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Abstract

This work examined the concentrations of As, Cd, Cr, Hg and Pb pollution in
soil and estimated the potential ecological risks of these metals in Makurdi
and its environs, using established pollution indices. The information derived
from pollution indices will help to assess the extent, and intensity of anthro-
pogenic contaminant deposition on surface soil in the study area. The soil
samples were collected from sixteen (16) locations across the investigated
sites, sampled as appropriate and treated using established methods and ana-
lyzed using atomic absorption spectrometry (AAS). The findings have re-
vealed that the concentrations of the metals in the topsoil samples were ar-
ranged in the sequence from increasing to decreasing order thus: Cr > Pb >
Cd > Hg > As. It was observed that the pollution levels of As and Hg were in-
significant, while, the level of pollution caused by Cd, Cr and Pb ranged from
low level of contamination to high level of contamination across the investi-
gated sites, except, for the control site (BZ) whose pollution level was insigni-
ficant with respect to the heavy metals studied. The results could be used as
preliminary baseline data for heavy metal concentrations for future assess-
ment and monitoring. Therefore, there is an urgent need to effect mitigation
measures to reduce the ecological environmental risks, taking into considera-
tion that human activities which are the main source of pollutants are still
ongoing in the study area.
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1. Introduction

The term heavy metal chiefly arose with discussions of pollutants discharged to
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the environment in the form of air, water or soil contaminants. While many
heavy metals have considerable toxicity, others are deemed not to possess signif-
icant toxic properties, and, in fact, several of these elements including zinc, iron,
copper, chromium and cobalt are necessary for metabolic function for a large
class of organisms. Although some heavy metals are essential micronutrients for
animals, plants and many micro-organisms, depending on the route and dose,
all heavy metals demonstrate toxic effects on living organisms via metabolic in-
terference and mutagenesis. Animal health impacts range from reduction in fit-
ness, to reproductive interference to carcinoma, with many exposures being le-
thal (Augustine et al., 2016). More systematically, these are metals or metalloids
with density less than or equal to 5.0 g/cm’.

The environmental problem with heavy metals is that they are unaffected
during breakdown of organic waste and have toxic effects on living organisms
when they exceed a certain concentration. The high concentration of heavy met-
als in soils is reflected by their concentrations in plants, water, animal, and hu-
man bodies (Oladunni et al., 2012).

There are two different sources for heavy metals in the environment. These
sources can be both of natural or anthropogenic origin. There are a multitude of
anthropogenic emissions in the environment. Heavy metals enter into the envi-
ronment mainly via three routes: 1) Deposition of atmospheric particulates
(mining, smelting, fossil fuel combustion, municipal waste incineration, cement
production and phosphate mining). 2) Disposal of metal enriched sewage sludge
and sewage effluents, commercial fertilizers and pesticides and animal waste es-
pecially to the terrestrial and aquatic environment. 3) By-products from metal
mining processes. The sources of heavy metal emissions from vehicles include
fuel combustion, lubricating oil consumption, tire wear, brake wear, road abra-
sion, etc. Cd emission is mainly from lubricating oil consumption and tire wear.
Brake wear is the most important source for Cu and Pb emissions. Lead comes
also from exhaust gas and worn metal alloys in the engine. Through the atmos-
pheric deposit or road runoff, heavy metals can be transported into the roadside
soils, where tree barks absorb these heavy metal elements from the soils through
their roots (Xuedong et al., 2012).

Soil is the major reservoir for contaminants and has an ability to bind various
chemicals. These chemicals can exist in various forms in the soil and different
forces keep them bound to soil particles. Diverse amounts of heavy metals may
be found everywhere in the soils (Salisu et al., 2016). Soil is considered to be
useful in atmospheric pollution studies due to the low cost, simplicity of analyti-
cal procedures, and ease of chemical analysis. Numerous studies have shown
that soils obtain a large input of trace metals from different anthropogenic
sources, especially from industrial areas and vehicle emissions. Sedimentation,
impaction and interception processes from the deposition of particles on all en-
vironmental surfaces cause soils to act as a sink for the metallic load (Mohd Za-
hari & Abdulkadir, 2015). Therefore, the environmental problem of soil and se-
diment pollution by heavy metals has received increasing attention in the last
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few years in both developed and developing countries throughout the world
(Lodhaya et al., 2017).

The current study examines the concentration levels of As, Cd, Cr, Hg and Pb
pollution in soil and to estimate the potential ecological risks of these metals in
Makurdi and its Environs using pollution indices. The information derived from
pollution indices will help to assess the extent, degree of metals and the intensity

of anthropogenic contaminant deposition on surface soil.

2. Study Area Description

The present study was conducted in Makurdi the capital of Benue State and the
headquarters of Makurdi Local Government Area (LGA). The town is a rapidly
growing city which lies between latitudes 7°40'02" and 7°53'15"N and longitudes
8°18'13" and 8°4423"E in the Lower Benue River Basin, while, Abinsi, an out-
skirt town lies between latitudes 7°36'04" and 7°53'17"N and longitudes 8°44'23"
and 8°44'24"E (Figure 1). Makurdi LGA has an approximate land mass of 804.35
km? and an estimated population of 517,342 persons including male and female
as at 2017 (Shabu et al., 2021). The population in the city is unevenly distributed,
land uses in the city include commercial, industrial, agricultural lands, residen-
tial housing, institutional, recreational and administrative, auto-mechanic work-

shops, transportation and uncultivated lands are scattered all over the city and
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MAKURDI AND ENVIRONS SHOWING CONTROL/SAMPLES SITES(TOPSOIL/NEEM BACK)

Figure 1. Map of Makurdi and its environs showing the control and sample sites.
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these serve as point sources of heavy metals (Pam et al., 2013). Soil samples were
collected from: Abinsi (Site AB), Agan (Site AG) villages, Ankpa Quarters (Site
AQ), Apir (Site AP), Riverville Resort close to Benue State University, Zoological
Garden (Control site BZ), (Bam Bam Community)-Makurdi Modern Market
precinct (Site BB), Fiidi (Site FI), High Level (Site HL), Judges Quarters (Site
JQ), Kanshio (Site KA), North Bank 1 (Site NB 1), North Bank 2 (Site NB 2), Old
GRA (Lobi Quarters) (Site OG), Wadata (Agboughoul village) (Site AW), Wu-
rukum (Akpehe) (Site WA) and Wurukum (Logo 1) (Site WL).

2.1. Sampling of Soil Samples and Preparations

Soil samples were collected by random sampling from a depth of 0 - 15 cm (top
soil) (Figure 1) using a stainless-steel hand trowel and packaged in clean labeled
polythene bags, Care was taken to wash and clean the hand trowel before sam-
pling each location in order not to contaminate the samples, the samples were
transported to the laboratory and sun dried for about five days. The dried sam-
ples were later disintegrated using a mortar and pestle and further sieved using

—80 mesh nylon sieve (Sikakwe, 2018).

2.2. Soil Sample Digestion

All the reagents used were of analytical grade. Wet digestion method was used in
which 1 g of each air-dried powdered soil sample were weighed accurately and
transferred into a 250 cm? digestion flask. a mixture of 10 cm?® concentrated hy-
drochloric acid (HCI) and 3.5 cm?® concentrated nitric acid (HNO;), was added
to the samples and the digestion flask heated on a hotplate in a fume hood until
a white fume was observed which signified that digestion was completed. Twen-
ty (20) cm? of distilled water was then added to the digest after cooling to room
temperature. The digest were filtered using Whatman filter paper into a 100cm’®
volumetric flask and made up to the 100 cm® mark with distilled water. The so-
lutions were transferred into sampling bottles for analysis. The concentration of
these heavy metals in the samples was analyzed using an Atomic Absorption
Spectrophotometer, Phoenix 986 model at Golden Years Laboratory, Port Har-
court, Nigeria.

2.3. Quality Assurance and Control

A procedural blank and a set of standards for each element were determined each
time a series of samples were run. Average reading of the samples was corrected
with the blank reading and a calibration curve was constructed for each standard
solution which was linear within the concentration range. The concentrations of
each element under investigation in mg/kg were determined from the curve of its
standard by interpolation (Ogundele et al., 2015; Abdulrashid et al., 2017).

3. Pollution Indices Used for Assessment of Metal
Contamination

Pollution assessment models are indicators used to assess the presence and in-
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tensity of anthropogenic contaminant deposition on soils. Pollution indices help
in assessing the metal contamination. Pollution indices of heavy metal contami-
nation can be classified as single pollution indices and integrated pollution in-
dices. Single indices are indicators used to calculate only one metal contamina-
tion, which include contamination factor, enrichment factor and index of
geo-accumulation (Gong et al., 2008; Lodhaya et al., 2017). Integrated indices are
indicators used to calculate more than one metal contamination, which were
based on the single indices. Each kind of integrated index might be composed by
single indices separately (Gong et al., 2008).

3.1. Single Indices

1) Contamination factor

Contamination Factor is described as the level of contamination of soil by
metal. Contamination factor (Cf) is ratio of the concentration of the element in
samples to pre-industrial reference value for the element. It is expressed as fol-
lows using Equation (1):

) = (M

where, C. the concentration of the element in samples and C,; is the concentra-
tion of the pre-industrial reference value for the element (Hakanson, 1980). The
different contamination factor levels are shown in Table 1.

2) Index of geo-accumulation

An index of geo-accumulation (Igeo) was originally defined by Miiller in
1969, in order to determine and define metal contamination in sediments by
comparing current concentrations with pre-industrial levels. It can be calculated
by using the following Equation (2):

C,
Igeo =1lo L 2
80T 5c @)

where C;is the measured concentration of the examined metal 7in the sediment,
and C; is the geochemical background concentration or reference value of the
metal i Factor 1.5 is used because of possible variations in background values for
a given metal in the environment as well as very small anthropogenic influences
(Muller, 1969; Gong et al., 2008; Lodhaya et al., 2017). Table 2 shows seven (7)
different classes of index of geo-accumulation values.

3) Enrichment factor (EF)

It is an indicator used to assess the presence and intensity of anthropogenic

Table 1. Terminologies used to describe the different contamination factor level in soil.

Contamination factor (Cf) Contamination level
Cf<1 Low contamination
1<Cf<3 Moderate contamination
3<Cf<6 Considerable contamination
Cf>6 Very high contamination
DOI: 10.4236/gep.2023.118004 53 Journal of Geoscience and Environment Protection
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Table 2. Different classes of index of geo-accumulation values.

Class Igeo values Sediment quality
0 Igeo<0 Uncontaminated
1 0<Igeo<1 Uncontaminated to moderately Contaminated
3 2<Igeo<3 Moderately to heavily Contaminated
4 3 <Igeo <4 Heavily contaminated
5 4<Igeo<5 Heavily to extreme contaminated
6 Igeo > 5 Extremely contaminated

contaminant deposition on surface soil. These indexes of potential contamina-
tion are calculated by the normalization of one metal concentration in the top-
soil respect to the concentration of a reference element. A reference element is
an element particularly stable in the soil, which is characterized by absence of
vertical mobility and/or degradation phenomena. Aluminum is a conservative
element and a major constituent of clay minerals and has been used successfully
by many scientists (Lodhaya et al., 2017). The Enrichment factor can be calcu-

lated with the formula derived from Equation (3):
(Ci / Cie ) s
(Ct‘ / C[e ) RS

where, C; is the content of element 7in the sample of interest or the selected ref-

EF = (3)

erence sample, and C, is content of immobile element in the sample or the se-
lected reference sample. (C/ Cy)sis the heavy metal to immobile element ratio in
the samples of interest, and (C/ Ci)rs is the heavy metal to immobile element ra-
tio in the selected reference sample (Gong et al., 2008). Five enrichment factor
categories are recognized based on enrichment factor values and these categories

are shown in Table 3.

3.2. Integrated Indices

1) Pollution load index (PLI)

The Pollution load index (PLI) represents the number of times by which the
heavy metal concentrations in the sediment exceeded the background concen-
tration and give a summative indication of the overall level of heavy metal toxic-
ity in a particular sample and is determined as the nth root of the product of
nCF. It was developed by Tomlinson et al. (1980). It is calculated using the Equ-
ation (4):

PLI = (CF, x CE, xCF, x---xCF, )" (4)
where n is the number of metal and CF, is the contamination factor value of
metal 1 analyzed. The pollution index levels are categorized in three levels (Jiang
et al., 2017; Wuana et al., 2019). The pollution load index is categorized into
three (3) different classes as seen in Table 4.

2) Modified degree of contamination (mCd)

The modified degree of contamination was introduced to estimate the overall
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Table 3. Different categories of EF values which describes the enrichment of the element

in the soil.
EF values EF categories
EF <2 Deficiency to minimal enrichment
2<EF>5 Moderate enrichment
5<EF>20 Significant enrichment
20 < EF > 40 Very high enrichment
EF <40 Extremely high enrichment

Table 4. Terminologies used to categorize different grades of PLI and RI

Pollution load . . Grades of overall
. Soil quality . L
index category risk of contamination
PLI<1 Perfect Low soil quality
PLI=1 Only baseline levels of Moderate soil quality
Pollutants are present Considerable soil quality
PLI>1 Deterioration of soil quality Very high soil quality

degree of contamination at a given site. It is a modified equation for calculating

contamination factor according to the formula:

mCd =Y.~ CF (5)

where n-number of analyzed elements and 7is the ith element (or pollutant) and
CF is contamination factor. The modified formula is generalized as follows: a) by
defining the degree of contamination (mCd) as the sum of all the contamination
factors (CF) for a given set of sediment pollutants divided by the number of
analyzed pollutants, b) the mean concentration of a pollutant element is based
on the analysis of at least three samples and c¢) The baseline concentrations are
determined from standard earth materials (Lodhaya et al., 2017). Using this ge-
neralized formula to calculate the mCd allows the incorporation of as many
metals as the study may analyse with no upper limit (Sivakumar et al., 2016).
The description and different degree levels for modified contamination degree
are shown in Table 5.

3) Nemerow pollution index (Ppemerow)

It is usually applied to assess the quality of soil environment widely and is ex-

pressed as:

o = (V1 E0,2) (20 | ©

where, 7;is the single pollution index of heavy metal £ P, is the maximum val-
ue of the single pollution indices of all heavy metals, and m2 is the number of the
heavy metal species (Nemerow, 1985). The nemerow pollution index is catego-
rized into five (5) different classes as seen in Table 6.

4) Contamination degree (Cdeg):

Hakanson proposed contamination degree as a measure of the overall conta-

mination in surface layers of soil at respective sites. Contamination degree is

DOI: 10.4236/gep.2023.118004

55 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.118004

A. F. Ogliet al.

Table 5. Terminologies used to describe modified contamination degree values (mCd).

Modified contamination degree mCd Modified degree of contamination
mCd < 1.5 Nil to very low degree of contamination
1.5<mCd<2 Low degree of contamination
2<mCd<4 Moderate degree of contamination
4<mC<8 High degree of contamination
8<mCd<16 Very high degree of contamination
16 <mCd < 32 Extremely high degree of contamination
mCd = 32 Ultra high degree of contamination

Table 6. Terminologies used to understand different grades of Nemerow pollution index.

Grades of Nemerow pollution index = Terminologies used for Pollution Grade

Premerow < 0.7 Clean
0.7 < Premerow < 1 Warning limit
1 < Premerow < 2 Slight pollution
2 < Premerow < 3 Moderate pollution
Premerow > 3 High pollution

the sum of contamination factor of all elements (Hakanson, 1980), it is expressed

in Equation (7) as:

Cdeg=) " Cf (7)

4. Results

Heavy metals concentrations in top soil samples from sixteen (16) sites for all
the elements investigated are shown in Table 7.

The contamination factor, pollution load index, the degree of contamination,
the modified degree of contamination and nemerow pollution index of the se-
lected heavy metals in top soil under different land uses in Makurdi and its en-
virons and their respective classification are presented in Table 8.

The index of geo-accumulation of the selected heavy metals under different

land uses in Makurdi and its environs are presented in Table 9.

5. Discussions

Heavy metals concentration

The concentration of soil samples under study were run on AAS in duplicates
for all the elements under study as shown in Table 7. These values were used to
evaluate the pollution indices further.

As concentrations recorded in the soil samples ranged from ND to 6.30
mg/kg. The results were lower than 12.49 - 173.2 ppm reported by (Tsuwang et
al., 2014) in soils of Anka, Nigeria. However, the results were higher than 0.06
mg/kg reported by (Opaluwa et al., 2012) and 1.00 - 2.06 mg/kg reported by
(Fosu-Mensah et al., 2017). This is an indication of low contamination from

anthropogenic factors. The presence of As in some of the sites may be attributed

DOI: 10.4236/gep.2023.118004

56 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.118004

A. F. Ogliet al.

to moderate human/anthropogenic activities. The magnitude of As concentra-

tion in the top soil samples follows the sequence from highest to lowest as WL >

Table 7. Heavy metals concentrations in top soil in Makurdi town and its environs.

Sites/
HMs Parameters As Cd Cr Hg Pb

AB 4.24 8.30 36.52 0.90 17.67
AG ND 8.03 26.7 0.91 17.70
AQ ND 5.90 36.52 ND 13.11
AP 4.90 10.62 51.00 3.73 23.40
BZ (control) ND 2.33 20.34 ND 12.00
BB ND 5.70 38.73 ND 19.40
FI ND 8.03 45.40 ND 17.70
HL 4.10 15.02 58.70 2.32 27.40
1Q ND 7.51 32.10 ND 16.50
KA 5.90 12.43 49.80 5.10 27.40
NB1 ND 11.40 47.60 2.32 22.00
NB2 4.06 12.70 48.70 4.12 26.80
oG 0.92 5.70 35.41 ND 12.54
AW 5.17 13.73 67.50 5.90 30.21
WA 4.43 15.80 67.50 ND 29.10
WL 6.30 16.80 56.43 8.73 30.21

Table 8. Contamination factor (Cf), pollution load index (PLI), degree of contamination
(Cdeg), modified degree of contamination and Nemerow pollution index of top soil sam-
ples across the studied sites.

Degree of Pollution Nemerow
SITES/ o o ,

Contamination Factor (Cf) contamination Load Pollution

(Cdeg) index indices

HMs As Cd Cr Hg Pb Mean (PLI) (Paemerow)
AB 0.00 3.60 1.80 0.00 1.50 6.90 1.38 1.60 2.80
AG 0.00 3.50 1.31 0.00 1.50 6.30 1.26 1.47 2.70
AQ 0.00 2.60 1.80 0.00 1.10 5.50 1.10 1.40 2.00
AP 0.00 4.60 2.51 0.00 1.92 9.03 1.81 1.17 3.52
BZ 0.00 1.00 1.00 0.00 1.00 3.00 0.60 1.00 0.70
BB 0.00 2.50 1.90 0.00 1.62 6.02 1.20 1.43 1.90
FI 0.00 3.52 2.20 0.00 1.50 7.30 1.46 1.63 1.90
HL 0.00 6.52 2.90 0.00 230 11.70 2.34 2.13 2.71
]Q 0.00 3.26 1.60 0.00 1.38 6.24 1.25 1.48 2.50
KA 0.00 5.40 2.45 0.00 2.30 10.20 2.04 1.90 4.10
NB1 0.00 4.90 3.00 0.00 1.83 9.73 1.94 1.93 3.73
NB2 0.00 3.60 2.40 0.00 2.30 8.30 1.66 1.82 2.81
oG 0.00 2.48 1.74 0.00 1.04 5.28 1.06 1.40 1.93
AW 0.00 5.90 3.30 0.00 2.50 11.0 2.20 2.18 4.50
WA 0.00 6.90 3.30 0.00 243 12.63 2.52 2.23 5.20
WL 0.00 7.30 2.80 0.00 2.50 12.60 2.52 2.19 5.47
Total 132.43 26.90 NA
mCd (mean) 26.50 NA NA
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Table 9. Index of geo-accumulation and enrichment factor of soil samples collected across the studied sites.

SITES/
HMs AB AG AQ AP BZ BB FI HL JQ KA NB1 NB2 OG AW WA WL
Geoaccumulation index
As 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cd 0.76 074 046 090 0.00 042 0.74 130 066 1.10 0.71 076 042 119 131 1.36
Cr 0.15 1.17 0.15 045 -0.35 0.21 035 0.60 0.04 042 060 041 0.13 0.69 0.69 0.53
Hg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pb -0.09 -0.09 -0.27 0.23 -0.36 0.83 -0.09 0.37 -0.07 037 0.17 035 -0.32 046 042 -0.46
Mean 0.16 -0.104 0.07 0.33 -0.14 0.29 020 045 0.13 034 029 030 0.05 047 048 0.29
Enrichment factor
As 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cd 360 350 260 461 1.00 250 350 6.52 350 540 490 360 250 6.00 690 7.40
Cr 1.80 131 1.80 251 1.00 192 223 290 160 260 3.00 241 1.74 333 333 280
Hg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pb 1.32 1,52 1.10 190 1.01 1.63 152 230 140 231 1.83 230 1.05 254 244 254
Mean 570 5.10 4.60 7.49 220 472 6.03 980 540 846 830 650 4.50 9.80 10.68 10.71

KA > AW >AP > WA > AB > NB2 > HL > OG > AG > AQ. > BB >BZ > FI >
JQ > NBI.

Cd concentration in the soil samples from various sites were in a range of 2.33
mg/kg to 16.80 mg/kg. The Cd level observed in this study is 9.73 mg/kg higher
than that reported by (Opaluwa et al., 2012) which is 0.84 mg/kg, 0.001 - 2.30
mg/kg as reported by (Adaikpo, 2013) and 0.03 - 0.37 mg/kg as reported by
Nwankwoala & Ememu, (2018). However, the results were lower than 9.10 -
44.10 mg/kg reported by (Adedeji et al., 2019), and 103.60 mg/kg reported by
(Fosu-Mensah et al., 2018). Soil samples from the various sites follows the order
from lowest to highest BZ >BB > OG> AQ>]JQ>AG>FI>NB2>AB > AP >
NBI > KA > AW > HL > WA > WL. The high level of Cd may be as a result
prevailing human inputs such as the use of lubricating oils and/or old tires that
are frequently used on the rough surfaces of the roads which increases the wear-
ing of tyres.

The concentration of Cr in the soil was found in the range of 20.34 mg/kg to
67.50 mg/kg. The sequence of occurrence in the soil sample from lowest to
highest was as follows: BZ < AG <JQ <AQ <AB<OG<BB<FI<NB2<KA«<
AP < WL < HL < NB1 < AW < WA. These values obtained were in a close range
to 13.21 - 41.93 mg/kg reported by (Mohammed & Folorunsho, 2015) and 6.89 -
55.43 mg/kg reported by (Abatyough et al., 2015). However, the results were
higher than 1.10 mg/kg reported by (Alibrahim et al., 2017) and 0.02 - 1.56
mg/kg reported by Adaikpoh, 2013. The high concentration levels of Cr could be

attributed to the proximity of the sites to the source of pollution which includes
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the presence of business outlets, fueling and service stations.

Hg concentration values recorded for the soil samples ranged from ND (Not
Detected) to 8.73 mg/kg. The magnitude of Hg detected in the soil samples fol-
lows the sequence from highest to lowest as AG > AB > HL > NB1 > AP > NB
2 > KA > WA > WL. These values were in a close range to that reported by Fo-
su-Mensah et al. (2017), which is <0.03 mg/kg, <0.001 mg/kg as reported by
(Nwankwoala & Ememu, 2018). These heavy metal ions are also released during
road transportation operations such as oil leakages, wearing out of tyres and
overheating of radiators. The main medium through which these pollutants are
released from vehicles is through their exhaust gases, after combustion of the
different types of fuel by different vehicles.

Pb concentration levels in the soil samples from all the sites varied widely with
a minimum value of 12.00 mg/kg at site BZ (control site), a maximum value of
30.21 mg/kg at sites AW and WL. The sequence of occurrence in the soil sam-
ples from the various sites follows the order BZ < OG < AQ < JQ < FI < AG <
AB < BB < NB1 < AP < NB2 < KA < HL< WA < AW < WL. Similar ranges of
values for lead in soil samples were reported as 16.14 - 28.59 mg/kg by (Fo-
su-Mensah et al., 2017), 18.1 - 28.04 mg/kg as reported by (Zhongmin et al,,
2015) and 1.11 - 24.23 mg/kg as reported by (Nwankwoala & Ememu, 2018).
However, the lead levels observed in this study are significantly higher than
those reported by (Matthews-Amune et al., 2013) which is 0.28 - 0.60 ug/g dry
weight, 14.8 - 26.67 mg/kg reported by (Osakwe & Okolie, 2015) and 17.36 -
6909 ppm as reported by (Olatunde & Onisoya, 2017). The Pb levels in roadside
soil can also be attributed to high traffic of vehicles and machinery. The lower
concentrations of Pb in the soil samples from other locations could be attributed

to moderate human (automobile and commercial) activities in the areas.

Assessment of Soil Quality Using Pollution Indices

The results of the ecological risk assessment for all the investigated sites are ta-
bulated from Table 8 to Table 9.

Contamination factor (Cf): The Cf values were calculated using Equation (1)
and was classified according to Table 1, the results from Table 8, shows that the
Cf for top soil across all the sites with respect to As and Hg were insignificant.
The calculated Cf values varied from 1.00 - 7.30, 1.00 - 3.33 and 1.00 - 2.50 for
Cd, Cr and Pb across all the sites and showed values higher than 1 indicating a
moderate contamination to considerable contamination at sites AW, HL, WL.
However, site WA had Cf values for Cd above 6 indicating very high contamina-
tion. The results of Cf for Cd and Cr across all the sites were higher than that
reported by (Nweke & Ukpai, 2016) and Lodhaya et al., (2017). However, the
results for Pb were lower than that reported by (Ozkan et al., 2012) and (Lod-
haya et al., 2017) for soil samples of Nashik District, India.

Geo-accumulation index (Igeo): The Igeo values obtained from equation (2)
was classified according to Table 2, ranged from 0.00 - 1.36 for Cd, —0.35 - 0.69
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for Cr, —0.09 - 0.86 for Pb and 0.00 for As and Hg respectively (Table 9). The
total Igeo for Cr across sites BZ and AG were below 0, which indicates that the
soils were uncontaminated, at sites AB, JQ, AG and AQ the values ranged from
uncontaminated to moderately contaminated, at sites BB, KA, NB1, NB2, and
WL the values signifies that the sites were moderately contaminated. However,
sites HL, AW, and WA values ranged from moderately to heavily contaminated.
For Cd, only site BZ (the control) had values less than zero (0), which indicates
that the site was not contaminated. Sites HL, KA, AW, WL and WA were classi-
fied as moderately contaminated. The negative sign across all the sites for Pb
shows that the sites were uncontaminated except for sites KA, NB1, NB2, WA
and AW which were classified in the range of uncontaminated to moderately
contaminated (0 < Igeo < 1). The Igeo result for As and Hg were insignificant
across all the studied sites. The heavy metals responsible for high Igeo accumu-
lation ranges in the top soil from a decreasing to an increasing order as follows;
Cd > Cr > Pb > As > Hg. (Ozkan, 2012) and (Adaikpoh, 2013) reported similar
Igeo values, however, the values obtained for all the metals investigated were
lower compared to that reported by (Lodhaya et al., 2017) across all the sites ex-
cept for Pb. This may be attributed to moderate human activities. The results
obtained for Pb and Cr were higher than that reported by (Fosu-Mensah et al.
2017). The high concentrations of Pb and Cr could be attributed to human in-
puts (farming, waste incineration and fuel filling and service stations).
Enrichment factor (EF): The results obtained for enrichment factor as shown
in Table 9, were gotten from Equation (3) and characterized according to Table
3. The EF for As and Hg across all the investigated sites was determined to be 0
which indicates that the soil is deficient to minimal enrichment. For Cd site BZ
had an EF value of 1 which indicates that the soil is deficient to minimal
enrichment. There was a moderate enrichment across all the sites indicating that
they have EF values less than 5. Sites HL, KA, AW, WA and WL which had EF
values less than 20 which indicates that the sites have significant enrichment. For
Cr metal the EF values investigated shows that sites BZ, AB, AG, AQ, BB, JQ and
OG have minimal enrichment values, whereas, sites AW, WA, WL, NB1, NB2,
HL, KA, AP and FI had moderate enrichment, having EF values less than 5. The
EF values for Pb across sites BZ, AQ, AG, AB, AP, BB, FI, JQ, NB1 And OG were
less than 2 which signifies that the sites were deficient to minimal enrichment,
whereas, moderate enrichment values were obtained across sites HL, KA, NB2,
AW, WA and WL. Aluminum (Al) was used as a reference element (Seng-Chee
& Norhayati, 2016). Reference elements are elements which are stable and are
characterized by non-vertical mobility and/or degradation phenomena (Lodhaya
et al., 2017). Similar results were reported by (Wuana et al., 2019) and (Adedeji
et al., 2019). The EF results obtained for Pb, Cd, As and Hg were lower than that
reported by (Ozkan, 2012), (Fosu-Mensah et al., 2017), this may be due to mod-
erate anthropogenic activities, however, higher values obtained for Cr, Cd and
Pb were higher than the values reported by (Nweke & Ukpai, 2016) and (Lod-
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haya et al., 2017). These high values could be due to prevailing human activities.

Pollution load index (PLI): The PLI value for this study was calculated using
Equation (4) and classified according to Table 4. Table 8, shows the results of
the PLI of the five heavy metals studies across the sites, the values were in the
range of 1.00 - 2.23. Only site BZ (control) had a PLI value equal to 1, which in-
dicates that only baseline levels of pollutants are present (PLI = 1). Other sites
have PLI values from 1 above (>1) which shows signs of pollution or deteriora-
tion of the soil quality. Similar results were obtained by (Lodhaya et al. 2017)
and (Fosu-Mensah et al., 2017). However, the result investigated was higher than
that reported by (Mmolawa et al., 2011). This implies that inputs from anthro-
pogenic sources attributed to increase in human activities and vehicular emis-
sions.

Modified degree of contamination: The mCd values were obtained using
Equation (5) which was derived from the addition of all the heavy metals ana-
lyzed for each site investigated. From Table 8, sites AB, AG, AQ, BZ, BB, FI, ]Q,
AP, NBI, NB2 and OG had nil to low degree of contamination. These results
were in line with the findings of (Wuana et al., 2019), for toxic metals from
farmland soil in Makurdi. Sites HL, AW, WA and WL had moderate degree of
contamination across the sites. However, the results obtained were lower than
that investigated by (Fosu-Mensah et al.,, 2017) and (Nwankwoala & Ememu,
2018).

Nemerow pollution index (Paemerow): The results obtained were gotten using
Equation (6). The results ranged from 0.70 - 5.47. Table 8, shows that site BZ
(control) had a value of 0.7 which falls within the warning limit. Sites AQ, BB, FI
and OG were slightly polluted, sites AB, AG, HL and JQ were moderately pol-
luted and sites AP, KA, NB1, NB2, AW, WA and WL were highly polluted, the
terminologies used were from Table 6. Similar result was reported by (Wuana et
al., 2019). Similarly, the results were also lower than that reported by (Nwank-
woala & Ememu, 2018). However, the results deviated slightly from that re-
ported by (Lodhaya et al., 2017). This deviation may be attributed to proximity

of the area to pollutants coupled with high vehicular movement.

6. Conclusion

The study provides useful data on the contamination of top soil in relation to
land use patterns in the study area and may form basis for land use planning.
The findings have revealed that the concentrations of the metals in the top soil
samples were arranged in the sequence from increasing to decreasing order
thus; Cr > Pb > Cd > Hg > As. From the computation of contamination factor
(Cf), ecological risk (Er), enrichment factor (EF), pollution load index (PLI),
Geo-accumulation index (Igeo), modified degree of contamination (mCd), po-
tential ecological risk (PERI) and nemerow pollution index, it was observed that
the pollution levels of As and Hg were insignificant, while, the level of pollution

caused by Cd, Cr and Pb ranged from low level of contamination to high level of
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contamination across the investigated sites, except, for the control site (BZ)
whose pollution level was insignificant with respect to the heavy metals studied.
Based on the results from this study, it confirms human activities as the source
of pollution in the area under study. Therefore, continuous monitoring is neces-
sary to identify the degree of heavy metal contamination and select possible re-
mediation measures in order to manage land use in relation to anthropogenic

activities.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

Abatyough, T. M., Uyeh, D. D., Uttu, J., & Abatyough, B. B. (2015). Distribution and Varia-
tion of Heavy Metals and Soil Properties around a Mega Cement Factory in Gboko, Be-
nue State, Nigeria. International Journal of Science and Technology, 4, 351.

Abdulrashid, L., Yaro, A., & Isah, A. (2017). Heavy Metals Contamination in Urban Soils
of Nigerian: A Review. International Journal of Innovative Biosciences Research, 5, 2-4.

Adaikpoh, E. O. (2013). Distribution and Enrichment of Heavy Metals in Soils from Waste
Dump Sites within Imoru and Environs, Southwest Nigeria. Journal of Environment and
Earth Science, 3, 45-46.

Adedeji, O. H., Olayinka, O. O., & Tope-Ajayi, O. O. (2019). Spatial Distribution and
Health Risk Assessment of Soil Pollution by Heavy Metals in Ijebu-Ode, Nigeria. Jour-
nal of Health and Pollution, 9, Article ID: 190601.
https://doi.org/10.5696/2156-9614-9.22.190601

Alibrahim, Z. O., Williams, C. D., & Roberts, C. L. (2017). GIS Based Spatial Distribution
and Evaluation of Selected Heavy Metals Contamination in Top Soil Around Elton

Mining Area Derbyshire, UK. International Journal of Geological and Environmental
Engineering, 11, 380-390.

Augustine, A. U,, Onwuka, J. C., & Albert, C. Q. (2016). Determination of Heavy Metal
Concentration in Neem (Azadirachta indica) Leaves, Bark and Soil along Some Major

Roads in Lafia, Nasarawa State Nigeria. Journal of Environmental Chemistry and Eco-

toxicology, 8, 38-43. https://doi.org/10.5897/JECE2016.0371

Fosu-Mensah, B. Y., Emmanuel, A., Yirenya-Tawiah, D., & Frank, N. (2017). Heavy Met-
als Concentration and Distribution in Soils and Vegetation at Korle Lagoon Area in
Accra, Ghana. Cogent Environmental Science, 3, Article 1405887.
https://doi.org/10.1080/23311843.2017.1405887

Fosu-Mensah, B. Y., Ofori, A., Ofosuhene, E., Ofori-Attah, E., Nunoo, F. K. E., Darko, G.,
Tuffour, I, Gordon, G., Arhinful, D. K., Nyarko, A. K., & Appiah-Opong, R. (2018). As-
sessment Of heavy Metals Contribution and Distribution on Surface Soils and Plants
along the West Coast. West African Journal of Applied Ecology, 26, 167-178.

Gong, Q., Deng, J., Xiang, Y., Wang, Q., & Yang, L. (2008). Calculating Pollution Indices
by Heavy Metals in Ecological Geochemistry Assessment and a Case Study in Parks of
Beijing. Journal of China, 19, 230-241. https://doi.org/10.1016/S1002-0705(08)60042-4

Hakanson, L. (1980). Ecological Risk Index for Aquatic Pollution Control. A Sedimento-
logical Approach. Water Research, 14, 975-1001.
https://doi.org/10.1016/0043-1354(80)90143-8

DOI: 10.4236/gep.2023.118004

62 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.118004
https://doi.org/10.5696/2156-9614-9.22.190601
https://doi.org/10.5897/JECE2016.0371
https://doi.org/10.1080/23311843.2017.1405887
https://doi.org/10.1016/S1002-0705(08)60042-4
https://doi.org/10.1016/0043-1354(80)90143-8

A. F. Ogliet al.

Jiang, X, Xiong, Z., Liu, H,, Liu, G., & Liu W, (2017). Distribution, Source Identification,
and Ecological Risk Assessment of Heavy Metals in Wetland Soils of a River-Reservoir
System. Environmental Science and Pollution Research, 24, 436-444.
https://doi.org/10.1007/s11356-016-7775-x

Lodhaya, J., Tambe, E., & Gotmare, S. (2017). Assessment of Metal Contamination Using
Single and Integrated Pollution Indices in Soil Samples of Nashik District, India. /n2-
ternational Journal of Development Research, 7, 15016-15024.

Matthews-Amune, O. C., & Kakulu, S. (2013). Investigation of Heavy Metal Levels in
Roadside Agricultural Soil and Plant Samples in Adogo, Nigeria. Academia Journal of
Environmental Sciences, 1, 31-35.

Mmolawa, K. B., Likuku, A. S., & Gaboutloeloe, G. K. (2011). An Assessment of Heavy
Metal Pollution in Soils along Major Roads in Botswana. African Journal of Environ-
mental Science and Technology, 5, 186-196.

Mohammed, S. A., & Folorunsho, J. O. (2015). Heavy Metals Concentration in Soil and
Amaranthus retroflexus Grown on Irrigated Farmlands in the Makera Area, Kaduna,
Nigeria. Journal of Geography and Regional Planning, 8, 210-217.
https://doi.org/10.5897/JGRP2015.0498

Mohd Zahari, F. A. N., & Abdul Kadir, S. M. (2015). Deposition of Heavy Metals in Soil
and Higher Plant Related to Rare-Earth Processing Activities. Journal of Industrial
Pollution Control, 31, 2.

Muller, G. (1969). Index of Geoaccumulation in the Sediments of the Rhine River. Geo-
graphy Journal, 2, 108-118.

Nemerow, N. (1985). Stream, Lake, Estuary and Ocean Pollution (2nd ed.). Van Nostrand
Reinhold Publishing.

Nwankwoala, H. O., & Ememu, A. J. (2018). Contamination Indices and Heavy Metal
Concentrations in Soils in Okpoko and Environs, Southeastern Nigeria. Journal of En-
vironmental Science and Public Health, 2, 77-95.
https://doi.org/10.26502/jesph.96120031

Nweke, M. O., & Ukpai, S. M. (2016). Use of Enrichment, Ecological Risk and Contami-
nation Factors with Geoaccumulation Indexes to Evaluate Heavy Metal Contents in the
Soils around Ameka Mining Area, South of Abakaliki, Nigeria. Journal of Geography;,
Environment and Earth Science International, 5,1-13.
https://doi.org/10.9734/JGEES1/2016/24908

Ogundele, D. T., Adio, A. A., & Oludele, O. E. (2015). Heavy Metal Concentrations in
Plants and Soil along Heavy Traffic Roads in North Central Nigeria. Journal of Envi-
ronmental and Analytical Toxicology, 5, Article ID: 1000334.

Oladunni, B. O., Tejumade, A., Otolorin, A. O. (2012). Heavy Metals Contamination of
Water, Soil and Plants around an Electronic Waste Dumpsite. Polish Journal on Envi-
ronmental Studies, 22, 1431-1439.

Olatunde, E., & Onisoya, M. O. (2017). Assessment of Heavy Metal Concentrations in
Pawpaw (Carica Papaya Linn.) around Automobile Workshops in Port Harcourt Me-
tropolis, Rivers State, Nigeria. Journal of Health and Pollution, 7, 48-61.
https://doi.org/10.5696/2156-9614-7.14.48

Opaluwa, O. D., Aremu, M. O., Ogbo, L. O., Abiola, K. A., Odiba, I. E., Abubakar, M. M.,
& Nweze, N. O. (2012). Heavy Metal Concentrations in Soils, Plant Leaves and Crops
Grown Around Dump Sites in Lafia Metropolis, Nasarawa State, Nigeria. Advances in
Applied Science Research, 3, 780-784.

Osakwe, S. A., & Okolie, L. P. (2015). Physicochemical Characteristics and Heavy Metals

DOI: 10.4236/gep.2023.118004

63 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.118004
https://doi.org/10.1007/s11356-016-7775-x
https://doi.org/10.5897/JGRP2015.0498
https://doi.org/10.26502/jesph.96120031
https://doi.org/10.9734/JGEESI/2016/24908
https://doi.org/10.5696/2156-9614-7.14.48

A. F. Ogliet al.

Contents in Soils and Cassava Plants from Farmlands along a Major Highway in Delta
State, Nigeria. Journal of Applied Science and Environmental Management, 19, 695-704.
https://doi.org/10.4314/jasem.v19i4.18

Ozkan, E. Y. (2012). A New Assessment of Heavy Metal Contaminations in an Eutrophi-
cated Bay (Inner Izmir Bay, Turkey). Turkish Journal of Fisheries and Aquatic Sciences,
12,135-147. https://doi.org/10.4194/1303-2712-v12 1 16

Pam, A. A, Sha’Ato, R,, & Offem, J. O. (2013). Evaluation of Heavy Metals in Soils
Around Auto Mechanic Workshop Clusters in Gboko and Makurdi, Central Nigeria.
Journal of Environmental Chemistry and Ecotoxicology, 5, 298-306.

Salisu, K., Yusuf, M. A., Ahmed, M., Mohammed, M. U., & Umar, I. A. (2016). Analysis
of the Distribution of Heavy Metals in the Soils of Bagega Mining Area, Zamfara State,
Nigeria. Bayero Journal of Pure and Applied Sciences, 9, 150-159.
https://doi.org/10.4314/bajopas.v9i1.23

Seng-Chee, P., & Norhayati, M. T. (2016). The Common Pitfall of Using Enrichment Factor
in Assessing Soil Heavy Metal Pollution. Malaysian Journal of Analytical Science, 21,
52-59. https://doi.org/10.17576/mjas-2017-2101-07

Shabu, T., Fate, S., & Ukula, M. K. (2021). Impact of Urbanization on Agricultural Land
in Makurdi Local Government Area of Benue State, Nigeria. NASS Journal of Agricul-
tural Sciences, 3, 21-28. https://doi.org/10.36956/njas.v3i1.321

Sikakwe, G. U. (2018). Geochemical Mapping of Metal Contamination and Distribution
in Topsoil, Western Oban Massif Southeastern Nigeria. British Journal of Environ-
mental Sciences, 6, 41-57.

Sivakumar, S., Chandrasekaran, A., Balaji, G., & Ravisankar, R. (2016). Assessment of
Heavy Metal Enrichment and the Degree of Contamination in Coastal Sediment from
South East Coast of Tamilnadu, India. Journal of Heavy Metal Toxicity and Diseases, 1,

Article No. 11. https://doi.org/10.21767/2473-6457.100011

Tomlinson, D. L., Wilson, G., Harris, C. R., & Jeffery, D. W. (1980). Assessment of Heavy
Metals Levels in Estuaries and Formation of a Pollution Index. Helgolinder Meeresun-
tersuchungen, 33, 566-575. https://doi.org/10.1007/BF02414780

Tsuwang, K. D., Ajigo, I. O., & Lar, U. A. (2014). Assessment of Lead, Mercury and Ar-
senic in Soils of Anka Area, North Western Nigeria. International Journal of Science,

Environment and Technology, 3, 187-197.

Wuana, R. A, Eneji, L. S., Itodo, A. U., & Audu, P. (2019). Ecological and Human Health
Risks of Toxic Metals in Soils under Different Land Uses in Makurdi, Nigeria. FUW
Trends in Science & Technology Journal, 4, 382-394.

Yan, X.D., Zhang, F., Zeng, C., Zhang, M., Devkota, L. P., & Yao, T. (2012). Relationship
between Heavy Metal Concentrations in Soils and grasses of Roadside Farmland in Nepal.
International Journal on Environmental Research and Public Health, 9, 3209-3226.
https://doi.org/10.3390/ijerph9093209

Zhongmin, J., Siyue, L., & Li, W. (2015). Assessment of Soil Heavy Metals for
Eco-Environment and Human Health in a Rapidly Urbanized Area of the Upper Yangtze
Basin. Scientific Reports, 8, 3256.

DOI: 10.4236/gep.2023.118004

64 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.118004
https://doi.org/10.4314/jasem.v19i4.18
https://doi.org/10.4194/1303-2712-v12_1_16
https://doi.org/10.4314/bajopas.v9i1.23
https://doi.org/10.17576/mjas-2017-2101-07
https://doi.org/10.36956/njas.v3i1.321
https://doi.org/10.21767/2473-6457.100011
https://doi.org/10.1007/BF02414780
https://doi.org/10.3390/ijerph9093209

	Ecological Risk Assessment of Heavy Metals Concentrations in Topsoil of Makurdi and Its Environs
	Abstract
	Keywords
	1. Introduction
	2. Study Area Description
	2.1. Sampling of Soil Samples and Preparations
	2.2. Soil Sample Digestion
	2.3. Quality Assurance and Control

	3. Pollution Indices Used for Assessment of Metal Contamination
	3.1. Single Indices
	3.2. Integrated Indices

	4. Results
	5. Discussions
	Assessment of Soil Quality Using Pollution Indices

	6. Conclusion
	Conflicts of Interest
	References

