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ABSTRACT
Heavy metal accumulation in agricultural soils and vegetables near industrial zones poses a significant threat
to food safety and public health. This study assessed the concentrations of Fe, Zn, Cu, Cd, Ni, Pb, and Cr in
soils and edible parts of onion (Allium cepa), carrot (Daucus carota), and spinach (Spinacia oleracea) collected
from three irrigation farms in the Sharada industrial area, Kano State, Nigeria. A total of 36 composite samples
were analysed using atomic absorption spectroscopy (AAS). Results revealed that cadmium levels in spinach
reached 0.44 mg/kg, exceeding the WHO/FAO limit (0.1 mg/kg) by 340%. Lead concentrations in carrots (0.33
mg/kg) and spinach (0.49 mg/kg) also surpassed the permissible threshold of 0.3 mg/kg, while Pb in soil peaked
at 1.05 mg/kg, more than three times the allowable limit. Chromium levels in soil were similarly elevated (1.05
mg/kg), though plant uptake remained low. Strong positive correlations between Pb and Zn (r > 0.90) and
between Cr and Zn (r> 0.90) indicate likely shared sources, such as industrial effluents and vehicular emissions.
The findings recommend strict regulatory enforcement, continuous environmental monitoring, and remediation
strategies, such as soil amendments and safer irrigation practices, to reduce human health risks and ensure

sustainable crop production.
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INTRODUCTION

Heavy metal contamination in agricultural soils and food
crops is a growing global concern due to its potential to harm
environmental quality and human health (Mai et al., 2024;
Jahandari & Abbasnejad, 2024; Wang et al, 2023). In
agricultural systems, the overuse of fertilizers, pesticides, and
herbicides contributes to chemical runoff and groundwater
infiltration (Sarkar et al., 2024; Kumari et al., 2024; Schwartz
& Zhang, 2024), leading to contaminated water sources that
affect crop safety (Singh ez al., 2023).

Toxic metals such as cadmium (Cd), lead (Pb), and chromium
(Cr) are persistent in the environment and can accumulate in
soils and plants (Madhogaria ef al., 2024; Xu et al., 2024).
Consumption of crops grown in contaminated soils has been
linked to adverse health effects, including kidney dysfunction,
neurological disorders, and increased cancer risk (Neisi et al.,
2024; Jolly et al., 2024; Sanga et al., 2024).
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In Nigeria, particularly in industrial areas, heavy metal levels
often exceed international safety thresholds (Ibrahim et al.,
2021). Poor effluent regulation, ineffective waste
management, and the use of polluted water for irrigation
exacerbate the issue. For example, studies in Challawa, Kano,
have reported elevated levels of Pb and Cd in irrigated
vegetables due to industrial discharge and untreated
wastewater (Edogbo et al., 2020).

The Sharada industrial zone in Kano State, characterized by
high industrial density, is a potential hotspot for heavy metal
pollution. Yet, limited data exist on the extent of
contamination in its agricultural soils and vegetables. This
knowledge gap limits the ability of local authorities to
implement effective control measures. Although some
Nigerian studies have assessed contamination generally, few
have focused on site-specific uptake of metals in staple crops
in Sharada.
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Figure 1: Sources of Heavy Metals, Source: (Angon et al., 2024)
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Figure 1 illustrates the key anthropogenic sources of heavy
metals, including industrial effluent, vehicular emissions, and
atmospheric deposition (Angon et al., 2024). For example,
metals like Pb and Zn are emitted from vehicle exhaust and
tire wear (Luo et al., 2024; Laskowski et al., 2024), while
improperly disposed urban waste contributes additional loads.
These pollutants are deposited into the soil either directly or
through air and water pathways, posing long-term risks to the
food chain.

Human exposure to heavy metals typically occurs through a
soil-plant—consumer pathway. Crops absorb metals from soil
and irrigation water, especially leafy vegetables like spinach,
which tend to accumulate high levels of toxic elements due to
their large surface area and rapid growth (Bambhaneeya et al.,
2024).

Despite the industrial legacy of the Sharada area, no recent
study has quantitatively assessed heavy metal transfer from
soil to commonly consumed vegetables. This study aims to
fill that gap by evaluating the levels of Fe, Zn, Cu, Cd, Ni, Pb,
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and Cr in soils and three vegetables (Allium cepa, Daucus
carota, and Spinacia oleracea) cultivated in Sharada.

It was hypothesized that metal concentrations in soils and
vegetables from Sharada exceed WHO/FAO safety limits due
to cumulative industrial discharge and poor environmental
regulation.

MATERIALS AND METHODS

Study Area

The study area is located in the Kano Municipal Local
Government Area (LGA), which is a well-known industrial
area in Kano State. It is located between longitude 8030°50’E
and latitude 110 57°30” N (Figure 2). The Sharada area has a
diverse range of industries, including light, heavy, dry, wet,
food, and plastic, among others (Ekpa, 2022). There is also
commercial irrigation farming taking place in the area. The
annual mean rainfall ranges from 800 mm to 900 mm, with
variations of up to + 30%. The typical annual temperature is
around 26°C.

Figure 2: Satellite Image of the Study Area

Sample Collection

The samples of soil and fresh vegetables (onion (4/ium cepa), carrot (Daucus carota) and spinach (Spinacia oleracea)) were

randomly handpicked from the irrigation sites.

Plate 1: Illustration the Sampling Collection
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Samples of soil and irrigated vegetables from Sharada for
commercial purposes were randomly collected as shown in
Plate 1.

We randomly collected five soil (0-15 cm depth) samples
from the farm and mixed them to create a composite sample
from each plant collection site (Bouida et al., 2024; Nepal et
al, 2024). We packaged these samples in well-labeled
polythene bags and transported them to the laboratory for
further treatment and analysis. We obtained three (3)
replicates from each composite for analysis. We wrapped the
samples in a large brown envelope, labeled them, and
transported them to the laboratory (Aluko et al., 2024).

Preparation of Soil and Vegetable Samples

The plant samples were washed with tap water and carefully
rinsed with deionized water. The edible portions of the
samples were then cut into small pieces, air dried for 24 hours
to reduce moisture content, and then dried in an oven at 65°C
- 70°C until totally dry. Each dry sample was ground into a
fine powder using a blender before being sieved through a 2
mm mesh. Before analysis, the powdered materials were
stored in properly labelled plastic containers (Hussaini et al.,
2021). The soil samples were air dried, grinded and sieved to

RESULTS AND DISCUSSION
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obtain a less than 2 mm fraction of the soil. All samples were
kept at room temperature until utilized for acid digestion
(Nazir et al., 2015). The study was conducted using analytical
reagent (AnalaR) grade chemicals and distilled water. All
glassware and plastic containers were washed with detergent
solution, followed by 20% nitric acid, rinsed with tap water,
and finally distilled water (Hussaini et al., 2021; Alkali et al.,
2022).

Determination of the Concentration of Heavy Metals

The concentrations of metals (nickel, zinc, iron, chromium,
copper, lead and cadmium) will be determined using atomic
absorption spectrophotometer AAS (Agilent 240FS AA
model, Agilent Lab, USA).

Statistical Analysis

The study used Principal Component Analysis with SPSS 29,
2022 software to compare the relationship between heavy
metals. We assessed the level of significance of differences in
the parameter values, considering values of P 0.05 as
significant differences, and plotted the tables using Microsoft
Excel 2007 (Ogundiran, 2014).

Table 1: Mean Values + Standard Error of Heavy Metals Concentrations in Some Vegetables and Soil from Sharada

Industrial Area

Metals/Vegetable/Soil Alium cepa Daucus carota Spinacia oleracea Farm Soil

Fe (mg/l) 137.990 £ 0.56 42.815+1.15 103.605 + 1.73 3010+ 1154.71
Zn (mg/kg) 32.080 +0.56 40.525 £0.56 35975+1.15 66.47 +£11.55
Cu (mg/kg) 37.660 + 0.56 115350 £ 1.15 23.385+0.56 72.71+£5.77
Cd (mg/kg) 0.285+0.06 0.280 + 0.58 0.440+0.13 0.095+0

Ni (mg/kg) ND 0.085+0.01 3.010 £0.58 2.74 £0.58

Pb (mg/kg) 0.294 £ 0.06 0.328 £ 0.06 0.490 + 0.06 1.054 £0.58
Cr (mg/kg) 0.230 £ 0.06 0.227 +0.06 0.075+0.01 1.052 £0.57

ND = Not Detected

Table 1 above shows the mean values of heavy metal
concentrations in some vegetables and soil from the Sharada
Industrial Area. Lead (Pb) levels exceeded safe limits in all
the vegetables except onions, indicating a widespread issue
with lead contamination in crops (Hettiarachchi et al., 2024),
likely due to industrial pollution. The levels of Cadmium (Cd)
in the vegetables are exceeding permissible limits in all tested
samples, which is a significant concern. It is widely
recognized that cadmium has severe toxicity (Sable et al.,
2024; Kuna et al., 2024; Huang et al., 2024; Goel et al., 2024;
Daliyev et al., 2024; Jiang et al., 2024; Budi et al., 2024), even
in small quantities, and it can cause significant health threats
to people if ingested through contaminated food.

We discovered that the amount of iron (Fe) is high in farm
soils in contrast to the results of Chandrasekara et al., 2024.

This suggests that while iron may naturally exist in greater
amounts here, industrial activities may have further increased
its levels in some areas.

The results of this study reveal a concerning level of heavy
metal contamination in both soils and vegetables cultivated
within the Sharada industrial zone. Cadmium (Cd) and lead
(Pb) concentrations in all vegetable samples exceeded
WHO/FAO permissible limits, with spinach (Spinacia
oleracea) recording a cadmium level of 0.44 mg/kg, which is
340% above the recommended maximum of 0.1 mg/kg. These
exceedances are clearly presented in Table 2, which compares
the measured concentrations in vegetables and soils with
WHO/FAO recommended safety limits.

Table 2: Mean Concentrations of Heavy Metals (mg/kg) in Vegetables and Farm Soils from Sharada Compared with

WHO/FAO Safety Limits

Vegetables/Soil Fe Zn Cu Cd Ni Pb Cr
/Standard (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Alium cepa 138 £0.56 32.08+0.56 37.66+0.56 0.285+0.06 ND 0.294£0.06 0.23 £0.06
Daucus carota 42.8+1.15 40.53+£0.56 11535+1.15 0.28+0.58 0.085+0.01 0.328+0.06 0.227+0.06
Spinacia oleracea 104 +1.73 3598+ 1.15 23.385+0.56 0.44+0.13 3.01 £0.58 0.49+0.06 0.075+0.01
Farm Soil 3010£1154.71 66.47+11.55 72.71+5.77 0.095+0 2.74 £ 0.58 1.054 £0.58 1.052+0.57
WHO/FAO (2011) 426 100 73 0.1 10 0.3 1.36
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The elevated accumulation of Cd in spinach is likely
attributable to the plant’s physiological properties, including
its broad leaf surface area and highly absorptive root structure,
which facilitate efficient metal uptake and translocation. In
contrast, carrots (Daucus carota) exhibited the highest levels
of copper (Cu), reaching 115.35 mg/kg, suggesting that root
morphology and direct contact with soil may enhance copper
accumulation in root vegetables.

The data confirm that Cd and Pb levels in all vegetable
samples exceeded safe limits, particularly in spinach and
carrot. Chromium levels in soil were also close to the
permissible threshold of 1.36 mg/kg but remained low in plant
tissues, suggesting limited uptake due to its chemical form or
low mobility. This reinforces the influence of species-specific
uptake mechanisms and the bioavailability of metals under
field conditions.

The observed disparities in metal accumulation among plant
species emphasize the role of plant-specific uptake
mechanisms and bioaccumulation potential. These patterns
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are consistent with previous findings indicating that leafy
vegetables tend to accumulate higher levels of mobile heavy
metals, while root vegetables are more prone to accumulating
elements like Cu and Ni due to prolonged contact with soil
particles and lower translocation barriers. The limited uptake
of chromium (Cr) by vegetables, despite its high
concentrations in soil (1.052 mg/kg), may be explained by its
low bioavailability in oxidized or less mobile forms, which
reduces its transfer from soil to plant tissues.

The correlation analysis further supports the presence of
common anthropogenic sources of contamination. Strong
positive correlations were observed between Zn and Pb (r =
0.918) and between Zn and Cr (r = 0.903), suggesting that
these metals likely originate from shared sources such as
industrial effluent discharges, vehicular emissions, and
atmospheric deposition. These relationships are quantitatively
detailed in Table 3, which shows significant correlations
between several heavy metals across plant and soil matrices.

Table 3: Pearson Correlation Matrix of Heavy Metals in Vegetable and Soil Samples. Correlations Significant at the

0.01 and 0.05 Levels are Noted

Samples Fe Zn Cu Cd Ni Pb Cr

Samples 1 0.888" 0.731 -0.071 -0.605 0.717 0.903" 0.563
Fe 1 0.718 -0.063 -0.862 0.409 0.868 0.644
Zn 1 0.404 -0.415 0.514 0.918" 0.959*
Cu 1 -0.043 -0.333 0.039 0.373
Cd 1 .085 -0.516 -.0368
Ni 1 0.704 0.389
Pb 1 0.848
Cr 1

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level.

These findings align with those of Aksouh et al. (2024) and
Hassan et al. (2024), who reported similar contamination
patterns in urban-industrial regions. The consistent co-
occurrence of these metals across soil and plant matrices
reinforces the role of persistent industrial activities in shaping
the contamination profile observed in this study.

Despite identifying high concentrations of toxic metals in soil
and crops, the health implications of long-term dietary
exposure warrant further emphasis. Chronic intake of
cadmium has been associated with renal dysfunction, skeletal
demineralization, and carcinogenic effects, while lead
exposure is linked to neurological impairments,
developmental delays, and cardiovascular diseases. The
consumption of vegetables such as spinach and carrot, which
significantly exceeded established safety thresholds, poses a
credible risk to public health, particularly among vulnerable
groups such as children and pregnant women. These risks
underscore the importance of integrating environmental
monitoring with food safety regulations and public health
surveillance in industrial zones like Sharada.

When compared with other industrial regions in Nigeria and
West Africa, the metal concentrations recorded in Sharada are
consistent with, and in some cases exceed, those reported in
similar zones. For instance, Pb levels in soil (1.054 mg/kg)
were comparable to or higher than those reported in the
Challawa industrial area of Kano (Edogbo et al., 2020) and
Boumerdes in Algeria (Aksouh et al., 2024). These cross-
regional comparisons validate the findings and indicate a
persistent trend of heavy metal pollution in rapidly
industrializing urban zones, where environmental regulations
may be insufficiently enforced.

In addition to industrial discharges, local agronomic practices
may influence the levels of metal accumulation in crops. The

use of untreated groundwater for irrigation, lack of crop
rotation, and minimal application of soil amendments
contribute to the persistence and bioavailability of toxic
metals in the farming systems of the Sharada area. These
factors create conditions conducive to continuous metal
cycling within the agro-ecosystem, thereby increasing the risk
of chronic exposure through food consumption.

While the abstract highlights the need for mitigation, the
discussion extends this recommendation by suggesting
context-specific intervention strategies. These include the
application of soil amendments such as lime or biochar to
immobilize metals, the use of constructed wetlands to treat
wastewater before reuse in irrigation, and the implementation
of regular soil and crop monitoring programs to detect early
signs of contamination. Encouraging the cultivation of low-
accumulating crops and the introduction of phytoremediation
trials could further reduce the transfer of metals into the food
chain. Strengthening local enforcement of industrial waste
management policies is also essential to curb the primary
sources of contamination.

This study acknowledges several limitations. The research
was confined to three farms within the Sharada industrial area,
limiting its spatial coverage. Seasonal variation, which can
influence metal mobility and uptake, was not assessed, and no
human biomonitoring data were collected to directly quantify
exposure risks. These limitations, while not undermining the
validity of the findings, suggest the need for further studies
with expanded geographic coverage, seasonal sampling, and
integration of human health metrics.

Future research should include quantitative health risk
assessments such as hazard quotient (HQ) and hazard index
(HI) calculations, as well as metal speciation studies to
determine the chemical forms and bioavailability of
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contaminants. Longitudinal monitoring would also provide
insight into temporal trends and the effectiveness of
mitigation strategies. Such approaches will better inform
environmental policy and public health planning in industrial
regions vulnerable to heavy metal pollution.

CONCLUSION

The presence of elevated heavy metal concentrations in both
vegetables and irrigation soils within the Sharada industrial
area presents a significant environmental and public health
concern. Cadmium and lead levels in all tested vegetables,
especially  Spinacia oleracea and Daucus carota,
substantially exceeded WHO/FAO safety thresholds.
Similarly, chromium concentrations were high in soils, while
iron levels surpassed permissible limits, indicating sustained
anthropogenic input, most likely from industrial effluents.
These findings point out the urgent need for targeted
mitigation measures and informed policy intervention. It is
imperative that regulatory authorities strengthen enforcement
of effluent discharge standards, implement regular monitoring
of soil and crop metal levels, and promote the adoption of
phytoremediation techniques and soil amendments to reduce
metal bioavailability. Furthermore, agricultural extension
services should prioritise farmer education on best practices,
including safer irrigation sources, crop rotation, and
heavymetal-tolerant plant varieties.

To ensure long-term food security and ecological health, a
robust, cross-sectoral policy response is essential.
Government agencies must commit to implementing
environmental protection strategies tailored to industrial-
agricultural interfaces such as Sharada. Without decisive
action, the continued contamination of edible crops poses a
growing threat to both human health and sustainable urban
agriculture.
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