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Abstract

In Nigeria and other part of the world, heavy metal pollutions are becoming increasingly common. Heavy metals are natural
elements of the environment. This research was designed to remediate a heavy metal polluted environment of Angwa Kawo
(AK) in Rafi Local Government Area, Niger State, Nigeria with M. officinalis L. Microbial loads of the soil was monitored
and the bacterial counts ranges from 1.0+1.0 to 4.0+0.57 x10° cfu/g while the fungal counts has 0.33+0.33 to 2.0+0.57 x10*
cfu/g. Physicochemical properties (Organic carbon, pH, Total nitrogen, Phosphorous, Organic matter, moisture, trace
elements, Electrical conductivity, Exchangeable acidity and cationic exchange) of the soil were done using standard
methods. The plant (M. officinalis L) mopped up heavy metals (Cd, As, Pb) and their concentration varied from 0.007 to
0.33 mg/kg, As (0.09 to 4.39 mg/ kg) and Pb (0.07 to 10.35 mg/kg) respectively. The concentration of Cd in the residual
soil varied from 0.026 to 0.58 mg/kg, As from 0.32 to 5.48 mg/kg, Pb from 5.88 to 12.37 mg/kg. Soil remediation was
further confirmed using scanning electron microscopy (SEM) analyses, which revealed structural and morphological
changes of the soil. Melissa offinalis L proved to have the potential to remediate heavy metal polluted soil as revealed in
this study.
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biodiversity resources, the accumulation of pollutants in
different media have been recorded around mining sites
[4]. Therefore, mining sites portend great toxicological
challenges for the surrounding ecosystems and on human
health [5].

1. Introduction

Pollution is one of the most important problems around
the world today in which thousands to millions of world
inhabitants suffer health problems related to industry,

mining and atmospheric pollutants [1]. Amongst many Heavy metal toxicity and the danger of their

anthropogenic activities, mining has been identified with
the potential of impacting negatively on the quality of the
environment [2; 3]. Mining causes the destruction of
natural ecosystems by altering soil, vegetative covers and
covering of organisms beneath excavation sites. Aside the
physical habitat destruction with accompanying loss of
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bioaccumulation in the food chain represent one of the
major environmental and health problems associated with
mining. The unwanted release of environmental
contaminants predisposed by mining activities had reached
an alarming proportion that deserves attention [4].
Anthropogenic activities such as artisanal mining in
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developing countries like Nigeria, have exposed the
environment to serious hazards by the generation and
uncontrolled discharge of enormous amounts of toxic
aqueous wastes containing toxic heavy metals, as well as
various organic pollutants, which impact adversely on
human health and the ecosystem [6]. Some communities in
Niger State such as Shikira community in Rafi Local
Government Area (RLGA), where there are large gold
deposits and through a series of mining activities have their
environment heavily polluted with lead (Pb) and other
metals [7]. This lead poison caused the death of 28 children
in the year 2015 as reported by the Federal Ministry of
Health FMH, Nigeria (FMH, 2015). Therefore, this study is
aimed to remediate the heavy metal polluted soil using

Melissa officinalis L.

2. Materials and Methods
2.1. Study Site

The study site was Angwan Kawo is situated on the eastern
flanks of Kagara town, the headquarters of Rafi Local
Government Area (RLGA) of Niger State, Nigeria (Figure 1).
Niger State is located between longitude 3° 30" E and 7° 30’
E and latitude 8° 10’ N and 10° 30" N. The site was selected
based on the incidence of lead poisoning that was reported in
May, 2015 due to artisanal mining activities [8; 7]

5963860 5.18:1150 & 4013400 E.BE?EZD 6.844840
'l 1
[*r] iy
= -
= o
= =]
o o
a 3
4 =
e - &
= b
= =
Assafpfssaya Ushama
hsgaya & ko
- | Zambugge b Sarkin Moma -
oo gdin Charuma & :?ﬂ? =
4 Gi Mak: o
- foraka 1020 :‘”93? "3
{ yara .
-~ idan Gamahiman A =
2 Legend 2
%- ginahTungan Babban Rafi Major roads ..é
& SufawaRubuy & b=
= A A Madaka B Vater body -
Biito W Shikira Settlements
Pongu Agwarélhiaglm 4  Other Settlement
& Study area
Ei Rwver Gora El Agwan Kawo E
E- g Hurkunu Kl Agwan Magiro 'j-;—:
@ oa Madaka ai
Shikira
[ rafiLGa
5.963960 §.184180 6.404400 6.624620 6.844840

Figure 1. A. Map of Nigeria showing Niger State; B. The study area (Madaka district, Shikira community) Rafi LGA, Niger State, Nigeria.

2.2. Collection and Processing of Samples

Plants and Heavy metal polluted soil for this experiment
were collected from the mining sites of Angwan Kawo, Rafi
Local Government Area, Niger State, Nigeria, from a depth
of 0-15 cm with clean stainless steel shovel and transported

in polythene bags to Federal University of Technology,
Minna, for analysis.

2.3. Physicochemical Properties

The physicochemical properties of the soil were determined
using standard methods as described by different authors.



International Journal of Environmental Planning and Management Vol. 7, No. 3, 2021, pp. 102-107 104

Soil pH was determined using the method of Eckerts and
Sims [9], organic carbon and the exchangeable cations were
determined by the method of Walkley and Black [10] and
Agbenin [11]. The method of Black [12] and Agbenin [11]
were used to determine the total nitrogen while the soil
particle size was done using the methods of Bouyoucos [13],
available phosphorus was determined by the method of
Nordberg et al. [14]

2.4. Microbial Analysis of Contaminated Soil
Samples

One gram (1 g) of soil sample was aseptically introduced into
9 mL of distilled water in a test tube, shaken and serially
diluted. One milliliters (1 mL) of the serially diluted sample
was introduced into Petri dishes and Nutrient agar (NA) and
Sabouraud dextrose agar (SDA) was added using the pour
plate method [15], mixed thoroughly for the enumeration of
bacteria and fungi respectively. The NA was allowed to
solidify and was incubated at 37°C for 24 hours while the
SDA was incubated at room temperature (28+2°C) for 3-5
days after which the colonies were counted and expressed as
colony forming units per gram (cfu/g) of soil.

2.5. Experimental Design and Setup

The study was a pot experiment. Polluted soils were collected
and transported from Angwa Kawo of RLGA and the
experimental layout was conducted at the biological garden
of Federal University of Technology, Minna. The setup was a
complete randomized design and the treatments was
replicated three times. The experimental pots were filled with
5 kg polluted soils. Seedlings of M. officinalis L planted to
each pot containing the polluted soil for the
phytoremediation. The set-up was done and monitored. The
physicochemical properties and the microbial counts of the
soil were done.

2.6. Determination of Heavy Metal in the
Harvested Plants

After harvesting, plant shoots and roots were separated from
soil, carefully washed with tap water, and followed by
distilled water until all dirt’s were removed. All samples were
air-dried at the Microbiology Laboratory, Federal University
of Technology, Minna, for seven days. The samples were
oven-dried at 600°C until constant weights were obtained.
The dried plant parts were ground to powder using a
horizontal grinder [16]. The dried samples were digested
with a mixture (3:1) of concentrated nitric acid and
hydrofluoric acid in microwave assisted Kjeldahl digestion.
Six milliliters (6 mL) of nitric acid and 2 mL of hydrofluoric
acid were added into each microwave extraction vessels with
0.8 g of plant sample. The vessels were capped and heated in
a microwave unit at 800 W to a temperature of 190°C for 20

min with a pressure of 25 bars. The digested samples were
diluted to 50 mL and subjected to analysis of the metals by
atomic  absorption  spectrophotometer using flame
atomization. Results were expressed on dry weight basis of
each component [16].

3. Results and Discussion

3.1. Physicochemical Characteristics of the
Polluted Soil and Remediated Soil

The physicochemical characteristics of polluted soils from
Angwa Kawo were presented in Table 1 These were
compared with physicochemical properties of the same soils
after seven months of remediation. The pH the polluted soil
ranged from 4.98 to 7.08.

Table 1. Physicochemical properties of polluted soil of Shikira community.

Parameters AKBR AKAR
pH 4.98 7.08
Nitrogen (%) 0.01 0.70
Phosphorus 26.11 35.21
Organic Matter (%) 0.73 4.84
Organic Carbon (%) 0.27 6.40
Moisture (%) 6.02 11.37
Sand (%) 44.24 43.20
Silt (%) 30.28 30.81
Clay (%) 25.48 22.10
Na" (Cmol/kg) 0.34 0.56
K* (Cmol/kg) 0.28 0.31
Mg?" (Cmol/kg) 2.91 2.87
Ca* (Cmol/kg) 6.64 6.78
Electrical Conductivity (u/cm) 55 282
Exchangeable Acidity (Cmol/kg) 0.27 2.03
Cation Exchange Capacity (Cmol/kg) 9.40 9.76

KEY: AKBR: Angwa Kawo soil before remediation, AKAR: Angwa Kawo
soil after remediation, Mg/kg: milligram per kilogram cmol/kg: centimoles
of charge per kilogram

Though these values were generally within the range for soil
pH established by FEPA [17]. The pH of the soil after the
remediation (7.08) for AKAR and (6.33) for AMAR were
higher than the pH of both soils before remediation probably,
due to the impacts of the remediation processes with the
organic manure, the plant and plant growth promoting
bacteria (PGPB) playing a greater role to influence the soil
pH. Soil pH plays major role in the sorption of metals; it
controls the solubility and hydrolysis of metal hydroxides,
carbonates and phosphates and also influences ion-pair
formation and solubility of organic matter, as well as surface
charge of Fe, Mn, and Al-oxides, organic matter, and clay
edges [18]. These indicate that metal uptake is influenced by
soil factors including pH, organic matter, and cation
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exchange capacity as well as plant species, cultivation, and
age. The mobility and availability of heavy metals in soil are
generally low, especially when soil is high in pH, clay, and
organic matter [19].

3.2. Microbial Counts of the Polluted Soil
During the Study

Examinations of microbial loads of the soil were done
(Figure 2). It was observed that fungal counts had the lowest
value ranging from 0.00:£0.00 to 2.33+0.33 (x10* cfu/g).

Microorganisms counts were scanty in this heavy metal polluted
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soil and may be due to heavy metal toxicity, such is, breaking
fatal enzymatic functions, react as redox catalysts in the
production of reactive oxygen species (ROS), destructing ion
regulation, and directly affecting the formation of DNA as well
as protein of the organisms [20]. The physiological and
biochemical properties of microorganisms can be altered by the
presence of heavy metals. Cr and Cd are capable of inducing
oxidative damage and denaturation of microorganisms as well as
weakening the bioremediation capacity of microbes. Cr (III)
may change the structure and activity of enzymes by reacting
with their carboxyl and thiol groups [21].
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Figure 2. Bacterial (x10° cfu/g) and Fungal (x10? cfu/g) Counts of the Soil in the First Month (April) of the Study.

Key: A=Soil (5kg) + M. officinalis L, B= Soil (5kg) + M. officinalis L + PGPB, C= Soil (5kg) +M. officinalis L + CDV+ PGPB, D= Soil (5kg) + M. officinalis
L + GMV+ PGPB, E= Soil (5kg) + M. officinalis L + CDV, F= Soil (5kg) + M. officinalis L + GMV, G= Soil (5kg) + S. acuta, H= Soil (5kg) + S. acuta +
PGPB, I= Soil (5kg) + S. acuta + CDV+ PGPB, J= Soil (5kg) + S. acuta + GMV+ PGPB, K= Soil (5kg) + S. acuta + CDV, L= Soil (5kg) + S. acuta + GMV,
M= Soil (5kg) + M. officinalis L, N= Soil (5kg) + M. officinalis L + PGPB, O= Soil (5kg) + M. officinalis L + CDV+ PGPB, P= Soil (5kg) + M. officinalis L +
GMV+ PGPB, Q= Soil (5kg) + M. officinalis L + CDV, R= Soil (5kg) + M. officinalis L + GMV, S= Soil (5kg) + S. acuta, T= Soil (5kg) + S. acuta + PGPB,
U= Soil (5kg) + S. acuta + CDV+ PGPB, V= Soil (5kg) + S. acuta + GMV+ PGPB, W= Soil (5kg) + S. acuta + CDV, X= Soil (5kg) + S. acuta + GMV
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Figure 3. Cd, As, Pb (mg/kg) in Root, Seed, Stem and Leaf of M. officinalis L Grown on Angwan Kawo Soil.

A=Soil (5kg) + M. officinalis L, B= Soil (5kg) + M. officinalis L + PGPB, C= Soil (5kg) + M. officinalis L + CDV+ PGPB, D= Soil (5kg) + M. officinalis L +
GMV+ PGPB, E= Soil (5kg) + M. officinalis L + CDV, F= Soil (5kg) + M. officinalis L+ GMV
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3.3. Heavy Metals in M. officinalis L Planted
on Angwan Kawo (AK) Soil

The expression of the mopped up heavy metals by M.
officinalis L used for the remediation of AK polluted soil is
represented in Figure 3.

The plant (M. officinalis L) parts mopped up heavy metals
(Cd, As, Pb) from the soil in its root, stem, leaf and seed.
For the whole plant parts, concentration of Cd, As and Pb
varied from 0.007 - 0.33 mg/kg, 0.09 - 4.39 mg/ kg and
0.07 - 10.35 mg/kg respectively. The concentration of Cd in
the residual soil ranged from 0.026 - 0.58 mg/kg, 0.32 -

5.48 mg/kg for As and 5.88 - 12.37 mg/kg for Pb (Figure 3).

However, the concentration of Cd was highest (0.33 mg/kg)
in the stem part of the plant and the lowest (0.007) was
recorded at the seed part, 4.39 mg/kg was recorded as the
highest As concentration at the stem part of the plant while
the seed part recorded the lowest of 0.09 mg/kg. Pb
concentration at the plant part was highest (10.35 mg/kg)
also at the stem part and had its lowest concentration of
0.07 mg/kg at the seed part. Based on different
concentrations of heavy metals in the polluted soil before
remediation, Pb had the highest metal concentration (12.37
mg/kg) while Cd (0.026 mg/kg) was the lowest (Figure 3).
Generally, the recovered bioavailable metal contents of the
soil in this location (AK) were low compared to the total
metals and this could be linked to the pH of the soil and the
mineralogy of the soil [22]. Reports has indicated that
fluctuating pH of soil reduces metal mobility [23]. Halim e?
al. [24] stated that bioavailability of metals could be
increased when these metals form soluble complexes with
organic matter content of the soil.

3.4. SEM Micrographs of Polluted and
Remediated Soil

The severity of remediation was further validated by the
structural morphological changes observed using SEM
(Figures 4 and 5). After seven month of remediation process,
All the polluted soil before the remediation by M. officinalis
L. (Figure 4) exhibited a smooth large compact structural
surface which is an indication of metal pollution whereas the
remediated soil (Figure 5) exhibited small rough structural
surfaces validating the remediation of the soil by the two
plants. The SEM micrographs of the soil from Angwan Kawo
shows more clarity of remediation and showed fine breakage
of the soil structure. Various pores/pits and irregularities
formed as a result of remediation activity (Figure 5). These
surface changes observed in the SEM micrographs indicated
changes the soil structure of the remediated soil with the
plant.

Figure 4. SEM Micrographs of the Polluted Soil of Angwan Kawo Before
Remediation with M. officinalis L.

Figure 5. SEM Morphological Appearance of the Remediated Soil of
Angwan Kawo with M. officinalis L After Remediation.

4. Conclusion

Phytoremediation is a promising green technology that can
be used to remediate heavy metal contaminated soils. In
developing countries like Nigeria, this technology can
provide low-cost solution to remediate contaminated area,
especially abandoned industrial sites (mines and landfills).
This study has revealed that the native plant M. officinalis L.
around the polluted mining site of Angwan Kawo settlement
have  great potential for  phytoextraction  and
phytostabilization of all metals under study. The results of
this study can be used for management and decontamination
of Angwan Kawo soil polluted with heavy metals using plant
species M. officinalis L.
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