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ABSTRACT

This work contributes to the monitoring of heavy metal pollution of Agricultural soils, Katsina State
Nigeria, using Atomic Absorption Spectrophotometry. The heavy metal contamination of the soil
samples were analyzed based on the Geoaccumulation index (Igeo), enrichment factor (EF),
contamination factor (CF), pollution load index (PLI) and potential ecological risk index (PERI). The
health risks of the evaluated heavy metals were estimated using the Hazard Quotient (HQ) and
Hazard Index (HI)) to evaluate the possible non-carcinogenic effect and the Incremental Lifetime
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Cancer Risk (ILCR) for the cancer risk to the population. The results of the study had revealed that
in the soil samples all the evaluated heavy metals lie within acceptable limits as set by the
regulatory agencies. The evaluated soil samples pollution indices had revealed that the I-geo values
for the soil samples were within the range of unpolluted to moderate pollution. Also, the heavy metal
enrichment factor (EF) value for the soil samples have indicated that only the heavy metal Fe
showed significant enrichment, with the soil samples being moderately contaminated with Fe. The
pollution load index (PLI) also indicated unpolluted to moderate pollution. With the potential
ecological risk index (PERI) values presenting low ecological risks. The calculated non-cancer risk
indices in both the children and adults population for all the heavy metals were less than 1. With the
exception of the ILCR for the heavy metal Pb in children from Daura zone that was in limits that
environmental and regulatory agencies considered as unacceptable risk, risk values for all the
heavy metals falls within the range of the threshold of the safe limit and limits regarded as safe by
the regulatory agencies (107 to 10™). The results of pollution indices have indicated that the
Agricultural soil samples have low contamination and low health risks by the heavy metals
evaluated.

Keywords: Africa; pollution; environment; heavy metals; Katsina; Nigeria; cancer.

1. INTRODUCTION are soils with little hazards and soils with good

water holding capacity” [13]. “Katsina has been
“The soil is not only a substrate for plant growth  divided into three agro-ecological zones (Guinea
or a reservoir to dispose off of unwanted Savannah; Sudan Savannah;  Sub-Sahel
materials, but also a transmitter of many Savannah), with farmers in the state engaged in
pollutants to surface water, groundwater, the production of horticultural crops, such as
atmosphere and food. It is a key part of the Earth ~ Maize, Sorghum, Millet, Rice, Beans, Soybeans,
system as it controls the hydrological, erosional, Cotton, Cassava, Groundnut, Sweet Potatoes,
biological, and geochemical cycles” in soils [6-8].  vegetables and fodder crops” [13].

“Literature indicates that studies have been 2.2 Soil Sampling

conducted on pollution by heavy metals of some

areas in Nigeria [9-12], but there is paucity of The study was conducted within catchment areas
data on the heavy metal levels emanating from that were chosen based on volume of agricultural
Agricultural soils in Katsina State Northwestern  activity [13], located within the 3 senatorial zones
Nigeria and their possible effects on the quality of  (Katsina, Daura and Funtua) that constitute the
soil and human health. Therefore, it is important  state. Fifty-five soil samples (Katsina zone: 15
to investigate the level of heavy metals in Katsina  soil samples; Daura zone: 15 soil samples;
agricultural soil to ascertain their heavy metal Funtua zone: 25 soil samples) were collected

pollution levels”. from 0-20 cm depths (plough layer) of cultivated
farmland with a hand auger from the designated
2. MATERIALS AND METHODS sampling areas. Five samples were collected
randomly from each location. The distance from
2.1 Study Area one sampling point to another was approximately

50 m at each location. The collected five samples
“The study was carried out in Katsina State from each location were mixed and about 250-
Ni%eria. The area is located between latitude 300 g of the soil was sampled and put into a
12"15N and longitude of 7°30°E in the North plastic container in accordance with the method
West Zone of Nigeria, with an area of 24,192km®  of Syed et al. [14]. The samples were properly
(9,341 sqg. meters)” [13]. “The rainy season labeled and were taken to the laboratory for
begins in April and ends in October, while the dry  analysis.
season starts in November and ends in March.
The average annual rainfall, temperature, and 2.3 Chemical Analysis of Soil Samples
relative humidity of Katsina State are 1,312 mm,
27.3°C and 50.2%, respectively. Like most After drying, sieving and digestion of the soil
alluvial soils, the soil in Katsina State is the flood  samples using mixed acid (HCI-HNOj), the
plain type and is characterized by considerable  concentrations of the heavy metals were
variations. The soils are of two main types, which  measured using an atomic absorption

48




Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

spectrometer  (AA210RAP  BUCK  Atomic
Absorption  Spectrometer flame  emission
spectrometer filter GLA-4B Graphite furnace,
East Norwalk USA) according to standard
methods [15] and the results were given in part
per million (ppm).

2.4 Assessment of Soil
Contamination Status

Samples

The heavy metal contamination of the soil
samples were analyzed based on the
Geoaccumulation index (Igeo), enrichment factor
(EF), contamination factor (CF), pollution load
index (PLI) and potential ecological risk index
(PERI). The geo accumulation index, Igeo, is
used to indicate the enrichment of metals above
the baseline concentrations, where

I-geo = log, / (Cn/ 1.5Bn) 1)
The soil sample is classified as unpolluted if Igeo
value < 0. With progressive contamination with
increase in Igeo value (0 < Igeo < 1), (1 <Igeo <
2), (2 < Igeo < 3), and (3 < Igeo < 4) pointing to
the soil sample being unpolluted, moderately
polluted, and heavily polluted, respectively [16].
The enrichment factor (EF) give an estimate of
the abundance of the heavy metals in the soil
samples by comparism of their concentration
with that of a reference metal [17] and is defined
as follows:

EF= (M/Fe)sample/(M/Fe)Background (2)
Where EF is the enrichment factor, (M/Fe)
sample is the ratio of metal and Fe concentration
of the sample and (M/Fe) background is the ratio
of metals and Fe concentration of a background.
Zhang and Liu [18] proposed that EF values
between 0.5 and 1.5 indicate the metal is entirely
from crustal or natural processes, whereas
values greater than 1.5 suggest the possible
anthropogenic impact in soils. Five contamination
categories are reported on the basis of the
enrichment factor [19]. EF <2 deficiency to
minimal enrichment, EF 2-5 moderate
enrichment, EF = 5-20 significant enrichment, EF
= 20-40 very high enrichment, EF>40 extremely
high enrichment. The contamination factor (CF)
is the concentration of a given element,
Csample, against the average metal in the
world surface rock, Cbackground. When the CF
value is < 1 it indicates low level of
contamination.

49

The pollution load index (PLI) is calculated as

=(CFy xCF,x CF3 x - --CFn) 1/ 3)
Where, n is the number of metals. The PLI value
of >1 suggests that the soil is polluted whilst PLI
< 0 indicates unpolluted soil. To calculate the
PERI for individual metals, the following Equation
was used;

Eri = Tri x Cfi 4)
Where, Tri is the toxicity coefficient of each metal
whose standard values are Cd = 30, Ni =5, Pb =
5 Cr=2,and Zn =1, Mn = 1 [20,21] and Cfi is
the contamination factor. To describe the
ecological risk index the following order: Er < 40,
low; 40 < Er < 80, moderate; 80 < Er < 160,
considerable; 160 < Er < 320, high; and Er = 320,
very high.

2.5 Health Risk Assessment (HRA)

The USEPA [22] models for risk assessment
(Hazard Quotient (HQ) and Hazard Index (HI))
were employed to evaluate the possible non-
carcinogenic health risk in the children and adults
population from exposure to the study heavy
metals. In the current study two exposure routes
were used (Dermal and inhalation).

2.5.1 Dermal route (Der)

The Hazard Quotient (HQ) from exposure to the
heavy metals in the study through dermal contact
were evaluated using the below equation

CM x SA x SAF x DAF x EF x ED
BW x AT x RFD

(5)

The Hazard Index (HI) was evaluated using the
below equation

HI = THQ (6)

2.5.2 Inhalation route (Inh)

The Hazard Quotient (HQ) from exposure to the
heavy metals in the study through inhalation

were evaluated using the below equation.
CM x InhR x EF x ED

BW x AT x RFD x PET

()

The Hazard Index (HI) was evaluated using the
below equation

HI = YHQ ®)
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HQ is the hazard quotient due to heavy metals in
soil; CM is the concentration of heavy metal;
EF is the exposure frequency; ED is the
exposure duration; BW is the body weight; AT is
the average time; RFD is the reference dose of
heavy metals; SA is the skin surface area;
SAF is the soil adherence factor; DAF is the
dermal absorption factor; InhR is the inhalation
rate and PEF is the particulate emission factor
and HQ is the hazard quotient due to heavy
metal. HI > 1 indicates a potential for adverse
effect.

2.6 Cancer Risks from Exposure to the
Soil Samples

The possibility of cancer risks in the studied
samples through exposure to carcinogenic heavy
metals were estimated using the Incremental
Lifetime Cancer Risk (ILCR) [24].

ILCR= CDIXCSF (9)
Where, CDI is chronic daily intake of chemical
carcinogen, mg/kg BW/day which represents the
lifetime average daily dose of exposure to the
chemical carcinogen.

The US EPA ILCR was evaluated by the use of
the cancer slope factor (CSF), which is the
representative risk incurred through a lifelong
average dose of 1 mg/kg BW/day and is heavy
metal specific [25]. The following cancer slope
factor for specific heavy metals were used; Pb =
0.0085 mg/kg/day [26], Cd = 0.38 mg/kg/day
[27], Cr = 0.5 mg/kg/day [28]. The ILCR valuation
result in the sample give a picture of the
possibility of an individual’s lifetime cancer risks
from exposure to the carcinogenic heavy metals’
in the sample under study [29]. The standard of
acceptability for cancer risk (ILCR) as set by the
regulatory bodies was considered within the
range of 10-° to 10-" [30].

The cumulative cancer risks in the samples as a
result of multiple exposures to the metallic
carcinogens in the soil samples was taken to be
the sum of the individual heavy metal increment
risks and calculated by the following equation
[24].

3 1n=ILCR;+ILCR,+-+ILCR, (10)

Where, n = 1, 2 ..., n are the individual

carcinogenic heavy metal.

Chart 1. Parameters used to estimate health risk in the study area [23]

Parameter Unit Child Adult
Body weight kg 15 70
Ingestion rate (IngR) mg/day 200 100
Inhalation rate (InhR) m3/day 8.6 15.2
Soil adherence factor (SAF) mg/cm2 0.2 0.07
Skin surface area (SA) cm? 2800 17500
Particulate emission factor (PEF) m3/kg 1.32 x 10° 6.79 x 10°
Average time (AT) days 2190 25550
Exposure frequency (EF) days/year 360 360
Exposure duration (ED) years 6 70
Dermal absorption factor (DAF) 0.001 0.001

Chart 2. Reference doses (RFD) (mg/kg/day) of heavy metals via dermal and inhalation
exposure routes used for the non-carcinogenic health risk assessment

Heavy metals Pb Cd Cr Ni Mn Fe Zn
RFD Dermal 53E-4 10E-3 30E-3 20E-2 18E-3 7.0E-1 30E-1
RFD Inhalation 3.5E-3 57E-5 30E-5 25E-2 14E-5 80E-1 35E-1
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3. RESULTS AND DISCUSSION

3.1Heavy Metal Concentrations in

Samples

“Soil samples from the 3 senatorial zones of
Katsina State, were analyzed in this study. As
shown in Fig. 1, among the heavy metals
evaluated, the highest concentration was
observed for Fe (range: 22.3363-31.2606 ppm),
with Cd having the lowest concentration (0.0138-
0.0258 ppm), while the heavy metal Ni was BDL
(Below detection level) in all the soil samples.
The concentration range of all the evaluated
heavy metals in the agricultural soil samples in
the study falls within the acceptable permissible
limit of heavy metals in soils as set by the
regulatory agencies” [31]. The reason may likely
be attributed to the low background values of
these metals and lower anthropogenic influences
as reported in a study conducted on heavy
metals in soils from Katsina State [32].

The lower mean values of heavy metals recorded
in the present study as compared to the higher
mean values reported for agricultural soils along
some highways in Hamedan, west of Iran [7],
roadside agricultural soils from India [6] and in

soils reported in studies conducted in Tarnaveni
city of Romania, Birjand city of Iran, Western
Rajasthan, Faisalabad, Suxian county south
China, and Thrace region of Turkey, may likely
be that some of the compared sites are heavy
industrial areas and some are exposed to mining
activities [33-38]. Various studies have shown
that industrial activities contribute to pollution
burden [39-41].

Higher values than the representative values of
the present studies have been reported for heavy
metals in sediments samples from Katsina State
Nigeria [42,43]. The lower value for heavy metal
concentration in the study soil samples
compared to values seen in sediment samples
from Katsina State may not be unconnected to
location and extent of agricultural activities, as
the dams used for sediment sampling are located
along the busiest highways in the State, and
vehicular exhaust may contribute to heavy metal
pollution burden [44], and the sites are used for
rain fed and irrigation farming, compared to only
rain fed farming in the soil sampling areas. With
poultry manure application being implicated in
contributing heavy metals to the pollution load
[45-47], this may explain for the difference
observed.
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Fig. 1. Heavy metals concentration in agricultural soils from the zones
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3.2 Correlation Analysis of Heavy Metals
in Soil Samples

Correlation analysis results for the agricultural
soil samples are shown in Table 1. As shown on
the table, the correlations between the seven
heavy metals are complex with relatively high
correlations between Cd and Pb, with a
correlation of 0.6602 and at a P<0.01 level and
exhibiting a highly significant correlation. A
positive correlation also existed between Mn and
Cd with a correlation of 0.5509 with the heavy
metals being significantly correlated at P<0.05.
Also, a weak positive correlation existed between
Mn and Zn, and Mn and Fe whose values were
0.3802, and 0.3647, respectively, with the level
being not significant. The observed correlations
between Mn and Pb, Mn and Cr, Zn and Pb, Zn
and Cr, Zn and Cd, Fe and Cr, and Fe and Cr
were all negative.

3.3 Geo-accumulation
Soil Samples

Index (Igeo) for

“Calculations of Geo-accumulation indices from
all the soil samples from the 3 senatorial zones
resulted in lgeo values of the evaluated heavy
metals indicating unpolluted (class 0) by the
respective heavy metals. Based on the mean
values of the pollution levels of the heavy metals,
the order was Fe>Cd>Pb>Zn>Cr>Mn for all the
senatorial zones respectively (Table 2). The Igeo
values in this study were similar to the Igeo
values for heavy metals in soil samples reported
previously from Katsina State Nigeria” [32]. But
the results are lower when compared the results

reported by Sayadi et al. [34] for soil samples
from Amir Abad of Birjand city Iran, for sall
samples from Korle Lagoon area in Accra,
Ghana [48] and the values reported by
Mihaileanu et al. [33] in a study conducted in
Romania. Higher values seen in some of the
compared literature may not be unconnected to
the anthropogenic activities that may contribute
to metal build up in those areas.

Soil

3.4 Enrichment Factor

Samples

(EF) for

The EF of all the evaluated heavy metals were all
lower than 1 with the exception of the EF values
of the heavy metal Fe, the results suggested a
relatively low pollution level (Table 3). With the
exception of the heavy metal Fe that shows
significant enrichment throughout the sampling
sites, all the other heavy metals showed
deficiency to minimal enrichment. This was in
contrast to the report of Sayadi et al. [34] and
Mihaileanu et al. [33] of significant enrichment by
all the heavy metals in the soil samples they
evaluated. Most of the sampling sites used in the
present study were located in sub urban and
rural areas as compared to the urban and
industrial settings of the sampling sites of the
comparative studies, and it has been reported
that Municipal areas receive load of noxious
waste that may contribute to pollution burden
than the sub-urban or rural areas [49,50,51].

The EF values in soil samples were also
indicative of a likely low exposure to heavy
metals in the population from the samples.

Table 1. Correlation matrix for heavy metals in agricultural soils

Mn Zn Pb Cd Fe Cr
Mn 1.0000
Zn 0.3802 1.0000
Pb -0.2378 0.1055 1.0000
Cd 0.5309* -0.2978 0.6602** 1.0000
Fe 0.3647 0.2106 -0.7399 -0.7166 1.0000
Cr -0.2637 -0.7909 -0.0480 0.1620 -0.0330 1.0000

Key: * Significantly correlated at P<0.05, **significantly correlated at P<0.01

Table 2. Heavy metals geo-accumulation values for soil samples

I-geo
Zone Mn Zn Pb Cd Fe Cr
Katsina -3.1118 -2.4612 -1.8293 -0.9586 -0.0680 -2.4949
Daura -3.2219 -2.3645 -1.5645 -0.8447 0.1065 -2.7764
Funtua -3.0044 -2.2280 -1.7800 -0.8683 0.0906 -2.7903




Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

Table 3. Enrichment factor values for soil samples

Enrichment Factor (EF)
Zone Mn Zn Pb Cd Fe Cr
Katsina 0.1988 0.3707 0.2199 0.0174 14.7316 0.2210
Daura 0.1191 0.3317 0.2351 0.2160 14.1051 0.0958
Funtua 0.2348 0.5526 0.1973 0.0126 14.8850 0.0935

3.5 Contamination Factor (CF) for Soil
Samples

“The computed contamination factors for the
evaluated heavy metals in the agricultural soil
samples are shown in Table 4. From the table,
the relative distributions of the contamination
factor among the soil samples were: Fe > Cd >
Pb > Zn > Cr > Mn. For all the soil samples, the
heavy metal Fe has a CF values range of
1.3537-1.7264, which indicated that the
Agricultural soil samples were moderately
contaminated with the heavy metal Fe. In
contrast, the rest of the heavy metals exhibited
low contamination. The soil samples CF values
(Table 4) in this study were lower than the
reported CF values for agricultural soil samples
from Tarutia area of Tangail District, Bangladesh”
[52]. The contamination factor for the soil
samples exhibited a safe use (agricultural or
otherwise) of the sampling sites by the
population as far as the evaluated heavy metals
were concerned.

3.6 Degree of Cotamination and Pollution
Load INDEX (PLI) for Soil Samples

The value of PLI as shown in Table 5, indicated
unpolluted to moderate pollution. However,
Funtua senatorial zone displayed the highest PLI
value (0.3517) while Daura senatorial zone

(0.2636) had the lowest PLI (Table 5). The
degree of contamination for all the sites sampled
had the soil sample from Daura zone (1.5817)
exhibiting the lowest degree of contamination
and the soil sample from Funtua zone (2.1099)
the highest. The PLI values recorded in the
present study were lower than the values
reported for Tigris river and river Turaq
[53,54],and in soil samples of river Niger flood
plain at Jebba, Central Nigeria [55]. Soils that are
influenced by high anthrogenic factors exhibit
high PLI, hence the reason for the comparative
PLI disparity.

3.7 Potential Ecological Risk Index for
Soil Samples

The results suggested that the potential
ecological risk of the tested heavy metals in the
soil samples were likely caused by the heavy
metal Cd (Table 6). Based on these calculations,
the order of the single ratio of the tested heavy
metals for the total potential ecological hazard
were; Cd>Pb>Cr>Zn>Mn for all the 3 senatorial
Zones.

This analysis also showed that in the agricultural
soil samples, the Eri of all the heavy metals were
all below 40, which placed these metals at low
ecological risk level (Table 6).

Table 4. Contamination factor for soil samples

Zone Contamination Factor (CF)
Mn Zn Pb Cd Fe Cr

Katsina 0.0012 0.0053 0.0239 0.1447 1.6749 0.0049
Daura 0.0009 0.0068 0.0359 0.1817 1.3537 0.0028
Funtua 0.0016 0.0079 0.0898 0.1390 1.7264 0.0038

Table 5. Degree of contamination and pollution load index of soil samples
Zone Degree of Contamination Pollution Load Index
Katsina 1.8582 0.3371
Daura 1.5817 0.2636
Funtua 2.1099 0.3517

PLI value > 1 is polluted, while PLI value < 1 indicates no pollution



Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

Table 6. Evaluations Results of Bio-available Heavy Metal, Ecological Risk Index

Zone EiMn EizZn ELPb ELCd ELCr PERI

Katsina ~ 0.0012 0.0053 0.1193 4.4900 0.0097 4.6255
Daura 0.0009 0.0068 0.1793 5.4500 0.0057 5.6427
Funtua _ 0.0016 0.0089 0.1274 3.8700 0.0056 4.0135

Table 7. Heavy metal pollution risk in children from exposure through dermal contact to the

agricultural soil samples

Heavy metal
Zone Mn Zn Pb Cd Fe Cr
Katsina 0.1260 0.0751 0.0027 0.9500 1.6444 4.2100
Daura 0.7188 0.1062 0.0040 5.0925 1.1750 2.4585
Funtua 0.9705 0.1394 0.0028 7.5853 1.4537 2.4204

Table 8. Heavy metal pollution risk in adults from exposure through dermal contact to the

agricultural soil samples

Heavy metal
Zone Mn Zn Pb Cd Fe Cr
Katsina 0.0191 0.0154 1.2400E-03 0.4453 0.7708 0.8458
Daura 0.0337 0.0498 4,5040E-03 2.3871 0.5508 0.4939
Funtua 0.0455 0.0552 1.2430E-03 3.5556 0.6814 0.2397

Table 9. Heavy metal pollution risk in children from exposure through inhalation to the

agricultural soil samples

Heavy metal
Zone Mn Zn Pb Cd Fe Cr
Katsina 1.4904 0.9883 61.6696 0.0204 19.5335 0.0554
Daura 1.1039 1.3975 92.6255 0.0137 15.7884 0.0324
Funtua 1.9356 1.8359 65.8541 0.0026 22.2097 0.0319

Table 10. Heavy metal pollution risk in adults from exposure through inhalation to the

agricultural soil samples

Heavy metal
Zone Mn Zn Pb Cd Fe Cr
Katsina 0.5645 0.3743 23.3566 0.0077 7.3986 2.4486
Daura 0.4181 0.5293 35.0808 0.0052 5.9797 1.4299
Funtua 0.7331 0.6951 24.9414 0.0008 8.9042 1.4078

Table 11. Heavy metal target incremental and cumulative incremental life time cancer risk in
children from exposure to the agricultural soil samples

Zone ILCR YILCR

Pb Cd Cr
Katsina 6.8170E-04 2.6772E-04 9.2250E-07 9.5034E-04
Funtua 7.2760E-04 3.3530E-05 4.9300E-07 7.6162E-04
Daura 1.0234E-03 1.7974E-04 5.0075E-07 1.2036E-03
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Table 12. Heavy metal target incremental and cumulative incremental life time cancer risk in
adults from exposure to the agricultural soil samples

Zone ILCR YILCR

Pb Cd Cr
Katsina 5.8400E-05 2.7947E-05 7.9070E-08 8.6426E-05
Funtua 6.2363E-05 2.8740E-06 4.2422E-08 6.5279E-05
Daura 8.7550E-04 1.5406E-05 4.2922E-08 1.0299E-04

3.8 Health Risk Index from Exposure to
the Soil Samples

“For the non-cancer effects for children and
adults, dermal exposure to Cd and Cr are the
major exposure routes, with the distribution
pattern as: Cd > Cr > Fe > Mn > Pb> Zn, with the
exposure being greater for children than for
adults. Children are more susceptible to a given
dose of toxin and are likely to inadvertently ingest
significant quantities of metals because of their
hand-to-mouth behavior, which has been widely
regarded as a key metal exposure pathway for
children” [56]. All the same, the calculated non-
cancer risk indices in both the children and adults
population for all the heavy metals were less
than 1, a pointer to the low risk for the
population.

3.9 Cancer Risks from Exposure to the
Soil Samples

The carcinogenic heavy metals, Pb, Cd and Cr
were analyzed, and their corresponding
carcinogenic risk was assessed from calculated
daily dose (CDI) multiplied by the corresponding
SLF. The risk of cancer for Children
from exposure ranged from 4.9300E-07 to
1.0234E-03 for the metals evaluated, while the
calculated exposure risk for cancer in
Adult ranged from 4.2422E-08 t08.7550E-04,
respectively. With the exception of the
ILCR for the heavy metal Pb in children from
Daura zone that was in limits that environmental
and regulatory agencies considered as
unacceptable risk. The risk values for all the
heavy metals falls within the range of the
threshold of the safe limit and limits regarded as
safe by the regulatory agencies (10" to 10'4).
However in the correlation analysis between the
heavy metals in the soil samples an
observation of a significant high correlation
between Cd and Pb (all being metal
carcinogens) was made, which may possibly
increase the enormity of the cancer risk for
the children population from Daura senatorial
zone.
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4. CONCLUSION

The results of the study had revealed that in the
soil samples all the evaluated heavy metals lie
within acceptable limits as set by the regulatory
agencies. The evaluated soil samples pollution
indices had revealed that the I-geo values for the
samples were within the range of unpolluted
(class 0) to moderate pollution (class 1). Also the
heavy metal enrichment factor (EF) value have
indicated that only Fe showed significant
enrichment, with the soil samples being
moderately contaminated with Fe. The samples
pollution load index (PLI) also indicated
unpolluted to moderate pollution. With the
potential ecological risk index (PERI) values
presenting low ecological risks. With the
exception of the ILCR for the heavy metal Pb in
children from Daura zone that was within a level
of concern, low health risks by the heavy metals
evaluated were recorded in the present study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Chen TB, Wong JW, Zhou HY, Wong MH.
Assessment of trace metal distribution and
contamination in surface soils in Hong
Kong. Environmental Pollution. 1997;96(1):
61-68.

Turkdogan MK, Kilicel F, Kara K. Heavy
metals in soil, vegetables and fruits in the
endemic upper gastrointestinal cancer
region of Turkey. J. Environmental toxicity
and pharmacology. 2002;13:175.

Adimalla N. Heavy metals pollution
assessment and its associated human
health risk evaluation of urban soils from
Indian cities: A review. Environmental
geochemistry and health. 2020;42(1):
173-90.

Xia Y, Li F, Wan H, Ma J, Yang G, Zhang
T, et al. Spatial distribution of heavy metals



10.

11.

12.

13.

14.

Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

of agricultural soils in Dongguan, China. J.
Environ. Sci. 2004;16(6):912.

Suresh G, Sutharsan P, Ramasamy V,
Venkatachalapathy R. Assessment of
spatial distribution and potential ecological
risk of the heavy metals in relation to
granulometric contents of Veranam lake
sediments, India. Ecotoxicological and
Environmental Safety. 2012;84:117-124.
Dogra N, Sharma M, Sharma A,
Keshavarzi A, Minakshi Bhardwaj R, et al.
Pollution assessment  and spatial
distribution of roadside agricultural soils: A
case study from India. International Journal
of Environmental Health Research. 2020;
30(2):146-159.

Hosseini NS, Sobhanardakani S, Cheraghi
M, Lorestani B, Merrikhpour H. Heavy
metal concentrations in roadside plants
(Achillea wilhelmsii and Cardaria draba)

and soils along some highways in
Hamedan, west of Iran. Environmental
Science and Pollution Research.

2020;27:13301-13314.

Aydin $D, Pakyirek M. Heavy metal
accumulation potential in pomegranate
fruits and leaves grown in roadside
orchards. Peer J. 2020;8:€8990.

Ahaneku IE, Sadig BO. Assessment of
heavy metals in Nigerian agricultural soils.
Pol. J. Environ. Stud. 2014;23(4):
1091-1100.

Opaluwa OD, Aremu MO, Ogbo LO, Abiola
KA, Odiba IE., Abubakar MM, et al. Heavy
metal concentrations in soils, plant leaves
and crops grown around dump sites in
Lafia Metropolis, Nasarawa State, Nigeria.
Advances in Applied Science Research.
2012;3(2):780-784.

Abdullateef B, Kolo BG, Waziri |, Idris MA.
Levels of heavy metals in soil as indicator
of environmental pollution in Maiduguri,
Borno State, Nigeria. Bull. Env. Pharmacol.
Life Sci. 2014;3(11):133-136.

Orisakwe OE, Mbagwu HOC, Ajaezi GC,
Edet UW, Patrick U, Uwana PU. Heavy
metals in sea food and farm produce from
Uyo, Nigeria Levels and health
implications. Sultan Qaboos University
Medical Journal. 2015;15(2):e275—e282.
Katsina State Government. Katsina State
investor's handbook, Yaliam Press Ltd.
2016;12-15.

Syed HR, Dilara K, Tanveer MA,
Mohammad Sl, Mohammad AA,
Mohammad AA. Assessment of heavy
metal contamination of agricultural soils

56

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

around Dhaka Export processing zone
(DEPZ), Bangladesh: Implication of
seasonal variation and Indices. Applied
Science. 2012;2:583.

AOAC. Official Methods of Analysis, 18th
ed. 1995, the USA.

Muller G. Index of geoaccumulation in
sediments of the Rhine River, Geojournal.
1969;2(3):108-118.

Muller G. The heavy metal pollution of the
sediments of neckars and its tributary, A
Stocktaking  Chemische  Zeit. 1981,
150:157-164.

Zhang J, Liu CL Riverine composition and
estuarine geochemistry of particulate
metals in China — Weathering features
anthropogenic impact and chemical fluxes.
Estuarine and Coast Shelf Science. 2002;
54(6):1051-1070.

Sutherland, RA. Bed sediment associated
trace metals in an urban stream, Oahu,
Hawaii, Environmental Geology. 2000;
39(6):611-627.

Hakanson L. An ecological risk index for
aquatic pollution control a sedimentological
approaches, Water Research. 1980;
14(8):975-1001.

Xu Z, Ni S, Tuo X, Zhang, C. Calculation of
heavy metals toxicity coefficient in the
evaluation of potential ecological risk
index. Environmental Science and
Technology. 2008;31:112-115.

USEPA. Risk Assessment Guidance for
Superfund Volume 1. Human health
evaluation manual (part e supplemental
guidance for dermal risk assessment),
2014 US Environmental Protection
Agency, Washington DC.

Olagunju TE, Olagunju AO, Akawu IH,
Ugokwe CU. Quantification and risk
assessment of heavy metals in
groundwater and soil of residential areas
around Awotan Landfill, Ibadan,
Southwest- Nigeria. J Toxicol Risk Assess.
2020;6:033.
Available:doi.org/10.23937/2572-
4061.1510033

Liu X, Song Q, Tang Y, Li W, Xu J, Wu J,
et al. Human health risk assessment of
heavy metals in soil-vegetable system: A
multi-medium analysis. Science of the
Total Environment. 2013;463-464:
530-540.

Micheal B, Patrick O, Vivian T. Cancer and
non-cancer risks associated with heavy
metal exposures from street foods:
Evaluation of roasted meats in an urban



26.

27.

28.

29.

30.

31.

32.

33.

34.

Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

setting. Journal of Environment Pollution
and Human Health. 2015;3:24-30.
Kamunda C, Mathuthu M, Madhuku M.
Health risk assessment of heavy metals in
soils from Witwatersrand gold mining
basin, South Africa. International Journal of
Environmental Research in Public Health.
2016;13:663.

Yang J, Ma S, Zhou J, Song Y, Li F. Heavy
metal contamination in  soils and
vegetables and health risk assessment of
inhabitants in Daye China; J. Int. Med.
Res. 2018;46:3374-3387.

Javed M, Usmani N. Accumulation of
heavy metals and human health risk
assessment via the consumption of
freshwater fish Mastacembelus armatus
inhabiting, thermal power plant effluent
loaded canal. Springer plus. 2016;5:776.
Pepper IL, Gerba CP, Brusseau ML.
Environmental and pollution science:
Pollution science series academic press.
2012;212-232.

Li, S., and Zhang, Q. Risk assessment
and seasonal variations of dissolved trace
elements and heavy metals in the Upper
Han River, China. Journal of Hazardous
Materials. 2010;181:1051-1058.

FAO/WHO, Codex Alimentarius
Commission Food additives and
contaminants: Joint FAO/WHO Food
Standards  Program.  2011;ALINORM

01/12A:1-289.

Yaradua Al, Alhassan AJ, Nasir A, Matazu
Kl, Usman A, Idi A, et al. Evaluation of
heavy metals in agricultural soils from

Katsina state, Nigeria. Sustainability,
Agri, Food and Environmental
Research.  2020;(ISSN:  0719-3726);8
(2):101-117.

Mihaileanu RG, Neamtiu IA, Fleming M,
Pop C, Bloom MS, Roba C, et al
Assessment of heavy metals (total
chromium, lead, and manganese)
contamination of residential soil and
homegrown vegetables near a former
chemical  manufacturing  facility in
Tarnaveni, Romania. Environmental

Monitoring Assessment. 2019;191:8
Available:https://doi.org/10.1007/s10661-
018-7142-0

Sayadi MH, Rezae A, Sayyed MRG. Grain
size fraction of heavy metals in soil and
their  relationship  with land use.
Proceedings of the International Academy
of Ecology and Environmental Sciences.
2017;7:1-11.

57

35.

36.

37.

38.

39.

40.

41.

42.

43.

Anjula A. Toxic metal contamination of
staple crops (wheat and millet) in periurban
area of Western Rajasthan. International
Refereed Journal of Engineering and
Science (IRJES). ISSN (Online) 2319-
183X, (Print) 2319-1821. 2014;3(4):08-18.
Farid G, Sarwar N, Ahmad AS, Ghafoor A.
Heavy metals (Cd, Ni and Pb)
contamination of soils, plants and waters in
Madina Town of faisalabad metropolitan
and preparation of gis based maps.
Advanced Crop Sciences Technology.
2015;4:199.

DOI: 10.4172/2329-8863.1000199

Daping S, Dafang Z, Dong J, Jingying F,
Qiao W. Integrated health risk assessment
of heavy metals in Suxian county, South
China. International Journal for
Environmental Research and Public
Health. 2015;12:7100-7117.

DOI: 10.3390/ijerph120707100
Ekmekyapar TF, Sabudak G, Seren G.
Assessment of heavy metal contamination
in soil and wheat (Triticum aestivum L.)
plant around the Corlu—Cerkezkoy highway
in Thrace region. Global NEST Journal.
2012;14:496-504.

Uzoekwe SA, Oghosanine FA. The effect
of refinery and petrochemical effluent on
water quality of Ubeji Creek Warri,
Southern Nigeria. Ethiopian Journal of
Environmental Studies and Management.
2011;4(2):107.

Amadi AN, Okoye NO, Alabi AD, Aminu T,
Angwa EM. Quality assessment of soil and
groundwater near kaduna refinery and
petrochemical company, Northwest
Nigeria. Journal of Scientific Research &
Reports. 2014;3 (6):884-893.

Ezenwa LI, Awotoye OO, Ogbonna PC.
Spatial distribution of heavy metals in soil
and plant in a quarry site in Southwestern
Nigeria. Research Journal of Chemical
Sciences. 2014;4(8):1-6.

Yaradua Al, Alhassan AJ, Nasir A, Matazu
Kl, Muhammad I, Idi A, et al. Evaluation of
heavy metals in sediment of some selected
Dams from Katsina state Nigeria.
International Journal of Scientific and
Technical Research in Engineering. 2018;
3(2):13-19.

Yaradua Al, Alhassan AJ, Uba Al, Nasir A,
Suleiman ZA, Yaradua Al, et al. Health risk
assessment of some selected heavy
metals in water and sediment samples
from Kwanar are Dam, Katsina State,
North-Western Nigeria. International



44,

45,

46.

47.

48.

49,

50.

Yaradua et al.; AJACR, 11(4): 47-58, 2022; Article no.AJACR.90016

Journal of Ground Sediment & Water.
2021;(12):746-767.

Wilson B, Lang B, Pyatt FB. The
dispersion of heavy metals in the vicinity of
Britannia Mine, British Columbia, Canada.
Ecotoxicology and Environmental Safety.
2005;60:269-276.

Bolan NS, Adriano DC, Mahimairaja S.
Distribution and bioavailability of trace
elements in livestock and poultry manure
by-products. Critical Reviews in
Environmental Science and Technology.
2004;34:291-338.

Steinfeld H, Gerber P, Wassenaar T,
Castel V, Rosales M, de Haan C.
Livestock’s long shadow: environmental
issues and options; (FAO) Rome; 2006.
Hong AH, Law PL, Selaman OS. Heavy
metal concentration levels in soil at lake
geriyo irrigation Site, Yola, Adamawa
State, North Eastern Nigeria. International
Journal of Environmental Monitoring and
Analysis. 2014;2(2):106-111.

Benedicta YFM, Emmanuel A, Dzidzo YT,
Frank N. Heavy metals concentration and
distribution in soils and vegetation at Korle
Lagoon Area in Accra, Ghana. Cogent

Environmental Science. 2017;3(1):
1405887.
Komarnicki GJK. Lead and cadmium in

indoor air and the urban environment.
Environmental Pollution. 2005;136:
47-61.

Lee CSL, Li XD, Shi Wz, Cheung SC,
Thornton |. Metal contamination in urban,
sub-urban, and country park soils of Hong
Kong: A study based on gis and

51.

52.

53.

54.

55.

56.

multivariate statistics. Science of the Total
Environment. 2006;356:45-61.

Srivastava A, Jain VKA. Study to
characterize the suspended particulate
matter in an indoor environment in Delhi
India. Building and Environment. 2007;
42:2046-2052.

Proshad R, Islam MS, Kormoker T,
Bhuyan MS, Hanif MA, Hossain N, et al.
Contamination of heavy metals in
agricultural soils: Ecological and health risk
assessment. SF Journal of Nanochemistry
and Nanotechnology. 2019;2(1):10-12.
Abdul Hameed MJ, Obaidy A, Adel H,
Shahad T, Zaki R. Environmental
assessment of heavy metal distribution in
sediments of Tigris River within Baghdad
City. International Journal of Advanced
Research. 2014;2(8):947-952.

Banu Z, Chowdhury S, Hossain D,
Nakagami K. Contamination and ecological
risk assessment of heavy metal in the
sediment of Turag River, Bangladesh: An
Index Analysis Approach. Journal of Water
Resource and Protection. 2013;5:239-248.
Omotoso OA, Ojo 0OJ. Assessment of
some heavy metals contamination in the
soil of river niger flood plain at Jebba,

Central Nigeria. Water Utility Journal.
2015;9:71-80.
Zhao K., Fu W, Ye Z, Zhang C.

Contamination and spatial variation of
heavy metals in the soil-rice system in
Nanxun County, Southeastern China.
International Journal of Environmental
Research in Public Health. 2015;12:
1577-1594.

© 2022 Yaradua et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/90016

58


http://creativecommons.org/licenses/by/2.0

