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Abstract

Several health issues are related to toxic metals among which Pb, Cr, Cd, and Ni are categorized as human carcinogenic. We
analyzed the health risks linked with food chain contamination due to vegetables irrigated with wastewater containing metals.
Thirty-six samples of each vegetable, water, and soil (at two depths, 0—15 cm, and 15-30 cm) were collected individually
from 12 different locations near Paharang drain, Faisalabad, and the contamination level of each metal (Cd, Cr, Mn, Ni, and
Pb) was determined through atomic absorption spectroscopy. The results have shown that the highest concentration of Cd
(0.23+0.007 mg kg™"), Cr (0.33 +0.11 mg kg™ 1), Ni (0.15+0.07 mg kg™!), and Pb (0.35+0.20 mg kg~") was found in the
sewage water, which is used to irrigate soil and vegetables in the study area of Faisalabad, Pakistan. The concentration of all
the considered metals in wastewater-irrigated vegetables exceeded the acceptable limits set by European Union and WHO,
while the transfer factor (TF) was low for Cr, while for Mn, Ni, Cd, and Pb, it was more than the acceptable limits, respec-
tively. Human risk index (HRI) was also found to be highest for Coriandrum sativum L. (7.36 mg kg™") for adults against
Pb. The leafy vegetables cultivated by wastewater had potential health risks concerning Pb, Mn, and Cd. The hazard quotient
of Pb, Mn, Ni, and Cd was more than 1, which revealed strict health risk from Cd, Ni, Cr, Mn and Pb, which showed severe
health risk with the utilization of vegetables contaminated with wastewater containing these heavy metals.

Keywords Risk assessment - Hazard quotient (HQ) - Daily intake of metals (DIM) - Health risk index (HRI) - Transfer
factor (TF)

Introduction

The increasing use of wastewater for irrigation warrants
inspecting its influence on plants, which are keystones of
the food chain (Hassn et al. 2021). Increased urbanization
and industrialization lead to the massive release of waste-
water containing toxic metals (Ghafoor et al. 2017; Sharif
54 M. Ibrahim et al. 2019) that is being used for the irrigation of crops, par-

ebrahem.m @gmail.com ticularly in urban and peri-urban areas due to the decreased
accessibility of canal water/irrigation water (Igbal et al.
2020). This unrestrained irrigation of crops and vegetables
with wastewater for an extended period may alter the phy-
tochemical properties and mineral content of plants and
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et al. 2014; Mahmood and Malik 2014) contaminated soil,
water, and air result in food chain contamination and ulti-
mately affect environmental growth and human health
(Bashir et al. 2014; Nolos et al. 2022). In developing coun-
tries, severe health and environmental risks are associated
with such practices due to the lack of regulatory and policy
frameworks. The metals are non-biodegradable and persis-
tent, therefore, they generally accumulated in human body
organs like the liver, bones, and kidneys (Mehdi et al. 2021).
Toxic metals accumulation in the human body such as As,
Hg, Zn, Cu, Al, and Pb may cause different types of diseases
like diarrhea, gastrointestinal (GI) disorders, convulsion,
tremor, stomatitis, ataxia, paralysis, vomiting, depression,
and pneumonia (Muhmood et al. 2015).

The adverse effects of toxic metals can be lethal (acute,
chronic, and subchronic), mutagenic, carcinogenic, or tetra
genic and neurotoxin (European Union 2006). Pakistan is
an agricultural country, where almost 32,500 ha of agri-
cultural land is irrigated with 30% of the total wastewater
approximately. Wastewater has been regularly (26%) used
in municipal and peri-urban areas because of the easy avail-
ability with no cost; henceforth, it drops the value of crop
production by equal to 60%, i.e., in terms of pesticides and
fertilizers (Mahfooz et al. 2020). Many studies have focused
on and evaluated the potential risks posed because of toxic
metal accumulation in plants and the environment (Chaoua
et al. 2019; Aslam et al. 2021), there are numerous knowl-
edge gaps where the targeted study was required. In the
current paper, the trends and levels of toxic metal (Cd, Ni,
Pb, Cr and Mn) concentrations in vegetables grown in soil
which is irrigated with wastewater from the industrial city
of Pakistan, the possible health risks allied with their daily
consumption, and how the vegetables and soil are correlated
are presented through the use of various indices, transfer fac-
tor (TF), daily intake of metals (DIM), hazard quotient (HQ)
and health risk index (HRI), so to provide a more holistic
analysis to fill the available data and gaps in information.

Materials and methods
Wastewater, vegetables, and soil sampling

Vegetables sample of coriander (Coriandrum Sativum L.),
cauliflower (Brassica oleracea L), tomato (Lycopersicon
esculentum L.), and spinach (Spinacia oleracea L.) samples
were randomly collected from the experimental site which is
in the vicinity of Paharng drain, Faisalabad, Pakistan (lati-
tude 31.5347°" N, longitude 73.1186°" E) and presented in
Fig. 1. The particulars of the studied plants sampled during
the current experiment are specified in Table 1. In the labo-
ratory, distilled water was used to wash the sample vegeta-
bles to eliminate soil particles, air-dried followed by oven
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drying of edible parts of vegetables until a constant weight
was achieved and crushed into powder for easy plant diges-
tion (Mustapha and Adeboye 2014; Hamid et al. 2016). The
samples of soil were assembled from two diverse depths
(015 and 15-30 cm) and labeled properly (Khan et al.
2013).

Samples were air-dried followed by oven drying, crushed,
passed through a mesh sieve to get rid of any non-soil ele-
ments, and stored in plastic jars (Mahmood and Malik 2014;
Hamid et al. 2016). The wastewater samples were taken from
watercourses of the same fields from where the samples of
selected vegetables and soil were collected to monitor the
quality of water used for irrigation of the field rather than at
outlets or drains of pumping stations. High-density polyeth-
ylene bottles were used to collect wastewater samples that
were pre-cleaned. These bottles were washed earlier with
a chemical-free soap and soaked overnight in 10% HNO;
solution (Khan et al. 2013), and lastly washed with distilled
water (Mahmood and Malik 2014). Plastic bottles in which
samples were collected were filled with 2 mL of concen-
trated hydrochloric acid to diminish the chances of microbial
activity throughout storage (Singh et al. 2010; Khan et al.
2013; Muhmood et al. 2015).

Soil, water, and plant analysis

In vegetable samples, the concentration level of toxic met-
als was projected by digestion with the di-acid mixture
(HNO; +HCIO,) (Sidney 1984; Muhmood et al. 2015).
The digested samples were cooled at room temperature and
filtered through filter paper (Whatman No. 42), and distilled
water was used to make volumes up to 100 ml (Muhmood
et al. 2015). The procedure used for the calculation of the
concentration of toxic metals in soil samples was followed
by (Khan et al. 2013; Muhmood et al. 2015).

Heavy metal analysis

The metal (Cd, Cr, Mn, Ni, and Pb) concentrations in the
collected samples were analyzed by atomic absorption
spectrometry (Hamid et al. 2016). Standard solutions were
prepared with deionized water as a matrix of each selected
metal (Sidney 1984). To compare the level of concentration
of selected heavy metals in vegetable samples, safe limits
were used (FAO 2007).

Quality control analysis

The solution used in the experimental work was prepared
with double deionized water, and the washing of glassware
was done with 10% HNO;. The stock solution was used to
prepare standards which were used to calibrate the instru-
ment. Blank and drift standards were run after every five
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Fig. 1 Map showing the study
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Ttalt:e 1 Vegetables used in the English name Common name Plant specie Family Part used
study
Spinach Paalak Spinacia oleracea L. Amaranthaceae Leaves
Coriander Dhania Coriandrum sativum L. Apiaceae Leaves
Cauliflower Phool Gobhi Brassica oleracea L. Brassicaceae Fruiting flower
Carrot Gajar Daucus carota L. Apiaceae Underground stem

determinations for the calibration of the instrument. The
measures of quality control were taken to assess the reli-
ability and contamination of data.

Pollution load index (PLI)

We calculated the soil contamination level of selected met-
als via the pollution load index (PLI) method liable for the
concentration of metals in the soil. The level of PLI in soils

was determined through the following modified equation
(Khan et al. 2008).

Csoil samples

C

reference

PLI =

where Cygij amples a1 Creference Symbolize the concentrations
level of selected heavy metal in the wastewater-irrigated as
well as reference soils, correspondingly. In soil, the reference

values for Cr, Cd, Mn, Ni and Pb were 1.49, 9.07, 46.75,
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9.06 and 8.15 (mg kg~!) (Singh et al. 2010; Ashfaq et al.
2015; Khan et al. 2015).

Transfer factor (TF)

Metal transfer to plants from soil was calculated as a transfer
factor by the method followed by Khan et al. (2008) and
Mahmood and Malik (2014).

Daily metal intake (DMI)

Daily metal intake was estimated by the subsequent equation
(Singh et al. 2010; Mahmood and Malik 2014).

Cmetal X Cfactor XD food intake
B ...

Daily metal intake =
average weight

Conversion factor (0.085) was used as documented
by Rattan et al. (2005). The average child and adult body
weights, and the average daily intake of vegetables for adults
and kids were considered as documented by Wang et al.
(2005) and Khan et al. (2008).

Health risk index (HRI)

Vegetables used by the receptor population are enriched with
the highest level of toxic metals which arrives in the human
body causing health risks. In current research work, HRI
associated with vegetables grown with wastewater was esti-
mated by the equation followed (Jan et al. 2010; Singh et al.
2010; Mahmood and Malik 2014). Rid values for selected
metals were adopted from (US-EPA and IRIS 2006; USEPA
2010; Khan et al. 2015).

Risk assessment

The risk of metal contamination to human health by eating
filthy vegetables was described by Hazard Quotient (HQ).
Less than 1 ratio of HQ will pose no danger to the popula-
tion and if the ratio is greater than or equal to 1 then the

population will suffer from health risks as measured by
the procedure followed (Wang et al. 2005; Muhmood et al.
2015).

Results and discussion

The contamination of toxic metals in soil and water
samples

In Table 2, the concentration level of selected toxic metals
in the samples of soil and water used for irrigation collected
in the vicinity of Paharang drain is presented. The highest
concentration of Pb was observed in (0.59 +0.02 mg L)
in water samples followed by Cr (0.51 +£0.01 mg L™!), Cd
(0.35+0.01 mg L), and Ni (0.27+0.01 mg L™!) when
compared with the WHO and EU standards (Mahmood and
Malik 2014; Muhmood et al. 2015). Heavy metals concen-
tration in soil varied among the diverse sites around Paha-
rang Drain, Faisalabad. However, the concentration of stud-
ied toxic metals in soil samples was under the permissible
limits established by the EU and WHO (European Commis-
sion 2006; FAO 2007). The rationale behind using WHO
and EU standards is that Pakistani standards are not well
recognized across the globe because of its nature of national
level, while aforementioned standards are well-reputed inter-
national standards that may be more useful for national and
international scientific community.

In the present study results, the concentration of Cr, Cd,
Mn, Ni, and Pb in wastewater was up to acceptable limits
(European Commision 2006; FAO 2007). Mn concentra-
tion was highest in the soil irrigated with wastewater, tailed
by the concentration of Pb and Cr. In Faisalabad city, the
most important source of heavy metal buildup in wastewa-
ter is the sewage produced by the public and manufactur-
ing industries of the city that is discharged into the drains
(Muhmood et al. 2015). These results are under previous
research studies in which water samples from different areas
of Rawalpindi were taken and analyzed. The results have
shown that the concentrations of toxic metals Zn, Fe, Cr, Cu,

Table 2 Concentration of

. Metals Wastewater Permissible limit Soil (0-15 cm) Soil (15-30 cm) Permissible limit
metals in wastewater and 4 4
wastewater-irrigated soils (mg L™ (mg kg™)
Mean +S.D. Mean+S.D Mean=+S.D.
Cd 0.23+0.01 0.01* 1.3+0.1 1.1+0.1 3.0%
Cr 0.33+0.11 0.05%* 18.3+7.0 15.1+6.3 100%*
Mn 0.87+0.50 - 22.96+9.2 19.21+7.9 2000%*
Ni 0.15+0.07 O1* 1.2+0.4 1.1+0.4 50%*
Pb 0.35+0.20 0.2* 19.28 +8.7 13.8+6.9 100%#%*

*FAO (2007) and WHO (2007)

**European Commision (2006) and European Union Standards European Union (2006)
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Ni, and Cd were above the acceptable limits (Mushtaq and
Khan 2010). Another research study supports these results
in which high concentrations levels of Cd, Cu, and Mn were
found in wastewater samples of peri-urban areas of Lahore
(Khan et al. 2013). It is also apparent from the results that
the concentration level of Cd and Cr in soil samples was
below acceptable limits as described by the European Union
and WHO (European Commision 2006; FAO 2007). The
leaching of toxic metals into inner deposits of soil and their
uptake by vegetables could be grounds for low heavy met-
als concentration (Singh et al. 2010; Mahmood and Malik
2014).

Heavy metals concentration in vegetables

The concentration level of Cr in vegetables was higher than
the permissible limits (European Union 2002). According
to the results, few vegetable samples were found within a
safe limit for the concentration of Cd. 84%, 61%, and 80%
of spinach, coriander, caulifiower, and carrot samples sur-
passed the EU safe limits (European Commision 2006) for
Cd, respectively (Table 3). Cr concentration among the
vegetables grown in the vicinity of Paharang Drain was
maximum in Spinacia oleracea L., i.e., 4.35+0.02 mg kg™
followed by Coriandrum sativum L. (4.34+0.02 mg kg™,
Brassica oleracea (4.0+0.06 mg kg™'), Daucus carota
L. (3.02+0.01 mg kg_l), etc. The concentration of man-
ganese was observed highest in Spinacia oleracea L.
(111.6+33.5 mg kg™'), followed by Coriandrum sativum
L. (107.6 +32.1 mg kg™ "), which are leafy vegetables.
Similarly, a high concentration of Pb and
Ni was observed in leafy Spinacia oleracea L.
(62.5+18.5mgkg™";31.3+3.3 mgkg™") and Coriandrum
sativum L. (56.1 +15.2 mg kg™'; 29.7 +2.9 mg kg™"),
respectively. Results have proved that 100% of vegetable
samples for selected metals were exceeding the critical
limits (WHO 2007). Vegetables’ morphology and com-
position for the uptake of heavy metals, segregation,
buildup, and maintenance are diverse, which ultimately
results in deviations in heavy metals absorption in various

vegetables (Khan et al. 2015). The variants among veg-
etables against the concentration of toxic metals may also
be owing to the various reasons like the concentration of
heavy metals in water consumption for irrigation as well as
atmospheric deposition along with the ability of the plant
to accept and accumulate the toxic metals (Muhmood et al.
2015). Toxic metals are transported from roots to other
parts of vegetables and crops. In the body of a human, Cd
produced noxious effects on different parts of the body
such as the testes, ovaries, hepatic system, renal system,
nervous system, cardiovascular system, and also induced
gastrointestinal problems (Cooke 2011). Carcinogenic
effects are associated with the ingestion of a few toxic met-
als, specifically Cd and Pb (Trichopoulos 1997) which may
lead to hypertension, dysfunction of the kidney, malfor-
mation and bone fractures, cardiovascular problems, and
other serious ailments of the immune and nervous system
(El-Kady and Abdel-Wahhab 2018). Cr has carcinogenic
effects on the cardiovascular and urogenital system (Costa
and Klein 2006). The results of the current research study
are also per the findings of other researchers (Jan et al.
2010). One previous study has proved that leafy vegetables
like Spinacia oleracea and Coriandrum sativum have a
higher concentration level of toxic metals than tuber and
bulb-type vegetables (Mahmood and Malik 2014). The
present research study has also proved that the Cd and Cr
concentration in 89% of the vegetable sample irrigated
with wastewater was higher than the permissible limits
established by the EU standard (European Commission
2006). Further, in the vicinity of the study area, open-air
discharge of several automobiles and industrial operation
is common becoming the reason for air deterioration of the
area with smoke, which contains numerous toxic metals
that may originate from atmospheric deposition of toxic
metals on the vegetable leaves thus causing an increased
buildup of toxic metals in leafy vegetables (Mahmood and
Malik 2014; Muhmood et al. 2015). Various studies con-
ducted in Pakistan documented that the vegetables irri-
gated with groundwater are less contaminated as compared
to the vegetables irrigated with wastewater (Ahmad et al.
2010; Jan et al. 2010).

Table 3 Heavy metals

Ty Vegetables Cd Cr Mn Ni Pb

concentration in vegetables (mg

kg—l) irrigated with wastewater Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Spinacia oleracea L 2.1+0.7 27+1.1 111.6 £33.5 31.3+3.3 62.5+18.5
Coriandrum sativum L 0.4+0.2 26+1.1 107.6+32.1 29.7+2.9 56.1+15.2
Brassica oleracea L 0.2+0.1 25+1.0 56.8+13.1 24.1+£8.5 48.5+13.4
Daucus carota L 0.3+0.1 1.9+0.8 56.9+20.8 19.3+6.7 42.8+12.5
Permissible Limit 0.27% ] 500%* NA 0.437%*

**European Commision (2006) and European Union Standards European Union (2006)
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Pollution load index (PLI) and transfer factor (TF)
for vegetable, soil system

The pollution load index is summarized in Table 4, which
was used to analyze the contamination status along the two
depths of soil considered in the study. The contamination
level was greater in the upper soil layer (0-15 cm) than
in the deep layer (15-30 cm). In soil, the reference values
for Cd, Cr, Mn, Ni, and Pb were 1.49, 9.07, 46.75, 9.06,
and 8.15 mg kg™!, respectively (Singh et al. 2010). Any-
how, the values observed for the investigated metals were
lower than reference soil values. Transfer factor for veg-
etables grown in the studied area ranges from (0.15-1.61
and 0.18-1.91), (0.1-0.15 and 0.13-0.18), (2.47-4.86 and
2.96-5.81), (16.04-26.11 and 17.50-28.48) and (2.22-3.24
and 3.1-4.53) for Cd, Cr, Mn, Ni and Pb concerning the
two soil depths understudy, respectively (Table 5). Cd TF
was the highest for Spinacia oleracea L. (1.61), followed
by the Coriandrum sativum L. (0.31), Daucus carota L.
(0.23), Brassica oleracea (0.15). Transfer factor for Cr was
lowest for the selected vegetables when compared with Cd
which ranges from 0.1 to 0.15. The trend of Cr concentra-
tion in vegetables was Spinacia oleracea L.> Coriandrum
sativum L. > Brassica oleracea> Daucus carota L., while
a slight change in the Cd TF was observed in vegetables as
compared to the other metal, which is Spinacia oleracea
L.> Coriandrum sativum L. > Daucus carota L. > Bras-
sica oleracea.

The transfer factor of metal from soil to plants is an
essential module for the exposure of humans to toxic metals

Table 4 Pollution Load Index (PLI) for toxic metals in soil irrigated
with wastewater

Metals PLI in soil PLI in soil
(0-15 cm) (15-30 cm)

Cd 0.87 0.73

Cr 2.01 1.66

Mn 0.49 0.41

Ni 0.13 0.12

Pb 2.37 1.69

through the food chain as well as to evaluate the risk index
of human health (Muhmood et al. 2015; Woldetsadik et al.
2017). In the current study, the transfer factor for Ni was
found to be maximum but it may vary considerably in vari-
ous vegetables. Higher uptake of metals was observed for
leafy vegetables as compared to the other vegetables. Leafy
vegetables have a greater rate of transpiration to tolerate the
moisture content and plant growth; a reason for the high
metal uptake (Lato et al. 2012; Mahmood and Malik 2014).

DIM (daily intake of metals) and HRI (health risk
index) of heavy metals

Calculated DIM values for children and adults are presented
in Table 6. The presented data exposed that the DIM values
were high for vegetables irrigated with wastewater. DIM
was found to be the highest for Mn ranges from 0.033 to
0.67, and 0.03-0.059 followed by Ni ranges from 0.012 to
0.019 and 0.01-0.016, Pb ranges from 0.008 to 0.011 and
0.022-0.033 and Cr that ranges from 0.0011 to 0.0016 and
0.0009-0.0014 for children and adults, correspondingly. In
contrast, DIM for Cd was recorded as 0.0001-0.0012 and
0.0001-0.0011 for children and adults, respectively. The
Health risk index (HRI) for toxic metals by consuming veg-
etables irrigated with sewage water for children and adults
was intended (Table 6). The highest HRI was found for Spi-
nacia oleracea L. (8.198) against Pb in adults.

HRI of Cd and Cr ranges from 0.12 to 1.2 for children
and 0.1-1.1 for adults and 0.001-0.0007 for children,
and 0.0007-0.0009 for adults, while HRI for Mn ranges
(1.039-2.04 and 0.904-1.774), Ni ranges (0.580-0.945 and
0.505-0.822), and Pb ranges (1.886-2.790 and 5.610-8.198)
for children and adults, respectively (Table 6). DIM for
adults and children becomes a source of severe health haz-
ards through the ingestion of toxic metals contaminated
vegetables grown with wastewater. Measures of human risk
associated with the consumption of vegetables irrigated
with wastewater are of prime importance in states like
Pakistan, where the practice of wastewater irrigation is still
abandoned. Abundant exposure pathways primarily depend
on contaminated sources of soil, water, air, food, and the
consuming population (Muhmood et al. 2015; Irshad et al.

Table 5 Transfer factor (TF) for

- Metals  Spinacia oleracea L. Coriandrum sativum Brassica oleracea L. Daucus carota L.
vegetables/soil system L
0-15cm  15-30cm  0-15cm  15-30cm 0-15cm  15-30cm 0-15cm  15-30cm
Cd 1.61 1.91 0.31 0.36 0.15 0.18 0.23 0.27
Cr 0.15 0.18 0.14 0.17 0.14 0.17 0.1 0.13
Mn 4.86 5.81 4.69 5.60 2.48 2.96 2.47 2.96
Ni 26.11 28.48 24.77 27.03 20.11 21.93 16.04 17.50
Pb 3.24 4.53 291 4.07 2.51 3.51 2.22 3.1

* @ Springer
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Table 6 Daily intake of metals

.y ) Metals Spinacia oleracea L. Coriandrum sativum L. Brassica oleracea L. Daucus carota L.
(DIM) (mg person™ day™")
and health risk index (HRI) Child Adult Child Adult Child Adult Child Adult
for heavy metals in vegetables
grown at Paharang Drain Cd
DIM 0.0012 0.0011 0.00024 0.00021 0.00012 0.0001 0.00018 0.0002
HRI 1.2 1.1 0.24 0.21 0.12 0.1 0.18 0.16
Cr
DIM 0.0016 0.0014 0.0015 0.0013 0.0015 0.0013 0.001" 0.0001
HRI 0.001 0.00093 0.001 0.00087 0.001 0.00087 0.00073 0.0007
Mn
DIM 0.067 0.059 0.065 0.056 0.034 0.030 0.033 0.03
HRI 2.04 1.774 1.967 1.711 1.039 0.904 1.04 0.905
Ni
DIM 0.019 0.016 0.018 0.016 0.015 0.013 0.012 0.01
HRI 0.945 0.822 0.896 0.780 0.728 0.633 0.580 0.505
Pb
DIM 0.011 0.033 0.009 0.029 0.008 0.025 0.008 0.022
HRI 2.790 8.198 2.299 7.362 2.017 6.356 1.886 5.610

2020), but the exposure routes through the food chain are
one of the crucial ways of human exposure to toxic metals
(Muchuweti et al. 2006). The heavy metal pollution index
was calculated to identify the unfavorable effects on human
health induced (Ahmad et al. 2011). The vegetable contam-
ination with detrimental metals could directly impact the
nearby inhabitant’s health because vegetables grown from
peri-urban areas are generally consumed in the vicinity. In
the present study, the daily intake of metals was greater in
Spinach. (Khan et al. 2008) found maximum intakes of Cu,
Cd, Cr, Pb, Zn, and Ni from Lactuca sativa L., Raphanus
sativus L., Lactuca sativa L., Brassica napus L., and Spina-
cia oleracea L. consumption for adults and children. Like-
wise, (Zhuang et al. 2009) have also obtained HRI for Pb and
Cd more than the acceptable limits in cereals and vegetables.

Hazard quotient (HQ)

Estimation of the exposure level is very important to
observe the risk to health associated with any pollutant.
The food chain is considered the most significant trail
among numerous potential ways of human exposure. The

data regarding the hazard quotient are given in Table 7.
The highest HQ was obtained in the case of Pb (16.35,
18.527,21.458, and 23.894 for children and 9.564, 10.838,
12.552, and 13.977 for adults) from the consumption of
wastewater-irrigated spinach, coriander, carrot, and cauli-
flower, respectively. Hazard quotient one (1) is considered
unacceptable, so Spinacia oleracea L. (Spinach) consump-
tion would adversely affect human health. The highest
hazard quotient was obtained for Cd from the intake of
Spinach for both children and adults. The results regarding
hazard quotient are agreed with those reported in a study
that the health risk index of Cd, Cu, Pb, Ni, and Zn from
Lactuca sativa L, Raphanus sativus L., Lactuca sativa L.,
Brassica napus L., and Spinacia oleracea L. and found
that HQ was less than 1 (Khan et al. 2008). It was identi-
fied by various researchers that vegetable farming in soil
contaminated with metals can pose a serious health risk
for users (Li et al. 2016; Bi et al. 2018), but (Zhou et al.
2016) proposed that the metal concentrations increased
in the order: melon vegetables/legume vegetables < stalk
vegetables/solanaceous vegetables/ root vegetables < leafy
vegetables.

Table 7 Hazard quotient (HQ)

. Metals Spinacia oleracea L. Coriandrum sativum L. Brassica oleracea L. Daucus carota L.
of different metals

Child Adult Child Adult Child Adult Child Adult

Cd 1.20 1.1 0.24 0.21 0.12 0.1 0.18 0.16

Cr 2.975 5.09 2.818 4.82 2.760 4.72 2.080 3.56
Mn 5.172 3.025 4.987 2918 2.634 1.541 2.637 1.543
Ni 2.396 1.401 2.273 1.330 1.845 1.079 1.472 0.861
Pb 23.894 13.977 21.458 12.552 18.527 10.838 16.35 9.564

(]
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Environmental measures to potentially eliminate
the risks induced by toxic metals

Human health is of prime concern of the globe which is
vulnerable to the contamination of the food chain through
anthropogenic sources of toxic metals like wastewater irri-
gation, industrial effluents, and sludge application. Thus,
remediation of toxic metals from soil can reduce the trans-
ference of toxic metals in the soil-crop system. Lessening
the toxic metal sources is an operative approach for improv-
ing human health safety. Accumulation of toxic metals in
food crops can be significantly reduced by avoiding the use
of sewage sludge and ineffectively treated effluent. In soil,
less particulate matter deposition could result from the man-
agement of air quality which ultimately reduces the pollu-
tion of foodstuff. The application of biochar is considered
an eco-remediation approach to lessen the contamination of
toxic metals in soil and confer multilayered benefits (Peng
et al. 2018).

Nanoparticle technologies are an amazing investigation
hot spot for guaranteeing the security of soil as an essen-
tial constituent of agro-nanotechnology and for dropping
the bioavailability of toxic metals. Biological remediation
is a solar-based, eco-friendly, and cost-effective approach
in contrast to physicochemical methods which are effective
and quick for extremely polluted sites but may cause sec-
ondary pollution by altering the biological, physical, and
chemical features of soil (Mahar et al. 2016), while bio-
logical remediation maintains the natural attributes of soil
through bio/phytoremediation, biostimulation, composting,
bioaugmentation, bioleaching, land aeration, bioremediation
and bioventing (Rai 2018).

Conclusion

In the current study, the concentration of toxic metals in veg-
etables and soil irrigated with sewage water was investigated.
Collected samples of vegetables, soil, and wastewater were
analyzed for the occurrence of Pb, Ni, Cr, Mn, and Cd and
evaluated for possible environmental and human health haz-
ards. Almost all the metals exceeding the threshold limits,
especially the leafy vegetables, had accumulated the maxi-
mum metals among the selected vegetables. Furthermore, all
HQ values below 1 mean a potentially low non-carcinogenic
risk to human health to the inhabitants from the vegetable
consumption. The concentrations of Pb, Ni, Cr, and Ni in
target vegetables have a probable carcinogenic health risk
to the population. However, more researches are essential
to detect more vegetables and from which zone they should
be grown to endure the vegetable and dietary preference
requirements of the inhabitants. Henceforth, intensifying the
current study to contain which vegetable part stores metals,

* @ Springer

analysis of pollutant transport, biomonitoring of metals of
concern, various ways of metal acquaintance like drinking
water, eating other foods (cereals, root crops and fruits), air
contact, and variability and uncertainty analyses, is vital
for further understanding of the risks allied with the raised
metal concentrations in the soil irrigated with wastewater
and its produced health risks, specifically pointing carci-
nogenic risk. Additionally, the findings of this research are
valuable for the expansion of more intensive studies against
specific toxins and eatable agricultural harvests that are used
by the people. Furthermore, epidemiological studies precise
to carcinogenic risks are beneficial to support health estab-
lishments and pertinent government agencies to generate
required agendas to protect public health.
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