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ABSTRACT

Aims: To investigate the impact of burning e-waste on soil physical, chemical and microbiological
properties at sub-surface.

Study Design: Soil samples from six different spots were collected at a depth of 0—6 cm from e-
waste dumpsite where e-waste are burnt to disposed them. The samples were then mixed together
to give a general view of the impact of burning the e-waste on the dumpsite soil. The soil sample
was then subjected to physicochemical and microbiological analyses. This was repeated for soil
without e-waste.

Place and Duration of Study: Soil samples were collected from e-waste dumpsite Alaba
International Market, Lagos State, Nigeria.

Methodology: The organic carbon and organic matter were determined using gravimetric
techniques, nitrogen was determined using kjeldhal methods, exchangeable bases were determined
using flame emission spectrometry and EDTA classical methods titration, heavy metals
determination in soil samples were estimated using atomic absorption spectrometer (ASS) and the
microbiological analyses were carried out using standard methods.

Results: Burning of e-waste increased the moisture content, organic matter, organic carbon,
organic nitrogen, exchangeable bases (with the exception of calcium and sodium) and all the heavy
metals assessed as compared to soil without e-waste. The concentration of the heavy metals in e-
waste soil is Pb>Zn>Mn>Ni>Co>Cr>Cd while the concentration in soil without e-waste is
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Zn>Pb>Mn>Cr>Ni>Co>Cd. However, decreased were observed in the pH and organic phosphorus
of the e-waste soil. Furthermore, eight microorganisms were isolated from soil of e-waste dumpsite
where e-waste is burnt while five microorganisms were isolated from soil without e-waste. The
bacterial population ranged from 1.68x10'=1.92x10" cfu/ml while the fungi population ranged from

1.0x10°=2.0x10° sfu/ml.

The genera of microorganisms

isolated were; Bacillus, Proteus,

Enterobacter, Staphylococcus, Candida, Zoopage, Articulospora and Varicosporium.

Conclusion: The formation of substances such as ash and charred matter due to burning might
improve soil properties. On the other hand the burning leads to increase in the soil's heavy metals,
which might become toxic to organisms in the soil if their permissible level is surpassed. This
causes environmental pollution and therefore it is useful to study the impact of e-waste burning on
soil properties. Moreover, it is important to consider a recycling strategy in order to protect the soil
and its living organisms from harsh process of burning e-waste.

Keywords: Burning; e-waste; impact; soil; microorganism; physicochemical.

1. INTRODUCTION

Electronic waste is any household or office
appliance consuming electricity and reaching the
end of its life cycle [1]. Electronic waste (e-waste)
includes a wide and developing range of
electronic appliances ranging from large
household appliances, such as refrigerators, air-
conditioners, cell phones, stereo systems and
consumable electronic items to computers
discarded by their users [2]. E-waste contains
valuable metals (copper, platinum group) as well
as potential environmental contaminants,
especially lead, mercury, nickel, selenium,
cadmium, polybrominated diphenyl ethers
(PBDEs) and polychlorinated biphenyls (PCBs).
Most e-waste is disposed in landfills. Effective
reprocessing technology, which recovers the
valuable materials with minimal environmental
impact, is expensive. Consequently, although
illegal under the Basel Convention, rich countries
export an unknown quantity of e-waste to poor
countries, where recycling techniques include
burning and dissolution in strong acids with few
measures to protect human health and the
environment [1]. Such reprocessing initially
results in extreme localized contamination
followed by migration of the contaminants into
receiving waters and food chains [3].

Methane, carbon oxides (CO and CO,), nitrogen
oxides (NO and NO,), volatile organic carbon
and aerosols emitted as a result of the deliberate
or accidental burning which constitute a large
component of the greenhouse gas emissions of
many African countries. In sub-Saharan Africa,
biomass burning is the primary source of carbon
IV oxide emissions in this region [4]. Loss of
plant nutrients, up to 80% of nitrogen, 25% of
phosphorous, 21% of potassium [5] and 4-60%
of sulphur [6] had been reported due to burning.

Burning had been also identified as a contributor
to soil structural degradation [7]. While some
studies have suggested that burning activities
might increase availability of plant nutrients [8].

Soil quality and resilience have a profound
impact on productivity and environmental quality.
Soil quality refers to the soil capacity to produce
economic goods and services and to regulate the
environment. Its capacity sustain plant and
animal productivity, maintain or enhance water
quality and promote plant and animal health. Sail
quality is thus an ideal indicator of sustainable
land management [9]. Soil resilience is the ability
of the soil to restore its life support processes
and environmental regulatory function after major
anthropogenic disturbance, that is, its ability to
absorb agriculture practices are among the
largest source of stress and disturbance of the
environment [10].

Soil biological processes contribute to sail
fertility enhancement by increasing the amount
and efficiency of nutrient acquisition and
recycling, the regulation of the retention and flow
of water and nutrients and the maintenance of
good soil physical structure. Soil biological
processes influence ecosystem functioning
through nutrient cycling, organic matter
transformation, microbial decomposition and
nutrient retention [10]. Through their feeding and
nesting activities, soil organism generates and
maintains soil chemical, physical and biological
characteristic within the ecosystem. Bacteria can
directly or indirectly modify soil properties
through their feeding activities, burrowing and
casting [11]. Burning may release nutrient to
fertilize the soil. Ash from burning also increases
the pH of the soil, a process that makes certain
nutrients, (especially  phosphorous) more
available in the short term. Burning also drives

435




off temporarily, soil microorganism, pests and
established plants long enough for crops to be
planted in the ashes [10]. Therefore the present
study is undertaken, to investigate the impact of
e-waste burning on soil properties as compared
to adjacent soil. And results are geared towards
raising public awareness on the danger of
burning e-waste to dispose them and its impact
on soil microbes.

2. MATERIALS AND METHODS
2.1 Collection of Soil Samples

Soil samples were collected from e-waste
dumpsite Alaba International Market, Lagos
State, Nigeria. Samples were obtained using soil
auger at depths of 6cm. The samples were
collected in sterile containers and taken for
physiochemical and microbiological analysis [12],
[13].

2.1.1 Cultural characteristics of fungi

Visible observation and microscope at low power
magnification (x40), the parameters such as
colony colour, characteristics of the submerged
hyphae rhizoid, spiral or regular and
characteristic shape of mature fruiting bodies
were observed.

2.1.2 Microscopic examination of fungi

This involved transferring a small piece of
mycelium free of medium using a sterile
inoculating loop unto a clean glass slide
containing a drop of cotton blue-in-lactophenol
and the mycelium was spread properly. The
preparation was covered with a clean grease free
cover slip and observed under medium power
(x100). The observations made were used in
identifying the fungi [14].

2.2 Biochemical and Morphological
Identification of Bacteria Isolates

Individual  colonies were identified by
morphological and biochemical techniques using
methods described by [15].

2.3 Total Plate Count

Plates in ftriplicates from e-waste soil and soail
without e-waste were observed for their microbial
loads.
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2.4 Enumeration of Fungi and Bacteria
Counts

Spore/colony counting was carried out by
counting the number of visible spores/colonies
that appeared on the plates. Calculation of
spore/colony forming unit (sfu/cfu) per ml for
fungi and bacteria were based on the volume of
the sample used.

2.5 Physiochemical Parameters

The physiochemical parameters measured were;
pH [16], Organic carbon determination and
Organic matter, total phosphate determination,
exchangeable bases and nitrogen determination
[17] and heavy metals determination in soil
samples were estimated using atomic absorption
spectrometer [18].

3. RESULTS
Table 1 shows the physiochemical
characteristics of the soil samples with

differences in all the determined parameters,
while Tables 3 and 4 show the microbiological
profile of the soil samples with similarities in
some bacterial and fungal isolates present.

4. DISCUSSION

The differences in colour of the soil samples
(Table 1) could be due to variation in the quantity
of organic matter and elemental composition of
the soil samples [21].

The pH value of soil sample from e-waste
dumpsite could be linked with accumulation of
basic metabolites as well a high mineral content
of the soil [22]. The high content of organic
matter and organic carbon in soil samples from
e-waste dumpsite compared with that from the
control (soil without e-waste) could be attributed
to burning e-waste which probably as many
organic components [23].

The lower phosphorous value of sample A could
be due to the effect of e-waste burning on this
limiting element of the soil. Some amounts of
phosphorous might have been lost to the
atmosphere by volatilization during burning of the
e-waste [24].

All the heavy metals analyzed for in the soil
samples falls below the standard permissible
limit (Table 2), continuous burning of e-waste on
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this dumpsite can bring the value beyond the
permissible limit. Since the values of heavy
metals from e-waste dumpsite soil was higher
than soil without e-waste. This would have come
from the release of heavy metals from e-waste
components during burning. The heavy metal
values which were below the permissible level
could have resulted from the fact that the rate of
heavy metals release through the burning of e-
waste is not the same rate at which it is been
leached or it formed compounds.

The heavy metals analyses of the soil samples
also revealed that soil from e-waste dumpsite
where e-waste is burnt had higher quantity of
heavy metals in part per million than soil without
e-waste (Table 1). This could have resulted from
e-waste burning on open land which lead to
increase in the released of heavy metals to the
soil. Of the heavy metal assessed, lead had the
highest quantity (64.90 mg/kg). This gave a
probable insight to the extent of lead usage in the
manufacturing of electrical electronic equipments
or gadgets. This was in line with the reports of
other researchers that lead is the fifth most
widely used metal after iron, aluminium, copper
and zinc. It is commonly used in the electrical
and electronics industry in solder, lead-acid
batteries, electronic components, cable
sheathing, in the glass of cathode ray tubes.
Lead and the other heavy metals in this research
are known to be environmental contaminates and
are toxic to living cells [25]. High quantity of
these heavy metals in the soil could affect the
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micro and macro organisms in such soil if their
maximum limit is exceeded. Herna'ndez et al.
[26] documented that application of biosolid
containing heavy metals to soil has reserve
effects in quality and quantity of microbial
biomass while Frostegard et al. [27] documented
the effect of heavy metals in biosolid on microbial
community structures. It can also lead to
bioaccumulation in plants growing on this soil
and this can invariably affect higher animals such
as human feeding on those plants. Non control
burning of e-waste at the dumpsite (the site (Fig.
1) can be seen as an open place without facility
for control burning) increases heavy metals
mobility contained in circuits covered with plastic
grid while not being bioavailable following wash-
out. They are released to the atmosphere during
burning. This could leads to dissolution or settling
of airborne contaminants, which could also result
in the contamination of aquatic systems [1].

The exchangeable bases Na*, K*, Ca®* and Mg**
in the soil samples (Table 1) were high compared
with those from tar sand and crude oil
contaminated soil. This could be due to the
accumulation of charred biomass [28]. Reports
had also shown that low pH (acidic) favours the
abundance of exchangeable anions, but reduced
cations, while high pH (basic) favours the
abundance of exchangeable cations, but
reduced anions in soils [29]. Hence, the latter
reason could also be responsible for the results
of cations in this study.

Table 1. Soil physiochemical parameters

SIN Parameter A B

1. Colour Black Brown
2. Texture Sandy-loamy Sandy
3. pH 7.90 8.70
4. Moisture content (%) 3.86 2.24

5. Organic matter (%) 17.60 5.00
6. Organic carbon (%) 10.17 2.89

7. Organic nitrogen (%) 0.35 0.21

8. Organic phosphorus (mg/kg) 146.65 160.00
9. Lead (mg/kg) 64.90 3.06
10. Cadmium (mg/kg) 0.32 0.02
11. Zinc (mg/kg) 35.50 3.34
12. Cobalt (mg/kg) 0.83 0.05
13. Chromium (mg/kg) 0.54 0.26
14. Manganese (mg/kg) 18.60 2.99
15. Nickel (mg/kg) 2.82 0.08
16. Sodium (mg/kg) 24.40 31.40
17. Potassium (mg/kg) 33.30 32.90
18. Calcium (mg/kg) 182.00 245.00
19. Magnesium (mg/kg) 34.00 29.70

Key: A- soil from e-waste burning site, B- soil without e-waste
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1a). Newly dumped e-waste at the dumpsite

1c). E-waste recycling process at the
dumpsite 1

Burning e-waste on soil might kill some of the soil
microorganisms. The products of the burning
might become new substrates that
encourage/discourage the colonization of the
substrate and the area by new organisms. This
might have been responsible for the disparity in
the microbial population of soil samples in this
study (Table 3). A total of four (4) fungi and (4)
bacteria were isolated from the e-waste soil
sample while two (2) fungi and three (3) bacteria
were isolated from soil without e-waste sample
(Table 4). The low number and variety must have
been influence by the burning. Different effects of
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1d). Recycled e-waste parts at the dumpsite

burning on soil microorganisms had been
studied. Kara and Bolat [30] found no significant
differences in microbial biomass carbon between
the burned and unburned soils. In other studies,
however, it was reported that soil microbial
biomass carbon was reduced after burning [31].
Similarly, Choromanska and DelLuca [32]
observed that repeated burning can diminish
microbial biomass carbon relative to soils that
have been only burnt once. Theodorou and
Bowen [33] found, after 4 weeks of a bushfire of
moderate intensity, an increase in microbial
numbers in the burned soil in comparison with
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the control. Bauhus et al. [34] found that fire
could promote autotrophic bacteria over
chemotropic bacteria because of the sail
enrichment in mineral salts. The different
responses in the microbial biomass carbon
variations between the studies were likely
caused by several interlaced factors, including
fire frequency and severity, soil surface
conditions (wetland or forest), soil organic carbon
change and prevailing weather conditions [35].
These authors also found a higher bacteria/fungi
ratio in burned soil caused by the rise in pH after
fire. In soil rich in organic matter, fire can
increase the pH by lowering the organic acid
contents and producing hydroxides and
carbonates added to the soil with ashes [36]. The
liming effect of ashes in increasing soil pH seems
to be of less importance until the rainfall leaches
ash mineral constituents into the soil profile. It is
well known that the organic carbon content is
dramatically reduced and its quality is strongly
modified by fire [37].

The use of fire as manangement practice is
therefore questionable. Theodorou and Bowen
[33] pointed out that one of the more serious fire
threats is the burning of the unincorporated
organic layer, with subsequent exposition of the
soil to erosion and leaching of nutrients for
several years. Although microorganisms account
for 1 to 5% of soil organic matter [38], they act
both as a sink of mineral nutrients and a catalyst
during the decomposition of organic material.
These microbial features are greatly influenced
by environmental stresses, fire included.

Articulospora  inflata, = Zoopage  nitospora,
Varicosporium elodeae, Candida sp, Proteus
vulgaris, Bacillus cereus and Bacillus subtilis had
been isolated from many environments (such as
crude oil polluted environment, gastrointestinal
tract, agricultural soil) their presence also in
these samples could have been as a result of
their ability to adapt to different environmental
conditions and use wide range of food
substances as nutrient and energy source [39-
42]. It was observed from this study that, the
dominant bacteria were gram positive, catalase
positive, coagualase negative, rod bacteria.
Bacillus spp. has also been known to be related
to carbon mineralization and known as one of the
commonly found rod bacteria in the soil [43]. This
might be responsible for their presence in these
soil samples. The isolation of human pathogenic
bacteria genera Proteus and Staphylococcus
from the soil samples suggests recent human
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activities (possibly discharge of fecal matters and
urine).

Table 2. Heavy metal maximum
recommended limits in soil

Heavy metals Maximum limits in soil

(ppm)
Lead (Pb) 250 - 500
Cadmium (Cd) 3-6
Zinc (Zn) 300 - 600
Nickel (Ni) Not available
Chromium (Cr) Not fixed
Manganese (Mn) 200 — 9000

Sources: [19,20]

Table 3. Average microbial population

Sample A B
Bacteria loads 1.68x10’ 1.92x10"
(cfu/ml)

Fungi counts 2.00x10° 1.00x10°
(sfu/ml)

Key: A- soil from e-waste burning site, B- soil without
e-waste, cfu/ml — colony forming unit/millilitre, sfu/mi—
spore forming unit/milliliter

Table 4. Microbial isolates from burnt e-waste
soil and the soil without e-waste

Isolates A B
Bacterial isolates
Bacillus subtilis
Bacillus cereus
Proteus vulgaris
Enterobacter sp
Staphylococcus aureus
Fungal isolates
Candida sp
Zoopage nitospora -
Articulospora inflata +
Varicosporium elodeae + -

Key: + = present, - = absent, A- soil from e-waste

burning site, B- soil without e-waste

Lo+ o+ 4+
+ 4+ '+

+
1

+

+ + +

5. CONCLUSION

Burning e-waste on soil might kill some of the soil
microorganisms. The products of the burning
might become new substrates that encourage
the colonization of the substrate and area by new
organisms. Though burning of biomass improved
some soil properties, this practice causes
significant environmental pollution and might kill
beneficial soil microorganisms. Therefore it is
useful to consider strategy to manage soil health
and reduce impact of e-waste burning on the
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environment. Moreover more research is
required to evaluate the effect of fire on other soil
properties. Use of fire in the management of e-
waste should be based on a sound knowledge of
its potential impact on soil physicochemical and
biological properties. Both short and long term
studies of the soil microorganism’s species
composition of communities and their response
to fire, are required. Since electrical electronic
equipments and gadgets (source of e-waste) are
also necessary and their production should not
be stopped, therefore there should be laid down
guidelines for the proper disposal of e-waste, if
they are not recycled.
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