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Abstract
The shortage of fresh water is a major problem throughout the world, but the situation is worst in the arid and semiarid regions.
Therefore, reuse of nonconventional water resources such as treated wastewater (TWW) is a common practice to irrigate field
crops, vegetables, and forestry sectors. The present study was conducted to evaluate the significant impact of different heavy
metals such as copper (Cu), iron (Fe), chromium (Cr), and zinc (Zn) on the soil and leafy, root, and fruit vegetables following
irrigation with TWW through subsurface drip irrigation. Our results indicate that iron (Fe) was highest in lettuce followed by
spinach, and Zn and Cr were second and third most abundant element in the different vegetables. Eggplant and radish showed the
lowest concentrations of various heavy metals. A significant difference was observed in transfer factor (TF) among vegetables,
and highest TFsoil-veg was observed for Fe in lettuce and the lowest for Cr in eggplant. Estimated daily intake (EDI) was the lowest
in adults and highest in children. Target hazard quotient (THQ) of Cu, Zn, and Fe being < 1.0 appears relatively safe in all the
tested vegetables. Risk index (RI) values showed that heavy metals were lower than 1.0 and hence lower risk for human. The
combined HI values for Cu, Zn, Cd, Cr, and Pbwere substaintionaly higher 12.8 and 9.21 after consumption of lettuce and carrot.
So, consumption of these vegetables should be avoided after irrigation with TWW. Spinach exhibited maximum total coliform
loading, while ecological risk was negligible due to sandy nature of soil type. Health risks to human could be reduced through
proper selection of suitable vegetables, time of maturity, and consumed organs (leaf, fruit, or root part). Appropriate should be
followed to decontaminate the microbial load in order to avoid any risks to human health (both adults and children).

Keywords Wastewater reuse . Heavy metals . Target hazard quotient . Health risk index . Vegetable contamination . Subsurface
irrigation .Microbial contamination . UnitedArab Emirates

Introduction

Fresh water scarcity is one of the most important commodities
that have emerged in many countries including Middle East,
North Africa, and South Asia (Qadir et al. 2010; Pontoni et al.

2016; Hussain et al. 2019). Most of the fresh water demand
comes from several sectors such as agriculture followed by
industry. Therefore, sustainability of fresh water has signifi-
cantly threatened and hence created immense pressure on
freshwater resources (Aydin et al. 2015; Al-Dakheel et al.
2015). Several factors (climatic change, fresh water scarcity,
population increase) has significantly increased pressure to
look alternate sources to meet requirements for agriculture
and forestry. Furthermore, water is vital for food production
systems, domestic uses, industry, and tourism and for sustain-
ing the earth ecosystem functioning. Major portion of water
(about 80%) is used for irrigation in agriculture, but fresh
water resources are significantly decreased (Hussain and Al-
Dakheel 2015; Hussain et al. 2019). The drought episodes and
water shortage is menacing the agriculture, landscaping, and
forestry sector in West Asia, Arabian Peninsula, and several
Mediterranean countries and causing severe consequences to
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regional food security (Alcamo et al. 2007). The continued
water demand by user such as urban, pre-urban, and industry,
other than agriculture, is threatening the ecosystem services
and the environmental health and food security (Hussain et al.
2019). Moreover, the food production, on the existing crop-
lands, needs to be increased to meet the increasing food de-
mands of growing population, but it alone cannot be sufficient
(Ray et al. 2013) to meet the present food request. Expansion
of agriculture towards marginal and degraded lands can not
only help to increase the food supply but also may help to
avoid the environmental concerns of land degradation
(Gibbs et al. 2008). For instance, Lantican et al. (2003) report-
ed 25% increase in global wheat production from marginal
lands.

Most of the Arabian Peninsula are classified as hyper-arid
with aridity index < 0.03 (UNCCD 2004). In Arabian
Peninsula, the driest country is Oman with 62 mm/year rain-
fall on average (FAO 2013). The renewable water resources
per capita decreased from 1250 m3 in 1950 to 100 m3 in 2007
(WRI 2007) and 76.2m3 in 2014 (The World Bank 2017)
while considered the lowest in the world. Water demand in
all these countries is steadily increasing due to expansion in all
sectors particularly agricultural activities and public needs by
increasing population. Total water demand in all countries
rose from 6.6 to 22.5 billion m3during the period of 1980–
1990 and is expected to reach 36.7 billion m3 by 2025 (Jaradat
2005). Since agriculture depends on irrigation and uses 80 to
90% of the water resources, the agricultural water demand is
estimated to be 24.3 billion m3 (Uitto and Schneider 1997).
Water requirements for 2010 calculated at 28.2 billion m3as
against the projected groundwater availability of 18,030 mil-
lion m3 in the Peninsula.

Despite the scarcity of water resources in the UAE, water
consumption by the agricultural sector in increased from 950
million m3/year in 1990 to 3320 million m3/year in 2011
(Shahin and Salem 2014). This was mainly achieved with
using groundwater aquifers, which covered at least 82%
(above 579 million m3) of the water requirements of the for-
estry sector. The UAE is using part of the treated domestic
wastewater to cover the gap between water availability and
consumption. In AbuDhabi Emirate, for example, 130million
m3 (18.3%) of the irrigated lands use treated wastewater
(TWW) (Environmental Agency of Abu Dhabi 2009).
However, according to the federal statistics of 2016, the total
amount of treated wastewater in the UAE during 2016 has
jumped to be 733,054 million m3. Around 64% of this water
used in irrigation of UAE’s street trees, landscape, and public
gardens. In addition, 31.7% (232,237 million m3) of the treat-
ed wastewater is disposed in Gulf water (Federal
Competitiveness and Statistics Authority 2016). It is impor-
tant to use the treated wastewater that is currently disposed to
the Gulf water in agricultural purposes. As it is rich with
organic matters and some macronutrients, the use of TWW

may contribute to reducing the need for fertilizers (Kfir et al.
2012).

Several studies demonstrated different water resources
such as quality saline water, treated wastewater, and gray wa-
ter for agricultural activities (agriculture, landscaping, crop
production, forestry, forage crops, and aquaculture) (Hussain
et al. 2016; Al-Dakheel and Hussain 2016; Hussain et al.
2019). The sustainable management and use of nonconven-
tional water resources for rehabilitation of marginal and de-
graded lands could fulfill the ever-increasing demand of food,
feed, and fiber for the increasing population in MENA but has
poorly addressed in the past. At present, approximately 20
million hectares of arable land worldwide is being irrigated
with wastewater (Mateo-Sagasta et al. 2013; Ayoub et al.
2016). However, it is imperative to emphasize and share
knowledge on the effects of different wastewaters on soil
properties, ecosystem functioning, and soil fertility with the
aim of identifying the perspectives of using wastewater for
soil recovering and soil as mean for wastewater treatment.
Several researchers reported that treated wastewater might ex-
hibit significant amount of contaminants (heavy metals and
organic toxic compounds), and the degree of toxicity of these
elements depends upon the level of treatment. Therefore,
using this water for agriculture, landscaping and forest plan-
tation might open doors for heavy metals entry into plant-soil-
ecosystem because most of these pollutants might be persis-
tent, highly toxic, and are also considered as bioaccumulative
properties (Liu et al. 2013; Aydin et al. 2015). The impact of
heavy metals on soil properties and on different crops, vege-
tables, and grasses, when cultivated under irrigation of treated
wastewater (Lu et al. 2016; Turner et al. 2016) and untreated
wastewater (Khan and Bano 2016; Meng et al. 2016), are
previously addressed. The presence of heavy metals, organic
pollutants, and toxic elements in soil and plant system might
led to the development of ecological degradation, and risks for
human health through dietary exposure can be expected (Cao
et al. 2016).

Due to increased demand for water and growing scarcity,
the use of nonconventional water for agriculture and forestry
has got momentum in the GCC countries. In the Arab states
alone, nearly 11 Bm3 of wastewater is produced annually; out
of that, about 5.6 Bm3 is treated to various levels of treat-
ments. About 4.3 Bm3 of the TWW is used for agricultural
production. Several countries from Asia, Africa, and North
America are using nonconventional water (Qadir et al. 2010)
due to ecological, for irrigation in agriculture, landscaping,
roadside plantation, and forestry for a sustainable environ-
ment. The judicial use of nonconventional water such as treat-
ed wastewater has reached to 600 million cubic meters (Mm3)
in UAE.With the increase in the population at the present rate,
the quantity of treated wastewater in UAE is expected to reach
to 1400 Mm3 by 2030. Therefore, this treated wastewater can
become an attractive option for conserving freshwater
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resources. For improvements in wastewater quality and hu-
man exposure control, management of wastewater at the farm
level by selecting appropriate crops and irrigation manage-
ment strategies can help a great deal in minimizing the risk
of wastewater use for agriculture. Currently, wastewater use
for agriculture is largely restricted to grow vegetables and
cereals (Raschid-Sally and Jayakody 2007). Leafy vegetables
(such as spinach, cauliflower lettuce) accumulate greater
amounts of heavy metals than do non-leafy species (Qadir
et al. 2010).

This study was aimed to understand the concentration of
heavy metals in the soils, irrigated with treated wastewater and
in different leafy, root, and fruit vegetables, and translocation
factor of different heavy metals (Cu, Fe, Zn, Cr) in five veg-
etables (lettuce, carrot, eggplant, spinach). As a consequence
of vegetable consumption by humans, a risk is associated with
heavy metals transfer to humans through consumption of
these vegetables through estimated dietary intake. In order to
ameliorate, the complete environmental risks of heavy metal
(loid)s based on their potential mobility and bioavailability in
soils and impact on human health was calculated through total
health quotient (THQ) and health risk index (HRI) and health
index.

Materials and methods

Characterization of the study area

The experiment was carried out at field research station of
ICBA (25° 5’ N and 55°23′E), Dubai, UAE (Fig. 1). The soil
is carbonatic, hyperthermic typic torripsamment having a neg-
ligible level of inherent soil salinity (0.2 dS m−1). The climate
of the UAE is subtropical arid with hot summers and warm
winters and a detailed climatic characteristics are depicted in
Fig. 2.

Field preparation and experimental design

The experimental field block was plowed by tractor prior to
the installation of irrigation system. The organic fertilizer was
applied as compost (@ 3.0 kgm−2) to enhance soil biochem-
istry, fertility, and water-retaining capacity. The nutrient appli-
cation practice was followed by planking. A composite sam-
ple was collected from field plots for soil biochemical
analysis.

The field experiment was conducted on 1800 m2 (60 m ×
30 m) field block, which was divided into two separate sub-
blocks of 900 m2 (30 m × 30 m) each. Each sub-block was
further divided into 18 plots of 50 m2 each (5 m X 10 m).
These both sub-blocks were separated by 2 m land strip to
avoid the influence of treatment of one sub-block to the other.
Six vegetables (eggplant, lettuce, carrots, tomatoes, radish,

and spinach) were grown using surface dripmethods. For each
crop, three replications were used. In surface drip irrigation
system, linear low-density (LLD) polyethylene drippers of
4.0 lph capacity were used.

The plant samples (leaves, fruit, roots) were collected from
each plot-middle row to get a representative sample and to
avoid boarder effect. The concentration of TWW samples
were collected from the storage pond and analyzed for differ-
ent trace elements such as Fe, Zn, Cd, and Cu. The trace
elements were analyzed using atomic absorption spectropho-
tometer (Pye Unicam. Model Sp – 9, 1984).

Plant, soil, and water sampling and biochemical
analysis

From each subplot, field soil samples were collected in poly-
ethylene bags from a depth of 30 cm. Several physio-chemical
soil properties such as pH, EC, ammonia nitrogen, nitrate
nitrogen, phosphate phosphorus, potassium, biological oxy-
gen demand (BOD), chemical oxygen demand (COD), total
suspended solids, turbidity, residual chlorine, and soil hard-
ness as CaCO3 were determined according to standard proto-
col (Table 1). Heavy metals were measured through atomic
absorption spectrophotometer (ICP-OES, Perkin- Elmer
OPTIMA-2000, USA). Analysis was carried out in the
Dubai Central Analytical Laboratory, Dubai (U.A.E.).
Standard soil analysis methods (Burt 2004) were used, and
the physio-chemical soil properties of the experimental area
on oven-dried soil weight basis are given in Table 1.

We collected the samples from different organs (leaves,
roots, and fruit part) from the central rows of each subplot,
in order to avoid the boarder effects. At physiological maturi-
ty, different vegetables such as lettuce (Lactuca sativa L.),
radish (Raphanus sativus L.), spinach (Spinacia oleracea
L.), and tomatoes (Lycopersicon esculentum Mill.) were har-
vested and then divided into leaves, roots, and fruits. The
samples were properly washed with distilled water to remove
all dust particles and sand. Heavy metals accumulation in the
selected vegetables was determined according to standard pro-
tocol using atomic absorption spectrophotometer (Pye.
Unicam. Model Sp – 9, 1984). The biological characteristics
of the TWW () was elaborated in Table 1.

Installation of irrigation system and treatment
application

The subsurface drip irrigation system was installed in the field
plot area, and online drippers of 4 lph capacity were installed
to irrigate vegetables with treated wastewater. In UAE,
650 Mm3 of wastewater is generated every day, out of which
350 Mm3 is used for agriculture purposes and the rest is
discharged to the ocean. ICBA is receiving tertiary-level-
treated municipal wastewater (TWW) from the Dubai
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Municipality, UAE, to carry out experiments at the center for
growing different crops. Biochemical analysis (heavy metals
and microbial strains) of the treated wastewater has been dem-
onstrated in Table 2. The crop water requirement was deter-
mined based on Penman-Monteith methodology and irrigated
twice a day through subsurface drip irrigation. The Rain Bird
timer and solenoid valve through 12AWG solenoid cable was
used in installation of irrigation system.

Translocation factor (TF)

Translocation factor (TF) that is an important index to mea-
sure the translocation of heavy metals from soil to plant sys-
tem (Cui et al. 2016) as follows:

TF ¼ Cvegetable=Csoil

where Cvegetable is the total concentration of an individual
heavy metal in a particular vegetable and Csoil is the corre-
sponding heavy metal concentration in the same soil environ-
ment of that particular vegetable.

Daily intake of metals

Daily intake (EDI) of trace elements (Cd, Cr, Cu, and Zn) was
calculated according to the following equation:

EDI ¼ Cmetal X Wfood=Bw

The calculation for EDI was done according to procedure
described by several authors (Wang et al. 2014; Qureshi et al.
2016).

Health risk assessment

Health risk index (HRI) was determined according to the fol-
lowing equation:

HRI ¼ ∑n Cn� Dnð Þ=RfD� Bw

where Cn represented the mean metal concentration in a
specific vegetable on fresh weight basis (mg/kg), Dn de-
noted average daily intake rate of a specific vegetable in a
whole year, RfD showed safe level of exposure by oral for
lifetime, and Bw is the average body weight (70 kg for
adult). In this study, the dietary reference intakes (DRI)
of the elements were taken as RfD (FNB 2004), except
Cd and Pb, for which maximum allowed levels (ML) were
considered (EC 2006).

Target hazard quotient (THQ)

The health risks from consumption of vegetables were
assessed based on the target hazard quotient (THQ). The
THQ is a ratio of determined dose of a pollutant to a reference
dose level.

Noncarcinogenic health risks for humans associated with
the consumption of these vegetables were also assessed by
calculating target hazard quotient (THQ) and hazard index
(HI) (Storelli 2008; Yang et al. 2011). The method to estimate
THQwas provided in USEPA region III risk-based concentra-
tion table (USEPA 2006):

THQ ¼ C� I� 10−3 � EFr � EDtot=R fDo� BWa � ATn

where “C” is the mean metal level in vegetable (mg/kg, fresh
weight); “I” is the ingestion rate (255 g/day/person); “EFr” is
the exposure frequency (350 days/year); “EDtot” is the total
exposure duration (70 years); “BWa” is the average body
weight, adult (55.9 kg); and “ATn” is the averaging time, non-
carcinogens (EDtot × 365 day/year).

Hazard index (HI)

The hazard index (HI) can be expressed as the sum of the
hazard quotients for all trace metals (USEPA 2006):

HI ¼ THQ1 þ THQ2 þ⋯þ THQn

where THQ1− n is the target hazard quotients for 1 − n trace
metals.

Statistical analysis

Data was first checked for normality and analyzed through
analysis of variance (ANOVA) and difference between treat-
ment means which were computed at P < 0.05 according to
post hoc Tukey HSD test. General linear model was used for
data analysis using software (SPSS (version 19.00) for
Windows (SPSS Inc., Chicago, IL, USA), and graphs were
prepared using means and S.E. of the respective traits using
Microsoft Excel package.

Results

Heavy metal accumulation in the soil

According to Table 2, the concentrations of heavy metals in
experimental field plot soils showed significantly large varia-
tion, and samples were collected from the top 30 cm of the
soil. The highest concentration ranges was reported for nickel
(Ni) that was in the range of 40.9 mg kg−1. It was followed by
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lead (Pb) whose average concentration was 29.2 mg kg−1and
followed by chromium (Cr) 16.7 mg kg−1. The other elements
(before and after 3 years of TWW irrigation) were Cd (3.3–
3.4 mg kg−1) , Cu (5.3–4.4 mg kg−1) , Fe (10.2–
13.06 mg kg−1), and Zn (10.4–12.4 mg kg−1), respectively.
The mean highest concentration (40.9 mg kg−1) of Ni was
observed in the soil samples, while Cd was the lowest
(3.4 mg kg−1) element in the soil profile.

Evaluation of trace metals in different vegetables

The concentrations of the trace metals (mg/kg, dry weight) in
leafy, root, and fruit vegetables are elaborated in Fig. 3.
Generally, the highest concentration was detected for Fe in

all vegetables, followed by the substantial levels of Zn. The
Fe was considerably high as compared to other heavy metals
such as Cr, Zn, and Cu that might be different physiological
plant mechanisms prevailing in different vegetables. The let-
tuce exhibited maximum (87.6 mg/kg) Fe, followed by sub-
stantially higher levels of the metal in spinach (3.3 mg/kg),
eggplant (3.04 mg/Kg), and carrot (2.91 mg/kg), while the
lowest level of Fe (1.23 mg/kg) was noted in radish. The
radish and eggplant showed relatively lower concentrations
of Zn and Cr. Likewise, spinach, lettuce, and carrot exhibited
comparatively higher levels of Cr. However, significantly
higher level of Cu was observed in radish as compared to all
other vegetables. Overall, lower concentrations of the Cu trace
metal were observed in eggplant, tomato, and spinach.

Fig. 1 Location and layout of experimental area at ICBA, Dubai, UAE
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Assessment of vegetable contamination
and associated health risk evaluation

Heavy metal translocation in the soil-plant system

To better understand the heavy metal movement (uptake and
translocation) process in the soil-vegetable system, transloca-
tion factors (TF) were calculated for each heavy metal (Fig. 4)
in each vegetable. Among the vegetables, the TFsoil-veg values
for Fe were the highest (6.46), in lettuce. The TF in different
vegetables were in the descending order of Fe > Zn > Cr > Cu.
There was significant difference in TFsoil-veg values among all
the vegetables, and the highest TFsoil-veg was observed for Fe
in lettuce, and lowest TFsoil-veg level was obtained for Cr in the
eggplant (Fig. 4). Average TFsoil-veg value of Cu was the
highest (0.17) and (0.17) in radish spinach, respectively, and
lowest TFsoil-veg value of Cuwas noted in eggplant (0.06). The
TFsoil-veg value of Zn was being the highest (0.48) in Spinach
and being the lowest (0.07) in radish. Likewise, TFsoil-veg val-
ue of some heavy metals was also relatively low, with TFsoil-
veg value of Cr being the highest (0.13) in lettuce and being the
lowest (0.002) in eggplant. A significant difference was ob-
served in TF values between different leaf, root, and fruit
vegetables because different plants showed different behavior

towards uptake, translocation, and distribution and plant eco-
physiological attributes.

Estimated dietary intake (EDI) of metals

Greater estimated dietary metal intakes (EDI) were studied
from spinach followed by tomatoes. The EDI of Cu through
vegetable consumption varies among different vegetables and
was lowest (1.75 × 10−4) in adults (after consumption of egg-
plant) and was the highest (5.70 × 10−4) in children (after con-
sumption of radish) (Table 3). The EDI of Fe in this study was
lower (1.10 × 10−3) in adults (following eggplant consump-
tion) and was the highest (8.35 × 10−3) in children (after spin-
ach consumption). The EDI of Zn through vegetable con-
sumption varies among different vegetables and was lowest
(1.06 × 10−4) in children and was the highest (9.23 × 10−4) in
adult (after tomatoes consumption). We observed that children
are at greater risk than adults as far as EDI was concerned
through vegetable consumptions (Table 3).

Risk identification and human health risk assessment

To appraise the health risk associated with heavy metal con-
tamination of vegetables grown at ICBA research station
(Dubai, UAE) with treated wastewater (supplied to the plant
roots through sub-surface drip irrigation), health risk assess-
ment values (HRI), target hazard quotients (THQ), and hazard
index (HI) were calculated and results are elaborated in
Tables 4. THQ model is a more straightforward approach that
helps to study human health impact due to HMs presence in
leafy, root, and fruit vegetables. According to reports, THQ
and HRI range should be < 1.0 (USEPA 2006). In the present
study, Cu and Zn exhibited significantly lower values than 1.0
and hence in the safe limit. In lettuce, the THQ values were
higher for Fe, while, contrary, it was lower in spinach, toma-
toes, eggplant, carrot, and radish (Table 4). THQs of Cr were
significantly higher than one, being 11.91, 7.75, and 4.22 for
spinach, lettuce, and carrot, respectively. This indicated that
Cr in spinach, lettuce, and carrot of the study area were of high
health risk concern. Other heavy metals such as Cu, Zn, and

Table 1 Chemical and biological properties of the treated wastewater
used in this study

Parameters Units Results

E. coli CFU/100 ml 2

Fecal Streptococci CFU/100 ml 3

Total coliform CFU/100 ml 460

EC dS/m 1.9

Ammonia nitrogen mg/l 9.7

Nitrate nitrogen mg/l 16.6

Phosphate phosphorus mg/l 2.42

Potassium mg/l 20.7

Biological oxygen demand (BOD) mg/l 9

Chemical oxygen demand (COD) mg/l 44

Total suspended solids mg/l 11

Turbidity NTU 1

Residual chlorine mg/l < 0.2

Hardness as CaCO3 mg/l 194

Chromium mg/l 0.2

Copper mg/l 0.2

Zinc mg/l 0.27

Table 2 Biochemical soil analysis of control and wastewater-treated
field plots (mg/kg)

Parameters Pretreatment Posttreatment

Cadmium (Cd) 3.3 ± 0.5 3.4 ± 0.87

Chromium (Cr) 14.9 ± 1.14 16.7 ± 1.18

Copper (Cu) 5.3 ± 0.98 5.4 ± 0.64

Lead (Pb) 28.5 ± 2.00 29.2 ± 2.54

Iron (Fe) 10.2 ± 1.03 13.06 ± 1.91

Nickel (Ni) 36.3 ± 3.06 40.9 ± 2.33

Zinc (Zn) 10.4 ± 1.14 12.4 ± 1.73

�Fig. 2 Monthly average values of (a) mean (T mean), maximum (T
maxi), and minimum (T min) air temperature and reference evapotrans-
piration (Eto) in the ICBA, Dubai, UAE from December 2013 to April
2015
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Fe with average THQ values being less than one appear rela-
tive safe in all the tested fruit, leaf, and root vegetables. The
risk identification (RI) based on the comparisons of measured
concentration of heavy metals with risk screening values is
significantly lower than international standards and limits re-
ported from other countries (Table 5). Obviously, most of the
RI values of the studied heavy metals were far below than one
and hence lower than the risk screening value. It demonstrates
that studies of metals (Cu, Fe, Zn, and Cr) in the soils could
not cause any substantial ecological risk. The HI values for
combined Cu, Zn, Cd, Cr, Pb, and As in this study area were
12.80 following consumption of lettuce, followed by carrot
(9.21), respectively. It showed that consumption of lettuce
and carrot should be avoided after irrigation with treated
wastewater through subsurface drip irrigation because it can
cause significant risks to the human health. The Cu, Zn, and
Fe with average THQ values being less than one appear rela-
tive safe in all the tested fruit, leaf, and root vegetables.

RI values showed that heavy metals were lower than 1.0
and hence lower than the risk screening value. Meanwhile,
Cu, Fe, Zn, and Cr are safe with no ecological risk. The com-
bined HI values for Cu, Zn, Cd, Cr, and Pb were
substaintionaly higher 12.8 and 9.21 after consumption of

lettuce and carrot (Table 6). So, consumption of these vegeta-
bles should be avoided after irrigation with TWW.

Microbial load in the target vegetables

Contamination of vegetables with microbial load mainly
arises from untreated waste water. In the present study
microbial load (Gram-negative, facultative anaerobic,
rod-shaped bacteria; Escherichia coli and rod-shaped
Gram-negative non-spore-forming bacteria called Total co-
liform) results are reported in Fig. 5. Different vegetables
exhibited different level of loading of coliform bacteria.
The highest quantity of T. coliform bacteria was observed
in spinach and followed by radish. All other vegetables
sampled during the study period recorded same levels of
coliform bacteria that were in the range of 9.56–9.77 cfu/g
(Fig. 5). Meanwhile, the highest level of Escherichia coli
bacterial contamination was found in carrot (34.87 cfu/g),
followed by eggplant, lettuce, and tomatoes that was in the
range of 9.44–9.73 cfu/g. The lowest level of E. coli was
observed in spinach and radish in the range of 6.11–
6.27 cfu/g (Fig. 5).

Table 3 Estimated daily intake
(EDI) of individual heavy metals
by adults and children

Vegetables Cu Fe Zn Cr

Lettuce Adults 4.4 × 10−4 4.42 × 10−2 2.21 × 10−3 1.16 × 10−3

Children 5.0 × 10−4 5.09 × 10−2 2.54 × 10−3 1.33 × 10−3

Carrot Adults 4.40 × 10−4 1.99 × 10−3 1.43 × 10−3 0.06 × 10−3

Children 5.06 × 10−4 2.29 × 10−3 1.65 × 10−3 0.07 × 10−3

Radish Adults 4.93 × 10−4 5.35 × 10−4 4.35 × 10−4 0.02 × 10−3

Children 5.70 × 10−4 6.15 × 10−4 5.00 × 10−4 0.2 × 10−3

Eggplant Adults 1.75 × 10−4 1.10 × 10−3 5.5 × 10−4 0.02 × 10−3

Children 3.80 × 10−4 1.27 × 10−3 6.3 × 10−4 0.03 × 10−3

Tomato Adults 4.09 × 10−4 1.52 × 10−3 9.23 × 10−4 0.34 × 10−3

Children 4.70 × 10−4 1.74 × 10−3 1.06 × 10−4 0.39 × 10−3

Spinach Adults 4.69 × 10−4 7.27 × 10−3 3.10 × 10−4 1.78 × 10−3

Children 5.39 × 10−4 8.35 × 10−3 3.56 × 10−4 2.05 × 10−3

Table 4 Target health quotient (THQ) and health risk index (HRI) of consuming contaminated vegetables

Vegetables Cu Fe Zn Cr

THQ HRI THQ HRI THQ HRI THQ HRI

Lettuce 0.09664 0.00039 1.10558 0.00442 0.04020 0.00016 7.75479 0.03100

Carrot 0.09781 0.00039 0.04991 0.00020 0.02601 0.00010 4.22671 0.01690

Radish 0.10945 0.00044 0.01336 0.00005 0.00791 0.00003 1.60685 0.00642

Eggplant 0.03901 0.00016 0.02764 0.00011 0.01000 0.00004 0.17466 0.00070

Tomato 0.09082 0.00036 0.03786 0.00015 0.01677 0.00007 2.27055 0.00908

Spinach 0.10421 0.00042 0.18156 0.00073 0.05630 0.00023 11.91164 0.04762
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Discussion

Wastewater recycling and judicious use of treated wastewater
(TWW) has fascinated significant attention due to scarcity of
freshwater resources and to control pumping of ground waters
(Hussain et al. 2016). Small and progressive farmers have
been using reclaimed water to irrigate field crops, fiber and
fuel crops, forage grasses, oil seed crops, vegetables, and in
forestry campaign in different parts of the world with different
treatment levels (USEPA 2006; Maiolo and Pantusa 2017;
Hussain et al. 2019). Realizing the importance of treated
wastewater as an important alternative water resource for irri-
gation in water scarce UAE marginal environment, a compre-
hensive study was conducted to evaluate the benefits of using
treated wastewater for kitchen vegetables growth and to assess
the possibility of reducing health risks by developing vegeta-
ble cultivar and soil-specific planting guidelines on sandy de-
sert soils irrigated with treated wastewater. Our results indi-
cates that iron (Fe) was the highest in lettuce followed by
spinach, and Zn and Cr were second and third most abundant
element absorbed by different vegetables. However, the egg-
plant and radish showed the lowest concentrations of various
heavy metals. Other researchers reported that different vege-
tables exhibit different mechanism for absorption, uptake, and
accumulation in different organs. Various biogeochemical fac-
tors such as soil physical condition, trace elements movements

in the soil, soil structure, texture, plant species, and genotypes
within same plant species play significant role in uptake and
absorption of HMs in plants (Ahmad and Goni 2010; Hu et al.
2014).

However, heavy loading of different trace elements in soil
could enhance the buildup of heavy metals in vegetables and
thus facilitate their entry into food chain ((Nabulo et al. 2010).
The Zn is an essential element for plants; however, its exces-
sive accumulation could be toxic (An et al. 2004). Adequately
treated recycled water can be safely used for agriculture, land-
scaping, and forestry after proper treatment. However, it is
well recognized that irrigation of crops and vegetables with
untreated wastewater could be a potential risk factor for public
health (Huang et al. 2014; Hussain et al. 2019).

Shortage of fresh water is being a major problem world-
wide and the use of nonconventional water resources (agricul-
tural drainage and treated municipal wastewater) (Mateo-
Sagasta et al. 2013) for agriculture purpose is a preferred strat-
egy for combating this scenario. To safe freshwater resources;
nonconventional water resources and TWW are an important
source for irrigating the crops and vegetables in United Arab
Emirates (Abedi-Koupai and Bakhtiarifar 2003). Nutrient bal-
ance within soil is important for growth, biodiversity, and
activity of soil microorganisms, which are directly responsible
for soil ecosystem functioning and soil quality. The soil phys-
ical and biological characteristics in UAE sandy soil play role
in the absorption and translocation of trace metals in plant-soil
environment. Due to their sandy nature of UAE soils, high
infiltration and evaporation rates and deep percolation losses
will result in very less accumulation of trace metals in these
soils. Subsurface drip irrigation can effectively protect farmers
and consumers by minimizing crop and human exposure
(Qadir et al. 2010). In addition pathogens loading and heavy
metals accumulation in soils and crops was also discussed.
The TF was in order of Fe > Zn > Cr > Cu. There was signif-
icant difference in TFsoil-veg values among all the vegetables,
and the highest TFsoil-veg was observed for Fe in lettuce, and

Table 5 Concentration ranges
and safe limits of heavy metals in
vegetables from different
countries (mg/kg dry weight)

Zn Cu Cr References

China – 8.65–317 0.08–15.4 Liu et al. 2006

India 19.54–42.06 8.63–27.94 3.70–9.03 Ahmad and Goni 2010

India 3.00–171.03 15.66–34.49 34.83–96.30 Gupta et al. 2008

India 59.61–79.46 10.95–28.58 5.37–27.83 Sharma et al. 2007

Greece 13.27–630 4.25–258 0.28–43.00 Stalikas et al. 1997

Greece ∼ 18–∼ 142 ∼ 0.00–∼ 49 – Fytianos et al. 2001

Uganda 10.5–743 1.26–33.0 0.19–70.5 Nabulo et al. 2010

Safe limits:

FAO/WHO 60 40 5 CAC 1984

China 100 20 0.5 China EPA 2005

China 20 m 10 m 0.5 m Cao et al. 2010, 2018

Table 6 Hazard index
(HI) of all the vegetables
grown with treated
wastewater

Vegetable HI

Lettuce 9.00

Carrot 4.40

Radish 1.74

Eggplant 0.25

Tomato 2.42

Spinach 12.25
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lowest TFsoil-veg level was obtained for Cr in the eggplant
(Fig. 4). A significant difference was observed in TF values
between different leaf, root, and fruit vegetables because dif-
ferent plants showed different behavior towards uptake, trans-
location, and distribution depends on the plant type and their
ecophysiological attributes. Other researchers (Sinha et al.
2006; Sharma et al. 2006, 2007) also reported heavy metals
accumulation and uptake in various vegetables grown in soils
irrigated with long-term use of treated or untreated wastewa-
ter. In this regard, other anthropogenic factors (manures, sew-
age sludge, fertilizers, and agrochemicals) and soil physio-
chemical properties (pH, Ec, organic matter, soil nutrients)
could play a key role in the absorption of heavy metals in
the vegetables.

The translocation of trace elements in vegetables is influ-
enced by a number of factors such as heavy metals concentra-
tions in soil, weather conditions, soil type, and different kind
of vegetables (leafy, fruit, root vegetables) grown (Bhargava
et al. 2012; Ali et al. 2013), as well as harvest time and matu-
rity stage.

The present experimental results clearly highlighted that
translocation factors were significantly differed within differ-
ent vegetables. Similarly, results were documented by Cui
et al. (2004a, b). Moreover, Liu et al. (2005) and Khan et al.
(2008) findings are consistent with our findings. The trace
metals TF was in the order of Fe > Zn > Cr > Cu. Leafy vege-
tables were more susceptible to absorb and translocate HMs
than fruit and root vegetables exhibit larger quantity of HMs,
especially Fe and Zn. Other reports (Adamo et al. 2014) ad-
vocated that uptake of HMs is also closely related with soil
physio-chemical properties. Moreover, it is recommended that
monitoring and evaluation of safe reuse of treated wastewater
in MENA region is irregular (Hussain et al. 2019). This also
point out towards lack of equipment’s trained personals and
underdeveloped institutions with poor research infrastructure
(Qadir et al. 2010). The less attention towards the manage-
ment of present situation will led to negative impact on human
health, biochemical water quality, environmental degradation,

and ecological sustainability (Hussain et al. 2019). It is well
recognized that heavy metals are significantly accumulated in
leafy or root vegetables as compared to fruit organs and hence
are less susceptible to trace elements accumulation (Zhong
et al. 2018; Edelstein and Ben-Hur 2018; Hussain et al. 2019).

The present results demonstrate that EDI was lowest in
adults (for Cu) following consumption of eggplant and the
highest in children after radish. After eggplant consumption,
the EDI of Fe was lower in adults and the highest in children
following spinach consumption. Contrary results were
obtained in adults and children for EDI for Zn and Cr. In
general, EDI indicated that as compared to adults, children
were at greater risk through certain vegetable consumptions.
Khan et al. (2008) demonstrated that daily intakes (adults and
children) of Cd, Cr, Cu, Ni, Pb, and Zn were happened fol-
lowing Lactuca sativa L, Raphanus sativus L, Brassica
napus, and Spinacia oleracea L., respectively, consumption.
They pointed out that these vegetables were grown in
wastewater-irrigated soils. However, we report here that EDI
was much less than the international standard recommenda-
tion, and hence there was no risk in consumption of these
vegetables by local population, especially, eggplant, carrot,
and tomatoes. However, spinach and lettuce should be con-
sumed in less quantity because of potential risks associated
with higher absorption and translocation into leafy vegetables.
Occasional consumption of these vegetables is not injurious to
human health. Our results demonstrated that EDI values of Cr
were far below than that reported in literature (Bi et al. 2018;
Fareena Samoo et al. 2018; Zakir et al. 2018).

The THQ is another useful index that widely used for
health risk evaluation through vegetable consumption. Our
results showed that Cu and Zn have values were lower than
1.0 while higher than 1.0 in case of Fe. The Cr exhibited THQ
values more than 1.0, being the highest in spinach, lettuce, and
carrot, respectively. The Cu, Zn, and Fe with average THQ
values being less than one appear relative safe in all the tested
fruit, leaf, and root vegetables. RI values showed that heavy
metals were lower than 1.0 and hence lower than the risk
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Fig. 5 Effect of treated wastewater on pathogen loading (Total coliforms, Escherichia coli) in different vegetables (radish, carrot, eggplant, tomato,
spinach, lettuce).The error bars indicate the standard deviation, while the lowercase letters indicate significant differences at p < 0.05
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screening value. Meanwhile, Cu, Fe, Zn, and Cr are safe with
no ecological risk. The combined HI values for Cu, Zn, Cd,
Cr, and Pb were substaintionaly higher 12.8 and 9.21 after
consumption of lettuce and carrot. So, consumption of these
vegetables should be avoided after irrigation with TWW.
Similar THQ results were documented previously (Zakir
et al. 2018; Gupta et al. 2018; Zhong et al. 2018).

There was significant variation in microbial load in differ-
ent vegetables. Leafy vegetables (spinach) exhibited higher
microbes as compared to fruit and root vegetables. We found
that microbial load also varies significantly among vegetables
types and tomatoes, and lettuce did not show heavy load of
microbes. Trang et al. (2006) showed that different microbial
strains including protozoa, worms, virus, and bacteria could
cause serious health risks, and most vulnerable population are
those persons who directly exposed to TWWor consumption
of vegetables irrigated with wastewater. The microbial safety
results reported by Azi et al. (2018) showed that pumpkin and
Amaranthus viridis leaves were significantly higher than ac-
ceptable limit, and Escherichia coli, Klebsiella pneumonia,
and Aspergillus flavus were prominent. Agriculture practices
such as irrigating the plant species with contaminated, indus-
trial waste water or untreated wastewater might impose differ-
ent level of microbial contamination in soil-plant system
(Mapanda et al. 2005). However, some researchers have doc-
umented that cooking might help in the reduction of microbial
contamination or may be completely eliminate the harmful
microbes (Botella et al. 2018). The outbreak of foodborne
illness is mostly associated with consumption of raw or un-
cooked vegetables. However, it is well recognized that
cooking at high temperature helps in reduction and elimina-
tion of microbial risks (Ssemanda et al. 2018). Therefore be-
fore endorsing irrigation with treated wastewater, a compre-
hensive evaluation of wastewater reuse on soil, plant, and
human health needs to be evaluated.

Conclusion

The present study provides a better insight for vegetables con-
tamination after irrigation with TWW through subsurface drip
irrigation system. It also explains significant impact on plant-
soil-environment system and its potential risks to public
health. Several indicators such as EDI and THQ are useful
for assessment of heavy metals uptake, translocation, and their
possible risks through consumption of leafy, root, and food
vegetables. Health risk index (HI) with less than one demon-
strates that consumption of these vegetables is absent. The
microbial content of the vegetables was, however, above safe
limit than international standards that is health risky.
Therefore, management and removal of microbes will proper-
ly help to identify the contaminations source and adequate

solutions should be provided to prevent possible outbreak of
food poisoning.

References

Abedi-Koupai J, Bakhtiarifar A (2003) Investigation of the effect of treat-
ed wastewater on hydraulic properties of emitters in trickle irrigation
system. In: 20th European Region. Conferences, CD Int. Workshop,
Irrigation technologies and method: Research, development and
testing, Montpellier, France

Adamo P, Lavazzo P, Albanese S, Agrelli D, De Vivo B, Lima A (2014)
Bioavailability and soil-to-plant transfer factors as indicators of po-
tentially toxic element contamination in agricultural soils. Sci Total
Environ 500:11–22

Ahmad JU, Goni MA (2010) Heavy metal contamination in water, soil,
and vegetables of the industrial areas in Dhaka, Bangladesh.
Environ Monit Assess 166:347–357

Alcamo J, Dronin N, Endejan M, Golubev G, Kirilenko A (2007) A new
assessment of climate change impacts on food production shortfalls
and water availability in Russia. Glob Environ Chang 17(3–4):429–
444

Al-Dakheel AJ, Hussain MI (2016) Genotypic variation for salinity tol-
erance in Cenchrus ciliaris L. Front Plant Sci 7:1090

Al-Dakheel AJ, HussainMI, Al-Gailani AQM (2015) Impact of irrigation
water salinity on agronomical and quality attributes of Cenchrus
ciliaris L. accessions. Agric Water Manag 159:148–154

Ali H, Khan E, Sajad MA (2013) Phytoremediation of heavy metals—
concepts and applications. Chemosphere 91:869–881

An Y, Kim Y, Kwon T, Jeong S (2004) Combined effect of copper,
cadmium, and lead upon Cucumis sativus growth and bioaccumu-
lation. Sci Total Environ 326:85–93

Aydin ME, Aydin S, Beduk F, Tor A, Tekinay A, Kolb M, Bahadir M
(2015) Effects of long-term irrigation with untreated municipal
wastewater on soil properties and crop quality. Environ Sci Pollut
Res 22:19203–19212

Ayoub S, Al-Shdiefat S, Rawashdeh H, Bashabsheh I (2016) Utilization
of reclaimedwastewater for olive irrigation: effect on soil properties,
tree growth, yield and oil content. Agric Water Manag 176:163–169

Azi F, Odo MO, Okorie PA, Njoku HA, Nwobasi VN, David E, Onu TC
(2018) Heavy metal and microbial safety assessment of raw and
cooked pumpkin and Amaranthus viridis leaves grown in
Abakaliki, Nigeria. Food Sci Nutr 6(6):1537–1544

Bhargava A, Carmona FF, Bhagava M, Srivastava S (2012) Approaches
for enhanced phytoextraction of heavy metals. J Environ Manag
105:103–120

Bi C, Zhou Y, Chen Z, Jia J, Bao X (2018) Heavy metals and lead
isotopes in soils, road dust and leafy vegetables and health risks
via vegetable consumption in the industrial areas of Shanghai,
China. Sci Total Environ 619:1349–1357

Botella S, Jiménez A, Boukharouba A, Ferrús MA (2018) Reduction of
Salmonella enterica in ready to eat lettuce leaves: effectiveness of
sodium hypochlorite washing. Exploring Microorganisms: Recent
Advances in Applied Microbiology, p.105

Burt R (2004) Soil survey laboratory methods manual. Soil survey inves-
tigations report no. 42, Version 4.0. In: Vol soil survey laboratory
investigations report no. 42. USDA-NRCS, Lincoln, NE

Cao HB, Chen JJ, Zhang J, Zhang H, Qiao L, Men Y (2010) Heavy
metals in rice and garden vegetables and their potential health risks
to inhabitants in the vicinity of an industrial zone in Jiangsu. China.
J. Environ. Sci. 22:1792–1799

Cao C, Chen XP,Ma ZB, Jia HH,Wang JJ (2016) Greenhouse cultivation
mitigates metal-ingestion-associated health risks from vegetables in

Environ Sci Pollut Res (2020) 27:11213–1122611224



wastewater-irrigated agroecosystems. Sci Total Environ 560:204–
211

Cao C, Liu S-Q, Ma Z-B, Lin Y, Su Q, Chen H, Wang J-J (2018)
Dynamics of multiple elements in fast decomposing vegetable res-
idues. Sci Total Environ 616-617:614–621

Chien LC, Hung TC, Choang KY, Choang KY, Yeh CY, Meng PJ et al
(2002) Daily intake of TBT, cu, Zn, cd and as for fishermen in
Taiwan. Sci Total Environ 285:177–185

China EPA (2005) Maximum levels of contaminants in foods GB2762-
2005. China State Environmental Protection Administration (China
EPA), Beijing

Codex Alimentarious Commission (CAC) (1984) first ed. Contaminants,
Joint FAO/ WHO Food Standards Program, vol. 17. Codex
Alimentarious Commission, Geneva

Cui YJ, Zhu YG, Zhai RH, Chen DY, Huang YZ, Qiu Y, Liang JZ
(2004a) Transfer of metals from soil to vegetables in an area near
a smelter in Nanning. China Environ Int 30:785–791

Cui YJ, Zhu YG, Zhai RH, Chen DY, Huang YZ, Qiu Y, Liang JZ
(2004b) Transfer of metals from soil to vegetables in an area near
a smelter in Nanning, China. Environ Int 30(2004):785–791

Cui HB, Fan YC, Fang GD, Zhang HX, Su BB, Zhou J (2016)
Leachability, availability and bioaccessibility of cu and cd in a con-
taminated soil treated with apatite, lime and charcoal: a five-year
field experiment. Ecotox Environ Safe 134:148–155

Devi P, Saroha AK (2014) Risk analysis of pyrolyzed biochar made from
paper mill effluent treatment plant sludge for bioavailability and eco-
toxicity of heavy metals. Bioresour Technol 162:308–315

DotaniyaML,MeenaVD, Rajendiran S, CoumarMV, Saha JK, Kundu S,
Patra AK (2017) Geo-accumulation indices of heavy metals in soil
and groundwater of Kanpur, India under long term irrigation of
tannery effluent. Bull Environ Contam Toxicol 98(5):706–711

EC (2006) Commission regulation no 1881/2006: setting maximum
levels for certain contaminants in foodstuffs. European
Commission (EC) http://www.eurlexeuropaeu/LexUriServ/site/en/
oj/2006/l_364/l_36420061220en00050024.pdf. Accessed 17
Jul 2011

Edelstein M, Ben-Hur M (2018) Heavy metals and metalloids: sources,
risks and strategies to reduce their accumulation in horticultural
crops. Sci Hortic 234:431–444

FAO Statistical Yearbook 2013 (2013) World food and agriculture. Food
and Agriculture Organization of the United Nations, Rome, p 289
Available at http://www.fao.org/docrep/018/i3107e/i3107e00.htm

Fareena Samoo AR, Kandhro AA, Jalbani N, Mastoi GM, Sohu S (2018)
Determination of essential and toxic metals from vegetable, fruits
and their daily intake by the population of Hyderabad City. Pakistan.
J Food Tech Food Chem 1:107

FNB (2004) Dietary Reference Intakes (DRIs): Recommended Intakes
for Individuals. Food and Nutrition Board, Institute of Medicine,
Na t i o n a l Academ i e s . h t t p : / /www. i om . edu /G l oba l /
NewsAnnouncements/~/media/Files/ActivityFiles/Nutrition/DRIs/
DRISummaryListing2.ashx. Accessed 15 Jul 2011

Fytianos K, Katsianis G, Triantafyllou P, Zachariadis G (2001)
Accumulation of heavy metals in vegetables grown in an industrial
area in relation to soil. Bull. Environ. Contam. Toxicol. 67:423–430

Gibbs HK, JohnstonM, Foley JA, Holloway T,Monfreda C, Ramankutty
N et al (2008) Carbon payback times for crop-based biofuel expan-
sion in the tropics: the effects of changing yield and technology.
Environ. Res. Lett. 3:034001

Gupta N, Khan DK, Santra SC (2008) An assessment of heavy metal
contam- ination in vegetables grown in wastewater-irrigated areas
of Titagarh,West Bengal. India. Bull. Environ. Contam. Toxicol. 80:
115–118

Gupta SK, Ansari FA, Nasr M, Chabukdhara M, Bux F (2018)
Multivariate analysis and health risk assessment of heavy metal
contents in foodstuffs of Durban, South Africa. Environ Monit
Assess 190(3):151

HuW, Chen Y, Huang B, Niedermann S (2014) Health risk assessment of
heavy metals in soils and vegetables from a typical green house
vegetable production system in China. Hum Ecol Risk Assess 20:
1264–1280

Huang Z, Pan XD, Wu PG, Han JL, Chen Q (2014) Heavy metals in
vegetables and the health risk to population in Zhejiang, China.
Food Control 36(1):248–252

Hussain MI, Al-Dakheel AJ (2015) Using alternate water resources for
cultivation of salt tolerant perennial grasses under marginal environ-
ment. TROPENTAG, Management of Land use systems for en-
hanced food security-conflicts, controversies and resolutions,
Berlin, Germany, September 16-18

Hussain MI, Lyra DA, Farooq M, Nikoloudakis N, Khalid N (2016) Salt
and drought stresses in safflower: a review. Agron. Sustain. Dev. 36:
4

Hussain MI, Muscolo A, Farooq M, Ahmad W (2019) Sustainable use
and management of non-conventional water resources for rehabili-
tation of marginal lands in arid and semiarid environments. Agric
Water Manag 221:462–476

Jaradat AA (2005) Saline agriculture in the Arabian Peninsula:
Management of marginal lands and saline water resources. Journal
of Food, Agriculture, and the Environment 3:302–306

Kfir O, Tal A, Gross A, Adar E (2012) The effect of reservoir operational
features on recycled wastewater quality. Resour Conserv. Recycl.
68:76–87

Khan N, Bano A (2016) Modulation of phytoremediation and plant
growth by the treatment with PGPR, Ag nanoparticle and untreated
municipal wastewater. Int J Phytoremediat 18:1258–1269

Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG (2008) Health risks of
heavy metals in contaminated soils and food crops irrigated with
wastewater in Beijing, China. Environ Pollut 152(3):686–692

LanticanMA, Pingali PL, Rajaram S (2003) Is research onmarginal lands
catching up? The case of unfavourable wheat growing environ-
ments⋆. Agric Econ 29(3):353–361

Liang WY, Sui LL, Zhao Y, Li FZ, Liu LJ, Xie D (2015) Ecotoxicity
assessment of soil irrigatedwith domestic wastewater using different
extractions. Front Env Sci Eng 9:685–693

Liu HY, Probst A, Liao BH (2005)Metal contamination of soils and crops
affected by the Chenzhou lead zinc mine spill (Hunan, China). Sci
Total Environ 339:153–166

Liu WX, Li HH, Li SR, Wang YW (2006) Heavy metal accumulation of
edible vegetables cultivated in agricultural soil in the suburb of
Zhengzhou city, People’s Republic of China. Bull. Environ.
Contam. Toxicol. 76:163–170

Liu GN, Tao L, Liu XH, Hou J, Wang AJ, Li RP (2013) Heavy metal
speciation and pollution of agricultural soils along Jishui River in
non-ferrous metal mine area in Jiangxi Province, China. J Geochem
Explor 132:156–163

Lu T, Li JM,Wang XQ,Ma YB, Smolders E, Zhu NW (2016) Derivation
of ecological criteria for copper in land-applied biosolids and
biosolid-amended agricultural soils. J Environ Manag 183:945–951

Maiolo M, Mendicino G, Pantusa D, Senatore A (2017) Optimization of
drinking water distribution systems in relation to the effects of cli-
mate change. Water 9:803

Mapanda F, Mangwayana EN, Nyamangara J, Giller KE (2005) The
effect of long-term irrigation using wastewater on heavy metal con-
tents of soils under vegetables in Harare. Zimbabwe. Agr. Ecosys.
Environ. 107:151–165

Mateo-Sagasta J, Medlicott K, Qadir M, Raschid-Sally L, Drechsel P,
Liebe J (2013) Safe use of wastewater in agriculture. Proceedings
series, (11), p.80

Meng WQ, Wang ZW, Hu BB, Wang ZL, Li HY, Goodman RC (2016)
Heavy metals in soil and plants after long-term sewage irrigation at
Tianjin China: a case study assessment. Agric Water Manag 171:
153–161

Environ Sci Pollut Res (2020) 27:11213–11226 11225

http://www.eurlexeuropaeu/LexUriServ/site/en/oj/2006/l_364/l_36420061220en00050024.pdf
http://www.eurlexeuropaeu/LexUriServ/site/en/oj/2006/l_364/l_36420061220en00050024.pdf
http://www.fao.org/docrep/018/i3107e/i3107e00.htm
http://www.iom.edu/Global/NewsAnnouncements/~/media/Files/ActivityFiles/Nutrition/DRIs/DRISummaryListing2.ashx
http://www.iom.edu/Global/NewsAnnouncements/~/media/Files/ActivityFiles/Nutrition/DRIs/DRISummaryListing2.ashx
http://www.iom.edu/Global/NewsAnnouncements/~/media/Files/ActivityFiles/Nutrition/DRIs/DRISummaryListing2.ashx


Nabulo G, Young SD, Black CR (2010) Assessing risk to human health
from tropical leafy vegetables grown on contaminated urban soils.
Sci Total Environ 408:5338–5351

Pontoni L, van Hullebusch ED, Fabbricino M, Esposito G, Pirozzi F
(2016) Assessment of trace heavy metals dynamics during the inter-
action of aqueous solutions with the artificial OECD soil: evaluation
of the effect of soil organic matter content and colloidal mobiliza-
tion. Chemosphere 163:382–391

Qadir M, Wichelns D, Raschid-Sally L, McCornick PG, Drechsel P,
Bahri A, Minhas PS (2010) The challenges of wastewater irrigation
in developing countries. Agric Water Manag 97(4):561–568

Qureshi AS, Hussain MI, Ismail S, Khan QM (2016) Evaluating heavy
metal accumulation and potential health risks in vegetables irrigated
with treated wastewater. Chemosphere 161:54–61

Raschid-Sally, L., Jayakody, P., 2007. Understanding the drivers of
wastewater agriculture in developing countries—results from a
global assessment. Comprehensive Assment Resarch Series.

Ray DK, Mueller ND, West PC, Foley JA (2013) Yield trends are insuf-
ficient to double global crop production by 2050. PLoS One 8:
e66428

Shahin, S.M., Salem, M.A.M (2014) The cost of landscaping beauty in
the United Arab Emirates (UAE): Call for quick actions to save the
irrigation resources. Proceedings of ICMTSET.

Sharma RK, Agrawal M, Marshall FM (2006) Heavy metals contamina-
tion in vegetables grown in wastewater irrigated areas of Varanasi,
India. Bull Environ Contam Toxicol 77:311–318

Sharma RK, Agrawal M, Marshall FM (2007) Heavy metals contamina-
tion of soil and vegetables in suburban areas of Varanasi, India.
Ecotoxicol Environ Saf 66:258–266

Sinha S, Gupta AK, Bhatt K, Pandey K, Rai UN, Singh KP (2006)
Distribution of metals in the edible plants grown at Jajmau,
Kanpur (India) receiving treated tannery wastewater: relation with
physico-chemical properties of the soil. Environ Monit Assess 115:
1–22

Ssemanda JN, Joosten H, Bagabe MC, Zwietering MH, Reij MW (2018)
Reduction of microbial counts during kitchen scale washing and
sanitization of salad vegetables. Food Control 85:495–503

Stalikas CD, Mantalovas AC, Pilidis GA (1997) Multielement concen-
trations in vegetable species grown in two typical agricultural areas
of Greece. Sci. Total Environ. 206:17–24

STATISTICS U (2016) Federal Competitiveness and Statistics Authority.
Retrieved 15 March, p.2016

Storelli MM (2008) Potential human health risks frommetals (hg, cd, and
Pb) and polychlorinated biphenyls (PCBs) via seafood consump-
tion: estimation of target hazard quotients (THQs) and toxic equiv-
alents (TEQs). Food Chem Toxicol 46(2008):2782–2788

Turner RDR, Warne MSJ, Dawes LA, Vardy S, Will GD (2016) Irrigated
greywater in an urban sub-division as a potential source of metals to
soil, groundwater and surface water. J Environ Manag 183:806–817

Trang DT, van der HoekW, Cam PD, Vinh KT, Van Hoa N, Dalsgaard A
(2006) Low risk for helminth infection in wastewater-fed rice culti-
vation in Vietnam. J. Water Health 4:321–331

Uitto, J.I. and Schneider, J., 1997. Freshwater resources in arid lands
United Nations Convention to Combat Desertification (UNCCD) (2004)

Arab Republic of Egypt: National Report for Combating
Desertification, Cairo

United Nations, World population prospects: 2012 revision population
database. (2012) Available at http://www.un.org/esa/population/
unpop.htm

Ure AM, Quevauviller P, Muntau H, Griepink B (1993) Speciation of
heavy-metals in soils and sediments - an account of the improve-
ment and harmonization of extraction techniques undertaken under
the auspices of the Bcr of the commission-of-the- European-com-
munities. Int J Environ An Ch 51:135–151

USEPA (2006) USEPA region III risk-based concentration table: techni-
cal background information. Unites States Environmental Protection
Agency, Washington

Wang Y, Luo CL, Li J, Yin H, Zhang G (2014) Influence of plants on the
distribution and composition of PBDEs in soils of an e-waste dis-
mantling area: evidence of the effect of the rhizosphere and selective
bioaccumulation. Environ Pollut 186:104–109

World Bank (2017) Renewable internal freshwater resources per capita
(cubic meters). Retrieved from TheWorld Bank: available on http://
data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2014&start=
1962, access on February, 2017.

WRI (2007) Actual Renewable Water Resources: Per capita. Retrieved
2010, from Earth Trends: available on http://earthtrends.wri.org/
text/waterresources/variable-694.html. Access on February, 2017.

Yang QW, Xu Y, Liu SJ, He JF, Long FY (2011) Concentration and
potential health risk of heavy metals in market vegetables in
Chongqing, China. Ecotoxicol Environ Saf 74(2011):1664–1669

Zakir HM, Aysha MIJ, Mallick S, Sharmin S, Quadir QF, Hossain MA
(2018) Heavy metals and major nutrients accumulation pattern in
spinach grown in farm and industrial contaminated soils and health
risk assessment. Arch Agric Environ Sci 3(1):95–102

Zhong T, Xue D, Zhao L, Zhang X (2018) Concentration of heavymetals
in vegetables and potential health risk assessment in China. Environ
Geochem Health 40(1):313–322

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Environ Sci Pollut Res (2020) 27:11213–1122611226

http://www.un.org/esa/population/unpop.htm
http://www.un.org/esa/population/unpop.htm
http://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2014&start=1962
http://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2014&start=1962
http://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2014&start=1962
http://earthtrends.wri.org/text/waterresources/variable-694.html
http://earthtrends.wri.org/text/waterresources/variable-694.html

	Health...
	Abstract
	Introduction
	Materials and methods
	Characterization of the study area
	Field preparation and experimental design
	Plant, soil, and water sampling and biochemical analysis
	Installation of irrigation system and treatment application
	Translocation factor (TF)
	Daily intake of metals
	Health risk assessment
	Target hazard quotient (THQ)
	Hazard index (HI)
	Statistical analysis

	Results
	Heavy metal accumulation in the soil
	Evaluation of trace metals in different vegetables
	Assessment of vegetable contamination and associated health risk evaluation
	Heavy metal translocation in the soil-plant system
	Estimated dietary intake (EDI) of metals
	Risk identification and human health risk assessment
	Microbial load in the target vegetables


	Discussion
	Conclusion
	References


