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Abstract: 

The proliferation of electronic waste is a global problem. It is hypothesized that heavy metals from buried decomposing mobile 

phones will percolate through different layers (i.e. top. middle and bottom) of mangrove and farm soils. Sixteen mobile phones 

were collected and buried in two containers (volume 14, 142.86 cm3) bearing mangrove and farm soils and left for I year to 

decompose. A total of 60 soil samples were analyzed for Arsenic, Cadmium, Copper, Lead, Nickel and Zinc. There was a 

significant difference in the concentration of metals (F5, 66 = 36.64, P < 0.0001). Zinc, Copper, and Nickel had the highest 

concentration while Cadmium had the least concentration in both soils. Mangrove soil had a higher heavy metal concentration 

than farm soil even though there was no significant difference (P > 0.05). Similarly, there is no significant difference in heavy 

metal concentration between soil layers and seasons (i.e. dry and wet ) (P > 0.05). During the dry season heavy metal was higher 

in the top and middle layers while during the wet season heavy metals was higher in the middle and bottom layers of the soil. 

The result implies that heavy metal concentration between soil layers was influenced by seasonal fluctuations. Improper disposal 

of electronic waste in the environment should be discouraged to prevent the contamination of surface and ground water. 
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1 Introduction 

Electrical and electronic equipment [1] wastes are made up of 

refrigerators, air-conditioners, cell phones, stereo systems and 

computers that are discarded [2].They are any household appliances 

that are no longer useful and eventually end up in landfill. 

Electronic and electric wastes cause hazardous effects on the 

environment. This situation is more serious in many African 

countries, which over the years had become the destination of 

manufactured electronic goods from other parts of the world [3, 4]. 

E-waste recycling in Africa has not gained much attention as 

experienced in America, Asia and Europe. E-waste recycling 

involves much labor and environmental legislation [5]. Thus global 

production of e-waste is put at 20-50 Militonn/year (Mt/yr), which 

makes 1-3% of global urban waste production. It is predicted that 

PCs, cell phones and televisions will contribute > 14.0 Mt/yr in 

2020. Thus, there has been steady rise in the amount of e-waste in 

Africa. In Nigeria with rapidly growing population of close to 200 

million people [6], the use of different electronic products had 

increased. Most especially, the use of mobile phones had increased 

since the late 1990’s. Almost every member of a household above 

ten years has a mobile phone. Some of the phones are sophisticated 

and expensive while others are simple and less expensive. The life 

span of these phones is short, i.e. between 2-3 years making them 

to be easily disposed as compared to other kind of e-waste [7]. 

Technological advancement and improved income has made many 

to exchange their old phones for new ones. In addition, the influx 

of sub-standard phones had resulted to the increase in mobile 

phone waste at dump sites [8]. Lack of proper management and 

recycling of e-wastes [9, 10, 11] can lead to their disposal in 

aquatic environment resulting to public health crisis [12]. Electronic 

waste is inimical to health because it contains toxic elements such 

as lead, cadmium, mercury, polychlorinated biphenyls and 

brominated flame retardant [13, 14, 15, 16]. In some rural areas e-waste 

is disposed in open dump or land fill situated on farm land or 

virgin forest where they are incinerated. Incineration of phones 

lead to the melting of the internal components (diode, mother 

board, IC), which contain heavy metals leading to toxic emissions 
[17]. Liquefaction of the internal parts of mobile phones makes it 

possible for heavy metals to enter and contaminate ground water 
[18]. The farm soil is also contaminated with heavy metals from 

burnt or decomposing phones [19]. High concentration of heavy 

metals in the soil lead to high mobility and movement into plants 

parts via the roots [20]. Contaminated plants when consumed affect 

human and animal health [21, 22, 23] leading to organ failure and other 

life-threatening diseases and deficiencies. 

There is limited data on electronic waste in the Niger Delta. In this 

study, two kinds of soils were used namely farm soil and mangrove 

soil. Farm soil was used because of the significance of soil-crop-

food pathway of heavy metals [24]. Similarly, mangrove soil was 

used because mangrove forest is gradually becoming a dumping 
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ground for municipal solid waste in the Niger Delta. Since 

mangrove forest is a biodiversity hotspot, it is important to monitor 

the transmission of pollutant up the food chain to prevent its health 

effect on humans [25, 26]. 

Six heavy metals (i.e. Cd, Pb, Zn, Cu, As and Ni) that are products 

of e-waste were investigated because of their health effect if 

consumed through food and water. For instance, Arsenic is very 

poisonous and has carcinogenic and teratogenic effects [27]. 

Cadmium is poisonous and lethal to aquatic organism. Lead is 

poisonous and cause instant death to aquatic organisms. It is both 

carcinogenic and teratogenic. 

The change of technology from analog to digital had increased the 

demand for electronics all over the world [28]. The composition 

and percentage of different electronic products is shown in Table 1. 

It indicates the dominance of mobile phone waste in dump sites. 

Phones are everywhere because of their utility. They range from 

the expensive android phones to less expensive Nokia phones. The 

simple phones sometimes are more durable than the expensive 

ones because of their durability against damage as compared to the 

android phones that are very fragile and prone to damages from 

fall. 

The objectives of the study were; (1) to determine the percolation 

of heavy metal from e-waste into different soil layers (2) to 

determine the soil type with higher heavy metal concentration (3) 

to determine the effect of seasons on metal percolation in different 

soil layers.   

2.0. Materials and methods 

2.1. Soil and phone collection 

2.1.1. Soil Sample collection 

Soil samples were collected from both farm and mangrove forest 

with a shovel in Port Harcourt and Okrika respectively. The soils 

were placed in two sack bags and transported to the laboratory. At 

the laboratory the soils were loaded into two buckets with the 

following dimensions: height 36 cm and diameter 30 cm. The soil 

samples were put in the bucket with area of dimension 14, 

142.86cm3. 

Two sets of soil samples were collected from the containers, one 

during the wet season after seven months of phone burial in April 

(i.e. September, 2017-April, 2018) while the other samples were 

collected during the dry season at the beginning of October, over 

one year after burial. In all five soil samples weighing 10 g each 

were collected from the top, middle and bottom layers of the 

mangrove and farm soils (n = 60). The soil samples were sent to 

the laboratory for physico-chemical analysis of the following 

heavy metals: Arsenic (As), Lead (Pb), Cadmium (Cd), Zinc (Zn), 

Copper (Cu) and Nickel (Ni). 

2.1.2. Electronic waste collection 

Discarded e-wastes were picked up at different disposal sites in the 

city of Port Harcourt, study area (Table 1). The following 

parameters were measured: individual weight, number in dump 

sites, percentage composition. The Life span was estimated based 

on information from literatures (Betts, 2008a; Cobbling, 2008; Li 

et al. 2009). The values were then used to calculate the annual e-

waste production using the formula in Eq. 1.  

Annual e-waste production is calculated as E = MN/L 

 ……………………….  (1) 

Where E (kg/year) = E-waste production, M (kg) = Mass of 

electronic, its quantity (No) in the market & consumption = N and 

its average life cycle = L (year) 

Categories of e-waste found in several waste dump sites include: 

large and small household appliances, IT and telecommunications 

equipment, consumer and lighting equipment, electrical and 

electronic tools, toys, leisure and sports equipment, medical 

devices, monitoring and control instruments and automatic 

dispensers. 

Table 1. Types of e-waste in study location: common waste electrical and electronic (WEE) products and their approximate percent (%) 

composition in a typical waste dump site in Nigeria 

Item Weight 

(M) (kg) 

Life span 

(L) 

No. in dump site 

(N) 

% waste 

composition 

Annual e-waste 

production 

Computera 25 5 2 7.69 10 

Mobile phoneb 0.1 3 10 38.46 0.3 

Photocopier 60 3 0 0 0 

Radiob 2 10 3 11.54 0.6 

Televisionc 30 15 5 19.23  10 

Video recorder & DVD playerb 5 1 1 3.85 5 

Air conditioning unit 55 3 1 3.85 18.3 

Electric heaterb 5 1 2 7.69 10 

Freezerb 35 10 0 0 0 

Hair dryerb 1 2 1 3.85 0.5 

ironb 1 10 1 3.85 0.1 

Source: Adjusted from a(Betts, 2008a), b(Cobbing, 2008) & b(Li et al. 2009) 

Sixteen different brands of mobile phones were collected and their 

data recorded (Table 2, Fig. 1). They were then divided into two 

groups of eight (8) and then buried in soils placed in buckets and 

left for one year i.e. from October 2017 to November, 2018.

Table 2. Recovered phones from waste dump sites: type, model, weigh, color and country of manufacture of discarded mobile phones 

collected from different waste dump sites around Port Harcourt, Nigeria 

Phone type Model Weight (g) Color Country of manufacture 

Blackberry, CE 0168 REM 71 UW 136.4 White Hungary 

Nokia S 5 112.3 White & Red China 
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G-Tide E 1  145.2 Black China 

Nokia 5330 107.3 Black China 

Samsung GT 83653 153.8 Black & Orange China 

Samsung-Galaxy 7986 164.7 Grey North Korea & China 

Blackberry 9700 116.4 Black China 

Blackberry 9800 125.4 Black China 

Samsung TK 10 121.2 Green China 

Samsung TK 10 121.5 Green China 

Nokia-225 RM 1011 100.8 Black Vietnam 

Nokia  3310 191.9 Black China 

 

 
Fig. 1 Mobile phones recovered from dump sites in some areas in the Niger Delta, Nigeria 

2.2. Experimental design 

The experimental design is structured block design (Fig. 2).  Two 

containers were used for the experiment (dimension~36 m × 30 m). 

Ten soil samples were collected equally from each of the three 

layers i.e. top, middle and bottom and from both farm and 

mangrove soils making a total of 60 samples i.e. 3 (10) + 3(10) = 

30 + 30. 

 
2.3. Statistical analysis 

A fixed effect model was performed where heavy metal was 

treated as a fixed factor and each sample block as random factor 

[29]. A single factor ANOVA was conducted for heavy metal 

concentration at different soil layers (i.e. top, middle and bottom) 

at ten sampling stations in two sets of soil containers [30]. These 

data were used to test the null hypothesis that there were no 

significant differences in heavy metal concentration between soil 

layers and between seasons. Data was log transformed to ensure 

that they were normal and homogeneous. For seasonal differences, 

a two factor fixed (Model 1) ANOVA was conducted to determine 

the effect of season and soil layers on heavy metal concentration in 
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both farm and mangrove soils. All analysis was performed in R 

statistics [31]. 

3.0. Results 

3.1. Electronic waste composition in dump sites 

Percentage electronic waste in waste dump sites in the stud area 

indicate that mobile phone waste had the highest composition 

(38.46%) followed by television (19.23%) and radio (11.54%) 

(Table 1).  

3.2. Effect of soil types on metal percolation 

There was a significant difference in the concentration of the six 

heavy metals analyzed (F5, 66 = 36.64, P < 0.0001).  Copper, 

Nickel and Zinc had the highest overall concentration (Figure 3). 

The concentration of most of the metals analyzed was above the 

standard by the Federal Ministry of Environment (FMENV) (Table 

3).

Table 3. Comparison of heavy metal concentration: in farm and mangrove soil with Federal Ministry of Environment (FMENV) 

maximum concentration for ground water protection 

Heavy metals constituents FMENV limit (mg/l) Farm soil Mangrove soil 

Conc. (mg/l) Conc. (mg/l) 

Arsenic 0.05 2.31 ± 1.41 0.80 ± 0.47 

Cadmium 0.01 0.04 ± 0.03 0.09 ± 0.04 

Lead 0.05 3.38 ± 0.74 4.36 ± 0.88 

Zinc 0.05 23.62 ± 2.85 21.32 ± 6.75 

Copper 0.05 16.77 ± 11.48 21.86 ± 18.20 

Nickel 0.05 3.55 ± 1.06 23.18 ± 14.47 

Similarly, heavy metal concentration in both soils does not vary significantly (F1, 70 = 0.09, P > 0.05, Fig. 3). But, concentration of heavy metal 

is relatively higher in mangrove than in farm soil. 

 

Fig. 3 Box plots of normality and bar graph of heavy metal concentration in soils 

3.3. Effect of soil layer on metal percolation 

The concentration of heavy metals in the different soil layers did 

not vary significantly (F1, 70 = 1.76, P > 0.05), but the 

concentration of heavy metals was significantly higher in the top 

soils than in the middle and the bottom soils (Fig. 4). The mobile 

phones were buried in the top soil that is why there was higher 

(a

(b

(c



Assessment of heavy metal percolation from electronic waste (mobile phones) through different soil layers 

in the Niger Delta, Nigeria 

www.ijsei.in 

 

Int J Sci Eng Inv | August 2019                                                                                                                                                      133 

heavy metal concentration at the top soil. The concentration 

indicates that there is a trickledown effect from the top to the 

bottom soil layer. 

 

Fig. 4 Concentration of six heavy metals in three different soil layers 

3.4. Control soil versus soil with buried mobile phone 

Before the burial of the mobile phones soil samples were sent to 

the laboratory for analysis and served as control to test for the 

presence of heavy metals. The result showed a baseline 

concentration, which in comparison to the soil after the burial of 

the phones indicates slight increase in heavy metal concentration 

(Figure 5). The highest increase was recorded at the top soil where 

the phones were buried 

 

Fig. 5 Graph of heavy metal concentration before (control) and after the burial of the phones.  

3.5. Effect of seasons on metal percolation 

(

(
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There was no significant difference in heavy metal concentration 

between wet and dry seasons (F1, 70 = 2.91, P > 0.05). However, 

the interaction effect of season and soil layer indicate seasonal 

influence on the percolation of heavy metals from top to bottom 

soil layers (Figure 6). For both soil types during the dry season 

heavy metal was slightly higher between the top and middle layer, 

but during the wet season heavy metal was higher from the middle 

to the bottom layer, which indicates percolation of pollutants with 

movement of water down the soil profile (Figure 6). 

 
Fig. 6 Box plots and line graph of seasonal differences in heavy metal percolation through different soil layers 

4.0. DISCUSSION 

The uncontrolled disposal of mobile phones in open waste dump or 

land fill can have long term effect on the environment.  This is 

because toxic heavy metals, which are by-products of degradation 

of the phones when buried in the soil can be harmful when they 

percolate into ground water. In the same vein, high concentration 

of heavy metals beyond acceptable limits can put the health of 

humans and other living organisms who consume it at risk [5]. This 

study showed that almost all the heavy metals analyzed were above 

the acceptable limits of between 0.01─0.05 mg/l (Table 4). For 

instance Lead is 70─80 times more than the acceptable limits in 

farm and mangrove soils respectively Similarly, Arsenic is 16─ 46 

times more than the required limit in mangrove and farm soils 

respectively. These metals have teratogenic effect when consumed 

via food by man [22]. Farm soils are used for crop production 

therefore the presence of discarded phones due to unregulated 

disposal can create an access route for food poisoning by toxic 
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materials. Even though humans don’t directly absorb heavy metal 

from the soil, they can absorb it through transfer from the food 

chain, and can get increased in concentration through 

bioaccumulation.    

Mangrove forest is regarded as the food basket of the sea [32], 

therefore any contamination of the mangrove soil will be 

devastating to all organisms that are linked to it. From this study 

mangrove soil has a slightly higher concentration of  all the heavy 

metals analyzed (Table 2), this indicates that they are at a greater 

risk of e-waste disposal as compared to farm soil. Mangrove soil 

has higher plasticity, which increases its’ metal retention capacity. 

Farm soils are loose and loamy because of the presence of compost 

manure formed from farm by-products. This would have resulted 

to the rapid metal degradation leading to low concentration of the 

metal in the soil. 

 Dumping of mobile phones in farm soil is bad, but dumping them 

in a mangrove forest is worse. The mangrove forest have a lot of 

ecosystem services such as serving as spawning ground for fishes, 

shelled and non-shelled organisms like crabs.  Mangroves swamps 

are also used as rice paddies and for the production of other 

agricultural products. Mangrove forest purifies water and act as 

water channel to neighboring ground water aquifer, which supply 

nearby communities. Pollution of the water source will thus have 

great consequences on the health of humans who feed on the by-

products from the forests. 

 A major finding of this study is the seasonal difference in heavy 

metal percolation within different soil layers. There was no 

evidence of an interaction between soil layers and season (P > 

0.05), which shows that the effect of soil layers was consistent 

across both seasons. Cumulative heavy metal concentration was 

greater in wet season than dry season and declined linearly from 

top to middle layer, but as the wet season set in from middle to 

bottom layer there was an increase in heavy metal concentration. 

This means rainfall does not only improve the percolation of heavy 

metals, but also increase the concentration down the soil profile. 

This is because liquefaction of the soil via rain fall causes 

increased accumulation and mobility of metals [33]. This is the 

aspect cause great public health concern because most people 

depend on ground water as their major source of drinking water. 

The concentration of heavy metals at bottom layer is higher in 

mangrove soil than farm soil.  This further shows how vulnerable 

the mangrove ecosystem is. Mobile phones have caused a 

breakthrough in communication globally, but they should not be 

disposed in such a manner as to pose public health problem 

especially in Africa that has gradually become the dumping ground 

for phones. They should be managed sustainably to prevent 

contamination [34, 35].  This can be done through strategic 

collection, recycling and effective disposal program to prevent 

public health disaster. There is a seasonal influence of heavy metal 

increase in sub-surface soil therefore there should be constant 

monitoring of ground water in farm and mangrove soils at both 

seasons to forestall increase above acceptable limits. 
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