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Abstract

This study investigated the levels of three trace metals (Cobalt (Co), Iron (Fe), and Thallium (TI)) in
commonly consumed produce (banana, orange, green leaf, and pumpkin) collected from the Santana,
Oba, and Uselu markets in Benin City, Edo State, Nigeria. Metal concentrations were quantitatively
determined using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and
compared against permissible limits set by the World Health Organization/Food and Agriculture
Organization (WHO/FAQO). Results showed that Co and TI levels across all samples were within
established international safety limits. Conversely, Fe concentrations exceeded the permissible limits
in banana, green leaf, and pumpkin samples, although Fe levels in oranges remained within safe
limits. To assess potential non-carcinogenic health risks, the Daily Intake of Metals (DIM) was
calculated, followed by the determination of the Hazard Quotient (HQ) and Hazard Index (HI) for all
sampled market produce. Hazard Quotients for both Co (ranging from 0.00004 to 0.12630) and TI
(ranging from 0.00000 to 0.41610) were consistently below the safe threshold of HQ< 1, indicating
negligible risk from these elements. However, HQ values for Fe significantly surpassed the threshold
of one (HQ>1) in several key samples, particularly green leaf (HQ: 1.5625 to 3.7766), pumpkin (HQ:
2.0986 to 3.0843), and banana (HQ: 1.5941 to 2.3908). Fe in oranges remained safe (0.00008, 0.0023,
0.0023), (HQ < 1). The elevated Fe HQ wvalues in key studied samples, suggest a potential risk of
chronic non-carcinogenic adverse health effects from the consumption of these contaminated fruits
and vegetables. Immediate and proper action is required to identify contamination sources and
mitigate chronic dietary exposure to high concentrations of these metals, thereby reducing the
associated public health burden.
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INTRODUCTION

Over the past few decades, global health and environmental concerns regarding the long-
term impact of environmental contaminants have intensified. While advancements in
technology and agriculture have improved human living standards, they have
simultaneously introduced significant environmental burdens. Modern intensive
agricultural practices, driven by increasing global food demand, rely heavily on the use of
synthetic fertilizers, pesticides, and herbicides) (Khatri et al., 2024), These agrochemicals,
along with wastewater irrigation and industrial activities, are major conduits for introducing
trace and heavy metals into the food chain (Mishra et al., 2023).

Heavy metals are a critical class of environmental pollutants due to their non-
biodegradability and ability to persist in the environment for extended periods. Once
introduced into the ecosystem, they pose a significant threat to ecotoxicology because of
their potential for bioaccumulation in various organs and biomagnification across successive
trophic levels of the food chain (Tchounwou et al., 2014). This persistence means that low-
level exposure acquired during childhood can manifest as serious chronic diseases later in
adulthood, often involving neurotoxicity, nephrotoxicity, and cancer (Balali-Mood et al.,
2021). The contamination pathways in the terrestrial environment are diverse, encompassing
atmospheric deposition, industrial emissions, vehicle exhaust, and direct application of
contaminated water or metal-based chemicals to soil (Li et al., 2022). As staple components
of the human diet, fruits and vegetables are highly vulnerable to metal uptake from
contaminated soil and water. The rapid increase in human population exerts constant
pressure for high food yields, leading to the increased and often unregulated use of
agrochemicals that contain elevated levels of heavy metals (WHO/FAQO, 2020). Since food
consumption is the primary route of non-occupational human exposure to these toxicants,
the frequent and consistent consumption of contaminated produce, even at low daily doses,
poses a substantial risk of chronic toxicity and eventual health deterioration (Islam et al.,
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2017; Balali-Mood et al., 2021. Consequently, continual and systematic assessment of metal
concentration in edible crops is paramount. This study is critically necessary to determine
the actual levels of Cobalt (Co), Iron (Fe), and Thallium (Tl) in popular market produce
(banana, orange, green leaf, and pumpkin) and compare them with established international
safety standards (e.g.,, WHO/FAO), identifying instances of non-compliance (Ezeilo et al.,
2020). It is also necessary to move beyond simple concentration measurements by applying
advanced risk assessment metrics, specifically calculating the Daily Intake of Metals (DIM)
and the resultant Hazard Quotient (HQ) and Hazard Index (HI). This quantitative approach
determines the potential for non-carcinogenic adverse health effects associated with
consuming produce sourced from major markets in Benin City, as well as guiding public
health policies. Given the non-biodegradable nature of these metals and the high dietary
reliance on these particular food items, a proper assessment of metal content is crucial for
safeguarding the health of the local population.

METHODOLOGY

Study area

This study was carried out in Benin City (6.3350°N, 5.6037°E), the capital of Edo State, in the
tropical rainforest zone of Southern Nigeria.

Sample collection

Samples were collected from three markets in Benin City, one each in Ikpoba-Okha local
government area, Oredo local government area and, Egor local government area. The
sampled markets were Santana market, Oba market, and the Uselu markets respectively.
These are markets with a lot of activities regularly. The coordinates for the various sampling
locations were taken using a hand-held GPS, and the coordinates are represented in Figure
1.
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Figure 1: A map of the study area showing the Sampling locations.
A total of forty-eight (48) samples comprising fruits and vegetables [four oranges (Citrus
sinesis), four banana bunches (Musa acuminata), four bunches of green leaf (Amaranthus

hybridus), and pumpkin leaf (Telfairia occidentalis) each] were collected from four different
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vendors in each market. The samples were collected in Ziplock bags and labeled
appropriately.

Extraction of Heavy Metals

All samples were washed, cleaned, and cleared of rotten or damaged parts. Each sample
was thoroughly homogenized in a mixer grinder. To remove moisture content,
homogenized samples were oven-dried at 105 °C for 24 hours. Afterwards, five (5) grams of
the homogenized sample from each market were carefully weighed and deposited in
crucibles and ashed at 450 °C in a muffle furnace. The ash obtained was allowed to cool and
then digested using 1.0 mL of 36% HNO; to obtain a transparent solution. A Whatman filter
paper was used to rid the extracted substance of impurities before introduction into the ICP-
OES.

Elemental Analysis

All analyses of fruit and vegetable samples were performed using an inductively coupled
plasma optical emission spectrometer (ICP-OES). The model used was the Agilent 710-ES
with megapixel CCD detector and equipped with the Agilent SPS3 auto-sampler alongside
the Agilent Expert II Software for controlling the instrument and data acquisition. The
conditions of the instrument were as follows: RF generator (1000 W), Plasma gas flow (15
L/min), Auxiliary gas flow (1.5 L/min). The type of spray chamber was a glass cyclonic,
while the torch was the standard axial torch. A sea spray nebulizer with a gas pressure of
220 kPa and a pump speed of 15 rpm was used. Sample uptake and replicate real-time were
30 seconds each, while sample delay time, stabilization time, and rinse time were 30, 20, and
10 seconds, respectively. Analysis was done in triplicate.

Health Risk Assessment

Estimated average daily intakes (EADIs) of metals in food and assumptions of food
consumption were used to investigate long-term health risks to consumers (Ogungbemi and
Owoade, 2023). To this end, EADI was estimated using equation 1.

The health risk index (HRI) was calculated as the ratio of the estimated exposure (EADI) of
test vegetables/fruits and the oral reference dose. This model has been described by USEPA
(1992) and Ghaffari et al. (2019). Estimated exposure was obtained by dividing the daily
intake of heavy metals by their safe limits. An index more than 1 was considered as not safe
for human health (USEPA, 2001).

Target hazard quotient (THQ), Estimated Daily Intake (EDI), and the Hazard Risk Index
(HRI) were employed in the health risk assessment of the heavy metals that were found to
be present in the fresh fruits and vegetable samples collected. The estimated daily intake of
heavy metals in the sample was calculated to determine the average daily concentration of
metals in the body system of a consumer.

EDI = Cietal X Cractor X Diood intake / Baverage weight ~ (1).

Where:

Chetal is the heavy metals concentration in plants (mg kg1); Cractor is the conversion factor to
convert fresh vegetable weight to dry weight, which is given as 0.085; and Drood intake is the
daily intake of vegetables.

The Target hazard quotient was calculated to estimate/determine the level of concern
originating from ingestion of metals through the consumption of these fruits and vegetables.
The target hazard quotient (THQ) values were calculated by using the determined
concentrations of the three target metals.
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HQ= EDI/ RfD (2)

Where:

RfD (reference dose). The RfD for Co, Fe, and Tl is 0.03 mg/kg, 0.007 mg/kg, and 0.00007
mg/kg, respectively (USEPA IRIS, 2011; Finley et al., 2012).

Furthermore, after the EDI and THQ have been determined, the health risk index (HRI) was
then determined by summing up the values of hazard quotient for all the metals in the
different markets in Benin City. If HRI < 1, then the exposed population is said to be safe
(Ezemonye et al., 2018).

Quality Assurance and Quality Control

To be assured of the reliability of the results, appropriate and standard quality procedures
and precautions were used, and the reagents and instrument calibration used were
standard. The Continuing Calibration Verification test was used to ensure the validity of the
calibration throughout the analysis run and was carried out at a frequency of 20% (every 20
analytical samples). To ensure precision, Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) was used, allowing it to stabilize for at least 30 minutes before
analysis. Triplicate readings were taken for each sample, and the results were observed to be
no higher than 5%.

Statistical Analysis

Results were analyzed using a Microsoft Excel worksheet to obtain the mean value, standard
deviation, maximum, minimum, and the significant level of contamination in different fruits
and vegetables from each market (P < 0.05). By using analysis of variance (ANOVA), all
results were compared with each other. All sample analyses were performed in triplicate.

Results

Concentration of heavy metals in selected fruits and vegetables

The concentration of heavy metals (cobalt, iron, and thallium) in selected fruits (banana and
orange) obtained from Santana, Oba, and Uselu markets is presented in Table 1.

Table 1: Mean concentrations of heavy metals in green leaf from Santana, Oba and Uselu
markets

Markets Cobalt (Co) Iron (Fe) Thallium (T1)
mg/kg mg/kg mg/kg
Green leaf Santana 0.2436£0.1725 63.10404£5.8620 0.0652+0.0376
Oba 1.1913+0.9634 26.1088+7.3826 0
Uselu 0.9733+0.6703 36.9795+13.1027 0.0664+0.0388
WHO/FAO Permissible limits 0.05 1.0 NA
Pumpkin Santana 0.0361+£0.0187 36.4556+12.7061 0.0420+0.0303
Oba 0.0705£0.0346 35.0620+7.7718 0.0008+0.0007
Uselu 0.9048+0.7529 51.5297+9.0932 0
WHO/FAO Permissible limits 0.05 1.0 NA
Banana Santana 0.2817+0.0732 26.6369+4.5377 0.0045+0.0045
Oba 0.12094£0.1209 39.9493+8.4314 0.0483+0.0461
Uselu 0.0229+0.0161 30.4220+9.4397 0.0695+0.0695
WHO/FAO Permissible limits 0.05 1.0 NA
Oranges Santana 0.0032+0.0017 0.0055+0.0026 0.0026+3.5E-05
Oba 0.0032+0.0025 0.0388+0.0208 0
Uselu 0.0042+0.0021 0.0392+0.0235 0.0027+0.0003
WHO/FAO Permissible limits 0.05 1.0 NA

Values are presented as mean £ SEM, where n=4
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The results presented in Table 1 show the mean concentration in mg/kg of cobalt, iron, and
thallium in green leaf, pumpkin, banana, and oranges, as well as the permissible limit as
determined by the Food and Agriculture Organization (FAO) and the World Health
Organization (WHO). As shown in Table 1, Greenleaf had the highest concentration of iron
(Fe) across all the studied markets. The observed concentrations were above the permissible
limit set by WHO. However, cobalt concentration was below the permissible limit, except for
that obtained from the Oba market. For bananas, the observed concentration of iron was
higher than the permissible limit set by WHO across all the sampled markets. Cobalt
concentration in bananas obtained from Santana and Oba markets was above the
permissible limit (WHO), but was low in that obtained from Uselu market. However, in
oranges obtained across all the markets, iron had the highest concentration, but the recorded
concentration was below the permissible limit set by the WHO.
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Figure 1: Mean values of heavy metals in Greenleaf  Figure 2: Mean values of heavy metals in pumpkin
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Figure 3: Mean concentrations of heavy metals in
Bananas.
Bars are presented as mean + SEM, where n=4

Figure 4: Mean concentrations of heavy metals in
orange.

Bars are presented as mean = SEM, where n=4.
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Hazard quotient of heavy metals in selected fruits and vegetables

Table 2: Hazard quotients and estimated daily intakes of heavy metals in green leaf,
pumpkin, banana, and oranges from selected markets.

Markets HQ(Co) EDI HQ(Fe) EDI HQ(Ti) EDI
Greenleaf Santana 0.00340 0.00010 3.77660  0.02643 0.39000 0.00003
Oba 0.01660 0.00049 156250  0.01094  0.00000 0.00000
Uselu 0.01360 0.00041 221310  0.38423 0.39710 0.00002
Pumpkin Santana 0.00090 0.00002 218170  0.01527  0.25130 0.00002
Oba 0.00090 0.00002 209860  0.01469  0.00480 3.30E-07
Uselu 0.12630 0.00038 3.08430  0.02159  0.00000 0.00000
Banana Santana 0.00393 0.00011 1.59414  0.01115 0.02678 1.87E-06
Oba 0.00169 0.00005 239080  0.01673 0.28891 0.00141
Uselu 0.00032 0.00067 1.82067 001274 041610 0.00003
Oranges Santana 0.00004 1.32E-06 0.00008  2.30E-06  0.01560 1.09E-06
Oba 0.00004 1.33E-06 0.00230  0.00002  0.00000 0.00000
Uselu 0.00005 1.77E-06 0.00230  0.00002  0.01560 1.11E-06

The results, as presented in Table 2, showed that the estimated daily intake of iron in green
leaf was the highest across all markets. It was also observed that the values gotten from iron
were above the reference dose across all markets. Iron in pumpkin, banana, and orange was
highest in all markets, except in oranges obtained from the Santana market. As shown in
Table 2, the hazard quotient of iron in green leaf, pumpkin, and banana was less than one
(<1).
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Figure 5: Hazard quotients of cobalt, iron, and Figure 6: Hazard quotients of cobalt, iron and
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Hazard index of the heavy metals in selected fruits and vegetables

Table 3: Hazard index of Green leaf, Pumpkin, Banana, and Oranges.

Markets HI index
Greenleaf Santana 2.4340
Oba 2.1043
Uselu 3.2106
Pumpkin Santana 41701
Oba 1.5791
Uselu 2.6238
Banana Santana 1.6249
Oba 2.6814
Uselu 2.2371
Oranges Santana 0.0757
Oba 0.0024
Uselu 0.0783

The results presented in Table 3 are the hazard index values for Co, Fe, and T1 in banana,
oranges, pumpkin, and orange. The HDI values for the metals (Co, Fe, and TI) in green leaf,
pumpkin, and banana were found to be above the limit set by IRIS (2003), as presented in
Table 3.

DISCUSSION

Food safety is a major public concern worldwide. The increasing demands for food safety
have stimulated research regarding the risk associated with the consumption of food crops
contaminated by pesticides and heavy metals (Sweta and Singh, 2024). Therefore, there is a
need for adequate control of heavy metal concentration in foods with regard to the standard
set by WHO/FAO and other international regulations. The principal objective of this study
was to assess the concentrations and potential non-carcinogenic health risks posed by three
trace metals, Co, Fe, and TI, in commonly consumed produce from major markets (Santana,
Oba, and Uselu) in Benin City. The findings underscore a distinct dichotomy in health risk,
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with minimal concern arising from Co, Fe, and Tl exposure, but significant risk posed by
elevated Fe levels.

Trace Metal Concentrations and Regulatory Compliance

Cobalt (Co) and Thallium (TI) Levels:

The concentration analysis using ICP-OES revealed that the mean levels of Co and Tl across
all sampled fruits and vegetables (green leaf, pumpkin, banana, and orange) were generally
low. Except for a few samples, concentrations remained well below the permissible limits set
by the WHO/FAO. This finding aligns with global and regional studies focusing on non-
essential elements. For instance, Hassan et al. (2020) reported low Co contamination in leafy
vegetables from agricultural lands in Pakistan, attributing the low uptake to the element's
limited bioavailability in neutral to slightly alkaline soils. Similarly, the low TI
concentrations are consistent with literature suggesting Tl is not widely mobile unless
specific industrial or mining sources are present (Hassan et al., 2020). The minimal
concentration of Tl in most samples, often below detection limits (in Oba market green leaf
and Uselu pumpkin), suggests the absence of major localized Tl contamination sources in
the immediate vicinity of the market sources.

Iron (Fe) Concentration and Exceedances:

In contrast, Fe concentrations in the leafy vegetables (green leaf and pumpkin) and banana
consistently exceeded the WHO/FAO permissible limit of 1.0 mg/kg (dry weight) in nearly
all market samples. The highest Fe concentration observed was 63.1040 mg/kg in green leaf
from Santana market. This high concentration is characteristic of leafy vegetables, which are
known to be efficient accumulators of metals, particularly Fe, due to the plant's essential
need for Fe in chlorophyll synthesis and respiration. This is corroborated by Salarbashi et al.
(2022), who noted high Fe accumulation factors in leafy greens, often surpassing regulatory
thresholds (Salarbashi et al., 2022). The observed exceedance may be linked to specific
environmental factors in the source areas supplying the Benin City markets, such as acidic
soil pH (enhancing Fe solubility and uptake) or the prevalent use of untreated wastewater
for irrigation, a common practice in peri-urban agriculture that introduces high levels of
soil-bound Fe (Adedeji et al., 2021). The significantly lower Fe concentrations found in
oranges (0.0392 mg/kg) compared to other produce are likely due to the selective exclusion
mechanism typical of fruit-bearing plants, which partition metals away from the edible fruit
pulp and into the stem and leaves to protect the reproductive structures (Olanipekun et al.,
2020).

Health Risk Assessment (HQ and HI)

Negligible Risk from Co and TI:

Cobalt has little direct activity on its own in the body as it is an integral component of
vitamin Bio. It is also involved in preventing and treating pemicious anaemia and also helps
in red blood cell production (Finley et al. 2012). Very little information has been reported on
its concentration in food materials, but Sobukola et al. (2010) reported the same low
concentration of cobalt in pumpkin. The quantitative health risk assessment confirmed the
minimal environmental concern regarding Co and Tl. The Hazard Quotients HQ for both
metals were consistently several orders of magnitude below the critical threshold of 1.0
across all produce types and markets (e.g., Co HQ max: 0.12630; T1 HQ max: 0.41610). This
finding provides strong evidence that the chronic dietary intake of Co and TI from these
sources currently poses no significant non-carcinogenic health risk to the consumers, a
conclusion supported by similar findings for non-essential metals in the Nigerian food
supply chain (Ibeto and Okpara, 2020).
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Significant Risk from Iron (Fe):

The most critical finding of this study is the elevated health risk associated with Fe intake.
The HQ values for Fe significantly exceeded the safe threshold of HQ > lin green leaf (HQ
up to 3.7766), pumpkin (HQ up to 3.0843), and banana (HQ up to 2.3908). An HQ value
greater than 1.0 indicates that the estimated chronic daily intake exceeds the reference dose
(RfD), raising potential concern for adverse health effects, particularly among sensitive
populations. This chronic risk from Fe is compounded when considering the total Hazard
Index (HI), which sums the HQ s for all metals. As shown in Table 3.3, the HI for green leaf
(max 3.2106), pumpkin (max 4.1701), and banana (2.6814) were all significantly greater than
1.0, demonstrating that Fe is the overwhelming driver of the total cumulative risk. Although
Fe is an essential nutrient, chronic excess intake can lead to iron-mediated oxidative stress
and progressive dysfunction in key organs (Fayomi et al., 2020). At high concentrations, iron
may cause nausea, vomiting, and stomach aches. In some rare cases, high concentrations of
iron in the body may lead to internal bleeding, seizures, coma, and even death (Lana, 2020).
Our results are consistent with research by Fayomi et al. (2020) on market vegetables in
Southwest Nigeria, which similarly identified Fe as the highest risk driver due to exceeding
the RfD through dietary intake (Li et al., 2022). This chronic exposure risk highlights a major
local food safety challenge, warranting immediate attention from agricultural and health
regulatory bodies in Edo State to mitigate contamination at the source.

CONCLUSION

In summary, this study demonstrates that the hazard quotients for Cobalt (Co) and Thallium
(T1) in the analyzed fruits and vegetables remained consistently below the threshold of 1.
This confirms that these specific metals are present at levels considered safe for human
consumption within the study area. However, a significant concern arises regarding Iron
(Fe) concentrations. Levels found in greenleaf, pumpkin, and banana samples across all
three markets exceeded the permissible limits established by the Food and Agriculture
Organization (FAO) and the World Health Organization (WHO). These elevated
concentrations suggest a potential long-term health risk to the local population. To mitigate
these risks, it is recommended that the Ministry of Environment, in synergy with relevant
health and agricultural agencies, implement a robust monitoring framework. By overseeing
the production and processing stages of food crops more closely, authorities can better
identify and reduce sources of heavy metal contamination, ensuring greater food safety for
the community.
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