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ABSTRACT: This research was carried out to evaluate the impact of dumpsite and farming methods (anthropogenic
Activities) on wetland soil qualities. Soil samples were collected from three strategic locations in Irri and Uzere communities
at Delta State of Nigeria, and a reference station (control) about 5 km away from the study site. The sampling was done
at the end of the rainy season (September, 2020), when the flood water had started rescinding, at two soil depths (5 to 10
cm and 45 to 50 cm). The concentration of iron, nickel, copper and cadmium concentration of the soil samples were
determined with the Atomic Absorption Spectrophotometer (AAS), according to procedures approved by ASTM
International. Results obtained from the chemical analysis revealed irregular concentration and distribution of the heavy
metals within the studied area. Regardless of the sampling depth, the highest heavy metal concentrations were observed
around the active dumpsite. Ranking order of the heavy metals’ concentrations in all the sampling locations was Fe > Cu
> Ni > Cd. It was observed from the results that the profile concentrations of the heavy metals increased with an increase
in the soil depth. Using the contamination factor to assess the heavy metals contamination of the wetland, the results
showed that the area ranged from moderate to considerable level of contamination, while pollution load index reveled that
wetland soils were moderately polluted with the heavy metals. In terms of the soil pollution, the overall results revealed
that area closed to the wastes dumpsite (site 1) was heavy polluted with the heavy metals.

Keywords: Anthropogenic, distribution pattern, heavy metals, pollution index, wetland.

INTRODUCTION

Wetland is marshland or peatland that is formed from the
decomposition biological materials through anaerobic
processes. According to Mitsch and Gosselink (2007),
total world wetlands covered about 1.3 million hectares,
which is about 10% of the earth’s terrestrial surface.
Wetlands are associated with three major landform types:
inland depression, alluvial plains, and coastal plains.
Wetlands are one of the most important ecosystems in the
world, as they provide diverse range of essential services
to human beings (Okusami and Rust, 1992; RCS, 2007;
Keddy, 2010); and have the capability of maintaining the
global ecological balances, through providing the enabling
thriving environment for wild animals (Laga et al., 2014).

Wetlands have dual-purpose, which are: a major source of
essential nutrients for crops, and natural reservoir for
pollutants (e.g. heavy metals). Accumulations of heavy
metals in wetlands have serious deadly effects on plants
growing on the wetlands, and the human beings that
consume those plants that were grown on the
contaminated wetlands (Egwu et al., 2018). The Niger
Delta region of Nigeria has very fragile wetlands due to
years of environmental pollution caused by petroleum
exploration and other anthropogenic activities. Wetland
sediments contamination has become a widespread
environmental problem. Wali et al. (2018) reported that
petroleum explorations and exploitation, poor environ-


https://integrityresjournals.org/journal/GJEES
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

mental laws implementation, poor knowledge of the
wetland values, indiscriminate industrial effluents
discharge into environment, etc. are some of the major
factors that are contributing to the degradation of wetlands
in Nigeria (Ohimain et al., 2002; Akpomrere and Uguru,
2020a).

Heavy metals can occur naturally in wetland soil
environment through the pedogenetic processes of rock
weathering of parent materials, or through anthropogenic
sources like agricultural practice, poor waste
management, etc (Pierzynski et al., 2000). According to
Shiowatana et al. (2001), heavy metals are initially
adsorbed at a faster rate inside the soil or sediments, but
slow down after some times and may continue this slow
reaction rate for years; hence, the heavy metals are
restructured into different chemical natures with varying
degree of bioavailability, mobility, and toxicity. Heavy
metals (cadmium “Cd”, lead “Pb”, zinc “Zn”, nickel “Ni”,
copper “Cu”, iron “Fe”, etc.) are needed by plants and
human beings in minute quantities, for their proper growth
and development. But they become toxic to the both plants
and human beings, when they accumulate in body above
the permissible limits (Masindi and Muedi, 2018;
Akpokodje et al., 2019). The negative impact of toxic heavy
metals on human beings cannot be over-emphasized, as
they can cause irreparable damage to vital organs of the
human body (Chibuike and Obiora, 2014). Studies had
shown that high nickel concentration in the soil can hinders
chickpea germination rate, while high cobalt concentration
in the soil hinders seeds radicle and plumule growth rates
(Khan and Khan, 2010; Cruz et al., 2013; Jayakumar and
Vijayarengan, 2006).

The buildup of toxic heavy metals in wetlands
sediments, and their successive absorption by plants and
animals or seepage into the water bodies, is a serious
threat to the environmental safety. The extent at which
soils or water bodies accumulate heavy metals is
dependent on the initial concentration and volume of the
contaminants, biological properties of the sediments, and
the physicochemical properties of the sediments (Dousova
et al., 2012; Akpomrere and Uguru, 2020b). Additionally,
Iwegbue et al. (2007) reported that the toxicity and mobility
of heavy metals in soils and sediments are highly
influenced by the forms and chemical bounds of the heavy
metals in the sediment matrices. Niger Delta wetlands of
Nigeria are major farming hub in the country, due to their
high fertility. Therefore, it is necessary to have adequate
information on the quality of the wetland soils. Although,
some researchers (Nwankwoala, 2012; Egwu et al., 2018;
Wali et al., 2019) had investigated the qualities of wetland
soil samples, much have not been done on wetlands
located in Isoko region of Nigeria. Hence, the main
objective of this study was to determine the concentration
and distribution of heavy metals in wetland soils collected
from Isoko South region of Delta State. Results obtained
from the study will be helpful in identifying the possible
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environmental risks of these heavy metals to plants and
human beings.

MATERIALS AND METHODS
The study area

The Irri-Uzere wetland is a wide expanse of flood plain
wetlands situated in the Isoko South region of Delta State,
Southern Nigeria (Figure 1). The area covers about 500
hectares and it is susceptible to flooding during the rainy
season (May to November). According to Eboibi et al.
(2018), Isoko region is characterized by two major climatic
seasons, which are: the rainy season with an average
rainfall of about 1800 mm, and the dry season with an
average temperate of 28°C. The wetland is widely
subjected to dry season farming during the dry season,
and fishing during the rainy season.

Sample collection

The wetland soil sampling was done during the end of the
rainy season (September, 2020), when the flood water has
started rescinding (Figure 2). Soils were collected below
the water surface, with the aid of a calibrated soil auger, at
two depths of 5 to 10 cm and 45 to 50 cm, from three
strategic locations, in Irri and Uzere communities of Delta
State. Then from another point, about 5 km upstream from
the sampled points was chosen as the control (reference)
point. The description of all the sampled points was
presented in Table 1. All the sediments samples were
poured into black polyethylene bag and stored in a cooler
at a temperature of 2+3°C, and taken immediately to the
laboratory for analytical analysis.

Sample preparation and digestion

The soil samples were air-dried in the laboratory under
ambient temperature for two weeks, grind and sieved with
a 2 mm gauge stainless steel sieve. The heavy metals
concentrations in the soil samples were determined in
accordance with ASTM International (D1971/4691)
recommendations. 10 g of the sieved soil sample was
poured into a glass beaker. Then, a mixture of HNOs (5
mL), HCI (10 mL) and distilled water (40 mL) was poured
into the sediments in the beaker, heated on an electric hot
plate, until a near clear solution was obtained. It was cool
to room temperature under ambient room temperature,
filtered into a volumetric flask with a filter paper (Whatman
No. 42), and diluted with distilled water up to the 100 mL
mark of the flask. Then the heavy metals concentrations in
the soil samples were determined using a Flame Atomic
Absorption Spectrophotometer (FAAS).
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Figure 1. Map of Isoko region of Delta State showing Irri-Uzere communities (Google earth map).

Contamination assessment of the wetland soil
samples

Contamination factor (Cf)
Heavy metal contamination factor is calculated by using

the expression given in Equation 1 (Akpomrere and Uguru,
2020b).

. . Conc.at sampled point
Contamination Factor = , (1)
Conc.at control point

The contamination factor scale is as presented below:
Cf < 1 = low contamination,

1 < Cf < 3 = moderate contamination,

3 < Cf < 6 = considerable contamination,

Cf > 6 = high contamination

Enrichment factor (EF)

The enrichment factors of the heavy metals in the soil
sampled collected from the dumpsite vicinity is calculated
by using the expression in Equation 2 (Li et al., 2013).

Cx
Cfe(Sample)

Enrichment factor = m
Cfe

(2)
Where: Cx = heavy metal concentration at the sampled
point and Ct = Concentration of the reference element.

Iron has been adopted as the reference metal by many
researchers. The reference metal should be particularly
stable in the soil; hence its concentration should not be
affected by anthropogenic activities (Barbieri, 2016). The
enrichment factor scale is as presented below:

EF <2 = low minimal

2 < EF <5 = moderate
5 < EF < 20 = significant
EF > 20 = very high

Pollution load index (PLI)
This is the rate at which the soil sample heavy metal

concentration exceeded the heavy metal concentration at
the control point. Itis calculated using the formula stated
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Figure 2. Sampling location 2 (site 2).

in Equation 3 (Khan et al., 2017; Ogbaran and Uguru,
2021).

PLI = }/CF; X CF, x CF3 x CF, X .. x CFn (3)

Where: CF = contamination factor of each metal and n =
total number of metals.

Pollution Load Index is classified as:

PLI < 1 = unpolluted

PLI = 1 baseline level of pollution

1> PLI £ 2 moderately polluted

2 > PLI < 4 highly polluted

PLI > 4 very highly polluted (Thomilson et al., 1980)

RESULTS AND DISCUSSION
Heavy metals characterization

The average concentrations of Fe, Ni, Cu and Zn in the
wetland alluvial soils are summarized in Table 2. The
results revealed irregular spatial distribution of the heavy
metals within the studied area, with the highest
concentration around the dumpsite area (site 1).
Additionally, it was observed in the results that the heavy
metals concentrations were higher in the sub-surface soils,
than the concentration recorded at the surface soils. This
could be attributed to the leaching of the heavy metals into
the sub-surface soil by the flood water, and the
remediation activities of the organic materials at the soil
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Table 1. Description of the sampling points.

Sampling point Description Latitude Longitude
Ref (control station)  Natural vegetation 5.413° 6.205°
Site 1 Active dumpsne of.a.b'out 0.5 ha, natural vegetation, no 5.409° 6.2010
sign of farming activities
Site 2 Open space and it is used expansively for dry season 5.3850 6.2120
farming
Site 3 Th|CI§ vegetation cover, and it is used for dry season 5 3850 6.2290
farming
Table 2. Concentration of heavy metals in the wetland soil.
Location Position Heavy metal
Fe (mg/kg) Ni (mg/kg) Cu (mg/kg) Cd (mg/kg)
Site 1 Surface 2133 4.25 32.11 4.32
Sub-surface 2844 4.92 34.23 4.58
Site 2 Surface 1853 3.24 24.08 3.83
Sub-surface 2115 3.58 29.05 3.19
Site 3 Surface 1285 291 18.93 1.09
Sub-surface 1552 2.94 22.58 1.25
Control Surface 2082 1.94 9.45 0.95
Sub-surface 2433 2.02 10.55 1.03
DPR NA 35 36 0.8

surfaces. Uguru et al. (2020) and Vidali (2001) stated that
green vegetation and organic materials have the ability of
remediating contaminated soil samples. Similarly, Lee et
al. (2003), stated that organic materials act as bio-
stimulant, hence enhancing the remediation of
contaminated soil. The ranking order of the heavy metals
concentrations in all the sampling locations including the
control site was Fe > Cu > Ni > Cd. Irrespective of the
sampling depth; iron had the highest concentration. Within
the wetland, the iron concentration ranges from 1853 to
2844 mg/kg, the nickel concentration ranged between 2.91
and 4.92 mg/kg, while the copper concentration ranges
from 18.93 to 34.23 mg/kg, then the cadmium
concentration ranged between 1.09 and 4.58 mg/kg. The
study further revealed that, the iron concentration at the
control site was higher than iron concentration recorded at
the sites 2 and 3. The high heavy metals concentrations
recorded at sampling location 1 (site 1) can be attributed
to its proximity to the dumpsite. Ogbaran and Uguru (2021)
reported that leachates from the solid waste dumpsites
have the capacity of contaminating the environment;
hence, increasing the soil and water heavy metals
concentrations.

The study further revealed that lowest heavy metals
concentrations were obtained at sampling location 3 (site
3). The lowest heavy metals contamination observed at
this sample location (site 3), despites its similar
geographical locations with the remaining sampling
locations can be attributed to the thick vegetation (trees
and scrubs) cover around the location. Schnoor (2002)

and Akpokodje and Uguru (2019a) stated that plants
vigorously growing on contaminated soils have the ability
to accumulate large contaminants in their bodies, hence
cleansing the environment of the toxic elements. Likewise,
the fairly high heavy metals contamination recorded at
sampling location 2 (site 2), although there is no dumpsite
or effluent discharge points close by may be attributed to
the residue chemicals (herbicides, fertilizers, etc. used by
the farmers in the area. According to Raven et al. (1998)
and Akpokodje and Uguru (2019b), farming methods, such
as the application of fertilizers and herbicides inadvertently
increased the heavy metals concentrations of the soils.
However, the results depicted that the concentration of Fe,
Ni and Cu at sites 1, 2 and 3 were within the maximum
limits approved by the Nigeria Department of Petroleum
Resources (DPR) for soils, while the Cd concentration at
sites 1, 2 and 3 was above the limits approved by DPR.
Compared to previous studies results, the Ni, Cu and Cd
concentrations obtained in this study were lower than the
values reported by Egwu et al. (2018) where the Cd
concentration of wetland soil ranged from 1.63 to 24.95
mg/kg.

Evaluation of the pollution indices of the wetland soil
samples
Contamination factor (CF)

Figure 3 showed the contamination factor of the heavy
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Figure 3. contamination factor of the wetland soil samples.

metals across the study. As seen in Figure 3, the
contamination factor varied across the wetland, and was
higher at the surface soils at some sampling locations.
Irrespective of the heavy metals, site 1 had the highest
contamination factor, which was followed by site 2, while
site 3 had the lowest contamination factor. The
contamination factor showed that at sites 2 and 3, iron had
a low contamination (0.89, 0.869 and 0.617, 0.638) both at
the surface and sub-surface soils, respectively. Then at
site 1, the contamination factor of iron increased to
moderate degree of contamination (1.024 and 1.169) both
at the surface and sub-surface soils. Nickel was at
moderate degree of contamination across the wetland
studied, irrespective of the soil depth. It was observed from
the results that the contamination factor of copper was at
considerable degree at site 1, both at the wetland surface
soil (3.398) and the wetland subsurface soil (3.245); while
at sites 2 and 3, the contamination factor of copper
declined to moderate level of contamination, both at the
surface and subsurface wetland soil profile. Similarly, the
results revealed that cadmium was at considerable degree
of contamination at sites 1 and 2, both at the wetland
surface and subsurface region, then it declined to it was
moderate level of contamination at the sampling location
3; with the soil surface recording contamination value of
1.147 and, the subsurface soil recording contamination
value of 1.214. For all cases, none of the sampling location
recorded high degree of contamination. The general

higher contamination factors recorded at sites 1 and 2,
compare to site 3 portrayed that anthropogenic activities
were responsible for the pollution of the wetland soils, as
earlier confirmed by Sha’Ato et al. (2020).

Enrichment factor

The enrichment factor values of the metals are presented
in Figure 4. It can be seen in Figure 4 that the enrichment
factor varied widely across the wetland. Generally, site 1
had the highest enrichment factors, compared to the
values obtained at sites 2 and 3. Irrespective of the
sampling depth, the order of the enrichment factor was Cd
> Cu > Ni at site 1, while at site 2 the order was Ni > Cu >
Cd. Then at site 3, the enrichment factor order was Ni >
Cu > Cd. As presented in Figure 4, the enrichment factor
values of the three metals at site 1 were at the moderate
level at the soil surface; then at the subsurface, Ni
maintained the moderate level, while Cd and Cu dropped
to low minimal level. The enrichment factor at site 2
indicated that Cu and Cu were in the low minimal range
both at the soil surface and subsurface; while Ni was at low
minimal degree at the soil surface, but increased to
moderate degree at the subsurface soil. Likewise, at site
3, Cu and Cu enrichment factors were at low minimal
degree both at the soil surface and subsurface; while Ni
was at moderate degree both at the soil surface and
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Figure 5. pollution load index of the wetland soil samples.

subsurface. The high enrichment factors (EF > 2) obtained Pollution load index (PLI)

at sites 1 and 2 portrayed that, artificial sources probably

anthropogenic activities were responsible for the The pollution load index of the wetland soil is presented in
contamination of the wetland soils. Figure 5. The PLI of site 1 was the highest, while site 3 had



the lowest PLI regardless of the soil sampling depth.
Irrespective of the wetland depth, all the sampled sites (1,
2 and 3) were moderately polluted with the heavy metals.
As seen in the results, site 1 was polluted with the metals,
compared to sites 2 and 3. Pollution load index revealed
the amount of the contaminant in the environment (soil);
thus, proving necessary information of the toxicity of the
metal toxicity in the environment (Muzerengi, 2017). The
high PLI values obtained at sampling locations 1 and 2
further affirmed that anthropogenic activities (dumpsites
and farming methods) may be responsible for the
contamination of the wetland soils.

Conclusion

Generally, the study results revealed that the subsurface
soil had higher heavy metals concentrations than the top
soil. It was also observed from the results that regardless
of the soil depth, the heavy metals contamination was in
the order of Fe > Cu > Ni > Cd. The pollution indices results
revealed that site 1 had the highest contamination factor
compared to sites 2 and 3, irrespective of the heavy metal.
Similarly, the enrichment factors of the heavy metals
ranked Cd > Cu > Ni at site 1, Ni > Cu > Cd at site 2, and
Ni > Cu > Cd at sSite 3, regardless of the soil depth. The
PLI values revealed that the area was generally polluted
with the studied heavy metals. The high PLI values
obtained at sampling locations 1 and 2 further affirmed that
the dumpsites and farming methods (anthropogenic
sources) is responsible for the contamination of the
wetland soils.
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