. 
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Table 5: Illustration of pollution index during dry season 

Sampling 

Point 

Pollution index value 

(Dry Season) 

Pollution index 

value (Wet Season) 

Pollution 

Index 

Category 

Point 1 1.13 1.13 1< PI < 3 Moderate contamination 

factor, indicating  low 

pollution 

Point 2 1.24 1.28 1< PI < 3 Moderate contamination 

factor, indicating  low 

pollution 

Point 3 1.17 1.20 1< PI < 3 Moderate contamination 

factor, indicating  low 

pollution 

Point 4 1.08 1.18 1< PI < 3 Moderate contamination 

factor, indicating  low 

pollution 

 

 

Conclusion 

Soil samples were analysed for cadmium, chromium, copper, manganese, nickel, lead and zinc at strategic 

points around a dumpsite in Alaba International Market during dry and wet seasons. The concentration of the 

metals during wet season was found to be higher than during dry season which could be due to the 

sedimentation of the metals and leaching via rainwater during wet season, the metals were found to decrease in 

the following order Cu>Zn>Pb>Ni>Cd>Mn>Cr during dry seasons while during wet season was 

Cu>Zn>Ni>Cd>Pb>Mn>Cr. The concentration of the metals decreases as the sampling is carried out farther 

from the dumpsite except for chromium and manganese. The geo-accumulation index and contamination factor 

ranges from 0.1-0.86 and 0.1-2.87 respectively with copper having the highest contamination factor which could 

be due to the use of copper in electronic components. The pollution load index ranges from 1.08 to 1.28 

signifying tolerable pollution but this could be further lowered. 

. 
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