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Abbreviations

WHO — World Health Organization

FAO - Food and Agriculture Organization

MTDI -Maximum Tolerable Daily Intake

NIMET - Nigerian Meteorological Agency

AOAC — Association of Official Chemists

DIM — Daily intake of metals

US EPA — United States Environmental Protection Agency
HQ — Hazard quotient

DIV — Daily intake of vegetables

Cmetal — Concentration of metal in the vegetable
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Bo — Human body weight

RfD — Oral reference dose for metals

ASTDR — Agency for Toxic Substances and Disease Registry
Fe —Iron

Cu — Copper

As — Arsenic

Cd — Cadmium

Zn —Zinc

Pb — Lead

Mn — Manganese

Cr — Chromium
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1.0 Introduction

Vegetables are the fresh and consumable parts of herbaceous plants
(Mafuyai et al., 2019). They are known to play an important role in human
nutrition as they are sources of minerals, vitamins, dietary fibers, and
phytochemicals to name a few. They are used to improve soup quality,
also used as preventive and curative measures against diseases by acting
as antioxidants, phytoestrogens, and anti-inflammatory agents (Slavin and
Lloyd, 2012; Egharevba et al., 2017). Adults and children are advised to
consume vegetables regularly because they add variety and flavor to food
and are also required for a healthy diet (Skerrett and Willett, 2010; Njoku
etal., 2017).

Heavy metals are trace metals that can be poisonous at low
concentrations. They are deleterious to human health (Jaishankar et al.,
2014) and usually have a density that is about five times the density of
water (Bedassa et al., 2017). They are naturally present in the earth crust
(Jaishankar et al., 2014) and can be released through natural weathering
processes and anthropogenic activities such as mining, smelting of metal
scraps, use of agrochemicals, sludge dumping, exhaust from vehicles
among others (Tchounwou et al., 2012; Ogundiran and Osibanjo, 2008).
They have become a crucial environmental issue as they are one of the
major contaminants of food supply among a vast array of environmental
pollutants. They are persistent, non-biodegradable (Singh et al., 2011),
and toxic as they have the potential to bio-accumulate in different organs
of the body thereby causing side effects which are grossly injurious.
Though heavy metals are useful industrially, the consumption of food
plants (such as vegetables) grown in metal contaminated soil is a source
of exposure to these toxic metals (Bedassa et al., 2017). Other sources
include drinking contaminated water, dust inhalation, direct ingestion of
polluted soil (Dafaelseed et al., 2007), use of contaminated irrigation
water, pesticide application (Onakpa et al., 2018), and vehicle emission.
Some cases of poisoning through exposure to heavy metals have been
reported in Nigeria, they include the Zamfara lead poisoning and increase
in cancer prevalence among the populace (Bayo et al., 2021).

Jos is the administrative capital city of Plateau State in central Nigeria; it
has a climate that is more temperate than other parts of the country (Lenka
et al., 2018), this has enabled the growth of exotic fruits and vegetables.
Most of the farmers depend heavily on agrochemicals (Lenka et al., 2018)
and convey their vegetables to markets within Jos and neighboring cities
for sale. Jos was also known for large-scale tin mining during the pre-
colonial era; this has left a lot of abandoned mining ponds in various
settlements within the city (Joseph et al., 2016; Lar et al., 2014).

Heavy metals contaminate vegetables when their concentrations are
greater than the permissible limits. They may be deposited on surfaces of
vegetables and then absorbed into the tissues (Singh et al., 2011) thereby
bio-accumulating. This can cause clinical problems in men and animals
(Lenka et al., 2018) that consume such vegetables. As a result of the
dearth of scientific information, this research aimed to evaluate the
concentration of some heavy metals in the vegetables commonly
consumed in Jos Nigeria, not undermining their comparison to
WHO/FAQ limits and health risks.

2.0 Materials and Methods
2.1 Study Area:

This study was carried out within the city of Jos, Plateau State, Nigeria.
Jos is found within 9°56*N and 8 °531E; it lies on the Delimi River, it is
about 1280 m above sea level with an average monthly temperature of
21°C — 25°C and annual rainfall of about 1400mm (NIMET, 2017; Lenka
et al., 2018; Bayo et al., 2021). A lot of mining activities by foreign
companies and other small-scale artisans started in Jos (and Plateau State
as a whole) around the colonial era, these have left a lot of waste dumps
and ponds that are no longer in use. Most of these ponds now serve as
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irrigation channels for watering crops planted by the farmers. The mining
activities also led to the contamination of the environment by metals that
were released unto the surface (Joseph et al., 2016; Lenka et al., 2018).
Wastewater from other industries within the metropolis is also channeled
into streams which some farmers use for irrigation (Dabak et al., 2013;
Bayo et al., 2021). Farmers around Jos are also known to collect manure,
inorganic fertilizers, town refuse ash, and farm waste ash. They combine
all these and use them as manure to improve soil fertility; these eventually
raise the concentration of heavy metals in the soils on which vegetables
are grown (Egharevba et al., 2017).

2.2 Sample Collection and Preparation:

Fresh samples of five (5) vegetables were purchased from five (5) major
markets located in Jos. The markets include the Building materials
(Express) market, Farin gada market, Bukuru (Kugia) market, Terminus
market, and Fobur market. Each of the vegetables was randomly
purchased from three (3) traders in each of the markets; they were placed
in labeled polythene bags and taken to the laboratory (Adedokun et al.,
2016; Alliea, 2014; Bayo et al., 2021).

These vegetables are majorly consumed in some parts of northern Nigeria
but they are lesser-known and underutilized in other parts of the country.
They were washed with tap and distilled water on reaching the laboratory
to remove unwanted adhered particles. Each of the vegetables was made
into a composite sample; edible parts (leaves and stalks) were cut into
smaller pieces with a stainless knife and air-dried for about two weeks.
They were later homogenized using a grinder, stored in air-tight bottles,
and labeled. Representative samples were subsequently analyzed.

2.3 Digestion of Samples:

0.2 g of the homogenized vegetable samples were weighed separately into
dried Kjeldhal flasks; 1 mL perchloric acid and 5 mL nitric acid were
added to each of the flasks, the mixtures were stirred and boiled on a
Kjeldhal heater in a fume cupboard. They were later cooled; the content
of each flask was filtered into a 100 mL volumetric flask and diluted to
mark with deionized water.

2.4 Heavy Metals Analyses:

Each solution was separated into triplicates in sample bottles for metal
analyses. The concentrations of the following heavy metals (copper,
arsenic, zinc, lead, iron, manganese, chromium, and cadmium) were
determined using a graphite furnace atomic absorption spectrophotometer
- PG500, PG Instruments Ltd., Leicestersire, England (AOAC, 1975;
Bayo et al., 2021).

2.5 Determination of Oral Intake of Metals:

This was calculated using the method of Cui et al. (2004) as described by
Jolly et al. (2013) and Lar et al. (2014).

Daily intake of metals (DIM) = daily vegetable consumption x mean
vegetable metal concentration (mg/day, fresh weight) [i]

The recommended amount of vegetables in man’s daily diet is 300 — 3509
per person (WHO, 2001). Lar et al. (2014) however estimated a value of
61.5 g/day as the vegetable consumed by Nigerians because Africans
consume fewer amounts of vegetables.

2.6 Determination of health risk index of metal

contamination of vegetables:

The risk posed on human health as a result of consuming metal-
contaminated vegetables was calculated using the United States
Environmental Protection Agency (US EPA, 1989) Hazard Quotient
(HQ) as described by Jolly et al. (2013) and Lar et al. (2014). If the hazard
quotient is lower than one (1), no risks would be observed. Hazard
quotient is calculated using the following equation:
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Div x Cmetal ..
HQ = RfD x Bo (ii]
Where Div = daily intake of vegetables or DIM - the daily intake of metal
through the vegetables (mg/day); Cmetal = concentration of metal in the
vegetable (mg/kg); Bo = human body weight (kg); an average human
weight of 65 kg for an average adult has been assumed (Jolly et al., 2013;
Lar et al, 2014). RfD = oral reference dose for metals (mg/kg of body
weight/day), Arsenic - 0.0003, Cadmium - 0.0010, Chromium - 0.0030,
Copper - 0.0400, Iron - 0.7000, Lead - 0.0040, Manganese- 0.1400 and
Zinc - 0.3000 mg/kg/day (US EPA, 1997; Cui et al., 2004; Wilbur et al.,

2008; Sharma et al., 2016; US EPA, 2015; RSL, 2020; Bayo et al., 2021).
2.7 Statistical Analysis:

Data were analyzed using descriptive statistics (measurement of central
tendency and dispersion).

3.0 Results and Discussion

3.1 The concentration of Heavy Metals in the Vegetable
Samples:

Figure 1 shows that the mean concentration of heavy metals varied
among the different vegetables analyzed, while Table 3 shows the
FAO/WHO permissible limits to which they were compared. Most of the
metals fell within the limits; Celery had the highest concentration of iron
(0.515+0.003 mg/kg) and cadmium (0.095+0.006 mg/kg); Kenaf had the
highest copper concentration of (0.030+0.008 mg/kg). The concentration
of zinc in all the vegetables was higher when compared to the other metals
(but still fell within the permissible limit); this could be due to the high
absorption capabilities of the vegetables to zinc. Lar et al. (2014) who
analyzed heavy metals in urban soils and vegetables in Jos metropolis also
reported a high absorption capacity of lettuce and spinach for zinc. Zinc
is quite essential for human health, its low concentration in humans could
cause birth defects, loss of appetite, slow wound healing, and skin sores
while its high concentration can also pose danger to unborn and newborn
children (Lar et al., 2014). The lowest concentration of lead (0.025+0.004
mg/kg) was observed in Sesamum leaves, the highest manganese level of
0.335+0.015 mg/kg was present in spring onion leaves, while spring
onion bulbs had the lowest concentration of chromium - 0.020+0.003
mag/kg. Celery and Kenaf were found to contain high levels of arsenic
(0.185+0.005 mg/kg and 0.160+0.017 mg/kg respectively) which are
quite close to the permissible limit of 0.2 mg/kg. Though arsenic is
important for growth and reproduction, long-term oral exposure to
inorganic arsenic causes dark patches on the skin and cancer (ASTDR,
2007; Bayo et al., 2021). These high levels could be due to the presence
of pollutants in the soil on which the vegetables were grown, the use of
contaminated irrigation water, or in the agrochemicals administered
(Elbagermi et al., 2012).

3.2 Daily Intake of Metals:

The result of the Daily Intake of Metals (DIM) from each of the
vegetables sampled is shown in Figure 2 while their Maximum tolerable
daily intake is shown in Table 4. Comparing the values for the daily
intake of metals analyzed in this present study to the maximum tolerable
daily intake (MTDI) values reported by Shaheen et al. (2016) (who
determined the health risk implications of heavy metals present in fruits
and vegetables studied in Bangladesh); only the values for copper in all
the vegetables fell below the limit of 30 mg/day. The daily intake values
for zinc exceeded the 60 mg/day limit ranging from 64.268 -81.180
mg/day. Arsenic and cadmium also exceeded their limits ranging from
5.535-11.378 mg/day and 1.784-5.843 mg/day respectively. The other
metals (Mn, Pb, and Cr) followed a similar trend. Shaheen et al. (2016)
reported mean estimated daily intake values of the sequence
Mn>Cu>Zn>Ni>Cr>Pb>Cd>As; while the sequence exhibited in this
study is Zn>Fe>Mn>As>Cd>Pb>Cr>Cu.
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3.3 Health Risk Index of metal
vegetables:

contamination of

The health risk to which humans are exposed from the consumption of
these vegetables was determined using the hazard quotient (HQ) and the
results are presented in Table 5. The sequence of health risk for the metals
analyzed followed the decreasing order As>Cd>Zn>Pb>Mn>Cr>Fe>Cu.
Adedokun et al. (2016) who determined the health risk assessment of
heavy metals intake through consumption of some leafy vegetables in
Lagos metropolis (Nigeria), reported the health risk sequence of
Pb>Cu>Cd>Zn>Cr. The HQ values for all the metals analyzed in this
study except As, Cd and Zn were less than one (1), which indicates that
the vegetables are safe from health risks that could be posed by those
specific metals (Fe, Cu, Pb, Mn, and Cr). As, Cd and Zn had HQ values
were greater than 1 in all the analyzed vegetables, they could therefore be
considered as potential hazards for the consumers.

4.0 Conclusion

This study gives recent information on the heavy metal contents of
vegetables commonly sold in Jos Metropolis, Nigeria, and their health
implications on consumers. The heavy metals examined were present in
all the samples studied, with most of them falling within the FAO/WHO
permissible limits. Generally, Zinc concentration was higher in all the
vegetables analyzed, when compared to other metals. From the point of
view of daily consumption of the vegetables, only copper was below the
MTDI level while Zinc exceeded the limit with the highest values and the
least was Chromium in the sequence Zn>Fe>Mn>As>Cd>Pb>Cr>Cu.
From the perspective of health risk to humans, the hazard quotient of the
individual metals was determined. The HQ of all the metals analyzed was
below 1 except As, Cd, and Zn which were greater. This implies that
consumption of vegetables could pose health risks to the consumers
through bio-accumulation of these metals in their system. From the
outcome of this study, it is recommended that farmers should be sensitized
on the detrimental effects of heavy metal pollution and best farm practices
should be embraced in vegetable cultivation. The use of persistent
agrochemicals, wastewater irrigation, among others should not be
encouraged, as these could be the avenues through which heavy metals
accumulate in vegetables.
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