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Abstract

The study was conducted to determine the concentrations of some heavy metals in soil, Amaranthus
hybridus (spinach) and Lactuca sativa (lettuce) grown in Nagwamatse Farm, Gusau, Zamfara State,
Nigeria. Soil, spinach, and lettuce were collected randomly in replicates from the farm. The samples were
numbered accordingly and were placed in a clean polythene bag. The samples were digested and analyzed
for nickel (Ni), chromium (Cr), cobalt (Co), and manganese (Mn) using Atomic Absorption
Spectrophotometer (A.A.S.). Mean concentrations of Ni, Cr, Co, and Mn were obtained using one-way
Analysis of Variance (ANOVA) at 5% level of significance. T — test was used to compare the mean
concentrations of the heavy metals in the two different vegetables in the months of November, December
and January. The high concentrations of Mn (2.71 — 3.78mg/kg), Co (1.80 — 1.90 mg/kg), Ni (1.67 —
1.74mg/kg and Cr (0.91 — 1.39mg/kg) were found in A. hybridus while the low concentrations of Mn
(2.89 — 3.45mg/kg), Co (1.76 — 1.84mg/kg), Ni (1.56 — 1.65mg/kg and Cr (0.43 — 1.24mg/kg) were found
in L. sativa, which are found to be above the permissible limits of FAO/WHO (2011). In the soil, Mn had
the highest concentration of 20.25mg/kg, Co (14.25mg/kg), Ni (10.05mg/kg), and Cr (7.23mg/kg) in the
month of January than other months. Based on these findings, 4. hybridus and L. sativa from the farm
may pose risk health risks related to heavy metal toxicities when consumed. Phytoremediation of the soil
should be done to reduce heavy metal concentrations in the soil that transfer into the vegetables grown in
the soil.

Keywords: Amaranthus hybridus (Spinach), Assessment, Concentration, Heavy metal, Lactuca
sativa (Lettuce), Soil.

1.0 Introduction

Heavy metals are generally referred to as metals
with a specific density of over 5 g/em’, and
adversely affect the environment and living
organisms [1]. Some heavy metals are
micronutrient which at low concentrations are
beneficial to animals and plants but at high
concentrations are toxic to both animals and
plants at high concentrations [2]. For instance,
copper (Cu), chromium (Cr), fluorine (F),
molybdenum (Mo), nickel (Ni), selenium (Se),
and zinc (Zn) are beneficial at minute quantities.
Other trace elements such as arsenic (As),
cadmium (Cd), mercury (Hg) and lead (Pb) are
toxic even at small concentrations [3]. Heavy
metals, being persistent and non-biodegradable,
can neither be removed by normal cropping nor
easily leached by rain water [4]. They might be

transported from soil to ground waters or may be
taken up by plants, including agricultural crops
[5]. For this reason, the knowledge of metal-plant
interactions is important for the safety of the
environment [6]. The quality of ecosystem
becomes altered, when heavy metals find their
way, somehow, into it through human and natural
activities. These activities are one of the most
pressing concerns of urbanization in developing
countries like Nigeria, which result in the problem
of solid, liquid and toxic waste management. Such
waste may be toxic or radioactive [7]. Such waste
management problems include heaps of
uncontrolled garbage, roadsides littered with
refuse, streams blocked with rubbish, prevalence
of automobile workshops and service stations,
inappropriately disposed toxic waste and disposal
sites that constitute a health hazard to residential
areas [7]. Amaranthus hybridus and Lactuca
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sativa are popular and commonly grown
vegetable among farmers in Northwest of Nigeria.
This vegetable species is mostly consumed
because it constitutes essential diet components
such as protein, vitamins, iron, calcium, and other
nutrients which are usually in short supply [8].
However, the vegetable takes from the soil
contaminated with toxic elements over a wide
range of concentrations, poses a direct threat to
human health when consumed [9]. Balkhair and
Ashraf [10] reported that the vegetable takes up
metals by absorbing them from contaminated
soils, as well as from deposits on different parts of
the vegetables exposed to the air from polluted
environments. It has been reported that nearly half
of the mean ingestion of lead (Pb) and cadmium
(Cd) through food is due to plant origin (fruit,
vegetables and cereals) [11]. Moreover, certain
people, especially vegetarians, seem to be more
exposed since they consume more vegetables on a
daily basis [12]. Food contamination by heavy
metals depends both on their mobility in the soil
and their bioavailability. Though some of the
mobility and bioavailability are easy to measure
or modeled, determination of food risk
contamination is tricky [13]. Nevertheless, the
transfer of contamination through the food web is
critical to predict the exposure of humans to
infection and the possible health consequences of
such exposure, which will assist in making an
accurate risk assessment for food safety purposes.
Vegetable such as spinach and lettuce are widely
consumed in Nigeria, and they are highly valued
due to the quality and amount of nutrients and
mineral elements they contain [14]. The current
high demand for leafy vegetables like spinach and
lettuce have stimulated the growth of market
gardening along perennial rivers, streams and
waste places rich in heavy metals in major towns
and cities of Nigeria. Most heavy metals are
extremely toxic when contaminated spinach and
lettuce are consumed and hence the need to carry
out this research to ascertain the level of their
concentration. World Health Organization (WHO)
estimates that about a quarter of the diseases
facing mankind today occur due to prolonged
exposure to environmental pollution [15]. Heavy
metal pollution of the environment, even at low
levels, and their resulting long-term cumulative
health effects are among the leading health
concerns all over the world [16]. The aim of this
research was to assess some heavy metals
concentration presents in the soil, 4. hybridus and
L. sativa grown in Nagwamatse Farm, Gusau,
Zamfara State, Nigeria. The objectives are to

determine the concentrations of heavy metals in
soil, A. hybridus and L. sativa grown in
Nagwamatse Farm, Gusau, Zamfara State, Nigeria
in the three months studied and to compare the
accumulation level of heavy metals concentration
in A. hybridus and L. sativa grown in
Nagwamatse Farm, Gusau, Zamfara State,
Nigeria.

2.0 Materials and Methods
2.1 Study area

The study was carried Nagwamatse Farm in
Gusau, Zamfara State, Nigeria (longitude
12°10'12.86" N and latitude 6°39'50.83" E).
Zamfara is located in north - western Nigeria. It is
home to a diverse range of ethnic groups. Some of
the major ethnic groups in the state include the
Hausa, Fulani, and various subgroups of the
Hausa-Fulani such as the Zamfarawa, Kebbe, and
Gobirawa. Zamfara State typically experiences a
tropical savanna climate. This means that it has a
wet season and a dry season. The wet season
usually lasts from April to October, with the
highest rainfall occurring between June and
September. The dry season, which is
characterized by hot temperatures and little to no
rainfall, typically lasts from November to March.
During the dry season, temperatures can rise quite
high, sometimes reaching over 40°C (104°F),
while during the wet season, temperatures are
generally cooler due to cloud cover and rainfall.
The study was conducted for a period of three
months (November and December, 2023 and
January, 2024),

2.2 Sample collection

Whole parts of Spinach and lettuce were collected
at random in replicates in the farm for three
months (November and December, 2023 and
January, 2024), while the soil samples were
collected at the same spot were the vegetables
were collected for the same periods at a depth of
15 — 30cm [17]. They were collected in replicates
at each spot. The samples were numbered
accordingly and were placed in a clean polythene
bag. They were brought to the laboratory,
Department of Biological Sciences, Federal
University Gusau for preparation.

3.3 Sample preparation

The leaves were removed from the stem. They
were properly washed using tap water to remove
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the soil particles and debris then rinsed with
distilled water. They were air dried for 72 hours,
followed by oven drying for 24hrs at 105°c. The
dried leaf samples were ground using porcelain
mortar and pestle, and were passed through a
2mm sieve to obtain fine powder, and then stored
at room temperature for further analysis. The soil
samples were also sun-dried and sieved to obtain
a fine powder.

3.4 Sample digestion

Five gram (5g) of the powder of the prepared
vegetables and soil were put into a 25ml conical
flask separately. Five (5) ml of concentrated
H,SO, was added, followed by 25ml of
concentrated HNO; and 5ml of concentrated HCI
in each of the flask containing the samples. The
contents of the tube were heated at 200°c for 1
hour and then cooled to room temperature, 20ml
of distilled was added, filtered using filter paper to
complete the digestion of organic matter. The
mixture was transferred into a 50ml volumetric
flask filled to mark and let to settle for at least 15
hours. The resultant supernatants were used for
analyses of the heavy metals [18].

3.5 Sample analyses

The digested samples of the soil and vegetables
were analyzed for nickel (Ni), chromium (Cr),
cobalt (Co) and manganese (Mn) as described by
Bakare and Adeyinka [19] using the Analyst 200

Perkin Elmer Atomic
Spectrophotometer (A.A.S.).

Absorption

3.6 Data analyses

Mean concentrations of Ni, Cr, Co and Mn were
obtained using one — way analysis of variance
(ANOVA) at 5% level of significance. Where
significant difference was observed, Duncan’s
Multiple Range Test (DMRT) was used to
separate the means. T — test was used to compare
the mean concentrations of the heavy metals in
two different vegetables. All analyses were
performed using SAS V. 9.2 (2008).

3.0 Results

3.1 Mean concentrations (mg/kg) of heavy
metals in Amaranthus hybridus

Table 1 shows the mean concentrations (mg/kg)
of heavy metal in 4. hybridus. There are non-
significant differences in the Cr (P = 0.134)
concentrations among the three months
(November, December and January), there are
significant differences in Mn (P = 0.049), Co (P =
0.044) and Ni (P = 0.034) concentrations among
the three months. 4. hybridus has higher
concentrations of Mn (3.78mg/kg), Co
(1.90mg/kg), Ni (1.74mg/kg) and Cr (1.39mg/kg)
in the month of January while least concentrations
of Mn (2.71mg/kg), Co (1.80mg/kg), Ni
(1.67mg/kg) and Cr (0.91mg/kg) were detected in
the month of November.

Table 1: Mean concentration (mg/kg) of heavy metals in Amaranthus hybridus

Locations Mn Co Ni Cr
November 2.71+0.29° 1.80+0.02° 1.67+0.02° 0.91+0.10°
December 3.1340.02°  1.86+0.01°  1.71+0.01"°  1.17+0.04°
January 3.78+0.07° 1.90+0.02° 1.74+0.01° 1.39+0.18*
P - Values 0.049* 0.044* 0.034* 0.134™
FAO/WHO (2011) 0.20 10.00 10.00 1.30

Means with different superscript letter (s) along the same columns were significantly different (p>0.05)

Key — * - Significant; ns — non significant;

3.2 Mean concentrations (mg/kg) of heavy
metals in Lactuca sativa

Table 2 reveals the mean concentrations (mg/kg)
of heavy metals in L. sativa. There are non-
significant differences in the Cr (P = 0.116)
concentrations among the three months
(November, December and January), there are
significant differences in Mn (P = 0.037), Co (P =

Cd — Cadmium, Cu — Cupper, Pb — Lead, Zn — Zinc;
FAO/WHO (2011) Permissible Value in Plants (mg/kg)

0.037) and Ni (P = 0.044) concentrations among
the three months. L. sativa have higher
concentrations of Mn (3.45mg/kg), Co
(1.84mg/kg), Ni (1.65mg/kg) and Cr (1.24mg/kg)
in the month of January while the least
concentrations of Mn (2.89mg/kg), Co
(1.76mg/kg), Ni (1.56mg/kg) and Cr (0.43mg/kg)
were observed in the month of November.
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Table 2: Mean concentrations (mg/kg) of heavy metals in Lactuca sativa

Locations Mn Co Ni Cr
November 2.89+0.01° 1.76+0.01° 1.56+0.01° 0.43+0.33°
December 2.96+0.00° 1.80+0.01% 1.59+0.01% 1.11+0.01°
January 3.4540.15 1.84+0.02° 1.65+0.01° 1.24+0.09°
Mean + SE 3.10+0.05 1.80+0.01 1.60+0.00 0.93+0.14
P - Values 0.033* 0.037+ 0.044* 0.116™
FAO/WHO (2011) 0.20 10.00 10.00 1.30

Means with different superscript letter (s) along the same columns were significantly different (p>0.05)
Key — * - Significant, ns — non significant; Cd — Cadmium, Cu — Cupper, Pb — Lead, Zn — Zinc;
FAO/WHO (2011) Permissible Value in Plants (mg/kg)

3.3 Comparison between the mean concentrations of Mn (3.31mg/kg), Co
concentrations of heavy metals (mg/kg) in (1.86mg/kg), Ni (1.70mg/kg) and Cr (115mg/kg)
Amaranthus hybridus and Lactuca sativa while L. sativa had the least mean concentrations

of heavy metals with concentrations of Mn
The comparison shows that 4. hybridus had the (3.10mg/kg), Co (1.80mg/kg), Ni (1.60mg/kg)
highest mean concentrations of heavy metals with and Cr (0.92mg/kg).

Table 3: Comparison between the mean concentrations of heavy metals (mg/kg) in A. hybridus and L.
sativa

Heavy Metals Amaranthus hybridus (Mean £ SEM) Lactuca sativa (Mean = SEM)
Manganese 3.3140.17° 3.10£0.12°

Cobalt 1.86:£0.02" 1.80+0.01°
Nickel 1.70+0.02° 1.60+0.02°

Chromium 1.15£0.10° 0.92:0.18"

Means with different superscript letter(s) along the same row were significantly different (p>0.05)

3.4 Mean concentrations (mg/kg) of heavy three months. Mn had the highest concentrations
metals in the soil of 20.25mg/kg, Co (14.25mgkg), Ni
Table 4 presents the mean concentrations (mg/kg) (10.05mg/kg) and Cr (7.23mg/kg) in the month of
of heavy metal in the soil. There are significant January while the least concentrations of Mn
differences in Mn (P = 0.015), Co (P = 0.019) and (17.47mg/kg), Co (13.05mg/kg), Ni (9.13mg/kg)
highly significant differences in Ni (P = 0.000) and Cr (5.14mg/kg) were detected in the month of
and Cr (P = 0.000) concentrations among the November.

Table 4: Mean concentrations (mg/kg) of heavy metals in the soil

Locations Mn Co Ni Cr
November 17.47+0.47" 13.05+0.02° 9.13+0.02° 5.14+0.04¢
December 18.13+0.25" 14.16+0.05° 9.91+0.01° 6.00:£0.00°
January 20.25+0.25° 14.25+0.25° 10.05£0.05*  7.23+0.03*
Mean + SE 18.61+0.32 13.82+0.31 9.70+0.07 6.12+0.04
P - Values 0.015* 0.019* 0.000%* 0.000%*
FAO/WHO (2011) 500 0.1-50 2-40 1.3

Means with different superscript letter (s) along the same columns were significantly different (p>0.05)
Key — * - Significant, ns — non significant; Cd — Cadmium, Cu — Cupper, Pb — Lead, Zn — Zinc;
FAO/WHO (2011) Permissible Value in Plants (mg/kg)

4.0 Discussion The study on the determination of some heavy

metal concentrations in A. hybridus and L. sativa
4.1 Mean concentration (mg/kg) of heavy was carried out during the months of November
metals in A. hybridus and L. sativa and December, 2023 and January, 2024. The

heavy metal concentrations determined during the
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study were: Mn, Co, Ni, and Cr. The highest mean
concentrations of the Mn, Co, Ni and Cr were
found in the month of January, while the least
were found in the month of November in both the
two plants (4. hybridus and L. sativa). It was
observed that the pattern of rainfall is in the order
of: November 2023 > December 2023 > January
2024. Highest concentrations of all the heavy
metals determined (Mn, Co, Ni and Cr) occurred
in the month of January, followed by December
and the least were found in the month of
November. The highest concentrations in the
month of January could be as a result of less
amount of rainfall than other two months,
decrease in the amount of rainfall tends to
concentrate more heavy metals, while the least
amount present in November could be as a result
of high amount of water in the soil than the other
months and the runoff effect that is capable of
removing heavy metals from the farmland and the
effect of rainfall which may facilitate the leaching
of the soil and contributes to the dilution of soil
solution which leads to significant
reduction/decrease  in  the heavy  metal
concentrations in A. hybridus and L. sativa.

Villares et al. [20] reported that high rainfall
reduces the amount of heavy metals present in soil
and also causes reduction in the absorption ability
of the plants. The sequence of metal
concentrations in A. hybridus and L. sativa
cultivated in Nagwamatse Farm, Gusau was Mn >
Co > Ni > Cr. However, the heavy metals found
to be below the permissible limits by FAO/WHO
[21] standard during the months of November,
December and January were Co and Ni in 4.
hybridus and Cr in L. sativa and Cr in the months
of December and November, while Mn
concentrations were above the permissible limits
of FAO/WHO [21] standard in both 4. hybridus
and L. sativa in the three months as well as Cr
only in the month of January (1.39mg/kg) in A.
hybridus. The heavy metals with values above the
permissible limits could pose a great risk to the
consumers. Riar et al. [22] observed similar
findings and discovered that heavy metals with
concentrations above permissible limits could
affect both plants and animals when the
vegetables are consumed. Similar findings were
also observed by Salau et al. [23] that worked on
the assessment of heavy metal assessment of
Azadirachta indica (L.) in the removal of heavy
metal from soil contaminated with lead poisoning
in Anka, Zamfara State and discovered high
concentrations of some heavy metals which could
affects both plants and animals.

4.2 Variations in the mean concentration
(mg/kg) of heavy metals in the A. hybridus and
L. sativa

The significant variations were observed in the
level of heavy metal accumulation between A.
hybridus and L. sativa, with high heavy metal
accumulation in 4. hybridus and low in L. sativa.
The high concentrations of the heavy metals in 4.
hybridus could be as a result of high absorption,
translocation as well as bioaccumulation of heavy
metals in 4. hybridus than in L. sativa, which
could also be associated with genetic differences
[24]. Tt has reported that A. hybridus is a very
good heavy metal accumulator than L. sativa [25].
This is in line with the findings of Awino et al.
[26], who discovered different variations in the
heavy metal concentrations between two different
vegetables and associated the variation with plant
species, plant parts and metal species as well as
rate of translocation.

4.3 Mean concentrations (mg/kg) of heavy
metals in the soil

The mean concentrations of the heavy metals
studied (Mn, Co, Ni and Cr) were found to be
higher during the month of January, 2024, this
could be as a result of reduced amount of water in
the soil than the month of November when there
is more heavy rainfall. It may be be as a result of
domestic wastes, excessive fertilizers and
pesticides, field traffic, and automobile exhaust in
the soil. Similar results were obtained by Norouzi
et al. [27] who studied the seasonal and spatial
variations in  dust deposition rate and
concentrations of dust-borne heavy metals dust
samples collected each month from January and
discovered that all the metals were higher than
December and November, 2023.

5.0 Conclusions

The high concentrations of Mn (2.71 -
3.78mg/kg), Co (1.80 — 1.90 mg/kg), Ni (1.67 —
1.74mg/kg and Cr (0.91 — 1.39mg/kg) were found
in A. hybridus while the low concentrations of Mn
(2.89 — 3.45mg/kg), Co (1.76 — 1.84mg/kg), Ni
(1.56 — 1.65mg/kg and Cr (0.43 — 1.24mg/kg)
were found in L. sativa which were found to be
above the permissible limits of FAO/WHO
(2011). A. hybridus and L. sativa may pose risk of
heavy metals toxicity when consumed while Mn
had the highest concentration of 20.25mg/kg, Co
(14.25mg/kg), Ni  (10.05mg/kg) and Cr
(7.23mg/kg) in the month of January while least
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concentrations of Mn (17.47mg/kg), Co
(13.05mg/kg), Ni  (9.13mg/kg) and Cr
(5.14mg/kg) in the month of November in the
soil. A. hybridus had the highest mean
concentrations of Mn (3.31mg/kg), Co
(1.86mg/kg), Ni (1.70mg/kg and Cr (1.15mg/kg)
while L. sativa had the least mean concentrations
of Mn (3.10mg/kg), Co (1.80mg/kg), Ni
(1.60mg/kg and Cr (0.92mg/kg). This indicates
that A. hybridus might have high toxic levels of
heavy metals than L. sativa and the heavy metals
should therefore be discourage from consuming as
they can lead to toxic effects on animals and
humans when consumed.

6.0 Recommendations

Phytoremediation of the soil should be done to
reduce heavy metal concentrations in the soil that
transfer into the vegetables grown in the soil.

7.0 Acknowledgments

We acknowledged Dr. Nasir Sani, Dean Faculty
of Science and Dr. A. M. Jabbi, Head of
Department of Biological Sciences, Federal
University Gusau, Zamfara State, for their
mentorship, advice and support, also the
assistance of some technical staff of the
Department for the laboratory work.

8.0 Conflict of Interest
There is no conflict of interest.
Funding for the Work

This research was funded by Institutional Based
Research (IBR), Tetfund, Federal University
Gusau, Zamfara State, with grant allocation
number: TETF/DR&D/CE/UNI/GUSAU/IBR/2
023/VOL.1".

9.0 References

[11 Engwa GA, Ferdinand PU, Nwalo FN,
Unachukwu MN. Mechanism and health
effects of heavy metal toxicity in humans:
Poisoning in the modern world-new tricks for
an old dog: 2019; 10.

[2] Rehman AU, Nazir S, Irshad R, Tahir K, ur
Rehman K, Islam RU. et al. Toxicity of
heavy metals in plants and animals and their
uptake by magnetic iron oxide
nanoparticles: Journal of Molecular
Liquids, 2021; 321: 114455.

[3] Rahman Z, Singh VP. The relative impact of
toxic heavy metals (THMs) (arsenic (As),

cadmium (Cd), chromium (Cr)(VI), mercury
(Hg), and lead (Pb) on the total environment:
an overview. Environmental monitoring and
assessment, 2019;191: 1 - 21.

[4] Mama CN, Nnaji CC, Nnam JP, Opata OC.
Environmental burden of unprocessed solid
waste handling in Enugu State, Nigeria:
Environmental Science and  Pollution
Research, 2021; 28(15): 19439 - 19457.

[5] Singh BR, Steinnes E. Soil and water
contamination by heavy metals: In Soil
processes and water quality, 2020; (pp. 233 -
271). CRC Press.

[6] Sungur A, Vural A, Gundogdu A, Soylak M.
Effect of antimonite mineralization area on
heavy metal contents and geochemical
fractions of agricultural soils in Giimiishane
Province, Turkey: Catena, 2020; 184:
104255.

[7] Oluwole Surukite O, Makinde Sunday CO,
Ogun Mautin L, Nwachukwu Ifeanyi R.
Evaluation of Heavy Metal Concentrations
and Proximate Compositions of Amaranthus
spinosus (L.) and Talinum triangulare (J.)
and Soils Collected from Dumpsites in Some
Selected Areas in Lagos State, Nigeria:
World Environment, 2020; 10(1): 16 - 26.

[8] Chipurura B. Nutritional content, phenolic
compounds composition and antioxidant
activities of selected indigenous vegetables of
Zimbabwe: 2014.

[9] Gupta N, Yadav KK, Kumar V, Kumar S,
Chadd RP, Kumar A. Trace elements in soil -
vegetables interface: translocation,
bioaccumulation, toxicity and amelioration -
a review: Science of the Total Environment,
2019; 651: 2927 - 2942.

[10] Balkhair KS, Ashraf MA. Field accumulation
risks of heavy metals in soil and vegetable
crop irrigated with sewage water in western
region of Saudi Arabia: Saudi Journal of
Biological Sciences, 2016; 23(1): S32 - S44.

[11] Sarlak Z, Rouhi M, Mirza Alizadeh A,
Sadeghi E, Hosseini H. et al. Pb exposure

from plant foods in Iran: a
review: International Journal of
Environmental Analytical

Chemistry, 103(19): 7395 - 7416.

[12] Baudry J, Rebouillat P, Allés B, Cravedi JP,
Touvier M, Hercberg S. et al. Estimated
dietary exposure to pesticide residues based
on organic and conventional data in
omnivores, pesco-vegetarians, vegetarians
and vegans: Food and Chemical
Toxicology, 153: 112179.

Bulletins of Natural and Applied Sciences (2024). 1(1): 171-174.
173



Ibrahim et al,

[13] Wang CC, Zhang QC, Kang SG, Li MY,

Zhang MY, Xu WM. et al. Heavy metal
(loid) s in agricultural soil from main grain
production regions of China: Bioaccessibility
and health risks to humans: Science of the
Total Environment, 2023; 858, 159819.

[14] Ambo AI, Patience O, Ayakeme EB.

Evaluation of the proximate composition and
metal content of spinach (Spinacia oleracea)
from selected towns in Nasarawa State,
Nigeria: Science World Journal, 2023; 18(1):
26 - 30.

[15] Ahmed AS, Sultana S, Habib A, Ullah H,

Musa N, Rahman MM, et al
Bioaccumulation of heavy metals in
commercially important fish species from the
tropical river estuary suggests higher
potential child health risk than adults:
Biorxiv, 2019; 681478.

[16] Zaynab M, Al-Yahyai R, Ameen A, Sharif

Y, Ali L, Fatima M. et al. Health and
environmental effects of heavy
metals: Journal of King Saud University -

Science, 2022; 34(1): 101653.

Mitran T, Gunnam JRS, Gourigari S,
Kandrika S. Assessment of depth wise
distribution,  enrichment, contamination,
ecological risk and sources of soil heavy
metals over an Industrial area in Southern
India: Journal of Geochemical
Exploration, 2024; 257, 107379.

[18] Uzoekwe NM, Ukhun ME, Ejidike PP.

Proximate analysis, vitamins, moisture
content and mineral elements determination
in leaves of Solanum erianthum and
Glyphaea  brevis: Journal of Chemical
Society of Nigeria, 46(1).

[19] Bakare BF, Adeyinka GC. Evaluating the

potential health risks of selected heavy metals
across four wastewater treatment water works
in Durban, South Africa. Toxics, 2022; 20:
10(6): 340.

[20] Villares R, Diaz S, Lopez J, Vazquez MD,

Carballeira A. Contribution of atmospheric
deposition to tissue concentrations of
mercury in aquatic bryophytes: Science of the
Total Environment, 2016; 565: 249 - 257.

[21] Joint FAO/WHO. Codex Alimentarious
Commission on Food Standards Programme.
Codex committee on contaminants in foods,
5t session, The Hague, Netherlands; CF 5
INF/1 2011.

[22] Riar JK, Bhanot R, Hundal SS. Assessment
of Heavy Metals in Samples of Soil, Water,
Vegetables, and Vital Organs of Rat
(Bandicota bengalensis) Collected from
Adjoining Areas of Polluted Water Body:
Water, Air and Soil Pollution, 2021; 232(7):
1-18.

[23] Salau I, Ibrahim NM, Aliyu M, Jaafar KS.
Assessment of Azadirachta indica (L.) In the
removal of heavy metal from soil
contaminated with lead poisoning in Anka,
Zamfara State. Fudma Journal of Sciences,
2022; 6(6): 138 - 45.

[24] Tézsér D, Yelamanova A, Sipos B, Magura
T, Simon E. A meta - analysis on the heavy
metal uptake in Amaranthus
species: Environmental Science and Pollution
Research, 2023; 30(36): 85102 - 85112.

[25] Smart MO, Bamigboye TO, Isola JO, Fawole
OA, Ibironke OH, Ogidan OA. et al.
Bioaccumulation and  Potential  Risk
Assessments of Heavy Metals in Two
Varieties of Edible Vegetables (Amaranthus
hybridus and Celosia argentea) around
Lapite Dump Site, Akinyele Local
Government Area, Ibadan, Oyo State,
Nigeria: Journal of Applied Sciences and
Environmental Management, 2023; 27(11):
2393 -2399.

[26] Awino FB, Maher W, Lynch AJJ, Asanga Fai
PB Otim O. Comparison of metal
bioaccumulation in crop types and
consumable parts between two growth
periods. Integrated Environmental
Assessment and Management: 2021.

[27] Norouzi S, Khademi H, Ayoubi S, Cano AF,
Acosta JA. Seasonal and spatial variations in
dust deposition rate and concentrations of
dust-borne heavy metals, a case study from
Isfahan, central Iran: Atmospheric Pollution
Research, 2017; 8(4): 686 — 699.

Copyright © 2024 by the authors. This article is an open access article under the
terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/), which permits use, distribution and

reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice.

Bulletins of Natural and Applied Sciences (2024). 1(1): 171-174.

174



	 Table 2: Mean concentrations (mg/kg) of heavy metals in Lactuca sativa 




