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Abstract

Vegetables are vital to human diet and provide nutrient to maintain physiological function of the
body. Application of pesticides has resulted in heavy metal accumulation in vegetables and
farmlands. Exposure to heavy metals by consumption of contaminated vegetables an is a serious
concern, because it predisposes consumers to toxicity at various levels This study determines the
concentration of heavy metals (Cd, Cr, Pb, Cu and Zn) in pesticide fumigated vegetables (Tomato
(Solanum lycopersicum), Pepper (Capsicum annum and Capsicum frutescens), Onion (Allium cepa),
Lettuce (Lactuva satinum), Cabbage (Brassica oleracea) and Carrot (Daucus carrota)) and their
corresponding soils and also the human health risk associated with their consumption. Result
obtained showed presence of heavy metals (Cd, Cr, Pb, Cu and Zn) in different parts of the vegetable
plants and at different concentration with some above WHO/FOA permissible limit. Pepper (1)
(Capsicum annum) was found to be hyper accumulator of all the studied heavy metals. The hazard
index (HI) of heavy metals contamination of these vegetables suggest high potential health risk for
adult with consumption of tomato, pepper (1) and pepper (2) in the study area. There is need for
regular screening of pesticides in vegetables, soil and pesticides.
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INTRODUCTION

Vegetables constitutes essential components of the diet by contributing protein, vitamins,
ion, calcium and other nutrients which are usually in short supply. Vegetables also act as
buffering agents for acidic substances obtained during the digestion process. (Mansoor et al.,
2018). In recent years consumption of vegetable has increased due to awareness of their food
value as a result of exposure to other cultures and proper education. However, the use of
agrochemicals such as herbicides, insecticides and nematicides have resulted in the increase
of residual concentration of heavy metals in vegetables and the soils. (Yuguda et al, 2015).
Ideally, a pesticides must be lethal to the target pests, but not to non-target species.
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Unfortunately, this not the case due to the controversy of use and abuse of pesticides and
this have resulted to increase in residual concentration of heavy metals to large extent, their
residual concentration in the soil and potential environmental hazard in the ecosystem
(Barau et al., 2018).

Heavy metals are trace metals which are detrimental to human health and having a density
at least five times that of water. Once liberated into the environment through air, drinking
water, food or countless varieties of man-made chemicals and products, heavy metals are
taken into the body via inhalation, indigestion and dermal absorption (Maigari et al., 2016).
If heavy metals enter and accumulate in body tissues faster than the body’s detoxification
pathways can dispose off then a gradual build-up of these toxins occur. High concentration
exposure is not a necessity to produce a state of toxicity in the body as heavy metal
accumulation occurs in the body tissues gradually and over time can reach toxic
concentration levels beyond the permissible limits (Surudii and Khanna, 2011.).

It is not debatable that heavy metal pollution from pesticides and the cumulative effects on
the soil biota and human through consumption of crops treated with these pesticides poses a
great health risk (Wilson and Pyatt, 2007; Opaluwa et al., 2012, Barau et al; 2018, Bawa ef al.,
2020). Thus heavy metals from pesticides not only contaminate soil and affect food quality
and subsequently transferred to human through food chain (Mutune et al 2012; Barau et al.,
2018) but responsible for series of health ailments in humans.

Heavy metal pollution from pesticides poses a great health risk through consumption of
vegetables crops treated with it (Barau et al., 2018, Opaluwa et al., 2012). New pesticides are
infiltrating the market in Nigeria and are used indiscriminately without knowing their
chemistry and health risk associated with it Thus, constant screening of these pesticides is
necessary, also assessment of heavy metals in vegetable and agricultural soil and their
potential health risk is also necessary,

Studies have shown heavy metals in food crops and there health risks (Yuguda et al., 2015,
nazir et al., 2015,). There is scarcity of information on the study of heavy metals
contamination of vegetables from pesticides and the health risk associated with their
consumption. Hence, this study was designed with the aim of determining heavy metals
(Cd, Cr, Pb, Cu and Zn) contents in soil and some vegetables grown in Kano state of Nigeria
and the health risk associated with consuming them.

Material and Method

Collection of vegetables and soil samples

Samples of roots, stems, leaves and fruits of six vegetables (Tomato (Solanum lycopersicum),
Pepper (Capsicum annum), Onion (Allium cepa), Carrot (Daucus carota), Lettuce (Lactuca sativa)
and Cabbage (Brassica oleracea) were collected at three randomly selected sampling points in
a farm. Corresponding soils in each case were also collected at the depth of 0-10cm using
spiral auger of 2.5cm diameter. All the samples collected were placed in a clean brown,
labelled and well stapled envelop and transported to ATBU laboratory for analysis.

1. Preparation of samples

The vegetables samples collected were washed with running tap water and thoroughly
rinsed with deionized water to remove any soil particle or debris that must have been
attached to the plants. They were separated into different parts (roots, stems, leaves and
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fruits). Soil and vegetable samples were air dried, pulverized and sieved through a 2mm
mesh size. The powdered samples were kept in a well labelled plastics container at room
temperature before analysis (Sharma et al., 2009)

Heavy metals analysis

Samples of both soils and vegetables were placed in 100ml beaker separately, to which 15ml
of tri-acid mixture (70% high purity HNO;, 65% HClOs, and 70% H2SOs in 5:1:1 ratio) were
added. The mixture was digested at 80°C till the solution became transparent (Sharma et al.,
2009) then was filtered using filter paper and diluted to 50ml using deionized water and was
analyzed for Cd, Cr, Pb, Cu and Zn using atomic absorption spectrophotometer.

Health Risk to Human
The daily intake of metals (DIM) was calculated to determine the health risk from

consuming vegetables, with trace of heavy metals concentration using the formula below as
described by (Zhong et al., 2017).

DIM=MXK><I

M=concentration of heavy metals in plants (mg kg

K=conversion factor, I=daily intake of vegetables

W=average body weight.

Fresh weight of vegetables was converted to dry weight using the conversion factor 0.085 as
described by (Rattan et al., 2005: Yuguda et al., 2015). Where the Daily vegetable intake (I) for
adults in Nigeria was taken as 0.086kg/d in accordance with Barau et al., (2018), Adult body
weight was taken as 70 kg.

Hazard quotient
The health risks to the local inhabitants from the consumption of vegetables were evaluated
based on the Hazard Quotient, which is the ratio between exposure and oral reference dose
(RD)
Given as;

Dim
HQ= £D
The (RfD) is an estimation of human daily exposure that is likely to pose an appreciable risk
of adverse health effects during a lifetime.
Oral Reference Dose for heavy metals was taken as Cr=1.5 mg/kg/bw/day,
Cd=0.00lmg/kg/bw, Pb, 0.004 mg/kg/bw/day, Cu=0.04 mg/kg/bw/day, Zn=0.3
mg/kg/bw/day. (USEPA, 2006).

Hazard index

Potential risk to human health due to more than one heavy metal known as the Hazard
index (HI) was calculated as described by USEPA, (2006), which is the total sum of all the
Hazard Quotients as shown in the equation below:

HI=Y HQ=HQcd4 + HQpp +HQc: + HQcu +HQzxn

The hazard index assumes that the magnitude of the adverse effect will be proportional to
the sum of the multiple metal exposure.

Bio-accumulation factor (BAF)

Bio accumulation factor the ratio of metal concentration in plant tissue (root, stem, leave,
fruit) and concentration of metals in irrigated soil samples, was calculated using the formula
below as described by (Zhong et al., 2017).
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BCE (Edible) =C edible part

C soil

STATISTICAL ANALYSIS
Analysis of variance (ANOVA) using SPSS version 23 statistical software was used to
determine the differences between the heavy metals in different parts of the vegetables and
agricultural soil at 0.05 level of significance.

RESULTS AND DISCUSSION

Heavy metals in vegetables

Heavy metals were observed in different parts of vegetables and there is significant
variation (P< 0.05). The trend of heavy metals in the studied vegetables was in the
decreasing order of Zn>Cu>Cr>Pb>Cd. Cadmium and Chromium concentration in the
studied vegetables were above WHO/FOA permissible limit. The concentration of Copper
and Zinc is below permissible limit. However Lead concentration were above permissible
limit except in Carrot (Daucus carota) leaf.

Previous studies have reported the presence of heavy metals in pesticides (Guerra et al.,
2012; Jawaharla, 2014; Yuguda et al., 2015). Therefore the presence of heavy metals in varring
concentration in different parts of the studied vegetables could be attributed to the presence
of heavy metals in the pesticide.

Table 1: Mean concentration of heavy metals in vegetables grown in Kano State

Name of Botanical Heavy metals (mg/kg)
Samples name Cd Cr Pb Cu Zn
Tomato Solanum
Root lycopersicum 2.99 11.55 3.17 9.89 16.81
Stem 4.32 18.27 1.44 11.80 42.01
Leaf 5.54 5.83 11.48 21.84 4.87
Fruit 5.23 23.41 4.98 6.16 291
Pepper(i) Capsicum
Root annum 1.94 7.37 7.02 2.62 2.34
Stem 1.063 15.9 14.44 2.08 3.77
Leaf 8.52 8.72 2.68 11.31 12.69
Fruit 4.79 2451 3.69 10.92 3.89
Pepper(ii) Capsicum
Root frutescens 2.79 3.84 4.73 13.15 23.72
Stem 427 7.76 5.14 14.33 17.85
Leaf 7.32 9.12 3.31 9.21 15.96
Fruit 2.59 297 12.38 0.03 4423
Onion Root  Allium cepa

0.61 7.69 0.78 0.10 47.22
Stem 1.12 1.49 4.04 4.07 39.56
Leaf 1.08 497 0.88 8.57 3.35
Lettuce Lactuca
Root sativum 3.18 11.86 418 5.19 33.81
Stem 1.04 15.92 6.79 8.73 12.38
Leaf 12.09 12.76 5.85 1.36 20.38
Cabbage Brassica
Root oleracea 44 10.27 3.10 3.95 15.75
Stem 1.67 11.36 4.50 16.58 2.94
Leaf 10.63 13.98 3.27 6.23 29.99
Carrot Root  Daucus carrota

13.11 11.83 7.92 2.97 6.28
Stem 9.50 10.03 0.45 7.95 9.52
Leaf 5.06 8.13 0.19 7.04 9.92
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Heavy metals in soil
Heavy metals in the soil from the vegetable farms are presented in table 2. The mean
concentration of Zinc has the highest value of 95.83 mg/kg in lettuce (Lactuca sativum).
Cadmium has the least concentration of 0.89 mg/kg in pepper (1) (Capsicum annum).
Generally the trend of heavy metals in farm soil decreased in the order of
Zn>Cu>Cr>Pb>Cd.

Table 2: Mean concentration of heavy metals in soil collected from Kano farm

Soil from Botanical Heavy metals

theland of name Cd Cr Pb Cu Zn

Tomato Solanum 1.43 8.71 7.88 23.77 3.28
lycopersicum

Pepper(i) Capsicum 3.66 7.19 1.14 3.25 2.87
annum

Pepper(ii) Capsicum 1.31 10.14 1.18 16.07 27.53
frutescens

Onion 3.05 11.02 2.72 9.82 62.89

Lettuce Lactuca 3.05 14.94 10.54 38.93 95.83
sativum

Cabbage Brassica 1.54 9.68 1.19 9.44 18.13
oleracea

Carrot Daucus carrota  0.89 9.69 4.09 26.33 83.44

Bioaccumulation factor of vegetables

The bioaccumulation factors (BAF) of the studied vegetables in table 3 showed BAF >1 for
all the heavy metals and the BAF was in the decreasing order of Cd>Pb>Cr>Cu>Zn. Any
value with BAF >1 indicates the plants are hyper accumulators of heavy metals and could be
used in bioremediation of heavy metal polluted soil. The result showed that all the studied
vegetables hyper accumulators of Cadmium except Onion (Allium cepa)

Table 3: Bioaccumulation factor (BAF) of heavy metals in vegetables grown in Kano state

Name of Botanical BAF

Samples name Cd Cr Pb Cu Zn

Tomato Solanum 3.6572 2.6877 0.6319 0.2591 0.8872
Lycopersicum

Pepper(i) Capsicum 1.3087 3.4089 3.2368 3.3600 1.3554
annum

Pepper(ii) Capsicum 1.9771 0.2929 10.5500 0.0018 1.6072
frutescens

Onion 0.3684 0.1351 1.4908 0.4144 0.6290

Lettuce Lactuca 3.9769 0.8534 0.5550 0.0349 0.2127
sativum

Cabbage Brassica 6.9026 0.8983 2.7479 2.0976 1.6542
oleracea

Carrot Daucus carrota  14.7303 1.2208 1.9364 0.1127 0.0752

Human risk associated with consumption of heavy metal contaminated vegetables

Risk to human from consuming heavy metal contaminated vegetables was calculated using
Hazard Quotient (HQ). USEPA (2006) maximum limit is >1. The results of HQ showed very
high risk from Lead (17.1802) for adult consuming pepper (1) in the study area and also high
risk from cadmium (2.54, 3.33 and 1.25) for tomato (Solanum lycopersicum), pepper (1)
(Capsicum annum) and pepper (2) (Capsicum frutescens). There is no health risk from the
consumption of onion, lettuce, cabbage and carrot for all the heavy metals in the study area
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Harzard index (HI) of consuming pepper (1) and pepper (7.55 and 18.49 respectively) is high
for adult population.

Table 4: Hazard Quotient and hazard index for adult population through consumption of
vegetables grown in Minjibir

Name of Botanical Hazard Quotient Hazard index

Samples name Cd Cr Pb Cu Zn HI

Tomato Solanum 2.54000 0.00758 0.6914 0.000747 0.03525 03.2817
lycopersicum

Pepper(i) Capsicum 3.3300 0.00794 0.4857 0.00133 4.7235 7.54847
annum

Pepper(ii)  Capsicum 1.25800 0.000096 17.1802 0.000025 0.0537 18.49202
frutescens

Onion 0.0544 0.000048 0.056 0.0494 0.0483 0.20788

Lettuce Lactuca 0.5872 0.041318 0.0811 0.001653 0.02575 0.73602
sativum

Cabbage Brassica 0.5160 0.000453 0.0451 0.007577 0.03643 0.60555
oleracea

Carrot Daucus carrota  0.6370 0.000383 0.11100 0.003605 0.007625 0.75961

CONCLUSION

The present study provides data on heavy metal pollution from pesticides in kano farm. The
concentration of heavy metals in the studied vegetables were above WHO/FOA permissible
limit for cadmium and chromium, this amount may be hazardous if the vegetables are taken
in large quantity then copper and zinc were below permissible limit. Also heavy metals in
varying concentration were detected in their corresponding soils. Some vegetables are hyper
accumulator of heavy metals, hence could be used as bioremediation for heavy metal
polluted soil. Human risk of heavy metals contamination of vegetables from pesticides
revealed high risk from the consumption of tomato, pepper (1) and pepper (2) for cadmium,
pepper (2) for lead and pepper (1) for zinc. These vegetables pose a serious potential health
risk to inhabitants of the study areas that consume these vegetables.
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