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Abstract
Heavy metals bioaccumulation in fluted pumpkin (Telfairia occidentalis) cultivated in cassava effluent
polluted and unpolluted soils was investigated using soil samples collected from five cassava
processing sites in Aba, Abia State, Nigeria. Ten experimental units were established using bowls (21 cm
diameter) filled with polluted and unpolluted soils. Plants grown in polluted soil were irrigated with
cassava effluent, while control plants received water. Growth parameters, including germination time,
shoot length, leaf number and yield, were monitored. Concentrations of Fe, As, Pb, Cd, Cu, Zn and Ni in
leaves, shoots and fruits were determined using Atomic Absorption Spectrophotometry (AAS). Fluted
pumpkins grown in unpolluted soil germinated earlier and exhibited significantly higher shoot length, leaf
number and yield compared to those grown in polluted soil. Heavy metal concentrations were
consistently higher in plants cultivated in effluent-polluted soil; however, measured values remained
within current FAO/WHO permissible limits for vegetables. Given the potential toxicity and persistence of
heavy metals in edible plants, continuous monitoring of vegetables cultivated in effluent-impacted soils
is therefore recommended to safeguard food quality and public health.

1. Introduction
Heavy metals are among the most significant contaminants of leafy vegetables, including fluted
pumpkin (Telfairia occidentalis). Plants cultivated on heavy metal contaminated soils can accumulate
elevated levels of trace elements, thereby posing serious health risks to consumers [5]. Leafy vegetables
are particularly prone to metal accumulation because metals can be absorbed not only through the roots
but also via foliar deposition from the surrounding environment [6]. Sources of heavy metal
contamination include the use of polluted irrigation water, fertilizers, metal-based pesticides, industrial
emissions, transportation activities, and contamination during harvesting, storage, or at the point of sale.
More recently, agricultural soils have also been affected by waste oil and cassava mill effluent pollution
[5,8,10]. Humans and animals are exposed to these toxic metals primarily through plant uptake, which
facilitates their transfer into the food chain. Since heavy metals are non-degradable and persistent, their
accumulation in plant tissues constitutes a significant threat to public health and therefore requires
continuous monitoring.

The mobility and bioavailability of metals in the environment are largely determined by their chemical
reactivity, which influences their uptake by plants and subsequent exposure to humans through
inhalation, drinking water, or consumption of contaminated food. Heavy metals are persistent
environmental contaminants that can accumulate on plant surfaces and gradually penetrate plant
tissues over time [9,10]. Consequently, plants growing in contaminated environments may absorb metals
both from polluted soils through the roots and from atmospheric deposits on exposed plant surfaces.

The increasing concentration of heavy metals in the environment, particularly from anthropogenic
sources such as cassava mill effluents (CME), has become a growing concern for environmental
management [11–13]. Effluents generated from traditional cassava processing are major contributors to
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environmental degradation, as they are often discharged untreated onto farmlands, streams, and
surrounding ecosystems [14,15,16]. These effluents typically contain water, hydrocyanic acid, and
organic waste materials, including peels and sieves from cassava pulp. Heavy metals present in cassava
mill effluents can persist in the environment and bioaccumulate through soilplant systems, thereby
posing potential health risks to humans [17,18].

Fluted pumpkin (Telfairia occidentalis) is particularly vulnerable to heavy metal contamination due to its
ability to absorb metals from both soil and atmospheric sources [19,20]. Consumption of fluted pumpkin
cultivated on polluted soils may therefore expose consumers to elevated levels of toxic metals. Despite
these concerns, information on the extent of heavy metal bioaccumulation in fluted pumpkin cultivated
in cassava mill effluent–polluted soils, compared with unpolluted soils, remains limited in Aba, Abia
State, Nigeria. Assessing the levels of metal accumulation in this widely consumed vegetable is
therefore essential for evaluating potential health risks.

This study was designed to quantify the bioaccumulation of selected heavy metals in Telfairia
occidentalis grown in cassava mill effluent–polluted and unpolluted soils in Aba, Nigeria, and to assess
the implications for human health and environmental safety.

2. Materials and Methods

2.1 Collection of Samples
Ten soil samples were collected from five active cassava-processing locations in Aba, Abia State, Nigeria
(7º21′30″E; 5º3′30″N) during the peak rainy season (August–October 2019). Sampling during this period
was deliberately selected because increased soil moisture enhances the downward and lateral
movement of soluble contaminants, thereby providing a more realistic representation of cassava mill
effluent infiltration, dispersion, and metal mobility in agricultural soils.

Triplicate soil samples were obtained from each location, namely Iheorji, Iheorji Avenue, Umuogele, 16
Dike Road, and Owerri-Aba. Polluted soil samples were collected from sites that had experienced
repeated cassava mill effluent discharge over several years, at a depth of 10 cm using sterile screw-cap
containers. Unpolluted control soils were collected approximately 100 m away from each cassava mill to
minimize contamination influence. All samples were immediately stored in ice-filled coolers, transported
to the Chemistry Laboratory of Abia State Polytechnic within one hour, and analyzed within 24 hours to
minimize physicochemical alterations.

2.2 Controlled Cultivation analysis
A controlled cultivation experiment was conducted using ten experimental bowls adapted from the
method described by Karunyal [21]. Five bowls were filled with cassava mill effluent-polluted soil, while
the remaining five contained unpolluted soil and served as controls. Seeds of the same fluted pumpkin
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(Telfairia occidentalis) variety were planted at uniform depth and spacing to ensure consistent
germination and growth conditions.

To simulate agricultural practices in effluent-impacted farmlands, plants grown in polluted soils were
irrigated every two days with freshly collected cassava mill effluent, whereas control plants received
equal volumes of tap water. This dual-irrigation design was implemented to separate the effects of
historical soil contamination from continuous effluent exposure, allowing a more accurate assessment
of heavy-metal uptake dynamics.

Seedling emergence, shoot development, and leaf formation were monitored weekly. Plants were
harvested after four weeks. Leaves, shoots, and fruits from both treatments were air-dried at ambient
temperature and milled into fine powder to obtain homogeneous samples for metal analysis.

2.3 Heavy Metal Analysis
Concentrations of iron (Fe), lead (Pb), cadmium (Cd), arsenic (As), zinc (Zn), copper (Cu), and nickel (Ni)
in plant tissues were quantified using a PerkinElmer Atomic Absorption Spectrophotometer (AAS)
following established standard protocols. Instrument calibration was performed using certified reference
standards to ensure accuracy and reproducibility.

2.4 Growth Assessment
Germination time was recorded by noting the exact day of seedling emergence. Shoot height was
measured using a calibrated ruler, while the number of leaves and fruit yield were counted manually.
These measurements provided an integrated evaluation of plant performance under effluent-polluted
and unpolluted soil conditions.

2.5 Data analysis
All data were subjected to one-way analysis of variance (ANOVA) using IBM SPSS Statistics version 23
to determine significant differences in heavy-metal concentrations and growth parameters between
plants cultivated in polluted and unpolluted soils. Statistical significance was evaluated at P < 0.05.

3. Results
The effects of cassava mill effluent–polluted soil on the growth and yield parameters of fluted pumpkin
are presented in Table 1 and Plate 1. Germination time in effluent-polluted soil ranged from 12 ± 2.45 to
18 ± 0.92 days across the study locations. Shoot length varied between 7 ± 1.92 and 12 ± 1.85 mm, while
the number of leaves ranged from 8 ± 1.41 to 15 ± 2.45. Fruit yield was generally low, with values ranging
from 0 to 1 ± 0.92, indicating reduced productivity in effluent-impacted soils.
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Table 1
Effect of cassava mill effluent polluted soil on the germination of fluted Pumpkin

Germination of fluted
Pumpkin

Cassava mill location

Iheorji Iheorji
Avenue

Umuogele 16Dike
Road

Owerri
Aba

Germination time

Shoot length (mm)

Number of leaves

Number of yields

18 ± 
0.92

10 ± 
1.07

12 ± 
1.41

1 ± 0.53

15 ± 2.77

12 ± 1.85

15 ± 2.45

0

17 ± 2.33

7 ± 1.92

9 ± 1.85

1 ± 1.07

12 ± 2.45

10 ± 1.41

10 ± 2.33

0

12 ± 2.82

9 ± 2.45

8 ± 1.41

1 ± 0.92

Iheorji Iheorji Avenue Umuogele 16 Dike Road Owerri Aba

Plate 1

Effect of cassava mill effluent-polluted soil on the growth and yield of fluted pumpkins

The growth and yield performance of fluted pumpkin cultivated in unpolluted soil is shown in Table 2 and
Plate 2. Germination occurred earlier in unpolluted soils, with germination time ranging from 9 ± 0.92 to
12 ± 1.85 days. Shoot length ranged between 12 ± 4.23 and 25 ± 6.30 mm, while the number of leaves
varied from 6 ± 2.99 to 20 ± 9.67. Fruit yield ranged from 0 to 2 ± 1.13, indicating improved growth and
productivity compared with plants grown in effluent-polluted soil.

Table 2
Effect of effluent unpolluted soil on the germination of fluted pumpkin

Germination of fluted
Pumpkin

Cassava mill location

Iheorji Iheorji Avenue Umuogele 16Dike
Road

Owerri
Aba

Germination time

Shoot length (mm)

Number of leaves

Number of yields

12 ± 
1.848

12 ± 4.23

19 ± 2.34

1 ± 1.07

13 ± 2.772

20 ± 5.186 ± 
2.990

17 ± 5.99

10 ± 
0.924

15 ± 4.53

20 ± 5.99

0

10 ± 0.924

22 ± 6.88

16 ± 5.88

1 ± 1.13

9 ± 0.924

25 ± 6.30

20 ± 9.67

2 ± 1.13

Iheorji Iheorji Avenue Umuogele 16 Dike Road Owerri Aba

Plate 2

Effect of unpolluted soil on the growth and yield of fluted pumpkin
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The concentrations of heavy metals in the leaves of fluted pumpkin cultivated in cassava mill effluent–
polluted soil are presented in Table 3. Iron concentrations ranged from 0.89 ± 0.011 to 2.08 ± 0.178
mg/g, while lead ranged between 0.65 ± 0.011 and 1.21 ± 0.119 mg/g. Cadmium ranged from 0.51 ± 
0.052 to 0.72 ± 0.019 mg/g, arsenic from 0.41 ± 0.063 to 0.85 ± 0.023 mg/g, zinc from 0.59 ± 0.011 to
0.76 ± 0.039 mg/g, copper from 0.52 ± 0.060 to 0.74 ± 0.011 mg/g, and nickel from 0.41 ± 0.039 to 0.62 ± 
0.034 mg/g.

Table 3
Heavy metal content of the leaves of fluted pumpkins from cassava mill effluent-polluted soil

Heavy metals Cassava mill location  

Iheorji Iheorji Avenue Umuogele 16Dike Road Owerri Aba

Iron (mg/g)

Lead (mg/g)

Cadmium (mg/g)

Arsenic (mg/g)

Zinc (mg/g)

Copper (mg/g)

Nickel (mg/g)

1.81 ± 0.063

1.21 ± 0.119

0.67 ± 0.041

0.53 ± 0.059

0.66 ± 0.023

0.61 ± 0.041

0.41 ± 0.039

2.08 ± 0.178

0.79 ± 0.178

0.51 ± 0.052

0.41 ± 0.063

0.76 ± 0.039

0.52 ± 0.060

0.45 ± 0.030

1.21 ± 0.019

0.84 ± 0.024

0.72 ± 0.019

0.61 ± 0.030

0.59 ± 0.011

0.74 ± 0.011

0.54 ± 0.011

0.89 ± 0.011

0.65 ± 0.011

0.55 ± 0.023

0.81 ± 0.011

0.61 ± 0.011

0.53 ± 0.033

0.61 ± 0.011

1.33 ± 0.011

0.77 ± 0.011

0.69 ± 0.023

0.85 ± 0.023

0.71 ± 0.023

0.67 ± 0.045

0.62 ± 0.034

The heavy metal content of fluted pumpkin leaves grown in unpolluted soil is presented in Table 4. Iron
concentrations ranged from 0.51 ± 0.012 to 0.81 ± 0.022 mg/g, while lead ranged between 0.11 ± 0.019
and 0.41 ± 0.023 mg/g. Cadmium ranged from 0.08 ± 0.028 to 0.16 ± 0.057 mg/g, arsenic from 0.12 ± 
0.012 to 0.51 ± 0.023 mg/g, zinc from 0.05 ± 0.037 to 0.41 ± 0.013 mg/g, copper from 0.11 ± 0.019 to
0.25 ± 0.045 mg/g, and nickel from 0.04 ± 0.009 to 0.18 ± 0.010 mg/g.
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Table 4
Heavy metals content of the leaves of fluted pumpkin from the unpolluted soil

Heavy metals Cassava mill location

Iheorji Iheorji Avenue Umuogele 16Dike
Road

Owerri Aba

Iron (mg/g)

Lead (mg/g)

Cadmium
(mg/g)

Arsenic (mg/g)

Zinc (mg/g)

Copper (mg/g)

Nickel (mg/g)

0.81 ± 
0.022

0.41 ± 
0.023

0.15 ± 
0.034

0.21 ± 
0.012

0.31 ± 
0.013

0.25 ± 
0.045

0.18 ± 
0.010

0.66 ± 0.203

0.31 ± 0.010

0.08 ± 0.028

0.51 ± 0.023

0.05 ± 0.037

0.16 ± 0.027

0.04 ± 0.009

0.62 ± 0.019

0.11 ± 0.019

0.09 ± 0.028

0.18 ± 0.019

0.05 ± 0.037

0.11 ± 0.019

0.09 ± 0.028

0.51 ± 0.012

0.16 ± 0.034

0.12 ± 0.024

0.12 ± 0.024

0.41 ± 0.013

0.23 ± 0.045

0.11 ±0.113

0.55 ± 
0.171

0.21 ± 
0.023

0.16 ± 
0.057

0.25 ±0.068

0.25 ± 
0.010

0.21 ± 
0.045

0.07 ± 
0.034

 

One-way analysis of variance (ANOVA) revealed significant differences between cassava mill effluent–
polluted and unpolluted soils in the concentrations of iron (F = 14.41, p = 0.005), lead (F = 31.52, p = 
0.001), cadmium (F = 132.07, p < 0.001), zinc (F = 33.37, p < 0.001), and copper (F = 74.51, p < 0.001) in
the leaves of fluted pumpkin (Tables 3 and 4; Appendix I). However, no significant differences were
observed for arsenic (F = 3.02, p = 0.120) and nickel (F = 3.90, p = 0.084).

The concentrations of heavy metals in the shoots of fluted pumpkin cultivated in cassava mill effluent–
polluted soil are presented in Table 5. Iron concentrations ranged from 0.89 ± 0.011 to 1.22 ± 0.260
mg/g, while lead ranged between 0.67 ± 0.385 and 0.89 ± 0.385 mg/g. Cadmium concentrations varied
from 0.56 ± 0.045 to 0.75 ± 0.223 mg/g, and arsenic ranged from 0.68 ± 0.019 to 0.81 ± 0.023 mg/g. Zinc
concentrations ranged between 0.54 ± 0.068 and 0.81 ± 0.023 mg/g, copper between 0.51 ± 0.023 and
0.79 ± 0.113 mg/g, and nickel between 0.49 ± 0.123 and 0.62 ± 0.024 mg/g.
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Table 5
Heavy metals content of the shoot of fluted pumpkin from cassava mill effluent-polluted soil

Heavy metals Cassava mill location  

Iheorji Iheorji Avenue Umuogele 16Dike
Road

Owerri
Aba

 

Iron (mg/g)

Lead (mg/g)

Cadmium
(mg/g)

Arsenic
(mg/g)

Zinc (mg/g)

Copper
(mg/g)

Nickel
(mg/g)

0.89 ± 0.011

0.89 ± 0.011

0.72 ± 0.023

0.81 ± 0.023

0.61 ± 0.023

0.51 ± 0.023

0.49 ± 0.123

1.09 ± 0.113

0.67 ± 0.385

0.61 ± 0.023

0.69 ± 0.126

0.81 ± 0.023

0.62 ± 0.079

0.55 ±0.091

1.22 ± 0.260

0.72 ± 0.023

0.75 ± 0.223

0.68 ± 0.019

0.72 ± 0.023

0.61 ± 0.023

0.55 ± 0.138

0.91 ± 
0.028

0.82 ± 
0.027

0.56 ± 
0.045

0.71 ± 
0.023

0.54 ± 
0.068

0.79 ± 
0.113

0.61 ± 
0.023

0.99 ± 0.093

0.79 ± 0.216

0.72 ± 0.023

0.69 ± 0.204

0.77 ± 0.091

0.71 ± 0.068

0.62 ± 0.024

The heavy metals content of the shoot of fluted pumpkin from the unpolluted soil are presented in
Table 6. Iron ranged between 0.12 ± 0.029–0.51 ± 0.012 mg/g; lead, 0.05 ± 0.014–0.16 ± 0.057 mg/g;
cadmium, 0.08 ± 0.034–0.31 ± 0.013 mg/g; arsenic, 0.11 ± 0.013–0.21 ± 0.010 mg/g; zinc, 0.07 ± 0.023–
0.15 ± 0.045 mg/g; copper, 0.11 ± 0.012–0.31 ± 0.068 mg/g and nickel, 0.06 ± 0.001–0.15 ± 0.056 mg/g.

Table 6
Heavy metals content of the shoot of fluted pumpkins from the unpolluted soil

Heavy metals Cassava mill location  

Iheorji Iheorji Avenue Umuogele 16Dike Road Owerri Aba

Shoots of fluted pumpkin cultivated in cassava mill effluent–polluted soil accumulated higher
concentrations of all measured metals compared to unpolluted soils (Tables 5 and 6). Iron ranged from
0.89 ± 0.011–1.22 ± 0.260 mg/g in polluted soils versus 0.12 ± 0.029–0.51 ± 0.012 mg/g in unpolluted
soils. Cadmium, arsenic, copper, and nickel were also markedly elevated in polluted soils. ANOVA
revealed significant effects of soil type on iron, cadmium, arsenic, copper, and nickel (P < 0.05) (Appendix
III).

The heavy metals content of the fruits of fluted pumpkin from cassava mill effluent-polluted soil are
presented in Table 7. Iron ranged between 0.00 -0.72 ± 0.555 mg/g; lead, 0.00 -0.61 ± 0.012 mg/g;
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cadmium, 0.00 -0.51 ± 0.012 mg/g; arsenic, 0.00–0.71 ± 0.102mg/g; zinc, 0.00 -0.63 ± 0.068mg/g;
copper, 0.00 -0.55 ± 0.068 mg/g and nickel, 0.00 -0.46 ± 0.034mg/g.

Table 7
Heavy metals content of the fruits of fluted pumpkin from cassava mill effluent-polluted soil

Heavy metals Cassava mill location

Iheorji Iheorji Avenue Umuogele 16Dike Road Owerri Aba

Iron (mg/g)

Lead (mg/g)

Cadmium (mg/g)

Arsenic (mg/g)

Zinc (mg/g)

Copper (mg/g)

Nickel (mg/g)

0.72 ± 0.555

0.61 ± 0.012

0.44 ± 0.079

0.61 ± 0.011

0.49 ± 0.112

0.52 ± 0.023

0.39 ± 0.034

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.61 ± 0.101

0.49 ± 0.023

0.51 ± 0.012

0.56 ± 0.034

0.51 ± 0.012

0.42 ± 0.022

0.45 ± 0.055

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.51 ± 0.012

0.51 ± 0.013

0.49 ± 0.105

0.71 ± 0.102

0.63 ± 0.068

0.55 ± 0.068

0.46 ± 0.034

The heavy metals content of the fruits of fluted pumpkin from the unpolluted soil are shown in Table 8.
Iron ranged between 0.00 -0.49 ± 0.113 mg/g; lead, 0.00 -0.21 ± 0.091 mg/g; cadmium, 0.00 -0.21 ± 0.091
mg/g; arsenic, 0.00 -0.15 ± 0.023 mg/g; zinc, 0.00 -0.25 ± 0.058 mg/g; copper, 0.00 -0.17 ± 0.024 mg/g
and nickel, 0.00–0.11 ± 0.022 mg/g.



Page 10/24

Table 8
Heavy metals content of the fruits of fluted pumpkin from the unpolluted soil

Heavy metals Cassava mill location  

Iheorji Iheorji
Avenue

Umuogele 16Dike Road Owerri
Aba

 

Iron (mg/g)

Lead (mg/g)

Cadmium
(mg/g)

Arsenic
(mg/g)

Zinc (mg/g)

Copper
(mg/g)

Nickel
(mg/g)

0.49 ± 0.113

0.12 ± 0.034

0.08 ± 0.023

0.12 ± 0.031

0.25 ±0.058

0.17 ± 0.045

0.09 ± 1.132

0.21 ± 0.023

0.15 ± 0.057

0.11 ±0.012

0.09 ± 0.024

0.17 ± 0.024

0.11 ± 0.024

0.09 ± 0.023

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.31 ± 0.012

0.21 ± 0.091

0.04 ± 0.034

0.11 ± 0.013

0.26 ± 0.023

0.08 ± 0.011

0.11 ± 0.022

0.42 ± 
0.011

0.11 ± 
0.092

0.09 ± 
0.034

0.15 ± 
0.023

0.11 ± 
0.019

0.12 ± 
0.114

0.08 ± 
0.010

The fruits of fluted pumpkin showed lower overall heavy metal accumulation compared to leaves and
shoots (Tables 7 and 8). Fruits from polluted soils had iron concentrations ranging from 0.00–0.72 ± 
0.555 mg/g, lead 0.00–0.61 ± 0.012 mg/g, and cadmium 0.00–0.51 ± 0.012 mg/g. Fruits from unpolluted
soils had correspondingly lower levels. ANOVA indicated that soil type had no significant effect (P > 
0.05) on the accumulation of iron, lead, cadmium, arsenic, zinc, copper, or nickel in the fruits (Appendix
IV).

The Food and Agriculture Organization (FAO) and World Health Organization (WHO) permissible limits
for heavy metals in vegetables are presented in Table 9. These guideline values were used as reference
standards for evaluating the safety of heavy metal concentrations detected in fluted pumpkin tissues in
the present study.

Table 9: World Health Organization Tolerance limit for heavy metals in vegetables
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Heavy metals FAO/WHO (1989) tolerance limit value (mg/g)

Iron (Fe) 0.4255

Lead (Pb) 0.0003

Cadmium (Cd) 0.0002

Arsenic (*As) 0.00001

Zinc (Zn) 0.0994

Copper (Cu) 0.0733

Copper (Cu) 0.0679

4. Discussion
The germination time of fluted pumpkin in cassava mill effluent–polluted soil ranged from 12 ± 2.45 to
18 ± 0.92 days, whereas that in unpolluted soil ranged from 9 ± 0.924 to 12 ± 1.848 days (Tables 1–2).
Several crops sown in uncontaminated soil germinated within the typical range for fluted pumpkin (10–
12 days), while those planted in effluent-polluted soil experienced delayed germination. This delay is
likely due to the highly acidic nature of the cassava mill effluent, which can negatively influence seed
water uptake and enzymatic activity. These findings agrees with Komolafe [22], who reported that
industrial effluent at higher concentrations inhibited the germination and growth of kidney beans.
Similarly, Nadgórska-Socha et al. [23] observed reduced seed germination efficiency at lower pH levels
caused by effluent exposure.

The shoot length of fluted pumpkin grown in effluent-polluted soil ranged from 7 ± 1.92 to 12 ± 1.85 mm,
whereas shoot lengths in unpolluted soil ranged from 12 ± 4.23 to 25 ± 6.30 mm (Tables 1–2). Plants in
unpolluted soil consistently produced taller shoots, suggesting that effluent pollution inhibits vegetative
growth. This is in agreement with Ehi et al. [24], who reported significant reductions in plant height with
increasing cassava mill effluent application in greenhouse trials. While plants require certain heavy
metals as micronutrients for growth [25], concentrations above optimal levels (pH 5.5–6.5) can disrupt
physiological processes and reduce growth [26].

The number of leaves for fluted pumpkin in effluent-polluted soil ranged from 8 ± 1.41 to 15 ± 2.45, while
that in unpolluted soil ranged from 6 ± 2.99 to 20 ± 9.67 (Tables 1–2). Leaf production was generally
higher in unpolluted soils, indicating that effluent exposure inhibits foliar development, possibly due to
heavy metal stress. This observation aligns with Ehi et al. [24], who reported a significantly higher
number of leaves in fluted pumpkin grown with reduced effluent treatment compared to higher effluent
levels.

Fruit yield in effluent-polluted soil ranged from 0 to 1 ± 0.92, compared with 0 to 2 ± 1.13 in unpolluted
soil (Tables 1–2). The higher yields in unpolluted soils are likely due to better nutrient availability and
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reduced toxic stress. Seedlings irrigated with clean water grew more vigorously throughout the
experimental period than those irrigated with effluent. According to Amakiri and Onofeghara [27], any
factor that adversely affects germination can cascade to reduce overall growth and yield.

The one-way analysis of variance (ANOVA) indicated that cassava mill effluent-polluted and unpolluted
soils had significant effects (P < 0.05) on shoot length and number of leaves, whereas differences in
germination time and fruit yield were not statistically significant (P > 0.05). This suggests that while
effluent pollution strongly influences vegetative growth parameters, early germination and reproductive
output may be less sensitive to soil contamination under the experimental conditions (Appendix I).

The iron content of the leaves of fluted pumpkin from untreated cassava mill effluent–polluted soil
ranged from 0.89 ± 0.011 to 2.08 ± 0.178 mg/g, while leaves from unpolluted soil contained 0.51 ± 0.012
to 0.81 ± 0.022 mg/g (Tables 3–4). Iron concentrations were higher in effluent-polluted soil, indicating
enhanced uptake due to soil contamination. Lami et al. [28] reported iron levels of 0.0251–0.0673 mg/g
for contaminated soil in fluted pumpkin leaves, whereas Edem et al. [29] observed 0.00314 mg/g in
Cross River and Akwa Ibom States. The elevated iron in this study may result from iron-rich soils,
proximity to rusted iron materials, and deposition of iron oxides, as observed from reddish-brown streaks
in the soil. Iron accumulation in leaves can have nutritional benefits, serving as a blood tonic and remedy
for anaemia [28].

The lead content in leaves from effluent-polluted soil ranged from 0.65 ± 0.011 to 1.21 ± 0.119 mg/g,
while unpolluted soils had 0.11 ± 0.019 to 0.41 ± 0.023 mg/g (Tables 3–4). Higher lead levels in polluted
soils likely result from anthropogenic sources such as agrochemicals, automobile workshops, lead
batteries, paint, gasoline, and electronic waste. Previous studies reported lead in fluted pumpkin leaves
at 3.97–56.6 mg/kg in contaminated soil [28] and 0.164 mg/kg in Makurdi vegetables [30]. Lead
accumulation poses serious health risks including anemia, neurotoxicity, and kidney damage [31].

Cadmium levels in leaves from polluted soil ranged from 0.51 ± 0.052 to 0.72 ± 0.019 mg/g, compared
with 0.08 ± 0.028 to 0.16 ± 0.057 mg/g in unpolluted soil (Tables 3–4). This indicates that effluent
discharge is a significant source of cadmium contamination. Cadmium is extremely toxic even at low
concentrations, affecting organs such as the liver, kidneys, lungs, bones, placenta, brain, and central
nervous system [33, 34]. Chronic exposure can also cause learning disabilities and hyperactivity in
children.

Arsenic content in leaves from effluent-polluted soil ranged from 0.41 ± 0.063 to 0.85 ± 0.023 mg/g, while
unpolluted soil contained 0.12 ± 0.024 to 0.51 ± 0.023 mg/g (Tables 3–4). Higher arsenic levels in
polluted soils may reflect contamination from effluent irrigation or soil accumulation. Chronic
consumption of arsenic-contaminated vegetables may lead to kidney and liver damage, gastrointestinal
issues, peripheral neuropathy, skin lesions, and increased cancer risk [35, 36].

Zinc content in leaves from effluent-polluted soil ranged from 0.59 ± 0.011 to 0.76 ± 0.039 mg/g, whereas
unpolluted soils contained 0.05 ± 0.037 to 0.41 ± 0.013 mg/g (Tables 3–4). Elevated zinc in polluted soils
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is likely due to effluent input and soil composition. Zinc is essential for immune function, wound healing,
blood clotting, and nucleic acid metabolism; however, excess zinc can cause renal damage, vomiting,
and cramps [37, 39].

Copper content in leaves ranged from 0.52 ± 0.060 to 0.74 ± 0.011 mg/g in polluted soil, compared with
0.11 ± 0.019 to 0.25 ± 0.045 mg/g in unpolluted soil (Tables 3–4). The higher copper content in polluted
soils is consistent with effluent contamination. Copper is essential for enzymatic activity, but excessive
amounts can cause gastrointestinal disorders. Fluted pumpkin leaves with moderate copper levels may
have medicinal benefits for treating diarrhea, anemia, and other conditions [40].

Nickel content ranged from 0.41 ± 0.039 to 0.62 ± 0.034 mg/g in polluted soils and 0.04 ± 0.009 to 0.18 ± 
0.010 mg/g in unpolluted soils (Tables 3–4). Nickel uptake is influenced by leaf morphology and
exposure to aerial deposition [41]. Both deficiency and excess of nickel can adversely affect human
health, causing metabolic, cardiovascular, and respiratory issues, and even increasing cancer risk [42–
44].

The significantly higher concentrations of iron, lead, cadmium, zinc, and copper in fluted pumpkin leaves
grown on cassava mill effluent–polluted soils indicate that effluent discharge contributes substantially to
heavy metal accumulation. This accumulation poses ecological and human health risks due to the toxic
nature of these metals. In contrast, the absence of statistically significant differences for arsenic and
nickel suggests limited mobility or uptake under prevailing soil and environmental conditions.

The one-way analysis of variance (ANOVA) confirmed that the type of soil (effluent-polluted vs.
unpolluted) had significant effects (P < 0.05) on iron, lead, cadmium, zinc, and copper in fluted pumpkin
leaves. No significant differences were observed for arsenic and nickel (P > 0.05), indicating that these
metals were less influenced by soil contamination in this study (Appendix II).

The iron content of the shoots of fluted pumpkin from untreated cassava mill effluent–polluted soil
ranged from 0.89 ± 0.011 to 1.22 ± 0.260 mg/g, while shoots from unpolluted soil contained between
0.12 ± 0.029 and 0.51 ± 0.012 mg/g (Tables 5–6). Iron concentrations were consistently higher in plants
grown on effluent-polluted soils, indicating enhanced uptake under contaminated conditions. Fluted
pumpkins cultivated on heavy-metal-contaminated sites are known to accumulate higher metal
concentrations than those grown on uncontaminated soils due to absorption through the root system
[45]. This observation agrees with the findings of Edem et al. [29], who reported iron concentrations
ranging from 0.82 to 1.12 mg/g in similar soil–plant systems. Prolonged consumption of vegetables
containing elevated iron and other metals may pose long-term health concerns, highlighting the
importance of routine monitoring of heavy metals in food crops to prevent excessive bioaccumulation in
the food chain [35, 46].

The lead content of the shoots of fluted pumpkin from untreated cassava mill effluent–polluted soil
ranged from 0.67 ± 0.385 to 0.89 ± 0.011 mg/g, whereas shoots from unpolluted soil ranged from 0.05 ± 
0.014 to 0.16 ± 0.057 mg/g (Tables 5–6). Higher lead concentrations in polluted soils may be attributed
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to soil contamination from anthropogenic sources such as traffic emissions, agrochemicals, and
industrial residues. Lead tends to accumulate in surface soils and strongly binds to organic matter, with
its availability influenced by soil particle size, cation exchange capacity, and plant physiological factors
including root surface area and transpiration rate [48]. Obasi et al. [44] similarly reported lead
concentrations in Telfairia occidentalis shoots exceeding WHO maximum permissible limits, supporting
the trend observed in the present study.

Cadmium, a non-essential and highly toxic metal, accumulates primarily in the kidneys and liver following
dietary exposure [49]. The cadmium content of fluted pumpkin shoots ranged from 0.56 ± 0.045 to 0.75 
± 0.223 mg/g in polluted soil and from 0.08 ± 0.034 to 0.31 ± 0.013 mg/g in unpolluted soil (Tables 5–6).
The elevated cadmium levels in effluent-polluted soils suggest sustained environmental inputs from
cassava processing waste. Although Sobukola et al. [51] reported lower cadmium concentrations in
fluted pumpkin from Lagos markets, cadmium remains strongly phytotoxic and interferes with plant
physiological processes, including enzyme activity, stomatal function, and nutrient uptake [52–54]. High
cadmium exposure may result in reduced biomass production and overall growth inhibition in plants [55,
56].

The arsenic content of the shoots of fluted pumpkin ranged from 0.68 ± 0.019 to 0.81 ± 0.023 mg/g in
effluent-polluted soil and from 0.11 ± 0.013 to 0.21 ± 0.010 mg/g in unpolluted soil (Tables 5–6). Higher
arsenic concentrations in polluted soils may be linked to the use of arsenic-containing fertilizers and
agro-inputs. Alam et al. [35] reported similar arsenic accumulation in vegetables grown in contaminated
environments, noting associated health risks to both humans and animals consuming such produce.

Zinc concentrations in shoots from effluent-polluted soils ranged from 0.54 ± 0.068 to 0.81 ± 0.023 mg/g,
while those from unpolluted soils ranged from 0.07 to 0.15 mg/g (Tables 5–6). Excess zinc
accumulation may lead to phytotoxic effects, including impaired metabolic activity and growth
retardation. Although zinc is an essential micronutrient for both plants and humans, elevated soil zinc
levels can inhibit root and shoot development [60]. The high zinc uptake observed may also indicate the
potential use of fluted pumpkin in phytoremediation of zinc-contaminated soils [59].

Copper, an essential micronutrient involved in enzymatic reactions and iron metabolism [61], showed
concentrations ranging from 0.51 ± 0.023 to 0.79 ± 0.113 mg/g in shoots grown on polluted soil and from
0.11 ± 0.012 to 0.24 ± 0.046 mg/g in shoots from unpolluted soil (Tables 5–6). The higher copper levels
in polluted soils likely reflect increased availability from effluent contamination. Comparable copper
concentrations have been reported by Edem et al. [29] and Sobukola et al. [51] in similar studies.

Vegetables are an essential component of the human diet, providing vital nutrients such as vitamins,
minerals, and proteins [63]. However, heavy metal contamination of vegetables remains a major concern
for food safety and quality assurance [64]. The nickel content of fluted pumpkin shoots ranged from
0.49 ± 0.123 to 0.62 mg/g in polluted soils and from 0.06 ± 0.001 to 0.15 ± 0.056 mg/g in unpolluted soils
(Tables 5–6). Elevated nickel concentrations may arise from anthropogenic activities that introduce
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metal contaminants into agricultural soils. Atmospheric deposition and soil–plant transfer further
facilitate nickel entry into edible plant tissues, increasing the risk of food-chain contamination [65].

Statistical analysis confirmed that soil type had significant effects (P < 0.05) on iron, cadmium, arsenic,
copper, and nickel concentrations in the shoots of fluted pumpkin, while differences in lead and zinc
were not statistically significant (Appendix III). These findings highlight the strong influence of cassava
mill effluent contamination on metal accumulation patterns in plant shoots.

The iron content of the fruits of fluted pumpkin grown on untreated cassava mill effluent–polluted soil
ranged from 0.00 to 0.72 ± 0.555 mg/g, while fruits from unpolluted soil contained iron in the range of
0.00 to 0.49 ± 0.113 mg/g (Tables 7–8). Iron concentrations were consistently higher in fruits harvested
from polluted soils, reflecting enhanced translocation of iron from contaminated soils into reproductive
plant tissues. Iron is an essential micronutrient in the human diet; however, excessive intake can be
toxic. Toxic doses of iron have been associated with neurological depression, convulsions, respiratory
failure, and cardiac arrest, particularly in individuals with impaired iron regulation [66]. Prolonged
exposure to excess iron may lead to siderosis of organs such as the liver, pancreas, heart, and endocrine
glands, depending on the chemical form of iron ingested [66].

The lead content of the fruits of fluted pumpkin ranged from 0.00 to 0.61 ± 0.012 mg/g in effluent-
polluted soil and from 0.00 to 0.21 ± 0.091 mg/g in unpolluted soil (Tables 7–8). Higher lead
concentrations in fruits from polluted soils may be attributed to agricultural practices and long-term
exposure to cassava mill effluent. Lead is a highly toxic element with no known biological function, and
there is no safe threshold for lead exposure [67]. The nervous system is the primary target of lead
toxicity, particularly in children, who absorb significantly more lead than adults [68]. Lead interferes with
haemoglobin biosynthesis, accumulates in bones and teeth, and may be remobilized during pregnancy,
posing risks to the developing fetus [67]. Chronic lead exposure is associated with neurological
impairment, hypertension, renal dysfunction, infertility, and adverse pregnancy outcomes [68, 69].

The cadmium content of fluted pumpkin fruits from effluent-polluted soil ranged from 0.00 to 0.51 ± 
0.012 mg/g, while fruits from unpolluted soil ranged from 0.00 to 0.11 ± 0.012 mg/g (Tables 7–8).
Cadmium levels were higher in fruits grown on polluted soils, indicating continued accumulation from
contaminated substrates. Cadmium is a non-essential element with no known biological role and is
primarily introduced into the human body through food consumption [67]. It is a cumulative toxicant with
a long biological half-life of 16–33 years [70]. Chronic exposure to cadmium has been linked to renal
damage, bone demineralization, endocrine disruption, and reproductive toxicity, as well as DNA damage
due to its ability to cross the placental barrier [69–71].

The arsenic content of the fruits of fluted pumpkin ranged from 0.00 to 0.71 ± 0.102 mg/g in effluent-
polluted soil and from 0.00 to 0.15 ± 0.023 mg/g in unpolluted soil (Tables 7–8). The elevated arsenic
concentrations observed in polluted soils may be associated with arsenic-bearing cassava effluent that
accumulated in the soil and was subsequently absorbed by the plants. Although leafy vegetables
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generally accumulate higher trace metal levels than fruits, arsenic uptake into fruits still poses
significant health concerns due to its carcinogenic potential [72, 73].

Zinc concentrations in fruits from effluent-polluted soil ranged from 0.00 to 0.63 ± 0.068 mg/g, whereas
fruits from unpolluted soil contained zinc levels between 0.00 and 0.26 ± 0.023 mg/g (Tables 7–8). Zinc
is an essential micronutrient required for immune function, brain development, and fetal growth, and its
deficiency may be more harmful than excess intake [74;75]. However, excessive zinc exposure may
cause gastrointestinal distress and interfere with the metabolism of other essential trace elements. The
higher zinc content in fruits from polluted soils suggests increased availability and uptake under
contaminated conditions.

The copper content of fluted pumpkin fruits ranged from 0.00 to 0.55 ± 0.068 mg/g in polluted soil and
from 0.00 to 0.17 ± 0.045 mg/g in unpolluted soil (Tables 7–8). Copper is an essential element involved
in enzymatic reactions, iron metabolism, and plant physiological processes. Comparable studies by
Boluwatife et al. [76] and Hamid et al. [77] reported copper concentrations within similar ranges in
vegetables grown on contaminated soils. While copper is required for growth and development,
excessive accumulation may inhibit plant growth and pose toxicity risks to animals and humans [71].

The nickel content of fluted pumpkin fruits ranged from 0.00 to 0.46 mg/g in effluent-polluted soil and
from 0.00 to 0.11 mg/g in unpolluted soil (Tables 7–8). Nickel concentrations were generally higher in
polluted soils, reflecting anthropogenic metal inputs. Although nickel is considered an essential trace
element, its biological role in humans remains unclear. Excessive nickel exposure has been linked to
allergic reactions, organ damage, and increased cancer risk, particularly affecting the liver, kidneys,
lungs, and nasal cavity [78; 79].

The one-way analysis of variance (ANOVA) showed that soil type had no significant effect (P > 0.05) on
the concentrations of iron, lead, cadmium, arsenic, zinc, copper, and nickel in the fruits of fluted pumpkin
(Appendix IV). This suggests that, unlike leaves and shoots, metal accumulation in fruits was less
influenced by soil contamination under the conditions of this study.

The observed heavy metal concentrations in fluted pumpkin were compared with FAO/WHO permissible
limits for metals in food crops (Table 9). Although the concentrations of iron, zinc, copper, and nickel in
fruits generally remained within internationally acceptable ranges, lead and cadmium are of particular
concern because they have no established safe exposure threshold. The FAO/WHO Joint Expert
Committee on Food Additives (JECFA) [68] has emphasized that even low-level, chronic dietary exposure
to these metals may result in bioaccumulation and adverse health outcomes, especially among
vulnerable populations.

Leaf and shoot samples from cassava mill effluent–polluted soils showed concentrations of lead and
cadmium that approached or exceeded recommended limits, indicating a higher potential health risk
associated with the consumption of these plant parts. This is particularly relevant in southeastern
Nigeria, where fluted pumpkin leaves and shoots are widely consumed as staple vegetables. The
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repeated ingestion of contaminated leafy tissues may therefore contribute to long-term exposure,
despite individual metal concentrations appearing moderate.

Arsenic and nickel concentrations, although detected, showed limited statistical variation between
polluted and unpolluted soils. This suggests restricted translocation or lower bioavailability of these
elements under the prevailing soil conditions, yet their presence still warrants concern due to their
documented carcinogenic and systemic effects at elevated exposures. Overall, the comparison with
FAO/WHO standards highlights the importance of routine food safety assessment in effluent-impacted
agricultural systems.

5. Conclusion
This study demonstrates that cassava mill effluent discharge significantly influences the
bioaccumulation of heavy metals in fluted pumpkin cultivated in Aba, Nigeria, with the magnitude of
accumulation varying across plant parts. Leaves and shoots exhibited markedly higher concentrations of
iron, lead, cadmium, zinc, and copper in effluent-polluted soils compared to unpolluted controls, while
fruits showed comparatively lower accumulation levels.

The findings raise important environmental and public health concerns, particularly given the widespread
consumption of fluted pumpkin leaves and shoots. Although some metals remained within FAO/WHO
permissible limits, the presence of toxic elements such as lead and cadmium especially in edible leafy
tissues suggesting potential long-term dietary risks associated with continued cultivation on untreated
effluent-contaminated soils.

The results also indicate the urgent need for regulation and treatment of cassava mill effluents prior to
environmental discharge. The adoption of improved waste management practices, soil remediation
strategies, and routine monitoring of heavy metals in food crops is essential to safeguard food quality
and public health. Promoting sustainable cassava processing methods and enforcing environmental
protection policies will be critical for reducing heavy metal contamination in agro-ecosystems and
ensuring food safety in rapidly urbanizing regions of Nigeria.

Declarations
Ethical approval and consent to participate

Telfairia occidentalis seeds used in this study were obtained from a local agricultural market in Aba, Abia
State, Nigeria. The plant is a commonly cultivated edible vegetable and is not classified as a protected or
endangered species. All experimental procedures involving plant materials complied with institutional,
national, and international guidelines for plant research. No specific permits or licenses were required for
the cultivation and use of this plant in this study.



Page 18/24

Clinical trial number
Not applicable

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Funding
No funding was received for conducting this study.

Author Contribution
The data collection, investigation, and preparation of the manuscript’s original draft were carried out by
Okoye Rosemary. Statistical data analysis were done by Okoye Rosemary. Chinechendo Eze edited and
revised the manuscript. The two authors reviewed the final draft of the manuscript.

Acknowledgement
The authors acknowledge the research assistance obtained from the Chemistry laboratory of Abia State
Polytechnic, Aba, Nigeria.

Data Availability
The data that support the findings of this study are included within the paper.

References
1. Odiaka NI. and Odiaka EC. Gold mine in indigenous vegetables: The case of fluted pumpkin (Telfairia

Occidentalis Hook. F.) for economic growth. Acta Hortic. 2011; 911: 279–84. 
 https://doi.org/10.17660/ActaHortic.2011.911.31.

2. Chukwudi UP. and Agbo CU. (2014). Leaf and Fruit Yield Performance of Telfairia occidentalis Hook
F. (Fluted Pumpkin) as Influenced by Fruit Size, Not. Sci. Biol. 2014; 6(4):509-514, 2014.
 https://doi.org/10.15835/nsb649462. 



Page 19/24

3. Ikhajiagbe B. Odigie UE. Oghogho JI. and Omoregbee O. Heavy metal contents and microbial flora of
fresh leaves of fluted pumpkin (Telfaira occidentalis), collected from road-side open markets in
Benin Metropolis, Midwestern, Niger. J. Biotechnol, 2013; 2 (2): 52 – 58.
https://api.semanticscholar.org/CorpusID:18214058.

4. Effiong GS. Ogban PI. Ibia TO. and Adam AA. Evaluation of nutrient supplying potentials of fluted
pumpkin (Telfairia occidentalis, Hook, F.) and okra (Abelmoschus esculentus) (L.) Moench. Acad. J.
Plant Sci., 200;  2(3): 209–214.

5. Ikhajiagbe B. Synergism in Bioremediation: Phytoassessment of Waste Engine Oil Polluted Soils
after Amendment and Bioaugmentation. LAP Lambert Academic Publishing, Köln, Germany: 2010;
 276.

6. Al Jassir MS, Shake AR, and Khaliq MA. Deposition of heavy metals on green leafy vegetables sold
on roadsides of Riyadh City, Saudi Arabia. Bull Environ Contam Toxicol, 2005; 75: 1020-27.
https://doi.org/10.1007/s00128-005-0851-4.

7. Ikhajiagbe B. and Anoliefo GO.  Impact of soil amendment on phytotoxicity of a 5-month old waste
engine oil polluted soil, J. Ecol. Nat. Environ., 2010; 2:112-22.

8. Ikhajiagbe B. and Anoliefo GO. Phytoassessment of a 5-month old waste engine oil polluted soil
after augmentation with Pleurotus tuberregium, Curr. Res. J. Biol. Sci., 2012; 4: 10-16.

9. Khairiah J, Zalifah MK, Yin YH. and Aminha A.  The uptake of heavy metals by fruit type vegetable
grown in selected agricultural areas. Pak.J.Biol.Sci., 2004;7:1438-42.
https://doi.org/10.3923/pjbs.2004.1438.1442.

10. Sharma RK, Agrawal M. and Marshall FM. Atmospheric depositions of heavy metals (Cd, Pb, Zn, and
Cu) in Varanasi city, India. Environ Monit Assess., 2008;14(1-3):269-78. https://doi.org/
10.1007/s10661-007-9924-7.

11. Iwegbue CMA. Metal fractionation in Soil profiles at automobile mechanic waste dumps. WM&R.,
 2007; 25: 1-9. https://doi.org/ 10.1177/0734242X07080761.

12. Nadeem M, Mahmood A, Shahid SA, Shah SS, Khalid AM, McKay G.Sorption of lead from aqueous
solution by chemically modified carbon adsorbents. J. Hazard. Mater., 2006; 138(3): 604-13.
https://doi.org/ 10.1016/j.jhazmat.2006.05.098.

13. Osakwe SA and Egharevba F. Sequential fractionation of cadmium, copper, lead and chromium in
soils around municipal solid waste dumps in Agbor, Nigeria. J. Chem. Soc. Nig.,2008; 33(2): 139 –
47.

14. Olorunfemi DI, Emoefe EO. and Okieimen FE. Effect of cassava processing effluent on seeding
height, biomass and chlorophyll content of some cereals. Res. J. Environ. Sci., 2008; 2 (3): 221 – 27.
https://doi.org/ 10.3923/rjes.2008.221.227.

15. Chinyere GC, Akubugwo EI. and Ugbogu EA. Effects of altering palm oil and cassava mill effluents on
the pH before dumping on dumpsite soils physicochemical parameters and selected enzyme
activities. J. Biodiv. & Environ. Sci., 2013; 3 (4): 46 –58.



Page 20/24

16. Izonfuo WMC, Bariweni PA. and George DMC. Soil contamination from cassava waste water
discharges in a rural community in the Niger Delta, Nigeria. J. Appl. Sci. Environ. Manag.,
2013;17(1):105 -10.

17. Akpoveta OV, Osakwe SA, Okoh BE. and Otuya BO.  Physiochemical characteristics and levels of
some heavy metals in soils around metal scrap dumps in some parts of Delta State Nigeria. J. Appl.
Sci. Environ. Manag., 2010; 14(4):57-60. https://doi.org/10.4314/jasem.v14i4.63258. 

18.  Enerijiofi KE. and Ajuzie CU. Health impact of some heavy metals resistance in microbes isolated
from Ikhueniro refuse dumpsite, Benin City. NJM Journal,2012;   26:2592 – 98.

19. Khan S, Farooq R, Shahbaz S, Khan MA. and Sadique M. (2009). Health risk assessment of heavy
metals for population via consumption of vegetables. World Appl. Sci. J., 2009; 6 (12):  1602 – 06.

20. Inioti KJ, Fanuel K, George O. and Paul O. Assessment of heavy metal concentrations in urban grown
vegetables in Thika town, Kenya. Afr. J. Food Sci, 2012; 6 (3): 41 – 46. https://doi.org/
10.5897/AJFS10.072.

21.  Karunyl S, Renuga G. and Paliwal K. Effects of tannery effluent on seed germination, leaf area,
biomass and mineral content of some plaints. Bioresour. Technol, 2004; 47: 215-18.  
https://doi.org/10.1016/0960-8524(94)90183-X.

22. Komolafe RJ. Agbolade JO, Ajiboye AA. and Omotunde MO. Effects of industrial effluent on seed
germination, growth, chlorophyll, carbohydrates and protein contents of kidney beans (Phaseolus
vulgaris). FUOYE-Ekiti. Journal of Pure and Applied Sciences, 2017; 2(1):  66-75, .

23. Nadgórska-Socha A, Kafel A, Kandziora-Ciupa M, Gospodarek J, and Zawisza-Nagda GK, Diwan AM.
and Ghole VS. Seed germination bioassays to assess toxicity of molasses fermentation based bulk
drug industry effluent. Ectron. J. Environ., Agric. Food Chem., 2006; 5(6), 1598-603.

24. Ehi RO, Enogiomwan EI. and Daniel EO. Effect of Cassava mill effluent on some soil chemical
properties and the growth of fluted pumpkin (Telfairia occidentalis Hook F.). J. Appl. Nat. Sci., 2014;
6 (2):  320-325. https://doi.org/10.31018/jans.v6i2.422

25. Sarangi B, Sarangi A. and Tiwari TN.  Concentration of Cu, Zn, Cd and Pb in the leaves of some
common plants around Sargi Pali Lead-Zinc Mine in Sudargarh Orrisa. In: Advantage in
Environmental Sciences (ed.) A.K. Tripathi, A.K. Shrivastava and S.N. Pandey. Ashis Publishing
House, New Delhi.1993.  780.

26. Martin MH. and Coughrey PJ. Biological Monitoring of Heavy Metals. Applied Science Publisher,
England.2002.687.

27. Amakiri JO. and Onofeghara FA. Effects of crude oil pollution on the germination of Zea mays.
Environ. Pollut., 2004; 35: 159-167.

28.  Lami A, Nnamonu O, Ogidi Ishaq A. and Eneji S. Analysis of Heavy Metals Content of Fluted
Pumpkin (Telfairia occidentalis) Leaves cultivated on the South Bank of River Benue, Nigeria. FSQM,
2015; 39.

29. Edem EA, Miranda I, Basely II. and Francisca I. Distribution of heavy metals in the leaves, stems and
roots of fluted pumpkin (Telferia occidentalis). Pak J Nutr, 2009;  8(3): 222-224,



Page 21/24

https://doi.org/10.3923/pjn.2009.222.224.

30. Adah CA, Abah J, Ubwa ST. and Ekele S. Soil availability and uptake of some heavy metals by three
staple vegetables commonly cultivated along the south bank of river Benue, Makurdi, Nigeria. Int. J.
Environ. Bioenergy. 2013; 8 (2): 56-67.

31. Rehman AH, Ullah RU, Khan and Ahmad I. Population based study of heavy metals in medicinal plant
Capparis decidua. Int J Pharm Pharm Sci. 2013; 5(1): 108–113.

32. Ladipo MS. and Doherty VF.  Heavy metal levels in vegetables from selected markets in Lagos,
Nigeria. Afr. J. Food Sci. Technol. 2011; 2(1): 81-91.

33. Hunt JR.   Bioavailability of iron, zinc, and other trace minerals from vegetarian diets. Am. J. Clin.
Nutr. 2003;   78(3): 6335–6395. https://doi.org/10.1093/ajcn/78.3.633S.

34. Simone M, Fernando GC. and Maria LP. Heavy Metals and Human Health", Environmental Health -
Emerging Issues and Practice. 2012; 9(53): 307-324. DOI: 10.5772/29869

35. Alam MG, Snow ET. and Tanaka A. Arsenic and heavy metal contamination of vegetables grown in
Santa village, Bangladesh. Sci. Total Environ. 2003; 308: 83-96. https://doi.org/10.1016/S0048-
9697(02)00651-4.

36. Eteng OE, Enobong J, Ekpo G., Arikpo I, Ekam V, Abam K. And Ubana E. Heavy Metals Concentration
in Fluted Pumpkin (Telfairia Occidentalis) Grown and Consumed in Camp-2 Akamkpa Local
Government Area of Cross River State, Nigeria. J. Appl. SCI. Environ. Manag. 2021; 25(11): 1909-
1914. https://doi.org/10.4314/jasem.v25i11.9

37. Antia, O., Antia, E. and Olosunde, W. Investigation into the effect of cyanide and heavy metal
concentrations from cassava processing effluent on okra. IJSHRE. 2021;  9(4): 53-57.

38. Ikhajiagbe B. and Anoliefo GO. Phytoassessment of a 5-month old waste engine oil-polluted soil
after augmentation with Pleurotus tuberregium, Curr. Res. J. Biol. Sci, 2012. 4: 10-16.

39. Debjit B. and Kumar KPS. A potential medicinal importance of zinc in human health and chronic
diseases. J Pharm Biomed Sci. 2010; 1 (1): 05-1.

40. Stern BR. Essentiality and toxicity in copper health risk assessment, overview, update and regulatory
considerations. J Toxicol Environ Health. 2010. 73:114-127.
https://doi.org/10.1080/15287390903337100.

41. Godzik B. Heavy metal contents in plants from zinc dumps and reference area. Pol. Bot. Stud, 2003.
5:113-132.

42. Joseph WG. Plants for Toxicity Assessment. (ASTM) Committee E-47 on Biological Effects and
Environmental Fate. Joy Press. 360, 2001.

43. MacNicol RD. and Beckett PHT. Critical tissue concentrations of potentially toxic elements. Plant
Soil. 2005; 85: 107-129. https://doi.org/10.1007/BF02197805.

44. Obasi NA. Obasi SE. Nweze E. Amadi S.O. Aloke C. and Aloh GO. Heavy Metal Pollution and Human
Health Risk Assessment of Farmlands around Enyigba Lead-Zinc Mining Site, Ebonyi State, Nigeria.



Page 22/24

Proceedings of the 4th World Congress on Civil, Structural, and Environmental Engineering
(CSEE’19), ICEPTP. 2019; 135.

45. Mapanda F. Mangwayana EN, Nyamangara J. and Giller KE. The effects of long term irrigation using
water on heavy metal contents of soils under vegetables. Agric. Ecosyst. Environ. 2005; 107(3): 151-
156. https://doi.org/10.1016/j.agee.2004.11.005.

46. Bahemuka TE. and Mubofu EB. Heavy metals in edible green vegetables grown along the site of the
sinza and Msimbazi racers in Dares Salam, Tazania. J. Fluor. Chem. 1999; 66(1):  63-66.
doi:10.1016/S0308-8146(98)00213-1.

47. Qui, X.X., Huang, D.F., Cai, S.X., Chen, F., Ren, Z.G. and Cai, Y.C. Investigations on vegetables pollution
and pollution sources and its control in Fuzhou, Fujian Province. Fujian Journal of Agricultural
Science (FJAS). 2000;15: 16-21.

48. Davies BE. Lead and other heavy metals in urban areas and consequences for the health of their
inhabitants. In: Majumdar SK, Miller EW, Brenner FJ (eds), Environmental Contaminants, Ecosystems
and Human Health, The Pennsylvania Academy of Science, Easton PA, USA. 2005; 287-307.

49. Divrikli U. Horzum N. Soylak M. and Elci L. Trace heavy metal contents of some spices and herbal
plants from western Anatolia, Turkey. Int. J. Food Sci. Technol, 2006;  41:   712-716.
https://doi.org/10.1111/j.1365-2621.2005.01140.x.

50. Adriano D.C. Trace metals in the Terrestrial Environment. New York: Verlag Spiegler. Affiliations,
(eds.), Advances in new crops. Timber Press, Portland. 2004; 424-428.

51. Sobukola OP. Adeniran OM. Odedairo AA. and Kajihausa OE.  Heavy metal levels of some fruits and
leafy vegetables from selected markets in Lagos, Nigeria. Afr. J. Food Sci. 2010; 4(2): 389 – 393.

52. Barceló J. and Poschenrieder C.Plant water relations as affected by heavy metal stress: a review. J.
Plant Nutr. 2000; 13:1-37. https://doi.org/10.1080/01904169009364057.

53. Das P. Samantaray S. and Rout GR. Studies on cadmium toxicity in plant: a review. Envirn Pollut,
2007; 98 (1):29-36. https://doi.org/10.1016/s0269-7491(97)00110-3 .

54. Obata H. Inoue N. and Umebayshi M.  Effect of cadmium on plasma membrane ATPase from plant
root differing in tolerance to cadmium. Soil Sci. Plant Nutr. 2006; 42: 361-366.

55. Grifferty A. and Barrington S. Zinc uptake by young wheat plants under two transpiration regimes
utilized medicinal plants collected from environmentally diverse locations of north western India.
Springer Plus. 2013; 2: 676.  https://doi.org/10.2134/JEQ2000.00472425002900020011X.

56.  Nwosu JU. Harding A.K. and Linder, G. Cadmium and lead uptake by edible crops grown in a silt
loam soil. Bull. Environ Contam Toxicol. 2005; 54:  570-578.
https://doi.org/https://doi.org/10.1007/BF00192601·

57. Islam MS. and Hoque MF. Concentrations of heavy metals in vegetables around the industrial area
of Dhaka city, Bangladesh and health risk assessment. Int. Food Res. J. 2014; 21: 2121-2126.

58. Bai J. Huang L. Yan D. and Wang Q. Contamination characteristics of heavy metals in wetland soils
along a tidal ditch of the Yellow River Estuary, China. Stoch Environ Res Risk A. 2011; 25: 671–676.
https://doi.org/10.1007/s00477-011-0475-7.



Page 23/24

59. Oladebeye AO. Assessment of Heavy Metals in Nigerian Vegetables and Soils In Owo and Edo Axes
using X-Ray Fluorescence (Xrf) Technique. In Partial Fulfillment of the Requirements for the Award
of Bachelor of Science Degree (B.Sc Honours) in Industrial Chemistry. Department of Chemical
Sciences College of Natural and Applied Sciences Achievers University, Owo, Ondo State, 2017.

60. Choi JM. Pak CH. and Lee CW.  Micronutrient toxicity in French marigold, J. Plant Nutr, 2006; 19:
 901–916.

61. Akinyele IO. and Osibanjo O. Levels of trace elements in hospital diet. Food Chem. 2002; 8: 247-251.
https://doi.org/10.19026/rjees.6.5736.

62. Itanna F. Metals in leafy vegetables grown in Addis Ababa and toxicology implications. Ethiop. J.
Health Dev. 2002; 16: 295-302. https://doi.org/10.4314/ejhd.v16i3.9797 

63. Marshall FM. Enhancing food chain integrity. Quality Assurance Mechanism for Air Pollution
Impacts on fruit and vegetables systems. Crop post-harvest program, Final Technical Report
(R7530), 2004.

64. Khanna S. and Khanna P. Assessment of Heavy Metal contamination in different vegetables grown
in and around urban areas. Res. J. Environ. Toxicol. 2011; 5(2): 162-179.
https://doi.org/10.3923/rjet.2011.162.179 .

65. Kulhari A. Sheorayan A. Bajar S. Sakar S. Chaudhury A. and Kalia RK. Investigation of heavy metals
infrequently utilized medicinal plants collected from environmentally diverse locations of north
western India. Springer Plus. 2013; 2:676. https://doi.org/10.1186/2193-1801-2-676  

66. Codex Alimentarius Commission. Joint FAO/WHO Food Standards Programme Codex Committee
on Contaminants in Foods Fifth Session: Working Document for Information and Use in Discussions
related to Contaminants and Toxins in the GSCTFF The Hague, The Netherlands, 2011; 11-88.

67. Mehr A. Trace elements in human nutrition (II) – An update. Int. J. Prev. Med. 2020; 11(2): 1-10.
https://doi.org/10.4103/ijpvm.IJPVM_48_19.

68. JECFA (Joint FAO/WHO Expert Committee on Food Additives). Evaluation of certain food      
 additives and contaminants. Summary report of the seventy-third meeting of JECFA, Geneva.
JECFA/73/SC, 2010; 1-15.

69. Nnamonu LA. Ogidi OA. and Eneji IS. Analysis of heavy metals content of fluted pumpkin (Telfairia
occidentalis) leaves cultivated on the south bank of River Benue, Nigeria. Food Science Quality
Manage (FSQM). 2015; 39: 1-8.

70. Ahiakwo C. Ekweozor IKE. Onwuteaka JN. Anaero-Nweke GN. Ugbomeh AP. Bobmanuel KNO.
Evaluation of Heavy Metal (Zn, Cu, Pb, Cr, Cd and Ni) Concentrations in the Leaves, Stems and Roots
of Telfairia occidentalis (Fluted Pumpkin) Harvested from the Egi Community, Rivers State.
International Journal of Science and Research (IJSR). 2018; 8(12): 419-426.

71. Bellinger DM. Bolger R. Goyer L. Barraj L. and Baines J. WHO Food Additives Series 46: Cadmium,
2014. Available from: www. inchem. org/ documents/ jecfa/ jecmono/v46je11.htm.  Accessed
March 10th, 2023.



Page 24/24

72. Jamali MK. Kazi TG. Arain MB. Afridi HI. Memon AR. Jalbani N. Shah A. Use of sewage sludge after
liming as fertilizer for maize growth. Pedosphere. 2008; 18:203–213.
https://doi.org/10.1016/S1002-0160(08)60008-9.

73. Baig JA. and Kazi TG. Translocation of arsenic contents in vegetables from growing media of
contaminated areas. Ecotoxicol. Environ. Saf. 2012; 75:27–32.
https://doi.org/10.1016/j.ecoenv.2011.09.006.

74. Nair M. Balachandran KK. Sankarnarayan V N. and Joseph T. Heavy metals in fishes from coastal
waters of Cochin, South West Coast of India. Indian J. Mar. Sci. 2017; 26: 98-
100. https://doi.org/10.1016/s0967-0653(98)80611-x.

75. Hambidge KM. and Krebs NF. Zinc deficiency: A special challenge. J Nutr. 2007;
137(4):1101. https://doi.org/10.1093/jn/137.4.1101 

76. Boluwatife S. Olubusoye BV. Olaleye SB. Adekoya FB. Adeola PG. Oni OM. Alabi OA. Taiwo BO. and
Naimot KT. Heavy Metal Analysis of Telfairia occidentalis and its Soils In Ilushin Farm Settlement,
Ogun State Southwest, Nigeria. World Wide J. Multidiscip. Res. Devel. 2021; 7(5): 89-94.

77. Hamid A. Mushtaq A. Nazir R. and Asghar S. Heavy metals in soil and vegetables grown with
municipal wastewater in Lahore. Bangladesh J. Sci. Ind. Res. 2017; 52(4): 331-336. 

78. Mehr A. (2020). Trace elements in human nutrition (II) – An update. Int. J. Prev. Med. 2020; 11(2): 1-
10. https://doi.org/10.4103/ijpvm.IJPVM_48_19 

79. Osu C.I. and Ogoko E.C. (2014). Bioconcentration and transfer of heavy metal from soil into Verninia
amydalina, leaf extract Telfera occidendalis, and Amarathus spinosus. J. Appl. Phytotechnol.
Environ. Sanit. 2014; 3(4): 117-121.

Plates
Plate 1 to 2 are available in the Supplementary Files section.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

floatimage1.jpeg

floatimage2.jpeg

https://assets-eu.researchsquare.com/files/rs-8764386/v1/0c4ad040eba1c3ea20bed034.jpeg
https://assets-eu.researchsquare.com/files/rs-8764386/v1/cb2d4b5bacde19903c5f655e.jpeg

