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ABSTRACT: Although green leafy vegetables are a great source of micronutrients, they can also often include
harmful heavy metals and pesticides. Hence, the objective of this paper was to assess the levels of heavy metals and
pesticide residues in Abelmoschus esculentus (Okra), Amaranthus cruentus (Spinach), Hibiscus sabdariffa (Roselle)
and Cabbage vegetable samples from Agricultural Area of Boronji Jimeta, Adamawa State, Nigeria usingAtomic
Adsorption Spectroscopy (AAS) and gas chromatography/mass spectrometry (GC-MS) respectively. Result show
that the detected heavy metals include Cd,Cr, Pb, Zn, and Cu whereas pesticide residues include Dichlorvos,
Dimethoate, Chlorpyrifos Lambda.-Cyhalothrin and Imdacloprid. The concentration of Cd 0.62mg/kg, 0.47mg/kg,
0.56mg/kg and 1.93mg/kg in spinach, Roselle, okra and Cabbage. Pb 0.60mg/kg, 0.35mg/kg and 0.32mg/kg in
spinach, Roselle, and okra and pesticide residues in Dimethoate in cabbage 0.202mg/kg and Lambda.-Cyhalothrin
0.067mg/kg and Chlorpyrifos 0.195mg/kg in okra were found to be above the establish permissible limit. Pesticide
residues and heavy metal levels fluctuated, showing distinct patterns even though they were mostly below the
established maximum permissible limit. These heavy metals and pesticide residues can be harmful to human health,
especially if consumed in excess. They can come from both naturally occurring and man-made sources.
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A metal is referred to as "heavy metal" if it is
extremely stable, has an atomic weight greater than 5
g/cm?®, cannot biodegrade in the environment, and has
a low risk to people, plants, and animals. (Alkas et al.,
2017). As, Ni, Cd, Hg, Fe, Mn, Co, Cr, Pb, Zn, and Cu
are the heavy metals that should be of the utmost
concern. The environment is full of heavy metals,
which are often detected in trace amounts in a variety
of matrices. Both anthropogenic and natural processes
contribute to the spread of these metals. (Harmanescu
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et al., 2011 and Bortey et al., 2015). Vegetables are
essential for human health and a balanced diet. They
contain a variety of nutrients, such as carbs, minerals,
dietary fiber, proteins, and vitamins. Plants take heavy
metals from contaminated soil through their roots in
addition to their external parts, such as leaves and
fruits, which are exposed to contaminated
environments. Vegetables may potentially contain a
trace amount of dangerous chemicals (Pan et al.,
2016). Raw or cooked, vegetables are a vital part of
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human diet since they are abundant in fiber, vitamins,
and minerals and low in fat and carbs. Vegetable
consumption is generally encouraged by governments,
with five or more servings per day being the standard
recommendation. Eating vegetables gives one of the
quickest and least expensive ways to acquire enough
vitamins, minerals, and fiber. Included in soups or
given as essential components of the main course of a
meal are vegetables that are utilized as food. Although
leafy greens are an essential part of the human diet,
they are also one of the dietary groups that most
strongly contribute to the consumption of heavy
metals, nitrates, and other anions. Especially as
suppliers of vitamin C, thiamine, niacin, pyridoxine,
folic acid, minerals, and dietary fiber, vegetables are
crucial for human nutrition and health. (Siegel et al.,
2014). The use of pesticides, which are chemicals used
to control pests in agricultural and other settings, can
be beneficial in lowering crop losses and raising
yields, but it can also have detrimental effects on the
environment and human health. One such issue is the
possibility of pesticide residues in food, which can
lead to long-term exposure and health risks. One of the
biggest threats to public health is the contamination of
food sources, particularly vegetables, with pesticide
residues. (Khan et al., 2010). Pesticide use is crucial,
research must be done, and frequent, frequent
monitoring programs must be carried out in order to
give governments and rural extension organizations
the guidance they need to accurately notify the public
about the negative impacts of pesticides. One
significant characteristic of these pesticides is that they
have always been intended for use on large crops,
particularly cereals. Nevertheless, because vegetables
have short growing seasons and are cultivated in
relatively small areas, these pesticides have evolved to
become somewhat specific to vegetable crops.
Vegetables usually provide a good return on
investment per unit area, especially as buyers tend to
favor goods with positive attributes, believing that
these would secure their quality and health (Baptista et
al 2007). Pesticide application rates may need to
change depending on the agricultural and
meteorological conditions, as well as between
countries and regions within a single nation. (Leena et
al., 2011) Thus, this paper was to assess the levels of
heavy metals and pesticide residues in Abelmoschus
esculentus (Okro), Amaranthus cruentus (Spinach),
Hibiscus sabdariffa (Roselle) and Cabbage vegetable
samples from Agricultural Area of Boronji Jimeta,
Adamawa State, Nigeria

MATERIALS AND METHOD

Sample Collection: Four samples of the following
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vegetables  Abelmoschus  esculentus  (Okro),
Amaranthus cruentus (Spinach), Hibiscus sabdariffa
(Roselle) and Cabbage was randomly collected on
different farm land at Borongi. The samples were
washed and dried at room temperature in the
laboratory. It was grinded into small particle size and
stored in a polytene bag prior for analysis.

Determination of Heavy Metals: Determination of
heavy metals method from (Ashutosh et al., 2018) was
adopted. A weighing balance was used to weigh 1
gram of the sample, which was then divided into three
separate 250 ml beakers and filled with 15 ml of aqua
regia (HCL and HNOs in a 3:1 ratio). At 70°C, the
combination was broken down until a translucent
solution was obtained. After passing through filter
paper, the resultant solution was transferred to a
sample bottle and diluted with distilled water to the
desired strength. The sample solution was analyzed for
concentrations of Cu, Zn, Cd, Cr and Pb using an
atomic absorption spectrophotometer.

Sample Extraction Of Pesticide: Optimization of
extraction procedures for pesticide residues in
vegetables using QUEChERS methodology. (Matiur et
al., 2021)

Weighing and Preparation: A dried representative
portion of 100g of each vegetable sample was
weighed. Any visible dirt or debris from the samples
was removed. The samples were cut into smaller
pieces to facilitate extraction.

Homogenization: The weighed samples were
transferred into a clean blender or grinder. The
samples were Blended or grinded until a homogeneous
powder was obtained. This step ensures that the
analytes are evenly distributed within the sample.

Sample Extraction: The homogenized sample was
placed in a suitable extraction vessel. A volume of
150ml of the extracting solvent (a mixture of acetone,
hexane, and ethyl acetate) was added to the sample.
The solvent was sufficient to cover the sample
adequately.

Extraction Procedure: The sample-solvent mixture
was agitated by manual shaking for 30 minutes. This
facilitates the transfer of pesticide residues from the
sample matrix into the solvent.

Centrifugation: After the extraction period, the
sample-solvent mixture was centrifuge for 5 minutes
at 4000 revolutions per minute (rpm) to separate the
liquid phase (extract) from the solid phase (sample
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matrix). The supernatant, containing the extracted
pesticide residues, was carefully collected and
transferred into a clean vial.

RESULTS AND DISCUSSION

Levels of Heavy Metals Concentration In Vegetables:
The present study reveals that the concentration of Pb
ranges from 0.60mg/kg to 0.00mg/kg. In this study,
Lead was 0.60mg/kg, 0.35mg/kg, 0.32mg/kg and
0.00mg/kg in Amaranthus caudatus (Spinach),
Hibiscus sabdariffa (Roselle), okro and cabbage
respectively. Pb nthree of the samples: Amaranthus
caudatus (Spinach), Hibiscus sabdariffa (Roselle) and
okro were found to be above the safe limit of
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0.30mg/kg recommended by (WHO/FAOQ 2001), while
Pb was not detected in cabbage. Even while plants
typically show high levels of Pb without showing any
overt changes in look or yield, lead is a hazardous
element that can be harmful to plants. Lead
accumulation in many plants can reach several
hundred times the upper limit of what is considered
safe for human use. Long-term exposure to lead may
weaken the central nervous system, slow down
reaction times, and reduce comprehension ability. In
children, lead exposure may cause behavioral
problems, difficulty focusing and learning, and
delayed reaction times. (Latif et al., 2018).

Table 1: Concentration in mg/kg of Heavy Metals in VVegetables from Boronji

S/No. Metals Spinach Roselle
(mg/kg) (mg/kg)

Okra
(mg/kg)

Cabbage WHO/FAO SafeLimit
(mg/kg) (mg/kg)

1. Pb 0.60+0.01 0.35+0.01 0.32+0.02 0.00+0.00 0.30
2. Cu 0.17+0.00 0.16+0.01 0.22+0.03 0.08+0.01 4.0
3. Cd 0.62+0.02 0.47+0.02 0.56+0.03 1.93+0.02 0.2
4. Cr 0.10+0.03 1.30+0.02 2.42+0.02 0.61+0.02 2.3
5. Zn 0.91+0.02 0.12+0.02 0.41+0.03 0.21+0.01 6.0
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Fig 1. Heavy Metal Concentration in Vegetables
Table 2 Pesticide Concentrations in Vegetable Samples (mg/kg)
Compounds RT(Min) Cabbage Roselle Spinach Okora MRL
(malkg) (mgkg)  (mg/kg)  (mg/kg)  (markg)
Dichlorvos 2.098 ND 0.018 ND ND 0.02
Dimethoate 4.827 0.202 ND ND 0.019 0.02
Chlorpyrifos 6.418 ND ND ND 0.195 0.05
Lambda.-Cyhalothrin 11.024 ND ND ND 0.067 0.03
Imdacloprid 30.599 ND ND 0.016 ND 0.06

ND: Not Detected

The level of Cu recorded also range from 0.22mg/kg
to 0.08mg/kg. The result obtained in this study also
revealed that the concentration of Cu in the entire
vegetable sample was lower than the recommended

safe limit 4.00mg/kg (WHO/FAO, 2001). In this study
the concentration of Cu. In Hibiscus sabdariffa
(Roselle), cabbage, Amaranthus caudatus (Spinach),
and Okoro was 0.016 mg/kg, 0.17 mg/kg, 0.22mg/kg
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and 0.08mg/kg respectively. When the concentration
of Cu was compared with values reported in literature,
the values were found higher than 3.03 — 6.24 mg/g
reported by Fisseha, (2002) in vegetable crops.
(Thilini et al., 2014) also reported 7.05-18.44 mg/kg
which was higher than those reported in this study.
Furthermore, it should be mentioned that Cu is
necessary as a necessary food component. It is
necessary for both enzymatic and non-enzymatic
systems' cellular metabolism. A number of enzymes
are significantly metallic-activated by copper. Low
white blood cell counts and stunted growth are the
results of Cu deficiency. Overconsumption of copper
can result in neurological disorders, Wilson's illnesses,
and vomiting. (Lewis et al., 2015).

The level of Cd concentration ranges from 0.47mg/kg
to 1.93mg/kg. In this study, Cd was 0.62mg/kg,
0.47mg/kg, 0.56mg/kg and 1.93mg/kg in Spinach,
Roselle, Okro and Cabbage respectively. From this
study, it is clearly revealed that the concentration of
Cd in the entire vegetable sample was higher than the
recommended safe limit 0.2mg/kg (WHO/FAO,
2001). It should be mentioned that cadmium is among
the most hazardous elements and has been linked to
human cancer. Serious health concerns are raised by
the concentration of Cd absorption in plants that
humans may later consume. (Dike et al., 2004) stated
that persons exposed to contaminated foods or water
may experience mutagenic and carcinogenic effects
from cadmium. It mostly builds up in the liver and
kidney, and studies have shown that chronic kidney
impairment can result from high concentrations of it.
It interferes with biological systems' ability to regulate
calcium, which results in cell damage and death. It has
been discovered that fish and other aquatic life find it
poisonous. Endocrine disruptive activities linked to
cadmium may present significant health risks.

The present study also revealed that Zn concentration
ranges from 0.91mg/kg to 0.10mg/kg. Zn was
0.91mg/kg, 0.12mg/kg, 0.41mg/kg, and 0.21mg/kg in
Amaranthus caudatus (Spinach), Hibiscus sabdariffa
(Roselle), okro and cabbage. However, all the
vegetable samples in terms of Zn did notexceed the
safe limit of 6.0mg/kg (WHO/FAO, 2001). Because
zinc plays a crucial role in the metabolism of nucleic
acids and the sequencing of proteins, regular
consumption of vegetables may help prevent the
negative effects of zinc deficiency, which include
stunted growth and delayed sexual maturation.
Inadequate zinc consumption can lead to deficiencies
in zinc absorption, excessive zinc excretion, or genetic
abnormalities in zinc metabolism. (Colak et al., 2015,
Narin et al., 2005).
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The level of Chromium ranges from 2.42mg/kg to
0.10mg/kg. The present study reveals the
concentration of Chromium as 0.10 mm/kg, 1.30
mg/kg, 2.42 mg/kg and 0.61 mg/kg in Amaranthus
caudatus (Spinach), Hibiscus sabdariffa (Roselle),
okro and cabbage respectively. The level of chromium
in three (3) samples spinach, roselle and cabbage were
found to be lower than the safe limit 2.3mg/kg
recommended by (WHO/FAOQ, 2001), with exception
of okro which is above the safe limit. As a non-
essential metal for plants, Cr has no known metabolic
role or specialized absorption routes. According to
certain theories, plants absorb certain critical ions
through particular carriers, and the process varies
depending on the kind of plant and Cr species. (Shahid
et al., 2017). The environment is highly concerned
about chromium because of its fluctuating oxidation
state. Cr is phytotoxic and has no metabolic use in
plants. It is also not needed by plants. Whereas Cr (V1)
occurs as oxyanions (such as dichromate,
hydrochromate, and chromate), Cr (111) appears as a
cation. In soil, the hexavalent Cr is more stable and
highly mobile.

Concentration of pesticide residues in vegetables: The
concentration of pesticide residues in cabbage is
present in the table (2) above, one organophosphorus
pesticide dimethoate (0.202mg/kg) was detected
which exceeded the maximum residue limit (MRL) of
0.02mg/kg according to European food safety
authority (EFSA). Dimethoate is commonly used to
control pests in various crops (EFSA, 2021). It is
concerning to find dimethoate in cabbage at levels
higher than the recommended maximum residual
levels. Exposure to dimethoate has been linked to a
number of health problems, including neurotoxic side
effects and possible carcinogenicity (EFSA, 2021).
The higher concentration found in cabbage highlights
the necessity of adhering more strictly to advised
pesticide application procedures. The existence of
dimethoate above maximum residual levels (MRLS)
suggests possible health hazards and highlights the
significance of pesticide usage monitoring and
regulation in agriculture.

The concentration of pesticide residue in roselle is
present in the table above, one organophosphorus
pesticide chlorpyriphos (0.018mg/kg) was detected
which was slightly below the maximum residue limit
(MRL) of 0.02 mg/kg according to Codex alimentarius
commission 2021 (REP21/PR). Because of its
neurotoxic properties, chlorpyrifos is frequently
employed in agriculture to manage a variety of pests
(EFSA, 2021). Research has shown that exposure to
chlorpyrifos has a negative impact on the neurological
system, particularly in susceptible groups like
children. (Bradman et al., 2011).
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The concentration of pesticide residues in okra is
present in the table (2) above, three organophosphorus
pesticide was detected which include Lambda.-
Cyhalothrin,  Chlorpyrifos  and.  Dimethoate.
Dimethoate (0.019mg/kg) was detected which was
slightly below the maximum residue limit (MRL) of
0.02mg/kg according to European food safety
authority  (EFSA).  While Lambda-Cyhalothrin
(0.067mg/kg) and Chlorpyrifos (0.195mg/kg) in okra
was detected which was above the established
maximum residue limit MRLs is a cause for concern.
The retention durations of 11.024 and 6.418 minutes
line up with Lambda's anticipated retention duration
Chlorpyrifos and Cyhalothrin. Lambda:Exposure to
chlorpyrifos and cyclathrin has been linked to a
number of health problems, including neurotoxic
effects and possible carcinogenicity (EFSA, 2021).
Okra's higher concentration highlights the necessity of
adhering more strictly to advice pesticide application
procedures. The existence of chlorpyrifos and lambda-
cyhalothrin beyond maximum recommended levels
(MRLs) raises concerns about possible health effects
and highlights the need of controlling and observing
pesticide use in agriculture.

The concentration of pesticide residues in spinach is
present in the table (2) above, one organophosphorus
pesticide Imdacloprid (0.06mg/kg) was detected
which was below the maximum residue limit (MRL)
of 0.06mg/kg according to Codex alimentarius
commission 2021 (REP21/PR). The retention time of
30.5999 minutes corresponds to the expected retention
time for Imdacloprid (Smith et al., 2018). Because of
its neurotoxic properties, imidacloprid is frequently
used in agriculture to manage a variety of pests (EFSA,
2021). Research has shown that exposure to
imidacloprid can have negative effects on the
neurological system, particularly in susceptible groups
like children. (Bradman et al., 2011).

Conclusion: The findings of this study indicate that
heavy metals and pesticides residues were present in
the selected vegetables in Borongi Jimeta, Yola,
Adamawa State, the detected heavy metals include Cd,
Cr, Pb, Zn, and Cu and pesticide residues include
Dichlorvos, Dimethoate, Chlorpyrifos Lambda.-
Cyhalothrin and Imdacloprid. The results indicate that
some of the heavy metals and pesticides residues were
found to be above the safe limit while others were
found to be below the safe limit. Pesticide residues and
heavy metal levels fluctuated, showing distinct
patterns even though they were mostly below the
established maximum permissible limit. These heavy
metals and pesticide residues can be harmful to human
health, especially if consumed in excess. They can
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come from both naturally occurring and man-made
sources.
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