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The potential threat of heavy metals to soil quality and human health has led to many studies on baseline
concentrations of these metals in soils; because, knowledge of baseline concentration of heavy metals in soils has
become a tool for soil quality determination in the world today. On this note, forty composite surface soil samples
were collected from areas of native forest with no apparent anthropogenic influence in Kogi state. The soil samples
were randomly collected at the depths of 0-20 cm, air-dried, crushed and sieved with 2 mm mesh sieve. The
concentrations of five heavy metals (Cd, Pb, Ni, Cu, and Zn) were quantified using Atomic Absorption

Spectrophotometer with model, AA280FS after digestion with HNO 5 H20, HCI mixture (USEPA method

3050B). Data analysis was performed using mean and range to obtain heavy metal concentrations in the soil. Geo-
accumulation indices were calculated to determine the levels of heavy metal contamination in the soil. To establish
the accuracy of the method used, standard reference material (WEPAL sample 989) was used and the recovery
ranged from 81 to 91%. These values were within the acceptable range of 80 to 120% expected for the metals
indicating good accuracy for the analysis procedure. The results obtained revealed that the mean heavy metal
concentrations (mgkg™') were: Cd, 0.44+0.28; Pb, 23.06+7.29; Ni, 17.49+8.13; Cu, 6.34£5.38 and Zn,
18.72+15.84, respectively. This study has clearly indicated that, all of the mean concentrations are within the
normal range for uncontaminated soils. Also, results for the geo-accumulation index were -0.38 for Pb,-0.03 for
Cd, -2.54 for Ni,-3.41 for Cu and -2.93 for Zn. All the geo-accumulation indices were less than zero (Igeo < 0)
which indicated no heavy metal contamination in the soil. Apparently, these forest soils pose no health threat to
humans or ecosystems. The concentrations of the studied heavy metals can be taken as the baseline which could be

Abstract:

useful as soil quality guideline in Kogi state, Nigeria.
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Introduction

Soil contamination and accumulation with heavy metals has
become a serious problem around the world due to the
potential threat to food safety and its detrimental effects on
humans and animals health (Schneider et al., 2016).
Contamination of the soil ecosystem by heavy metals is a
critical environmental challenge because the metals persist in
the environment (Babatunde et al., 2014). Heavy metals are
defined as metals and metalloids having density greater than 5
g/lcm?® (Tutic et al, 2015). Heavy metals are natural
components of the earth's crust, and cannot be destroyed (Njar
et al.,, 2012). Boran and Altynok (2010) described heavy
metals as one of the most harmful pollutants because of its
toxicity. High concentrations of heavy metals impair the
quality of the environment which affects human and animal
life (Inertia et al., 2010). The accumulation of heavy metals in
soil poses risk to human and the ecosystem’s health (Odoh et
al., 2011). Increased heavy metal levels in soils may also
result in increased plant uptake. Such uptakes usually depend
on the heavy metal content of the soils, chemical and final
forms of the metals (Kaplan et al., 2011).

Heavy metals can enter the soil environment as a result of
both pedogenic and anthropogenic processes (Bolan et al.,
2014). Heavy metals occur naturally in soils, which are
formed by geological processes, such as alteration and erosion
of the geological underground materials (Kabir et al., 2012).
A portion of metals in the atmosphere may be transferred to
soils by atmospheric deposition (Lu et al., 2010). Although,
Heavy metal concentrations in soils without anthropogenic
influences are usually low and do not pose risks to humans or
ecosystems (Lu et al., 2012). Environmental heavy metal
pollution is mainly of anthropogenic origin and results from
activities such as fossil fuels, vehicular emissions, industrial
emissions, metalliferous mining and smelting, landfill
leachates, fertilizers, sewage and municipal wastes (Sekabira

et al., 2010). For instance, Morgan (2013) ascertained that
contamination of soils by heavy metals, such as Cd, Ni, Zn,
Pb and Cu is due to mining, smelting, manufacturing, use of
agricultural fertilizers and pesticides, municipal waste, traffic
emissions, and industrial effluents. In addition, cadmium,
copper, lead and zinc are the most widespread anthropogenic
contaminant elements in urban soil (Hu et al., 2013). Heavy
metals such as chromium, nickel, arsenic, cadmium and lead
have been considered as the most toxic elements in the
environment by the US Environment Protection Agency
(EPA) (Lei et al., 2010).

In a similar research, Mico et al. (2006) reported that excess
use of agro-chemicals, manures and sewage sludge disposal
increased the heavy metal concentrations in soil. Further
more, Ajayi et al. (2012) revealed that levels of Cd, Zn, Cu
and As contents in soil can increase as they are found in most
of the synthetic fertilizers and agrochemicals such as
pesticides and herbicides as an impurity or active ingredient.
Although, metals like copper, zinc and nickel are essential
metals since they play an important role in biological systems,
while some others such as cadmium and lead are non essential
metals; as they have no known role in biological systems
(Norouzi et al., 2012). Pb and Cd are relatively rare metals
and no essential biological functions and are highly toxic to
plants and animals (Nogueirol and Alleoni, 2013).

These non-essential metals can cause serious dysfunctions in
organisms, including human beings (Recatala et al., 2010).
Also, they can be toxic, neurotoxic, carcinogenic and
teratogenic effect in human even at low concentration
(Kanankes et al., 2014). However, the exposure to high dose
of these heavy metals may cause renal, pulmonary, hepatic,
skeletal, diarrhea, stomatitis, tremor, hemoglobinuria and
cancer (Wang et al., 2012). Most especially, excessive intake
of the Pb to human body can damage the nervous, skeletal,
endocrine, enzymatic, circulatory, and immune system (Pareja
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Carrera et al., 2014). The chronic effects of Cd consist of lung
cancer, pulmonary adenocarcinomas, prostatic prolifeative
lesions, kidney dysfunction, bone fractures, and hypertension
(Brevik et al., 2015).

Globally, toxic heavy metals in soils and their consequent
risks to ecosystems and human health has been a growing
concern. This concern has given rise to regional scope, which
provides tools for monitoring soil quality (Alfaro et al., 2015).
For this reason, different countries have proposed and
established baseline concentration that is adapted to soil of
different geographical areas. This is because, baseline
concentration of heavy metals is important in deciding
contamination level for soil quality protection. These baseline
concentrations of heavy metals can be used as a reference to
determine if a soil has been impacted by anthropogenic
activities (Gil et al., 2010). In this regard, numerous studies
on baseline concentrations of heavy metals in natural,
uncontaminated or forest soils have been conducted,
established, documented and made official in different
countries (Nuria, 2015; Alfaro et al., 2015; Roca et al., 2012;
Olatunji and Osibanjo, 2012; Jimenez-Ballesta et al., 2010;
Brus et al., 2009; Mico et al., 2007; Herselman et al., 2005;
and Jaume et al., 2005). it obvious that these baseline
concentrations in different countries are to establish guidelines
values that will serve as monitoring benchmark for preserving
soil quality.

Like many cities in Nigeria, Kogi and its environs has been
subject to intense anthropogenic activities resulting in a
vulnerable and often fragile soil ecosystem. Such activities
include unsuitable use of heavy metal-enriched materials in
agriculture (chemical fertilizers and pesticides), huge refuse
dumpsites within residential areas, industrial emission (from
cements plant and coal combustion chemical plants), sewage
sludge, vehicular emissions among other. These activities
could increase the risk of soil contamination and may
subsequently lead to build up of heavy metals to toxic levels
in ecosystem. Therefore, the objective of this paper is to
determine the concentration of heavy metals; lead, cadmium,
nickel, copper and zinc using native forest soil samples with
no apparent human influence in Kogi State which will serve
as baseline concentrations for soil quality determination.

Materials and Methods

Study area

The capital of Kogi state (Lokoja) is located on the confluence
of Rivers Niger and Benue at Lokoja on Latitude 6° 44’ North
and Longitude 7° 44’ East (Fig. 1). Going by the present
composition of the state, Kogi State is quintessentially
Nigeria, with three dominant ethnic groups namely; lgala,
Ebira and Okun (Yoruba) and several minorities. Kogi state
has a total land area of 28,313.53 square kilometres and on the
basis of the 1991 Nigerian national population census, the
total population of Kogi state was 2,141,756 (Ali et al., 2012).
The climate of the Kogi state is a tropical climate with two
distinct seasons (rainy season from March — October and dry
season from November — March). Kogi state just as many
other states in Nigeria is blessed with natural resources. It has
expensive fertile land for agriculture all over the state, coal at
Okobo, Ankpa, huge deposits of iron ore at Ajaokuta and
limestone at Obajana. The state is known for cultivation of
arable crops such as yam, cassava, maize, groundnut, cowpea
among others (Omotola, 2008).
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Source: https://researchgate.net/figure/map-ofKogi-State-Nigeria
Fig. 1: Map of the study area showing sampling locations

Sample collection and pretreament

Forty randomly sampled composites of native forest surface
soils with no apparent anthropogenic influence were collected
from November, 2017 to February, 2018 across Kogi state
(Fig. 1) and used for this study. These forests have been in
existence for more 50 years, uncultivated and comprise of
shrubs, woodlands and deciduous trees without the protection
of the Kogi state forest reserve agency. From each forest site,
five soil samples were randomly collected in different points
at a location and pooled together to form a composite sample.
They were collected from surface at the depths of 0-20 cm
using stainless steel auger. After collection, each composite
was then labelled, stored and transported to the laboratory.
Prior to analysis, the soil samples were air- dried at room
temperature for two weeks in the laboratory, dried, gently
crushed, sieved in a 2 mm mesh sieve and stored for
laboratory analysis.

Chemicals and reagents

All reagents and chemicals were of high analytical grade and
high purity distilled water was used for all dilutions. These
reagents included 65% nitric acid (HNOs) and HCI (37%) by
Sigma—Aldrich Company and 30% hydrogen peroxide (H202)
by Merck, Germany were used for digestion purpose.
Instrumentation

A temperature control digestion block (Hover Lab) and a
reflux flask with heating mantle were used for digestion
purposes while Atomic Absorption Spectrophotometer with a
model AAS 280 FS (Agilent Technology, USA) in Chemistry
laboratory ABU Zaria, Nigeria was used for analyzing the
aforementioned heavy metals.

Determination of heavy metals concentration

1.0 g of air- dried and sieved soil samples was weighed
accurately into 100 cm® beaker and digested first with 10.0
cm?® 1:1 nitric acid (50%) on a hot plate at 95°C without
boiling, refluxed for 15 min without boiling and allowed to
cool. Then 5.0 cm® of 65% nitric acid was added into the
digestate and refluxed again for 30 minutes. This step was
repeated until no brown fumes appeared. The digestate was

914



http://www.ftstjournal.com/
https://researchgate.net/figure/map-ofKogi-State-Nigeria

Determination of Heavy Metal Contamination for Soil Quality in Kogi State

then concentrated to 5.0 cm3, allowed to cool and 10.0 cm? of
30% hydrogen peroxide was added slowly to the digestate and
heated at 95°C until its appearance remains unchanged.
Subsequently, 10.0 cm® of 37% hydrochloric acid and 10.0
cm? of distilled water were added to digestate and refluxed for
15 min without boiling.

The resulting solution was allowed to cool and then filtered
using Whatman’s filter papers No 2 into 50 cm® calibrated
plastic containers and made up to mark with distilled water.
This was stored at 4°C for analysis (USEPA, 1996). The
filtrates were then analyze for heavy metals (Pb, Cd, Ni, Cu
and Zn) using atomic absorption spectrophotometer (Agilent
technology, USA with 280 FS model). Calculations of
concentration of heavy metals (mg/kg) were done using;

Final (mg) _ conc. (ppm)x volume of dilution (ecm®)
tnat conc. kg) weight of air — dried soil (g)

Assessment of soil contamination using geoaccumulation
index (1geo)

Geo-accumulation (Igeo) has been used widely to evaluate the
degree of metal contamination in soils (Tijani and Onodera,
2009). The index of geoaccumulation (lgeo) is widely used in
the assessment of contamination by comparing the levels of
heavy metals obtained to background levels originally used
with soils (Muller, 1969). It is calculated using the equation:

Cn

1.5Chb

Where Cn is the measured concentration of heavy metals in
soil and Cb is geochemical background value of concentration
of heavy metals in soils which is the average concentrations of
the metals in the shale which are; Cd = 0.3, Pb = 20, Ni = 68,
Cu =45 and Zn = 95 mg/kg (Turekian and Wedepohl, 1961).
The constant 1.5 is used for the possible variations of the
background data due to the lithogenic effects. Igeo values are
helpful to divide soil into quality classes (Nowrouzi and
Pourhabbaz, 2014). The Igeo interpretation according to Lu et
al. (2015) was adopted for this study; Igeo< 0 = practically
uncontaminated; 0 < Igeo<1 = uncontaminated to moderately
contaminated; 1 < Igeo < 2 = moderately contaminated; 2 <
Igeo < 3 = moderately to strongly contaminated; 3 < Igeo < 4
= strongly contaminated; 4 < Igeo < 5 = strongly to extremely
contaminated and Igeo > 5 = extremely contaminated.

Quiality control and quality assurance

To minimize the chances of interferences, all glass wares were
soaked in 10% v/v HNOs solution overnight (Onianwa, 2001),
washed with high purity distilled water and rinsed thoroughly
with distilled water before used. In the stage of digestion,
three quality-assurance samples (a blank, a duplicate and a
standard reference material) were included. A blank sample
was analyzed at interval of 5" samples to check for
interference and cross contamination. In addition, a duplicate
sample was carried at intervals of 5" sample to check for
precision of the instrument and method used. Finally, to check
for the quality of the analytical method adopted for this
analysis, the accuracy was checked by using Standard
Reference Material (WEPAL Sample, 989).

The percentage recoveries of Cd, Pb, Ni, Cu and Zn are 81,
80, 89, 86 and 91% are presented in Table 1. The recoveries
of five studied heavy metals ranged from 80% to 91%. These
values were within the acceptable range of 80 to 120%
expected for the metals indicating good accuracy for the
analysis procedure (Duan et al., 2012).

Igeo =log,
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Table 1: Recovery of heavy metals in the standard reference
material (WEPAL 989) by USEPA method 3050B

Heavy Certified Determined
metal  value (mg/kg) value (mg/kg) Recovery (%)
Cd 8.21 6.65 81
Pb 281 224.8 80
Ni 53.9 48.0 89
Cu 153 132.23 86
Zn 1020 928.2 91

The percentage recovery of each metal was calculated as:
Recovery (%)
_ determined conc. of a heavy metal (mg/kg)

conc.of certified of the same heavy metal

Statistical analysis

The range, mean and standard deviation were calculated for
descriptive statistical analysis using SPSS 21 (IBM Statistics,
2012).

Results and Discussions

The results of heavy metal concentrations in the Kogi State
forest surface soils are presented in Table 2. In this study, the
mean concentration of each heavy metal was compared with
the baseline values and standard limit of heavy metals
reported in the literature.

Lead

Lead rarely exist in nature and could be found in different
forms such as organic and inorganic compounds (Moyo et al.,
2013). Lead accumulation in the body organs (such as brain)
may lead to poisoning (plumbism) or even death. The
presence of Pb may also affect the gastrointestinal tract,
kidneys and the central nervous system (Tirkey et al., 2012).
The examined concentration lead in the forest surface soils
ranged from 9.13 - 43.05 mg/kg with a mean of 23.06+7.29
mg/kg (Tables 2 and 3). This mean concentration of Pb was
observed to be within the standard limit of 30-300, 50-300, 2-
300, 100, 300 and 70 mg/kg of Pb concentration in soil set out
set out by USEPA(1986), EEC(1993), Alloway (1995),
WHO/FAO (2001), EU(2002) and CCME(2014). Also, mean
concentration of Pb is far less than the baseline values of 50
mg/kg reported by Alfaro et al. (2015); 44.2 mg/kg by
Jimenez- Ballesta et al. (2010); 85 mg/kg by Brus et al.
(2009) and 28 mg/kg by Mico et al. (2007).

Cadmium

Cadmium is an element found naturally in the environment. It
is a toxic metal even at low levels (Jain et al., 2007). It can
cause many toxic symptoms, such as inhibition of growth and
photosynthesis, deactivation or inhibition of enzymes,
disturbances in plant water relationships, ion metabolism, and
formation of free radicals (Kumars et al., 2008). The
concentration of cadmium in the forest surface soils ranged
from 0.00 — 0.95 mg/kg with a mean value of 0.44+0.28
mg/kg. Mean of Cd concentration recorded in these soils is
within the standard limit of 3, 1-3, 0.01-2.0, 3.0, 3.0 and 1.4
mg/kg of Cd concentration in soil set out by USEPA(1986),
EEC(1993), Alloway (1995), WHO/FAO (2001) , EU(2002)
and CCME(2014). Also, mean concentration of Cd is within
the baseline values of 0.6 mg/kg reported by Alfaro et al.
(2015); 4.4 mg/kg by Jimenez- Ballesta et al. (2010); 0.80
mg/kg by Brus et al. (2009) and 0.70 mg/kg by Mico et al.
(2007).

Nickel

Nickel is an element that occurs in the environment only at
very low levels and is essential in small doses. It could be
dangerous when the maximum tolerable amounts are
exceeded (Wuana and Okieimen, 2011). Nickel can result in
lung, liver and kidney damage. In high quantities Ni can also
cause cancer, respiratory failure, birth defects, allergies,
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dermatitis, eczema, nervous system and heart failure
(Adelekan and Abegunde, 2011). The concentration values
recorded in respect of Ni at forest surface soils revealed the
range of 0.00 - 32.75 mg/kg with a mean of 17.49+8.13
mg/kg. This mean concentration of Ni is less than the standard
limit of 150, 75, 2-750, 50, 75 and 50 mg/kg of Ni
concentration in soil set out set out by USEPA (1986), EEC
(1993), Alloway (1995), WHO/FAO (2001), EU (2002) and
CCME (2014). Also, mean concentration of Ni is far less than
the baseline values of 170 mg/kg reported by Alfaro et al.
(2015); 42.6 mg/kg Jimenez- Ballesta et al. (2010); 35 mg/kg
by Brus et al. (2009) and 31 mg/kg by Mico et al. (2007).

Table 2: Concentrations of heavy metals in studied Kogi
state forest surface soils (mg/kg)

Sargir::)mg Lead Cadmium Nickel Copper Zinc
1 12.05 0.00 7.00 9.35 49.05
2 9.15 0.00 0.00 10.90 7.90
3 14.75 0.15 3.75 9.80 23.25
4 43.05 0.25 9.65 5.05 58.50
5 17.68 0.62 9.75 2.60 74.55
6 22.20 0.95 17.30 3.85 12.90
7 21.45 0.45 32.75 17.20 17.55
8 20.75 0.35 10.70 2.75 9.75
9 19.35 0.65 20.45 0.00 5.30
10 18.85 0.53 12.55 0.30 36.60
11 19.55 0.48 19.65 3.45 16.65
12 20.80 0.87 21.25 2.35 12.75
13 16.45 0.19 13.35 4.55 0.75
14 23.10 0.25 25.15 3.80 10.70
15 20.98 0.90 14.13 0.63 19.23

16 29.15 0.30
17 23.50 0.75
18 35.45 0.50

21.20 6.30 8.65
17.50 9.40 4.25
19.35 9.70 3.55

19 25.25 0.10 21.25 15.00 3.50
20 14.63 0.23 19.75 7.35 1.30
21 32.15 0.60 28.95 16.70 19.10
22 28.25 0.21 29.55 4.85 24.40
23 30.80 0.00 26.85 2.40 19.25
24 25.30 0.10 30.40 14.85 12.90
25 19.65 0.58 18.73 19.58 20.73
26 29.50 0.64 18.65 2.50 4.25
27 27.90 0.55 15.90 17.40 16.30

28 31.35 0.75 9.25 4.75 25.05
29 27.80 0.09 2.55 0.15 42.25
30 27.65 0.13 5.68 0.98 42.48
31 29.70 0.78 31.30 9.20 23.60
32 28.30 0.85 24.00 4.15 18.15
33 31.35 0.30 23.55 2.55 14.10
34 20.60 0.42 22.55 6.50 8.25
35 24.53 0.80 20.98 8.85 14.68
36 20.55 0.75 14.20 1.65 19.80
37 11.80 0.30 11.80 2.20 8.10
38 16.35 0.60 18.80 3.55 19.80

39 21.50 0.40 20.25 0.55 7.96
40 9.13 0.28 9.18 6.03 10.79
Mean+SD 23.06+7.29 0.44+0.28 17.49+8.13 6.34+5.38 18.72+15.84
Range 9.13-43.05 0.00-0.95 0.00-32.75 0.00-19.58 0.75-74.55

SD= Standard deviation

Table 3: Mean concentration, average shale and geo-
accumulation index (lIgeo) values of studied heavy metals
in forest surface soils in Kogi State

Concentration Pb cd Ni Cu 7n

(mg/kg)
Present study 23.06+ 0.44+ 17.49+ 6.34+ 18.72+
729 028 813 538 1584
Average shale 20 0.3 68 45 95
Igeo value -0.38 -0.03 -254 -3.41 -2.93
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Copper

Copper is an essential metal for normal plant growth and
development, although it is also potentially toxic. Copper is
considered as a micronutrient for plants (Kabir et al., 2009).
Excess of Cu in soil plays a cytotoxic role, induces stress and
causes injury to plants. This leads to plant growth retardation
and leaf chlorosis (Jyotish et al., 2015). Copper concentration
levels in forest surface soils are in the range of 0.00 — 17.20
mg/kg with a mean of 6.34+5.38 mg/kg (Tables 2 and 3). The
mean concentration of Cu from the soils is comparatively less
than the standard limit of 250, 140-300, 2-250, 100, 140 and
63 mg/kg of Cu concentration in soil set out set out by
USEPA (1986), EEC (1993), Alloway (1995), WHO/FAO
(2001), EU (2002) and CCME (2014). Also, mean
concentration of Cu is far less than the baseline values of 39.2
mg/kg reported by Nuria (2015); 83 mg/kg by Alfaro et al.
(2015); 27.0 mg/kg by Jimenez- Ballesta et al. (2010); 36
mg/kg by Brus et al. (2009) and 19.82 mg/kg by Mico et al.
(2007).

Zinc

Zinc is widely distributed in nature. It is a very common
environmental contaminant (Finkelman, 2005). High levels of
Zn could cause health problems such as stomach cramps, skin
irritations, vomiting, nausea, anaemia, headaches, loss of
appetite and some respiratory disorders (Rajappa et al., 2010).
The concentration of Zn in the forest surface soils ranged
from 0.75 - 74.55 mg/kg with a mean of 18.72+15.84 mg/kg
(Tables 2 and 3). The mean concentration level of Zn recorded
in the soils was observed to be far less than the standard limit
of 300, 150-300, 1-900, 300, 300 and 200 mg/kg of Zn
concentration in soil set out by USEPA (1986), EEC (1993),
Alloway (1995), WHO/FAO (2001), EU (2002) and CCME
(2014). Also, mean concentration of Zn is less than the
baseline values 133.9 mg/kg reported by Nuria (2015); 86
mg/kg by Alfaro et al. (2015); 86.5 mg/kg Jimenez- Ballesta
et al. (2010); 140 mg/kg by Brus et al. (2009) and 83 mg/kg
by Mico et al. (2007).

The results obtained indicate that, the studied forest soils in
Kogi State are practically uncontaminated based on Igeo < 0.

Conclusion

Generally, the mean concentrations (mg/kg) of heavy metals
in forest surface soil samples were: Cd 0.44+0.28, Pb
23.06+£7.29, Ni 17.49+8.13, Cu 6.344538 and Zn
18.72+15.84, respectively. The obtained mean concentrations
were all within normal range for normal soils set out by
USEPA (1986), EEC (1993), Alloway (1995), WHO/FAO
(2001), EU (2002) and CCME (2014). In addition, these
mean concentrations fell within the baseline values of heavy
metals of normal soils reported by Nuria (2015), Alfaro et al.
(2015), Jimenez- Ballesta et al. (2010), Brus et al. (2009) and
Mico et al. (2007). This is an indication that, the plants,
microorganisms and animals are safe from the hazardous
effects of these heavy metals in soils.

Also, further study was carried out to assess the potential
ecological risk caused by the heavy metal contamination in
the studied forest soils through the calculation of
geoaccumulation index (Igeo). The study focused on the
evaluation of the contamination with heavy metal. The Igeo
values of < 0 present in this study have demonstrated that the
studied forest ecosystems are practically uncontaminated. The
low concentration level of all studied heavy metals in these
soils showed the impact lithogenic one rather the
contaminated from anthropogenic activities.

Finally, since the concentrations of cadmium lead, nickel,
copper and zinc are within the normal range of normal soils
and found uncontaminated, these concentrations could
probably be used as baseline concentrations for these heavy
metals in Kogi State soils for soil protection guidelines.
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