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This study analysed aluminium, essential metals (chromium, manganese, iron, nickel, copper and zinc),
and toxic metals (lead and cadmium) in green leafy vegetables (arugula, mint, parsley, and spinach)
obtained from various markets in Benghazi city. A flame Atomic Absorption Spectrometer was used to
determine the metal contents. Hazard quotient (HQ) and hazard index (HI) calculations were employed
to assess non-carcinogenic and carcinogenic risks associated with the metals in the vegetables. Results
showed that aluminium was detected in only 50% of the samples. All vegetable samples contained
manganese, iron, copper and zinc within the ranges of 1.072-6.87mg, 26.71-298.4mg, 1.00-3.45mg and
3.61-9.33mg per 1kg of vegetable dry weight, respectively. Nickel and chromium were found in 33%
and 50% of the samples, respectively. Cadmium and lead were present in all samples except for two
spinach and two parsley samples. The levels of essential metals in the samples were below the maximum
allowable limits set by FAO-WHO regulations. However, the contents of nickel, cadmium and lead in
some vegetable samples exceeded the maximum limits. The metal contents in the collected vegetables
were mostly lower than reported results from previous international studies. The HQ and HI values for
the analysed metals were all below unity, suggesting that the consumption of these selected vegetables
as part of a daily diet poses no threat to human health.
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1. Introduction

Vegetables are an essential part of a healthy diet, which offer a diverse
array of nutrients that are important for human health, such as;
vitamins, antioxidants, dietary fiber, and essential minerals. Moreover,
vegetables are low in calories and fat, making them a healthy choice
for various dietary plans. The World Health Organization (WHO)
recommends consuming 400g of fruits and vegetables daily to fulfil
the body's vitamin and mineral requirements [1-3]. In Libyan cuisine,
vegetables play a significant role and are integral ingredients in
various traditional dishes such as; couscous, soups, salads, and side
dishes. Libyan people recognize the importance of including
vegetables in their diet as a way to enhance flavour, nutritional value,
and overall well-being [4].

Vegetables can be classified in various ways, taking into consideration
different factors such as; botanical classification, nutritional
composition, and culinary usage. Botanical classification is one
approach to categorizing vegetables, resulting in different groups such
as leafy, stem, root, bulb, fruit, and flower vegetables [5]. Different
categories of vegetables are obtained based on botanical classification.
Among these categories, green leafy vegetables (GLV) stand out.
Examples of GLVs include spinach, arugula, parsley, kale, and collard
greens. These vegetables are rich in chlorophyll and are often
consumed fresh or cooked in stews. The leaves of GLVs primarily
consist of cellulose, hemicellulose, and pectin, which contribute to
their texture and firmness. Incorporating a vegetable-rich diet has been
linked to a reduced risk of various chronic diseases, including heart
disease, stroke, and certain types of cancer [1], [6],[7]-

The GLVs serve also as a valuable source of essential minerals,
including boron, potassium, calcium, iron, selenium, copper,
molybdenum, nickel, zinc, and sulphur. These minerals play critical
roles in various plant metabolic processes and are essential for human
health. However, excessive exposure to these trace essential metals
can have toxic effects on the human body [2]. Furthermore, it is worth
noting that leafy vegetables have the potential to accumulate higher
levels of non-essential toxic heavy metals, such as mercury, lead,
cadmium, and arsenic, compared to other types of vegetables. These
heavy metals originate from contaminated soil in the surrounding
environment and can be transported to water sources, plants, animals,
and ultimately humans [8]. In some cases, the use of contaminated
water for irrigation can contribute to higher levels of heavy metals
contamination in crops. Additionally, the application of pesticides and
fertilizers containing metals can result in the entry of pollutants into
the plant's tissues, including the edible parts such as fruits and leaves
[9]. It is worth noting that GLVs have a greater tendency to accumulate
heavy metals compared to other plants, primarily due to their larger
leaf surface area and higher rates of translocation and transpiration
[10]. Furthermore, during the transportation, marketing, and storage
processes, the surfaces of leafy vegetables may be more susceptible to
contamination from heavy metal deposition, particularly from
vehicular and industrial emissions [8]. The presence of heavy metal
contamination in GLVs poses a significant concern due to its potential
impact on human health. These toxic metals not only disrupt the
metabolic processes of plants, thereby affecting the nutritional value

of vegetables, but they can also pose health risks to humans through
the food chain. Moreover, these heavy metals have long biological
half-lives, which means they can accumulate in various organs of the
body and lead to undesirable side effects. It is important to be mindful
of the potential risks associated with heavy metal contamination in
leafy vegetables and to ensure their consumption from safe and
uncontaminated sources. Consequently, the permissible limits of
heavy metals in vegetables are regularly revised to ensure safety [10].
It is important to note that these safe limits for heavy metals in
vegetables can vary among countries and organizations, with differing
guidelines provided by various sources [11-14]. Therefore, it is crucial
to monitor the concentrations of heavy metals in GLVs and take
necessary ways to reduce their levels if they exceed the established
safe limits

In recent times, numerous scientific studies have employed various
analytical techniques to detect the metal content present in GLVs.
There has also been an increased focus among researchers on assessing
the health risks associated with the consumption of contaminated
vegetables [10]. To evaluate the potential human health risks posed by
consuming vegetables contaminated with heavy metals, different
methods are utilized. These include determining the daily intake of
metals (DIM), estimating the estimated daily intake (EDI), Average
Daily Dose (ADD) and referring to health risk indices established by
international organizations such as the United States Environmental
Protection Agency (USEPA) and WHO [9].

In previous surveys conducted in Libya, only one study by Elbagermi
et al. has evaluated the heavy metals contents in vegetables collected
from Misurata [15]. Therefore, the present study aims to assess the
concentrations of nine metals (aluminium, cadmium, copper,
chromium, iron, lead, manganese, nickel, and zinc) in four types of
GLVs obtained from the markets in Benghazi. The Flame Atomic
Absorption Spectrophotometer (FAAS) will be employed to analysis
the contents of metals. The collected vegetables are locally grown and
commonly consumed both in raw and cooked forms by the local
population. The results obtained from the analysis of our selected
GLVs samples will be compared with findings from other research
articles conducted in different countries. Furthermore, the study will
also calculate the associated public health risks related to the analysed
metals in the selected vegetables.

2. Materials and Method

2.1. Sampling

In this study, four commonly consumed GLV species were randomly
purchased from three different open markets in Benghazi city. The
data collection period spanned from February 22, 2023, to March 22,
2023. The selected GLVs included arugula (Eruca sativa), mint
(Mentha arvensis), parsley (Petroselinum sativum), and spinach
(Spinacia oleracea). To ensure representative samples, three
replications from each market and a composite sample was prepared
by mixing them together. The composite samples were then packaged
in clean plastic bags and appropriately labelled. To eliminate any
foreign dust particles adhering to the vegetable surfaces, the samples
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were thoroughly washed using distilled water. Excess water drops
were removed by gently shaking the vegetables, followed by drying
with a hair dryer to eliminate excess moisture. The edible parts of each
dried fresh sample were chopped into small pieces. These samples
were further dried to a constant weight by incubating them for 48 hours
at approximately 60°C in a laboratory oven (Lammart). After drying,
the vegetable samples were reweighed and crushed using a clean pestle
and mortar to obtain homogenized samples. The ground samples were
then stored in airtight sealed plastic bags at room temperature until the
analysis was conducted [16].

2.2. Preparation of Vegetables Samples for Metal Analysis

To prepare the vegetable samples for analysis using FAAS, an acid-
based digestion method was employed [17], [18]. Two grams of plant
powder were weighed in duplicate and placed in small beakers. Then,
10 mL of a concentrated acid mixture (consisting of 5:1 ratio of nitric
acid to perchloric acid) was added to each beaker. The mixture was
allowed to sit overnight at room temperature. The following day, the
beakers were heated on a hot plate, gradually increasing the
temperature until reaching 100°C. As the mixture dissolved and brown
fumes evolved, the samples were allowed to cool to room temperature.
The digested solutions were then transferred to 100 mL volumetric
flasks, and distilled water was added to reach the desired volume.
These solutions were filtered and subsequently analysed for the
presence of aluminium, chromium, manganese, iron, nickel, copper,
zinc, lead, cadmium. The analysis was conducted by measuring the
absorbance using a computer-controlled system equipped with GBC
AA Avanta Software, version 1.33 FAAS. Blank solutions were
prepared under the same conditions as the samples. Prior to analysing
each element, the instrument was auto-zeroed using blank solution.
The calibration plot method was employed for the analysis of metals
in this study. The concentration of each metal (in mg/kg) in the
vegetable samples was calculated using equation 1.

L Tt i
concmg/l)_ . gilytion factor Equation 1
sample weigh

2.3. Statistical analysis

Duplicate measurements were conducted for all metal analyses to
ensure accuracy and reliability. The Statistical Package for Social
Science (SPSS) program, version 22, was utilized to calculate the
means, standard deviations, as well as the minimum and maximum
values of metal concentrations in each sample. To assess the
differences in metal concentrations among vegetable samples from
different markets, a one-way analysis of variance (ANOVA) was
performed. Furthermore, the Least Significant Difference (LSD) test
was employed to determine significant differences at a significance
level of p < 0.05.

2.4. Health Risk Assessment

To evaluate the potential health risks, both carcinogenic and non-
carcinogenic, associated with the consumption of vegetables
contaminated with heavy metals, the USEPA model was utilized [18],
[19]. Specifically, the health risk assessment in this study focused on
the ingestion pathway. The ADD, hazard quotient (HQ), and hazard
index (HI) were calculated to quantify the health risks associated with
heavy metals. The ADD (in mg/kg/day) of each metal was determined

using equations 2.

1XIRXEFXED

— Cmeta .
ADD = —— Equation 2

In Equation 2, the calculation involves several parameters; include the
average mean concentration of the metal in the selected vegetable in
terms of dry weight (Cmetal; mg/kg), the exposure frequency (EF; 365
days/year), the exposure duration (ED; 70 years, which corresponds to
the average lifetime of the Libyan population), the consumer's body
weight (Bw; 70 kg for adults), and the average time of consumption
(AT; 25,550 days). Additionally, the ingestion rate of fresh leafy
vegetables (IR) was considered in this study, with a value of 0.0022
kg/person/day. This value was reported by Ametepey et al.,
specifically for African citizens [18], [20].

The HQ is used to assess the non-carcinogenic risk associated with
heavy metals in contaminated vegetables. In this study, the HQ was
determined by comparing the ADD of the contaminated metals to the
oral reference dose (RfD), equation 3 [19].

Conc(mg/kg) =

__ADD
~ R

HQ Equation 3

The RfD is the level of metals have not caused any harmful health
effect [8]. The RFD values of Al, Pb, Cd, Cu, Fe, Cr, Zn, Ni, Mn are
1.0, 0.0035, 0.001, 0.040, 0.7, 1.5, 0.3, 0.02 and 0.14 mg/kg/day,
respectively [16],[19].

The HI provides an overall assessment of the potential health risks
associated with the combined exposure to multiple metals. In this
study, the HI was computed by summing the hazard quotients for
each metal, as indicated by equation 4 [20].

HI = HQa + HQcr + HQmn + HQpe + HQni + HQcy + HQzy +
HQpp, + HQcq Equation 4

3. Results and Discussion

3.1. The Contents of Metals in Selected Green Leafy Vegetables
While vegetables are known for their nutritional value, it is important
to note that they can also contain elevated levels of heavy metals [21].
Researchers have highlighted that vegetables can absorb heavy metals
from polluted air, water and soil. Leafy vegetables, in particular, have
a tendency to accumulate higher concentrations of heavy metals in
their leaves. Consequently, these heavy metals can enter the food chain
[22]. In this study, various GLVs (arugula, mint, parsley, and spinach)
were collected from different markets in Benghazi city, and their
metals contents, including chromium, manganese, iron, nickel, zinc,
aluminium, lead and cadmium, were determined. The concentrations
of these metals were measured based on the dry weight (DW) of the
selected GLVs. The results, presented in Table 1 for essential heavy
metals, and Table 2 for aluminium and the two toxic heavy metals, are
reported as mean (m) tstandard deviation (sd) and range. The detected
metals exhibited diverse levels, with some present in significant
quantities, others in trace amounts, and a few not detected in specific
vegetable samples.

Table 1: The content of some essential heavy metals in GLVs
collected from three markets in Benghazi.

Vegetable Concentrations of Metals
Sample (mg/kg DW)
Cr Mn Fe Ni Cu Zn
Samples collected from Market 1
Arugulal  0.040 1.072 20055 <DL 2.01 5.90
Mintl <DL 5.17 131.74 <DL 281 7.18
Parsleyl <DL 159 71.66 <DL 1.63 4.02
Spinachl  0.11 4.66 39.70 0.2 1.00 5.95
Samples collected from Market 2
Arugula2 <DL 5.26 26.71 <DL 2052 452
Mint2 0.062 4.20 17191 <DL 144 7.11
Parsley?2 0.033 6.87 298.4 <DL 1.99 3.61
Spinach2 <DL 4.24 179.2 0.11 3.24 9.33
Samples collected from Market 3
Arugula3 <DL 3.76 187.0 <DL 1.23 5.34
Mint3 0.059 6.51 277.0 <DL 3.45 4.95
Parsley3 0.21 2.79 137.1 0.11 2.77 5.01
Spinach3 <DL 6.41 224.2 0.77 2.98 6.10
Min <DL 1.072 26.71 <DL 100 361
Max 0.062 6.87 298.4 0.77 345 7.18

Each value is the average of two measurements.
<DL= below the Detection Limit. DL is 0.002mg/kg for Cr and
0.005mg/kg for Ni.

The samples with numbered codes indicated the market of collection.
In this investigation, the parsley samples collected from market 3
exhibited the highest level of chromium (0.21 +0.009mg/kg), while
the lowest level (0.033 £0.003mg/kg) was observed in samples from
market 2. However, it is worth noting that the maximum concentration
of chromium in our samples was ten times lower than the safe
permission limit for vegetables set by FAO/WHO (2.3mg/kg) [11-14].
The concentration ranges of chromium in our samples (0.033-
0.21mg/kg) were lower compared to the corresponding vegetables
collected from Palestine (<DL-0.88mg/kg for spinach) (<DL-2.51
mg/kg for arugula) (<DL-0.66 mg/kg for parsley) [23], Bangladesh
(1.40-3.30mg/kg for spinach) (1.40-16.70mg/kg for mint) [17], and
UAE (3.3-3.6mg/kg for spinach) [24].

Manganese and iron are essential nutrients for human health, and
GLVs are recognized as important dietary sources of both metals.
Manganese plays a crucial role as a component of enzyme systems,
including those involved in oxygen handling. It also contributes to the
formation of connective tissue, bones, blood-clotting factors, and sex
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hormones [25]. The concentration range of manganese in the vegetable
samples was ranged between 1.027-6.87mg/kg. On the other hand,
iron is a vital component of myoglobin [25]. According to Ali and Al-
Qahtani, leafy vegetables generally have higher iron contents
compared to other types of vegetables. This can be attributed to the
fact that leaves are considered the food-making factories in plants,
which promote iron uptake and accumulation in the leaves [26]. In this
study, significant levels of iron were detected in all vegetable samples.
The concentration of iron ranged from 26.71 to 200.55mg/kg in
arugula samples, 131.74 to 277.0mg/kg in mint samples, 71.66 to
298.4mg/kg in parsley samples, and 39.70 to 224.2mg/kg in spinach
samples, as shown in Table 1. In our study, the highest concentrations
of manganese (6.87 +0.39mg/kg) and iron (298.4 +2.0mg/kg) in
parsley samples were found to be lower than the highest
concentrations of manganese and iron detected in parsley samples
from Palestine (Mn:57.82mg/kg, Fe:569.61mg/kg) (Mn:117.37mg/kg,
Fe:4433.04mg/kg) [23], Saudi Arabia (Mn 61.3 mg/kg, Fe 389.6
mg/kg) [8], and Turkey (Mn 51.64 £11.9mg/kg) [9]. Although our
results were lower compared to some published findings on
manganese and iron contents in leafy vegetables, they were also
significantly lower than the safe permission limits set by FAO/WHO
for manganese (500mg/kg) and iron (425 mg/kg) [11-14].

Nickel is naturally present in various foods, and certain vegetables and
fruits, such as bananas and pears, contain moderate amounts of nickel
[19]. This metal plays a role in protein structure and function, acting
as a cofactor in the activation of specific enzymes involved in glucose
breakdown or utilization [25]. In our study, nickel was detected in all
spinach samples obtained from different markets, with concentrations
ranging from 0.11 to 0.77mg/kg. Additionally, nickel was identified in
a parsley sample collected from market 3, with a concentration of 0.11
mg/kg. The concentrations of nickel in parsley and spinach samples
collected from market2 and market 3, respectively, were similar to the
permission limit set by FAO/WHO (0.1mg/kg) [11-14]. However, the
concentrations of nickel in the other two spinach samples were
exceeded the safe limit. Furthermore, the maximum concentration of
nickel in our samples was higher than the mean concentration of nickel
found in spinach samples collected from West Libya (Misurata) (0.26
+0.065mg/kg) [15]. Conversely, the maximum concentration of nickel
in spinach samples from Bangladesh (0-1.7mg/kg) [17] and spinach
and parsley samples from Turkey (1.56+0.37mg/kg for spinach, and
2.47+0.68mg/kg for parsley) were higher than our results [9].
Significant amounts of copper and zinc were detected in all the GLVs
collected in this study. The highest mean concentration of copper
metal was detected at 3.45 +0.3mg/kg in mint samples, while the
lowest was detected at 1.23 £0.2mg/kg in arugula and 1.00+£0.1mg/kg
in spinach. Copper metal is essential constituent of several enzymes,
it involved in many metabolic reactions. Copper is necessary for the
hematologic and neurologic systems. It is also necessary for the
growth and formation of bone, and myelin sheaths in the nervous
systems [25]. The highest concentration of copper in our samples was
lower than copper concentrations in GVLs samples collected from
Misurata/Libya (5.32mg/kg) [15], Palestine (0.8-14.3mg/kg) [23],
Saudi Arabia (21.6mg/kg) [8], Turkey (6.59+1.53mg/kg) [9] and
Bangladesh (4.0-14.4mg/kg) [17]. However, the concentration range
of copper in spinach samples (1.00-3.24mg/kg) was higher than the
concentration range of spinach samples collected from UAE (0.90-
0.94mg/kg) [24].

Zinc metal plays an essential role in numerous biochemical pathways
and is particularly important for maintaining healthy skin, supporting
a strong immune system, and promoting resistance to infections. It is
involved in insulin activity, the metabolism of the ovaries and testes,
and liver function. Zinc deficiency can lead to various negative effects
on health. This includes impaired cognitive function, compromised
immune function, behavioural issues, memory impairment, difficulties
with spatial learning, and neuronal atrophy [25]. In our study. zinc
contents in the vegetable samples varied across the different types,
with range varied between 3.61 +0.07mg/kg in parsley samples and
9.33 £0.3mg/kg in spinach samples collected from market 2, Table 1.
Comparatively, the mean concentration of zinc in spinach samples
collected from Misurata, Libya (16.83 + 2.82 mg/kg), was higher than
the concentration range observed in our spinach samples (5.95-
9.33mg/kg) [15]. Furthermore, the zinc concentration range in

vegetable samples collected from Palestine (2.79-106.5mg/kg) [23],
Bangladesh (4.0-14.4 mg/kg) [17], Saudi Arabia (9.6-21.6 mg/kg) [8],
and Turkey (31.30-36.28 mg/kg) [9] fall within the zinc concentration
range observed in our samples.

Copper and zinc contents in the collected samples were significantly
below the safe permission limits set by FAO/WHO for both metals in
vegetables [11-14].

Table 2: The content of aluminium, Lead and Cadmium metals in
GLVs collected from Three markets in Benghazi

Market ~ Vegetable Metals Concentrations
Sample (mg/kg DW)
Al Pb Cd
Market1  Arugulal <DL 0.31+0.001 0.2 +0.006
Mintl <DL 0.41 +0.001 0.21 +0.002
Parsleyl 0.018+0.002 0.11 +0.001 0.19 +0.004
Spinachl 0.012+0.001 0.11+0.007 0.79 +0.013
Market2  Arugula2 <DL 0.54 £0.05 0.36+0.01
Mint2 <DL 0.59 +0.01 0.094+0.009
Parsley2 0.013+0.001 <DL 0.078 £0.004
Spinach2 0.026+0.001 <DL <DL
Market3  Arugula3  0.036+0.002  0.38+0.005 0.11+0.005
Mint3 0.022+0.001 0.22+0.02 0.15+0.008
Parsley3 <DL 0.030+0.0007 <DL
Spinach3 <DL 0.33+£0.04 0.18+0.02
Min <DL <DL <DL
mix 0.036 0.59 0.79

DL is 0.003mg/kg for Pb and 0.005mg/kg for Cd.

Aluminium is a naturally occurring metal that can be found in soil,
water, and food. It is commonly present in vegetables, especially those
grown in acidic soils. Aluminium does not have any biological
function in the human body [27]. Exposure to aluminium has been
associated with adverse health effects such as anemia, bone disease,
kidney damage, and dialysis encephalopathy. Overexposure to
aluminium has also been linked to an increased risk of neurological
disorders, including Alzheimer's and Parkinson's diseases [19],[27].
To address the potential health risks associated with aluminium
exposure, a provisional tolerable weekly intake (PTWI) was
established at 2.0 mg/kg body weight. The PTW!I is a concept used by
regulatory agencies to estimate the amount of a substance that can be
ingested weekly over a lifetime without significant health risks [28].
In our study, aluminium metal was detected in only 50% of the
vegetable samples. low aluminium concentrations were observed in
one spinach sample collected from market 1 (0.012 £0.001mg/kg) and
two parsley samples collected from market 1 and market 2 (0.018
+0.002mg/kg and 0.013 £ 0.001mg/kg, respectively). On the other
hand, accumulated aluminium was found in the arugula and mint
samples collected from market 3, as well as one spinach sample
collected from market 2, with concentrations of 0.036 +0.002mg/kg,
0.022 +0.0007mg/kg, and 0.026 +0.001mg/kg, respectively, Table 2.
Our results regarding aluminium concentrations were lower than the
levels detected in leaf vegetables, including spinach, salad, and chard,
collected from ltaly (1.921-4.0667mg/kg) [29]. Furthermore, our
result revealed significantly lower aluminium concentrations
compared to the concentrations in certain vegetables collected from
Jamaica (4.25-93.12mg/kg) [20].

Lead and cadmium were detected in all vegetable samples, except for
three samples where their concentrations were below the detection
limits of the spectrophotometric method of analysis. These samples
included a spinach sample from market 2, and two parsley samples
collected from market 2 and market 3. The lead content in the
vegetable samples ranged from 0.11 mg/kg to 0.59 mg/kg, while the
cadmium content ranged between 0.078 mg/kg and 0.79 mg/kg, Table
2. It was found that all arugula, mint, and one spinach sample
contained lead concentrations higher than the maximum authorized
limits set by FAO/WHO for toxic metals in vegetables. Similarly, the
concentrations of cadmium in two arugula samples, one mint sample,
and one spinach sample exceeded the permitted limit set by
FAO/WHO for toxic metals in vegetables. Additionally, spinach
samples from marketl contained cadmium concentrations
approximately four times higher than the maximum limit set by
FAO/WHO for cadmium in vegetables [11-14]. However, the level of
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cadmium in the spinach sample was lower than the maximum
concentration of cadmium detected in spinach samples collected from
Palestine (<DL-1.62mg/kg) [23], Bangladesh (0.00-0.9mg/kg) [17],
and Saudi Arabia (1.03mg/kg) [8]. The concentrations of lead in
arugula, spinach, and mint samples were lower than the maximum
levels of lead found in the same vegetables collected from Bangladesh
(spinach 0.00-2.00mg/kg; mint 0.00-6.00mg/kg) [17] and Saudi
Arabia (spinach 1.94mg/kg) [8]. In contrast, the concentration ranges
of both lead and cadmium in various vegetable samples collected from
Libya (Misurata) (lead:0.32 +0.02mg/kg; cadmium:0.27 +0.03mg/kg)
[15], Iran (<DL-0.23 mg/kg; cadmium <DL-0.03mg/kg) [30], and
Turkey (lead 0.26 +0.06mg/kg; cadmium 0.03 £0.004mg/kg) [9] were
lower than the concentration ranges observed in the collected
vegetable samples in our study.

Our findings indicate that there were variations in metal
concentrations among the same vegetables collected from different
markets in Benghazi, with the exception of nickel in arugula samples.
These variations in metal concentrations within vegetables from the
same market can be attributed to differences in their morphology and
physiology, which affect processes such as metal uptake, exclusion,
accumulation, and retention [18]. On the other hand, variations in
metal contents of the same vegetables from different markets may be
influenced by environmental factors, including the soil in which they
were grown and the irrigation water used during planting [31].

3.1. Health Risk Assessment of Metals in Green Leafy Vegetables
The health risk assessment of metals in vegetables involving
evaluating the dietary risks to human health associated with the oral
consumption of GLVs containing certain levels of metal contaminants.
One of important parameters in this assessment is the ADD which
represents the estimated daily intake of a metal through a specific
exposure route. In this study, the ADD values of aluminium and heavy
metals in the selected GLVs were calculated and presented in Table 3.
The results revealed that the lowest ADD values were detected for
nickel and aluminium after consumption of arugula, mint and parsley.
However, after the consumption of spinach, the ADD for aluminium
and chromium were the lowest in adult. Furthermore, the ADD values
for iron were the highest in mint followed by parsley and spinach, and
zinc and manganese were the second and the third most abundant
metals consumed by different vegetables. On the other hand. The ADD
values indicated that the highest contribution for lead and cadmium
intakes come from arugula and spinach. In fact, he ADD values for all
analysed metals were lower than PMTDI values. Additionally, the
ADD values for both lead and cadmium metals (Table 3) were
significantly lower than the values recorded in the previous study of
the same vegetables collected from Turkey [9], Bangladesh [17] and
India [18].

Table 3: Average Daily Dose of the analysed metals in the selected

GLVs
Metal Leafy Green Vegetables
Average Daily Dose
(mg/kg/day)
Arugula Mint Parsley Spinach

Cr 4.09%x107 1.26x10® 2.55x10°® 1.16x10
Mn 1.06x10* 1.66x10* 1.18x10* 1.60x10*
Fe 4.34x10° 6.09x10°® 5.32x10°® 4.64x10°
Ni 0 0 1.16x10 1.13x10°
Cu 5.53x10° 8.08x10° 6.69%x10° 7.57x10°
Zn 1.65x10* 2.01x10* 1.32x10* 2.24x10*
Al 3.77x107 2.29x10® 3.14x107 4.09%x107
Pb 1.29x10° 1.28x10° 1.47x10°8 4.61x10°
Cd 7.70x10°® 4.81x10° 2.76x10°® 1.02x10°

The evaluation of the ingestion exposure of heavy metals in human
body by consumption food involve the calculation of both HQ and HI
indexes values to determine the possibility of non-carcinogenic and
carcinogenic health risk of the vegetables™ consumers [8],[17]. The
non-carcinogenic risk and cancer risk values of aluminium and heavy
metals in the selected GLVs were presented in Table 4. According to
the HQ values, the most hazardous metals were determined as
cadmium (1.54x10%)>iron (6.20x10%)> lead (3.58x107%) >copper
(1.38x1073)> chromium (1.36x103) in augural, cadmium (9.62x10-%)
>iron (8.69x10-%)> chromium (4.19x10-3)> lead (3.55x10%)> copper
(2.02x103%) in mint, chromium (8.49x10%)>iron (7.59x107)>
cadmium (5.51x10-%)>copper (1.67x10-%)> manganese (8.42x10) in
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parsley and cadmium (2.05x10?)>iron (6.63x103)> chromium
(3.88x107%)> copper (1.89x10-%)> lead (1.28x107%) in spinach samples.
In our study, it is notable that the individual HQ values of the analysed
metals in the four vegetables, using oral RfD for adults, were lower
than 1. This result indicted that the consumption of the selected
vegetables as daily diet might have no undue risk of non-carcinogenic
health effects [20]. The HI values for consumption of the selected
vegetables, were recorded in Table 4 at 0.0366, 0.0299, 0.0292 and
0.0250 for spinach, mint, arugula and parsley, respectively. Our
results, revealed that spinach contributing about 30% to the total HI of
analysed vegetables. Furthermore, the value of total HI is 0.1207
(Table 4), which is the summation of the four HI values of individual
vegetables, which is also less than 1.

Table 4: The quotient and hazard index values of the analysed
metals among the four types of GLVs

HOmetal Green Leafy Vegetables

Arugula Mint Parsley Spinach
HQcr 1.36x107 4.19x10° 8.49x10°® 3.88x10°
HQwn 7.54x10* 1.19x10° 8.42x10* 1.15x10°
HQ 6.20x107° 8.69x10° 7.59%10°® 6.63x10°
HQni 0 0 5.81x10° 5.66x10™*
HQcu 1.38x1073 2.02x10° 1.67x1073 1.89x1073
HQz, 5.50x10* 6.72x10* 4.41x10"* 7.47x10*
HQa 3.77x107 2.29 x108 3.14 x107 4,09x107
HQepp 3.58x10° 3.55x10° 4.08x10* 1.28x103
HQcq 1.54x1072 9.62x10° 5.51x10° 2.05x10%
HI=Y HQ et 0.0292 0.0299 0.0250 0.0366

Total Hazard Index (THI) =0.1207
4. Conclusion

Compared Leafy vegetables demonstrate a pronounced capacity for
accumulating heavy metals compared to other types of fruits and
vegetables. Our elemental analysis identified zinc, copper, iron, and
manganese in all selected samples, with chromium and nickel present
in 50% and 33% of samples, respectively. Concentrations followed the
order: iron < zinc < manganese < copper < chromium < nickel.
However, nickel concentrations exceeded permissible limits
established by the FAO/WHO. Conversely, toxic metals such as
cadmium and lead were found in 83% of samples, surpassing
FAO/WHO limits in 25% and 58% of samples, respectively, while
aluminum was detected in 50% of samples below 0.05 mg/kg. Metal
contents varied and occasionally aligned with previous studies within
Libya and internationally [8, 9, 15, 17, 20-24, 29, 30].

Risk assessments indicated low ADD and HQ values for all analysed
metals, with HI values suggesting a low hazard level (HI < 1.0) in
spinach > mint > arugula > parsley. Hence, daily consumption of these
vegetables is unlikely to pose significant health risks.

Based on our findings, minimizing potential health risks associated
with heavy metal contamination in GLVs can be achieved by:
Thoroughly washing vegetables to remove surface contaminants.

Identifying sources of heavy metal contamination through soil and
irrigation water testing.

Implementing regular monitoring and analysis of heavy metals in
vegetables, coupled with ongoing risk assessments to evaluate long-
term health impacts.

Contributing to ongoing research efforts aimed at addressing heavy
metal contamination issues effectively.
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