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Abstract- In India, farmers are blindly using untreated industrial waste water for crops and vegetable production especially in
peri-urban areas. Nowadays, increasing attention has focused on heavy metal concentrations of vegetables all over the world.
Heavy metals have positive and negative roles in human life. Intake of vegetables is an important path of heavy metal
toxicity to human being. The use of industrial waste water for irrigation exposes humans at various health risks. This is
because heavy metals are not easily biodegradable and consequently can be accumulated in human vital organs. This
situation cause varying degree of illness based on acute and chronic exposures. The present study was conducted to assess the
risk to human health by heavy metals (Fe, Zn, Cu, Pb, Cd, Mn and Cr) through the intake of locally grown vegetables in Rewa city
(M.P.) India, where, soils contaminated with heavy metals were mainly due to waste water irrigation from Cement Plants (Bela and
Naubasta) and may be possible atmospheric deposition. The higher standard deviation reveals higher variation as in the heavy
metal distributions from the point source of emission to the adjacent areas. In present study a value of intake of heavy metals in
human diet was calculated to estimate the risk to human health. From the results the hazardous quotient (HQ) of all studied heavy
metals indicated that all vegetables were safe with no risk to human health except for Pb (>1.0 to near 1.0) contamination in Spinach,
Cauliflower and Radish had potential for human health risk due to consumption of these vegetables grown in the area having long
term uses of untreated waste water for irrigation. Children are at somewhat higher risk than adults. However, DIR (<1.0) & HI
(within1.0 to near 5.0) for all studied vegetables was found to be safe i.e. free of risks, it is therefore indicated that there is a relative
absence of health risks associated with the ingestion of contaminated vegetables.

Index Terms- Average Daily Dose, Daily Intake Rate, Hazardous Quotient, Health Risk (Hazardous) Index, Heavy Metals

I. INTRODUCTION

eavy metals contamination is a major problem of our environment and they are also one of the major contaminating agents of our

food supply. This problem is receiving more and more attention all over the world, in general and in developing countries in
particular. The tradition of growing vegetables within and at the edge of industrial area of the cities is very old. It is revealed that most
of these cultivated lands are contaminated with heavy metals contributed through industrial waste water irrigation. These
contaminated soils have resulted in the growth of contaminated vegetables. Heavy metals in soil reduce the yield of vegetables
because of disturbing the metabolic processes of plants (Abdulla and Igbal, 1991). The probability risk assessment technique has been
adopted by a number of researchers (Solomon et al., 1996; Giesy et al., 1999; Cardwell et al., 1999; Hall et al., 1999, 2000; Wang et
al., 2002) to fully utilize available exposure and toxicity data. However, these methods are only applied to quantify the magnitude of
health risks of carcinogenic pollutants, but not for quantifying non cancer risks. Current non cancer risk assessment methods do not
provide quantitative estimates on the probability of experiencing non cancer effects from contaminant exposures. These are typically
based on the hazard quotient (HQ), which is a ratio of determined dose of a pollutant to the dose level (a Reference Dose or R{Do). If
the ratio is less than 1, there will not be any obvious risk. Conversely, an exposed population of concern will experience health risks if
the dose is equal to or greater than the R¢Do. The method for the determination of THQ was provided in the U.S. EPA Region Il risk-
based concentration table (US EPA, 2000a). It was further assumed that the ingested dose is equal to the absorbed pollutant dose as
stated in the U.S. EPA guidance (US EPA, 1989). Although the HQ-based risk assessment method does not provide a quantitative
estimate on the probability of an exposed population experiencing a reverse health effect, it indeed provides an indication of the risk
level due to pollutant exposure. This risk estimation method has recently been used by Chien et al., (2002) and proved to be valid and
useful. This non cancer risk assessment method was also applied in this study. The U.S. EPA is developing approaches for quantitative
estimates of health risks for non carcinogenic effects. Similar techniques used in cancer risks (i.e., dose—response data and linear low
dose extrapolation) are being applied for these purposes, but are not yet widely use (US EPA, 2000b). The suburban area of Rewa
City, India, are polluted by various heavy metals (Tiwari et al., 2011), but information on the health risks of these metals is quite
limited. The main objective of this study is to estimate the health risks of heavy metals, such asFe, Zn, Cu, Pb, Cd, Mn, and Cr, via
consumption of vegetables to the general public in Rewa(M.P.), India, near industrial areas using the hazard quotient (HQ) estimates.
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Il. MATERIALS AND METHODS

General description of the experimental Sites

Rewa is a city in the northern-eastern parts of the state of Madhya Pradesh, India. It is the administrative centre of Rewa District and
Rewa Division. The cities lie about 420 km. (261 mi) north east of the state capital Bhopal, Madhya Pradesh and 130 km. (81 mi)
south of the city of Allahabad, Uttar Pradesh. It is situated at 24.53° North latitude and 81.3° East longitudes and covers an area of
6,240 km? (2,410 sq mi) (sources: WGS 84 coordinate reference system). It has an elevation of 304 m. (997 ft) above mean sea level.
Time zone offset: IST, UTC+5:30 hours. Rewa has a humid subtropical climate with cold, misty winter, a hot summers and a humid
monsoon season. The climate of Rewa city sometimes changes to extremes. In summer, the temperature is vary from the lowest of
30°C (86° F) to the maximum of more than 40° C (104°F). Usually first monsoon shower comes in between end of June to early July.
The average rainfall is 980 mm (39 inches) per year. The average temperature is around 25°C (77° F) and the humidity is quite high.
Experimental sites of different irrigation sources J.P. Cement Plants Bela (WW!I-Bela), Naubasta (WW!I- Naubasta) (waste water
irrigated sites) &, Bhiti (control) village (clean water irrigated site) were selected. Cultivated land of these two industrial areas
(Bela & Naubasta) received waste water discharge from industries, manufacturing cement while third site of rural area (Bhiti)
received clean (ground) water from deep bore well. Thus all sites of varying irrigation sources were selected and the sampling of
water, soils and vegetables of the surrounding areas were carried out to estimate intake of heavy metals by local inhabitants.

Water, soil and vegetables sampling and analyses

Water and soil samples collected randomly from different location. Samples of seven different kinds of vegetables; leafy vegetables
included Spinach (SP) (Betavulgaris L. CV. All green), and Cabbage (CA) (Brassica oleracea L. Var. Capatuta). Inflorescence
vegetable included Cauliflower (CF)(Brassica oleracea L. Var. botrytis), Fruit vegetables included Lady’s Finger (LF) (Abelmoschus
esculentus L.), Brinjal (BR)(Solanum melongena L.), Tomato (TO) (Lycopersicon esculentum L.) and Root vegetable included Radish
(RA) (Raphanus sativus L.) were taken from the same experimental sites where waters and soils samples were taken. Only edible parts
of different vegetables were randomly taken from each site. The detailed of the vegetable samples collected from the experimental sites
are given in Table 1. All samples were labeled and brought to the laboratory for analysis. Concentrations of Fe, Zn, Cu, Pb, Cd, Mn and
Cr in the filtrate of digested soil, water and different kind of vegetables samples were estimated by using an Atomic Absorption
Spectrophotometer (AAS, Perkin Elmer analyst 400). The instrument was fitted with specific lamp of particular metal. The instrument
was calibrated using manually prepared standard solution of respective heavy metals as well as drift blanks. Standard stock solutions
of 1000 ppm for all the metals were obtained from Sisco Research Laboratories Pvt. Ltd., India. These solutions were diluted for
desired concentrations to calibrate the instrument. Acetylene gas was used as the fuel and air as the support. An oxidizing flame was
used in all cases.

Table 1. Description of vegetable samples analyzed

Common Name Designation Scientific Name Edible Parts
Spinach SP Betavulgaris L. CV. Leaf
Cabbage CA Brassica oleracea L. Var. Capatuta Leaf

Cauliflower CF Brassica oleracea L. Var. botrytis Inflorescence
Lady’s Finger LF Abelmoschus esculentus L. Fruit
Brinjal BR Solanum melongena L. Fruit
Tomato TO Lycopersicon esculentum L. Fruit
Radish RA Raphanus sativus L. Root

Quality Control Analysis

Quality control measures were taken to assess contamination and reliability of data. For this Blank samples (zero metal concentration)
were analyzed after seven samples. Concentrations were calculated on a dry weight basis. All analysis was replicated three times. The
accuracy and precision of metal analysis were checked against NIST (National institute of standard and Technology)-SRM (Standard
Reference Material) 1570 for every heavy metal.

Health risk calculation

Daily Intake Rate (DIR)

For the Daily Intake Rate (DIR), the average metal content in each vegetable was calculated and multiplied by the respective consumption
rate. Daily Intake Rate (DIR) was determined by the following equation (Arora et al., 2008; Sajjad et al., 2009):

DIR =C (Metal conc.) xC (Factor) xD (Vegetable intake) (@]
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Where,
C (vetal conc) = Heavy metal concentration in vegetables (mg/kg); C (actoy = conversion factor (0.085); D (vegetable intake) = Daily Intake of
Vegetable (kg person™day™ FW).

The conversion factor of 0.085 is set to convert fresh vegetable weight to dry weight based on Eqgn. (Rattan et al., 2005; USDA, 2007).

100-w
100

IRdw = IRww [ @

Where, IRdw = dry-weight intake rate; IRww = wet-weight intake rate & W = percent water content.

Average Daily Dose (ADD: mg kg™ day)

The average daily vegetable intake rate (ADD) was calculated by conducting a survey where 100 people having average body weight of
60 kg were asked for their daily intake of particular vegetable from the experimental area (Wang et al., 2005; Sajjad Khan et al., 2009).
Where,

the average daily intake for adults and children were set to 0.345Kg and 0.232 kg person’day™ (expressed as fresh weight),
respectively while the average adult and child body weights were set to 60 and 32.7 kg, respectively in this study ;based on Eqn.( EPA
1989d, 2010e):

CXIRXFIXEFXED
ADD = BWXAT (3)
Where,
C = Contaminant concentration in vegetable (mg kg-1); IR = Ingestion rate per unit time or event (kg day-1); FI = Fraction
ingested from contaminated source (unit less); EF = Exposure frequency (days/year); ED = Exposure duration (70 years; lifetime;
by convention) is the length of time that a receptor is exposed via a specific exposure pathway; BW = Body weight; AT =Pathway
specific period of exposure for no carcinogenic effects (i.e., EDx365days/year), and 70 year lifetime for carcinogenic effects (i.e., 70
yearsx365 days/year).Upper tolerable daily intake limit (safe limits) for both adults and children through the consumption of vegetables
were presented in Table 2.

Table 2.Upper tolerable daily intake limit for both adults and children

Upper tolerable daily intake (mg day™)

Heavy Metals Integrated Risk Information System
(US EPA 2009)
Fe 45E-00
Zn 40E-00
Cu 10E-00
Pb 2.40E-01
Cd 6.40E-02
Mn 11E-00
Cr 1.05 E-02
Hazardous Quotient (HQ)

Hazardous Quotient (HQ) for the locals (consumers) through the consumption of contaminated vegetables was assessed by the ratio of
Daily Intake Rate (DIR) to the oral reference dose (RD,) for each metal (USEPA 2013). If the value of HQ is less than 1, then the
exposed local population (consumers) is said to be safe, if HQ is equal to or higher than 1, is considered as not safe for human health,
therefore potential health risk occurred, and related interventions and protective measurements should be taken (US-EPA, 2013). An
estimate of risk to human health (HQ) through consumption of vegetables grown in metal contaminated soil was calculated by the
following equation:

HQ = DIR

= %00 @)

Where,

R:D, is the oral reference dose. R¢D, is an estimate of a daily oral exposure for the human population, which does not cause
deleterious effects during a lifetime (US-EPA, 2009). Table 3 showed the values of oral reference doses (R{Do) for some heavy metals
by IRIS, 2013; DEFRA, 2005 and FAO/WHO, 2013.
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Table 3: Oral reference doses (R{Dg) mg kg™ day™ for heavy metals

RDo(mg kg™ day™)

Heavy Metals Integrated Risk Information System FAO/WHO
(US EPA 2013) (Codex Alimentarious Commission, 2013)
Fe 7.00 E-01
Zn - 3.00E-01
Cu - 4.00E-02
Pb 1.00E-03 4.00E-03
Cd - 1.00E-03
Mn - 1.4E-02
Cr 1.5E-00 1.5E-00

Hazardous Index (HI)
To estimate the risk to human health through more than one HM, the hazard index (HI) has been developed (US EPA, 1989). The hazard
index is the sum of the hazard quotients for all HMs, which was calculated by the Eqn. (Guerra et al., 2010).

HI = Y HQ = HQpe + HQz, + HQ¢, + HQpp + HQ¢q + HQyp + HQg, ©)

It assumes that the magnitude of the adverse effect will be proportional to the sum of multiple metal exposures. It also assumes similar
working mechanisms that linearly affect the target organ.

Statistical analysis

The recorded data were subjected to two-way analysis of variance (ANOVA) to assess the influence of different variables on the
concentrations of heavy metals in the vegetables tested. Statistical significance of means was computed using Pair Samples t-test,
with a significance level of P < 0.001 (Steel and Torrie, 1980). Statistical analysis of data was done by SPSS 17.

I1l. RESULTS AND DISCUSSION

Level of heavy metals in water, soil & vegetables

The present study had generated data on heavy metals (Fe, Zn, Cu, Pb, Cd, Mn and Cr) in water, soil and different kind of vegetables
(edible parts) from waste water irrigated sites of Rewa, India and associated risk assessment for consumer’s exposure to heavy metals.
Pb, Cd, Mn and Cr concentration in waste waters; Cd concentration in waste water irrigated soils and Pb, Cd and Cr concentration in
all tested vegetables from WW!] sites were above the national and international permissible limits. These accumulated heavy metals
from Waste Water Irrigated area of Rewa (J.P.Cement Plant of Bela &Naubasta) had affected soil and water for a long time. People
living in the contaminated area are at greater risk for health issues than individuals in the reference area. Children are at somewhat
higher risk than adults. Heavy metal concentrations were several fold higher in all the collected samples from waste water irrigated
sites compared to clean water irrigated ones.

HUMAN HEALTH RISK ASSESSMENT

Estimation of Daily Intake Rate

Daily vegetable consumption was obtained through a formal survey conducted in the urban areas of Rewa to estimate the average
consumption of fresh vegetables including Spinach, Cabbage, Lady’s Finger, Cauliflower, Brinjal, Tomato and Radish and also may
be other vegetables per person per day for both adults and children (Table 4). This Fresh Weight of different kind of vegetables then
converted into Dry Weight of vegetables by multiplying with Conversion Factor (0.085). The degree of toxicity of heavy metal to
human being depends upon their daily intake (Singh, Sharma, Agrawal and Marshall 2010). DIR as a function of body weight and intake.
The DIR estimated for both Bela & Naubasta sites shown in table 4 but did not show for control site because it showed negligible values.
In both sites of Bela & Naubasta, the estimated Daily Intakes of heavy metals for both adults and children through the consumption of
vegetables in this study was less than tolerable daily intake limit set by the US-EPA, IRIS (2013) (see Table 2 & 4). Radwan and
Salama (2006) & Khan et al., (2008) had also observed no risk due to consumption of vegetables grown under waste water irrigated
areas. Singh (2010); Sharma (2010); and Zheng et al., 2007 (except for Cd), Khan et al., (2008); and Guerra et al., (2010) also found
lower values than tolerable daily intake limits. On the other hand Sridhara Chary et al., (2008) recorded higher DIR values for heavy
metals than tolerable daily intake limits. In present study the highest DIR value in vegetables were for Fe (3.48E-02) for children at
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Bela site while lowest was for Cd (4.15E-04) for adults at Naubasta site. The highest daily intake of Fe was estimated as 0.034 mg/kg

per day which represents approximately 4.97% of R:D, value of 0.700 mg/kg per day for 0.232 kg for children. This higher DIR of Fe
was lower than 0.329 mg/kg per day, reported by Santos et al., 2004 and 0.248 mg/kg per day, reported by Biego et al., 1998. While
the lowest DIR of Cd was estimated to 0.000415 mg/kg per day which represent approximately 41.5% of R:D, value of 0.001g/kg per
day for a 0.345Kg for adults. However The DIR of Fe and Cd were lower than tolerable daily intake (Table 2). This lower DIR of Cd
was lower than that reported in literature, which ranged between 0.008 mg/kg and 0.052 mg/kg per day by Santos et al., (2004) &
Tripathi et al., (1997).

Table 4: DIR for individual heavy metals caused by the consumption of vegetables

INDIVIDUALS DIR (mg person * day ™)

[%p]
o Fe Zn Cu Pb Cd Mn Cr
o
|§ c c oy c c c c
w %) < n o n o n L [%] L n L 0 1S
[0) = k=i = k=] = k=i = k=] = S = k=] = k=i
> ) = o = o = =} = e} e =] e e} =
< (@) < (&) < (&) < O < (@) < (@) < O
SP 3.02 3.48 15 1.75 9.71 1.16 2.17 2.50 5.29 6.09 7.91 9.09 2.15 2.47
Il.I_J E-02 E-02 E-02 E-02 E-03 E-02 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
n CA 2.70 3.17 1.75 2.01 9.04 1.04 1.94 2.23 6.81 7.83 6.24 7.18 2.10 2.42
< E-02 E-02 E-02 E-02 E-03 E-02 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
d CF 2.59 2.98 1.32 1.52 8.50 9.78 1.72 1.98 4.93 5.66 5.51 6.33 1.29 1.48
m E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
% BR 2.09 2.41 1.36 1.57 8.48 9.75 151 1.74 461 5.30 431 4.95 1.33 1.53
LL E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
LF 2.41 2.77 1.23 1.41 8.01 9.20 1.58 1.82 477 5.48 457 5.26 1.91 2.20
E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
TO 2.65 3.05 1.38 1.59 9.16 1.05 1.70 1.95 5.19 5.54 6.44 7.41 2.04 2.35
E-02 E-02 E-02 E-02 E-03 E-02 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
RA 2.78 3.20 1.60 1.84 9.67 111 1.80 2.08 5.29 6.09 5.70 6.55 1.84 2.10
E-02 E-02 E-02 E-02 E-03 E-02 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
SP 2.14 2.47 1.91 2.19 7.54 8.67 3.93 4,52 3.97 452 8.30 9.55 2.75 3.16
E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
CA 2.02 2.32 1.77 2.03 6.42 7.38 3.57 411 5.77 6.63 8.22 9.44 2.47 2.84
I|.I_J E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
n CF 181 2.08 1.78 2.05 5.60 6.44 2.82 3.20 3.82 4.44 7.41 8.52 2.49 2.86
|<_( E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
2 BR 1.84 2.12 1.56 1.80 7.32 8.42 1.52 1.74 4,72 5.42 6.70 7.71 2.19 2.52
m E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
)
< LF 1.91 2.20 1.71 1.97 7.05 8.10 2.13 2.45 3.20 3.67 551 6.34 2.27 2.61
Z E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
x
@) TO 1.91 2.20 1.85 2.12 6.14 7.06 1.82 2.09 3.77 4.34 7.21 8.29 2.62 4.48
L E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03
RA 1.96 2.25 1.82 2.10 7.13 8.20 3.54 4.07 3.82 4.40 7.94 9.13 2.03 2.39
E-02 E-02 E-02 E-02 E-03 E-03 E-03 E-03 E-04 E-04 E-03 E-03 E-03 E-03

Estimation of Hazard Quotient (HQ)

HQ values were calculated on the basis of the oral reference dose. Oral reference doses (R¢D,) for heavy metals are presented in
table 3 (US-EPA, IRIS and FAO/WHO 2013). From the result, in all sites, the HQ values of all heavy metals, in all vegetables
were all below the one (1) (except for Pb in Spinach, Cabbage and Radish at Naubasta site) for both adults and children (Table 5).
When HQ exceed one (1), there is concern for health effect (Huang et al., 2008). HQ was more than 1 for Pb in Spinach 1.12 E-00
(for adults) and 1.29E-00 (for children); In Cabbage 1.02 E-00 (for adults) and 1.17 E-00 (for children) and In Radish 1.01 E-00
(for adults) and1.16 E-00 (for children) at Naubasta site (Table 5). Sridhara Chary et al., (2008) also found HQ in Spinach as high
as 5.3 E-00. This high HQ for Pb observed in Spinach, Cabbage and Radish had greatest potential to pose health risk to the
consumer. The results indicated that those living around the Cement Plant of Naubasta area of Rewa were probably exposed to
some potential health risk through the intake of Pb via consuming locally grown Spinach, Cabbage and Radish but for remains
vegetables it was found to be nearly free of risk. Even though there was no apparent risk when each metal was analysed
individually, the potential risk could be multiplied when considering all heavy metals. Although HQ was higher for Pb in SP,
CA and RA neither population suffered from ingestion of vegetables contaminated with heavy metals. Higher HQ for Pb were also
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reported by Zheng et al., (2007) in vegetables collected from waste water irrigated area of Huludao Zinc Plant in Huludao city,

China; & In vegetables from Pb and Sb smelter in Nanning, China reported by Cui et al., 2004. In the present study, all heavy
metals (except for Pb at Naubasta site)were least responsible for causing risk to the local population as the value of HQ was below
1 for all the vegetables from waste water irrigated area of Rewa (M.P.), India.

Table 5: HQ for individual heavy metals caused by the consumption of vegetables

INDIVIDUALS HQ

[%2]
L_IIJ Fe Zn Cu Pb Cd Mn Cr
m
<
= o o o o [ o [
L L o 2 o L o L o 2 o L o 2 o
O =] k=l = =} = S = h=} =l =} = = =l S
wu Z = 2 = 2 = 2 = 2 = 2 = 2 =
> O (&) O O (8} (&) O
SP 0.432 0.497 0.507 0.583 0.242 0.279 0.622 0.715 0.529 0.609 0.565 0.649 0.143 0.164
Lll_J E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
7} CA 0.394 0.452 0.585 0.672 0.226 0.260 0.554 0.637 0.681 0.783 0.446 0.513 0.140 0.161
5 E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
% CF 0.370 0.426  0.441 0.507 0.212 0.244  0.493 0.566 0.493 0.566 0.393 0.452 0.860  0.989
o E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-03 E-03
8 BR 0.427 0.344 0.456 0524 0.212 0.243 0.433  0.497 0.416 0.530 0.308 0.354 0.891 0.102
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-03 E-02
LF 0.344 0.396 0.410 0.471 0.200 0.230 0.454 0.522 0.477 0.548 0.327 0.376 0.127 0.146
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
TO 0.379 0.436 0.981 0.531 0.229 0.263 0.487 0.559 0.519 0.554 0.460 0.529 0.136 0.156
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
RA 0.398 0.457 0.536 0.616 0.241 0.278 0.517 0.594 0.529 0.609 0.407 0.468 0.122 0.140
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
SP 0.307 0.353 0.637 0.732 0.188 0.216 1.12 1.29 0.393 0.452 0.593 0.682 0.183 0.211
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
w CA 0.289 0.332 0.590 0.678 0.160 0.184 1.02 1.17 0.382 0.663 0.587 0.674 0.164 0.189
= E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
7 CF 0.258 0.297  0.596 0.685 0.140 0.161  0.807 0.928 0.382 0.440 0529 0.608 0.166 0.190
|<£ E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
Z:’ BR 0.264 0.303 0522  0.600 0.183 0.210 0.434  0.499 0.472 0.542 0.479  0.550 0.146 0.168
o E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
D
< LF 0.274 0.315 0.572 0.657 0.176 0.202 0.610 0.701 0.320 0.367 0.394 0.453 0.151 0.174
Z E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02
nd
(@) TO 0.273 0.314 0.617 0.709 0.153 0.176 0.521 0.599 0.377 0.434 0.515 0.592 0.174 0.298
LL E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02

RA 0.280 0.322 0.609 0.700 0.178 0.205 1.01 1.16 0.382 0.440 0.567 0.652 0.135 0.155
E-01 E-01 E-01 E-01 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-00 E-02 E-02

Estimation of Hazard Index (HI)

An Index of Risk called Hazard Index (HI) for residents of ingesting these metals by consuming vegetables grown around waste water
irrigated areas were calculated by summation of HQ of all heavy metals for each vegetable (Fig. 1& 2).In present study the highest HI
of heavy metals was found in Cabbage (2.80E-00; 20%) for children at WWI-Naubasta site whereas lowest was in Brinjal and
Lady’s Finger (1.50 E-00; 12%) for adults at WWI-Bela site whereas negligible (<0.00 E-00) values were found for CWI site.
Although HI was higher in Cabbage for children, neither population suffered from ingestion of Cabbage contaminated with heavy
metals. HI values of Heavy metals for all vegetables were between 1 to 5 (one to five) by US-EPA, IRIS, indicated that there was no
risk from the intake of these vegetables. Huang et al., (2008) and Wang et al., (2005) were also recorded minimum contribution of
heavy metals to aggregated risk via consumption of vegetables in Kunshan and Tianjin,China.
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Fig.1: Hazard Index (HI) for individuals through consumption of different vegetables collected from Bela
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Fig.2: Hazard Index (HI) for individuals through consumption of different vegetables collected from Naubasta
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IV. CONCLUSION

The present study was carried out around sub urban area of Rewa city, a small sized city of india, where irrigation of vegetables with
waste water was a very common practice. Knowledge on the contamination of vegetables with heavy metals from waste water
irrigation (WWI) sites of Rewa is not yet established. The present study had generated data on heavy metals in water, soil and
different kind of vegetables (edible parts) from waste water irrigated sites of Rewa, India and associated risk assessment for
consumer’s exposure to heavy metals. The finding of this study regarding DIR, HQ and HI showed that the consumption of vegetables
grown in waste water irrigated soils was nearly free of risks (except for Pb in Spinach, Cabbage and Radish at Naubasta site).
Consumption of these vegetables with elevated levels of heavy metals may lead to high level of body accumulation causing related
health disorders. But the situation could however change in the future depending on the dietary pattern of the community and the
volume of contaminants added to the ecosystems. Thus regular monitoring of heavy metal contamination in the vegetables grown at
waste water irrigated area is necessary and consumption of contaminated vegetables should be avoided in order to reduce the health
risk caused by taking the contaminated vegetables. The waste water treatment technology should involve steps to remove heavy
metals causing risk to human health.

Recommendations

® Taking the health risks in diet as a result of high level of heavy metals in vegetables, the maximum allowable levels of these
metals in vegetables should not exceed levels that reflect good agriculture practices. Farmers should be educated on the
problems associated with excessive usage of fertilizers and other chemicals, as well as irrigating the vegetables with waste
water and the need to grow vegetables with safe levels of heavy metals. The data generated must be used as baseline
wastewater quality framework to serve as a basis for monitoring irrigation water quality in urban areas of Rewa to ensure
safety.

® The high HQ of Pb suggested that the consumption of Spinach grown in waste water irrigated site of Naubasta is not free
of risks. Responsible agencies should carry out public health education within the consumption area to sensitive the general
public on the potential effects of indiscriminate disposal of waste and the potential health hazards associated with the
consumption of vegetables cultivated with wastewater. Measures must be taken to reduce heavy metal pollution and nutrient
loading of irrigation water and soils to protect the safety of both farmers and consumers.

ACKNOWLEDGMENT

The author grateful to Prof. U. K. Chuahan (Prof. & Head) Dept. of Environmental Biology, A.P.S. University Rewa (M.P.), for
advice & guidance to complete this research.

REFERENCES
[1] Abdullah, C.M. and Igbal. M. Z.(1991). Response of automobiles, stone and cement particulate matters on stomatal clogging of plants. Geobios. 1991, 18: 196-
201.

[2] Arora, M., B. Kiran, S. Rani, A. Rani, B. Kaur and N. Mittal, (2008): Heavy metal accumulation in vegetable irrigated with water from different sources. Food
Chem., Vol. 111, pp 811-815.

[3] Biego, G.H.; Joyeux, M.; Hartemann, P.; Debry, G. (1998). Daily intake of essential minerals and metallic micropollutants from foods in France. Science of the
Total Environment 217: 27-36.

[4] Cardwell RD, Brancato MS, Toll J, DeForest D, Tear L. ( 1999). Aquatic ecological risks posed by tributyltin in United States surface waters: pre-1989 to 1996
data. Environ Toxicol Chem ;18;567— 77.

[5] Chauhan, G.,Chauhan, U.K. (2014). Risk assessment of heavy metal toxicity through contaminated vegetables from waste water irrigated area of Rewa (M.P.),
India. International Journal of Advanced Technology in Engineering and Science , Volume No.02, Issue No. 08, pp 444-460; ISSN (online): 2348 — 7550.

[6] Chien LC, Hung TC, Choang KY, Yeh CY, Meng PJ, Shieh MJ, (2002). Daily intake of TBT, Cu, Zn, Cd and As for fishermen in Taiwan. Sci Total Environ
;285;177— 85.

[7] Cui, Y.J., Zhu, Y.G,, Zhai, R.H., Chen, D.Y., Huang, Y.Z., Qui, Y., Liang, J.Z., (2004). Transfer of metals from near a smelter in Nanning, China. Environ. Int.
30, 785 791.

[8] DEFRA and Environment Agency (2005): Assessment of Risks to Human Health from Land Contamination: An Overview of the Development of Soil Guideline
Values and Related Research, CLR7. DEFRA, Bristol, UK.

[9] EPA. (1989). Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A). Washington, DC: US Environmental Protection
Agency, Office of Emergency and Remedial Response; Report nr EPA/540/1-89/002.

[10] EPA (2010e). The limits of pollutants in food. China: State Environmental Protection Administration. GB2762.

[11] Giesy JP, Solomon KR, Coates JR, Dixon KR, Giddings JM, Kenaga EE( 1999). Chlorpyrifos: ecological risk assessment in North American aquatic
environments. Rev Environ Contam Toxicol;160;1-129.

[12] Guerra, K., Konz, J., K. Lisi and C. Neebrem (2010): Exposure Factors Handbook. USEPA, Washington DC.

[13] Hall LW, Giddings JM, Solomon KR, Balcomb R. (1999). An ecological risk assessment for the use of Irgarol 1051 as an algaecide for antifoulant paints. Crit
Rev Toxicol;29;367—437.

[14] Hall LW, Scott MC, Killen WD, Unger MA. (2000). A probabilistic ecological risk assessment of tributyltin in surface waters of the Chesapeake Bay watershed.
Hum Ecol Risk Assess;6;141-79.

Www ijsrp.org



International Journal of Scientific and Research Publications, Volume 4, Issue 9, September 2014 9

ISSN 2250-3153

[15] Huang ML, Zhou SL, Sun B, Zhao QG (2008): Heavy metals in vegetables: assessment of potential health risk for inhabitants in Khunshan China. Sci Tota
Env.;VVol.405, pp 54-61. doi: 10.1016/j.scitotenv.2008.07.004.

[16] Khan, S., Q.Y.Z. Cao, Y.Z. Huang and Y.G. Zhu. (2008): Health risks of heavy metals in contaminated soils and food crops irrigated with wastewater in Beijing,
China. Environ. Poll, Vol.125, No 3,pp 686-692.

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

[18] Rattan, R.K., Datta, S.P., Chhonkar, P.K., Suribabu, K., Singh, A.K., (2005). Long-term impact of irrigation with sewage effluents on heavy metal content in soils,
crops and groundwater-a case study. Agriculture. Ecosystem and Environment 109, 310e322.

[19] Sajjad Khan, Robina Farooq, Shagufta Shahbaz, Mohammad Aziz and Maria Sadique (2009): Health Risk Assessment of Heavy Metals for Population via
Consumption of Vegetables, World Appl. Sci. J, Vol. 6, pp 1602-1606.

[20] Santos, E.E.; Lauria, D.C.; Porto da Silveira, C.L. (2004). Assessment of daily intake of trace elements due to consumption of foodstuffs by adult inhabitants of
Rio de Janeiro city. Science of the Total Environment 327: 69-79.

[21] Singh, A., Sharma, R.K. Agrawal , M.and Marshall, F.M. (2010): Risk assessment of heavy metal toxicity through contaminated vegetables from waste water
irrigated area of Varanasi, India. Trop. Ecol., Vol. 51, pp 375-387.

[22] Solomon KR, Baker DB, Richards RP, Dixon DR, Klaine SJ, & LaPoint TW,(1996). Ecological risk assessment of atrazine in North American surface waters.
Environ Toxicol Chem ;15(1);31- 74.

[23] Sridhara Chary N., Kamala C.T. and Samuel Suman Raj D. (2008): Assessing risk of heavy metals from consuming food grown on irrigated soils and food chain
transfer, Ecotoxicol. Environ. Safety.,Vol. 69, No 3, pp 513-524.

[24] Steel, R. G. D. and Torrie, J. H. (1980), Principles and Procedures of Statistics, Second Edition, New York: McGraw-Hill.

[25] Tiwari, M.K.,Rai.P. & Dwivedi, S.(2011). Deterioration of air quality and human health in Naubasta village due to air pollution by J.P. cement plant Rewa (M.P.);
Int. J. of Pharm. & Life Sci. (JPLS), Vol. 2, Issue 12: Dec.: 2011, 1299-13021299.

[26] Tripathi, R.M., R. Raghunath and T.M. Krishnamoorthy (1997): Dietary intake of heavy metals in Bombay city, India. Sci. Total Environ., VVol. 208, pp 149-159.

[27] USDA (U.S. Department of Agriculture). (2007). USDA nutrient database for standard reference, release 20. Riverdale, MD.
http://www.ars.usda.gov/main/site_main.htm ?modecode=12-35-45-00.

[28] US EPA( 1989). Risk assessment guidance for superfund. Human Health Evaluation Manual Part A, Interim Final, vol. I. Washington (DC)7 United States
Environmental Protection Agency; EPA/540/1-89/002.

[29] US EPA (2000a). Risk-based concentration table. Philadelphia PA: United States Environmental Protection Agency,Washington DC.

[30] US EPA (2000b). Handbook for non-cancer health effects evaluation. Washington (DC)7 U.S. Environmental Protection Agency.

[31] USEPA (US Environmental Protection Agency) (2002). Region 9, PreliminaryRemediationGoal..<http://www.epa.Gov/region09/waste/sfund/prg>.
[32] USEPA (2010). Risk-based Concentration Table. United State Environmental Protection Agency, Washington, DC.

[33] US EPA (2013): Reference dose (RfD): Description and use in health risk assessments, Background Document 1A, Integrated risk information system (IRIS);
United States Environmental Protection Agency: Washington, DC, 15 March 2013; http://iwww epa.gov/iris/rfd.htm.

[34] USEPA (US Environmental Protection Agency) (2010). Exposure Factors Handbook — General Factors. EPA/600/P-95/002Fa, vol. 1. Office of Research and
Development. National Center for Environmental Assessment. us Environmental Protection Agency.
Wahington,DC.<http://www.epa.gov/ncea/pdfs/efh/front.pdf>.

[35] Wang XL, Tao S, Dawson RW, Xu FL (2002). Characterizing and comparing risks of polycyclic aromatic hydrocarbons in a Tianjin wastewater-irrigated area.
Environ Res;90;201- 6

[36] Wang, X.L.; Sato, T.; Xing, B.S.; Tao, S (2005). Health risks of heavy metals to the general public in Tianjin, China via consumption of vegetables and fish.
Science of the Total Environment 350: 28-37.

[37] W HO (1996). Health criteria other supporting information. In Guidelines for Drinking water Quality, VVol. 2 (2nd ed.). Geneva, (pp. 31-388).
[38] WHO/FAO (2007). Joint FAO/WHO Food Standard Programme Codex Alimentarius Commission 13th Session.

[39] WHO/FAO (2013) Guidelines for the Safe Use of Wastewater and food stuff; VVolume 2: Nol 14, pp 988Wastewater Use in Agriculture, World Health
Organization, Geneva.

[40] Zheng, N., Q.C. Wang & D.M. Zheng (2007). Health risk of Hg, Pb, Cd, Zn and Cu to the inhabitants around Huludao zinc plant in China via consumption of
vegetables. Science of the Total Environment 383: 81-89.

AUTHORS

First Author — Geetanjali Chauhan (PhD Scholar), M.Sc. in Environmental Science, Allahabad Agricultural Institute- Deemed
University,Allahabad . Email :geet.chauhan27@yahoo.com.
Second Author — Prof. U.K. Chauhan (HOD), PhD, APS University Rewa (M.P.). Email: chauhanuk.hod@yahoo.com.

Correspondence Author — Geetanjali Chauhan; Email : geet.chauhan27@yahoo.com; Contact No. +918127453338.

WwWw. ijsrp.org


http://www/
mailto:geet.chauhan27@yahoo.com
mailto:geet.chauhan27@yahoo.com

