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Introduction 

Heavy metals such as Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), 

Nickel (Ni) and Lead (Pb) are distributed in the environments naturally or anthropogenically, 

released from industrial as well as agricultural use. Most of the heavy metals, with long half 

lives can be translocated and accumulated into agricultural products through absorption from 

contaminated soil (Huang et al., 2006; Römkens et al., 2009). Particularly, Cd and Pb are 

easily absorbed from the soil to roots of agricultural plants (Qian et al., 2010). High contents 

of heavy metals in soil have become one of the most important sources to contaminate the 

agricultural products, and thus can be easily exposed to human beings through various 

pathways, such as ingestion of food, dermal contact, and inadvertent ingestion of soil 

(Chatterjee et al., 2010). The food consumption has been suggested to be a major exposure of 

heavy metals to humans. Hence, the excessive heavy metals exposure through intake of 

agricultural products like vegetables may be of great concern in causing health risks to 

consumers (Singh et al., 2010).The health risks of consumers exposed to heavy metals 

through intake of vegetables were assessed by probabilistic risk assessment to reduce the 

uncertainty and variability of input parameters (Mondal et al., 2008). Therefore, the present 

study was to investigate the heavy metals contents in various vegetables collected from 

different market sites and to determine the health risks for consumers based on Metal 

Pollution Index, Daily Intakes of Heavy metals and Health Risk Index. Heavy metals 

contents in vegetables were also measured by safety limit of PFA limit, ATSDR guidelines 

and PTDI value by Joint FAO/WHO Expert Committee on Food Additives. 

In the present study concentrations of Arsenic (As), Cadmium (Cd), Cobalt (Co), 

Chromium (Cr), Cupper (Cu), Nickel (Ni) and Lead (Pb) were estimated by using an 

Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES). Concentrations of 

heavy metals were calculated on a dry weight basis. All analyses were replicated six times. 

 

Study Areas 

The study was conducted around Ranchi (23°21’ N latitude 85°20’ E longitude and 

729 m (2,392 ft) above the sea level) city in Jharkhand eastern plains of India during July 

2010 to February 2012. Various small scale industries situated in this city. A large area 

around industries have no access to clean water resources, so farmers use treated and 

untreated wastewater for irrigation. The hypothesis behind the present study is that the 

irrigation with waste water, transportation and marketing site of vegetables in contaminated 
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environment may elevate the levels of heavy metals in vegetables through surface deposition. 

Eight Road side Markets viz. Site-1 (Lalpur Market), Market Site-2 (BIT More Market), Site-

3 (Daily Market), Site-4 (Kanke Road Market), Site-5 (Booti More Market), Site-6 (RIMS 

Market), Site-7 (Morabadi Stadium Market), Site-8 (Bahu Bazar Market) and two organised 

Markets i.e. Site-9 (Reliance Fresh/ Reliance Mart) & Site-10 (Big Bazar) were demarcated 

for vegetable purchasing.  

 

Sample and Sampling 

The edible portions of Vegetables were collected from different markets during Sep 

2012 to May 2014. Samples were brought back to the laboratory and washed with clean tap 

water to remove the soil particles and dusts of the vegetables. After removing the extra water 

from the surface of vegetables with blotting paper, samples were cut into pieces, packed into 

separate bags, and kept in an oven until a constant weight was achieved. The dried samples 

were grinded and passed through a sieve of 2 mm size and then kept at room temperature for 

further analysis. 

 

Name of the different vegetables are as follows:  

1. Leafy Vegetables: Spinach, Corriander leaves, Cabbage 

2. Roots & Tubers: Beet root, Carrot, Radish, Ginger, Potato 

3. Leguminous vegetables: Bean, Pea 

4. Other Vegetables: Cucumber, Lady’s finger, Tomato 

 

Table 3.1: Botanical Name and Family of the different vegetables  

S.No Common Name Botanical Name Family 

1 Spinach Spinacia oleracea Chenopodiaceae 

2 Corriender leaves Coriandrum sativum Apiaceae 

3 Cabbage Brasssica oleracea Brassicaceae 

4 Beet root Beta vulgaris Amaranthaceae 

5 Carrot Ductus carrotus Apiaceae 

6 Radish Raphanus sativus Brassicaceae 

7 Ginger Gingiber officinalis Zingiberaceae 

8 Potato Solanum tuberosum Solanaceae  

9 Bean Phaseolus vulgaris Fabaceae 

10 Pea Pysum sativum Fabaceae 

11 Cucumber Cucumis sativus Cucurbitaceae 

12 Lady’s finger Abelmoschus esculentus Malvaceae 

13 Tomato Lycopersicum esculentum Solanaceae 
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Analysis of Heavy Metals 

In the present study concentrations of Arsenic (As), Cadmium (Cd), Cobalt (Co), 

Chromium (Cr), Cupper (Cu), Nickel (Ni) and Lead (Pb) were estimated by using an 

Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES). Concentrations of 

heavy metals were calculated on a dry weight basis. All analyses were replicated six times. 

The concentration value for Arsenic (As) was found zero in each vegetables since none of the 

vegetables were contaminated with As. 

 

Among thirteen vegetables, Beet, Cucumber, Pea, Beans, Lady’s finger, Corriender 

leaves and Tomato showed high levels of  Lead (Pb) in vegetables collected from all sites. 

Within the selected vegetables, the highest concentrations of Lead (Pb) were noticed in Peas 

collected from Site-5 followed by Site-7 and Site-8. Cadmium (Cd) was found in fair amount 

in Cucumber collected from Site-6 and Site-8 and Spinach from Site-6. Nickel (Ni) was 

found to be in higher concentrations in Pea and Beans collected from all sites. Lady’s finger 

also contains fair amount of Nickel. The concentration levels of these three heavy metals 

i.e. Lead (Pb), Cadmium (Cd) and Nickel (Ni) were found to be beyond the PFA 

permissible limit in vegetables. The high contamination found in vegetables might be 

closely related to the pollutants in irrigation water, farm soil or due to pollution from the 

highways traffic (Igwegbe et al., 1992; Qiu et al., 2000).  

 

Results of two way ANOVA test showed that variations in the heavy metal 

concentrations were significant for some heavy metals due to site, vegetable and site-plant 

interaction. The results of the ANOVA (Two-Factor without Replication) between 

concentration of heavy metals and PFA permissible limits suggest that in case of Lead, the P 

value (1.53E-07) is less than the significance level (0.05) and F (68.37) is more than F crit 

(4.41). The amount of Lead was found to be significantly higher than the PFA limit.  The 

variations in heavy metal concentrations in vegetables of the same site may be ascribed to the 

differences in their morphology and physiology for heavy metal uptake, exclusion, 

accumulation and retention. The use of contaminated irrigation water may also increase the 

uptake and accumulation of the heavy metals in the vegetables.  

 

Concentration of Heavy metals of individual market sites: 

Site-1 (Lalpur Market) - The range of Cadmium was found to be 0.100 ± 0.045 ppm 

to 0.933 ± 0.295 ppm and the range of Cobalt concentration was from 0.200 ± 0.103 ppm to 
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1.133 ± 0.818 ppm. The ranges of Chromium and Copper were found to be 0.100 ± 0.045 

ppm to 4.500 ± 0.888 ppm and 2.267 ± 0.048 ppm to 20.467 ± 1.982 ppm respectively. 

Highest Concentration of Nickel (4.833 ± 0.600 ppm) and Lead (13.733 ± 2.733 ppm) were 

found in Pea. The lowest concentrations of Nickel in Ginger (0.150 ± 0.022 ppm) and Lead in 

Potato (0.300 ± 0.086 ppm) were observed in Site-1. 

Site-2 (BIT More Market) - The range of Cadmium was found to be 1.067 ± 0.276 

ppm to 0.167 ± 0.021 ppm.  The range of Cobalt concentration was from 0.267 ± 0.080 ppm 

to 1.317 ± 0.793 ppm. The ranges of Chromium and Copper were found to be 0.217 ± 0.083 

ppm to 4.233 ± 0.953 ppm and 2.300 ± 0.169 ppm to 21.033 ± 0.953 ppm respectively. The 

range of Nickel concentration was found 1.33 ± 0.021ppm to 4.667 ± 0.422 ppm and range of 

Lead was observed 0.700 ± 0.145 ppm to12.667 ± 1.520 ppm. 

Site-3 (Daily Market) - The range of Cadmium was found to be 0.200 ± 0.063 ppm to 

1.317 ± 0.793 ppm and range of concentration of Cobalt was found 0.433 ± 0.076 ppm to 

1.633 ± 0.716 ppm.The ranges of Chromium and Copper were found to be 0.467 ± 0.062 ppm 

to 5.100 ± 0.943 ppm and 2.183 ± 0.319 ppm to 20.667 ± 1.838 ppm respectively. The range 

of Nickel was found 0.150 ± 0.022 ppm to 4.333 ± 0.760 ppm and the range of Lead was 

observed 1.133 ± 0.191 ppm to 9.667 ± 0.803 ppm. 

Site-4 (Kanke Road Market) - The highest concentration of Cadmium (1.267 ± 0.299 

ppm) and Cobalt (1.567 ± 0.167 ppm) was found in Spinach, Chromium (4.000 ± 0.683 ppm) 

in Pea, Copper (17.000 ± 2.864 ppm) in Tomato, Nickel (4.333 ± 0.667 ppm) and Lead 

(11.000 ± 0.447 ppm) in Pea. The lowest concentration of Cadmium in Potato (0.267 ± 0.080 

ppm), Cobalt in Carrot (0.450 ± 0.150 ppm), Chromium in Cabbage (0.600± 0.146 ppm), 

Copper in Potato (3.533 ± 0.657 ppm). Nickel in Beet (0.200 ± 0.045 ppm) and Lead in 

Carrot (1.033 ± 0.216 ppm) ware observed.  

Site-5 (Booty More Market) - The highest concentration of Cadmium (0.667 ± 0.095 

ppm) in Corriender leaves, Cobalt (0.717 ± 0.054 ppm) in Pea, Chromium (6.167 ± 2.429 

ppm) and Copper (17.133 ± 2.999 ppm) in Tomato, Nickel (5.833 ± 0.792 ppm) and Lead 

(12.067 ± 2.467 ppm) in Pea. The lowest concentration of Cadmium in Pea (0.117 ± 0.031 

ppm), Cobalt in Carrot (0.300 ± 0.081 ppm), Chromium in Cabbage (1.767 ± 1.647 ppm), 

Copper in Potato (3.933 ± 1.539 ppm), Nickel in Ginger (0.200 ± 0.045 ppm) and Lead in 

Spinach (0.500 ± 0.304 ppm) were observed.  

Site-6 (RIMS Market) - The range of Cadmium was found to be 0.233 ± 0.033 ppm 

to 1.983 ± 0.681 ppm and the range of Cobalt concentration was from 0.433 ± 0.084 ppm to 

1.033 ± 0.279 ppm. The range of Chromium was found to be 2.067 ± 1.244 ppm to 7.833 ± 
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2.483 ppm and Copper 6.400 ± 1.215 ppm to 15.633 ± 3.125 ppm. The range of Nickel was 

found 0.283 ± 0.054 ppm to 1.833 ± 0.307 ppm and the range of Lead was observed 0.683 ± 

0.101ppm to 9.067 ± 2.356 ppm. 

Site-7 (Morabadi Stadium Market-The highest concentration of Cadmium (0.900 ± 

0.446 ppm) in Cabbage, Cobalt (1.467 ± 0.797 ppm) in Beet, Chromium (3.667 ± 0.992 ppm) 

and Copper (17.133 ± 3.605 ppm) in Tomato, Nickel (4.833 ± 0.792 ppm) in Beans and Lead 

(10.733 ± 2.992 ppm) in Pea. The lowest concentration of Cadmium and was found in Potato 

(0.400 ± 0.137 ppm), Cobalt in Carrot (0.367 ± 0.196 ppm), Chromium in Radish (0.267 ± 

0.152 ppm), Copper in Potato (3.933 ± 1.539 ppm), Nickel in Beet (0.267 ± 0.182 ppm) and 

Lead in Spinach (0.500 ± 0.304 ppm).  

Site-8 (Bahu Bazar Market) – The range of Cadmium was found to be 0.400 ± 0.163 

ppm to 2.150 ± 0.638 ppm and the range of Cobalt concentration was from 0.350 ± 0.115 

ppm to 0.967 ± 0.315 ppm. The range of Chromium was found to be 0.733 ± 0.402 ppm to 

6.167 ± 2.429 ppm and Copper 5.600 ± 1.930 ppm to 22.300 ± 0.621 ppm. The range of 

Nickel was found 0.333 ± 0.183 ppm to 5.000 ± 1.291 ppm and the range of Lead was 

observed 0.800 ± 0.288 ppm to 10.733 ± 1.971 ppm. 

Site-9 (Reliance Fresh/ Reliance Mart) – The range of Cadmium was found to be 

0.283 ± 0.166 ppm to 0.833 ± 0.198 ppm and the range of Cobalt concentration was from 

0.467 ± 0.145 ppm to 0.883 ± 0.207 ppm. The range of Chromium was found to be 0.383 ± 

0.306 ppm to 4.833 ± 1.364 ppm and Copper 4.700 ± 1.268 ppm to 15.633 ± 2.539 ppm. The 

range of Nickel was found 0.367 ± 0.173 ppm to 4.507 ± 0.885 ppm and the range of Lead 

was observed 0.500 ± 0.151ppm to 10.400 ± 2.626 ppm. 

Site-10 (Big Bazar)-The highest concentration of Cadmium (0.717 ± 0.232 ppm) and 

Cobalt (1.017 ± 0.229 ppm) in Tomato, Chromium (4.500 ± 1.506 ppm) and Lead (7.400 ± 

2.091 ppm) in Pea, Copper (17.067 ± 1.535 ppm) and Nickel (3.833 ± 1.046 ppm) in 

Beans.The lowest concentration of Cadmium was found in Carrot (0.350 ± 0.178 ppm), 

Cobalt in Ginger (0.467 ± 0.184 ppm) and   Radish (0.467 ± 0.161 ppm).  Lowest 

concentration of Chromium was found in Radish (0.550 ± 0.330 ppm), Copper in Ginger 

(6.367 ± 2.766 ppm), Nickel in Ginger (0.483 ± 0.189 ppm) and Lead in Spinach (0.467 ± 

0.313 ppm). 

 

In context to the hypothesis taken regarding heavy metals concentration in various 

vegetables collected from road side market of Ranchi city, it was observed from above results 

that the null hypothesis (i.e. there is no significant difference between the heavy metal 
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concentrations in vegetables collected from road side market of Ranchi city), was found to be 

wrong and the alternate hypothesis (i.e. there is a significant difference between the heavy 

metal concentrations in vegetables collected from road side market of Ranchi city) was found 

to be correct and significant upto P<0.001.  

 

Regarding the hypothesis related to heavy metals concentration in various vegetables 

collected from road side markets and organized markets of Ranchi city, again the alternate 

hypothesis i.e. there is a significant difference between the heavy metal concentrations in 

vegetables collected from road side market and organized markets of Ranchi city was found 

to be correct significant upto P<0.001. 

 

Metal Pollution Index  

Metal Pollution Index (MPI) is suggested to be a reliable and precise method for 

metal pollution monitoring. Among different vegetables pea showed highest value of MPI 

followed by Cucumber. Seven vegetables out of thirteen showed higher MPI i.e. more than 

two. These were pea, cucumber, tomato, beans, spinach, lady finger and cabbage. Higher 

MPI suggests that these vegetables may cause more human health risk due to higher 

accumulation of heavy metals in the edible portion. Site-6 and Site-8 can be classified as high 

risk sites as the MPI of all vegetables were higher than one. Among the vegetables Pea, 

Beans. Beet and Cucumber were found to be highly contaminated with the heavy metals. The 

Metal Pollution Index of the vegetables of different sites (Site-1 to Site-10) were subjected to 

two way analysis of variance (ANOVA) test for assessing the significance of differences in 

heavy metal concentrations due to different sites, irrigation practices, environmental 

pollutants, etc. The results of the ANOVA (Two-Factor without Replication) suggests that in 

case of vegetables, the P value (1.12E-38) was found to be less than the significance level 

(0.05), and F (50.513) was more than F crit (1.843) i.e. there is significant difference between 

MPI among the vegetables. Similarly, in case of Sites, the P value (4.65E-10) was less than 

the significance level (0.05), so we can reject the null hypothesis that the means are 

equivalent. F (9.017) was observed more than F crit (1.968) so we can reject the null 

hypothesis i.e. there is a significant difference between MPI among the Sites.  
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Dietary Intake of Metal 

Dietary intake of heavy metals by the population through the consumption of the 

vegetables was calculated by dividing the daily consumption rates of the heavy metals with 

the values of Provisional Tolerable Daily Intake. 

PTDI value for Cadmium was 60 µg/day. In present study of the daily intake of 

Cadmium was observed 98.52 µg/day in Site-6 and 142.58 µg/day in Site-8 through 

Cucumber. In Site-4, Site-6 and Site-8 the daily intake for Cadmium was 89.03 µg/day, 

131.47 µg/day and 129.00 µg/day respectively through Spinach. The consumption of these 

vegetables may pose health risk for the consumer as the DIM values for Cadmium were 

beyond the PTDI limit. In case of Cobalt the DIM value in all vegetables were within the safe 

limit of ATSDR, 1994. So, there is no health risk for Cobalt consumption. According to Food 

and Nutrition Board of the NAS/NRC the Safe and Adequate Intake of Chromium for an 

adult was 50–200 µg/day. In this study daily intake of Chromium was above the Safe and 

Adequate Intake limit according to Food and Nutrition Board of the NAS/NRC in all 

vegetables except Ginger and Corriender Leaves. Provisional Tolerable Daily Intake of 

Copper was 3 mg/day. In this study DIM for Copper was within the permissible limit. 

According to ATSDR, 1999 Safety limit for human consumption of Nickel- 3 to 7 mg/day. In 

present study, all values of DIM for Nickel were within the ATSDR permissible limit. Daily 

intake for Lead was found to be higher than PTDI value in all sites through consumption of 

Cucumber, Pea, Lady’s finger and Tomato. PTDI value for Lead was 214 µg/day. Thus, the 

consumption of these vegetables may pose a human health risk. 

 

Health Risk Index 

The health risk index is the ratio of estimated exposure of test vegetables and oral 

reference dose. Estimated exposure is obtained by dividing daily intake of heavy metals by 

their safe limits. An index more than one is considered as not safe for human health. 

High HRI for Cadmium i.e., more than two was observed in Cucumber of Site-8 i.e. 

2.39 and in Spinach of Site-6 and Site-8 i.e. 2.19 and 2.15 respectively and more than one in 

Spinach i.e. 1.48 of Site-4. HRI was observed more than one for Cobalt in Cabbage of Site-6, 

Site-7, Site-8, Site-9 and Site-10; Tomato of Site-6, Site-8 and Site-10; Potato of Site-4, Site-

9 and Site-10; Spinach of Site-4, Site-7 and Site-10 and Radish of Site-7. HRI for Lead was 

found more than one in Cucumber in all sites i.e. Site 1 to Site-10; Pea of all sites except Site-

6 and Site-10; Beans of all sites, except Site-1 and Site-3; Lady’s finger of all sites, except 
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Site-2 and Site-3 and in Tomato it was found to be more than one in all sites except Site-1, 

Site-2, Site-4 and Site-10. High HRI for Lead i.e., more than two was found in Cucumber of 

Site-8 and Site-9 i.e. 3.55 and 2.66 respectively. Thus from these result it is concluded that 

consumption of these vegetables are not safe for human consumption which may pose 

toxicity to human health. 

In present study the concentration of Cadmium ranges from 0.100 ppm to 2.150 ppm 

in various vegetables. The maximum concentration of Cadmium 2.150 ppm was found in 

spinach collected from Site-8, while minimum concentration 0.100 ppm was found in 

Cucumber, Pea and Ladies finger collected from Site-1. Cadmium concentration was found to 

be significantly high in Cucumber and Spinach in both Site-6 and Site-8 at different 

significant level in comparison to all other sites. HRI was found more than one i.e. 1.64 and 

2.38 in Cucumber from Site-6 and Site-8 respectively. In Spinach the HRI was 1.484, 2.19 

and 2.15 respectively for Site-4, Site-6 and Site-8. HRI more than one is considered as not 

safe for human health (USEPA, 2002). Acute doses of Cadmium can cause severe 

gastrointestinal irritation, vomiting, diarrhea, and excessive salivation, and doses of 25 mg of 

Cd/kg body weight can cause death. Low-level chronic exposure to Cadmium can cause 

adverse health effects including gastrointestinal, hematological, musculoskeletal, renal, 

neurological, and reproductive effects. The main target organ for Cadmium following chronic 

oral exposure is the kidney (ATSDR 1999a). 

The Cobalt content varies from 0.200 ppm to 1.633 ppm. The lowest concentration 

0.200 ppm of Cobalt was observed in Carrot collected from Site-1. On the other hand, Beet 

from Site-3 showed highest concentration of Cobalt i.e. 1.633 ppm. HRI was found more than 

1 in Cabbage (Site-6, Site-7, Site-8, Site-9 and Site-10), Tomato (Site-6, Site-8 and Site-10), 

Potato (Site-4, Site-9 and Site-10), Spinach (Site-4, Site-7 and Site-10) and Radish (Site-7). 

Higher concentrations of Cobalt were observed in Beet of Site-3 and Spinach of Site-4 which 

were significantly higher (P<0.05) than all other sites (Ghosh et al, 2011). Overdose of 

Cobalt may lead to angina, asthma, cardiomyopathy, polycythemia and dermatitis. The safety 

limit for human consumption of Cobalt is 0.05 to 1 mg/day in humans (ATSDR 1994).  

Chromium concentration varies from 0.100 ppm to 7.833 ppm. The highest 

concentration of Chromium was found in Tomato collected from Site-6 i.e. 7.833 ppm, while 

lowest concentration 0.100 ppm was recorded in Radish and Cabbage collected from   Site-1. 

Its long-term effect is Lung cancer. Apart from the carcinogenic potential, prolonged 

exposure can result in bronchitis, rhinitis or sinusitis or the formation of nasal mucosal 
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polyps. Besides the lungs and intestinal tract, the liver and kidney are often target organs for 

chromate toxicity (Rom 2007). 

  Present investigation reveals that Copper varies from 2.183 ppm to 22.300 ppm. The 

highest concentration of Copper was found in Tomato collected from Site-8 i.e. 22.300 ppm, 

while lowest concentration 2.183 ppm was recorded in Potato collected from Site-3. Excess 

intake of Copper leads to anorexia, arthritis, asthma, autism, male infertility, migraine 

headaches, hypothyroidism, insomnia and neuralgia. 

The presence of Nickel ranges from 0.133 ppm to 5.833 ppm in various vegetables. 

Peas from Site-5 and Beans from Site-6 showed high content of Nickel 5.833 ppm, while 

Potato from Site-2 contains low value of Ni 0.133 ppm. Nickel concentration was found high 

in Cucumber of Site-3, Cabbage of Site-4 and it was found to be significantly higher in Pea 

and Beans of Site-5 and Site-6 respectively in comparison to all other sites at different 

significant level (P<0.001, P<0.01 and P<0.05).Excess intake of Nickel leads to 

hypoglycemia, asthma, nausea, headache, and epidemiological symptoms like cancer of nasal 

cavity and lungs.  

During the present study, the concentration of Lead content varies from 0.300 ppm to 

13.733 ppm. High concentration of Lead was found in Peas collected from Site-1 i.e. 13.733 

ppm. Lead concentration was found to be significantly higher in Pea of Site-1, Cucumber and 

Beans of Site-2, Corriender leaves and Tomato of Site-3, Spinach and Lady’s finger of Site-4, 

and Cabbage of Site-6 in comparison to all other sites at different significant levels (P<0.001, 

P<0.01 or P<0.05). Potato collected from Site-1 showed low concentration of Lead 0.300 

ppm. Health risk index for Lead was found more than 1 in Cucumber (All sites), Pea (All 

sites except Site-6 and Site-10), Beans (All sites; except Site-1 and Site-3), Lady’s finger (All 

sites; except Site-2 and Site-3), and Tomato (All sites except Site-1, Site-2, Site-4 and Site-

10). High HRI was found in Cucumber for Lead in Site-8 and Site-9 i.e. 3.545, 2.658 

respectively. Todd (1996) emphasized that most of the accumulated Lead is sequestered in 

the bones and teeth. This causes brittle bones and weakness in the wrists and fingers. Lead 

that is stored in bones can reenter the blood stream during periods of increased bone mineral 

recycling (i.e., pregnancy, lactation, menopause, advancing age etc.). Mobilized lead can be 

redeposited in the soft tissues of the body and can cause musculoskeletal, renal, ocular, 

immunological, neurological, reproductive and developmental effects (ATSDR 1999b). 
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Figure 1 : Concentration of Cadmium (Cd) in
vegetables of all four sites

Figure 2 : Concentration of Cobalt (Co) in vegetables
of all four sites

Figure 3 : Concentration of Chromium (Cr) in
vegetables of all four sites

Figure 4 : Concentration of Copper (Cu) in
vegetables of all four sites

Figure 6 : Concentration of Lead (Pb) in
vegetables of all four sites

Figure 5 : Concentration of Nickel (Ni) in vegetables
of all four sites
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Results represented as Mean ± SEM (n=6). Two way analysis of variance (ANOVA)

followed by Bonferroni’s multiple comparison test.
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ABSTRACT

Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-OES) was used to
estimate and evaluate the levels of heavy metals in vegetables collected from various sites of
Ranchi city (tribal dominated population) followed by health risk assessment by determining Metal
Pollution Index (MPI), Daily intake of metal (DIM) and Health Risk Index (HRI). The concentration
levels of Pb, Cd and Ni in vegetables were found to contain beyond than the permissible PFA limit.
All sites showed quite a few higher concentrations of Lead (Pb), than the permissible PFA limit.
Among thirteen vegetables, Beet, Cucumber, Pea, Beans, Lady's finger, Corriender leaves and
Tomato showed high levels of Pb in vegetables collected from all sites. Health Risk Index was also
found > 1 for Cd, Co and Pb. Health Risk Index for Cadmium was 1.64 and 2.38 in Cucumber from
Site-6 and Site-8 respectively. In Spinach it was 2.19 and 2.15 respectively for Site-6 and Site-8.
Health Risk Index for Pb was > 1 in Cucumber (All sites; 3.54 in Site-8), Pea (All sites except Site-
10; 2.45 in Site-7), Beans (All sites; 1.38 in Site-9), Lady's finger (All sites; 2.03 in Site-7), and
Tomato (All sites except Site-10; 2.79 in Site-8). Lead and cadmium were among the most abundant
heavy metals in the selected vegetables. The excessive content of these heavy metals in food
may causes number of diseases. HRI more than 1 is considered to be not safe for human health.
In present study, HRI indicates considerable risk and negative impact on human health.

Key words: Vegetables, ICP-OES, Health Risk Index (HRI),
Metal Pollution Index (MPI), Ranchi, Tribal.

INTRODUCTION

Heavy metals are important
environmental pollutants, particularly in areas with
high anthropogenic pressure. Their presence in the
plants, atmosphere, soil and water, even in traces,
can cause serious problems to all organisms. The
presence of heavy metals in sewage sludge, used
as agricultural fertilizer is a major problem for crop
and environmental qualities and their impact on
human health, because most of the heavy metals
are persistent due to their immobile nature
(Devkota et al., 2000; Itanna, 2002; Keller et al.,
2002; McBride, 2003). The transfers of metals from
bio solids to soil and subsequently to plants pose
potential health risks because they can enter the

food chain and the environment (Ghaedi et al.,
2008). Plant uptake is one of the major pathways
by which sludge-borne heavy metals enter the food
chain (Chaney, 1990).  Inputs of heavy metals to
agricultural soils generate negative impact on soil
fertility and accumulate in the human food chain
(McLaughlin et al., 1999). Food contamination by
heavy metals depends both on their mobility in the
soil and their bioavailability. Though some of the
mobility and bioavailability factors are easy to
measure, determination of the food risk
contamination is tricky. Regulation, handling and
bioremediation of hazardous materials require an
assessment of the risk to some living species other
than human being, or assessment of hazard to the
entire ecosystem. Heavy metal accumulation in
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soils is of concern in agricultural production due to
the adverse effects on food quality (safety and
marketability), crop growth (due to phytotoxicity) (Ma
et al., 1994; Msaky and Calvert, 1990; Fergusson,
1990) and environmental health (soil flora/fauna
and terrestrial animals). The mobilization of heavy
metals into the biosphere by human activity has
become an important process in the geochemical
cycling of these metals. This is acutely evident in
urban areas where various stationary and mobile
sources release large quantities of heavy metals
into the atmosphere and soil, exceeding the natural
emission rates (Nriagu, 1989; Bilos et al., 2001)
and it is often caused by accidental releases of
chemicals or the improper disposal of hazardous
waste. Increased inputs of metals and synthetic
chemicals in the terrestrial environment due to rapid
industrialization coupled with inadequate
environmental management in the developing
country like India, has led to large-scale pollution
of the environment. These chemicals in the
terrestrial environment clearly pose a significant
risk to the quality of soils, plants, natural waters
and human health. Heavy metal content of soil is of
major significance in relation to their fertility and
nutrient status (Gowd et al., 2010).

However, high concentrations of these
metals become toxic. Other metals, which are not
included in the group of essential elements, such
as Pb or Cr, may be tolerated by the ecosystem in
low concentration, but become harmful in higher
concentrations. Soluble metal compounds and
metals held in exchange complexes are considered
to be available to vegetation uptake. Prolonged
exposure to heavy metals such as cadmium, copper,
lead, nickel can cause deleterious health effects in
humans (Reilly 1991).

In this study, we estimated the
concentrations of Cd, Co, Cr, Cu, Pb, Ni and As in
vegetables collected from different market sites of
Ranchi city (tribal dominated population). The study
was conducted around Ranchi (23°21' N latitude
85°20' E longitude and 729 m (2,392 ft) above the
sea level) city in Jharkhand eastern plains of India.
Various small scale industries situated in this city. A
large area around industries have no access to
clean water resources, so farmers use treated and

untreated wastewater for irrigation. The long term
uses of treated and untreated wastewater for
irrigation may also increase the uptake and
accumulation of the heavy metals in the vegetables.
From the cultivated sites these vegetables are
supplied to the wholesale vegetable market and
the rest enter the local markets. The levels of
contamination were compared with the PFA and
ASTDR guidelines to assess the potential hazards
of heavy metals to public health. The hypothesis
behind the present study is that the irrigation with
waste water, transportation and marketing site of
vegetables in contaminated environment may
elevate the levels of heavy metals in vegetables
through surface deposition.

MATERIALS AND METHODS

Study Area
Thirteen vegetables were collected

randomly from the different market sites of urban
and suburban area of Ranchi, Jharkhand to
estimate the total heavy metal content in these
samples. Ranchi City (23°21' N latitude 85°20' E
longitude and 729 m (2,392 ft) above the sea level)
is Capital of Jharkhand, India. Eight Road side
Markets viz. Site-1 (Lalpur Market), Market Site-2
(BIT More Market), Site-3 (Daily Market), Site-4
(Kanke Road Market), Site-5 (Booti More Market),
Site-6 (RIMS Market), Site-7 (Morabadi Stadium
Market), Site-8 (Bahu Bazar Market) and two
organized Markets i.e. Site-9 (Reliance Mart and
Site-10 (Big Bazar) were demarcated for vegetable
purchasing. A report related to Site-1 to Site-4 has
already been discussed in one of the previous study
(Ghosh et al., 2011). The present study was focused
on Site-5 to Site-10 only.

Sampling
The freshly mature vegetables were

brought to the laboratory and washed primarily with
running clean tap water to remove the soil particles.
After removing the extra water from the surface of
vegetables with blotting paper, samples were cut
into pieces, packed into separate bags, and kept in
an oven until a constant weight was achieved.
Sample were dried in oven at 70 °C for 48 h and
then ground to powder. The grinded samples were
passed through a sieve of 2 mm size and then kept
at room temperature for further analysis.
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Analytical Procedure
Digestion

Dried and sliced vegetable samples were
grounded into powder with an electric blender and
stored in polythene bags until analysis.
Approximately 0.5 grams of samples were digested
in replicate (along with a blank) with 7 ml HNO3

and 0.5 ml H2O2 in a MultiwaveTM 3000 Microwave
digestion system (Anton Paar). This is an industrial
type microwave oven which can be equipped with
various accessories to optimize the sample
digestion. In this case, pre cleaned HF-100 vessels
were used in an 8-position rotor. A pressure /
Temperature (P/T) Sensor Accessory, which
simultaneously measures temperature and
pressure for one vessel, was also used. All vessels
temperature were monitored with the IR
Temperature Sensor Accessory. This device gives
thermal protection to the reactions in all of the
vessels by measuring the temperature remotely on
the bottom surface of each vessel liner during the
digestion process. The digestion program consisted
of 30 minutes of heating and 15 minutes of cooling
as shown in Table 2.

The samples were completely dissolved,
resulting in clear solution. After cooling, the
digested sample was filtered using Whatman®
Quantitative Filter paper, Ashless Grade No. 44 and
the filtrate was finally maintained to 100 ml with
Millipore water.

All reagents used were Merck, analytical

grade (AR) including Standard Stock Solutions of
known concentrations of different heavy metals.
Heavy metal concentrations of vegetable samples
were estimated by Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES) (Model
Optical 2100DV ICP-OES, Perkin Elmer, USA) with
argon laser. The Spectral range was of 160 nm to
900 nm and resolution of 0.009 nm at 200 nm. The
instrument was fitted with UV sensitive dual
backside - illuminated CCD array detector.

Concentrations of heavy metals were
calculated on a dry weight basis. All analyses were
replicated six times. To assess the contamination
level of heavy metals, mean, median, minimum,
maximum and standard deviation of vegetable
samples were performed by using Microsoft Excel
(Version 2007).

Data Analyses
Metal Pollution Index (MPI)

To examine the overall heavy metal
concentrations in all vegetables, metal pollution
index (MPI) was computed. This index was obtained
by calculating the geometrical mean of
concentrations of all the metals in the vegetables
(Usero et al, 1997).

MPI (µg/g) = (Cf1 x Cf2 x . . . x Cfn)1/n

Where, Cfn = concentration of metal n in
the sample.

Table 1: Common Name and Botanical Name of vegetables used in study

S.No. Common Name Botanical Name Family Veg. Category

1 Spinach Spinacia oleracea Chenopodiaceae Leafy
2 Corriander Coriandrum sativum Apiaceae Leafy
3 Cabbage Brasssica oleracea Brassicaceae Leafy
4 Beet root Beta vulgaris Amaranthaceae Roots and Tubers
5 Carrot Ductus carrotus Apiaceae Roots and Tubers
6 Radish Raphanus sativus Brassicaceae Roots and Tubers
7 Ginger Gingiber officinalis Zingiberaceae Roots and Tubers
8 Potato Solanum tuberosum Solanaceae Roots and Tubers
9 Bean Phaseolus vulgaris Fabaceae Legumes
10 Pea Pysum sativum Fabaceae Legumes
11 Cucumber Cucumis sativus Cucurbitaceae Others
12 Lady's finger Abelmoschus esculentus Malvaceae Others
13 Tomato Lycopersicum esculentum Solanaceae Others
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Estimate Daily Intake of Heavy Metals
Data of the average diet per person per

day were collected from a survey .The average daily
vegetable intake was calculated by conducting a
survey where 50 people having average body
weight of 60 kg and age group 18 years to 70 years
were asked for their daily intake of particular
vegetable from the each experimental area in every
sampling.

Daily intake was calculated by the
following equation:

Daily intake of metal (DIM) = Cmetal  x Dfood intake / Baverage weight

Where, Cmetal, Dfood intake and Baverage weight

represent the heavy metal concentrations in
vegetables (µg g-1), daily intake of vegetables and
average body weight respectively (Singh et al.,
2010).

Health Risk Index (HRI)
The health risk index was calculated as

the ratio of estimated exposure of test vegetables
and oral reference dose (Cui et al., 2004).  Oral
reference doses (RfDo) were 4 x 10-2 and 1 x 10-3

mg kg-1 day-1 for Cu and Cd, respectively (USEPA,
2002) and 0.004, 0.02 and 1.5 mg kg-1 day-1 for Pb,
Ni and Cr, respectively (USEPA, 1997). Estimated
exposure is obtained by dividing daily intake of
heavy metals by their safe limits. An index more
than 1 is considered as not safe for human health
(USEPA, 2002).

Therefore, Health Risk Index = DIM/RfDo,

Here, RfDo (Oral Reference Dose)
represents safe levels of exposure by oral for life
time

Statistical Analysis
Concentrations of heavy metals were

calculated on a dry weight basis. All analyses were
replicated six times. To assess the contamination
level of heavy metals, mean, median, minimum,
maximum and standard deviation of vegetable
samples. The Metal Pollution Index of the vegetables
of different sites (Site-1 to Site-10) were subjected
to two way analysis of variance (ANOVA) test for
assessing the significance of differences in heavy

metal concentrations due to different sites, irrigation
practices, environmental pollutants, etc. All analysis
was performed by using Microsoft Excel (Version
2007) and GraphPrism 5.

RESULTS AND DISCUSSION

Concentration levels of heavy metals
In present study, the concentration range

of various heavy metals such as Cadmium (Cd),
Cobalt (Co), Copper (Cu), Chromium (Cr), Nickel
(Ni) and Lead (Pb) in different vegetables collected
from road side market and organized market were
estimated. The mean concentrations of Cd, Ni and
Pb found in vegetables collected from local markets
were summarized in graphical form (Fig 1 to 3). All
sites showed quite a few higher concentrations of
Lead (Pb), than the permissible PFA limit. Among
thirteen vegetables, Beet, Cucumber, Pea, Beans,
Lady's finger, Corriender and Tomato showed high
levels of  Pb in vegetables collected from all sites.
Within the selected vegetables, the highest
concentrations of Pb were noticed in Peas collected
from Site-5 followed by Site-7 and Site-8. Cadmium
(Cd) was found in fair amount in Cucumber collected
from Site-6 and Site-8 and Spinach from Site-6.
Nickel (Ni) was found to be in higher concentrations
in Pea and Beans collected from all sites. Lady's
finger also contains fair amount of Ni. The
concentration levels of these three heavy metals
(Pb, Cd and Ni) in vegetables were found to contain
beyond than the permissible PFA limit. The high
contamination found in vegetables might be closely
related to the pollutants in irrigation water, farm soil
or due to pollution from the highways traffic
(Igwegbe et al., 1992; Qiu et al., 2000).

The concentration of Cadmium (Cd)
ranges from 0.116 ppm to 2.150 ppm in various
vegetables. The maximum concentration of Cd

Table 2: Microwave digestion program
for the sample preparation

Step Power Ramp Hold Fan
(W) (min) (min)

1 1000 15 15 1
2 0 0 15 3
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Fig. 2: Mean concentration (n=6) of Nickel (Ni) in all vegetables collected from Site-5 to Site-10 in
comparison to PFA Standard Limit. Nickel was found to be significantly higher (P<0.001) in Pea

and Beans of Site-5 and Site-6 respectively in comparison to Site-10

Fig. 1: Mean concentration (n=6) of Cadmium (Cd) in all vegetables collected from Site-5 to Site-10
in comparison to PFA Standard Limit. Cd concentration was found to be significantly higher

(P<0.001) in Cucumber and Spinach in both Site-6 and Site-8 in comparison to all other sites.

2.150 ppm was found in spinach collected from
Site-8, while minimum concentration 0.116 ppm
was found in Pea collected from Site-5. Cd
concentration was found to be significantly higher
(P<0.001) in Cucumber and Spinach in both Site-6
and Site-8 in comparison to all other sites. Health
Risk Index (HRI) was found more than 1.64 and
2.38 in Cucumber from Site-6 and Site-8
respectively. In Spinach the HRI was 2.19 and 2.15
respectively for Site-6 and Site-8 (Fig 4). HRI more

than 1 is considered as not safe for human health
(USEPA, 2002). Acute doses of Cadmium can cause
severe gastrointestinal irritation, vomiting, diarrhea,
and excessive salivation, and doses of 25 mg of
Cd/kg body weight can cause death. Low-level
chronic exposure to Cd can cause adverse health
effects including gastrointestinal, hematological,
musculoskeletal, renal, neurological, and
reproductive effects. The main target organ for Cd
following chronic oral exposure is the kidney
(ATSDR 1999a).
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The Cobalt (Co) content varies from 0.300
ppm to 1.466 ppm. The lowest concentration 0.300
ppm of Co was observed in Carrot collected from
Site-5. On the other hand, Beet from Site-7 showed
highest concentration of Co i.e. 1.466 ppm but was
less than what observed in Site-3 (1.633 ppm)
(Ghosh et al, 2011). Health risk index was found
more than 1 in Cabbage (All sites except Site-5;
1.46 in Site-6), Tomato (Site-6, 8 and 10), Potato
(Site-9 and Site-10; 1.57 in Site-10) and Spinach
(Site-7 and Site-10) (Fig 5). Higher concentrations
of Co were observed in Beet of Site-3 and Spinach

of Site-4 which were significantly higher (P<0.05)
than all other sites (Ghosh et al, 2011). Overdose of
Co may lead to angina, asthma, cardiomyopathy,
polycythemia and dermatitis. The safety limit for
human consumption of Co is 0.05 to 1 mg/day in
humans (ATSDR 1994).

Present investigation reveals that Copper
(Cu) varies from 3.933 ppm to 22.300 ppm. The
highest concentration of Cu was found in Tomato
collected from Site-8 (22.300 ppm), while lowest
concentration 3.93 ppm was recorded in Potato

Fig . 4: Health Risk Index (HRI) for Cadmium (Cd) in all vegetables collected from Site-5
to Site-10. (HRI Cd > 1 in Cucumber of Site-6 & Site-8; Spinach of Site-6)

Fig. 3: Mean concentration (n=6) of Lead (Pb) in all vegetables collected from Site-5 to Site-10 in
comparison to PFA Standard Limit. Pb concentration was found to be significantly higher

(P<0.01) in Pea of Site-5 in comparison to all other sites.
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collected from Site-7. Chromium (Cr) concentration
varies from 0.266 to 7.833 ppm. The highest
concentration of Cr was found in Tomato collected
from Site-6 (7.833 ppm), while lowest concentration
7.833 ppm was recorded in Radish and Cabbage
collected from Site-7. The presence of Nickel (Ni)
ranges from 0.200 to 5.833 ppm in various
vegetables. Peas from Site-5 and Beans from Site-
6 showed high content of Nickel 5.833 ppm, while
Ginger from Site-5 contains low value of Ni 0.200
ppm. Nickel was found to be significantly higher

(P<0.001) in Pea and Beans of Site-5 and Site-6
respectively in comparison to Site-10. Excess intake
of Ni leads to hypoglycemia, asthma, nausea,
headache, and epidemiological symptoms like
cancer of nasal cavity and lungs.

During the present study, the
concentration of Lead (Pb) content varies from
0.466 ppm to 12.066 ppm. High concentration of
Pb was found in Peas collected from Site-5 (12.066
ppm) but less than what observed in Site-1 (13.733

Fig. 6: Health Risk Index (HRI) for Lead (Pb) in all vegetables collected from Site-5 to Site-10. (HRI
Pb > 1 in Cucumber, Beans and Lady finger of all Sites; Pea of Site-5, Site-7, Site-8 & Site-9;

Cabbage of Site-6; Tomato of all Sites except Site-10)

Fig. 5: Health Risk Index (HRI) for Cobalt (Co) in all vegetables collected from Site-5 to Site-10.
(HRI Co > 1 in Potato and Cucumber of Site-9; Potato of Site-10; Raddish, Spinach,

Cabbage of Site-7; Tomato of Site-6, Site-8 & Site-10)
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ppm) (Ghosh et al, 2011). The concentration of Lead
was found to be significantly higher (P<0.01) in
Tomato, Pea and Cucumber of Site-5 in comparison
to Site-2, Site-3, Site-9 and Site-10. Spinach
collected from Site-10 showed low concentration
of Pb (0.466 ppm). Health risk index for Pb was
found more than 1 in Cucumber (All sites; 3.54 in
Site-8), Pea (All sites except Site-10; 2.45 in Site-
7), Beans (All sites; 1.38 in Site-9), Lady's finger
(All sites; 2.03 in Site-7), and Tomato (All sites except
Site-10; 2.79 in Site-8) (Figure 6). Todd (1996)
emphasized that most of the accumulated Lead is
sequestered in the bones and teeth. This causes
brittle bones and weakness in the wrists and fingers.
Lead that is stored in bones can reenter the blood
stream during periods of increased bone mineral
recycling (i.e., pregnancy, lactation, menopause,
advancing age, etc.). Mobilized lead can be
redeposited in the soft tissues of the body and can
cause musculoskeletal, renal, ocular,
immunological, neurological, reproductive, and
developmental effects (ATSDR 1999b).

Metal Pollution Index (MPI) is suggested
to be a reliable and precise method for metal
pollution monitoring. Among different vegetables
pea showed highest value of MPI followed by
Cucumber. Seven vegetables out of thir teen
showed higher MPI i.e. more than 2. These were
pea, cucumber, tomato, beans, spinach, lady finger
and cabbage. Higher MPI suggests that these
vegetables may cause more human health risk due
to higher accumulation of heavy metals in the edible

portion. Metal Pollution Index of various vegetables
from all sites (Site-1 to Site-10) was reported in
Figure 7. Site-6 and Site-8 can be classified as high
risk sites as the MPI of all vegetables were higher
than 1. Among the vegetables Pea, Beans. Beet
and Cucumber were found to be highly
contaminated with the heavy metals. The results of
the Anova (Two-Factor without Replication)
suggests that in case of vegetables, the P value
(1.12E-38) was found to be less than the
significance level (0.05), and F (50.513) was more
than F crit (1.843) i.e. there is significant difference
between MPI among the vegetables. Similarly, in
case of Sites, the P value (4.65E-10) was less than
the significance level (0.05), so we can reject the
null hypothesis that the means are equivalent. F
(9.017) was observed more than F crit (1.968) so
we can reject the null hypothesis i.e. there is a
significant difference between MPI among the Sites.

CONCLUSION

The heavy metals not only affect the
nutritive values of vegetables but also have
deleterious effect on human beings using these
food items. The value of HRI more than 1 indicates
considerable risk of negative impact on human
health. National and International regulations on
food quality have lowered the maximum permissible
levels of toxic metals in human food; hence, an
increasingly important aspect of food quality should
be to control the concentrations of trace metals in
food (Radwan et al., 2006). The residues of the

Fig. 7: Metal Pollution Index of various vegetables for all sites (Site-1 to Site-10)
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heavy metals still appear as pollutants in vegetables
as well as in the environment. Their occurrence and
long-range transport at local, regional and global
scales has been recently investigated. In developing
countries heavy metal contamination is receiving
increasing attention from the public as well as
governmental organization. There are few major
pathways for human exposure to heavy metal
contamination in vegetables. Data here
demonstrates that Pb, Cd and Co in vegetables
may pose health risk to consumer.

The present study provides additional data
on heavy metals contamination in Ranchi,
Jharkhand.  It is suggested that regular survey of

heavy metals should be done on all food
commodities in order to evaluate whether any
health risks from heavy metal exposure do exist, to
assure food safety and to protect the end user from
food that might injure their health.

ACKNOWLEDGEMENT

The authors are thankful to the Head,
Department of Pharmaceutical Sciences, Birla
Institute of Technology, Mesra for providing the
facilities to carry out this work and Dr. Sanjay Swain,
Central Instrumentation Facility, Birla Institute of
Technology, Mesra Ranchi for his constant help
during the analytical work.

1. Agency for Toxic Substances and Disease
Registry (ATSDR), Toxicological Profile for
Zinc and Cobalt, US Department of Health
and Human Services, Public Health Service,
205-88-0608 (1994).

2. Agency for Toxic Substances and Disease
Registry (ATSDR), Toxicological Profile for
Cadmium and Nickel, Agency for Toxic
Substances and Disease Registry, US
Department of Health and Human Services,
Public Health Service, 205-93-0606
(1999a).

3. Agency for Toxic Substances and Disease
Registry (ATSDR)., Toxicological Profile for
Lead, Agency for Toxic Substances and
Disease Registry, US Department of Health
and Human Services, Public Health Service,
205-93-0606 (1999b).

4. Bilos, C., Colombo, J.C., Skorupka, C.N.,
Rodriguez Presa, M.J., Source, distribution
and variability of airborne trace metals in La
Plata City area, Argentina. Environ. Pollut.
111: 149-158 (2001).

5. Chaney, R..L., Public health and sludge
utilization, Biocycle 30: 68-73 (1999).

6. Devkota, B., Schmidt, G.H., Accumulation of
heavy metals in food plants and
grasshoppers from the Taigetos Mountains,
Greece, Agric. Ecosyst. Environ. 78: 85-91
(2000).

7. Fergusson, J.E., The Heavy Elements:

REFERENCE

Chemistry, Environmental Impact and Health
Effects. Pergamin Press, Oxford, pp. 382-399
(1990).

8. Ghaedi, M., Shokrollahi, A., Kianfar, A.H.,
Mirsadeghi, A.S., Pourfarokhi, A., Soylak, M.,
The determination of some heavy metals in
food samples by flame atomic absorption
spectrometry after their separation-
preconcentration on bis salicyl aldehyde 1,3
propan diimine (BSPDI) loaded on activated
carbon. J. Hazard. Mater. 154: 128-134
(2008).

9. Ghosh, R., Xalxo, R., Gope, M.C., Mishra, S.,
Kumari, B., Ghosh, M., Estimation of Heavy
Metals in locally available vegetables
collected from road side market sites (1-4)
of different areas of Ranchi City. PHARMBIT
XXIII and XXIV: 68-73 (2011).

10. Gowd, S.S, Reddy, M.R,. Govil, P.K.,
Assessment of heavy metal contamination
in soils at Jajmau (Kanpur) and Unnao
industrial areas of the Ganga Plain, Uttar
Pradesh, India. J. Hazard. Mat. 174: 113-121
(2010).

11. Igwegbe, A.O., Belhaj, H., Hassan, T.M.,
Gibali, A.S., Effect of a highways traffic on
the level of lead and cadmium in fruits and
vegetables grown along the roadsides. J.
Food Safety 13: 7-18 (1992).

12. Itanna F., Metals in leafy vegetables grown
in Addis Ababa and toxicological



444 GHOSH et al., Curr. World Environ.,  Vol. 8(3), 435-444 (2013)

implications, Ethiop. J. Health Dev. 6: 295-
302 (2002).

13. Keller, C,. McGrath, S.P,. Dunham, S.J,, Trace
metal leaching through a soil grassland
system after sewage sludge application. J.
Environ. Qual. 31: 1550-1560 (2002).

14. Ma, Q.Y., Traina, S.J., Logan, T.J., Effect of
aqueous Al, Cd, Fe(II), Ni and Zn on Pb
immobilization by hydroxyapatite. Environ.
Sci. Technol., 28: 1219-1228 (1994).

15. McBride, M.B., Toxic metals in sewage
sludge-amended soils: has promotion of
beneficial use discounted the risks. Adv.
Environ. Res. 8: 5-19 (2003).

16. McLaughlin, M.J., Parker, D.R., Clarke, J.M,.
Welch, R.M,. Graham, R.D., Sustainable field
crop systems for enhancing human health:
agricultural approaches to balanced
micronutrient nutrition. Field Crops Res. 60:
143-163 (1999).

17. Msaky, J.J., Calvert, R., Adsorption behavior
of copper and zinc in soils: influence of pH
on adsorption characteristics. Soil Sci., 150:
513-522 (1990).

18. Nriagu, J.O., A global assessment of natural
sources of atmospheric trace metals. Nature,
338: 47-49 (1989).

19. Qiu, X.X., Huang, D.F., Cai, S.X., Chen, F.,
Ren, Z.G., Cai, Y.C., Investigation on
vegetables pollution and the pollution
sources and its control in Fuzhou, Fujian
Province (China). Fujian J. Agric. Sci. 15: 16-
21 (2000).

20. Radwan, M.A., Salama, A.K., Market basket
survey for some heavy metals in Egyptian
fruits and vegetables. Food Chem. Toxicol.
44: 1273-1278 (2006).

21. Reilly, C., Metal contamination of food, 2nd
edn. Elsevier Applied Science, London, p.
110 (1991).

22. Singh, A., Sharma, R.K., Agrawal, M.,
Marshall, F.M., Health risk assessment of
heavy metals via dietary intake of foodstuffs
from the wastewater irrigated site of a dry
tropical area of India. Food Chem. Toxicol.
48: 612 (2010).

23. Todd, G.C. Vegetables grown in mine wastes.
Environ. Toxicol. Chem. 19: 600-607 (1996).

24. USEPA (US Environmental Protection
Agency), Exposure Factors Handbook, Office
of Research and Development. National
Center for Environmental Assessment. US
Environmental Protection Agency.
Washington, DC. http://www.epa.gov/ncea/
pdfs/efh/front.pdf (1997).

25. USEPA (US Environmental Protection
Agency), Region 9, Preliminary Remediation
Goals. http://www.epa.Gov/region09/waste/
sfund/prg (2002).

26. Usero, J., Gonzalez-Regalado. E., Gracia. I.,
Trace metals in the bivalve mollusks
Ruditapes decussates and Ruditapes
phillippinarum from the Atlantic Coast of
Southern Spain. Environ. Int. 23: 291-298
(1997).


	Pharmbit cover-M1.pdf
	PHARMBIT Jan-Dec 2011 3.pdf
	PHARMBIT Jan-Dec 2011 70-75.pdf
	Pharmbit cover-M41.pdf

