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ABSTRACT

Identification and quantification of heavy metals contamination in soil is very important as far as human
health and environmental quality protection are concerned. Heavy metals enter the soil through natural and
anthropogenic sources but contamination concern is mainly associated with anthropogenic input which is
capable of increasing the natural concentration to contamination and toxic levels. Heavy metals can migrate
from contaminated soil to other components of the environment with the possibility of human exposure and
severe health implication. This study investigated heavy metals contamination of soils in Ishiagu area using
pollution indices. Soil samples were collected at various points within the study area at depths of 0-20cm.
Collected soil samples were analyzed for total metal concentration using ICP-OES after Aqua regia
digestion in Bureau Veritas laboratory, Canada. The result of the analysis showed that heavy metals content
in Ishiagu soil varies with location and is in the order: Zn (5 — 1450), Ni(1 — 73 ) Cu (3 — 37 )Cr(6 — 64 )Fe
(2800 — 80800 )AI (2200 — 27400 ). The average concentration of the metals in the soil of the study area is
in the order: Fe>Al > Zn>Cr > Ni> Cu. Based on the calculated average contamination Factors (CFs), there
is moderate contamination of Zn in the investigated soil while the contamination level of other heavy metals
that include Cr, Ni, Cu, Al and Fe are low; mean values less than 1(CF<1).The Igeo values calculated for
each location range from practically uncontaminated with Cr, Ni, Al, Fe and Cu in all the locations to
moderately contaminated with Zn in mining areas. However, the average igeo values for all the metals
indicate no contamination in the study area soil. The knowledge of soil contamination status is relevant for
environmental management decision.
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INTRODUCTION

Weathering of rock minerals causes local accumulation of heavy metals in soils. Igneous and metamorphic
rock types constitute 95% of the earth’s crust, with sedimentary rocks making up the remaining 5%
(Pettijohn FJ (1957)). Heavy metals substitute isomorphically for cations of similar ionic radius in rock
forming silicate minerals which result in them becoming natural part of the soil formed from rock
weathering. However, the natural concentrations of heavy metals in soils may increase as a result of
anthropogenic activities such as mining, waste disposal, fuel burning and agricultural activities. Elevated
heavy metals concentration can lead to the contamination of soil which has severe implication for the wider
environment. Contaminated soil poses risk because metal contaminant can migrate from the soil to other
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components of the environment including humans. The exposure of humans to heavy metals has negative
effect (Ngole-Jeme, V. M., & Fantke, P. 2017) as they deteriorate the blood system and organs such as the
lungs, kidneys and liver. Heavy metals can affect the central nervous system, promote diseases such as
Parkinson’s and Alzheimer’s, and cause mutation or cancer (Hooda 2010).

The assessment of soil contamination in Ishiagu is important to ascertain the impact that anthropogenic
activities such as mining and quarry may have on the soil quality. Contamination factor and
goeaccumulation index have been shown to be effective in determining soil pollution status (Sikakwe Greg.
U., 2017).

The Study Area

Ishiagu is part of a sedimentary basin referred to as the Benue trough which is a rift basin in central West
Africa that contains up to 6,000 m of Cretaceous — Tertiary sediments(Obaje, 2009). The area is also
intruded in many places by Santonian intrusive rocks and mineralized in some parts by hydrothermal Pb-Zn
ores (Kogbe, 1976). It is located within latitude 5°55° and 6°00°N and longitude 7°29° and 7°35’E and is in
southeastern Nigeria. Fig 1 shows the geology of the area. One of the foremost colleges of agriculture in
Nigeria is located in this area due to its vast agricultural potential. A number of ore mines are located at
different parts of the area making heavy metals monitoring with respect to contamination in soils of the area
important.
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Fig. 1. Geological map of Ishiagu ( adopted from Obioha Y. E., 2018)
Climate and Soil

Ishiagu lies in the tropical climate region influenced by two seasons which are, 1) the rainy season from
March to October and, 2) the dry season which lasts from November to February. The two seasons result
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from two air masses that blow across Nigeria at different time of the year; the Maritime air mass and the
Continental air mass. The maritime air mass also referred to as south western monsoon wind, from the
Atlantic Ocean (moisture laden) brings rain between March and October of each year. The tropical
continental air mass also referred to as the northeast trade wind, which is cold, dry and dusty, from Sahara
desert causes harmattan from November to February. Ishiagu has an average temperature of 27°C (Duze and
0jo, 1982 as cited in lyi E. C., Onyekwelu I.L. and Emenaha O.T., 2021) with an average annual rainfall of
1500mm — 2300mm (Ofomata G. E. 1965). The soil of the study area is red ferrasols (Areola, 1982),
described by Eze and Chukwu (2011).as red-brown gravelly/pale clayey soils.

MATERIALS AND METHODS
Sample Collection and Laboratory Analysis

Samples were collected randomly and independently across the study area (Scholz et al., 1994). Soil
samples were collected from cultivated areas covering mining and non mining sites, quarry sites and
residential areas. A total of 45 soil samples were collected at depths of 0-20cm using steel hand auger. Large
particles of stones were hand —picked from the sample and the silty —clay size put in a well labeled plastic
container with cover. Geographical positioning system (GPS) was used to record the coordinate of each
sample location at the point of collection in the field. The auger was properly cleaned after each sample
collection to avoid mixing and contamination of the samples. Soil samples were air dried at room
temperature and store in a plastic container at room temperature prior to analysis in the laboratory. The
concentration of heavy metals in the samples was measured using inductively coupled plasma optical
emission spectrometry (ICP-OES) after aqua regia digestion in Bureau Veritas laboratory, Vancouver,
Canada. For each experiment, a run included blank, certified reference materials (CRM) and samples were
analyzed in duplicate to eliminate any batch-specific error. The certified reference materials (STD DS11land
STD OREAS 262) were analyzed to confirm analytical performance and good precision of the applied
method. Reference materials were calibrated to an aqua regia digestion/ICP-ES determination against
published values for a concentrated HCI and nitric acid (HNO,) digestion of the Canadian Certified

Reference Materials Project (CCRMP).

Data Analysis

Contamination factor (CF)

The contamination factor is also called the single-factor pollution index; The CF is the ratio obtained by
dividing the concentration of each metal in the soil by the baseline or background value (Taylor, S. R., and
McLennan, S. M., 1985).Taking the background value as the baseline value, the contamination factor can be
used to reflect the degree of human-caused disturbance on the soil, and if taking the environmental quality
standard for soils or soil screening value as the baseline value, it can be used to assess the degree of
contamination and evaluate the impact of soil environmental quality on human life(Tomlinson, D.L.;
Wilson, J.G.; Harris, C.R.; Jeffrey, D.W 1980). Contamination factor is calculated using equation (1).

(01210311 o1 (1)

Where C,, represents the measured concentration of the elements studied and Cg is the average
geochemical background concentration of the metal in crust (Taylor, S. R., and McLennan, S. M., 1985).

The classification of contamination is shown in table 1.
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Table 1. Categories of soil contamination based on contamination factor (Kumar and Edward, 2009)

CF Category of contamination

CF<1 |Low contamination factor

CF= 1 — 3|Moderate contamination factor
CF= 3 — 6|Considerable contamination factor
CF>6 [Very high contamination factor

Geo-Accumulation Index (lgeo)

Geoaccumulation index is the most popular index for pollution evaluation based on single heavy metals in
soils (Men, C.; Liu, R.; Xu, F.; Wang, Q.; Guo, L.; Shen, Z. 2018). It is a quantitative measure of the extent
of metal accumulation in soil proposed by Muller (1969). This index (lIgeo) is calculated by computing the
base 2 logarithm of the measured total concentration of the metal over its background concentration
according to Muller, (1969) in equation (2).

lgeo = 10G2(CM/(L5 X B @)

Where Cm is the concentration of metal in the soil samples, and Bm is the geochemical background value of
the metal. The classification of geoaccumulation is as contained in table 2.

Table2. Geoaccumulation index classification (Muller, 1969).

Igeo value |Class [Soil quality

Igeo <0; 0 Practically uncontaminated
0<lgeo<1;|1 Uncontaminated to moderately contaminated
1<lgeo <22 Moderately contaminated
2<lgeo <353 Moderately to heavily contaminated
3<lgeo <44 Heavily contaminated
4 <lgeo <5;|5 Heavily to extremely contaminated

6

Igeo > 5. Extremely contaminated

RESULTS

Table 3. Statistical summary of some heavy metals in Ishiagu soils.

Minimum|{Maximum|Mean [Median|Std. Deviation|Coefficient of variation(CV)|Skew
Zn (5 1450 162.64 |57 340.981 2. 096 3,064
Al |2200 27400 11374.22(10100 |5426.550 0.48 0,742
Cr (6 64 21.67 |16 15.071 0. 69 1,6
Ni |1 73 15.00 |12 12.801 0.85 2,575
Cu|2 37 11.18 |10 7.929 0.709 1,973

Heavy Metals Level in Soils of the Study Area

The concentration of all the heavy metals varied across the study location. The sequence of variation is in
the order: Zn >Ni>Cu>Cr>Fe>Al. The metal with the highest concentration variation, considered as
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exceptionally high, is Zn and is related to anthropogenic input (mining). Fe exhibited moderate variation
while the variation of Al concentration is the least; suggestive of a natural occurrence (geogenic) and the
least impacted metal. The Coefficient of variation (CV) of Al, Cr, Cu, and Ni are all below 1(table 3);
implying principally natural source (soil parent material) for these metals. The distribution of the 6
considered heavy metals are right-skewed, which indicate that the mean values are typically greater than the
median values. The range of concentration of the metals are: Zn (5 — 1450), Ni (1 —73), Cu (3 - 37), Cr (6 —
64), Fe (2800 — 80800 ) and Al (2200 — 27400 ). Al, Cr and Cu did not exceed background values (Taylor
and McLennan, 1995) and FAO/WHO standards for soil in all the locations while Zn and Fe, concentrations
are higher than background and WHO permissible limits in locations where mining activities exist and
below these standards in non-mining areas.

Table 4. Average values of geochemical indices

Metals[Zn |Cr [Ni |CulFe |Al
CF 2.3 10.3 (0.3 (0.4]{0.4]0.1
Igeo [-0.9(-2.8|-2.5|-2 [-2 |-3.9

Contamination Factor

Zn CF ranged from 0.07 to 20.42 with an average value of 4.48, indicating low to considerable
contamination of Zn in the investigated soil. Other heavy metals that include Cr (0.07 to 0.75), Ni (0.02 to
1.66), Cu( 0.12 to 1.48), Fe (0.03 to 0.9) and AI(0.02 to 0.3) all have mean value less than 1(CF<1)
signifying low contamination of these metals in soils of Ishiagu.

Geoaccumulation Index (lgeo)

The igeo values for the metals are shown in table 4. The range for the different metals are as follow: Zn (-
0.007 to 3.8), Cr (-0.99 to -4.41), Ni (-6.04 to 0.15), Cu (-4.23 to -0.02), Fe (-0.7 to -5.6) and Al (-6 to -2.4)
. Individual heavy metals contamination status of soil in the study area shows that the soil is uncontaminated
with Cr, Ni, Cu, Fe and Al while Zn caused heavy contamination in parts of the study area. The area heavily
contaminated with Zn is where there is mining activity in the northwest and southwest part of the study area.
Nevertheless, the average Igeo values for all the metals investigated show no contamination in the soil of the
study area.

CONCLUSION

This study provided understanding of the contamination status of Ishiagu soil with respect to heavy metals
using geochemical indices. It was observed that the concentration of heavy metals in the soils varied widely
across the study area due to anthropogenic influences. Al, Cr and Cu did not exceed background values and
FAO/WHO standards for soil in all the locations while Zn and Fe, concentrations are higher than
background and WHO permissible limits in locations where mining activities exist. Generally, the average
CF values indicate no contamination of soil with Cr, Cu, Al, Ni and Fe while there is moderate Zn
contamination.
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