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Investigation of heavy metal contamination in fruits and vegetables from local 

markets of Chennai, Tamil Nadu 

 

Abstract  

Certain areas of Chennai such as red hills, Minjur, T. Nagar, Thiruvanmyur, Ambatur have 

been found to be particularly susceptible to high pollution levels due to severe traffic 

congestions, the ignition of coal, cement industries, SIPCOT (full form) and other 

chemical industries etc., which pose threat to the environment. The population besides 

these industries areas also increasing due to the employment opportunities and other 

activities. Considering the persistent nature, cumulative behaviour, and probability toxicity 

of the heavy metals from these industries, it can enter the food chain linking the plant 

system to the soil (fruits & vegetables) and transformed to human body. The heavy metals, 

Chromium, Cadmium, Nickel and Lead, when exceed their permissible limit (how much), 

it causes metabolic malfunctions to human beings. At this at the background, a study was 

attempted on the levels of metal deposits from industries in the fruits and vegetables from 

the surrounding local markets in the designated locations. Although there have been 

numerous research studies conducted worldwide on the subject, this is the first of its kind 

study in Chennai district.  Vegetable and fruit samples collected from the local markets 

near the industrial zones and in congested areas were were analysed and compared for the 

levels against the global safety standards to ensure that fruits and vegetables can be 

consumed without the risk of heavy metal contamination. The study's findings 

demonstrated that all of the fruits and vegetables from the local markets in the study had 

levels (please share the concentration) of contaminants below detectable thresholds and 

within WHO and FSSAI's allowed limits (how much concentration). This indicates there 

may be no possible health concerns linked to the concentrations of heavy metals in fruits 

and vegetables from the markets near the highly polluted industrial zones or in the areas 

with severe traffic congestion.  

 



 

 

 

Graphical abstract (need to modified with respect to thereshold concentration) 
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1.Introduction 

Population increases, urbanisation, and industrial activity lead to contamination and 

a detrimental influence on land, water, and atmosphere (Dev et al., 2023). Due to their 

long-term toxicity effects, heavy metals are considered the soil pollutants originating via 

natural and artificial sources. They are the primary focus of recent investigations due to the 

contaminating effect (Wang et al., 2021). World over, the safety of food is a key societal 

concern. The increased demand for food safety over the past few decades has prompted 

research on the hazards related to consuming foods contaminated by toxic substances, 

Lebelo et al., 2021. In regions with high industrial activity, metal concentration in soils 

tends to increase. These places have a few times more metal deposition (need 

concentration and reference) than uncontaminated sites. The fact that pollutants may move 



 

 

via soils to plant to reach plants in soil to reach the food chain. usageUsage or direct intake 

by animals that consume them is the most significant effect of pollution on environmental 

health (Uddin et al., 2021) 

Traditional channels and anthropogenic mechanisms are the both ways that heavy 

metals enter the environment (Fig. 3, why fig.3 not fig.1). They can be associated with the 

causes, such as mining operations, deterioration of the earth's crust, and soil deterioration, 

liquid waste, sewage from cities, and insecticides (Parida et al., 2023). Long-term use of 

pesticide use, untreated municipal effluents usage in agriculture fields, sludge waste with 

metal contamination are the main contributing factors to the accumulation of heavy metal 

in productive soils (Lebelo et al., 2020). Their movement from soil to plant parts are 

significantly impacted by a number nature of soil and plant characteristics that control their 

bioavailability. Lower improvement of the plant matter, produce, and inadequate caloric 

value are the results of metal exposure This sentence should be revised (Taqeer et al., 

2022). These substances have the potential to contaminate the atmosphere, streams, and 

soils from both point and non-point sources (Gavrilescu et al., 2020). Vegetable and fruits 

contamination with heavy metal draws increasing attention as understanding the problem 

in relation to population (Mawari et al., 2022). Vegetables and fruits accumulate the heavy 

metals as a result of air and soil contamination. The interaction with contaminated soils or 

air pollution can cause natural food contamination (Xiang et al., 2021). Fruits and 

vegetables constitute 90% of the human diet are the most common way that people are 

exposed to this contamination the remaining 10% is ingested through skin contact and 

contaminated dust inhalation (Najmi et al., 2023).  

Copper, iron, nickel, cadmium, manganese, and zinc (put symbol of all element ) 

are examples of heavy metals that are necessary for humans and play significant role in 

several metabolic processes. When their consumption approaches specific threshold 

(mention concentration) levels, these metals can be harmful to both people and other living 

things (Mitra et al., 2022). Even at low quantities, non-essential substances including lead, 

cadmium, mercury, and arsenic is harmful for humans (reference). Vegetables can 

accumulate the heavy metals due to land and atmosphere pollution (Bansal et al., 2021). 

Bioaccumulation in food causes serious health risks to people. The human body absorbs 

these metals through food and breathing. Soil movement and its availability contribute to 



 

 

this heavy metal contamination (Alengebawy et al., 2021). Every person should eat 300 g 

of greens every day, including tubers, roots, and green leafy vegetables, according to 

Indian Council of Medical Research Expert Committee (reference). However, People 

consume a variety of vegetables each day, depending on the produce's growing region, the 

type of irrigation source utilised, and its consumer age (Kumar et al., 2019). In humans, in 

all forms of deposition of heavy metals (HMs) results in a variety of difficulties. including 

renal failure, peripheral neuropathy, lung cancer, skin cancer, osteoporosis, bone thinning, 

and prostate cancer (reference). Heavy metal soil additions have detrimental consequences 

on food, crop growth, and environmental safety (Tafera et al., 2021) 

In Tamil Nadu, cash crops, vegetable crops and fruits crops are cultivated, 10% of 

all fruits and vegetables are produced in India are grown in Tamil Nadu; these include 

bananas, mangoes, pineapple, guava, citrus fruits, grapes, and other vegetables (reference). 

No investigation has found evidence of heavy metal build up in fruits or vegetables; 

instead, previous studies have mostly concentrated on a limited number of specific 

vegetable varieties (Ganesh et al., 2022) and on the exposure to contaminant from 

industrial regions such as ------throughout local available markets throughout the world 

(Table 2 whynot table1) but no significant investigation is being conducted in the Chennai 

district. So, the main objective of the research is aimed at the heavy metal accumulation 

(Lead, Cadmium, Chromium and Nickel) in the fruits and vegetables from the local 

markets near the industrial sites and localities with severe traffic congestion namely red 

hills, Minjur, T. Nagar, Thiruvanmyur, Ambatur in Chennai district. The findings of these 

trace elements were compared with standards and also investigated the everyday intake 

and risks of metal exposure to human health, so that vegetables and fruits can be consumed 

without any harm to human body. 

2. Materials and methods 

2.1. Location of the research  

The examination was conducted in the Chennai district of Tamil Nadu, in five 

different parts of the city: Red Hills, Minjur, T. Nagar, Thiruvanmyur, and Ambatur 

(latitude and longitude of each location??). Leading industries in the region include 



 

 

SIPCOT(full form), the cement, coal, chemical, automotive, and polymer industries, 

among others. The city has a climate that is both wet and dry. Herewith, mMaps displaying 

sampling location relative positions (Table 1) (Fig.2) revise table and figure number. 

Along with the dense population, industrial production activities have been operating in 

this area since the late 1970s that influence the surrounding environment. The air pollution 

levels are also high with reference to PM2.5 (reference). While being transported from the 

production site to the market, these fruits and vegetables are covered with polyethylene 

sheets; nevertheless, when they are being marketed, they are exposed to the urban 

environment pollutant too. 

2.1. Sample collection  

From the areas of Thiruvanmyur, T. Nagar, Ambattur, Red hills, Minjur of Chennai 

districts, same type of vegetable and fruit specimens have been purchased through several 

nearby marketplaces (Table 2 revise table number). Four samples were purchased from 

each market and combined at each sampling location. The collected sample (1 district x 5 

local markets x 11 samples) (total n == ?) were tagged, placed in PP (?? Full 

form)containers, and shipped to the testing facility. The samples were properly cleaned 

with deionized water then dried for one day at 60 degrees Celsius (in symbolic form) in an 

oven, glass mortar was used to ground the dried samples into a homogeneous mixture, and 

a 2 mm nylon screen was used to filter out any coarse particles. The specimens 

with botanical characterizations are in Table 2 (revise table number). 

2.3. Analysis of fruits and vegetable 

For the analysis of vegetables and fruits, a 100 ml acid-washed beaker containing 

one gram of material was filled with 15 ml of a di-acid mixture (Allen et al., 1986). It is 

tThen digested at 80 degrees Celsius (symbolic ) until a transparent solution was obtained. 

After cooling, the digested samples were filtered through Whatman No. 42 filter paper, 

and the filtrate was subsequently diluted to make 50 millilitres ml using deionized water in 

a volumetric flask. Using AAS (full form) , the heavy metals were found in the vegetable 

filtrate and air deposition.  Using the standard solutions of varied concentrations of the 

appropriate heavy metals, the instrument was calibrated. Air served as the support and 



 

 

acetylene gas served as the fuel. Each instance involved the work of an oxidising flame, 

which reveals various settings for the instrument depending on the metal. 

2.4. Method validation  

The analytical process was validated using various metrics, such as accuracy, 

precision, and limit of detection. 

2.5. Daily Intake of Heavy Metals through Fruits and Vegetables 

The daily intake of heavy metals through the consumption according to the 

equation (Cui et al., 2004) has been calculated as per given below formula.. 

Daily intake of heavy metals µg day = [Daily fruit or vegetable consumption × fruit or 

Vegetable heavy metal concentration] 

                                                                                                                                                     

3. Results and discussion  

As a result of their toxicity, heavy metals are regarded as the most significant 

environmental pollutant. (Table (4 revise table number) illustrates the number of heavy 

metals in a few fruits and vegetables from five different Chennai, Tamil Nadu 

marketplaces, along with a comparison to the WHO's permitted guideline (Table 5) for 

heavy metals (Fig. 4 & Fig. 5 revise table number and figure) 

3.1. Lead concentration in fruits and vegetables  

Lead could enter the human system through food, drink, and air (reference). No 

known safe level of exposure exists. threshold because it has adverse effects on human 

metabolism, is dangerous even at low doses, and has no known beneficial effects. Revise 

the sentence. It is mostly stored in both humanhuman,  and livers and kidneys. The toxicity 

of daily lead intakes is very low (what concentration) at the determined concentration 

levels (Ara et al., 2015).  

According to dry weight of the sample, the amounts of Pb were estimated. The Pb 

concentrations results with below detectable limits (BDL put the concentration) for all the 



 

 

vegetable and fruit samples of all the sites (Table 4 revise the table number) which is well 

within the 0.3 mg/kg permissible range (Table 5 revise table number) .The levels of lead 

identified in a variety of greens collected from markets in Tanzania, Saudi Arabia, Nigeria, 

and Serbia were less than the highest amounts allowed (0.30 and 0.10 mg kg-1 for greens) 

(Hussain et al., 2019) and also with the vegetable field Nigerian urban wastewater that was 

used for irrigation contained a permissible amount of lead Pb level within an acceptable 

threshold (Ogunkunle et al., 2014). Air, water, and food all have pathways for lead to get 

into the human circulatory system. But this decreased level of lead in the study area is 

because, Pb is the least transportable element from the soil, and soil Pb concentrations are 

highly correlated with minerals, oxides of manganese, hydroxyls ions of iron and 

aluminium, and organic matter in soils (Li et al., 2022). Whereas the soils near the 

industrial areas could not be rich in organic Pb is not organic matter and hence the 

insufficient level of Pb (Stefanowicz et al., 2020). The daily intake of Pb is also at 

BDL(share the concentration) from the study area of the selected vegetables and fruits. 

Also, the lead concentration in the mango fruit was less than the instrument detection limit, 

indicating that either no lead was present in the sample or only a trace amount was present 

(Pant et al 2020). According to numerous reports, using whole fruits-including their peels-

carries a risk of consuming heavy metals that may be found in the peel. (Czech, et al., 

2021). The evaluation of health risks is within the hazard quotient level with less than 1 

(concentration unit??) as per Zhang et al. (2018). 

Whynot putting the AAS chromatogram of the heavy metal detected in the fruits 

and vegetables. 

3.2. Nickel concentration in fruits and vegetables  

Based on the collected samples of vegetables and fruits, nickel concentration 

shown in (Table.4 revise the table number) but all the concentrations were below the 

permissible limit of Ni (67.9 mg/Kg) in all the samples from the study area. This 

corroborated with the findings of (Bukhari et al., 2013) where the Nickel Ni concentration 

of in selected fruits and vegetables in Pakistan had 3-12 mg Ni kg
-1

 and also the Ni levels 

varied between 0.05 and 0.24 mg/Kg in Jews mallow and highest observed in fluted 

pumpkin plant 0.01 - 0.1 to 0.23 and 0.25.  However, Ni level of 0.067 mg/Kg for Indian 



 

 

Basil have been reported by Divrikli et al., 2006 which is within the range of values 

obtained from this study. Wastewater irrigation of vegetables in Morocco also resulted in 

85 mg Ni kg-1 (Al-Jaboobi et al., 2014). In India, vegetables grown in peri-urban areas and 

irrigated with untreated wastewaters had Ni concentration as high as 506 mg Ni kg-1 

(Yadav et al., 2013). Niickel in the soil (at less than pH 6.7) is in soluble form and most Ni 

exists as insoluble hydroxides. So, the Ni concentration would be in insoluble form so that 

the uptake is less (Bhalerao et al., 2015).  

3.3. Cadmium concentration in fruits and vegetables  

Extended cdadmium accumulation in humans can result in several health problems, 

including kidney damage, renal disorders, and human carcinogens (reference). Due to 

cadmium buildupbuild-up in the body, prolonged ingestion of several of these fruits and 

vegetables causes health issues (Rahimzadeh et al., 2017). Even at low concentrations, 

Cadmium is an extremely hazardous metal which forms up in internal organs and could 

result in fatal conditions (Genchi et al., 2020). The level of Cd is determined to be 

BDL(concentration ???) in all the vegetables and fruits from the sites taken for the study 

area (Table 5 revise table number) which falls in the acceptable range of 0.2 mg/Kg (Table 

4 revise table number) which correlates with the findings of Ezeilo et al., 2020 that the 

majority of the three regions fruits and vegetables had cadmium concentrations that were 

within the acceptable range of 0.2 mg/kg. (Ezeilo et al., 2020) and also the vegetables and 

fruits spices analysed for the Cd in Nigeria were found to be within the limit (Inam et al., 

2013). The results are in line with the research undertaken in different parts of the world.  

(Table 3 revise table number). Fruits often have lower levels of pollutants in their edible 

sections than vegetables. The only explanation for this would be that vegetable fields tend 

to be more contaminated than orchards (reference). Furthermore, this is a result of 

physiological barriers that prevent harmful heavy metal(loid)s from entering phloem, being 

loaded or unloaded, or accumulating in fruits (Nazir et al., 2015) were found to be under 

the WHO/FAO (full form) and Indian acceptable limits (Mawari et al., 2022) and (Table 3 

revise the table number). Another important criterion for low Cd transportation into the 

produce is certain soil characteristics, including soil pH and organic matter that can have 

an impact on the sequences of Cd speciation in soils (Li et al., 2021. According to Wang et 

al. (2021) increased pH resultpH results in decreased concentration of Cd in plants due to 



 

 

decreased Cd availability in soils (reference). According to Adriano et al. (2004), organic 

matter in alkaline industrial waste water intruded soils easily forms soluble Cd complexes 

and prevents exchange of ions and transfer to roots because most of the industries of study 

area were observed to let alkaline effluents into the soils and water nearby.  

3.4. Chromium Concentration in fruits and vegetables  

Cr (VI) and its metabolites, especially chromate, enter the human body through 

different ways (inhalation, ingestion and skin contact), which will cause pathological 

changes to the human organs and systems (respiratory tract, skin, gastrointestinal tract and 

so on) and even increase the incidence rate and mortality of many cancers (Christou et al., 

2021). Prolonged human exposure can cause gastrointestinal upset, respiratory problems, 

kidney and liver damage, and altered genetic material, among other conditions (Ahmed et 

al., 2021). At modest levels, Cr (VI) can be acutely hazardous and is recognised as a 

known human respiratory carcinogen. Give the details the presence of Cr concentration in 

fruits and vegetables.  

Within the selected fruits, the Cr concentrations were found to be BDL in the study 

area and also within the permissible limit (Table 5 revise thable number) was correlated 

with from the study of Dhaka and Chattogram 2021, Pomelo and star fruit had the highest 

chromium values, at 0.217 mg kg-1 respectively but Mangoes from the Chattogram region 

and jackfruit from both regions showed no signs of chromium. Therefore, the local 

population is safe and no such urgent measurements are needed (Islam et al., 2022) 

because of even at low concentrations the Cr is toxic in nature. E exposure to Cr can cause 

lung, kidney, or liver damage. The uptake is BDL (put the concentration) in the selected 

vegetables and fruits may be due to the chromium behaviour in ion exchange capacity in 

soil. Since Cr is less mobile, due to its adsorption rate, Cr
+
 6 reduces as pH rises 

(Bamigboye et al., 2021).   

3.5. Daily intake of vegetables and fruits  

The provisional tolerated daily intake (PTDI) is typically used to express consumer 

exposure and the associated health hazards. The World Health OrganisationWHO has 

Formatted: Superscript



 

 

established a heavy metal intake threshold determined by the typical adult's body weight, 

is 60 kg. Vegetable and fruit intake per person per day is 98 and 78 grams, respectively. 

From the results of the study, all the samples were found to have below detectable limit 

and do not pose any threat to humans. When compared with the permissible limits. For an 

average person, the calories of fruit contribute 36.89 g, 5.54 g, 0.205 mg, 0.288 mg, 45.24 

g, and 0.116 mg of (Pb, Cd, Zn, Cu, Co, and Ni) heavy metal intake, respectively Put in 

tabular form/smart art. In case of vegetables, the equivalent shown daily intake will be 

24.8 g, 13.3 g, 0.8 mg, 0.33 mg, 49.7 g, and 0.0231 mg, if Pb, Cd, Zn, Cu, Co, and Ni 

intakes are 0.25, 0.14, 8.15, 3.36, and 0.51 mg/kg, and 0.24 mg/kg sentence to be revised 

(Elbagerm et al., 2012). Therefore, heavy metal contamination in industrial area is more 

likely than food crops cultivated in isolated locations. Fruits and vegetables that had been 

treated had lower heavy metal contents (Chen et al., 2021). Since the heavy metal pose 

detrimental influence on human health as well as the nutritional properties of agricultural 

goods; they must comply within WHO's specified safety criteria and there must be 

sufficient control over the levels in food (Abdurrahman et al., 2022). 

4. Conclusion  

The findings of the research revealed that concentrations of toxic heavy metals 

were below detectable levels of Cd, Ni, Cr and Pb in all the fruits and vegetables samples 

collected from the study area. This study indicated thathas heavy metals did not enter the 

produce from the research zone through polluted air/ smoke and dust emanating from the 

industries and vehicular emissions and dust due to severe traffic congestion near the 

market sites. Revise the sentence. The daily intake (have author analyzed the daily intake) 

of the metals from the produces were also analysed to be below detectable limit(BDL).  

The hazards related to toxicity of contaminants in vegetables and fruits should be taken 

into account for the local people, as these vegetables and fruits  arefruits are among the 

most popular nourishment consumed in the study area. /Further research may be carried 

out  extensively and periodically in the markets near  the other industrially polluted areas 

of Tamil Nadu to ascertain the food safety levels as per the norms laid down by the Food 

Safety and Standards Authority of India (FASSAI). Is there any norms in FASSAI for 

regulating the concentration of heavy metals in fruits and vegetables and what will be the 

limit if any 



 

 

Address how do the author treats the contaminated fruits and vegetables if any 

suggestive approach. Also any point of detection device are available in market to address 

these quantification 

 

References  

   Ahmed, F., Fakhruddin, A. N. M., Fardous, Z., Chowdhury, M. A. Z., Rahman, M. M., &      

Kabir, M. M. (2021). Accumulation and Translocation of Chromium (Cr) and Lead (Pb) in 

Chilli Plants (Capsicum annuum L.) Grown on Artificially Contaminated Soil. Nature 

Environment & Pollution Technology, 20(1). 

Christou, A., Georgiadou, E. C., Zissimos, A. M., Christoforou, I. C., Christofi, C., Neocleous, 

D., & Fotopoulos, V. (2021). Uptake of hexavalent chromium by tomato (Solanum 

lycopersicum L.) plants and mediated effects on their physiology and productivity, 

along with fruit quality and safety. Environmental and Experimental Botany, 189, 

104564. 

Mohan, E. H., Madhusudan, S., & Baskaran, R. (2023). The sea lettuce Ulva sensu lato: Future 

food with health-promoting bioactives. Algal Research, 103069. 

Hussain, S., Rengel, Z., Qaswar, M., Amir, M., & Zafar-ul-Hye, M. (2019). Arsenic and heavy 

metal (cadmium, lead, mercury and nickel) contamination in plant-based foods. Plant 

and Human Health, Volume 2: Phytochemistry and Molecular Aspects, 447-490. 

Grembecka, M. (2023). The Role of Mineral Components. In Chemical and Functional 

Properties of Food Components (pp. 73-104). CRC Press. 

Yaashikaa, P. R., Kumar, P. S., Jeevanantham, S., & Saravanan, R. (2022). A review on 

bioremediation approach for heavy metal detoxification and accumulation in 

plants. Environmental Pollution, 301, 119035. 

Parida, L., & Patel, T. N. (2023). Systemic impact of heavy metals and their role in cancer 

development: a review. Environmental Monitoring and Assessment, 195(6), 766. 

Lebelo, K., Malebo, N., Mochane, M. J., & Masinde, M. (2021). Chemical contamination 

pathways and the food safety implications along the various stages of food production: 

a review. International journal of environmental research and public health, 18(11), 

5795. 



 

 

Gavrilescu, M. (2021). Water, soil, and plants interactions in a threatened 

environment. Water, 13(19), 2746. 

Mawari, G., Kumar, N., Sarkar, S., Daga, M. K., Singh, M. M., Joshi, T. K., & Khan, N. A. 

(2022). Heavy metal accumulation in fruits and vegetables and human health risk 

assessment: findings from Maharashtra, India. Environmental Health Insights, 16, 

11786302221119151. 

Gupta, N., Yadav, K. K., Kumar, V., Krishnan, S., Kumar, S., Nejad, Z. D., ... & Alam, J. 

(2021). Evaluating heavy metals contamination in soil and vegetables in the region of 

North India: Levels, transfer and potential human health risk analysis. Environmental 

toxicology and pharmacology, 82, 103563. 

Xiang, M., Li, Y., Yang, J., Lei, K., Li, Y., Li, F., ... & Cao, Y. (2021). Heavy metal 

contamination risk assessment and correlation analysis of heavy metal contents in soil 

and crops. Environmental Pollution, 278, 116911. 

Mitra, S., Chakraborty, A. J., Tareq, A. M., Emran, T. B., Nainu, F., Khusro, A., ... & Simal-

Gandara, J. (2022). Impact of heavy metals on the environment and human health: 

Novel therapeutic insights to counter the toxicity. Journal of King Saud University-

Science, 34(3), 101865. 

Chen, Y. G., Huang, J. H., Luo, R., Ge, H. Z., Wołowicz, A., Wawrzkiewicz, M., ... & Chen, 

S. H. (2021). Impacts of heavy metals and medicinal crops on ecological systems, 

environmental pollution, cultivation, and production processes in China. Ecotoxicology 

and Environmental Safety, 219, 112336. 

Bansal, O. P. (2021). Accumulation of potentially toxic metals and pesticides in fish other 

seafood and their impact on human. International Journal of Recent Scientific 

Research, 12(8), 42848-42868. 

Alengebawy, A., Abdelkhalek, S. T., Qureshi, S. R., & Wang, M. Q. (2021). Heavy metals 

and pesticides toxicity in agricultural soil and plants: Ecological risks and human 

health implications. Toxics, 9(3), 42. 

Tefera, M., & Teklewold, A. (2021). Health risk assessment of heavy metals in selected 

Ethiopian spices. Heliyon, 7(5). 



 

 

Arif, Z., Sethy, N. K., Swati, Mishra, P. K., & Verma, B. (2021). Grossly polluting industries 

and their effect on water resources in India. Pollutants and Water Management: 

Resources, Strategies and Scarcity, 47-65. 

Najmi, A., Albratty, M., Al-Rajab, A. J., Alhazmi, H. A., Javed, S. A., Ahsan, W., ... & 

Alqahtani, S. S. (2023). Heavy metal contamination in leafy vegetables grown in Jazan 

region of Saudi Arabia: assessment of possible human health hazards. International 

Journal of Environmental Research and Public Health, 20(4), 2984. 

Ganesh, K. S., Sridhar, A., & Vishali, S. (2022). Utilization of fruit and vegetable waste to 

produce value-added products: Conventional utilization and emerging opportunities-A 

review. Chemosphere, 287, 132221. 

Mengistu, D. A. (2021). Public health implications of heavy metals in foods and drinking 

water in Ethiopia (2016 to 2020): systematic review. BMC public health, 21, 1-8. 

Abdurrahman, M. I., Chaki, S., & Saini, G. (2020). Stubble burning: Effects on health & 

environment, regulations and management practices. Environmental Advances, 2, 

100011. 

Chen, Z., Muhammad, I., Zhang, Y., Hu, W., Lu, Q., Wang, W., ... & Hao, M. (2021). 

Transfer of heavy metals in fruits and vegetables grown in greenhouse cultivation 

systems and their health risks in Northwest China. Science of the Total 

Environment, 766, 142663. 

Hussain, S., Rengel, Z., Qaswar, M., Amir, M., & Zafar-ul-Hye, M. (2019). Arsenic and heavy 

metal (cadmium, lead, mercury and nickel) contamination in plant-based foods. Plant 

and Human Health, Volume 2: Phytochemistry and Molecular Aspects, 447-490. 

Collin, M. S., Venkatraman, S. K., Vijayakumar, N., Kanimozhi, V., Arbaaz, S. M., Stacey, R. 

S., ... & Swamiappan, S. (2022). Bioaccumulation of lead (Pb) and its effects on 

human: A review. Journal of Hazardous Materials Advances, 7, 100094. 

Usubalieva А, Batkibekova M, Hintelmann H, Judge R (2013) The content of zinc, copper, 

lead and cadmium in some vegetables of Kyrgyzstan. Pakistan J Food Sci 23:189–193 

Uthus EO (1992) Evidence for arsenic essentiality. Environ Geochem Health 14:55–

58. 



 

 

Ogunkunle, A. T. J., Bello, O. S., & Ojofeitimi, O. S. (2014). Determination of heavy metal 

contamination of street-vended fruits and vegetables in Lagos state, 

Nigeria. International Food Research Journal, 21(6). 

Ara, A., & Usmani, J. A. (2015). Lead toxicity: a review. Interdisciplinary toxicology, 8(2), 

55. 

Pant, N., Subedee, A., Gharti, R. B., & Shrestha, S. (2020). Spectrometric determination of 

heavy metals present in mango fruit of Nepali origin. Amrit Research Journal, 1(1), 

72-77. 

Czech, A., Malik, A., Sosnowska, B., & Domaradzki, P. (2021). Bioactive substances, heavy 

metals, and antioxidant activity in whole fruit, peel, and pulp of citrus 

fruits. International Journal of Food Science, 2021, 1-14. 

Zhang, A., Cortes, V., Phelps, B., Van Ryswyk, H., & Srebotnjak, T. (2018). Experimental 

analysis of soil and mandarin orange plants treated with heavy metals found in 

Oilfield-Produced wastewater. Sustainability, 10(5), 1493. 

Bukhari, I. H., Ramzan, M., Riaz, M. U. H. A. M. M. A. D., Bokhari, T. H., Rehman, G. H. A. 

N. A., & Munir, S. H. A. H. I. D. A. (2013). Determination of trace heavy metals in 

different varieties of vegetables and fruits available in local market of Shorkot 

Pakistan. Int J Curr Pharm Res, 5(2), 101-105. 

AL-Jaboobi, M., Zouahri, A., Tijane, M., El Housni, A., Mennane, Z., Yachou, H., et al. 

(2014). Evaluation of heavy metals pollution in groundwater, soil and some vegetables 

irrigated with wastewater in the Skhirat region “Morocco”. Journal of Materials and 

Environmental Science, 5(3), 961–966. 

Yadav, A., Yadav, P. K., & Shukla, D. N. (2013). Investigation of heavy metal status in soil 

and vegetables grown in urban area of Allahabad, Uttar Pradesh, India. International 

Journal of Scientific and Research Publications, 3(9), 1-7. 

Genchi, G., Sinicropi, M. S., Lauria, G., Carocci, A., & Catalano, A. (2020). The effects of 

cadmium toxicity. International journal of environmental research and public 

health, 17(11), 3782. 



 

 

Ezeilo, C. A., Okonkwo, S. I., Chibuzor, C., Onuorah, A. L. C., & Ugwunnadi, N. E. (2020). 

Determination of heavy metals in some fruits and vegetables from selected market’s in 

Anambra state. ACTA Sci. Nutr. Heal, 4, 163-171 

Rahimzadeh, M. R., Rahimzadeh, M. R., Kazemi, S., & Moghadamnia, A. A. (2017). 

Cadmium toxicity and treatment: An update. Caspian journal of internal 

medicine, 8(3), 135. 

Inam, F., Deo, S., & Narkhede, N. (2013). Analysis of minerals and heavy metals in some 

spices collected from local market. J. of. Phar. and Bio. Sci, 8(2), 40-43. 

Nazir, R., Khan, M., Masab, M., Rehman, H. U., Rauf, N. U., Shahab, S., ... & Shaheen, Z. 

(2015). Accumulation of heavy metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water 

and plants and analysis of physico-chemical parameters of soil and water collected 

from Tanda Dam Kohat. Journal of pharmaceutical sciences and research, 7(3), 89. 

Mawari, G., Kumar, N., Sarkar, S., Daga, M. K., Singh, M. M., Joshi, T. K., & Khan, N. A. 

(2022). Heavy metal accumulation in fruits and vegetables and human health risk 

assessment: findings from Maharashtra, India. Environmental Health Insights, 16, 

11786302221119151. 

Islam, M. A., Parvin, M., Quader, M. F. B., & Hossain, M. S. (2022). Determination of toxic 

heavy metal contents of some selected tropical fruits grown in industrial areas of 

Bangladesh. Dhaka University Journal of Science, 70(1), 22-27. 

Mostafidi, M., Shirkhan, F., Zahedi, M. T., Ziarati, P., Hochwimmer, B., & Cruz-Rodriguez, 

L. (2021). Bioaccumulation of the heavy metals contents in green leafy 

vegetables. Journal of Nutrition Food Science and Technology, 2(1), 1-7. 

Kanwar, V. S., Sharma, A., Srivastav, A. L., & Rani, L. (2020). Phytoremediation of toxic 

metals present in soil and water environment: a critical review. Environmental Science 

and Pollution Research, 27, 44835-44860. 

Namieśnik, J., & Rabajczyk, A. (2010). The speciation and physico-chemical forms of metals 

in surface waters and sediments. Chemical Speciation & Bioavailability, 22(1), 1-24. 



 

 

Širić, I., Eid, E. M., El-Morsy, M. H., Osman, H. E., Adelodun, B., Abou Fayssal, S.,& 

Kumar, P. (2022). Health risk assessment of hazardous heavy metals in two varieties of 

mango fruit (Mangifera indica L. var. Dasheri and Langra). Horticulturae, 8(9), 832. 

Gupta, N., Yadav, K. K., Kumar, V., Krishnan, S., Kumar, S., Nejad, Z. D., ... & Alam, J. 

(2021). Evaluating heavy metals contamination in soil and vegetables in the region of 

North India: Levels, transfer and potential human health risk analysis. Environmental 

toxicology and pharmacology, 82, 103563. 

Bharani, V., Sathyaraj, S., Sinha, A., Sugankumar, D., & Osborne, J. W. (2015). A survey on 

the accumulation of chromium in plants near various tannery industries of Vellore 

district, TN. Research Journal of Pharmacy and Technology, 8(9), 1205-1208. 

Bhalerao, S. A., Sharma, A. S., & Poojari, A. C. (2015). Toxicity of nickel in plants. Int. J. Pure 

Appl. Biosci, 3(2), 345-355. 

Kabata-Pendias, A. (2000). Trace elements in soils and plants. CRC press. 

Stefanowicz, A. M., Kapusta, P., Zubek, S., Stanek, M., & Woch, M. W. (2020). Soil organic 

matter prevails over heavy metal pollution and vegetation as a factor shaping soil 

microbial communities at historical Zn–Pb mining sites. Chemosphere, 240, 124922. 

Li, Q., Wang, Y., Li, Y., Li, L., Tang, M., Hu, W., ... & Ai, S. (2022). Speciation of heavy metals 

in soils and their immobilization at micro-scale interfaces among diverse soil 

components. Science of the Total Environment, 825, 153862. 

Li, Z., Liang, Y., Hu, H., Shaheen, S. M., Zhong, H., Tack, F. M.,  & Zhao, J. (2021). Speciation, 

transportation, and pathways of cadmium in soil-rice systems: a review on the 

environmental implications and remediation approaches for food safety. Environment 

international, 156, 106749. 

Bamigboye, O. S. (2021). Exploration for Fe-Mn Oxides Using Geochemical Signatures in Soil: A 

Case Study of Part of Northwestern Nigeria. In Geochemistry. IntechOpen. 

Dev LK, K., NB, S., & Philips, M. Heavy Metals and Microplastics as a Function of 

Environmental Pollution: A Comprehensive Study of a Ramsar Site in Chennai, 

Tamilnadu India. Saravanan and NB, Srilakshmi and Philips, Mayola, Heavy Metals and 



 

 

Microplastics as a Function of Environmental Pollution: A Comprehensive Study of a 

Ramsar Site in Chennai, Tamilnadu India. 

Wang, L., Rinklebe, J., Tack, F. M., & Hou, D. (2021). A review of green remediation strategies 

for heavy metal contaminated soil. Soil Use and Management, 37(4), 936-963. 

Lebelo, K., Malebo, N., Mochane, M. J., & Masinde, M. (2021). Chemical contamination 

pathways and the food safety implications along the various stages of food production: a 

review. International journal of environmental research and public health, 18(11), 5795. 

Uddin, M. M., Zakeel, M. C. M., Zavahir, J. S., Marikar, F. M., & Jahan, I. (2021). Heavy metal 

accumulation in rice and aquatic plants used as human food: A general 

review. Toxics, 9(12), 360. 

 

  



 

 

Table.1. Features of the Chennai market sample sites 

S.No. Study sites Type of markets Land uses 

1. Thiruvanmyur  Local  HT 

2. T. Nagar  Local  HT 

3. Ambattur  Local  NIA  

4. Red Hills  Local  NIA  

5. Minjur  Local NIA  

HT- Heavy traffic; NIA- Near Industrial Area  

Table 2. Botanical description of the vegetable and fruits used in the study 

S.No. Local name  Botanical description  

1.  Grapefruit  Vitis vinifera 

2.  Apple  Malus pumila 

3.  Guava Psidium guajava 

4.  Orange Citrus sinensis, 

5.  Amla Phyllanthus emblica 

6.  Lemon  Citrus limon 

7.  Beans Phaseolus vulgaris 

8.  Tomato Solanum lycopersicum 

9.  Potato Solanum tuberosum 

10.  Carrot Daucus carota 

11.  Cucumber  Cucumis sativus 

 

Table 3. Observations on heavy metals in fruits and vegetables 

S.No. Study area 

 

Fruit & 

vegetable 

Ni Cd Cr Pb References 

1.  Netherlands Apple, 

apricot, 

lemon, 

orange 

- - - 0.020 

mg kg–1 

(dry weight) 

Namiesnik et al., 

2012 

2.  India  Apple, - - - 224.4 Muhammad Rahim 



 

 

Grapes, 

Orange 

ug l–1 

(juice) 

et al., 2020 

3.  Maharashtra  mango - - - - Ivan Siric et al., 

2022 

4.  Uttar Pradesh  Tomato 0.89  0.14 - 0.46 Gupta et al., 2021 

5.  Vellore  onion  0.073 - - Bharani et al., 2015 

6.  Nigeria    8.90  3.08   8.90 Sobukola et al., 2010 

 

Also mention the detection method in the table 3 

Table 4. Limit of heavy metals permitted in fruits and vegetables  

S.No. Element  FAO/WHO 

(mg/Kg) 

1.  Cd  0.2 

2.  Pb  0.3 

3.  Ni  67.9 

4.  Cr  - 

*FAO: Food and Agriculture Organization *WHO: World Health Organization 

 

Put the reference of FAO and WHO.



 

 

 

Table.5 Concentration of Cr in vegetables  

Vegetables 

& fruits  

Location 

          T. Nagar                       Ambattur                     Red Hills                          Minjur                        Tiruvanmyur     

Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb 

Beans 1.8

6 

BD

L 

BD

L 

B

DL 

2.2

4 

B

DL 

BD

L 

BD

L 

3.1

4 

BD

L 

BD

L 

BD

L 

3.45 BD

L 

BDL BD

L 

1.5

7 

BD

L 

BD

L 

BD

L 

Tomato 13.

1 

BD

L 

BD

L 

B

DL 

16.

2 

B

DL 

BD

L 

BD

L 

16.

32 

BD

L 

BD

L 

BD

L 

15.2

2 

BD

L 

BDL BD

L 

10.

3 

BD

L 

BD

L 

BD

L 

Potato 18.

3 

BD

L 

BD

L 

B

DL 

21.

5 

B

DL 

BD

L 

BD

L 

20.

2 

BD

L 

BD

L 

BD

L 

26.1

4 

BD

L 

BDL BD

L 

11.

6 

BD

L 

BD

L 

BD

L 

Carrot 14.

2 

BD

L 

BD

L 

B

DL 

16.

3 

B

DL 

BD

L 

BD

L 

17.

25 

BD

L 

BD

L 

BD

L 

1.12 BD

L 

BDL BD

L 

1.3 BD

L 

BD

L 

BD

L 

Cucumber  2.6

1 

BD

L 

BD

L 

B

DL 

2.1

9 

B

DL 

BD

L 

BD

L 

2.0

5 

BD

L 

BD

L 

BD

L 

1.47 BD

L 

BDL BD

L 

1.4

9 

BD

L 

BD

L 

BD

L 

Grapes  1.8

7 

BD

L 

BD

L 

B

DL 

2.1

3 

B

DL 

BD

L 

BD

L 

1.4

4 

BD

L 

BD

L 

BD

L 

3.12 BD

L 

BDL BD

L 

1.6

3 

BD

L 

BD

L 

BD

L 

Apple  1.5

4 

BD

L 

BD

L 

B

DL 

1.3

3 

B

DL 

BD

L 

BD

L 

1.3

8 

BD

L 

BD

L 

BD

L 

1.02 BD

L 

BDL BD

L 

2.0

1 

BD

L 

BD

L 

BD

L 

Guava 1.8

8 

BD

L 

BD

L 

B

DL 

1.4

2 

B

DL 

BD

L 

BD

L 

1.4

7 

BD

L 

BD

L 

BD

L 

1.33 BD

L 

BDL BD

L 

1.2

4 

BD

L 

BD

L 

BD

L 

Orange 2.2

6 

BD

L 

BD

L 

B

DL 

3.5

2 

B

DL 

BD

L 

BD

L 

0.8

7 

BD

L 

BD

L 

BD

L 

3.28 BD

L 

BDL BD

L 

BD

L 

BD

L 

BD

L 

BD

L 

Amla 1.2

2 

BD

L 

BD

L 

B

DL 

1.1

7 

B

DL 

BD

L 

BD

L 

0.9

8 

BD

L 

BD

L 

BD

L 

1.74 BD

L 

BDL BD

L 

BD

L 

BD

L 

BD

L 

BD

L 

Lemon  2.3

3 

BD

L 

BD

L 

B

DL 

1.9

7 

B

DL 

BD

L 

BD

L 

1.2

4 

BD

L 

BD

L 

BD

L 

0.68 BD

L 

BDL BD

L 

BD

L  

BD

L 

BD

L 

BD

L 

 

Abbreviation: BDL??



 

 

 

 

 

 

Fig.1.Study area 

 

Fig.2. Sources of heavy metals 



 

 

 

Fig.3. Heavy metal accumulation in fruits and vegetables from the environment 

 

 

 

Fig.4. Heavy metal absorption in plants and transportation to fruits and vegetables 



 

 

 


