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ABSTRACT

Trace elements have been identified as one of the major contaminants of leafy vegetables that can accumulate in
human organs with potential health risks. Thus, this study assessed the levels of cadmium (Cd), chromium (Cr),
lead (Pb), copper (Cu), zinc (Zn), and iron (Fe) in 5 commonly consumed leafy vegetables’ samples of Telfairia
occidentalis, Celosia argentea, Corchorus olitorius, Talinum triangulare, and Vernonia amygdalina from two
markets in Lagos State. The Atomic Absorption Spectrophotometer (AAS) was used in metal determination and
the data were analyzed using ANOVA and tested with the Tukey test (p<0.05). Cd levels were below the
detectable limit, but Pd and Cr were observed in T. Occidentalis (20.82 mg kg™') and C. olitorius (7.89 mg kg™!)
from Oyingbo and Mile 12, respectively. Fe levels were the highest in all the vegetables, with a range of 392.66
—2,072.97 mg kg! and 573.13 — 1,255.38 mg kg! in Mile 12 and Oyingbo, respectively. Zn concentration was
significantly different among the vegetables in both markets, with the highest concentration in C. argentea
(308.33 mg kg') and T triangulare (303.96 mg kg™'), and lowest concentration in C. olitorius (97.1 mg kg') and
V. amygdalina (102.33 mg kg!) in Mile 12 and Oyingbo, respectively. Cu had the lowest concentration ranging
between 4.55 — 33.34 mg kg™! and 0.17 — 7.34 mg kg™!. The Pb, Cr, Zn, and Fe levels were above allowable limits
by FAO/WHO (1996). Thus, there are potential risks of toxicity from these vegetables and it’s a major concern
for public health and safety.
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Introduction (Guerra et al. 2012). Plants are exposed to trace
metals through wet deposition from rainfall in
polluted areas, dry deposition from dust, fossil
fuel burning, the use of pesticides, and fertilizers.
Trace metals such as manganese (Mn), zinc (Zn),
copper (Cu), and iron (Fe) are necessary for
biological processes in the human body. But they
induce toxicity at high concentrations. Excessive
concentration of lead (Pb) and cadmium (Cd) in

Globally, leafy vegetables are part of the daily
meal in many households, offering nutrients such
as vitamins, fibers, and amino acids (Shuaibu et
al., 2013). They have medicinal properties and
are quite affordable (Aslam et al., 2020).
However, vegetables can accumulate trace metals
at high concentrations, posing health risks
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food is associated with the disruption of the
cardiovascular, nervous, and respiratory systems
(Bouida et al., 2022). Short-term vulnerability to
Cu toxicity causes gastrointestinal problems but
studies on its toxicity in humans are limited.
High Ni level in humans is also associated with
cardiovascular diseases, asthma, lung fibrosis,
and respiratory tract infection (Chen et al., 2017).
Cr causes respiratory diseases and skin cancer
(Shekhawat, 2015). Pb toxicity affects the
digestive, respiratory, and reproductive systems
(Mandal et al., 2022). The absorption of trace
metals depends on plants and environmental
factors (Tangahu et al., 2011). Trace elements
reach the food chain through several biochemical
activities.

Leafy vegetables are often cultivated in urban and
peri-urban areas. Hence, they are vulnerable to
contamination. They are also highly consumed,
and that’s why it is important to monitor these
vegetables continuously to present recent data on
their trace elements’ concentration for public
health safety. Thus, the study investigated the
levels of Cd, Cr, Pb, Cu, Zn, and Fe in five (5)
commonly consumed vegetables in Lagos,
Nigeria, in line with established safe limits. The
objectives were to determine the trace elements
concentration and compare their contents among
the selected vegetables and between two markets.

Materials and Methods

The Ileafy vegetables examined were T.

occidentalis, C. argentea, C. olitorius, T.

triangulare and V. amygdalina.

Study Area

This study was conducted with the selected
vegetable samples from two markets in Lagos
State, Nigeria. Lagos State is geographically
situated in the southwestern part of Nigeria,
between longitude 3.45°E and 3.750°E of the
Greenwich Meridian and between latitude 6.35'N
and 6.583°N of the equator (Figure 1). Mile 12
International market and Oyingbo market are

located in Kosofe Local Government Area (LGA)
and Mainland LGA of Lagos State, respectively,
as shown in Figure 1. These two markets were
chosen because of their size, patronage, and
location in Lagos State.
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Figure 1: Map of Lagos state (in Nigeria)
indicating the locations of the two markets

Sample Collection and Preparation

Three replicates of each vegetable were obtained
from three (3) vendors in each market to ensure
precision. The leaves were removed from the
stalk and cut into small pieces. The samples were
air-dried for two hours and dried in the oven at
100°C until the weight was constant. Each dried
sample was ground into a fine form and allowed
to cool. The samples were then stored in labeled
plastic bags for further analysis.
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Samples Digestion and Elemental Analysis

The laboratory analysis was carried out according
to Carmo et al., (2000). 4 mL of nitric acid
(HNO3) was added to about 0.2g of the samples
and cooled. The samples with the nitric acid were
then heated at a temperature of 120°C for 510
minutes. Thereafter, 2 ml of perchloric acid
(HC1O4) was added and the temperature was
increased to 180°C on a hot plate in a fume hood
until the content was transparent and halved. The
digested sample was then allowed to cool and
thereafter diluted with 25 ml of deionized water.

The working standards for each trace metal
detection were prepared using a dilution method
according to Carmo et al., (2000), and the
concentrations of the metals in each digested

sample were evaluated using an Atomic
Absorption Spectrophotometer (AAS, Model AA-
7000 Shimadzu, Japan). The calibration range for
each element and their detection limit was
calculated and the ion concentration was
determined and converted to mg kg'.

Data Analysis

The data obtained were analyzed descriptively
(mean and standard deviation). Analysis of
variance (ANOVA) was conducted and tested
with the Tukey test where the difference was
significant (p<0.05)

Result and Discussion

The mean values and Standard Deviation (SD) of
each metal in different vegetables in the two
markets are presented in Table 1.

Table 1. The vegetable samples ' mean and SD of Trace Elements concentration (mg kg-1).

Leavy Copper (Cu) Zinc (Zn) Chromium (Cr)
vegetables
Mile 12 Oyingbo Mile 12 Oyingbo Mile 12 | Oyingbo
Mean + Mean + SD Mean + SD Mean + SD Mean + | Mean +
SD SD SD
T. occidentalis 14.6 £3.8 02+0.3 146.8 £37.8 139+34.9 ND ND
C. argenta 28.5+16.7 73453 308.3+13.5 150.7 +£120.8 ND ND
C.olitorius 3334243 0.5+0.9 97.1+£9.88 152.6 £89.4 7.9+ ND
13.7
T. triangulare 6.4+1.34 0.8+£0.6 143.65 £ 36.67 303.9+7.2 ND ND
V. amygdalina 4.6 +1.06 23+1.34 99.6 £29.6 102.3+5.4 ND ND
WHO/FAO 10-40 mg kg! 50 mg kg! 2.3 mg kg!
Lead (Pb) Iron (Fe) Cadmium (Cd)
T. occidentalis ND 20.82 + 721.9+ 171 967.1 £260.5 ND ND
20.47
C. argenta ND ND ND ND
421.3 £355.7 607.9 £93.8
C.olitorius ND ND ND ND
20729+ 517.8 | 828.1 + 671.8
T. triangulare ND ND ND ND
638.5 £225.5 | 125544+ 152.1
V. amygdalina ND ND ND ND
392.7 4£95.3 573.1 £149.3
WHO/FAQ 5 mg kg! 10 -450 mg kg! 0.2 mg kg!

ND- Non detectable
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Cadmium (Cd) was below the detection limit of
the analytical technique (AAS) in all the
vegetables. Pb was found only in two samples of
T. occidentalis (21.53 mg kg! and 40.93 mg kg™')
from Oyingbo market, with concentrations
greater than the FAO/WHO safe limits of 5 mg
kg!. This was similar to a study by Doherty et al.,
(2012). Chromium (Cr) was found at a high
concentration in one sample of C. olitorius (23.68
mg kg') in Mile 12 only. This differs from the
Alani et al. (2020) report, where Cr was found in
all the vegetables sampled in farmlands in Lagos.

The other trace elements, namely Cu, Zn, and Fe,
were detected in all the vegetables at varying
concentrations, confirming some of the
nutritional and medicinal benefits of these
vegetables (Aslam et al., 2020). Their levels were
in the order, Cu < Zn < Fe in the selected
vegetables as observed by Amos-Tautua et al.
(2014) and Alani et al. (2020). The highest
concentrations of Cu were observed in C.
argentea (17.9 mg kg™'), Zn and Fe highest levels
were observed in 7. triangulare (223.8 mg kg™)
and C. olitorus (1450.5 mg kg™!), respectively.

Absence of Cd differs from reported studies in
Lagos State, where Cd was detected within a
range of 0.001 — 0.05 mg kg, below the safe
limits of 0.2mg kg!' (Sobukola et al., 2010;
Ladipo and Doherty, 2011; Doherty et al., 2012;
Otitoloju et al., 2012; Adewale et al., 2023).
However higher levels above this limit were
reported by Alani et al., 2020, and Ebabhi et al.,
2020, from vegetables sourced from some
farmlands in Lagos state.

Pb and Cr were found in one vegetable from each
market. Pb and Cr are highly toxic, and their
presence in these leafy vegetables is a cause for
concern. The presence of Pb in this market might
be due to the closeness to industrial activities, as
lead is associated with the combustion of leaded
hydrocarbon and the production of herbicides and
fertilizers, some of which are more common in
Oyingbo than in Mile 12. The absence of Pb in

the other vegetables differs from previous studies;
Subukola et al. (2010) reported a range of Pb
concentration from 0.07- 0.27 mg kg in leafy
vegetables, with the highest in 7. occidentalis
(0.21 mg kg'). Alani et al. (2020) reported a
range between 27 — 42 mg kg'!, and Ladipo &
Doherty (2011) reported the absence of Pd in T.
occidentalis in Lagos state.

Comparative Concentration of Essential Trace
Elements among the Different Vegetables in the
Two Markets

The concentrations of Cu were higher in
vegetables from Mile 12 than in Oyingbo as
shown in Figure 2. There was a significant
difference in the mean concentrations of Cu
among the vegetables in Oyingbo. The highest Cu
concentration was observed in C. olitorius (33.34
mg kg!) and C. argentea (7.34 mg kg'), while
the lowest values were observed in V.
Amygdalina (4.55 mg kg') and C. olitorius (0.49
mg kg!) in Mile 12 and Oyingbo, respectively.
Also, the levels were generally lower to cause
toxicity risks to humans as they were below the
allowable limits in plants of 10-40 mg kg!
(WHO,1996). The levels were higher in Mile 12
than what was reported by Sobukola et al., (2010)
and Doherty et al., (2012), but lower than the
report of Alani et al., (2020).
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Figure 2: The copper (Cu) concentration means
differences among the vegetables in both markets.

The highest Zn level was observed in C. argentea
(308.33 mg kg) and T. triangulare (303.96 mg
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kg'), whilst the lowest Zn concentration was
observed in C. olitorius (97.1 mg kg') and V.
amygdalina (102.34 mg kg') in Mile 12 and
Oyingbo, respectively. The levels were higher in
both markets than were reported by Sobukola et
al. (2010) and Doherty et al. (2012), who
reported values ranging between 0.03 - 0.13 mg
kg! and 0.03-0.091 mg kg!, respectively. But
similar to the highest observed in C. argentea as
observed in Mile 12. The Zn -concentration
observed in this study was higher than the
allowable limits of 50 mg kg™! (WHO,1996). Also,
there is a significant difference
concentration (p<0.05) among the vegetables in
both markets, as shown in Figure 3.
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Figure 3: Zn concentration means differences
among the vegetables in both markets

The highest concentrations of Fe were observed
in C. olitorius (2,072.97 mg kg') and T
triangulare (1,255.38 mg kg') in Mile 12 and
Oyingbo, respectively. The lowest values of 392.
66 mg kg and 573.13 mg kg! were observed in
V. amygdalina in Mile 12 and Oyingbo,
respectively. The concentrations found were
higher than what was reported by Shuaibu et al.
(2013 and Olasupo et al. (2020), but similar to
Alani et al. (2020), who reported a range of 2,685
—4,567.2 mg kg'. Some of the values observed
were higher than the permissible limits of 10- 450

mg kg'!' (FAO/WHO,1999). There is a significant
difference in Fe concentration (p<0.05) between
C. olitorius and the other vegetables in Mile 12,
but no significant difference among the
vegetables in Oyingbo as shown in Figure 4.
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Figure 4: Fe concentration means differences
among the vegetables in both markets

Conclusion

This study revealed that the evaluated trace
element contents of the selected leafy vegetables
were above allowable limits except for Cu. This
implies that consumption of these vegetables
could pose potential health risks. Thus, there is a
need for public awareness of the vulnerability of
leafy vegetables to trace metal contamination.
Also, regular monitoring of these vegetables is
necessary. Moreover, research that evaluates not
just the vegetable samples but also all the
environmental sources of contamination of plants,
such as soil and water used for cultivation, should
be explored. Furthermore, research on how to
mitigate the absorption of trace metals by leafy
vegetables and regular reviews of policies and
regulations on environmental contamination
should be conducted.
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