
American Journal of Plant Sciences, 2018, 9, 2347-2358 
http://www.scirp.org/journal/ajps 

ISSN Online: 2158-2750 
ISSN Print: 2158-2742 

 

DOI: 10.4236/ajps.2018.912170  Nov. 7, 2018 2347 American Journal of Plant Sciences 

 

 
 
 

Assessment of Metal Accumulation in the 
Vegetables and Associated Health Risk in the 
Upper-Most Ganga-Yamuna Doab Region, India 

Vivek Kumar Gaurav, Dushyant Kumar, Chhaya Sharma* 

Environmental Research Laboratory, Department of Paper Technology, Indian Institute of Technology Roorkee,  
Roorkee, India 

 
 
 

Abstract 

The present study indicates the status of metal contamination in the vegeta-
bles/crops grown in the upper most Ganga-Yamuna doab region of India and 
associated health risk. Commonly grown vegetables and crops were sampled 
and analyzed for the metal contamination. Maximum concentration (mg/kg) 
of Cd and Cr, was observed in Radish (7.6) and Cabbage (56.24) respectively, 
whereas maximum concentration of Pb, Ni and Zn was observed in the edible 
parts of Mustard plant (95.4, 58.6, 756.43 respectively). Bio-concentration 
factor (BCF) value indicated the transfer level of metal from soil to crop; in-
dicated high transfer value of Cd in Radish followed by cabbage and spinach. 
Considerably high BCF value was observed in the Mustard (8.13), Cabbage 
(4.18) and radish (3.07) for Zn contamination. Estimated daily intake (EDI) 
and Hazard quotient (HQ) or Non-carcinogenic health risk was calculated 
using the USEPA method. The result revealed that the metal intake and asso-
ciated health risk were considerably high in the children population in com-
parison to the adult population.  
 

Keywords 

Heavy Metal, Bio-Concentration Factor, Estimated Daily Intake, Health Risk, 
Hazard Quotient 

 

1. Introduction 

The toxicity, ubiquitous nature, and persistence characteristics of heavy metal 
have raised considerable apprehension globally [1] [2]. Heavy metal contamina-
tion in soil deteriorates overall soil quality, productivity and water quality 
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through percolation. Heavy metal contamination in agricultural soils is a crucial 
issue as it can pose long-term environmental problems [3]. Transfer of metals 
from soil-to-crop is one of the major sources of metal exposure to the human. 
Unmanaged disposal of waste, runoffs, landfills along with rapid industrializa-
tion have severely enriched the soil with metals [4] [5]. Moreover, excessive use 
of chemical based pesticides, fertilizers and manures in order to counter the de-
mand of food supply has triggered excessive accumulation of metals in the soil. 
Vegetables grown in such soil accumulate high concentration of toxic metals. 
Consumption of metal accumulated vegetables/crops may lead to severe health 
hazards. Due to limited availability of fresh water, use of industrial wastewater 
for irrigation is a common practice in India. Wastewater contains toxic metals 
and long-term wastewater irrigation results in accumulation of substantially 
high concentration of heavy metals. Atmospheric deposition has now been iden-
tified as one of the principal sources of heavy metal contamination to crops and 
vegetables grown in urban and industrial areas [6]. 

In the present study Saharanpur which lies in the most uppermost part of 
Doab land which stretches between the river Ganges and Yamuna, India has 
been taken into the consideration. Primarily Saharanpur is an agricultural dis-
trict but also comprises of many medium and small scale industries including 
some highly water intensive large scale industries like Paper Industry, Sugar mill 
and distilleries [7]. Unmanaged disposal of industrial wastes, long-term waste-
water irrigation practices along with other anthropogenic activities have severely 
affected the soil quality of the study area. This study aims at determining the 
level of metal contamination in the soil and vegetables growing in the metal 
contaminated areas, bio-concentration factor or transfer factor, and the health 
risk associated with the level of metal exposure to the adult and children popula-
tion. 

2. Material Method 

2.1. Sampling and Analytical Analysis 

The study area is located in the Saharanpur district (29.8361˚N, 77.4702˚E) 
which is located in the uppermost Ganga-Yamuna doab region (Figure 1). The 
soil samples were collected from three different areas of Saharanpur district, 
designated as industrial areas by Ministry of Micro, Small & Medium Enterpris-
es, Govt. of India [7]. The top-soil (0 - 15 cm) were procured randomly from 
thirty sampling sites from three industrial areas (Pilakhni, Delhi Road and Rail-
way Road) of Saharanpur city. Samples were zipped packed in polyethylene bag, 
transferred to the laboratory within three hours from sampling and stored at 4˚C 
till complete analysis. Before analytical step samples were dried (at 50˚C), pulve-
rized and sieved with 70-mesh plastic sieve [8]. The heavy metal was analyzed by 
digesting the soil samples using USEPA 3052 method [9] in the microwave oven 
(MarsXpress). Digested transparent solution was cooled, filtered through 
Whatman no. 42 filter paper and diluted up to 50 mL with 1% nitric acid. The  
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Figure 1. Map showing sampling sites in the study area. 

 
metal concentration in filtrate of digested soil samples were analyzed by 
ICP-OES. 

The edible part of plant samples Spinach (Spinacia oleracea), mustard (Bras-
sica nigra), cabbage (Brassica oleracea), radish (Raphanus sativus), carrot (Dau-
cus carota), sugarcane (Saccharum officinarum), rice grain (Oryza sativa), to-
mato (Solanum lycopersicum) were collected and washed and dried at 70˚C - 
80˚C for 24 h to a constant weight. Dried samples were crushed and powdered 
for homogenization of the sample. Powdered plant samples were digested with 
concentrated HNO3, H2SO4, and HCIO4 in 5:1:1 ratio (total 15 ml) using USEPA 
3052 method. The digested sample further analyzed in ICP-OES for the heavy 
metal estimation. 

2.2. Bio-Concentration Factor (BCF) 

BCF index is an approach to determine the accumulation of particular metal in 
vegetable with respect to its concentration in soil substrate. It was calculated us-
ing the formula 
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plant

soil

C
BCF

C
=  

where Cplant and Csoil represent the heavy metal concentration in edible part of 
vegetables and soils, respectively [10]. 

2.3. Health Risk Assessment 

Health risk assessment was performed using USEPA model [11], it estimate risk 
related to the exposure of heavy metal contamination via ingestion pathway in 
both adult and children. Hazard quotient (HQ) is the ratio of estimated concen-
tration of pollutant to the reference dose, it also indicates the non-carcinogenic. 
If the value of HQ < 1, it is supposed there is no significant risk of 
non-carcinogenic effects. If the HQ > 1 considerable health risk can be antic-
ipated. 

EDI C DI BW= ×                        (1) 

HQ EDI EF ED RfD AT= × × ×                   (2) 

in this study, Daily intake (DI) for adult is 0.345 kg/person/day and for children 
is 0.232 kg/person/day [12] 15 kg for children and 70 kg for adults, HQ is the 
Hazard Quotient, EF is the Exposure Frequency (350 days), ED is the Exposure 
Duration (70 years), RfD values of different metals were taken from the USEPA 
guidelines [13] and AT is the Average Time (70 × 365 years) [10]. 

3. Result and Discussion 

3.1. Physiochemical Characteristics and Heavy Metal Status  
in the Soil 

The basic physiochemical characteristics of the agriculture soil are shown in the 
Table 1. The soil pH was observed to be near neutral to slightly alkaline with  

 
Table 1. Physiochemical characteristics of the agriculture soil in the study area. 

pH 7.5 ± 0.5 

Sand (%) 52.0 ± 11.4 

Silt (%) 35.22 ± 7.56 

Clay (%) 12.8 ± 1.82 

Moisture (%) 56.10 ± 3.81 

OM (%) 5.36 ± 1.02 

TN (mgkg−1) 103.53 ± 6.14 

Sulfate (mgkg−1) 157.24 ± 7.58 

Phosphate (mgkg−1) 701.04 ± 16.58 

Potassium (mgkg−1) 153.0 ± 8.6 

Chloride (mgkg−1) 1014.0 ± 36.65 

EC (mScm−1) 2.49 ± 0.02 
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56.10% and 5.36% of mean moisture content and organic matter respectively. 
High phosphate and chloride content in the soil may result due to long-term 
wastewater irrigation. The mean conductivity was observed to be 2.49 mScm-1 

considering the fact that presence of ions and metals enhances the overall soil 
conductivity of the soil. The mean concentration of Cd, Cu, Cr, Pb, Ni and Zn 
were observed to be 1.65 ± 0.65, 35.82 ± 20.18, 60.70 ± 40.91, 30.76 ± 13.05, 
89.63 ± 53.62 and 90.02 ± 36.65 mg/kg respectively. 

3.2. Metal Concentration in Plant 

The mean metal concentration in the edible parts of samples vegetables are 
shown in the Figures 2(a)-(f). The metal concentrations were compared with 
the permissible safe limits prescribed by the Indian Standard [14] and World 
Health Organization (WHO)/Food and Agricultural Organization (FAO) [15]. 
Permissible limits of metals in food (mg/kg) as per Indian Standards are: Cd 
(1.5), Cu (30.0), Cr (20.0), Pb (2.5), Ni (1.5), Zn (50.0), and while WHO/FAO 
(2007) safe limits are: Cd (0.2), Cu (40.0), Cr (0.1) Pb (5.0), and Zn (60.0). There 
is considerable difference in both the permissible limits; the concentration of Cd 
in Spinach, cabbage and radish were observed to be higher than the Indian per-
missible limit whereas, only Carrot (0.01) and Rice grain (0.01) samples were 
found to be under the permissible limit of WHO/FAO. Cu concentration in the 
sampled vegetables were high in Spinach (42.6), mustard (95.4) and cabbage 
(42.5), rest of the samples were in the permissible range. Cr concentration was 
observed highest in the cabbage (56.24) followed by sugarcane, mustard and ra-
dish. Pb concentration in mustard (56.24) was observed several folds higher than 
both Indian and WHO/FAO permissible limit followed by spinach, tomato and 
radish. Ni and Zn concentration were found highest in the mustard (114.6 and 
756.43 respectively). Ni concentration in all the sampled vegetables was above 
the permissible limit. 

Elevated concentrations of Cd, Cr and Pb more than permissible limit is a se-
rious concern in the study area as these metals are potent carcinogens and may 
lead to several diseases including cardiovascular, blood, kidney, and nervous 
system as well as diseases related with bone and muscles [2] [15]. The sources of 
these metals are mainly anthropogenic in origin which may include industrial 
and domestic waste, atmospheric deposition, vehicular emission etc. The study 
area comprises of large-scale industries including paper industry, distillery and 
sugar mill which is supposed to contribute significantly in the overall metal con-
tamination in the study area. Paper mill generated wastewater contain signifi-
cant concentration of Cr due to extensive use of Chromium based chemicals for 
different process involved in the manufacturing of paper [10] [16] [17]. The bio-
accumulation potential of Ni is still under the study but Ni has significant toxic 
impact on the human being and considered as potent carcinogen. Zinc is an essen-
tial trace element for the growth of plants and animals, but excessive concentration 
may reduce the beneficial microbial activity and cause toxic effect [18]. 
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Figure 2. Metal concentrations in the vegetable samples procured from the study area. 
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3.3. Estimation of Bio-Concentration Factor  
and Average Daily Intake (ADI) 

The soil-plant transfer factor was estimated and wide range of transfer values 
were observed. High transfer factor was observed in spinach for all the metals 
except Cr (Figures 3(a)-(f)). BCF of Cd was significantly high in the Radish and 
cabbage. Mustard is an important crop, both leaves and oil seeds are used by the 
people; a very high BCF value of Zn (8.13) followed by Cu (2.66), Pb (1.91) and 
Ni (1.28) was observed in the mustard plant. Leafy structure of cabbage may lead 
to accumulate metals significantly thus found to have considerably high BCF 
values for all the metals except Pb. the minimum transfer factor value was ob-
served in the Rice grains followed by tomato and carrot (Table 2). 

3.4. Health Risk Assessment in the Population 

The maximum daily intake of Cd was observed to be higher through the con-
sumption of radish (3.05E−03) and cabbage (1.45E−03) followed by spinach and 
mustard. Among all the sampled vegetables maximum intake of Cu, Pb and Ni 
was observed through the intake of mustard. Both leaf and oil seed of mustard is 
extensively consumed in the India, that may lead to the high exposure of these 
metals via food. The detailed data of EDI both in adult and children population 
is shown in the Table 3(a) & Table 3(b). 

 

 
Figure 3. Estimation of Bio-concentration Factor in different vegetables. 
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Table 2. Concentration of heavy metal (mg/kg) in the plant sample and permissible limit. 

Vegetable Cd Cu Cr Pb Ni Zn 

Spinach 0.92 1.19 0.30 1.05 0.98 1.92 

Mustard 0.45 2.66 0.63 1.91 1.28 8.13 

Cabbage 2.18 1.19 0.93 0.17 0.70 4.18 

Radish 4.61 0.99 0.48 0.37 0.65 3.07 

Carrot 0.01 0.51 0.09 0.27 0.14 1.30 

Sugar cane 0.13 0.91 0.80 0.07 0.04 0.73 

Rice grain 0.01 0.05 0.01 0.02 0.03 0.03 

Tomato 0.05 0.12 0.30 0.46 0.28 0.52 

Indian standard 1.5 30.0 20.0 2.5 1.5 50.0 

WHO/FAO 0.2 40.0 0.1 5.0 -- 60.0 

 
Table 3. (a) Estimated daily in-take (mg) of metal through vegetables in Adult popula-
tion; (b) Estimated daily in-take (mg) of metal through vegetables in children population. 

(a) 

Vegetable 
ADULT 

Cd Cu Cr Pb Ni Zn 

Spinach 6.11E−04 1.71E−02 7.41E−03 1.30E−02 3.54E−02 7.19E−02 

Mustard 2.97E−04 3.83E−02 1.55E−02 2.35E−02 4.60E−02 3.04E−01 

Cabbage 1.45E−03 1.71E−02 2.26E−02 2.15E−03 2.51E−02 1.56E−01 

Radish 3.05E−03 1.43E−02 1.16E−02 4.60E−03 2.35E−02 1.15E−01 

Carrot 4.02E−06 7.39E−03 2.09E−03 3.37E−03 5.14E−03 4.84E−02 

Sugar cane stem 8.84E−05 1.31E−02 1.94E−02 8.84E−04 1.43E−03 2.72E−02 

Rice grain 4.02E−06 7.23E−04 2.69E−04 2.89E−04 9.84E−04 1.04E−03 

Tomato 3.21E−05 1.69E−03 7.39E−03 5.71E−03 1.02E−02 1.94E−02 

(b) 

Vegetable 
CHILDREN 

Cd Cu Cr Pb Ni Zn 

Spinach 1.82E−03 5.11E−02 2.21E−02 3.89E−02 1.06E−01 2.15E−01 

Mustard 8.88E−04 1.14E−01 4.62E−02 7.03E−02 1.38E−01 9.08E−01 

Cabbage 4.32E−03 5.11E−02 6.75E−02 6.41E−03 7.49E−02 4.66E−01 

Radish 9.12E−03 4.27E−02 3.47E−02 1.37E−02 7.01E−02 3.43E−01 

Carrot 1.20E−05 2.21E−02 6.24E−03 1.01E−02 1.54E−02 1.45E−01 

Sugar cane stem 2.64E−04 3.90E−02 5.81E−02 2.64E−03 4.28E−03 8.14E−02 

Rice grain 1.20E−05 2.16E−03 8.04E−04 8.64E−04 2.94E−03 3.12E−03 

Tomato 9.60E−05 5.04E−03 2.21E−02 1.71E−02 3.06E−02 5.81E−02 
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The Hazard quotient also referred as non-carcinogenic risk was estimated in 
both adult and children population and depicted in Table 4(a) and Table 4(b). 
Children population were observed to be more susceptible to the risk associated 
with metal exposure through intake of vegetables. Risk associated with Cd was 
found to be maximum via consumption of Radish cabbage and spinach in both 
adult and children population. The leafy vegetables including spinach, cabbage, 
mustard leaves showing high health risk probability of metal exposure through 
consumption as they receive high amount of atmospheric depositions, vehicular 
and industrial dust when grown in peri urban areas and could absorb heavy 
metals due to their large foliar surface area [19]. For the reason health risk asso-
ciated with consumption of Spinach, cabbage, Mustard along with root or tu-
berous vegetable were observed to be considerably high in comparison to the 
tomato, sugarcane and rice grains. Health risk index associated with Ni exposure 
through consumption of spinach, mustard, cabbage and radish were observed to  

 
Table 4. (a) Health risk or Hazard quotient (HQ) in the adult population in the study 
area; (b) Health risk or Hazard quotient (HQ) in the children population in the study 
area. 

(a) 

Vegetable 
ADULT 

Cd Cu Cr Pb Ni Zn 

Spinach 6.11E−01 4.28E−01 4.94E−03 3.25E+00 1.77E+00 2.40E−01 

Mustard 2.97E−01 9.58E−01 1.03E−02 5.88E+00 2.30E+00 1.01E+00 

Cabbage 1.45E+00 4.28E−01 1.51E−02 5.36E−01 1.25E+00 5.20E−01 

Radish 3.05E+00 3.58E−01 7.74E−03 1.15E+00 1.17E+00 3.82E−01 

Carrot 4.02E−03 1.85E−01 1.39E−03 8.44E−01 2.57E−01 1.61E−01 

Sugar cane stem 8.84E−02 3.26E−01 1.30E−02 2.21E−01 7.17E−02 9.08E−02 

Rice grain 4.02E−03 1.81E−02 1.79E−04 7.23E−02 4.92E−02 3.48E−03 

Tomato 3.21E−02 4.22E−02 4.93E−03 1.43E+00 5.12E−01 6.48E−02 

(b) 

Vegetable 
CHILDREN 

Cd Cu Cr Pb Ni Zn 

Spinach 1.82E+00 1.28E+00 1.48E−02 9.72E+00 5.29E+00 7.16E−01 

Mustard 8.88E−01 2.86E+00 3.08E−02 1.76E+01 6.88E+00 3.03E+00 

Cabbage 4.32E+00 1.28E+00 4.50E−02 1.60E+00 3.74E+00 1.55E+00 

Radish 9.12E+00 1.07E+00 2.31E−02 3.44E+00 3.50E+00 1.14E+00 

Carrot 1.20E−02 5.52E−01 4.16E−03 2.52E+00 7.68E−01 4.82E−01 

Sugar cane stem 2.64E−01 9.75E−01 3.87E−02 6.60E−01 2.14E−01 2.71E−01 

Rice grain 1.20E−02 5.40E−02 1.44E−03 2.16E−01 1.47E−01 1.04E−02 

Tomato 9.60E−02 1.26E−01 3.36E−03 4.27E+00 1.53E+00 1.94E−01 
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be higher than the threshold value (HQ > 1) signifying considerable health risk 
in both adult and children population. Sugarcane is the extensively grown 
throughout the study area; the exposure of metal through sugarcane consump-
tion was found to be under the permissible range for adult population but was 
observed to be closer to the threshold value in children population. Rice is the 
staple food crop in the India, although the concentration of metal and risk asso-
ciated with it was observed to be low but daily consumption may lead to pro-
nounced dietary intake of metal. 

4. Conclusion 

The present study revealed the status of metal contamination in the vegetables 
grown in the upper most Ganga-Yamuna Doab region of India and associated 
health risk. Metals concentration in leafy/tuberous vegetables was observed 
higher than other vegetables. The metal concentration in almost all plant sam-
ples was found to be beyond or close to the permissible limit. The overall 
bio-concentration factor or transfer factor from soil to plant was observed in the 
trend Zn > Cd > Cu > Pb > Ni > Cu. Health risk assessment revealed considera-
ble health risk for Cd, Pb and Ni metals. HQ index for Cu and Zn was observed 
to be close or beyond the safe limit but had considerably low toxic impact in 
comparison to other studied metals. The results of the present work suggest pre-
cise monitoring of metals contamination in agricultural soils and in vegetables as 
well. So that excessive input of metals in human food chain system can be 
checked. 
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