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Abstract 

The present study was carried out to analyse the heavy metal contamination in soils and vegetable crops. 

Soil samples as well as vegetable samples were collected from commercially growing vegetable belts of 

Central Kashmir (Noorbah (Srinagar) and Narkara (Budgam) area of Jammu and Kashmir. The soils and 

vegetable samples were analyzed for Fe, Mn, Zn, Cu, Cd, Cr, Ni and Pb. The mean values showed 

slightly higher amount of the heavy metals in the soils of Noorbagh (Srinagar). Furthermore, the edible 

part of radish had higher amount of these heavy metals respectively compared to tomato owing to the 

excessive discharge of domestic sewage in the irrigation channels. The heavy metal concentration in both 

the vegetable crops were below the critical limits of Indian standards but continuous monitoring of these 

metals is necessary to ensure the good quality of vegetables for consumption. 
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Introduction 

Heavy metals are hazardous contaminants in food and the environment and they are non-

biodegradable having long biological half-lives [1]. The implications associated with metal 

(embracing metalloids) contamination are of great concern, particularly in agricultural 

production systems [2] due to their increasing trends in human foods and environment. Metals 

most often found as contaminants in vegetables include As, Cd and Pb. These metals can pose 

as a significant health risk to humans, particularly in elevated concentrations above the very 

low body requirements [3]. So, the metals must be controlled in food sources in order to assure 

public health safety [4]. Excessive amount of heavy metals in food cause a number of diseases, 

especially cardiovascular, renal, neurological, and bone diseases [5]. These metals could reach 

food chain through various biochemical process and ultimately biomagnified in various trophic 

levels and eventually threaten the health of human. The contamination of soil and vegetables 

by heavy metals is also a global environmental issue. They are ubiquitous in the environment 

through various pathways, due to natural and anthropogenic activities [6]. Under certain 

environmental conditions metals may accumulate to toxic concentration and they cause 

ecological damages [7, 8]. 

Source of anthropogenic contamination include the addition of manures, sewage sludge, 

fertilizers and pesticides to soils, several studies identifying the risks in relation to increased 

soil metal concentration and consequent plant uptake [9, 10]. Both commercial and residential 

growing areas are also vulnerable to atmospheric pollution, in the form of metal containing 

aerosols. These aerosols can penetrate the soil and be absorbed by vegetables, or alternatively 

be deposited on leaves and adsorbed. Analysis of vegetables grown in locations close to 

industry has reported elevated levels of heavy metals contamination [2, 11] studied the impact of 

atmospheric pollution from industry on heavy metal contamination in vegetables grown in 

Greece. The results of the study indicated significantly higher levels of metal accumulation in 

leafy vegetables as compared with root vegetables. This partitioning of Cd is well known, with 

accumulation of greater concentrations in the edible leafy portions of crops, than the storage 

organs or fruit [12, 13]. 

As the present study area is free from industrial pollution, the major sources of soil 

contamination with heavy metals might be due to the irrigation water, and agrochemicals. 

Excessive accumulation of heavy metals in agricultural soils through the use of agrochemicals 

and by other sources may not only result in soil contamination but also lead to elevated heavy 

metal up-take by vegetables and thus affect food quality and safety [14]. Heavy metals are 

easily accumulated in the edible parts of leafy vegetables, as compared to grain or fruit crops 
[15]. Vegetables take up heavy metals and accumulate them in their edible [16] and inedible parts 

in quantities high enough to cause clinical problems both to animals and human beings when 

they consume these metal-rich plants [17]. 
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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 [16, 18]. However, the consumption of 

heavy metal-contaminated food can seriously deplete some 

essential nutrients in the body that are further responsible for 

decreasing immunological defenses, such as intrauterine 

growth retardation, impaired psycho-social facilities, 

disabilities associated with malnutrition and high prevalence 

of upper gastrointestinal cancer rates [19, 20]. 

 

Materials and Methods 

Collection of plant and soil samples 

Soil and plant samples were collected from major vegetable 

growing belts of Noorbagh (Srinagar) and Narkara (Budgam) 

areas of Central Kashmir using surface water for irrigation 

purposes. Fifteen soil samples from each area were collected 

and fifteen samples of each vegetable crops Fifteen samples 

of each vegetable crop (tomato (Solanum lycopersicum L. 

variety: Local), radish (Raphanus sativus L. variety: Japanese 

long)) were collected from the same site from where soil 

samples were collected.  

 

Digestion of soil and plant samples for heavy metal 

analysis 

Heavy metals (Cd, Cr, Ni and Pb) from soil samples were 

extracted by the method of Jackson (1973) using di-acid 

digestion mixture (HNO3:HClO4, 4:1) and analyzed by 

Atomic Absorption Spectrophotometer (AAS). 

The plant samples were digested in a di-acid mixture 

consisting of HNO3 and HClO4 to the known amount of plant 

material (1g) 5ml of conc. HNO3 was added and kept 

overnight. Next day 12 ml of di-acid mixture (HNO3:HClO4, 

3:1) was added and digested on hot plate. The digestion 

process begins with the evolution of reddish brown fumes 

(NO2 gas) and the plant samples slowly begin to dissolve and 

digested in a di-acid mixture. After few hours the plant 

samples dissolved completely in the digestion mixture and the 

solution was then evaporated until only 2 ml was left in the 

flask [21]. The remaining digested material was diluted to 25 

ml with distilled water and was then analyzed for the presence 

of heavy metals Cd, Cr, Ni, Pb, Fe, Mn, Zn and Cu by Atomic 

Absorption Spectrophotometer. 

 

Result and Discussion 

Heavy metal Content in Soil 

Heavy metal concentration (Fe, Mn, Zn, Cu, Cd, Cr, Pb and 

zn) of soils of Noorbagh Cu was found slightly higher than in 

soils of Narkara (table 1). The heavy metals followed the 

increasing trend of Ni> Pb> Cr> Cd>Fe >Mn >Cu >Zn in 

both the areas. The mean concentration of Fe in Noorbagh 

soils was 32.52±0.83 mgkg-1 ranging of 28.33-39.00 mgkg-1 

and that of Narkara soils the concentration of Fe was 

28.73±0.76 mgkg-1 ranging from 23.92-33.12 mgkg-1. The 

mean concentration of Mn was 9.43±0.62 mgkg-1 in soils of 

Noorbagh and 8.75±0.22 mgkg-1 in soils of Narkara. Zn in 

Noorbagh soils was found as 0.90±0.05 and 0.88±0.08 mgkg-1 

in Narkara soils. The mean concentration of copper was 

3.71±0.12 and 2.98±0.16 mgkg-1 in soils of Noorbagh and 

Narkara respectively. The mean concentration of Cd, Cr, Ni 

and Pb in Noorbagh soils was found as 0.14±0.03, 0.33±0.04, 

0.91±0.07 and 0.65±0.10 mgkg-1 respectively and in Narakara 

soils the concentration of these metals was found as 

0.12±0.03, 0.30±0.004, 0.82±0.07 and 0.59±0.09 mgkg-1 

respectively. Furthermore on comparing with the safe limits 

of Indian Standards the concentration of these metal were 

found well below the safe limits and hence are excellent for 

growing vegetables commercially. 

 
Table 1: Heavy metal concentration of soils in Central Kashmir 

 

Parameters (mgkg-1) 
Noorbagh Narkara 

Safe limits (Awashthi, 2000) 
Mean±S.E Range Mean±S.E Range 

Fe 32.52±0.83 28.33-39.00 28.73±0.76 23.92-33.12 -- 

Mn 9.43±0.62 4.66-13.20 8.75±0.22 7.21-10.22 -- 

Zn 0.90±0.05 0.67-1.20 0.88±0.08 0.27-1.52 300-600 

Cu 3.71±0.12 2.66-4.20 2.98±0.16 2.00-4.10 135-270 

Cd 0.14±0.03 0.03-0.47 0.12±0.03 0.03-0.42 3-6 

Cr 0.33±0.04 0.06-0.64 0.30±0.04 0.05-0.58 -- 

Ni 0.91±0.07 0.34-1.55 0.82±0.07 0.31-1.40 75-150 

Pb 0.65±0.10 0.11-1.41 0.59±0.09 0.10-1.27 250-300 

 

The higher heavy metal concentration in soils of Noorbagh 

are due to excessive use of poultry manures which contain 

higher amounts of heavy metals like Cd, Cr, Ni, Pb, Fe, Cu, 

Mn and Zn. Besides, fertilizers and pesticides used in the area 

contain some trace metals as impurities or active ingredients 

which can lead to the build of micronutrients in the soil [22]. 

Moreover, some trace metals bind strongly to carbonates, clay 

particles, Fe and Mn oxides and organic matter and 

additionally soil pH, cation exchange and redox potential can 

also regulate the mobility of metals in soil. Quality of 

groundwater sources are affected by the characteristics of the 

media through which the water passes to the ground water 

zone of saturation, thus, the metals discharged by vehicles, 

municipal wastes, hazardous waste sites as well as from 

fertilizers for agricultural purposes can result in a steady rise 

in contamination of ground water and its subsequent use for 

irrigation leads to buildup of trace metals in soil [23]. 
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Heavy metal content in vegetable crops 

 
Table 2: Heavy metal uptake in vegetable crops in Central Kashmir 

 

Parameters (mg kg-1) Fe Mn Zn Cu Cd Cr Ni Pb 

T
o
m

at
o
 

N
o
o
rb

ag
h

 

Mean±S.E 60.32±1.81 58.33±3.56 24.58±1.40 12.93±0.74 0.06±0.01 0.11±0.02 0.08±0.01 0.11±0.05 

Range 46.69-68.58 38.25-77.14 17.35-36.82 8.88-18.32 0.01-0.11 0.03-0.29 0.02-0.20 0.01-0.74 

N
ar

k
ar

a Mean±S.E 58.74±1.76 56.80±3.47 23.93±1.36 12.59±0.72 0.06±0.01 0.10±0.02 0.08±0.01 0.10±0.05 

Range 45.46-66.78 37.24-75.11 16.89-35.85 8.65-17.83 0.01-0.11 0.03-0.29 0.02-0.19 0.01-0.72 

R
ad

is
h
 

N
o
o
rb

ag
h

 

Mean±S.E 75.44±2.26 71.84±4.39 30.27±1.72 15.92±0.91 0.07±0.01 0.12±0.02 0.09±0.02 0.12±0.05 

Range 58.39-85.76 47.10-95.00 21.36-45.35 10.94-22.56 0.01-0.13 0.03-0.33 0.02-0.23 0.01-0.84 

N
ar

k
ar

a Mean±S.E 71.66±2.15 68.25±4.17 28.76±1.64 15.13±0.87 0.07±0.01 0.11±0.02 0.08±0.01 0.12±0.05 

Range 55.47-81.47 44.75-90.25 20.30-43.08 10.39-21.43 0.01-0.12 0.03-0.32 0.02-0.21 0.01-0.80 

Safe limits (Awashthi, 2000) - - 50 30 1.5 20 1.5 2.5 

 

Heavy metal concentration of both the vegetable crops in both 

the areas followed the increasing trend of Ni> Pb> Cr> 

Cd>Fe >Mn >Cu >Zn (table 2). The concentration of heavy 

metals grown in Noorbagh area was found higher than the 

vegetable grown in the soils of Narkara area. In Noorbagh the 

mean concentration of Fe, Mn, Zn, Cu, Cd, Cr, Ni, and Pb in 

tomato was 60.32±1.81, 58.33±3.56, 24.58±1.44, 12.93±0.71, 

0.06±0.02, 0.11±0.02, 0.08±0.01 and 0.11±0.05 mg kg-1 and 

in Narakara the concentration of these metals in tomato was 

58.74±1.76, 56.80±3.47, 23.93±1.36, 12.59±0.72, 0.06±0.02, 

0.10±0.01, 0.08±0.01 and 0.10±0.05 mg kg-1 respectively. 

Among vegetable crops the concentration of these metals was 

higher in radish than in tomato. In Noorbagh the 

concentration of Fe, Mn, Zn, Cu, Cd, Cr, Ni, and Pb in radish 

was 75.66±2.26, 71.84±34.39, 30.27±1.72, 15.92±0.91, 

0.07±0.01, 0.12±0.02, 0.09±0.02 and 0.12±0.05 mg kg-1 in 

Narkara the concentration of these metals was 71.66±2.15, 

68.25±4.17, 28.76±1.64, 15.13±0.87, 0.07±0.01, 0.11±0.02, 

0.08±0.01 and 0.12±0.05 mg kg-1 respectively. Furthermore 

the concentration of these micronutrients were found well 

below the safe limits of Indian standards and hence are fit for 

consumption purposes. 

Elevated levels of heavy metals in soil have been shown to 

increase the metal uptake tendency in the plants [24]. The metal 

accumulation in crop tissues is generally a function of metal 

concentration in soil and soil texture but the level of 

absorption differ according to crop species and tissue. Plants 

are one of the principal sinks of accumulated heavy metals. 

Zinc is the most bioavailable metal in polluted soils and 

absorption of Copper by plant roots is among lowest for 

essential elements. The variations in the concentrations of the 

heavy metals in vegetables may be ascribed to the heavy 

metals concentrations in soil, air and water used for irrigation. 

Moreover, Heavy metal uptake by plant depends upon soil 

pH, plant species, cultivars, form of metal in water and 

application rate (Saraswat et al., 2005) [25]. 

 

Conclusion 
The Noorbagh soils and vegetables contained relatively 

higher amounts of heavy metals than Narkara, wherein the 

edible part of radish had higher amount of Fe, Mn, Zn, Cu, 

Cd, Cr, Ni and Pb compared to tomato. The higher content of 

heavy metals in soils and vegetable crops of Noorbagh was 

higher owing to the excessive discharge of domestic sewage 

in the irrigation channels. The metal concentration in soils as 

well as in the vegetable crops were below the critical limits of 

Indian standards but continuous monitoring of these metals is 

necessary to ensure the good quality of vegetables for 

consumption. 

 

Acknowledgement 

The author is highly thankful to Ministry of Minority Affairs 

and University Grants Commission for funding research work 

and Division of Environmental Sciences (SKUAST-K) for 

providing support and laboratory facilities. 

 

References 

1. Heidarieh M, Maragheh MG, Shamami MA, Behgar M, 

Ziaei F. Evaluate of heavy metal concentration in shrimp 

(Penaeus semisulcatus) and crab (Portunus pelagicus) 

with INAA method. Springerplus. 2013; 2:72. 

2. Kachenko AG, Singh B. Heavy metals contamination in 

vegetables grown in urban and metal smelter 

contaminated sites in Australia. Water Air Soil Pollut. 

2006; 169:101-123. 

3. Gupta UC, Subhas C, Gupta MD. Selenium in soils and 

crops, its deficiencies in livestock and humans: 

Implications for management. Commun Soil Sci Plant 

Anal. 2008; 29:1791-1807. 

4. WHO. Inorganic lead. Geneva, World Health 

Organization, International Programme on Chemical 

Safety. Environmental Health Criteria, 1995, 165. 

5. Chailapakul O, Korsrisakul S, Siangproh W, Grudpan K. 

Fast and simultaneous detection of heavy metals using a 

simple and reliable microchip electrochemistry route: An 

alternative approach to food analysis. Talanta. 2007; 

74:683-689. 

6. Wilson B, Pyatt FB. Heavy metal dispersion, persistance, 

and bioccumulation around an ancient copper mine 

situated in Anglesey, UK. Ecotoxicol Environ Saf. 2007; 

66:224-231. 

7. Jofferies DJ. Chemical analysis some coarse fish from a 

sufflok River carried out part of the preperation for the 

first release of captive-bred otters. J Otter Trust. 1984; 

1:17-22.  

8. Freedman B Environmental Ecology: The impacts of 

pollution and other stresses on ecosystem structure and 

function. New York: Academic Press Inc. 1989. 

9. Whatmuff MS. Applying biosolids to acid soil in New 

South Wales: Are guideline soil metal limits from other 

countries appropriate? Aust J Soil Res 2002; 40:1041-

1056.  



 

~ 1751 ~ 

Journal of Pharmacognosy and Phytochemistry 
10. McBride MB. Toxic metals in sewage sludge-amended 

soils: has promotion of beneficial use discounted the 

risks? Adv Environ Res. 2003; 8:5-19. 

11. Voutsa D, Grimanis A, Samara C. Trace elements in 

vegetables grown in an industrial area in relation to soil 

and air particulate matter. Environ Pollut. 1996; 94:325-

335.  

12. Jinadasa KBPN, Milham PJ, Hawkins CA, Cornish PSD, 

Williams PA. Survey of cadmium levels in vegetables 

and soils of greater Sydney. Australia. J Environ Qual. 

1997; 26:924-933. 

13. Lehoczky E, Szabo L, Horvath S, Marth P, Szabados I. 

Cadmium uptake by lettuce in different soils. Commun 

Soil Sci Plant Anal. 1998; 28:1903-1912. 

14. Muchuweti M, Birkett JW, Chinyanga E, Zvauya R, 

Scrimshaw MD. Heavy metals content of vegetables 

irrigated with mixture of waste water and sewage sludge 

in Zimbabwe: Implication for human health. Agricul 

Ecos Environ. 2006; 112:41-48. 

15. Mapanda F, Mangwayana EN, Nyamangara J, Giller KE. 

Impacts of sewage irrigation on heavy metals distribution 

and contamination. Environ Intern. 2005; 31:05-812. 

16.  Bahemuka TE, Mubofu EB. Heavy metals in edible 

green vegetables grown along the sites of the Sinza and 

Msimbazi Rivers in Dar es Salaam. Tanzania. Food 

Chemistry, 1991, 66. 

17. Alam MG, Snow ET, Tanaka A. Arsenic and heavy metal 

contamination of vegetables grown in Samta village, 

Bangladesh. Sci Total Environ. 2003; 308:83- 96. 

18. Ikeda M, Zhang ZW, Shimbo S, Watanabe T, Nakatsuka 

H. Urban population exposure to lead and cadmium in 

east and south-east Asia. Sci Total Environ. 2000; 

249:373-384. 

19. Iyengar GV, Nair PP. Global outlook on nutrition and the 

environment: meeting the challenges of the next 

millennium. Sci Total Environ. 2000; 249:331-346. 

20. Turkdoğan MK, Kilicel F, Kara K, Tuncer I, Uygan I. 

Heavy metals in soil, vegetables and fruits in the endemic 

upper gastrointestinal cancer region of Turkey. Environ 

Toxicol Pharmacol. 2003; 13:175-179. 

21. Jackson ML. Soil Chemical Analysis. Prentice-Hall, New 

Delhi, India, 1973, 15. 

22. Premarathna HL, Hettiarachchi GM, Indraratne SP. Trace 

metal concentration in crops and soils collected from 

intensively cultivated areas of Sri Lanka. Pedologist. 

2011; 1:230-240. 

23. Kar D, Sur P, Mandal S. Assessment of heavy metal 

pollution in surface water. International Journal of 

Environmental Science and Technology. 2008; 5:119-

124. 

24. Fytianos K, Katsianis G, Trilantafyllou P, Zachariadis G. 

Accumulation of heavy metals in vegetables grown in an 

industrial area in relation to soil. Bulletin of Environment 

Contamination and Toxicology. 2001; 67:423-430. 

25. Saraswat PK, Tiwari RC, Agarwal HP, Kumar S. 

Micronutrient status of soils and vegetable crops irrigated 

with treated sewage water. Journal of the Indian Society 

of Soil Science. 2005; 53:111-115. 


