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Abstract

Heavy metals are naturally occurring metallic elements that have a relatively
high density compared to water. In most of the continent including Africa, the
lack of food quality usually stand to be one of the major problem in which
most of the food items are laden with lots of pollutants from heavy metals. Soil
is said to be the reservoir of nutrients as well as pollutants. These pollutants
have been implicated in causing lots of Health issues on human and Animals.
Agricultural soil plays major role in food safety, food scarcity and food
security, consumption of contaminated foods has serious implication on
Human and Animals health. Heavy metals are potential environmental
pollutants which are toxic to the human health. When present in an Arable
land, they have the ability to bio-accumulate in the soil then to crops and
eventually get to humans through food consumption. This study is able to
evaluate the effect of heavy metals and risk analysis of arable farmlands in
some selected local government areas of southern Taraba state (Donga, Wukari
and Takum). All samples were processed, and heavy metals (Pb, Cd, Cr, Hg,
and As) concentration were assayed wusing Atomic Absorption
Spectrophotometry (AAS). The results showed that Chromium had a high
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concentration across all the studied areas with values ranging from 1.40 mg/kg
to 2.25 mg/kg. However, Cadmium followed with values ranging from 0.04
mg/kg to 0.07 mg/kg and Arsenic with values ranging from 0.03 mg/kg to
0.06 mg/kg while Lead and Mercury had the lowest concentration of less than
0.03 mg/kg across the three LGAs. Ecological Risk Assessments parameters;
Target Cancer Risk, Hazard Index (HI) and Estimated Daily Intake (EDI) were
determined to assess the non-carcinogenic health risk. Takum recorded the
highest levels of HM having the highest health risk followed by Wukari,
whereas Donga had the lowest. Consistent use of crops harvested from the
sampled location may pose a serious health challenge; bio-accumulation of
toxicants in the soil across the studied areas may pose a health risk due to high
concentration of heavy metals which are known to generate free radicals that
may lead to oxidative stress and other cellular damages in humans.

Keywords: Bioaccumulation; Heavy Metals; Risk; Cancer Estimation; Toxicity;
Carcinogenesis

INTRODUCTION

The basis of agricultural production and the most important production factor for farmers
is land. Arable farm land is a very strategic socio-economic asset, particularly in poor
societies where wealth and survival are measured by access to land (Titilola and Jeje, 2008).
Arable land is from the Latin: arabilis, “able to be ploughed” is any land capable of being
ploughed and used to grow crops alternatively for the purposes of agricultural statistics
(WBAL, 2015). It is a land that was not abandoned resulting from shifting cultivation, but
land which is regularly under a system of crop rotation (Eurostat. Glossary: arable land,
2015) Arable land is the most important economic resources most particularly for
developing countries with largely rural populations and most people earn a living through
agriculture. It has remained an important factor of production since the creation of man
and a fundamental factor of production in the agricultural sector all over the world and
provides a basis for crop production in Nigeria and sub-Saharan Africa. Securing access to
productive arable farm land is critical to millions of poor people living in rural areas and
depending on agriculture, livestock or forests for their livelihood. It reduces their
vulnerability to hunger and poverty; influences their capacity to invest in their productive

activities and in the sustainable management of their resources, (Marie ef al., 2014).
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Heavy metals are naturally occurring metallic elements that have a relatively high density
compared to water (Fergusson, 1990). In most continent including Africa, the lack of food
safety is a major problem. Most of the food items are laden with lots of pollutants from
heavy metals. The consumption of contaminated foods has serious effect on health and
economic status of the populace (Otitoju ez a/., 2014). With the assumption that heaviness
and toxicity are inter-related, heavy metals also include metalloids, such as arsenic, that are

able to induce toxicity at low level of exposure (Duffus, 2002).

Environmental pollution by heavy metals has become a major concern worldwide (Tatah ez
al., 2017) because of their widespread use, distribution and particularly their toxicity to
human beings and the ecosystem. They are the continuous environmental contaminants
since they cannot be easily degraded (Ambika e 4/, 2016). This has resulted in the release
of pollutants (hydrocarbons and heavy metals) capable of contaminating soil and water

bodies (Otitoju ef al., 2013).

The accumulation of heavy metals and metalloids in soil, especially cadmium, chromium,
coppet, lead, nickel, and zinc poses many risks to human health and ecosystem (Otitoju e#
al, 2022). While many researchers have attempted to develop relationship between
concentrations of contaminants in soils or plants and the effects on plants or organisms
(including humans), in recent years, extensive research has been conducted on estimation

of bioavailability and toxicity of metals in soils (Fergusson ez a/., 1990).

Enrichment of heavy metals in the environment is of major concern because of their
toxicity and threat to human life and the environment. Heavy metals are introduced into
the environment and most especially into the soil from different sources such as industrial,
agricultural and municipal waste (Parry ef a/, 1981; Olajire and Ayodele; 1998; Olajire ef al.,
2003), automobile emissions (Olajire and Ayodele, 1997) mining activities and agricultural

practices (Olajire and Ayodele, 1997)

Common sources of heavy metal pollution include discharge from industries: such as
electroplating, plastic manufacturing, fertilizer producing plants and wastes left after mining
and metallurgical processes (Zouboulis e a/, 2014). Findings reveal that farmers use a wide
range of pesticides at different levels to reduce losses from pests and diseases. However,
despite the contribution of pesticides to agricultural production, pesticides are of major
environmental concern (Oko e al, 2024). Many pesticides and chemicals are not

biodegradable, they bioaccumulate in food chain and become detrimental to human and
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the ecosystem (Banjo 2010; Adeola 2012). The repeated applications of these
agrochemicals potentially contribute to the accumulation of heavy metals in agricultural
soils as some of these fertilizers and pesticides contain heavy metals such as Cd, Pb and Cr.
(Huang e al., 2007). The accumulation of heavy metals in soil of the study area could either
directly endanger the natural soil functions or indirectly endanger the biosphere by
bioaccumulation in the food chain, and ultimately endanger human health (Liu ez a/., 2000).
It is commonly acknowledged that total soil heavy-metal concentration alone is not a good
measure of bioavailability and is not a very helpful tool to determine the potential risk
associated with soil contamination (Habibu ez a/, 2024). Therefore, chemical speciation,
which plays a vital role in determining the bioavailability of toxic metal in a soil solution, is
often used as a predictor of metal bioavailability to soil organisms and plants (Cui, 2011).
The chemical forms of the metal control its bioavailability or mobility. The exchangeable
and acid extractable fractions are mobile fractions that are easily bioavailable. This
bioavailable metals in the soil provides rough estimate of metal uptake by plants (especially
edible plants) and their risk assessment. Mining or old mine sites are common areas with
heavy metals and pollution which are increasing with increase in the proximity to the

mining site (Murthy e# a/, 2011).

Exploitation and mining of heavy metals contribute significantly to national income, but
adversely to environmental pollution (Obasi et al., 2017). In developing countries like
Nigeria where artisan mining predominates, large quantities of tailings and waste water
produced during the process are discharged into arable farmlands without regard to the
environmental impact of such practice. Soils contaminated with heavy metals can pose
serious threat to the ecosystem and human health, through different exposure routes
(Habibu ez al., 2022). Heavy metals have been reported to cause varying degrees of toxicity
in humans ranging from non-carcinogenic to carcinogenic risks (Obasi et al., 2017; Liang et
al., 2010). Heavy metals are non-biodegradable and as such persist in the environment.
Depending on the physicochemical properties of the soil-plant root environment, heavy
metals accumulate in edible portions of plants and may get ingested by humans that
consume them (Obasi et al., 2017). So also, heavy metals may be ingested directly from the
soil when they get access to the body, it may be inhaled or taken up through dermal
contact. The uptake of heavy metals by plants from soil depends largely on the different
chemical forms/species of the metals in the soil and not the total heavy metals. Hence,

plants uptake varies according to the chemical species which determines the mobility and
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bioavailability of the metals to the plants which also varies with plants species (Ogunbanjo
et al., 2016).

METHODS
Research area

In this study, three Villages from Local Government areas (Donga, Wukari and Takum)
where agricultural and commercial activity coexist were selected for the studies of heavy
metal on the farmlands as well as their bindings to the major fractions in soil. Five heavy

metals (As, Cd, Hg, Cr, and Pb) were chosen for their agricultural significance and toxicity.
Sampling Site

In Taraba state Majority of the population who are predominantly found in the southern
and other parts of the state, are Fulani, Jukun, Chamba, Kuteb, and Ichen. Over 2 million
people live in Taraba State, which includes about 40 unique tribes and dialects (according
to the 2006 census). With the state capital as Jalingo, The state is bordered on the west by
the states of Nasarawa and Benue, on the northwest by the state of Plateau, on the north
by the states of Bauchi and Gombe, on the northeast by the state of Adamawa, and on the
south by a province of Cameroon. The state is majorly in the tropical zone, while its
southern and northern regions are covered in low woods, respectively. The main
occupation for people in Taraba State is agriculture. Among the cash crops farmed in the
state are cotton, coffee, tea, groundnuts, and others. Additionally produced in commercial

numbers are yams, cassava, millet, sorghum, and maiz

Figure 1 Arable farmland from the sampling areas. Source: Snap shot
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Sample Collection

Three sampling sites were identified for the samples from the three local government areas
of Taraba State (Donga, Takum, Wukari) and soil was collected using sterile glass sample
collection bottles measured at 5cm depth and then kept in a polythene sealed bags, labeled
and placed in an air dried place prior to analysis of Heavy metals (As, Cd, Pb, Hg, and Cr)

in the Laboratory.
Table 1: Research experimental design
Local Government Areas  S/N Sampling sites/Villages

Donga Bibino

Kumbo

Tudun-Wada

Takum Chancangi

Abuja Area

Unguwan-Rogo

Wukari FUW farm

| | & U K| WL DN~

Kasuwan Shanu

9 Byepyi

Sample preparation for the analysis

The collected soil samples were freed from unwanted materials and air-dried to remove
excess moisture, large soil clouds were also crushed to facilitate the drying. The dried soil
samples were crushed in a porcelain mortar and pestle, the crushed soil-sample was sieved
through a 2 mm sieve made of stainless steel and pulverized to a fine powder ready for the

analysis of heavy metals content as modified by Otitoju (2015)
Determination of heavy metals concentration

A measured volume of well prepare sample appropriate for the expected metal
concentration was transferred into a conical flask in fume cupboard, 3 mL of conc. HNO;
was added and covered with a ribbed watch glass and then placed on a heating mantle and
cautiously evaporate to less than 5 ml, making sure that sample does not boil. The mixture
was allowed to cool and the flask wall was rinsed and washed with a distilled water. There
after 5 ml of conc. HNOs3 was added and the flask was covered with a ribbed watch glass
and returned to the heating mantle. Heating continued until digestion is completed. It was

cooled, and flask was washed down with water. The solution was filtered and the filtrate
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was then transferred to a 100 mL volumetric flask built up to the required concentration

with distilled water before being used for analysis (Radojovenic and Bashkin, 20006).
Health Risk Calculation

The specific model and pollution indices used in this study is Hazard quotients model
(HQ), to assess the risk of heavy metals in soil. Hazard quotient is the ratio of the potential
exposure concentration to a substance and the level at which no adverse effects are
expected. If HQ < 1, adverse health effects would be unlikely experienced, whereas

potential non-carcinogenic effects would occur when HQ =1 (Al-Saleh ez 4/, 1999).

Hazard Quotient (HQ) = (EDI)
(ADI)

Hazard index (HI)
HI = the summation of an individual HQs.

HI =Y HQ
HI = THQ = THQ (Pb) + THQ (Cr) + THQ (Cd) + THQ (As) + THQ (Hg).

if HI > 1, it means an unacceptable risk of non-carcinogenic effects on health, while HI <

1 means an acceptable level of risk (Lim ez a/., 2008).

10 (mg/kg) BW/D

Accepted Daily Intake (ADI) =
100
Estimated Daily Intake (EDI)

Estimated Daily Intake (EDI) was calculated by the following equation (Juan ez a/., 2010).

(CHM as mg/ kg) x (DIF in kg/person)

EDI=
ABW (60 kg)
Target Cancer Risk
Target cancer risk (TR) =  EFr x EDtot x SI x MCS x CPSo x 107
BWa x ATc

Where Efr = Exposute frequency (350 days/years)
EDtot = Exposure duration, total (30 years)

SI = Soil ingestion, gram per day (1 gram) x 1000mg/kg
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MCS = Metal concentration

CPSo = Catcinogenic potency slope, oral (1 mg/kg/day)
BWa = Body weight adult (60 kg)

ATc = Average time carcinogenic (25,550 days)

If multiple carcinogenic elements are present, the cancer risks from all carcinogen are
summed (assuming additive effects). Risks in the range of 1.0 x 10° to 1.0 x 10" are

acceptable (Cao e al., 2015).
CRt=>CR

Cr, Cd, Pb, Hg and As were treated as potential carcinogenic contaminants elements, based
on the order of classification group defined by the International agency for Research on

Cancer (IARC, 2011).
Statistical Analysis

Statistical analysis was carried out using ANOVA and further with Duncan’s multiple
comparison test and results were expressed as mean I standard error. The statistical
analysis was performed using Statistical Package for Social Sciences (SPSS) version 23 and

significance was at P < 0.05.

RESULTS
Heavy metals concentration of soil samples

The results of heavy metals concentrations are presented in table 2. Heavy metals were detected in all the soil
samples from the 9 sampling points of 3 LGAs of southern Taraba State. The results showed
that Chromium had a very high concentration across all the studied areas with values
ranging from 1.40 mg/kg to 2.25 mg/kg. Cadmium had values ranging from 0.04 mg/kg to
0.07 mg/kg and Arsenic followed moderately with values ranging from 0.03 mg/kg to 0.06
mg/kg while Lead and Mercury had lowest concentration of less than 0.03 mg/kg across

the 3 LGAs. As shown below.
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Table 2: Heavy metal concentration of Soil samples from selected LGAs in southern

Taraba State

Study areas Pb (mg/kg) Cd (mg/kg) Cr (mg/kg) As (mg/kg) Hg (mg/kg)
Donga 0.01 £ 0.00* 0.04 £ 0.01° 1.40 £ 0.30° 0.03 £ 0.01* 0.01 £0.00°
Takum 0.02 + 0.01* 0.07 +0.02* 225 +0.52% 0.06 + 0.01* 0.02 + 0.01*
Wukari 0.02 £ 0.01% 0.07 = 0.02 2.01 £0.61* 0.06 + 0.02" 0.02 £ 0.01"

Results are expressed in mean T standard deviation of triplicate determination. Values with
the same superscript have no significant difference between groups, while Values with
different superscripts significantly differs between groups within the same column at P<
0.05. WHO permissible limits: Cr; 0.001 mg/kg, Cd; 0.003 mg/kg. As; 0.0 mg/kg, Pb; 2.00
mg/kg, Hg; 0.03 mg/kg

Lead Concentration, Calculated risk and Hazard index in Soil samples from

selected LGAs in southern Taraba State

The result of lead concentration in soil from some LGAs sampled in southern Taraba State
is presented below. The result indicate that Donga LGA has the lowest concentration of
Pb (0.01 £ 0.00 mg/kg) while both Takum and Wukari had (0.02 + 0.01 mg/kg). However,
there is no significant difference across all the sampling point (P < 0.05). Similarly, the
calculated risk in Donga has the lowest value (0.07) while little higher in Takum and Wukari
with (0.13).

Table 3: Calculated risk and Hazard index of Lead in Soil samples from selected

LGAs in southern Taraba State

Study areas Pb Concentration(mg/kg) EDI Calculated risk HI
Donga 0.01 £ 0.00* 0.000015 0.07 9.94
Takum 0.02 £ 0.01* 0.000030 0.13 15.94
Wukari 0.02 £ 0.01® 0.000030 0.13 14.36
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Results are expressed as mean T standard deviation of triplicate determination. WHO
permissible value of Pb is 2.00 mg/kg. Source: WHO (1999). HI > 1 is unacceptable risk
level of non-carcinogenic, while HI <1 is acceptable risk level. HI = hazard index (Lim e#

al., 2008).

Cadmium Concentration, Calculated risk and Hazard index in Soil samples from

Selected LGAs in southern Taraba State

The results of Cadmium concentration in soil from some LGAs in southern Taraba State is
presented below. The result showed that Donga LGA have lower concentration of (0.04 £
0.01 mg/kg), while Takum and Wukari had (0.07 £ 0.02 mg/kg) However, Cd level in
Wukari and Takum is higher across the studied areas at (P < 0.05). Similarly, the calculated
risk shows that Donga has the lowest risk value 0.32 while Takum and Wukari has the

highest calculated risk value of 0.46.

Table 4: Calculated risk and Hazard index of Cadmium in Soil samples from

Selected LGAs in southern Taraba State

Study areas Cd Concentration (mg/kg) EDI Calculated risk HI
Donga 0.04 £0.01° 0.000076 0.32 9.94
Takum 0.07 £ 0.02* 0.000107 0.46 15.94
Wukari 0.07 £ 0.02* 0.000107 0.46 14.36

Results are expressed as mean * standard deviation of triplicate determination. WHO
permissible value of Cd is 0.003 mg/kg. Source: WHO (1999). HI > 1 is unacceptable risk

level of non-carcinogenic while HI < 1 is acceptable risk level.

Chromium Concentration, calculated risk and hazard index of Cr in Soil samples

from selected LGAs in southern Taraba State

Result of Chromium concentration in soil samples from some LGAs in southern Taraba
state is presented below. The result showed that Donga LGA had low concentration (1.40

+ 0.30 mg/kg), while Wukari had (2.01 £ 0.61mg/kg) and Takum LGAs have higher
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concentrations of (2.25 + 0.52mg/kg) respectively. Therefore, the level of Cr in all the
studied areas implies that there is a significant difference in all the studied areas at (P <
0.05). However, the calculated risk showed that Donga has lower risk value of 9.23

compared to Wukari with 13.25 and Takum higher with 14.83 respectively.

Table 5: Calculated risk and Hazard index of Chromium in Soil samples from

Selected LGAs in southern Taraba State

Study areas Cr Concentration (mg/kg) EDI Calculated risk HI
Donga 1.40 £ 0.30° 0.00215 9.23 9.94
Takum 225 +0.52% 0.00346 14.83 15.94
Wukari 2.01 £ 0.61* 0.00309 13.25 14.36

Results are expressed as mean * standard deviation of triplicate determination. WHO
permissible value of Cr is 0.001 mg/kg. Source; WHO (1999). HI > 1 is unacceptable risk

level of non-carcinogenic while HI < 1 is acceptable risk level.

Arsenic Concentration, Calculated risk and hazard index in Soil samples from

selected LGAs in southern Taraba State

The results of Arsenic content in soil sample from some LGAs sampled in southern
Taraba state is presented below. The result showed that Donga LGA had the lowest
concentration (0.03 £ 0.01 mg/kg), followed by Takum with (0.06 * 0.01 mg/kg), Wukari
had (0.06 £ 0.02 mg/kg) high, However, the As level in all the studied areas showed no
statistically significant difference exist among all the sampling points at (P < 0.05). The
calculated risk shows that Donga has the lowest risk value of 0.26, while both Wukari and

Takum had the highest calculated risk value of 0.39 each.
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Table 6: Calculated risk and Hazard index of Arsenic in Soil samples from Selected

LGAs in southern Taraba State

Study areas  As Concentration (mg/kg) EDI Calculated risk HI
Donga 0.03 £ 0.01* 0.0000615 0.26 9.94
Takum 0.06 + 0.01* 0.0000923 0.39 15.94
Wukari 0.06 + 0.02* 0.0000923 0.39 14.36

Results are expressed as mean * standard deviation of triplicate determination. WHO
permissible value of As is 0.200 mg/kg. Source: WHO (1999). HI > 1 is unacceptable risk

level of non-carcinogenic, while HI <1 is acceptable risk level.

Mercury Concentration, Calculated risk and hazard index in Soil samples from

selected LGAs in southern Taraba State

The result of Mercury content in soil sample from some LGAs sampled in southern Taraba
state is presented below. The result showed that Donga LLGA had the lowest concentration
of Hg (0.01 + 0.00 mg/kg) and both Takum, and wukari had (0.02 * 0.01 mg/kg).
Similarly, the Hg level across all the LGAs showed that there is no statistical significant
difference across all the sampling points at (P < 0.05). However, the calculated risk showed
that Donga had the lowest risk value of 0.06, while Takum and Wukari are moderately high

at 0.13 values.

Table 7: Calculated risk and Hazard index of mercury in Soil samples from Selected

LGAs in southern Taraba State

Study areas Hg Concentration (mg/kg) EDI Calculated risk HI
Donga 0.01 + 0.00* 0.000015 0.06 9.94
Takum 0.02 £ 0.01* 0.000030 0.13 15.94
Wukari 0.02 £ 0.01* 0.000030 0.13 14.36
Volume 1, Issue 2, November 2024 931
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Results are expressed as mean * standard deviation of triplicate determination. WHO
permissible value of Hg is 0.05 mg/kg. Source: WHO (1999). HI > 1 is unacceptable risk

level of non-carcinogenic while HI < 1 is acceptable risk leve

DISCUSSION

Taraba state is the host of the largest base of solid minerals, (including gold, diamond,
limestone, zinc and lots more) in Nigeria. The state sits of over lots of abundant solid

minerals deposits waiting for exploitation (Habibu e a/., 2022) .

The major activity of the populace in the studied areas is farming due to its fertile nature
and abundant arable farmlands in production of cash crops such as coffee, tea and cotton.
Crops such as maize, rice, sorghum, millet and root crops such as cassava and yam. Other
important economic activities including rearing of verities of animal such as cattle, sheep,
goats and donkey in large quantity take place in the studied areas. (C-GIDD, 2008). lack of
resent findings about the concentration of heavy metals in the studied areas becomes an
issue of concern among the populace living the areas which geared on focusing this
research to determine the concentration of heavy metals on nine sampling points from the

three LGAs of southern Taraba State Nigeria.

The Heavy metals analysis was carried out in the study to ascertain the levels of metals
concentrations as a result of artisanal activities in arable farmlands. Heavy metals are
among the most dangerous environmental pollutants which can bio-accumulate in living
tissues (Habibu ez 4/, 2024). The consumption of food which is the source of energy and
other nutrient for human and animal existence that is mostly cultivated by the people in the
studied areas is of great concern. However, safety of populace living in the studied areas
gives a reason to worry. The heavy metals available for plant uptake are those present as
soluble components in the soil solution or those solubilized by root exudates (Blaylock,
M.J., and Huang, J.W., 200). Plants require certain heavy metals for their growth and
upkeep, excessive amounts of these metals can become toxic to plants and ability of plants
to accumulate essential metals equally enables them to acquire other nonessential metals
(Dingova, R., and Kuleff, I., 200). As metals cannot be broken down, when concentrations
within the plant exceed optimal levels, they adversely affect the plant both directly and
indirectly and some of the direct toxic effects caused by high metal concentration include

inhibition of cytoplasmic enzymes and damage to cell structures due to oxidative stress
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(Assche and Cljjster., 1990). Indirect toxic effect is the replacement of essential nutrients at

cation exchange sites of plants (Taiz and Zeiger., 2002).

The results obtained from this study indicates that the heavy metals (Pb, As, Hg, Cd, and
Cr) were present in the soil samples collected from Donga, Takum, and Wukari LGAs of
southern Taraba State, Nigeria. All the metals occur in concentrations above their WHO
stipulated permissible limits except for Lead and Mercury as shown in table 2 where Cd:
0.04 mg/kg to 0.09 mg/kg, As: 0.03 mg/kg to 0.07 mg/kg, Hg: 0.01 mg/kg to 0.03 mg/kg,
Pb: 0.01 mg/kg to 0.03 mg/kg, and Cr: having the values greater than 1.40 mg/kg in this
study.

Cr seems to be the most mobile element, followed by Cd and As, while Pb and Hg were
the less mobile elements in the studied environment (table: 2). Which indicates that Cr is
the most mobilized element as it is mostly distributed among arable farmlands in its higher
amount with high risk value compared to Cd, As, Pb and Hg. This high amount of Cr in
the arable lands shows that it may be easily transferred into the food chain through uptake
by plant growing in the soil. For this reason, there is need for a high level concern
regarding the level of Cr present in the soil, since it can be poisonous to mammals. Cr
mostly find its way to the soil (in the arable farmlands) through application of organic
manure and fertilizers, since fertilizer and organic manure remains the primary source of
nutrient to the soil in an arable farmlands (Chasapis e /., 2012) Chromium is known to be
a toxic metal that can cause severe damage to plants and animals. Chromium induced
oxidative stress involves induction of lipid peroxidation in plants that causes severe damage
to cell membranes (Peralta ez a/, 2001). Chromium stress can also induce some possible
metabolic modification in plants: (alteration in the production of pigments, which are
involved in the life sustenance of plants (e.g., chlorophyll, anthocyanin) (Boonyapookana ez
al., 2002), Increased production of metabolites (e.g., glutathione, ascorbic acid) as a direct
response to Cr stress, which may cause damage to the plants (Shanker e @/, 2003). And its
also bring about an alterations in the metabolic pool to channelise the production of new
biochemically related metabolites, which may confer resistance or tolerance to Cr stress
(e.g., phytochelatins, histidine). (Schnifger 2001). In tomato (Lycopersicon esculentuns)
chromium toxicity resultant decrease in plant nutrient acquisition (Moral e a/., 1995; Moral
et al, 1996) In onion (Alium cepa) shows the inhibition of germination process and
reduction of plant biomass (Nematshahi ef @/, 2012). In wheat (Triticum sp) Reduction of

shoot and root growth were noticed (Sharma ez a/., 2012; Panda e# al., 2000).
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(Oluyemi and Olabanji, 2011) The WHO stipulated value for Cr is 0.001 mg/kg. While the
Cr concentrations in this study range from 1.40 mg/kg — 2.71 mg/kg across all the study
areas, with the concentration of Cr being above the WHO stipulated value 0.001 mg/kg
and having the highest value of risk calculated. This implies that the populace in all the
studied areas are predisposed to Cr-induced health conditions such as asbestosis, lung
cancer, chromosomal aberration, DNA damage which lead to the formation of DNA

adducts, alteration in replication and transcription of DNA and sometimes led to cell death

due to DNA strand breaks (Monisha, ¢7 al., 2014).

Cd followed with high concentration after Cr across the sampled areas, showed that its
availability is susceptible to ionic composition change in the environment. Cd being one of
the cumulative poison for mammals find its way into the soil primarily through the
application of fertilizer, pesticides and herbicides to the arable farmlands as the source of
nutrient to the soil, which then can bio-accumulate in plants and get in to humans via food,
Plants grown in soil containing high levels of Cd show visible symptoms of injury reflected
in terms of chlorosis, growth inhibition, browning of root tips and finally death (Sanita ez
al., 1999). In wheat (Triticum sp.) excess of cadmium reduces the seed germination, decrease
plant nutrient content, reduced shoot and root length (Ahmad ez a/ 2012). In garlic (A/ium
sativumi) Cd accumulation reduces shoot growth (Jiang ef al., 2001). Lastly in Maize (Zea
mays) it reduces shoot growth and course inhibition of root growth (Wang ez a/., 2007). Cd
concentrations in this study ranges from (0.04 mg/kg-0.09 mg/kg) which are higher than
the WHO stipulated permissible limit value of (0.003 mg/kg). Therefore, people living in
these study areas could be in danger of Cd related health problems (WHO, 2011). High
exposure to Cd can lead Health condition such as obstructive lung disease, cadmium

pneumonitis, anemia, renal damage, bone disorder and cancer of the lungs (Monisha, e# al.,

2014).

Arsenic (As) as one of the metals of concern was confirmed to be present in the sampled
areas in high value above the permissible limit at (0.03-0.07 mg/kg). While the WHO
stipulated value is (0.02 mg/kg). High concentration of arsenic in tomato (Lycopersicon
esculentum) reduces fruit yield the leaf fresh (Barrachina ez al, 1995). Whereas, in canola
(Brassica napus) arsenic causes stunted growth, chlorosis and wilting (Cox ez al., 1996) In rice
(Oryza sativa) reduces seed germination, decrease in seedling height, reduces leaf area and
dry matter production (Marin ez al, 1993). So, Based on the result of this study, the

populace in this studied areas could be predispose to As-induced health problems such as
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arsenicosis (Monisha ez al., 2014). Most of the reports of chronic arsenic toxicity in man
focus on skin manifestations because of its specificity in diagnosis. Pigmentation and
keratosis are the specific skin lesions that indicate chronic arsenic toxicity (Monisha ez al.,

2014).

Lead (Pb) is one of the ubiquitously distributed most abundant toxic elements in the soil. It
exerts adverse effect on morphology, growth and photosynthetic processes of plants. In
maize (Zea mays) reduction in germination percentage; suppressed growth; reduced plant
biomass, decrease in plant protein content has been noticed (Hussain ¢z a/., 2013). Whereas,
in Portia tree (Thespesia populnea) lead courses reduction in number of leaves and leaf area,
reduced plant height (Kabir et al., 2009). Decrease in plant biomass and in Oat (Avena
sativa) Inhibition of enzyme activity which affected CO; fixation (Demirevska-Kepova ez al.,

2004).

The concentration of Pb and Hg, were low across all the soil samples studied. They are
detected in low amount in this study which may be a minor pollution indicator since their
present in the soil to some extent may cause a serious concern to the populace living in the
area. Pb may have originated from traffic, since most of the soil samples were collected
from near highways. Pb mainly enters into the soil by means of atmospheric dry and wet
depositions and disposal of sewage sludge (Habibu e @/, 2024). Lead is known to induce
reduced cognitive development and intellectual performance in children and increased
blood pressure and cardiovascular disease in adults (Oluyemi and Olabanji, 2011). The
WHO stipulated maximum level of Pb in soil is 2.00 mg/kg and from the result of this
study, Pb concentration is very low at 0.01 mg/kg — 0.03 mg/kg in all the soil samples.
Thus, Pb may not pose serious health consequence to the populace in those areas at short

term exposure, but may do so in the long run (WHO, 2011).

Mercury is a dangerous heavy metal whose poisoning (or excessive intake) can result to
numerous health conditions. Mercury is known to be a latent neurotoxin compared to
other metals. Contamination of Hg to the soil is often due to the addition of this heavy
metal as part of fertilizers, lime, sludge and manures. The large input of mercury (Hg) into
the arable lands has resulted in the widespread occurrence of mercury contamination in the
entire food chain. In rice (Oryza sativa) excess of mercury decreases plant height, reduces
tiller and panicle formation and yield reduction (Kibra, 2008). In tomato

(Lycoperszconesculentunz) Hg courses reduction in germination and plant height, reduce in
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flowering and fruit weight and finally resultant chlorosis appears on the whole plant

(Shekar e al., 2011).

A high dietary intake of mercury (organic) above the stipulated limit of consumption has
been hypothesized to increase the risk of coronary heart disease (Oluyemi and Olabanjo,
2011). In this study, the concentrations of Hg in all the soil samples range from (0.01-0.03
mg/kg). These concentrations are higher than the WHO stipulate permissible limit at 0.03
mg/kg. This implies that the persistent consumption of food cultivated on the study areas
could lead to health problems related to Hg if the uptake by plants is directly proportional

to the available concentration in the soil (Habibu e7 /., 2024)

CONCLUSION

Although the studied HM were significantly present in all the analysed soil with the
exception of lead and Mercury, their concentration in various soil samples across the
studied areas exceeded the permissible levels as recommended by WHO with exception of
Lead and Mercury, therefore, efforts should be put in place to address the bioaccumulation
of these metals to the arable land from anthropogenic sources. The anthropogenic input of
Cr was found mainly in Takum and Wukari in high concentrations which may be due to
the geographical location of the study areas as they shared boundaries to each other,
including Cd and As which are moderate in concentrations were significantly high in these
study areas above the permissible values. Hg and Pb appeared to be in low concentration,
but all other heavy metals (Cr, Cd and As ) analyzed were present in concentration above
the permissible limit of utilization by WHO. These heavy metals may be transferred to
human on consumption of crops cultivated in the areas which may be hazardous to human
health due to their cumulative effect in the human body, hence, the results possibly indicate
that anthropogenic heavy metals are easily mobile and potentially more phyto available than

lithogenic and pethogenic heavy metals in arable farmlands.
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