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Abstract 
Vegetables are vital to the human diet, and in particular provide the well-known nutrients to 
maintain normal physiological functions. The prolonged application of large amount of  pesticides has 
resulted in heavy metal accumulation in vegetable farms. Exposure to heavy metals by the 
consumption of contaminated vegetables and its toxicity is a serious concern. This article reviews the 
effect of pesticides, heavy metals, heavy metals in vegetables, heavy metals in soil and transfer of 
heavy metals from soil to plants. However, a limited number of studies were found in the data base 
that examined the reduction of nutrients in vegetables due to heavy metal contamination. The heavy 
metals were found in leafy and fruit vegetables in different regions of the world and levels were above 
permissible limits in most of the vegetables. Specific study to human toxicity due to the contamination 
of heavy metals may be conducted. Furthermore, strategy and policy should be devised to control the 
heavy metals in vegetables, and those vegetables that are hyper-accumulators of heavy metals should 
be identified for awareness purposes. 
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INTRODUCTION 
Polluting vast areas worldwide, heavy metals are highly reactive and toxic at certain 
concentrations, posing severe risks to human and ecosystem health (Huang et al., 2020). 
While many heavy metals are naturally present in the earth’s crust and atmosphere, humans 
may promote heavy metal pollution through activities such as mining, smelting, 
transportation, military operations and industrial manufacturing, as well as applying metal-
containing pesticides and fertilizer in commercial agriculture (Xiang et al., 2020). These 
activities release metals into the environment through waste disposal, runoff and application 
of heavy metal – laden chemical products, which then may enter terrestrial system via aerial 
deposition, surface waters or soil (Ishaq et al., 2020). Unlike organic pollutant counterparts, 
heavy metals cannot be degraded or destroyed. As a result, heavy metals persist in the 
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environment for years, well after point sources of pollution have been removed (Magaji et 
al., 2020). The Agency for Toxic Substances and Disease Registry (ATSDR, 2011) has 
classified heavy metal as metalloids such as Asenic, Leaq and Cadmium found in the 
environment as 1, 2 and 7 on the basis of toxicity. These elements have no beneficial role in 
plants, animals and humans and have no nutritional function, as they are highly toxic 
(Manzoor et al., 2018). 
 
Pesticides are chemicals used for pest control and are probably the most widely distributed 
contaminants in the environment. Ideally, a pesticide must be lethal to the target pests, but 
not to non-target species, including humans. Unfortunately, this is not the case. Inadequate 
management of pesticides constitutes  potential occupational hazards and environmental 
risks for ecosystems (Gomez et al., 2012). Besides, pesticides residues retained in crops can 
directly influence public health via food consumption. The World Health Organization has 
reported a million cases  of pesticide poisoning worldwide and also provided evidence that 
pesticides were responsible for many diseases affecting human health (WHO, 1999). In fact, 
pesticide pollution have been implicated in the rise of cancer incidence, probably due to  
consumption of  vegetables or water that are contaminated with pesticides (Miret et al., 
2015). 
 
The aim of this paper was to summarize the literature on the effect of heavy metals due to 
pesticides on vegetables and soils as well as their harmful effect to living organism. 
 
PESTICIDES AND ITS EFFECTS 
According to estimates by the World Health Organization (WHO) each year between 
500,000 and 1 million people are poisoned by pesticides and between 5,000 and 20,000 die. 
At least half of the intoxicated and 75% of those who die are agricultural workers, the rest is 
due to poisoning by eating contaminated food. In total, mortality between the two groups 
reached 220,000 deaths per year (WHO 1999, Yuguda et al., 2015). Although pesticides have 
been developed to produce toxic effects in the fighting of pests, these effects may also have 
the potential  to affect other  living organisms, though the possibility of this occurring will 
only be if exposure reaches sufficient levels to produce the toxic effect. Therefore, besides 
knowing the physical, chemical and toxic nature of pesticides, knowledge on the estimated 
potential exposures of humans and other organisms to these pesticides,  depending on the 
type of toxic effect they exert must be known, because these chemicals may affect the growth 
and survival of reproductive factors, and in the case of acute toxicity may cause death of 
exposed organisms (Adams et al., 2021). Pesticides  have also been associated with long-term 
carcinogenicity, mutagenicity, reproductive and hormonal effects, amongst others. 
Agrochemicals able to induce changes in the genetic material of somatic and germinal tissue 
are considered mutagenic, contributing to the appearance of congenital malformations and 
cancer etiology (Upadhayay et al., 2012). Epidemiological studies have associated with the 
cancer, gastric, skin, kidney, liver, prostate, testis in individuals exposed; besides sarcomas, 
leukemia, non- Hodgkin lymphoma, myeloma and others (Martine, 2016). 
 
 
HARMFUL EFFECTS OF SOME HEAVY METALS 
 
Arsenic   
Arsenic (As) is a toxic element and remains a significant human health concern as As and its 
compounds (inorganic) are carcinogenic to humans and are classified as 
Group 1. Organic As compounds such as mono- and dimethylarsinic acids are possibly 
carcinogenic to humans and are classified as Group 2B by International Agency for Research 
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on Cancer (IARC, 2012). Arsenic exposure causes an elevated risk for developing a number 
of cancers, most notably skin cancer, and cancers of the liver, lung, bladder, kidney and 
colon (Banerjee et al., 2021). Several studies carried out to determine the linear relationship 
between As contents of vegetation and its concentration in soils of both total and soluble 
species suggest that plants take up As passively with the water flow. It was also observed 
that the use of As-rich irrigation water and soil affected plant height, crop yield, and 
development of root growth (Wen et al., 2021). 
 
Cadmium  
 Cadmium (Cd) is an element of great concern from the toxic point of view, and its exposure 
can cause both chronic and acute health effects in living organisms. Cd 
occurs naturally in the earth’s crust and in ocean water (IARC, 2012).  The terrestrial 
abundance of Cd on average is 0.1-0.2 mg/kg, whereas, in ocean waters, it ranges from <5 to 
110 ng/L on average (IARC, 2012).  Cd and its compounds are carcinogenic 
to humans and are classified as Group 1 by International Agency for Research on Cancer, as 
Cd and its compounds have been reported to cause cancer of the lung, and positively 
associated  with cancers of the kidney and prostate. Cd intoxication can also lead to 
pulmonary damages, kidney damage, skeletal damage, and itai-ita .(Manzoor et al., 2018). In 
drinking water the tolerable concentration set by WHO is 0.003 mg/L for Cd (IARC, 2012). 
 
Lead  
Lead (Pb) exposure in children and adults can cause a wide spectrum of health problems, 
ranging from small effects on metabolism and intelligence to convulsions, coma, renal 
failure, and death (Marshal et al., 2020) As per International Agency for Research on Cancer 
evaluation, inorganic Pb compounds are found at low concentrations in the earth’s crust 
predominantly as lead sulfide  (galena), but the widespread occurrence of lead in the 
environment is largely the result of anthropogenic activity. Pb enters the environment at any 
stage from its mining to its final use, and it contaminates crops, soil, water, food, air, and 
dust (IARC, 2012). In vegetable, the tolerable concentration set by WHO is 0.3 mg/L for Pb 
(IARC, 2012). 
 
Nickel 
Nickel (Ni) is widely distributed in nature and is found in animals, plants, and soil; the 
concentration of Ni in soil is approximately in the range of 4–80 ppm (IARC, 2012, ATSDR 
2011). Large amount of Ni is released in the atmosphere due to natural as well as 
anthropogenic activities including fossil fuel consumption, industrial production (mining, 
smelting, and refiing), use, and disposal of nickel compounds and alloys, as well as 
inceneration of waste  (ATSDR 2011).  Human exposure to Ni results from Ni contaminated 
food ingestion, water, inhalation, and percutaneous absorption (IARC, 2012, ATSDR 2011).  
According to International Agency for Research on Cancer evaluation, Ni compounds are 
carcinogenic to humans and are classified as Group 1. Mixtures of Ni metal and compounds 
causes cancer of the lung, nasal cavity and paranasal sinuses (ATSDR 2011). In vegetable, the 
tolerable concentration set by WHO is 0.003 mg/L for Ni (IARC, 2012). 
 
Copper  
Copper is an essential element and is always present in food and in animal liver, and hence, 
serve as the major contributors to dietary exposure (Shekh et al., 2021). Cu acts as a reductant 
in the enzymes superoxide dismutase, cytochrome oxidase, lysyl oxidase, dopamine 
hydroxylase, and several other oxidases that reduce molecular oxygen. It is transported in 
the organism by the protein ceruloplasmin (Shekh et al., 2021).  The recommended dietary 
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allowance (RDA) for adults is 0.9 mg/day.  In vegetable, the tolerable concentration set by 
WHO is 40.00 mg/L for Cu (IARC, 2012). 
 
Chromium 
 Chromium is an important element especially in metallurgical/steel or pigment industry. 
Both of its oxidation forms (+3 and +6) in the chemical are used 
primarily in pigments, metal finishing, and wood preservatives (Alipour et al., 2021).  The 
main sources of Cr pollution have been  reported to be from dyestuff and leather tanning 
particularly when wastes are discharged directly into waste streams. Cr potentiates the 
action of insulin and may improve glucose tolerance.  Its +3 (Cr3+, or Cr (III)) form which is 
the most stable oxidation state is found in food while its compound occur naturally (Stern 
2010). In vegetable, the tolerable concentration set by WHO is 2.3 mg/L for Cr (IARC, 2012). 
 
Zinc  
Zinc is an essential micronutrient that  catalyzes enzyme activity, contribute to protein 
structure, and regulate gene expression (DRI 2001). Although the consequences of Zn 
deficiency have been recognized for many years, it is said to be toxic when exposures exceed 
physiological needs (kabata-pendias, 2011).  The adverse effects associated with chronic 
intake of supplemental Zn include acute gastrointestinal effects, headaches, impaired 
immune function, changes in lipoprotein and cholesterol levels, reduced copper status, and 
zinc-iron interactions (Li et al 2020). In vegetable, the tolerable concentration set by WHO is 
60.00 mg/L for Zn (IARC, 2012). 
 
HEAVY METALS IN VEGETABLES 
Vegetables are an important source of human diets, and their contamination can cause 
serious health problems (Lim et al. 2008; Zhang et al.., 2020). Leafy vegetables like lettuce are 
considered to be potential hyper accumulators of heavy metals (Ramos et al. 2012; Manzoor 
et al., 2018). One of the properties of green leafy vegetable is the accumulation of heavy 
metals in their tissues without exhibiting any toxicity symptoms. 
(Manzoor et al., 2018). Monteiro et al. (2017) reported that with increasing exposure duration, 
the concentrations of heavy metals in lettuce roots and shoots increased. Heavy metals can 
cause changes in physiology and growth of tomato at variable concentrations  resulting in 
chlorosis and necrotic symptoms on leaves (López-Millán et al. 2019).  Garate et al. (2020) 
described that lettuce as having a higher capacity to accumulate heavy metals in different 
tissues. Heavy metal uptake is also affected by different vegetable species and within the 
same species by different cultivars (Manzoor et al., 2018).  
 
Concentration of heavy metals vary in different parts of the same plant. Xu 
et al. (2019) reported the heavy metal accumulation in the order of leaf greater than root, root 
has equal concentration with stem and stem has higher concentration than tuber. However, 
other scientists reported that the root concentrations are higher than that in the shoot (Bawa 
et al., 2020). In fruit plants like tomato, the translocation rate of heavy metals to the fruit is 
rather low, hence characterized as low-rate translocation fruit vegetable (Angelova et al. 
2019). Accumulation and distribution of heavy metals like Cd have been found in different 
parts of tomato (Bawa et al., 2020). Vegetables are vulnerable to heavy metals at high 
concentrations, and large-scale irrigation with wastewater and application of pesticides and 
fertilizers for commercial production increase the risk of heavy metal contamination 
(Agelova et al. 2020).                                                               
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Heavy metals have significantly negative effects on plant growth (López-Millán et al. 2019); 
other toxic effects may include root browning, alteration of mineral concentrations, and 
changes in photosynthesis (López-Millán et al. 2019).  
 
HEAVY METALS IN SOIL 
Soil contamination with heavy metals is a serious global environmental problem posing 
risks to human, animals, microbes and plants in addition to  contaminating surfaces and 
ground water (Yang et al., 2010) Heavy metal and other pollutants enter into the soil 
ecosystem through natural processes and anthropogenic activities (Bu et al., 2020) like solid 
waste disposal, waste water irrigation, sludge application, automobile exhaust, mining and 
smelting process, urbanization, agricultural activities and industrialization also contribute 
heavy metals into the soil environment (Yang 2010, Bu et al., 2020). Similarly, the 
physiochemical characteristics of soil have substantial effects on heavy metal concentration 
and it availability to plant. 
 
Heavy metal concentration  in the soil is greatly affected by the soil’s organic content (Khan 
et al. 2019). Soils with high organic waste concentrations are generally confined to heavy 
metal concentrations of less than 1000mg/kg soil, while industrial waste-contaminated soil 
contains more than 10,000 mg/ kg soil (Bader et al. 1999). Increasing concentrations and 
variation in distribution of heavy metal in metal-amended soil generally augment the heavy 
metal concentrations in plants (Castro et al. 2019). Soil is the main source of food 
contamination with heavy metals because soil is used as an important tool for waste 
management and waste dumping (Salem et al., 2020).  
The prime route of heavy metal intake into the human body is through soil–crop system in 
the area of agriculture (Liu et al. 2017), in urban environment  through ingestion, absorption 
through skin, and inhalation of dust particles (Ahmed et al., 2016), whereas the primary 
source of pollution in urban soil is via anthropogenic route  which includes vehicular 
emission, power plant, tire wear particles, auto repair shops, car wash centers, brake lining, 
coal combustion, chemical plants, weathering of building, atmospheric deposition, and 
house hold solid waste (Liu et al., 2017;  Madrid et al., 2020) 
 
TRANSFER OF HEAVY METALS FROM SOIL TO PLANTS 
Metals may enter soils through several pathways, including runoff from roads and 
industrial sites, metallopesticides, phosphate fertilizers, application of treated and untreated 
sewer sludge, and atmospheric deposition of metal containing particles (Manzoor et al., 
2018). However, the risk of metals entering a food chain depends on the mobility of the 
metal and its availability in the soil. In the soil, metal cations are bound to negatively 
charged particles such as clay and organic matter (When metals detach from these soil 
particles and enter the soil solution, they become bioavailable with potential to accumulate 
in plants and other soil-dwelling organisms Rajakaruna and Boyd 2018).  Several studies 
reveal the effects of various physical, chemical, and biological processes on the 
bioavailability of metals in soils (Peralta-Videa et al., 2019; Maestri et al., 2020). In particular, 
Peralta-Videa et al. (2019) described  the mobility of Cd, Cr, Hg, As, and Pb in soils and their 
potential for uptake by plants, a process that is also mediated by rhizospheric microbial 
activity (Wenzel 2019). At low pH, certain metals, such as Cd, Cu, Hg, and Pb, become more 
available for plant uptake (Huang et al., 2020). Soil bacteria, including those in the 
rhizosphere may also release compounds such as antibiotics, antifungals, organic acids, 
hormones, and metal chelators into the soil, which may increase or decrease metal 
bioavailability to other organisms (Xiang et al., 2020; Wenzel 2019). Many studies stress the 
importance of bioavailability assays of metals when assessing the risk of metal accumulation 
and transfer in terrestrial food webs (Gupta et al., 2020), but the effectiveness of these 
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bioavailability assay methods are debated (Menzies et al., 2017). Although some heavy 
metals, such as Ni, Cu, Fe, Mn, and Zn, are important to particular biological processes in 
plants (Xiang et al., 2014), when they occur in excess, these metals, can disrupt critical 
physiological processes resulting in toxicity. Thus, most plants exclude excess bioavailable 
metals at their roots by binding them to organic acids or ligands, or storing them within 
vacuoles where they cannot interfere with important physiological processes (Rajakaruna, 
2018). However, not all plants exclude heavy metals: certain plants can tolerate and 
accumulate bioavailable metals into above-ground tissues (Huang et al., 2020.  
 
CONCLUSION  
Vegetables are the major dietary source of vitamins and fiber being consumed all over the 
world. They play a significant role in nutritional contribution to the consumers. They are the 
rich sources of essential nutrients, however, they are strong accumulators of heavy metals 
and pose great risk to human health. The health effects of heavy metals are direct as well as 
indirect. Direct impacts involve direct consumption through vegetables, ingestion and 
dermal contacts this may cause various cancer such as cancer of the skin, colon lungs etc or 
leads to damage of organs, while indirect impacts includes reduction in nutritional 
components in contaminated food crops and can lead to lack of some important nutrient in 
plants. The presence of these heavy metals in vegetables causes so many health problems 
comprising of different carcinogenic and non-carcinogenic diseases resulting from the 
transfer of heavy metals from soil to the plant, and then to humans through the food chain. 
Specific study on the toxic effect of consumption of food crops contaminated by heavy 
metals in human may be conducted. Furthermore, strategy and policy should be devised to 
control the heavy metals in vegetables while  those vegetables that are hyper-accumulators 
of heavy metals should be identified for awareness purposes. 
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