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Abstract: This study was conducted to investigate the microbiological, chemical and elemental levels as well
as the radio nuclei concentration of contaminated soils in three major electronic waste dumpsites in Nigeria with
a view to establish the contamination status of these sites as a result of indiscriminate dumping of electronic
waste. The microbial load (Bacteria and fungi) for each soil sample obtained from Alaba, Ogijo, Ikorodu
electronic gadget dumping grounds were determined. The chemical parameters, activity concentrations of
natural radionuclides ( K, Ra and Th) and the elemental concentration of heavy metals in the soil were also40 226 232

determined. The results showed that soil samples from the three dumpsites had higher bacterial (104.67-136.0
x10 CFU/g) and fungal counts (14.67-23.0x10 CFU/g) than the control soil (84.67and 6.33 x10 CFU/g7 7 7

respectively). Eleven bacterial and five fungal isolates were obtained from the dump sites with the highest
frequencies from Bacillus spp (29.8%) and Aspergillus spp (79.9%). Results on the activity concentrations of
natural radionuclides ( K, Ra, Th) of the e-waste soil showed that the values were below the world limits.40 226 232

However, of all the heavy metals assessed in soils from Ogijo and Alaba dumpsites, Cu (4.82mg/kg, 8.46mg/kg),
Pb (4.81mg/kg, 2.06mg/kg) and Zn (8.33mg/kg; 24.95mg/kg) are above the WHO and FEPA permissible limits.
These metals are amongst the metals referred to as common urban pollutants and could hamper the health of
humans if they find their way into the body.
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INTRODUCTION atmospheric sources [3]. Environmental pollution is very

Heavy metals are metallic elements with a relatively and smelters and other metal-based industrial operations.
high densities compared to water. With the assumption Most developing countries (Such as Nigeria) face a big
that heaviness and toxicity are inter-related, heavy metals challenge of very large toxic stream of electronic-waste (E-
also include metalloids (Such as arsenic) could induce waste) annually. These wastes disposed into the
toxicity at low level of exposure [1]. In recent years, there environment are made up of several heavy metals, some
has been an increasing ecological and global public health of which could be very toxic and causes hazardous effects
concern associated with environmental contamination by to human, plants and animal life. 
these metals. Also, human exposure to heavy metals has According to Widmer et al. [4] the composition of e-
risen dramatically as a result of an exponential increase of waste is diverse and may contains more than 1000
their use in several industrial, agricultural, domestic and different substances, which fall under ‘Hazardous’ and
technological applications [2]. Reported sources of heavy ‘Non-hazardous’ categories. Broadly, it consists of
metals in the environment include geogenic, industrial, ferrous and non-ferrous metals, plastics, glass, wood and
agricultural, pharmaceutical, domestic effluents and plywood, printed circuit boards (PCB), concrete and

prominent in point source areas such as mining, foundries
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ceramics, rubber and other items. However, iron and steel MATERIALS AND METHODS
constitute about 50% of e-waste followed by plastics
(21%), nonferrous metals (13%) and other constituents. Study Area: Soil samples were collected  from   3   major
Non-ferrous metals consist of metals like Copper (Cu), e-waste dumpsites in South Western   State   of  Nigeria
Aluminium (Al) and precious metals, e.g. silver (Ag), Gold (Fig. 1); Alaba (6°28’00”N 3°10’59” E)  is   located   in
(Au), Platinum, Palladium etc. The presence of elements Lagos State, Ojo local government area. It hosts the
like lead, mercury, arsenic, cadmium, selenium and popular   Alaba   international  market, the largest
hexavalent chromium and flame retardants beyond electronics   market   in   West   Africa.   Ikorodu
threshold quantities of e-waste classifies them as (6°33’09”N 3°32’08” E) is a major city and highly
hazardous waste [4]. populated   area   located   in  Lagos state. Ogijo

Most of these heavy metals are essential for the (6°40’59”N   3°30’40”E)  is   an  urban area situated in
growth of organisms but are required only in low Ogun State, south-western Nigeria. The control soil
concentrations. Heavy metals occupy a special position sample   was   obtained    at     Ogba  (6°34’08”N
in soil chemistry because they play very important 3°19’59”E),   a   residential area free from e-waste
physiological roles in nature. These trace elements have dumpsite. Most of the wastes found at   these 3
been proven to be dispensable for normal growth and dumpsites  are     imported    second-hand   products
reproduction of all higher plants. However, they exert which include electronics products such as
toxic effects when their concentrations are increased and communications, broadcasting, computers, televisions,
at this stage, they could be referred to, as toxic metals. videos, home appliances, refrigerators, video games,
The present distribution of metals in the soil can serve as generators, satellite etc. The dumpsites are located at the
an indication of time, history and extent of pollutants outskirt of the town where e-waste collectors, refurbishers
discharged in the area [5].  The objective of this study is and recyclers work and indulge in burning and other
to investigate the microbiological, chemical, elemental and crude recycling practices at the dumpsites without care
natural radio nuclei concentration of contaminated soils for their health or environment, in an attempt to recover
of three major electronic waste (e-waste) dumpsites in some useful parts/scrap from e-waste. Make shift
Nigeria with a view to establish their contamination structures are also erected on the sites for
status. accommodation.

Fig. 1: Map of Nigeria showing the sampling sites in Lagos and Ogun State
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Collection and Preparation of Soil Samples: Soil samples colonies were purified and maintained on Potato dextrose
were collected from Lagos State Environmental Protection agar incorporated with 1% Chloramphenicol and also
Agency (LASEPA) e-waste dump, Shagamu, Ogun State, stored at 4°C for further analysis.
Alaba International market waste dump and e-waste dump
site in Ikorodu, Lagos while the control soil was obtained Identification and Characterization of Bacterial and
from Ogba at a depth of 0-15 cm using a sterile soil auger. Fungal Isolates: The bacterial isolates were characterized
The samples were taken to the laboratory in a box based on their morphological and biochemical
containing ice for analysis. The soil samples were air-dried characteristics [10] and examined according to the
and sieved with a 2 mm mesh size to remove stones and Bergey’s Manual of Determinative Bacteriology.
other extraneous materials. Biochemical tests including catalase, citrate utilization,

Chemical Analysis of Soil Samples: The soil properties sugar fermentation tests were carried out on the isolates.
of the samples such as pH, moisture content and total The fungal isolates were identified based on cultural and
nitrogen (N) were determined using methods described by morphological characterization with reference to de Hoog
Oyeyiola [6, 7]. Colorimetric determination for available et al. [11] and Ellis et al. [12].
Phosphorus and organic carbon were done using the
method of Riegel et al. [7] while AOAC method was used Heavy Metals Analysis: The heavy metal content of the
to analysed Calcium, Magnesium, Sodium and Potassium samples was determined as described by Zhang et al. [13]
concentrations [8]. air-dried soil samples were passed through a 2 mm nylon

Isolation of Microorganisms: (Fe), nickel (Ni), lead (Pb), zinc (Zn), copper (Cu), silver
Total Heterotrophic Bacterial Count: Total Heterotrophic (Ag) and chromium (Cr) were measured by inductively
Bacterial Count (THBC) of the soil samples were coupled plasma atomic emission spectroscopy (ICP-AES,
determined using the method suggested by Akintokun IRIS Intrepid II, Thermo Electron corporation, USA). 
and Taiwo [9]. One millitre each of serially diluted samples
(10 ) were inoculated on sterile Plate Count Agar (Lab M, Radionuclide Analysis of Soil Samples: All the labeled-8

UK) using the pour plate method and incubated soil samples were safely conveyed to the Radiation
invertedly at 37 ºC for 24 h. Colonies were counted and Laboratory of Physics Department, Federal University of
reported after 24 hours as colony forming units (CFU/g). Agriculture. At the laboratory, the samples were dried to

Total Fungal Count: Total Fungal Count (TFC) were mm mesh sieve. One hundred and fifty grams (150 g) of
determined by inoculating 1 mL each of serially diluted each sample was subsequently measured using an
(10 ) samples on sterile Potato Dextrose Agar (Lab M, electronic weighing balance and packed in plastic-4

UK) incorporated with 1 % (v/v) Chloramphenicol using containers of diameter  6.6  cm  to  sit  with  good
pour plate method and then incubated at 28 ºC for 72 h. geometry on NaI (Tl) detector used for the measurements.
The 1% chloramphenicol was added to Potato Dextrose The plastics were sealed with a tape and kept for 30 days
Agar to inhibit bacteria growth. Colonies were counted in order to attain secular equilibrium between radium and
and reported as the colony forming units per gram. its gaseous decay progenies [14]. The activity

After the incubation time, the colony forming units soil samples was calculated using the following equation
(CFU) for each plate was estimated using the formula: [15]

Purification of Bacterial and Fungal Isolates: Distinct where,
colonies on different media were isolated and purified on ‘Ca’ is the net gamma counting rate (counts per second)
nutrient agar by repeated sub-culturing and pure cultures for a peak at energy
of the isolates were maintained on nutrient agar slants and ‘£’, Is the detected efficiency of a specific gamma-ray,
stored at 4°C for all bacterial isolates while the fungal ‘I ’ Is the intensity of the gamma-line in radionuclides,

capsule staining, Voges-Proskaeur,  Methyl  red  and

sieve and digested by 1:2:2 (V:V:V) HNO :HCl:HClO . Iron3 4

attain constant weight, pulverized and sieved using a 2

concentration of a certain radionuclide, C (Bqkg ), in the1

eff
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‘M ’ Is the mass of the soil sample under consideration and particle size distribution were among severals

measured in kilograms. components of the soil that affect the availability,

Statistical Analysis: Data obtained were analyzed using value. Soils with acidic pH levels tend to have an
Statistical Package for Social Sciences (SPSS) version 17.0 increased   micronutrients   solubility   and   mobility as
for Windows (SPSS, Chicago IL,-U.S.A). The mean, well as increased heavy metal concentration, thus
standard deviation (SD), median and ranges were rendering the particular soil unsuitable for waste land
calculated for continuous variables whereas proportions filling [18].
and frequency tables were used to summarize categorical The exchangeable bases Na , K , Ca  and Mg in
variables. Means were separated and compared with the soil samples were much higher in Alaba sample
standard error using Duncan Multiple Range Test compared to the other locations and the control. This high
(DMRT) at P  0.05 (Abiala, 2015). value in Alaba e-waste soil is similar to one reported by

RESULTS AND DISCUSSION due to the accumulation of charred biomass. Reports had

Chemical Characteristics: The pH of the soil samples of exchangeable anions, but reduced cations, while high
ranged between 6.40 to 7.12. There was no significant pH (Basic) favours the abundance of exchangeable
difference between the pH of Alaba and Ikorodu but there cations but reduced anions in the soils. 
was significant difference between Ogijo and the control
soil samples. The highest pH value was recorded in the Enumeration of Bacterial and Fungal Isolates: In the
control (7.12) and the lowest was recorded in Alaba soil present study, the abundance of bacteria and fungi varied
sample (6.40). These values are in the same range with the significantly across the sites. There were significant
values reported by Tukura et al. [16] but quite lower than differences between the counts in all samples analysed.
the values reported by Akpoveta et al. [17]. However,  the The highest bacterial count of 15.8 log CFU/g was
pH values of the three e-waste sites were lower than the obtained from Alaba while the least count of 13.5
control indicating slightly acidic to neural. The Acidic log CFU/g was obtained from the control site (Ogba). For
nature of the soil could be attributed to the effect of bush the total fungal count, the highest count was recorded in
burning on the dumpsites. This was similar to the reports Ikorodu (5.45 log CFU/g) and lowest count (3.21
of Ogbonna et al. [18] who reported the acidic log CFU/g) was obtained from the control site (Table 2).
characteristics of top soils sourced from several municipal The results of this study revealed higher counts of
waste dump sites in Port Harcourt, Southern Nigeria. pH microorganisms in the dumpsites soil when compared with
is an important soil property naming great effects on the control. This counts were similar to the one reported
solute concentration and absorption in soil. It influences by Wade and Dave [21] but much greater than that
a number of factors affecting microbial activity like reported by Adebisi et al. [22]. However, the high
solubility and ionization of inorganic and organic soil bacterial counts in all the three e-waste dumpsite gotten
solution constituents and these will in turn affect soil in this research indicated that the soil were generally rich
enzyme activity [18]. in organic matter which allows the growth of

There were significant differences in the values of microorganisms.
the moisture content, organic carbon, total nitrogen and
the available phosphorus in all the soil samples in relation Occurrence of Bacterial and Fungal Isolates in the
to the control soil. The control soil had the least value for Locations Studied: Bacillus sp (29.8%) had the highest
moisture content, organic carbon and total nitrogen while frequency of occurrence followed by Pseudomonas sp
the soil sample from Alaba had the highest value in the (15.7%). The lowest frequency of 1.9% was observed in
three soil properties. However, Alaba soil sample had the both Klebsiella sp and Xanthomonas sp. In terms of
highest available Phosphorus of 42.69 mg/kg while that of fungal isolates, Aspergillus niger showed the highest
Ogijo was least (8.4 mg/kg). Increased moisture content in percentage occurrence of 40.0%. This was followed by
dumpsites could enhance the utilization and degradability Aspergillus flavus (26.6%), Aspergillus Funmigatus
rate of the organic matter by microbes in e-waste (13.3%) and Rhizopus stolonifer (13.3%) while Penicillum
dumpsites. According to Bhattacharya et al. [19], pH, notatum showed the lowest (6.6%) percentage occurrence
total organic carbon, total nitrogen, phosphorus content (Table 3).

retention and mobility of  metals  with  increasing pH

+ + 2+ 2+

Abebe and Endalkachew [20]. This high value could be

also shown that low pH (Acidic) favours the abundance

10

10

10

10
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Table 1: Physicochemical characteristics of the soil samples
Parameters OGIJO ALABA IKORODU CONTROL
pH 6.84±0.11 6.40±0.15 6.75±0.11 7.12±0.15c a a d

Moisture (%) 11.27±0.08 14.34±0.14 10.8±0.05 10.2±0.15c d b a

Organic carbon (%) 3.18±0.30 38.6±0.56 1.79±0.22 2.9±0.43e d b a

Total N (g/kg) 0.32±0. 14 0.95±0.17 0.61±0.00 0.04±0.05a c b a

Available P(mg/kg) 8.4±0.02 42.69±1.47 9.4±0.2 11.53±0.25a c a b

Ca (mg/kg) 124.12±0.57 1046.3±1.72 103.44±0.47 153.27±0.33b d a c

Mg (mg/kg) 17.9±0.51 151.7±0.53 22.11±1.91 24.3±1.36a c b b

Na(mg/kg) 102.0±0.22 821.3±1.79 100.0±1.0 142.56±0.9a c a b

K (mg/kg) 9.51±0.5 349.0±0.39 11.58±0.14 16.170±0.97a d b c

Values are mean±standard error of mean. Values followed by different letters within a row indicates significant differences according to the Duncan Multiple
Range Test (DMRT), where p 0.05.

Table 2: Total heterotrophic bacterial and fungal counts at different locations
Location Total Heterotrophic bacterial count (10 CFU/g) Total Fungal count (10  CFU/g)7 4

Ikorodu 104.67±(4.055) 23.00±(2.309)b c

Alaba 183.33±(4.807) 18.33±(1.453)d b, c

Ogijo 136.00±(4.041) 14.67±(2.333)c b

Ogba (Control) 84.67±(1.76) 6.33±(0.882)a a

Values are mean±standard error of mean. Values followed by different letters within a column indicates significant differences according to the Duncan Multiple
Range Test (DMRT), where p 0.05.

Table 3: Frequency of occurrence of microorganisms isolated from soil
contaminated with e-waste

Isolates % Occurrence
Bacillus sp 29.8
Pseudomonas sp 15.7
Micrococcus sp 14.0
Corynebacterium sp 10.5
Serattia sp 8.7
Alcaligenes sp 3.5
Staphylococcus sp 3.5
Flavobacterium sp 3.5
Enterobacter sp 3.5
Aspergillus niger 40.0
Aspergillus flavus 26.6
Aspergillus funmigatus 13.3
Rhizopus stolonifer 13.3
Penicillum notatum 6.6 examined (Table 4). The heavy metals analyses of the soil
Klebsiella oxytoca 1.9
Xanthomonas campestris 1.9

The isolation of Bacillus sp, Pseudomonas sp,
Klebsiella sp, Staphylococcus sp, Aspergillus sp and
Enterobacter sp, from the soil samples was similar to a
report by Sanusi [23] which reported similar
microorganisms in soils collected from Alaba e-waste
dump sites. However, all the microbial isolates identified
from the soil samples, have been reported to be
associated with waste biodegration [15, 21, 24].
Aspergillus, Fusarium, Mucor, Penicillium, Rhizopus and
a variety of yeasts have been previously reported to be
associated with waste biodegradation [22]. The high
frequency of Bacillus sp and Pseudomonas sp in this

study might be as a result of their physiological and
metabolic versatility and bioaccumulation activities of Cu
and Pb. The isolation of human pathogen bacteria genera
Staphylococcus from the soil samples suggests human
activities, possibly the discharge of fecal matters and
urine.

Heavy Metal Analysis of Soil Samples: There were
significant differences in the heavy metals concentrations
among the samples. Alaba soil sample recorded the
highest amount of Copper (Cu) and Zinc (Zn) while Ogijo
soil sample recorded the highest amounts of Nickel (Ni),
Cobalt (Co), Cromium (Cr) and Lead (Pb). However, Silver
(Ag) was below the detection limit in all the soil samples

samples revealed that soil from e-waste dumpsites had
higher quantity of heavy metals in mg/kg than soil
without e-waste (control). This result is in agreement with
findings by Ogbonna et al. [18] who observed similar
levels of Zn, Pb and Cu in soils from e-waste dumpsites
located in Portharcourt, Nigeria. However, the
concentrations of these trace metals in the analyzed soils
could be as a result of several factors which include; the
acidic pH and sandy nature of the soils which can result
in the increased mobilization, precipitation and infiltration
of these heavy metals in the affected soils. Of all the
heavy metals assessed at the four sites, Cu, Pb and Zn
had high values and slightly above both  the World
Health Organisation and the Nigerian Federal
Environmental    Protection      Agency   permissible  limits
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Table 4: Heavy metal analysis of the soil sample

Parameters (mg/kg) OGIJO ALABA IKORODU CONTROL

Cu 4.82±0.02 8.46±0.31 3.63±0.11 2.32±0.02c d b a

Ni 0.75±0.02 0.29±0.11 0.27±0.01 0.14±0.00c b b a

Ag BDL BDL BDL BDL
Co 1.41±0.14 0.59±0.18 0.77±0.00 0.61±0.00c a b a

Zn 8.33±1.91 24.95±0.08 2.56±0.02 1.41±0.00c d b a

Cr 4.91±0.01 0.01±0.00 0.05±0.00 1.72±0.13c a a b

Pb 4.81±0.017 2.06±0.17 1.72±0.13 2.26±0.06c a b a

Values are mean±standard error of mean. Values followed by different letters within a row indicates significant differences according to the Duncan Multiple
Range Test (DMRT), where p 0.05. KEY: BDL – Below Detection Limit

Table 5: Activity concentrations of natural radionuclide ( K, Th, Ra) in soil samples40 232 226

Sample K (Bq/kg) Th (Bq/kg) Ra (Bq/kg)40 232 226

ALABA 132.03±21.5 12.73±1.03 3.52±0.85b ab b

OGIJO 153.6±29.6 18.58±0.66 5.04±0.95c c c

IKORODU 126.4±30.6 16.34±9.83 3.29±1.05a b ab

CONTROL 196.3±35.1 11.98±1.15 2.98±1.05d a a

Values are mean±standard error of mean. Values followed by different letters within a column indicates significant differences according to the Duncan Multiple
Range Test (DMRT), where p 0.05.

[25, 26]. This gives a probable insight to the extent of Pb 2.98±1.05) was in Ogba (Table 5). The result on the
and Cu usage in the manufacturing of electronic activity concentrations of natural radionuclides ( K,
equipment and wires which were disposed on these sites. Ra, Th) of the e-waste soil in this study showed that

High quantity of these heavy metals in the soil could the values were below the world range reported by the
adversely affect microbiota in such soil if their maximum international radioactivity levels of UNSCEAR [29]. This
limit is exceeded. It can also lead to heavy metal agrees with the work of Bello et al. [14] and Jibiri et al.
bioaccumulation in plants growing on this soil and this [30] who also reported similar results in their work when
can also affect higher animals such as humans who feed they analyzed the activity concentrations of natural
on those plants. However, Alaba and Ogijo dumpsites radionuclides at different e-waste dumpsites in Nigeria.
had the higher amount of certain these heavy metals than However, Radiation emissions from e-waste dumpsites
Ikorodu dumpsite as well as the control site. These metals have been reported as one of the causes of natural
could hamper the health of humans if they find their way radionuclides [14]. Nevertheless, the e-waste dumpsite
into the body. Lead has been found to be the major cause analyzed, according to this study does not pose any
of hypertension, impairment of central nervous system immediate radiological risk to the people working or living
and other respiratory problems in adult [27]. Zn and Pb are on the dumpsites and its environs.
amongst the metal referred to as common urban pollutants
[28]. Therefore, it is highly recommended that the CONCLUSION
indiscriminate dumping of electronic waste into the
environment should be discouraged and this e-waste can Indiscriminate dumping of e-waste into the
be transferred to the factories for recycling. environment poses serious health risk. High quantity of

Activity Concentrations of Natural Radionuclides in Soil revealed in this study could adversely affect microbiota,
Samples: There were statistical differences in the activity plants, human and could also penetrate into water bodies.
concentrations of natural radionuclides ( K, Th, Ra) Radiation emissions from e-waste dumpsites are also as a40 232 226

in all the soil samples. Soil sample from Ogba (Control) result of natural radionuclides. Therefore, the
had the highest concentration (196.3±35.1) for K indiscriminate disposal of e-wastes should be40

followed by Ogijo with 153.6±29.6 and the lowest mean discouraged and proper recycling should be encouraged.
value (126.4±30.6) was obtained in Ikorodu. The highest However, bioaccumulation method for removal of the
mean values obtained for Th and Ra was in Ogijo heavy metals discharged in the dumpsite should be232 226

with 18.58±0.66 and 5.04±0.95 while the lowest (11.98±1.15, implemented.

40

226 232

heavy metals discharged by the waste into the soil as
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