ISSN: 2320-5407

Int. J. Adv. Res. 11(01), 985-992

7~ N,
‘// N\

{' 1, . INTERNATIONAL JOURNAL OF
ﬂﬁg ' ADVANCED RESEARCH (IJAR) L

Article DOI: 10.21474/1JAR01/16108 o

ISSN NO 212U 5407

Journal Homepage: -

DOI URL: http://dx.doi.org/10.21474/1JAR01/16108 i d

www.journalijar.com TR TN AR

B0 ANCED BASEAROW SJAR)

L

RESEARCH ARTICLE

ATOMIC ABSORPTION SPECTROSCOPY DETECTION OF HEAVY METALS (COPPER AND LEAD)
IN DIFFERENT VEGETABLES OF DISTRICT GORAKHPUR, U. P. INDIA

Pooja Agrahari', Lokpriy Pandey?, Susheel Kumar?, Manoj Kumar?, V. K. Singh® and D. K. Singh®

Lo

Department of Zoology, C. M. Science College, Darbhanga, Bihar.

2. M.Sc Final Year Students (2017)- Department of Environmental Science, D.D.U. Gorakhpur University,

Gorakhpur, U.P.-273009, India.

3. Malacology Laboratory, Department of Zoology, D.D.U. Gorakhpur University, Gorakhpur, U.P.- 273009,

India.

Manuscript History

Received: 30 November 2022
Final Accepted: 31 December 2022
Published: January 2023

Key words:-

Atomic  Absorption  Spectroscopy,
Consumption, Heavy Metals,

Vegetables, Lead, Copper

Vegetables are very important in the human diet because it provide
many nutrients for our body. Different types of industrial effluents,
chemical fertilizers, municipal waste, and pesticides have resulted in
heavy metal accumulation in soil and ultimately in vegetables.
Exposure to heavy metals by the consumption of contaminated
vegetables and its toxicity is a serious concern for human/animal. This
present study reveals the heavy metal accumulation in different
vegetables. The bioaccumulation of lead was higher in mustard leaf

(0.435 mg/kg) and spinach leaf (0.593 mg/kg) of Gida; and spinach leaf
(0.605 mg/kg) of Nausad. The bioaccumulation of Copper in potato
(1.743 mg/kg) was higher in Nausad, whereas in spinach leaf higher
value was found in Taramandal (2.410) and Mohaddipur (2.214
mg/kg). These contaminated vegetables could be hazardous to human
beings and their health. 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.

Copy Right, 1JAR, 2023,. All rights reserved.

Introduction:-

Heavy metals are hazardous contaminants in food and the environment and they are non-biodegradable having long
biological half-lives; and their ability to accumulate in different body parts (Monu et al., 2008; Heidarieh et
al., 2013). It can emanate from both natural and anthropogenic processes and end up in different environmental
compartments (soil, water, air and their interface). The most common heavy metals are lead (Pb), nickel (Ni),
chromium (Cr), cadmium (Cd), arsenic (As), mercury (Hg), zinc (Zn) and copper (Cu). Although the
aforementioned heavy metals can be found in traces, they still cause serious health problems to human and other
mammals (Herawati et al., 2000). They can enter into the food chain through crops and accumulate in the human
body through biomagnification, thus posing a great threat to human health (Sarwar et al., 2010; Rehman et al.,
2017). The contamination of soil and vegetables by heavy metals is also a global environmental issue. Analysis of
vegetables grown in locations close to industry has reported elevated levels of heavy metals contamination
(Vousta et al., 1996; Kachenko and Singh, 2006). These heavy metals are easily accumulated in the edible parts of
leafy vegetables, as compared to grain, storage organs or fruit crops (Mapanda et al., 2005; Yusuf and Oluwole,
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2009; Hag et al., 2019). Vegetables take up heavy metals and accumulate them in their edible (Bahemuka and
Mubofu, 1991) and inedible parts in quantities high enough to cause clinical problems both to animals and human
beings when they consume these metal-rich plants (Alam et al., 2003). Intake of toxic metals in a chronic
level through soil and vegetables has adverse impacts on human, plants and the associated harmful impacts
become apparent only after several years of exposure (Bahemuka and Mubofu, 1991; Ikeda et al., 2000). Heavy
metals can be the cause of many chronic diseases whose symptoms are different depending on the level of toxicity
of an element, as well as the duration and level of exposure (International Agency for Research on Cancer, 2012;
Kim et al., 2015). Metals, such as lead, chromium, cadmium and copper are cumulative poisons. Lead (Pb) is a
neurotoxic element, in the general public, but specially in children, elevated levels of Pb in the blood may cause
changes in the brain, manifested by: lowering of the 1Q level, a problem with proper perception and concentration
and a hyperactivity (Rehman et al., 2018; Fu and Xi, 2020). Chronic exposure to Pb can be associated with an
increased risk of developing neurodegenerative diseases (Karri et al., 2018). High concentrations of heavy metals
(Cu and Pb) in vegetables were related to high prevalence of upper gastrointestinal cancer (Turkdogan et
al., 2002). The intake of copper salts in larger quantities may cause haemolysis, hepatotoxic, neurotoxic effects,
gastrointestinal, hepatic, and renal effects with symptoms such as severe abdominal pain, vomiting, diarrhoea,
hepatic necrosis, hematuria, proteinuria, hypotension, tachycardia, convulsions, coma, and death (Tchounwou et al.,
2008). The aim of present study is to investigate the level of heavy metals (Cu, Pb) contamination in some
vegetables and soil of Gorakhpur city. In addition, the aim is to verify which vegetable is the most contaminated and
poses a significant health risk to its consumers.

Materials and Methods:-

Study Area

Different study sites (5 sites) were selected to study the level of heavy metals in vegetables. All these sites were
situated in Gorakhpur (Latitude 26° 46' N, Longitude 83° 22' E) district of Uttar Pradesh, India on the left bank of
river Rapti. Gorakhpur is an industrialized city, heavy a population of many lakh. Different types of industries
effluent along with municipal waste are dumped in different Lakes of Gorakhpur city and the vegetables are growing
in these areas. These 5-study areas are listed in Table 1, in which Gida and Nausad are the industrial dominant areas
of Gorakhpur city.

Table 1:- List of sampling sites in Gorakhpur city.

Site number Site Name
1 Gida

2 Nausad

3 Taramandal
4 Mohaddipur
5 Nanda nagar

Sampling procedure

Different types of vegetables and Soil (Table 2) were takes as sample from five different sites of Gorakhpur city.
The factors were taken into account during site selection that the sites are residential site, industrial area and road
sites. After drying at 90° Celsius and pulverizing, the vegetables were placed in polythene bags and stored in the
refrigerator. 1-gram dry weights of each sample were taken for metal detection.

Table 2:- List of vegetables and soil collected from different sites of Gorakhpur city.

S. No. Vegetables/soil

1 Brinjal

Cauliflower

Potato

Radish

Mustard leaf

Spinach leaf

N[O WwiN

Soil

Chemicals Used
Concentrated Nitric acid (HNO3) (Merck, pro analysi), Millipore water and HCI. Standards of Pb and Cu were
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purchased from Perkin Elmer, 710 Bridgeport Avenue (USA).

Apparatus
Perkin Elmer analyst 400 atomic absorption spectrophotometer, Hot plate, Oven, Porcelain Pestle and mortar,
Glassware, Whattman type filter paper 60, Micropipette.

Analytical Methods:-

The wet digestion of organic matrix sample by the use of concentrated HNO; is the most common procedure. The
digestion time was extended so as to achieve maximum recoveries of metal in the solution. About 1 gram dried wet
of each sample was placed in an open tube. 10 ml of concentrated HNO3; were added to each tube and place on hot
plate till dryness. Residue were dissolved again with 10 ml concentrated HNO; followed by 10 ml 2M HCI and
heated on hot plate till dryness. Left residues were warmed in 20 ml of 2M HCI to re-dissolve the metal salts and
then filter by 60- whattman filter paper in borosilicate funnels into 150 ml borosilicate beakers. The final volumes of
samples were made up to 25 ml with de-ionized double distilled water. Prepared solution then transfer to labelled
test tube for Pb and Cu analysis on Atomic absorption spectroscopy (AAS).

Standard preparation

Standard solution was prepared by dissolving known concentration (1, 2, 5 and 10 ppm) of Pb and Cu in 25 ml
double distilled water. All prepared solution was then transferred to labeled beakers for lead and copper analysis
using Atomic Absorption Spectroscopy (Perkin Elmer analyst 400) by the method of Agrahari et al., (2017).

Schematic representation of various sampling sites of Gorakhpur city
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Result:-

The mean concentration of lead in vegetables and soil from each site are given in Table 3. The bioaccumulation of
lead was not found in vegetables and soil but slightly lower value was observed in spinach and mustard leaf. In Site
1 (Gida) the lead concentration in mustard and spinach leaf was 0.435 and 0.593 mg/kg respectively. In the 2" site
(Nausad) the concentration of lead in spinach leaf was 0.605 mg/kg. In the 3rd site (Taramandal) the concentration
of lead in spinach leaf and soil was 0.492 and 0.086 mg/kg respectively. In the 4th site (Mohaddipur), the
concentration of lead in mustard and spinach leaf was 0.016 and 0.328 mg/kg respectively. In the 5th site (Nanda
Nagar) the concentration of lead in mustard leaf was 0.024 mg/kg. The value indicates that the lead come from air to
soil and soil to vegetables is due to increase level of pollution in the city.

The mean concentration of copper in vegetables and soil from each site are given in Table 4. The bioaccumulation
of Copper in potato was higher (1.743 mg/kg) in site 2 (Nausad), whereas the bioaccumulation of Copper in spinach
leaf was higher (2.410 and 2.214 mg/kg) in site 3 and 4 (Taramandal and Mohaddipur), respectively. The value
indicates that the higher amount of copper present in vegetables and soil is due to higher level of pollution in the
city.

Discussion:-

Heavy metals have a high atomic weight and a density at least 5 times greater than that of water. Their toxicity
depends on several factors including the dose, route of exposure, and chemical species, as well as the age, gender,
genetics, and nutritional status of exposed individuals. Vegetables absorb metals from contaminated soils, besides
from deposits on the parts of the vegetables exposed to polluted air (Haiyan and Stuanes, 2003). The consumption of
vegetables contaminated with heavy metals may pose a risk to the health of humans. It was found that heavy metals
accumulated more in leafy vegetables than those in other parts because these leaves considered as entry points of
heavy metals from air. Many studies have so far been published on heavy metal contamination because of their
effects on human health and ecosystem (Caussy et al., 2003; Buschmann et al., 2008; Mousavi et al., 2013;
Ametepey et al., 2018).

In our study, the observed value of Cu in vegetables was range from 0.093 mg/kg to 2.410 mg/kg (Table 2), which
was less than the permissible limit (10.00 mg/kg) of WHO (1994). Demirezen and Ahmet (2006) reported that levels
of Cu (22.19-76.50 mg/kg) were higher in the leafy species than the non-leafy vegetable species in Turkey. Sharma
et al., (2006) also reported the concentration of Cu (2.25-5.42 mg/kg) in vegetables grown in wastewater areas of
Varanasi, India to be within the safe limit. Ali and Al-Quhtani (2012) reported that leafy vegetable accumulated Cu
higher in Jews mallow leaves (33.22 pg/g) which is higher than the permissible limit. Copper is essential for humans
as a trace dietary mineral. However, excessive consumption of Cu can lead to adverse effects on human health
(Rahman et al. 2014). The oral dose of copper is only 0.04 mg/kg/day (US EPA, 2017). When a person takes excess
Cu, it causes acute intestine and stomachache, and liver damage (Rahman et al. 2014). Although the concentration of
copper accumulation is very low in vegetables, which is less hazardous for human health, but their continuous
accumulation creates a severe condition in future, because the impact of increasing urbanization, industrialization,
number of vehicles in city and disposal of wastes is increasing day by day.

Lead has toxic effects on organs that include kidneys, liver, lung and spleen that cause different biochemical
defects. It exhibits neuropathology when adults are exposed occupationally or accidentally to excessive levels. Lead
is known to disrupt several enzymes. The major biochemical effect of Pb is its interference with heme- synthesis,
which leads to hematological damage (Reddy, 2005). Pb inhibits several enzymes involved in heme synthesis. Lead
interferes at several steps in heme (the pigment that combines with protein to form haemoglobin) synthesis in the
bone marrow by inhibiting the activities of enzymes ferrochelatase, a- amino laevulinate dehydrogenase (ALAD)
and with the uptake of iron into mitochondria (Piomelli, 1980). It is a cumulative general poison and associated with
several health hazards like anaemia (Moore, 1988) which leads to deficiency of haemoglobin and reproductive
effects (Wildt et al., 1983; Cullen et al., 1984). There is a relationship between Pb in the human body and the
increase of blood pressure of adults (Maihara and Favaro, 2006).

In the present study, the concentration of lead metal are only found in the spinach leaves of Gida (0.593), Nausad
(0.605), Taramandal (0.492) and mohaddipur (0.328 mg/kg); Mustard leaf of Gida (0.435), Mohaddipur (0.016)
and Nanda Nagar (0.024); and Soil of Taramandal (0.086 mg/kg). In rest vegetables, the lead concentrations were
below the detectable level. The lead concentrations in Mustard leaf and Spinach leaf are greater than others, which
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indicate, that the accumulation of lead become started in the leafy vegetables that is not good for all living system.
However, all of vegetables sample were below to WHO standard permissible limit i.e. 2mg/kg, but these trace level
of lead will be very hazardous for living system by the continuous exposure due to continuous bioaccumulation and
biomagnifications inside the organism. Al Jassir et al. (2005) studied six washed and unwashed green leafy
vegetables from Saudi Arabia and noted the highest concentrations of Pb in coriander and purslane. Muchuweti et al.
(2006) reported the level of Pb (6.77 mg kg') in vegetables irrigated with mixtures of wastewater and sewage from
Zimbabwe to be higher than WHO safe limit (2 mg/kg). Sharma et al. (2006) also reported the Pb concentration in
vegetables grown in industrial areas was range from 17.54-25.00 mg/kg. Odai et al. (2008) reported that the Pb
concentration was range from 2.42 to 13.50 mg/kg. Recently, Ametepey et al. (2018) also reported the lead
concentration in cabbage, carrot, green pepper and onion ranged from BDL to 0.03 mg kg— 1, BDL to 0.02 mg kg—
1, BDL to 0.04 mg kg— 1, and BDL to 0.05 mg kg— 1, respectively. They found that the concentration of heavy
metals in the various vegetables were below the World Health Organization (WHO) standard. The maximum value
of Pb was found in spinach leaves of Nausad (0.605 mg/kg), because of heavily traffic in this area, which lead to the
accumulation of Pb emitted from cars exhaustions in leaves. The reason behind this in car engines lead is burn, so
that lead salts (chlorines, bromines, and oxides) will originate. These lead salts enter the environment through the
exhausts of cars. The larger particles will drop to the ground immediately and pollute soils or surface waters, the
smaller particles will travel long distances through air and remain in the atmosphere. Part of this lead will fall back
on earth when it is raining. This lead-cycle caused by human production is much more extended than the natural
lead-cycle. It has caused lead pollution to be a worldwide issue.

Table 3:- The mean lead concentration in vegetables and soil in each sampling site 1-5 (mean value in mg/kg).

SR.NO SITES VEGETABLES NAME CONCENTRATION OF Pb
(lead) METAL (mg/KQg)
BRINJAL ND
CAULIFLOWER ND
POTATO ND
1 GIDA RADISH ND
MUSTARD LEAF 0.435
SPINACH LEAF 0.593
SOIL ND
BRINJAL ND
CAULIFLOWER ND
POTATO ND
2 NAUSAD RADISH ND
MUSTARD LEAF ND
SPINACH LEAF 0.605
SOIL ND
BRINJAL ND
CAULIFLOWER ND
3 POTATO ND
TARAMANDAL RADISH ND
MUSTARD LEAF ND
SPINACH LEAF 0.492
SOIL 0.086
BRINJAL ND
CAULIFLOWER ND
POTATO ND
4 MOHADDIPUR RADISH ND
MUSTARD LEAF 0.016
SPINACH LEAF 0.328
SOIL ND
BRINJAL ND
CAULIFLOWER ND
POTATO ND
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5 NANDA NAGAR RADISH ND
MUSTARD LEAF 0.024
SPINACH LEAF ND
SOIL ND

Abbreviation: ND -not detected.

Table 4:- The mean Copper concentration in vegetables and soil from each sampling site 1-5 (mean value in mg/kg).

SR.NO SITES VEGETABLES NAME CONCENTRATION  OF  Cu
(copper) METAL (mg/kg)
BRINJAL 0.203
CAULIFLOWER 0.120
POTATO 0.113
1. GIDA RADISH 0.127
MUSTARD LEAF 0.166
SPINACH LEAF 0.306
SOIL 0.136
BRINJAL 0.266
CAULIFLOWER 0.120
POTATO 1.743
2. NAUSAD RADISH 0.100
MUSTARD LEAF 0.156
SPINACH LEAF 0.407
SOIL 0.138
BRINJAL 0.257
CAULIFLOWER 0.319
3. POTATO 0.125
TARAMANDAL RADISH 0.089
MUSTARD LEAF 0.135
SPINACH LEAF 2.410
SOIL 0.465
BRINJAL 0.149
CAULIFLOWER 0.099
POTATO 0.196
4, MOHADDIPUR RADISH 0.105
MUSTARD LEAF 0.146
SPINACH LEAF 2.214
SOIL 0.235
BRINJAL 0.264
CAULIFLOWER 0.097
POTATO 0.093
5. NANDA NAGAR RADISH 0.150
MUSTARD LEAF 0.150
SPINACH LEAF 0.287
SOIL 0.103

Abbreviation: ND -not detected.

References:-

[1]  Agrahari P, Singh VPP, Singh A, Singh A, Singh VK, Singh DK. 2017. Atomic Absorption Spectroscopy
Detection of Heavy Metals (Pb, Hg, As, Cu) Contamination in the Water of Natural Lakes of District
Gorakhpur, U. P. India. J Biol Chem Res. 34(2):538-547.

[2] AllJassir, M.S., Shaker, A., Khalig, M.A., 2005. Deposition of heavy metals on green leafy vegetables sold on
roadsides of Riyadh city, Saudi Arabia. Bulletin of Environment Contamination and Toxicology 75, 1020—
1027.

990



ISSN: 2320-5407 Int. J. Adv. Res. 11(01), 985-992

3]
[4]
[5]

[6]
[7]

(8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]

Alam MGM, Snow ET, Tanaka A, 2003. Arsenic and heavy metal contamination of vegetables grown in
Samta village, Bangladesh. Sci Total Environ 308: 83-96.

Ali, Mohamed H.H. and Al-Qahtani Khairia M. 2012. Assessment of some heavy metals in vegetables,
cereals and fruits in Saudi Arabian markets. Egyptian Journal of Aquatic Research 38, 31-37

Ametepey, S.T., Cobbina, S.J., Akpabey, F.J.et al. 2018. Health risk assessment and heavy metal
contamination levels in vegetables from Tamale Metropolis, Ghana. International Journal of Food
Contamination. 5, 5.

Bahemuka TE, Mubofu EB, 1991. Heavy metals in edible green vegetables grown along the sites of the Sinza
and Msimbazi Rivers in Dar es Salaam, Tanzania. Food Chemistry 66: 63-66.

Buschmann J, Berg M, Stengel C, Winkel L, Sampson ML, Trang PTK,Viet PH, 2008. Contamination of
drinking water resources in the Mekong delta flood plains: Arsenic and other trace metals poseserious health
risks to population. Environ. Int. 34:756-764.

Caussy D, Gochfeld M, Gurzan E, et al. 2003. Lessons from case studies of metals investigating exposure,
bioavaialability, and risk. Ecotoxicol Environ Safety 56:45-51.

Cullen, M.R., Kayne, R.D., Robins, J.M., 1984. Endocrine and reproductive dysfunction in men a social with
occupation inorganic lead intoxication. Arch. Environ. Health 39, 431-440.

Demirezen, D., Ahmet, A., 2006. Heavy metal levels in vegetables in turkey are within safe limits for Cu, Zn,
Ni and exceeded for Cd and Pb. Journal of Food Quality 29, 252—-265.

Fu, Z. & Xi, S. 2020.The effects of heavy metals on human metabolism. Toxicol. Mech. Meth. 30(3), 167—
176.

Haiyan W, Stuanes AO. 2003. Heavy metal pollution in air-water-soil-plant. Water Air Soil Pollut. 147: 79—
107.

Heidarieh M, Maragheh MG, Shamami MA, Behgar M, Ziaei F, Akbari Z. 2013. Evaluate of heavy metal
concentration in shrimp (Penaeus semisulcatus) and crab (Portunus pelagicus) with INAA method. Springer
Plus. 2:72.

Herawati N, Suzuki S, Hayashi K, Rivai IF, Koyoma H. 2006. Cadmium, copper and zinc levels in rice and
soil of Japan, Indonesia and China by soil type. Bulletin of Environmental Contamination and Toxicology,
64: 33-39.

Ikeda M, Zhang ZW, Shimbo S, Watanabe T, Nakatsuka H, et al. 2000. Urban population exposure to lead
and cadmium in east and south-east Asia. Sci Total Environ 249: 373-384.

International Agency for Research on Cancer. Arsenic, metals, fibres, and dusts. 2012. A review of human
carcinogens. IARC Monographs on the Evaluation of Carcinogenic Risk to Human, Vol. 100C, Lyon, 121—
140.

Kachenko AG, Singh B. 2006. Heavy metals contamination in vegetables grown in urban and metal
smelter contaminated sites in Australia. Water Air Soil Pollut 169: 101-123.

Karri, V. et al. 2018. Differential protein expression of hippocampal cells associated with heavy metals (Pb,
As, and MeHg) neurotoxicity: deepening into the molecular mechanism of neurodegenerative diseases. J.
Proteom. 187, 106-125.

Kim, H. S., Kim, Y. J. & Seo, J. R. 2015. An overview of carcinogenic heavy metal: molecular toxicity
mechanism and prevention. J. Cancer Prev. 20(4), 232—240.

Maihara, V.A.; Favaro, D.I.T. 2006. Toxic Elements. In: Cozzolino, S.M.F., ed. Bioavailability of nutrients.
p. 629-660. Manole, Barueri, SP, Brazil (in Portuguese).

Mapanda F, Mangwayana EN, Nyamangara J, Giller KE, 2005. Impacts of sewage irrigation on heavy metals
distribution and contamination. Environ Intern. 31: 05-812.

Monu A, Bala K, Shweta R, Anchal R, Barinder K, Neeraj M, 2008. Heavy metal accumulation in vegetables
irrigated with water from different sources.

Moore, M.R., 1988. Haematological effects of Lead. Sci. Total Environ. 71, 419-431.

Mousavi S. R., Balali-Mood M., Riahi-Zanjani B., Yousefzadeh H., Sadeghi M. 2013. Concentrations of
mercury, lead, chromium, cadmium, arsenic and aluminum in irrigation water wells and wastewaters used for
agriculture in Mashhad, northeastern Iran. Int. J. Occup. Environ. Med. 4 (2 April), 80-86.

Muchuweti M, Birkett JW, Chinyanga E, Zvauya R, Scrimshaw MD, Lester JN, 2006. Heavy metal content
of vegetables irrigated with mixtures of wastewater and sewage sludge in Zimbabwe: implications for human
health. Agric Ecosys Envir.112:41-8.

Odai SN, Mensah E, Sipitey D, Ryo S, Awauah E. 2008. Heavy metals uptake by vegetables cultivated on
urban waste dumpsites: case study of Kumasi, Ghana. Res J Environ Toxicol. 2(2):92-99.

991



ISSN: 2320-5407 Int. J. Adv. Res. 11(01), 985-992

[27]

[28]
[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]
[38]
[39]
[40]

[41]

Piomelli, S., 1980. The effects of low-level lead exposure on heme metabolism. In Needleman, H. L. (Ed.),
Low Level Lead Exposure: The Clinical Implications of Current Research, Raven Press, New York. pp. 67-
74.

Rahman MA, Rahman MM, Reichman SM, Lim RP, Naidu R. 2014. Heavy metals in Australian grown and
imported rice and vegetables on sale in Australia: health hazard. Ecotoxicol Environ Saf. 100: 53—60.

Reddy, K.H., 2005. Bioorganic Chemistry. New Age International (P) Limited, Publishers, 4835/24, Ansari
Road, Daryaganj, New Delhi. ISBN: 81-224-1437-0.

Rehman, K., Fatima, F., Waheed, I. & Akash, M. S. H. 2018. Prevalence of exposure of heavy metals and
their impact on health consequences. J. Cell Biochem. 119, 157-184.

Rehman, M. Z. U., Rizwan, M., Ali, S., Ok, Y. S., Ishaque, W., and Saifullah et al. 2017. Remediation of
heavy metal contaminated soils by using Solanum nigrum: a review. Ecotox. Environ. Safe. 143, 236-248.
doi: 10.1016/j.ecoenv.2017.05.038

Sarwar, N., Malhi, S. S., Zia, M. H., Naeem, A., Bibi, S., and Farid, G. 2010. Role of mineral nutrition in
minimizing cadmium accumulation by plants. J. Sci. Food Agric. 90, 925-937. doi: 10.1002/jsfa.3916

Haq, S., Ara S. and Bhatti, A. A. 2019. Heavy metals contamination in vegetables and its growing soil.
Journal of Pharmacognosy and Phytochemistry. 8(2): 1748-1751.

Sharma, R. K., Agarawal. M. & Marshall, F. M. 2006), “Heavy metal contamination in vegetables grown in
waste water irrigated areas of Varanasi, India”, Bulletin of Environmental Contamination and Toxicology,
77:311-318.

Tchounwou, P.B., Newsome, C., Williams, J., Glass, K., 2008 Copper-Induced Cytotoxicity and
Transcriptional Activation of Stress Genes in Human Liver Carcinoma (HepG(2)) Cells. Met. lons Biol. Med.
10, 285-290.

Turkdogan, M.K., F. Kilicel, K. Kara, I. Tuncer and I. Uygan, 2002. Heavy metals in soil, vegetables and
fruits in the endemic upper gastrointestinal cancer region of Turkey. Environ. Toxicol. Pharmacol., 13: 175-
179.

US EPA (2017) Regional screening levels (RSLs)—generic tables November 2017. US EPA, Washington,
DC

Vousta D, Grimanis A, Sammara C, 1996. Trace elements in vegetables grown in an industrial area in relation
to soil and air particulate matter. Environ Pollut 94; 325-335.

WHO (World Health Organization), 1994. Quality Directive of Potable Water, Geneva, second ed., p. 197.
Wildt, K., Eliasson, R., Borlin, M., 1983. Effects of occupational exposure to lead on sperm and semen. In:
Clarbson TW, Nordberg GF, Sager PR, editors. Reproductive and developmental toxicity of metals.
Proceeding of joint meeting in Rochester. New York: Plenum press, 279-300.

Yusuf K.A. and S.O. Oluwole, 2009. Heavy Metal (Cu, Zn, Pb) Contamination of Vegetables in Urban City:
A Case Study in Lagos. Research Journal of Environmental Sciences, 3: 292-298.

992



