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ABSTRACT

Absorption of heavy metals through swampy agricultural soils may have serious consequences on
human health. Present study determined the levels of Chromium (Cr), Nickel (Ni), Copper (Cu),
Zinc (Zn), Arsenic (As), Cadmium (Cd) and Lead (Pb) using X- Ray Spectrometry in 10 swampy
agricultural soils. The result of this study revealed that, the heavy metals with their respective
concentrations (Cr (278.1), Ni (462.1), Cu (314.1), Zn (502.8), As (13.5), Cd (524.5) and Pb
(295.5)) were found in the soil samples in mg/kg. It also pointed out that the concentration of the
heavy metals in the all soil samples for all locations in decreasing order was Cd > Zn >Ni > Cu >Pb
> Cr >As. The concentration in swampy agricultural soils from Kokona was obviously higher than
the safe limit set by the regulatory bodies which may be because of the geological activities in the
studied area. Hence, heavy metals accumulation in swampy agricultural soils is a big concern in
Kokona where people’s daily meal largely contains rice or rice based products which are mostly
cultivated in swampy agricultural soils.
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1. INTRODUCTION

Absorption of heavy metals through swampy
agricultural soils may have serious
consequences on human health. Historically,
agriculture was the first human influence on the
soil [1]. Swampy agricultural soils could be
contaminated as a result of accumulation of
heavy metals through emission from rapidly
expanding industrial areas, mines tailings,
disposal of high metal wastes, leaded gasoline,
paints, application of fertilizers, animals manure,
sewage sludge, pesticide, waste water irrigation,
coal combustion residue, spillage of
petrochemicals and atmospheric deposition [2].

Elementsthat pose major threat to human health
that are commonly found in contaminated soils
are lead (Pb), chromium (Cr), arsenic (As), zinc
(Zn), cadmium (Cd), copper (Cu), and nickel (Ni)
[3]. Soils are the major sink for heavy metals
emission into the environment, as such; their
total concentration in soils persists for a long time
after their introduction [4]. A certain amount of
these heavy metals for instance are needed for
normal body functions; but at the same time high
concentrations may cause toxic effect such as
liver, kidney problems and genotoxic carcinogen

[5].

Heavy metals contaminants in soils may pose
risk and harmful effects on human being and the
environment through contact with contaminated
soil or direct ingestion, drinking of contaminated
ground water, the food chain [6]. The adequate
restoration and protection of soil ecosystem
contaminated by heavy metals required
remediation and characterization. The Standard
Organization of Nigeria (SON), Department of
Petroleum Resources of Nigeria (DPR), United
State Food and Agricultural Organization
(US/FAO), European Union Environmental
Protection Agency (EUEPA) and the World
Health  Organization (WHO) characterize
chemical properties of environmental
phenomena, specifically on food chain [7]. While
soil characterization will provide an insight into
heavy metals bioavailability and speciation, an
attempt to remediate heavy metals contaminated
soils will entail knowledge of the source of
contamination, basic chemistry, associated
health and environmental effects (risks) of these
heavy metals. Risk assessment will go a long
way as an effective scientific tool which enables
decision makers (government and stake holders)
to manage site so contaminated in a cost
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effective way and manner while preserving the
ecosystem and public health [8]. Agriculture
therefore, is the mainstay of the economy
because maijority of the populace are involved in
subsistence farming. Therefore, this work
centered on some swampy agricultural soils
where food crops like rice, vegetables, sugar
cane, etc. are cultivated. This study will serve as
a baseline data for ecological integrity and
human wellbeing in Kokona, Nasarawa,
Nigeria.

2. METHODOLOGY

Ten (10) random soil samples were collected
from Kokona Local Government Areas in order to
conduct this elemental analysis. Consideration
was employed by randomly collecting the soil
samples on each of the swampy agricultural soil
area under investigation and the soil samples
were collected thirty centimeter (30 cm) depth
from the top soil so as to obtain the desired
standard result.

2.1 Study Area

This research work centered on Kokona Local
Government, in Nasarawa West, where soils are
found among the flood plains which are always
swampy in nature due to availability of water all
the year round. The forest soils are rich in humus
and laterite soils. They are found in most part of
the state and very good for crop production.
Kokona has arable land for commercial farming,
fishery development, wild life and forestry
conservation. Agriculture therefore, is the
mainstay of the economy because majority of the
populace are involved in subsistence farming.
The sample points and their coordinates are
tabulated in Table 1.

The coordinates presented in Table 1 are then
used to plot a map of the study are as seen in
Fig. 1.

2.2 Samples Preparation

The soil samples were dried under ambient
temperature, grinded with pestle and mortar, and
allowed to pass through 2.0 mm meshed sieved,
packaged properly in paper bags and coded for
easy identification. The soil samples were then
taken to Center for Energy Research and
Development (CERD) in Obafemi Awolowo
University (OAU) lle Ife in Osun State, Nigeria for
analyses.



2.3 Method of Sample Analyses

X-Ray Fluorescence (XRF) Spectrometry
analysis was used for routine, non- destructive
spectrometric determination of food, rocks, sails,
minerals and liquid samples with little or no pre-
treatment needed. It enables chemical
composition to be determined in seconds. It
involves mass analysis and every component in
the irradiated substance is included. However,
X.R.F. cannot generally make analysis at the
small spot sizes (2-5 microns). It is typically used
for bulk analysis of larger fractions of geological
materials. The relative ease, low sample
preparation and the stability and ease of use of
X-Ray Spectrometers make it one of the most
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widely used methods for analysis of major and
trace elements in rocks, soil, water, mineral
sediment etc.

When an X-ray emission from a radioactive
source strikes a sample, the x-ray can either be
absorbed by an atom or scattered through the
material after absorption. The atom becomes
exited and gives off a characteristics x-ray
whose energy level is unique to the element
impacted by the incident x-ray. The emission of
this characteristics x-ray is called X-Ray
Florescence. Measurement of the number of
emitted x-ray provides a quantitative indication of
the concentration of the metal present in the
sample.

Table 1. Sample points and their coordinates

Coordinates

Sample points North South

PT1 850'22.62" 7758'80.33"
PT2 850'21.28" 7Y58'50.72"
PT3 850'25.71" 7958'24.78"
PT4 849'23.98" 759'70.68"
PT5 849'24 558" 759'60.48"
PT6 8Y49'24 47" 7Y59'5.478"
PT7 849'1.128" 759'26.28"
PT8 849'1.998" 7959'28.24"
PT9 849'3.078" 759'28.94"
PT10 8Y49'2.322" 759'31.92"
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Fig. 1. Map of the study area showing sample points
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3. RESULTS AND DISCUSSION
3.1 Results

The data collected from different Swampy
Agricultural Soils from Kokona L.G.A were
analyzed using X-Ray Fluorescence (XRF)
Spectrometry. The results of the analysis were
obtained and presented in Table 2, which are the
Concentration Level of Heavy Metals such as
chromium (Cr), nickel (Ni), copper (Cu),
zinc (Zn), arsenic (As), cadmium (Cd) and lead
(Pb).

3.1.1 Result analysis

In this study, the results presented in Table 2
were used to plot chart presented in Fig. 2 in
order to compare the results with previous works.

3.2 Discussion

The results of the Heavy metal contamination in
swampy agricultural soils of Kokona, Nasarawa
West, Nigeria using X- Ray Fluorescence (XRF)
Spectrometry have been presented. The heavy
metals found in the soil samples are presented in
Table 2. Finding of this study have revealed that
the mean concentration of the heavy metals in all
soil samples for all points arranged in decreasing
order was Cd > Zn >Ni > Cu >Pb > Cr >As.
These values were found to be higher than the
safe limit recommended by WHO except for
arsenic (As) and chromium (Cr) which are found
to be lower. This implies that the mean
concentration level of heavy metals in those
areas was significantly high and may cause
immediate radiological hazard to the populace of
the study area.

On Chromium mean concentration level, finding
of this study has revealed that the Chromium

mean concentration level for soil samples was
278.1 mg/kg. This implies that the mean
concentration level of chromium in those areas is
low and may not cause radiological hazard to the
populace of the study area. This finding is not in
line with the finding of [9] whose mean
concentration level for chromium was 47.49
mg/kg and [10] whose mean concentration level
for chromium was 300 mg/kg.

On Nickel mean concentration level, finding of
this study has revealed that the Nickel mean
concentration level for soil samples was 462.1
mg/kg. This implies that the mean concentration
level of nickel in those areas is significantly high
and may cause radiological hazard to the
populace of the study area. This finding is not in
line with the finding of [11] whose mean
concentration level for nickel was 47 mg/kg and
[10] whose mean concentration level for nickel
was 50 mg/kg.

On Copper mean concentration level, finding of
this study has revealed that the Copper mean
concentration level for soil samples was 314.1
mg/kg. This implies that the mean concentration
level of copper in those areas is significantly high
and may cause radiological hazard to the
populace of the study area. This finding is not in
line with the finding of [11] whose mean
concentration level for copper was 9.23 mg/kg
and [10] whose mean concentration level for
copper was 200 mg/kg.

On Zinc mean concentration level, finding of this
study has revealed that the Zinc mean
concentration level for soil samples was 502.8
mg/kg. This implies that the mean concentration
level of zinc in those areas is significantly high
and may cause radiological hazard to the
populace of the study area. This finding is not in
line with the finding of [11] whose mean

Table 2. Concentration of heavy metals in mg/kg

SIN Sample points Cr Ni Cu Zn As Cd Pb

1. PT1 127 325 046 389 389 261 985
2. PT2 201 628 43 723 N.D 853 634
3. PT3 208 545 438 343 13 592 142
4. PT4 154 506 326 653 25 345 N.D
5. PT5 211 616 454 505 15 390 543
6. PT6 189 178 804 745 16 342 250
7. PT7 483 680 322 607 14 23 549
8. PT8 302 592 535 681 18 433 319
9. PT9 203 473 135 279 N.D 938 106
10. PT10 703 78 38 103 10 344 24
11. Mean 278.1 462.1 314.1 502.8 13.5 524.5 295.5
12. WHO/USFAQ, (2001) 300.0 50.0 200.0  300.0 20.0 3.000 100.0

ND = Not Detected
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Fig. 2. Comparison of mean concentration with others in literatures

concentration level for zinc was 53.91 mg/kg and
[10] whose mean concentration level for zinc was
300 mg/kg.

On Arsenic mean concentration level, finding of
this study has revealed that the Arsenic mean
concentration level for soil samples was 13.5
mg/kg. This implies that the mean concentration
level of arsenic in those areas is not significant
and may not cause radiological hazard to the
populace of the study area unless accumulated
for a long period of time. This finding is in line
with that of [9] and [10], but not in line with the
finding of [11] whose mean concentration level
for arsenic was 1.25 mg/kg.

On Cadmium mean concentration level, finding
of this study has revealed that the Cadmium
mean concentration level for soil samples was
524.5 mg/kg. This implies that the mean
concentration level of cadmium in those areas is
significantly high and may cause radiological
hazard to the populace of the study area. This
finding is not in line with the finding of [11] whose
mean concentration level for cadmium was 6.9
mg/kg, [9] whose mean concentration level for
cadmium was 7.3 mg/kg and [10] whose mean
concentration level for cadmium was 3 mg/kg.

On Lead mean concentration level, finding of this
study has revealed that the Lead mean
concentration level for soil samples was 295.5
mg/kg. This implies that the mean concentration
level of lead in those areas is significantly high
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and may cause radiological hazard to the
populace of the study area. This finding is not in
line with the finding of [11] whose mean
concentration level for lead was 33.13 mg/kg, [9]
whose mean concentration level for lead was
70.36 mg/kg and [10] whose mean concentration
level for lead was 100 mg/kg.

4. CONCLUSION AND RECOMMENDA-
TION

4.1 Conclusion

The results showed that the mean concentration
levels of heavy metals in some swampy
agricultural soil from Nasarawa West, Nigeria
varied significantly and decreased in the order of
Cd > Zn >Ni > Cu >Pb > Cr >As. These values
were found to be higher than the safe limit
recommended by WHO and USFAO except for
arsenic (As) and chromium (Cr) which are found
to be lower. This implies that the mean
concentration level of heavy metals in those
areas is significantly high and maybe attributed
to the geological strata and the pollution of the
studied area. Consequently, this indicates threat
to adverse health effects to the population in the
area.

4.2 Recommendation

Remediation techniques are important to
eliminate the human adverse health effects in



contaminated soils. This «calls for regular
monitoring and risk assessment of crops
cultivated at the sample locations. Furthermore,
Government authorities at all levels should
create awareness on the health implications
of human interaction with heavy metals. Heads
of cattle crossing from nearby communities
should be restricted from grazing on the
grasses in the study area as the cow dump
deposits has great influence on concentration
levels of these toxic heavy metals. Also drying of
eatable food on tarred roads in rural and urban
community should be discouraged and
agricultural farms should not be close to
highways to prevent excessive buildup of heavy
metals.
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