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Abstract The present study on accumulation of heavy
metals in the vegetables viz. Beta vulgaris, Phaseolus
vulgaris, Spinacea oleracea, and Brassica oleracea var.
botrytis grown in the wastewater-irrigated soil near the
Bindal river, Dehradun, has shown the maximum accu-
mulation of metals for Pb (196.91 ± 8.13 mg/kg), Cu
(36.75 ± 6.19 mg/kg), Zn (305.54 ± 14.30 mg/kg), Ni
(125.48 ± 5.97mg/kg), Cd (29.58 ± 4.26mg/kg), and Cr
(93.06 ± 3.25 mg/kg) in agricultural soil irrigated with
wastewater. The enrichment factor of soil was maxi-
mum for Cr (8.74) and minimum for Cu (0.88). In case
of vegetables, the concentrations of heavy metals were
maximum for Pb (86.69 ± 6.69) in the flower of
B. oleracea var. botrytis, Cu (33.49 ± 2.09) and Zn
(161.86 ± 17.79) in the leaves of S. oleracea, Ni
(80.72 ± 8.40) and Cd (23.19 ± 2.76), and Cr
(57.18 ± 8.16) in the root of B. vulgaris grown in
wastewater (WW)-irrigated soil. The bioaccumulation
factor (BAF) for Cu (0.911) was maximum in
S. oleracea and minimum for Pb (0.440) in
B. vulgaris. The maximum daily intake of metals was
found for Zn (0.059) in S. oleracea and minimum for Cd
(0.008) in B. vulgaris. The human health risk index was
found to be more than 1 for Pb and Cd. The long-term
wastewater irrigation resulted in accumulation of heavy
metals in vegetables which may cause potential health

risks to consumers as these vegetables are sold in local
markets of Dehradun city.
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Introduction

Heavy metals are ubiquitous in the environment, and as
a result of both natural and anthropogenic activities,
humans may be exposed to them through various path-
ways, especially food chain.Wastewater irrigation, solid
waste disposal, sludge application, vehicular exhaust,
and industrial activities are the major sources of soil
contamination with heavy metals. An increased metal
uptake by food crops, vegetables, and fruits grown on
such contaminated soils is often observed worldwide
(Harmanescu et al. 2011). The occurrences of heavy
metal-enriched ecosystem components arise from rapid
industr ia l growth, advances in agr icul tural
chemicalization and/or the urban activities of human
beings. This has led to metal dispersion in the environ-
ment and consequently impaired health of the popula-
tion by the ingestion of victuals contaminated by harm-
ful elements (Orisakwe et al. 2012).

Many industrial plants in developing countries oper-
ate without any or a nominal wastewater treatment and
routinely discharge their waste into drains that either
contaminate rivers and streams or add to the contami-
nant load of sewage sludge. The contaminants may enter
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the food chain in addition to the low water quality of the
area. The heavy metal contamination of agricultural
soils and crops is causing concerns due to the probable
effects on food production and human health in affected
areas (Hassan et al. 2013). Reuse of domestic and in-
dustrial wastewater in agriculture for irrigating crops
appears to be a lucrative option.

The concentration of metals in vegetables mainly
depends on the texture of soil or media on which they
are grown but this also depends on the type and nature of
plants being grown on these contaminated soils
(Kabata-Pendias and Pendias 1984; Khan et al. 2009).
Heavy metals are often toxic if accumulated beyond the
permissible limits of BIS standards. Pb and Cd are
known to be the most toxic and are the most abundant
metals in food (Khan et al. 2009; Korfali et al. 2013). A
number of serious health problems can develop as a
result of excessive uptake of dietary heavy metals. Fur-
thermore, the consumption of heavy metal-
contaminated food can seriously deplete some essential
nutrients in the body causing a decrease in immunolog-
ical defenses, intrauterine growth retardation, impaired
psycho-social behaviors, disabilities associated with
malnutrition, and a high prevalence of upper gastroin-
testinal cancer (Orisakwe et al. 2012).

Food safety is a major public concern worldwide.
The increasing demands for food and food safety have
drawn the attention of researchers to the risks associated
with consumption of contaminated foodstuffs, i.e., pes-
ticides, heavy metals, and/or toxins in vegetables (Khan
et al. 2009). Thus, the present study was carried out to
assess the concentration of metals viz. Pb, Cu, Zn, Ni,
Cd, and Cr in the vegetables viz. Beta vulgaris,
Phaseolus vulgaris, Spinacea oleracea, and Brassica
oleracea var. botrytis grown in wastewater (WW)-irri-
gated area close to the Bindal river, Dehradun.

Materials and methods

Study area and sampling Dehradun city, also called
Doon valley, in Uttarakhand state of India is located
on 30°19′ north latitude and 78° 04′ east longitude.
The long-termWW-irrigated area (site I) near the Bindal
river situated at Haridwar bypass road, Dehradun, was
selected for the present study. For the last 15–20 years,
WW being drained from the Bindal river is being used
for irrigation of various vegetables crops like B. vulgaris
(beet), P. vulgaris (French bean), S. oleracea (spinach),

B. oleracea var. botrytis (cauliflower). The WW, soil,
and vegetables were collected from three different plots
of the nearby Bindal river area. Tube-well water
(TWW)-irrigated area of Gulerghati about 10 km away
from the study area was taken as control site (site II)
where the crops like Raphnus sativus, P. vulgaris, and
S. olercea were being grown (Fig. 1). The study was
made in the summer season of the year 2009.

Sample preparation The samples of vegetable crops
were washed with double-distilled water to remove
airborne pollutants and dust particles. The edible parts
(flower, leaves, and root) of the samples were air-dried
to constant weight to remove water. All samples were
then oven-dried at 70–80 °C for 24 h to remove remain-
ing moisture. Samples were then grounded into powder
state and stored into polythene bags for further analyti-
cal use. The soil samples of each site were composited
separately for analysis. WW and TWW samples were
collected in 1-l plastic bottles, immediately acidified
with HNO3 (2 ml), and transported to the laboratory
where samples were filtered through Whatman 42 filter
paper and stored in a refrigerator at 4 °C.

Digestion of samples The WW, TWW, soil, and vege-
table samples were digested with a mixture of HNO3

and HClO4 acid (2:1, v/v) individuals per the method
described in AOAC (1990) for wet ashing. WW (10 ml)
and 0.5 g of powdered samples of vegetables and soil
were taken using indigestion tubes separately, and then
nitric acid and perchloric acid were added to each. The
digestions were completed on digestion blocks (Make
FOSS) following standard procedures as described by
Chaturvedi and Sankar (2006). After digestion, all the
samples were diluted, filtered through Whatman 42
filter paper, and volume was made up to 50 ml in
volumetric flasks.

Analysis of metals Heavymetals such as Pb, Ni, Zn, Cd,
Cu, and Cr in the digested aliquot were determined by
atomic absorption spectrophotometer (AAS) (ECIL,
model no. 4129). Appropriate quality procedures and
precautions were carried out to assure the reliability of
the results. Quality control measures were taken to
assess contamination and reliability of data, the varia-
tions were found to be less than 10 %.
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Data analysis

Enrichment factor Enrichment factor (EF) was used to
assess the contamination degree of heavy metals in the
soil and was calculated following the formula given by
Kim and Kim (1999).

Bioaccumulation factors Bioaccumulation factor
(BAF), an index of the ability of the uptake of particular
metal from soil to root then upper part of vegetable
crops, was calculated as per Zhuang et al. 2009.

Daily intake of metals and health risk index The daily
intake of heavy metals was calculated as per Arora et al.
(2008). The average bodyweights were considered to be
65 kg, while average daily vegetable intake was consid-
ered to be 0.300 kg/person/day as reported by Arora

et al. (2008) and Singh et al. (2010). Health risk index
(HRI) was calculated as the ratio of estimated exposure
of vegetables and oral reference dose (Cui et al. 2004;
Singh et al. 2010). An HRI value of greater than 1
(HRI > 1) was considered as not safe for human health
(USEPA 2002) and is likely to cause health hazards in
consumers.

Results and discussion

Metal concentrations in wastewater and tube-well
water The concentrations of heavy metals in WW and
TWWused for irrigation of soil and vegetable crops are
summarized in Table 1. The concentrations of the heavy
metals (Pb 0.88 ± 0.13 mg/l, Cu 0.45 ± 0.09 mg/l, Zn
0.83 ± 0.11 mg/l, Ni 0.94 ± 0.09 mg/l, Cd

Fig. 1. Study area at Dehradun: site I wastewater (WW) and site II tube-well water (TWW) irrigated
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0.13 ± 0.04 mg/l, and Cr 0.58 ± 0.09 mg/l) in WWused
for irrigation in nearby areas of the Bindal river were
observed to be above the standard levels proposed by
Pescod (1992), while the Zn concentration was found to
be within safe limit. The paired two-sample t test
showed that there was a significant level of Pb, Cu,
Zn, Ni, Cr (P < 0.01), and Cd (P < 0.05) concentrations
in WW as compared to TWW. The values of the metal
concentrations of WW of the Bindal river area were
higher than the values observed by Sharma et al.
(2007) for Pb (0.08–0.10 mg/l), Cu (0.04–0.11 mg/l),
Zn (0.09–0.23 mg/l), Ni (0.03–0.05 mg/l), Cd (0.01–
0.02 mg/l), and Cr (0.03–0.09 mg/l) at different sites in
WW used for irrigation in suburban region of Varanasi,
India, and also by Chopra and Pathak (2012) for Pb
(0.36 ± 0.06 mg/l), Cu (0.15 ± 0.01 mg/l), Zn
(0.55 ± 0.02 mg/l), Ni (0.32 ± 0.01 mg/l), Cd

(0.03 ± 0.00 mg/l), and Cr (1.37 ± 0.09 mg/l) in WW
used for irrigation near the Bindal river, Dehradun,
during winter season 2008. However, the values of Pb,
Cu, Zn, Ni, Cd, and Cr were lower than that of Cu
(2.17 ± 0.46 mg/l) and Zn (0.95 ± 0.40 mg/l) as reported
by Ahmad and Goni (2010) in effluent-contaminated
waters used for irrigation in the industrial areas of Dha-
ka, Bangladesh, and also for Pb (4.26 ± 2.20 mg/l), Zn
(1.91 ± 1.45 mg/l), and Cu (1.56 ± 1.22 mg/l) in WW
used for irrigation in periurban region of Titagarh, India
(Gupta et al. 2008).

Metal concentrations in soil The concentrations of Pb,
Cu, Zn, Ni, Cd, and Cr in the agricultural soils collected
from the Bindal river area were found to be
196.91 ± 8.13, 36.75 ± 6.19, 305.54 ± 14.30,
125.48 ± 5.97, 29.58 ± 4.26, and 93.06 ± 3.25 mg/kg,
respectively, which were below the permissible limits of
Indian standards except that of Cd. However, these
values of Zn, Ni, and Cd were above the permissible
limits of European Union Standards (EU 2006). There
was a notable increase of Pb (+116.03 %), Cu
(+115.54 %), Zn (+263.83 %), Ni (+264.66 %), Cd
(+168.42 %), and Cr (+230.35 %) in WW-irrigated soil
in comparison to TWW-irrigated soil. The paired two-
sample t test for the metals showed that the concentra-
tion of Pb, Zn, Ni, Cr (P < 0.001), Cu (P < 0.05), and Cd
(P < 0.01) were significantly higher in WW-irrigated
soil than that observed in TWW soil (Table 2).

The concentrations of heavy metals in the soil of the
study area were higher than those reported by Ahmed

Table 1 Heavy metal contents (mg/l) in WW (site I) and TWW
(site II) used for irrigation

Heavy metals Site I Site II Permissible limits

Pb 0.88 ± 0.13** 0.11 ± 0.01 0.5

Cu 0.45 ± 0.09** 0.04 ± 0.01 0.2

Zn 0.83 ± 0.11** 0.17 ± 0.02 2.0

Ni 0.94 ± 0.09** 0.13 ± 0.03 0.2

Cd 0.13 ± 0.04* 0.04 ± 0.01 0.01

Cr 0.58 ± 0.09** 0.09 ± 0.01 0.1

Significance: p < 0.05(*) and p < 0.01(**); permissible limits,
Pescod (1992)

Table 2 Heavy metals contents (mg/kg) in WW-irrigated soil (site I) and TWW-irrigated soil (site II)

Heavy metals Site I Site II EF Limitsa Limitsb

Pb 196.91 ± 8.13***
(+116.03 %)

91.15 ± 11.61 2.16 300 250–500

Cu 36.75 ± 6.19*
(+115.54 %)

17.05 ± 1.41 2.16 140 135–270

Zn 305.54 ± 14.29***
(+263.83 %)

83.98 ± 5.25 3.64 300 300–600

Ni 125.48 ± 5.97***
(+264.66 %)

34.41 ± 4.69 3.65 75 75–150

Cd 29.58 ± 4.26**
(+168.42 %)

11.02 ± 1.76 2.69 3.0 3–6

Cr 93.06 ± 3.25***
(+230.35 %)

28.17 ± 1.68 3.30 150 NA

% increase/decrease in comparison to control site. Limits, (a) European Union Standards (EU 2006), (b) Indian Standard (Awashthi 2000)

EF enrichment factor

Significance: p < 0.05(*), p < 0.01(**), and p < 0.001(***)
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and Goni (2010) for Pb (49.71 ± 3.32 mg/kg), Zn
(115.43 ± 7.75 mg/kg), Ni (58.16 ± 18.15 mg/kg), Cd
(11.42 ± 4.63 mg/kg), and Cr (53.70 ± 12.37 mg/kg)
except Cu (39.14 ± 5.36 mg/kg) in WW-irrigated soil in
industrial areas of Bangladesh, Chopra, and Pathak
(2012) for Pb (70 .49 ± 10.54 mg/kg) , Zn
(244.15 ± 7.19 mg/kg), Ni (27.77 ± 1.50 mg/kg), and
Cd (17.47± 1.20mg/kg) exceptCu (54.48± 9.63mg/kg)
and Cr (129.52 ± 9.71 mg/kg) in WW-irrigated soil near
the Bindal river, Dehradun, India, during winter season
in the year 2008 and lower than the metal concentrations
of Pb (278mg/kg), Cu (502mg/kg), and Zn (498mg/kg)
in paddy soils of Dabaoshan mine in Guangdong, Chi-
na, reported by Zhuang et al. (2009).

The EF for the WW-irrigated soil was maximum for
Ni (3.65) and minimum for Pb and Cu (2.16) (Table 2).
The present EF values for Pb (2.16), Cu (2.16), Zn
(3.64), Ni (3.65), Cd (2.69), and Cr (3.30) were found
to be lower than the values for Zn (4.8), Cu (6.5), and Pb
(15.5) observed by Mishra and Tripathi (2008) in WW-
irrigated soil of Varanasi, than the Cu (9.62) and Zn
(7.96) reported by Pathak et al. (2011) in sewage-
irrigated soil, than the Zn (4.09), and Cr (7.09) reported
by Chopra and Pathak (2012) in WW-irrigated soil
during winter season in the year of 2008. The present

EF values for contamination of Pb, Cu, Zn, Ni Cd, and
Cr were in moderate enrichment category when com-
pared with contamination categories established by
Sutherland (2000).

Heavy metal concentrations in vegetables The average
concentrations of heavy metals (mg/kg, on dry weight
basis) in the selected vegetables (edible parts) grown in
the nearby Bindal river are given in Table 3. The con-
centrations of heavy metals were maximum for Pb
(86.69 ± 6.69) in flower of B. oleracea var. botrytis,
for Cu (33.49 ± 2.09) and Zn (161.86 ± 17.79) in leaves
of S. oleracea and for Ni (80.72 ± 8.40), and Cd
(23.19 ± 2.76) and Cr (57.18 ± 8.16) in root of
B. vulgaris grown in WW irrigated soil. It was notice-
ably observed that the concentrations of all the heavy
metals were higher in WW-irrigated vegetables than
TWW-irrigated. The levels of Pb, Cu, Zn, Ni, Cd, and
Cr except that of Cu in these vegetables were above the
prescribed safe values proposed by Prevention of Food
Adulteration Act and rules (PFA) (Awashthi 2000).

In the present study, the concentration of metals (Pb,
Cu, Zn, Ni, Cd, and Cr) in vegetables grown in WW-
irrigated soil were higher than that reported by Gupta
et al. (2008) for Pb (57.63 mg/kg), Zn (139.05 mg/kg),

Table 3 Heavy metals contents (mg/kg) in vegetables grown in WW (site I) and TWW (site II) irrigated soil

Vegetables Dry wt.% Pb Cu Zn Ni Cd Cr

WW (site I)

B. vulgaris 21.75 49.54 ± 6.26 26.78 ± 2.91 96.43 ± 0.60 80.72 ± 8.40 23.19 ± 2.76 57.18 ± 8.16

P. vulgaris 14.85 59.39 ± 2.21 23.65 ± 2.02 72.09 ± 12.99 66.57 ± 8.08 19.48 ± 2.68 15.3 ± 3.56

S. oleracea 12.96 68.17 ± 4.96 33.49 ± 2.09 161.86 ± 17.79 65.69 ± 3.72 21.35 ± 2.12 55.74 ± 5.55

B. oleracea
var. botrytis

20.78 86.69 ± 6.69 29.35 ± 1.39 48.12 ± 5.83 68.95 ± 7.55 17.51 ± 3.71 46.19 ± 6.86

TWW (site II)

R. sativus 7.80 45.18 ± 3.11 17.54 ± 1.18 59.41 ± 8.03 66.53 ± 3.03 9.07 ± 0.73 19.11 ± 2.86

P. vulgaris 17.48 33.59 ± 3.58 12.44 ± 0.63 47.91 ± 4.38 35.87 ± 6.62 6.96 ± 1.39 30.07 ± 2.99

S. oleracea 12.78 29.69 ± 1.95 13.01 ± 0.72 57.54 ± 8.24 48.62 ± 4.62 12.69 ± 1.74 24.61 ± 8.70

Table 4 Bioaccumulation factor (BAF) for vegetables grown in WW-irrigated soil

Vegetables Pb Cu Zn Ni Cd Cr

Beta vulgaris 0.252 0.729 0.316 0.643 0.784 0.614

Phaseolus vulgaris 0.302 0.644 0.236 0.531 0.659 0.164

Spinaceaoleracea 0.346 0.911 0.530 0.524 0.722 0.599

Brassica oleracea var. botrytis 0.440 0.799 0.157 0.549 0.592 0.496
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Cd (17.79 mg/kg), Cu (28.08 mg/kg), and Ni
(62.70 mg/kg) except Cr (78.02 mg/kg) in radish, Pb
(49.79 mg/kg), Zn (154.21 mg/kg), Cd (14.58 mg/kg),
Cu (34.49 mg/kg), and Ni (69.22 mg/kg) except Cr
(96.30 mg/kg) in spinach, and Pb (31.04 mg/kg), Zn
(96.48 mg/kg), Cd (13.80 mg/kg), Cu (15.66 mg/kg),
and Ni (59.28 mg/kg) except Cr (86.83 mg/kg) in cau-
liflower grown in WW-irrigated soil at Tetagarh, West
Bengal, and were also higher than the values reported by
Chopra and Pathak (2012) for Pb (22.42 ± 2.59 mg/kg),
Cu (9.17 ± 2.78 mg/kg), Zn (31.38 ± 3.54 mg/kg), and
C d ( 1 5 . 7 9 ± 3 . 0 9 m g / k g ) e x c e p t N i
(128.21 ± 19.85 mg/kg) and Cr (105.43 ± 8.50 mg/kg)
in R. sativus, for Pb (10.44 ± 1.85 mg/kg), Cu
(11.61 ± 2.71 mg/kg), Zn (30.58 ± 4.39 mg/kg), Cd
(16.73 ± 1.19 mg/kg), and Cr (54.86 ± 6.37 mg/kg)
except Ni (156.33 ± 9.02 mg/kg) in P. vulgaris, for Pb
(30.76 ± 1.77 mg/kg), Cu (11.26 ± 0.81 mg/kg), Zn
(47.51 ± 19.64 mg/kg), Cd (7.59 ± 2.10 mg/kg) except
N i ( 1 4 7 . 3 4 ± 1 9 . 0 2 m g / k g ) a n d C r
(102.88 ± 16.01 mg/kg) in B. juncea, for Pb
(12.07 ± 2.16 mg/kg), Cu (10.85 ± 2.34 mg/kg), Zn
(31.97 ± 3.04 mg/kg), and Cd (16.89 ± 4.12 mg/kg)
except Ni (123.30 ± 17.28 mg/kg) and Cr
(85.73 ± 9.89 mg/kg) in B. oleracea var. botrytis grown
in WW-irrigated soil near the Bindal river, Dehradun,
during winter season in the year of 2008.

Bioaccumulation factors from soil to food crops The
BAF for vegetables grown in WW- and TWW-
irrigated soil are given in Table 4. According to Cluis

(2004), hyperaccumulating plants have a BAF more
than 1.0. Mishra et al. (2009) stated that BAF values
differ significantly among locations and the plant spe-
cies. The difference in BAF between locations may be
related to soil nutrient management and soil properties.
The plants differ in the uptake of heavy metals due to
different binding capacities of the soils for these metals,
also to plant root and metal interactions which may vary
with the type of metals (Korboulewsky et al. 2002).
Bioavailability of many metallic elements increases
when these become associated with labile or soluble
organic compounds (Antoniadis and Alloway 2002).

In the present study, the maximum BAF value was
for Pb (0.440), Ni (0.643), Cd (0.784), and Cr (0.614) in
B. vulgaris, Cu (0.911) and Zn (0.530) in S. oleracea
grown on WW-irrigated soil. The BAF values were less
than 1, thereby showing that the plants absorbed heavy
metals but these were not accumulated. In case of con-
trol site, the BAF value was observed to be 0.496 for Pb,
1.029 for Cu, 0.707 for Zn, 1.934 for Ni, 2.639 for Cd in
R. sativus, and Cr (1.068) in P. vulgaris grown on
TWW-irrigated soil. The BAF value is greater than 1
which showed that higher efficient accumulation of
these metals from soil to the edible parts of these
vegetables.

Daily intake of metals and health risk assessment The
daily intake of metals (DIMs) of Pb, Cu, Zn, Ni, Cd, and
Cr through consumption of vegetables are given in
Table 5. To calculate approximately health risk,
estimation of DIM of metals and risk index were

Table 5 Daily intake of metals (DIM) via consumption of vegetables grown in WW-irrigated sites

Vegetables Pb Cu Zn Ni Cd Cr

Beta vulgaris 0.019 0.011 0.038 0.032 0.009 0.022

Phaseolus vulgaris 0.023 0.009 0.028 0.026 0.008 0.006

Spinaceaoleracea 0.027 0.013 0.063 0.026 0.008 0.022

Brassica oleracea var. botrytis 0.034 0.012 0.019 0.027 0.007 0.018

Table 6 Health risk index (HRI) of heavy metals via consumption of vegetables grown in WW-irrigated sites

Vegetables Pb Cu Zn Ni Cd Cr

Beta vulgaris 2.330 0.008 0.002 0.871 5.095 0.001

Phaseolus vulgaris 2.164 0.007 0.002 0.808 4.731 0.000

Spinacea oleracea 2.674 0.011 0.004 0.859 5.584 0.001

Brassica oleracea var. botrytis 3.401 0.010 0.001 0.902 4.580 0.001
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calculated by formula given by Arora et al. (2008) and
Cui et al. (2004), respectively. The metals enter human
body through two routes inhalation and ingestion of
contaminated vegetables. The maximum DIM was
found for Pb (0.034) in B. oleracea var. botrytis, Cu
(0.013) and Zn (0.063) in S. oleracea, Ni (0.032) and Cd
(0.009) in B. vulgaris, and Cr (0.022) in B. vulgaris and
S. oleracea grown in WW-irrigated soil.

HRI differed for various metals in different
vegetable plants. These were in the order of
Cd > Pb > Ni > Cu > Zn > Cr for B. vulgaris,
Cd > Pb > Ni > Cu > Zn for P. vulgaris,
Cd > Pb > Ni > Cu > Zn > Cr for S. oleracea,
and Cd > Pb > Ni > Cu > Zn = Cr for B. oleracea
var. botrytis grown at WW-irrigated agricultural soil.
The present data revealed that Pb and Cd values greater
than 1 in B. vulgaris (Pb 2.330 and Cd 5.095),
P. vulgaris (Pb 2.164 and Cd 4.731), S. oleracea (Pb
2.674 and Cd 5.584), and B. oleracea var. botrytis (Pb
3.401 and Cd 4.580) in all vegetables grown in WW-
irrigated soil (Table 6), which indicated their greater
potential to pose health risk to the consumers. Higher
HRI for Pb, Cd, Cr, Cu, and Zn were also reported by
Singh et al. (2010) in foodstuffs from the WW-irrigated
site of a dry tropical area of India. However, consump-
tion of the contaminated vegetables with metals would
lead to potential health risks for human especially in
children, since HRI for heavy metals due dietary intake
were higher than 1. Prolonged consumption of unsafe
concentrations of heavy metals through vegetables may
lead to the chronic accumulation of heavy metals in the
kidney and liver of humans causing disruption of nu-
merous biochemical processes, leading to cardiovascu-
lar, nervous, kidney, and bone diseases. Pb and Cd are
considered potential carcinogens and are associatedwith
etiology of a number of diseases especially cardiovas-
cular, kidney, nervous system, blood as well as bone
diseases.

Conclusion

This present study concluded that concentrations of Pb,
Cu, Ni, Cd, and Cr in the wastewater used for irrigation
of vegetable crops were higher than the permissible
limits ofWW standards used for irrigation set by Pescod
(1992). Zn was found to be the only exception to this.
The Cd concentration was higher than permissible limits

of Indian standards in soil. The EF values for Pb, Cu,
Zn, Ni, Cd, and Cr showed moderate enrichment cate-
gory. The concentrations of metals in edible parts were
above the Indian permissible limits in all vegetables
grown in WW-irrigated area. The BAF less than 1 for
Pb, Cu, Zn, Ni, Cd, and Cr indicated that the B. vulgaris,
P. vulgaris, S. oleracea, and B. oleracea var. botrytis
plants only absorbed heavy metals but did not accumu-
late them. HRI >1 for Pb and Cd suggests that their
contamination in the vegetables had potential threat for
human health risk from such irrigation practices and
thus, there is a need to monitor to avoid any casualty
that may happen due to long-term WW irrigation.
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