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Abstract

High heavy metal pollution of the environment has been tied to civilization, urbanization, and
industrialization, leading to the overwhelming of natural cleansing and cycling processes in
many ecosystems. This study investigates the sources, the extent of pollution and possible
health effects of heavy metals via edible vegetables grown in the urban areas of Lagos
metropolis. Plants, soil and irrigation water samples were randomly collected in triplicates from
vegetable farms in four most industrialized/commercialized Local Government Areas of Lagos
State (Ojo, Amuwo-Odofin, Yaba and Kosofe). Dusts and particulate matter deposits on the
abaxial leaf surfaces were analyzed for atmospheric deposition. Dried plants were crushed into
fine powder before extraction. The physico-chemical, phytochemical and anti-oxidant
composition of the plant parts were determined using standard methods. Atomic absorption
spectrometer was used to determine heavy metal composition. Plant samples were authenticated
as Allium Schoneoprasum (LUH 9803), Lactuva Sativa L. (LUH 9084) and Amaranthus spp.
(LUH 9085). The highest concentration of chromium (7.6+0.00), cadmium (5.1+£0.04) and zinc
(9.7£0.01) were observed at Kosofe while that for copper (5.2+0.04) and lead (15.7+0.03) was
found at Ojo and Amuwo-Odofin soil samples respectively. Estimation of the chronic daily
intake (CDI), target hazard quotient (THQ), and health risk index (HRI) showed no carcinogenic
threat to the food chain, with values under the permissible daily intake limit.
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1.0 Introduction

Heavy metals (HMs) are group of metals/ metalloids whose specific gravities and atomic
densities are greater than 5 and 4 g/ cm® respectively (Barzegar et al., 2015; Enuneku et al.,
2018). Heavy metals naturally occur and persist on the earth’s crust. Lately, emission of HMs
into the environment, as result of human activities have exceeded the tolerable limits of natural
cleansing and cycling processes in many ecosystems. Typical hot spots of heavy metal
contamination are urban areas with intensive industrial and mining activities. HMs gain entry
into the human body through oral, nasal and skin channels (Ogundele et al., 2019; Orosun et al.,
2023). HMs such as Cd, As, Pb, Mn, Fe, Cr, and Hg have long biological half-life, as such interfere
with the normal performance of living tissues, resulting in various diseases (Suvarapu and Baek,
2017; Barzegar et al., 2019; Kumar et al., 2020; Prodipto, et al., 2024). In the biological system,
HMs metals target cellular processes through induction of oxidative stress, impaired membrane
integrity, protein function destabilization, assimilation of nutrients and DNA damage. HMs have
also been shown to induce antibiotic resistance through co-selection.

Plants and their products are probably the most important in human diet but may be
contaminated with toxic metals like Hg, Cd, Pb, and As,(Esther and Coskun, 2025; Efretuei et
al., 2023); Karimi-Maleh et al., 2021; Stefanovic et al., 2008; Dodangeh et al., 2018). Plants
and plant products contamination with HMs has been majorly attributed to anthropogenic
activities such as discharge of industrial effluents, mining, improper disposal of waste, sewage
irrigation of agricultural crops, application of fertilizers (e.g. phosphate) etc. (Shariatifar et al.,
2022; Fathabad et al., 2018). Soil, and water contaminations are primarily suggested to be from
atmospheric deposition of HMs, resulting in food chain contaminations (Fakhri et al., 2018; Qu
etal., 2012).

Amaranthus sp (L) is a tropical annual crop belonging to the family Aaranthaceae with about 70
species (Aguilar et al., 2011). Majority are endemic to North America, with only a few species
from Asia, Africa, Australia, and Europe (lamonico, 2023). Amaranthus is rich in proteins (13—
22%), lipids (5-13%), dietary fiber (9-14%), vitamins (ascorbic acid, riboflavin, niacin),
minerals, among others (Alegbejo, 2014). Amaranthus protein is unique in its lysine and
methionine composition which serve as natural source of squalene replacement (polyunsaturated
triterpene compound) (Park et al., 2020). It's a drought-resistant crop with untapped commercial
and industrial potential (Akin-ldowu et al., 2017).

Lactuca sativa (L.), a member of the Asteraceae family is one of the most widely consumed leafy
vegetables on the planet (Lawal et al., 2017). While Asteraceae are thought to be the largest
family of plants with over 30,000 species (Bessada et al., 2015):Panero and Crozier, 2016),
Lactuca sativa has been shown to be high in vitamins K, E, and C as well as carotenoids (Shi et
al., 2022). It is traditionally used in the management of inflammation, pain, stomach ache,
indigestion, and lack of appetite (Noumedem et al., 2017).

Allium schoenoprasum (L) (common names: Spring onion, scallion, Welsh onion, salad onion,
etc), is a non-bulbing, bunch-forming green onion belonging to the Liliaceae family(Alam et al.,
2023). This plant is mostly grown in northern Nigeria as well as temperate and tropical parts of the
world. The leaves are eaten raw as vegetables in soups, rice, salads, etc. (Dery & Zaixiang, 2020).

Toxic metals have been shown to bio-accumulate in organs and tissues of man including the

kidney, liver, bone, and brain (Liu et al., 2020; Bjegrklund et al., 2017) and have been implicated
(especially Hg and Pb) in children and infant developmental disorders such as lowering
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intelligence quotient (Heng et al., 2022; Raj & Maiti, 2020). Lead (Pb) and cadmium (Cd) have
been |mpI|cated in cancer (Parlda & Patel, 2023)

Flgure 1. 1 (A) Lactuca sativa (B) Alllu_m schoenoprasum (C) Amaranthus spp.

Farming in Nigeria has become a high-risk and low paying job due to increased insecurity
caused by banditry, militancy, kidnapping, farmers and herders conflicts, rural-urban migration
among others. Most rural farmers can no more go to the farm for fear of being kidnapped or
even killed by bandits. Unable to make a living in the rural areas, majority are forced to migrate
to the cities. The few available spaces in the city centers have been turned to horticultural
gardens and farms with its attendant health risk from metal pollution, owing to human
activities. Agrawal et al., (2003) suggests that air pollution of agricultural land around indus-
trial centers and highways account for increased levels of toxic metal uptake by plants in the
area (Manisalidis et al., 2020). However, urban agriculture in developing countries play a significant
role in managing hunger and improving food security. Irrigation water quality and the accumulation of
heavy metals in fresh farm produce presents a research area yet to be thoroughly studied. Little or no
attention has been paid to this brewing health emergency. In this study, several metal and
environmental indices were used to measure associated health risks of HMs ingestion of the
populace, through the consumption of vegetables. This allows for a better understanding of the
biological effects of HMs in humans. Children, as a result of their physiological and behavioral
patterns, have been reported to be the most responsive age group (Al Osman et al., 2019; Zheng et
al., 2023). Urban agriculture has become an increasingly important component of food security
in many developing and developed regions. However, the risk of contamination by heavy metals
due to proximity to industrial zones, traffic emissions, and the use of untreated wastewater poses
significant concerns for public health. This study aims to investigate the extent and impact of
metal pollution in vegetables cultivated in urban environments

2.0 Materials and Methods
2.1 Study Area

This study was conducted in Lagos State, Nigeria. Known as the ‘commercial nerve center of
Nigeria’, Lagos State is characterized by the heaviest traffic on major highways along where the
horticultural farms are located. With average temperature of 24°C,average humidity level of 69,
the state has two distinct dry and rainy seasons, which runs between the months of November to
March and April to October respectively.

2.2 Sample Collection and Preparation

Plants, soil and irrigation water samples were randomly collected between the months of May
and July, in triplicates from vegetable farms in Ojo (6.47586°N, 3.2018°E), Amuwo-Odofin
(6.46143°N, 3.312627°E) Yaba (6.5016°N, 3.3685°E) and Kosofe (6.59878°N, 3.409463°E)
Local Government Areas in Lagos state, Nigeria. Dusts and particulate matter deposits on the
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abaxial leaf surfaces were analyzed for atmospheric deposition. The plant samples were
authenticated at the University of Lagos Herbarium as Allium schoneoprasum (LUH 9803),
Lactuva sativa L. (LUH 9084) and Amaranthus spp. (LUH 9085). The dried plant sample were
ground into a fine powder before extraction.

2.3 Physico-chemical and Phytochemical Composition
The methods of Ejikeme et al., 2014 and Chekroun et al., 2014 were used to determine
phytophysicochemical composition of the soil and irrigation water samples.

2.3.1.Anti-oxidant Composition

The Assay of Superoxide Dismutase (SOD) was done by monitoring the superoxide radical-
induced nitro blue tetrazolium (NBT) reduction at 560nm, according to the method of Cakmak
and Marschner, (1992).

DPPH Assay

This assay was performed only with slight modification to the description of Estrada et al.,
(2016). The DPPH was prepared by mixing 0.004 g of DPPH in 100 ml methanol. Using
methanol as the blank, the control contained only DPPH solution in place of the sample. 2.0 ml
of DPPH reagent solution was mixed with an aliquot of 0.5 ml ethanol and aqueous extract. The
mixture was vigorously shaken and left to stand at room temperature. An initial
spectrophotometric reading of each extract in MeOH was performed. After 30 minutes,
quenching of DPPH free radicals, were read at 517 nm from the decrease in absorbance of the
test mixture. The results were obtained using the following formula:

Absorbance of blank—Absorbance of sample
Absorbance control

% DPPH Inhibition = 100 x

........... Equation 3.1

2.3.2 Determination of FRAP Potentials in Samples

This assay is based on the principle of reduction of ferric-tripyridyltriazine (Fe**-TPTZ)
complex to ferrous tripyridyltriazine (Fe?*-TPTZ) by the antioxidants of a sample at low pH.
FRAP reagent was prepared by mixing 300 mM acetate buffer, pH 3.6 in 40 mM HCI, and
20 mM FeClz at 10:1:1 v/v/v. 3.400 uL of the reagent and 100 uL of the sample solutions were
added to each well and mixed thoroughly. After 30 minutes, the absorbance was measured at
593 nm. A standard curve was prepared using different concentrations of trolox. All solutions
were used on the day of preparation. The results were expressed as umol trolox equivalent/g dw.

2.3.3 ABTS Radical Scavenging Assay

The free radical scavenging activity of the plant extracts was determined using 2,2'azinobis-(3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS), radical cation decolorization assay and 6-
hydroxy 2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox) as a standard. ABTS was
dissolved in water to a 7 mM concentration. ABTS radical cation (ABTS*+ ) was produced by
reacting ABTS stock solution with 2.45 mM potassium persulphate (final concentration) and
allowing the mixture to stand in the dark at room temperature for 12 to 16 hours before use. The
free radical was stable in this form for more than two days when stored in the dark at room
temperature. For this study, ABTS*+ solution was diluted with ethanol to an absorbance of 0.70
(x0.02) at 734 nm. Reagent blank reading was also taken (A0). After the addition of 1.0 ml of
diluted ABTS*+ solution to 100 pL of each plant extract, the absorbance reading (Ae) was taken
exactly 2.5 minutes after initial mixing. The plant extracts were first adequately diluted (where
necessary) to fit within the linearity range. The percentage inhibition of absorbance at 734 nm
was calculated using the formula
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% inhibition =

122 X100 e oot oot e eee eee oo e vee e e o EQuation 3.2
Ao

The antioxidant capacity based on the ABTS free radical scavenging ability of the extract was
expressed as mmol Trolox equivalence antioxidant capacity (TEAC) per 100 g of plant material.

2.4 Heavy Metals Assay using Atomic Absorption Spectrophotometer

The extracts and the blanks were analyzed in the Federal Institute of Industrial Research (FIIR)
CFET Laboratory, Oshodi, Lagos State using atomic absorption spectrophotometer (UNICAM
10230).

2.4.1Bio Concentration Factor

The ratio of metal concentration in the edible parts of the studied vegetables and the soil was
used to calculate the bio-concentration factor (BCF). BCF value less than 1 (< 1), indicates low
metal accumulation in the plant, from the soil while BCF value greater than 1 (> 1), indicates
high metal accumulation. The BCF were estimated using equation 1 (Ani et al., 2020).

BCF = % .................................. Equation 3.3

Where C, = concentration of heavy metal in sample vegetable (mg/kg/dw)
Cs = concentration of heavy metal in soil sample (mg/kg/dw)

2.4.1 Factor Assessments

2.4.1.1 Chronic Daily Intake
The chronic daily intake of the studied metals were calculated using the formula below (EPA
2015).

CXIRIXEDiXEFi
CDI =——
BWXAT

Where C = concentration of toxic (heavy) metal in (mg/kg)
IRi = exposure duration to the toxic (heavy) metal (24hrs)
EFi =exposure frequency (350 days per year)
BW =body weight average (70kg)
AT =mean exposure years (365 days/year X number of exposure years)

veveereeeen...EQuation 3.4

2.4.1.2 Non-carcinogenic Health Risk
The non-carcinogenic risk of the heavy metal content of the sample vegetables was calculated
using the equation 3.

C X IR XED X EF

EDI = ————— X 102 Equation 3.5

Where Edi= Estimated daily intake of the heavy metal.
C = Concentration of heavy metal in (mg/kg/dw)
IR = Ingestion rate
EF =Exposure frequency (365 days per year)
BW = Adult body weight average (70kg)
AT = Average time of exposure for non-carcinogenic health risk (25,550days)
ED =Exposure duration (70 years).

2.4.1.3 Target Hazard Quotient (THQ)

This estimates the carcinogenic risk of heavy metals in the plant samples. Plant samples with
heavy THQ value less than 1 (< 1) pose no carcinogenic risk to the exposed populace, while
plant samples with THQ value greater than 1 (> 1) suggests a carcinogenic health hazard
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potential. Health risk hazard is enhanced with increased THQ. The THQ assessment was

estimated using equation 4 below.

THQ = D, Equation 3.6

RFD
Where:
EDI = Estimated daily intake
RFD = Oral reference dose of the heavy metal.

2.4.1.4 Health Risk Index (HRI)

The health risk index (HRI) is the estimation of health risk involving more than one heavy metal.
The HRI is the sum of the individual heavy metal target hazard quotient. The HRI value less
than 1 (< 1) is of no carcinogenic risk, while HRI value greater than 1 (> 1), poses a
carcinogenic hazard risk. The HRI was estimated using equation 5.

HRI = (THQ1+THQ +THQ3+THQs.. +THQ) SETHQ oo, Equation 3.7

2.5 Statistical Analysis

Data obtained was analyzed using Statistical Package for Social Sciences (SPSS, Version 20.0).
Using a one-way analysis of variance (ANOVA), all data are reported as mean SD of two
replicates of each sample, considering (p < 0.05).

3.0 Results and Discussion

3.1 Physicochemical, Phytochemical and Antioxidant Composition

The analysed soil samples showed marked variation in physicochemical parameters as presented
in Table 3.1. The lowest pH was observed in Ojo (5.74), while Kosofe had the highest (6.27).
Organic carbon was observed to be highest in Yaba (14.1%), and lowest in Ojo (2.67%). Salinity
measure showed an increasing value of 3.11< 3.45< 3.48<4.17 for (Ojo, Amuwo-Odofin, Yaba
and Kosofe) respectively. The electrode potential of the soil samples were 27.63, 54.51, 60.91
and, 88.22 for Amuwo-Odfin, Ojo, Kosofe and Yaba respectively. Other results such as
phosphate, exchangeable ions are presented in Table 3.1. Results for physico-chemical
properties of irrigation water sample are presents in Table 3.2. Results indicate general
acidicity (4.78"+0.11-5.84°+0.00). Results for the four locations (Amuwo-Odfin, Ojo, Kosofe
and Yaba) show dissolved oxygen (Mg/L) 8.23%+0.04, 7.08"+0.03, 7.86°+0.08, 8.27°+0.33,
Salinity (ppm) 3.21P+0.12, 2.84°P+0.21, 2.63P+0.16, 2.43°+0.08 and Chemical Oxygen
Demand (COD) 5.06”+0.54, 2.19%+0.04. 2.73%+0.09, 2.25°+0.06 respectively (Table 3.2).

Several authors had established a positive correlation between physicochemical properties and
metal composition of soil (Ibiene et al., 2011) (Murthuza et al., 2022) (Islamd et al., 2023)
(Louhar et al., 2020). In addition, soil biology is negatively affected by excess of heavy metals
and synthetic chemicals, altering the physicochemical characteristics of the soil and causing
other environmental problems (Qu et al., 2019) (Alengebawy et al., 2021) (Hatami-manesh et
al., 2021). Table 3.3 ,presents the phytochemical composition of Allium schoenoprasum,
Lactuca sativa and Amaranthus spp. Allium schoenoprasum, had highest value for flavonoid
(0.617+0.08), Amaranthus spp had the highest value for alkaloids (0.355+0.02), saponins
(0.13'+0.00) and phenol (6.66+0.01), while Lactuca sativa had the highest value for oxalate
(0.11’+0.00). The antioxidant composition of the vegetables are presented in Table 3.4.
Superoxide Dismutase (SOD) is shown to increase with increasing concentration in all the
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vegetables. Highest amount of hydrogen peroxide is found in Lactuca sativa (1.21%+0.00),
Allium schoenoprasum had the highest amount of DPPH (0.707+0.00), while Amaranthus spp.
had the highest amount of FRAP (3.11V+0.00). Generally, low antioxidant activity was observed
in the three vegetables sampled, although (Karama¢ et al., 2019) showed high antioxidant
activity in Amaranthus caudatus

Table 3.1: Physico-chemical properties of soil samples from 4 L.G.As in Lagos State

Parameters Locations

Amuwo-Odofin Ojo Kosofe Yaba
pH 6.125+0.04 5.74°+0.00  6.27°+0.03  6.10°+0.02
Conductivity (uS/cm) 1339.56V+112.31 1068.55'+9.25 811.20°+7.20 950.06"'+4.10
Electrode potential (mV)  27.63%+2.20 54.51+0.65 60.91°+1.20 88.22°+4.36
Nitrate (mg/kg) 12.065+0.15 14.16°+1.41  8.78°+1.26  11.64°+2.10
Phosphate (mg/kg) 8.51°+0.54 6.19°+0.06  5.81°+0.01  6.47°+0.13
Organic carbon (%) 13.89%+0.95 12.74+0.32  9.92°+0.35  14.10°+0.14
Soil organic matter (%) 2.21°P+0.04 2.67°40.10  1.77°40.13  2.32°%+0.13
Salinity 3.45°+0.16 3.11°+0.01  4.17%+0.03  3.48°+0.13

11.26"+0.06 6.265+0.06 10.2540.01  9.15+0.02
Exchangeable 8.655C+0.72 5.97°8+1.62  4.16°+0.07  12.11°+0.14

lons 5.14"+0.06 3124001  7.11°40.17  8.11P+0.01
4.615°+0.02 1.88%+0.98  8.40°+0.28  6.01°+0.00

+ = standard deviation values. Values along the same row with different superscripts are
significantly different at 5% (p<0.005). L.G.A- Local Government Areas

Table 3.2: Physico-chemical properties of irrigation water from 4 L.G.As in Lagos State

Parameters Location
Amuwo-
Odofin Ojo Kosofe Yaba
pH 5.84“+0.09 5.84“+0.04 4.78"°+0.11 5.11°+0.00
Conductivity (uS/cm) 1064.08+4.28 902.03°+16.94 686.12°+11.31 659.40°+10.44
Electrode potential (mV) 81.22'+0.14  60.76"+0.23  54.17V+0.01  63.06"+2.84
suspended solid matter (g/L) 0.00541'+0.00 0.00004'+0.00 0.00002'+0.00 0.00003'+0.00
Salinity (ppm) 3.21°+0.12 2.84°P+021  2.63°P+0.16  2.43“+0.08
Dissolved oxygen (Mg/L)  8.23°+0.04 7.08"°+0.03 7.86°+0.08 8.27°+0.33
Nitrate (mg/L) 3.67°+0.16 2.10°+0.06 1.20°+0.06 2.70°+0.12
Phosphate(mg/L) 0.62°+0.08 1.06°+0.07 0.31%+0.00 0.35%¢+0.08
Total organic carbon (%) 3.285+0.32 1.13%+0.01 1.12°40.00 1.05°+0.07
CcoD 5.06"+0.54 2.19%+0.04 2.735+0.09 2.25%+0.06
Organic matter (%) 0.82°+0.07 0.25°+0.02 0.50°+0.47 0.22°+0.04
K 1.76M+0.77 1.28"+0.03 1.08"+0.03 0.45"+0.00
Exchangeable Ca 1.14°+0.03 0.79°+0.03 0.62°+0.07 0.22°+0.00
ions Mg 1.17%+0.02 0.34"10.01 2.147+0.04 0.287+0.09
Na 1.50"+0.17 0.915+0.00 2.397+0.08 1.095+0.03

+ = standard deviation values. Values along the same row with different superscripts are significantly
different at 5% (p<0.005). COD: Chemical Oxygen Demand, L.G.A- Local Government Areas
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Table 3.3: Phytochemical composition of Allium schoenoprasum, Lactuca sativa and

Amaranthus spp.

Sample schonoprasun ey

Tannin 0.27°40.01 0.62+0.01  0.66°+0.00
Alkaloids 0.24P+0.04 0.35+0.02  0.23P+0.00
Flavonoids 0.617+0.08 0.24°+0.01  0.16%+0.00
Saponins 0.11"+0.00 0.13'+0.00  0.12"'+0.00
Oxalate 0.06%+0.01 0.08X+0.00 0.11’+0.00
Phenol 5.21-40.01  6.66M+0.01  3.95"+0.04

+ = standard deviation values. Values along the same row with different superscripts are significantly different at
5% (p<0.005).

Table 3.4: Antioxidant, superoxide dismutase (SOD) composition and ABTS radical
scavenging activities of Allium schoenoprasum, Lactuca sativa and Amaranthus spp.

Sample schog::;;gsum Amar«’;lg[t)f.lus I_Szﬁsga
Antioxidant

Scavenging Hydrogen Peroxide 0.43°+0.01 0.89°+0.00  1.21%+0.00
DPPH 0.707+0.00 0.18%+0.00  0.437+0.00
FRAP 2.66Y+0.00  3.11V+0.00  2.23"+0.01
Superoxide Dismutase (SOD)

(200pg/ml) 45.00+0.00  10.00+0.00  25.00+0.00
(400pg/ml) 55.50°+0.71  23.50'+2.12  37.00Y+1.41
(600pg/ml) 66.50V+2.12  46.50"+2.12  49.00%+4.24
ABTS radical scavenging activities

ABTS 0.227+0.00 0.10°+0.00  0.15"+0.00

+ = standard deviation values. Values along the same row with different superscripts are significantly different at
5% (p<0.005)

3.2 Heavy Metal Concentration of Soil and Irrigation Water

The heavy metal concentration of the analysed farm soil sample for the four locations (Amuwo-
Odofin, Ojo, Kosofe and Yaba) show that Chromium (Cr) 6.1+0.04, 4.9+0.00, 7.6+0.00,
3.240.02, Cadmium (Cd) 4.3+0.01, 0.00, 5.1+0.04, 0.3+0.01, Zinc (Zn) 7.3+0.02, 4.4+0.01,
9.7+0.01, 8.1+0.00, Copper (Cu) 2.9+0.01, 5.2+0.04, 1.8+0.00, 2.3+0.01 and Lead (Pb)
15.7+£0.03, 10.1+0.01, 7.2+0.01, 6.8+0.08 respectively. Kosofe had the highest value for
chromium (7.6+0.00), cadmium (5.1+0.04) and zinc (9.7+£0.01). The highest value for copper
(5.2+0.04) was found at Ojo while the highest value of lead (15.7+0.03) was observed at
Amuwo-Odofin. Results, show that cadmium concentrations in Amuwo-odofin (4.3) and Ojo
(5.1), are higher than the World Health Organization (WHO) standards for metals in soil samples
(WHO, 1996, 1998).

Results for heavy metal concentration of the analysed irrigation water sample for the four
locations (Amuwo-Odofin, Ojo, Kosofe and Yaab) show the values for chromium (Cr'®)
0.01+£0.00, 0.04+0.04, 0.30+0.01, 0.26+0.07, zinc (Zn) 0.82+0.02, 1.24+0.01, 0.48+0.09,
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1.49+1.63 copper (Cu*?) 0.24+0.01, 0.21+0.00, 0.21+0.00, 0.33+0.01 and lead (Pb*?) 2.02+0.02,
1.88+0.08, 0.50+0.03, 4.80+0.12 respectively. Cadmium and arsenic were not detected in the
water sample. Irrigation water is water used to wet agricultural land for crop production and this
can be a major source of heavy metal accumulation in edible plant parts (Sha et al., 2023). Table
3.2 summarizes the physico-chemical properties of irrigation water sample. The result showed an
acidic pH level of between 4.7 and 5.8. This, is below the WHO and FAO pH range of 6.5-8.5 and
6.4-8.4, for irrigation water respectively. Electrical conductivity was between 659 -1064 uS cm .
This is far above WHO recommended value of 400-600 pS cm . Electrical conductivity is a
measure of dissolved salt in water (Orosun et al., 2023). High amount of dissolved salt may have
accounted for the acidity of the irrigation water. Vegetables irrigated with contaminated water
may cause serious health hazards to the community(Berhanu et al., 2022; Drechsel et al.,2017,
Hussain et al., 2017) Industrial and consumer wastes, open defecation and the presence of
uncontrolled landfills, are heavy metal contamination sources of water supply (Obasi et al.,
2024; Berihun et al., 2023)

3.4 Metal Concentration in Plant Parts and Biological Concentration Factor (BCF)

Results for metal concentrations in the plants are summarized in Tables 3.5. The analysed plant
parts showed a wide range of variation in heavy metal concentration. Metal concentration in
Kosofe samples were in the form Cr>Zn>Pb>Cd>Cu>As for roots and Zn>Cr>Pb>Cd>Cu>As
for shoots. Of all locations, the highest concentration of Cr was at Kosofe which were all higher
than the WHO recommended standard and lowest at Yaba. Zinc (ZN) and Arsenic (As) had the
highest concentration in samples for Amuwo-odofin and Ojo respectively (Table 3.5). The
presence of Arsenic and Cadmium in the plant samples in quantities higher than WHO
recommendation is a call for serious health emergency bearing in mind the consequences of
these metals in even trace amounts. Assessment metal pollution sources through atmospheric
depositions showed Pb>Cu>Cr>Zn for all locations. Highest concentration of Pb (4.06) were
from Amuwo-odofin while Kosofe had the highest value for Cu(0.66), Cr(0.40) and Zn(0.07).
Arsenic and Cadmium were not detected in the atmospheric samples for all locations.

The biological concentration factor (BCF), show that most of the metals were easily absorbed from
the soil and readily transferred to the aerial plant parts (Table 3.6). Movement of the metals has
been shown to be influenced by soil physico-chemical characteristics. This agrees with this
research findings by Tang et al., (2020); Mfon et al., (2022 and Ani et al., (2020. The
documented adverse effect of heavy metals on plants and human health, shows mercury, lead,
arsenic, and cadmium are toxic metals and have mutagenic effects even at very low
concentrations (Jaishankar et al., 2014;Mitra et al., 2022; Hembrom et al., 2020). Human
consumption of heavy metal contaminated vegetables may cause immunological disorders, impair
psycho-social behavior, and growth retardation. There is an urgent need of increased awareness
on the side-effects of heavy metals on human health. Figure 3.1 presents the component loading
scatter plot.

114



A. Emmanuel et al. AJAFS (9) (2025) 106-123

Table 3.5: Average concentration of heavy metals in Allium schoenoprasum, Lactuca sativa and Amaranthus spp

Location Plants

Cr Cd As Zn Cu Pb Cr Cd As Zn Cu Pb
Root Shoot

KOS s 4145002 2012000 - 3513013 0.66:0.07 233013 B3.06:0.07 174025 - 3765007 048:0.23 252:0.14
SO 4841018 2121000 001:00 347:0.06 082:0.01 251+0.15 285:0.15 174010 038:0.05 2.160.03 0.430.05 2.36:0.07
AS 2228014 276021 002:0.03 346:021 108:0.02 1290.04 0.82:0.01 181001 . 217:0.08 0.930.01 261001
O s a0 - 1231026 254+0.10 065:0.07 3.46:0.01 0.90£0.01 - 072008 1955001 0.370.08 3.66:0.07
SO 342:000 010:001 123:000 249:0.03 062:0.01 362:0.01 081+0.00 0.040.00 14240.00 2.1740.07 0.27#0.07 3.340.22
AS 3272021 - 1024002 266+0.35 073:0.01 354039 1.16+0.08 - 088:0.00 209:0.03 168017 2.95:0.01
ATt LS 3184000 191:0.09 - 303:012 052+001 366:008 103:0.01 1.23:001 - 206:008 021+0.00 2.010.00
SO 141028 195:0.00 - 2264021 062000 3.20:011 0.70:0.03 053:003 006:008 164:034 029:011 244001
AS 2108001 192+0.01 - 210002 046:0.12 7.46:0.48 0.83:0.02 1.04:0.04 - 290026 0.37:0.02 505008
YRS 130016 - 061#0.01 101000 0.110.00 1.26£0.07 0.33£0.01 0.00+0.00 - 206$0.05 122000 1.32+0.01
SO 141001 - 082:0.17 250+0.17 036+0.34 132:0.04 0.610.01 : - 2924001 0.770.01 2.04:0.07
AS  142:001 - 1014000 299+0.03 036+0.01 2.12+0.01 0.31:0.01 : . 3144003 0.320.00 0.120.00

WHO 130 0.20 994 20 03 1.30 0.20 99.4 20 030

+ = standard deviation values. Values along the same column with different superscripts are significantly different at 5% (p<0.005)

Key: AS= Allium schoenoprasum, LS= Lactuca sativa and SO= Amaranthus spp.

115



A. Emmanuel et al. AJAFS (9) (2025) 106-123

Table 3.6: Bio concentration factor (BCF) of Allium schoenoprasum, Lactuca sativa and
Amaranthus spp.

SAMPLES Cr Cd Zn Cu Pb
Kosofe LS 1.07 0.90 0.97 0.70 0.94
SO 1.14 0.89 0.70 0.84 0.81
AS 0.40 0.90 0.59 0.31 0.71
Ojo LS 0.95 - 0.08 0.25 0.89
SO 0.94 - 0.03 0.19 0.80
AS 1.05 - 1.45 0.71 0.73
Amuwo —odofin LS 0.84 0.84 0.85 0.28 0.42
SO 0.43 0.71 0.69 0.35 0.50
AS 0.55 0.90 0.83 0.40 0.99
Yaba LS 0.54 0.02 0.72 0.67 0.53
SO 0.66 0.01 0.94 0.58 0.76
AS 0.61 0.005 0.89 0.33 0.62

Key: AS= Allium schoenoprasum, LS= Lactuca sativa and SO= Amaranthus spp.
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Figure 3.1: Component loading scatter plot of heavy metal composition in plant samples

3.5 Factor Assessments

In this study, the heavy metals chronic or estimated daily intake (CDI)/(EDI) were all found
below provisional permissible limits of daily intake or oral reference dose limit of USEPA 2021
(Table 3.7). The target hazard quotient of the heavy metal concentration of the vegetables was
estimated to determine the carcinogenic exposure risk of adults and children consuming
vegetables in sample soils. This research found the THQ of the metals in the vegetables to be of
no carcinogenic threat. This is evident as all THQ values were far below 1 (>1) (Table 3.8). The
health risk index (HRI) also showed no immediate carcinogenic threat to the food chain.
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Table 3.7: Chronic daily or estimated daily intake of heavy metals in the plant parts of Allium schoenoprasum, Lactuca sativa and Amaranthus spp.

Chronic daily intake (cdi)
Leaves Roots Shoots
Sample Cr Cd Zn Cu Pb Cr Cd Zn Cu Pb Cr Cd Zn Cu Pb
Kosofe  Lactuca S 3.2E-5 28E-5 69E-5 3.6E-6 6.1E-5 9.6E-5 55E-5 18E-5 15E-5 79E-5 13E4 6.3E-5 1.1E-4 21E-5 7.3E-5

Amaranthus  3.1E-5 2.2E-5 3.9E-5 82E-6 3.1E-5 89E-5 55E-5 6.8E-5 14E-5 74E-5 15E-4 6.7E-5 28E-4 26E-5 7.9E-5
Allium S 0.3E-6 0.2E-5 19E-5 11E-5 19E-5 26E-5 57E-5 68E-5 29E-5 82E-5 69E-5 87E-5 11E-4 34E-5 4.1E-5
Ojo Lactuca 1.1E-5 ND 08E-5 O09E-5 6.1E-5 28E-5 ND 6.1E-5 12E-5 12E-4 11E-4 ND 79E-5 21E-5 1.1E-4
Amaranthus 1.3E-5 0.5E-5 3.7E-5 36E6 3.7E-5 26E-5 13E-6 68E-5 84E-6 11E-4 11E-4 32E-6 78E-5 19E-5 12E-4
Allium S 24E-5 ND 52E-5 4.1E-5 29E-5 3.6E-5 ND 6.5E-5 53E-5 9.2E-5 1.0E-4 ND 8.4E-5 23E-5 1.1E4

Amuwo-  Lactuca S 29E-5 15E-5 35E-5 32E-6 33E-5 32E5 39E-5 64E-5 65E-6 6.3E-5 99E-5 59E-5 95E-5 16E-5 1.2E4

odofin Amaranthus 2.7E-5 18E-5 3.6E-5 36E6 82E5 22E-5 17E5 52E5 89E-6 76E5 44E-5 6.1E-5 7.1E-5 19E-5 1.0E=4
Allium S 14E-5 29E-5 35E-5 0.2E-5 99E-5 26E-5 33E-5 9.1E-5 12E-5 16E-4 6.6E-5 6.0E-5 6.6E-5 15E-5 24E-4

Yaba Lactuca S 36E-6 O05E-7 88E-5 69E-6 33E-5 10E-5 14E-7 65E-5 38E-5 4.1E-5 41E-5 ND 3.2E-5 3.6E-6 3.9E-5
Amaranthus  3.5E-6 1.2E-7 6.7E-5 6.8E-6 57E-5 19E-5 ND 9.2E-5 24E-5 64E-5 44E-5 ND 8.2E-5 1.2E-5 4.2E-5

Allium S 79E-6 48E-8 36E-5 36E-6 63E-5 09E-5 ND 99E-5 99E-6 3.7E-6 4.5E-5 ND 9.4E-5 1.1E-5 6.6E-5

Key: ND= not detected, E=exponential
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Table 3.8: The Target Hazard Quotient of heavy metal concentrations in the plant parts of Allium schoenoprasum, Lactuca sativa and Amaranthus spp.
Target Hazard Quotient (THQ)

Leaves Roots Shoots
location/ Cr Cd Zn Cu Pb Ccr Cd Zn Cu Pb Cr Cd Zn Cu Pb
samples

Kosofe Lactuca 0.101 0.028 2.3E-4 9.1E-6 0.018 0.31 0.055 39E-4 3.8E-5 0.023 3.645 0.063 3.6E-4 5.3E-5 0.021
Amaranthus 0.102 0.022 1.3E-4 2.1E-5 0.009 0.29 0.054 23E-4 34E-5 0.021 0.487 0.067 9.4E-4 6.4E-5 0.023
Allium S 0.001 0.002 6.3E-5 2.8E-5 0.006 0.08 0.057 23E-4 7.3E-5 0.023 0.224 0.087 3.6E-4 8.5E-5 0.012
Ojo Lactuca 0.036 ND 2.8E-5 22E-5 0.017 0.09 ND 21E-4 29E-5 0.033 0.345 ND 2.7E-4 5.1E-5 0.031
Amaranthus 0.041 0.005 1.3E-4 9.1E-6 0.011 0.08 0.001 23E-4 2.1E-5 0.030 0.346 0.003 2.6E-4 4.9E-5 0.032
Allium S 0.076 ND 1.7E-4 1.0E-4 0.008 0.12 ND 2.2E-4 13E-4 0.027 0.331 ND 2.9E-4 5.7E-5 0.032
Amuwo- Lactuca 0.094 0.015 1.2E-4 8.1E6 0.010 0.10 0.039 23E-4 17E-5 0.018 0.322 0.059 3.2E-4 4.1E-5 0.033
odofin Amaranthus 0.088 0.019 1.2E-4 9.1E-6 0.023 0.07 0.017 1.7E-4 23E-5 0.022 0.143 0.061 2.4E-4 49E-5 0.029
Allium S 0.046 0.029 1.2E-4 25E-4 0.028 0.03 0.033 3.0E-4 29E-5 0.005 0.213 0.060 2.2E-4 3.9E-5 0.066
Yaba  Lactuca 0.011 5.3E-5 29E-4 1.7E-5 0.010 0.03 1.4E-4 2.2E-4 9.6E-5 0.012 0.131 ND 1.2E-4 8.9E-6 0.011
Amaranthus 0.011 1.2E-4 22E-4 17E-5 0.016 0.06 ND 3.1E-4 6.1E-5 0.018 0.142 ND 2.7E-4 2.8E-5 0.012
Allium S 0.025 1.2E-4 9.1E-6 0.018 0.03 ND 3.3E-4 25E-5 0.001 0.144 ND 3.1E-4 2.8E-5 0.019

Key: ND= not detected, E=exponential
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4.0 Conclusion

This study showed most of the metals assessed are within the USEPA 2020 permissible limit for
heavy metals in farm soil except cadmium (Cd) whose concentration was high in two locations
(Amuwo-Odofin and Ojo). The irrigation water were however acidic resulting from high
dissolved salt. Results for estimated daily intake (EDI), the Target hazard quotient (THQ) and
the health risk index (HRI) were found to be of no immediate carcinogenic threat, within the
provisional limits of USEPA 2021. Regular monitoring of agricultural farms within the city is
strongly recommended in other to regulate (where necessary) anthropogenic contamination with
toxic metals.
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