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A B S T R A C T

Nowadays, vegetable irrigation with wastewater in developing countries has become a serious issue. In this
regard, the current investigation was performed to collect the related data regarding the concentration of po-
tentially toxic elements (PTEs) including Fe, Zn, Cu, Cr, Pb, Ni, and Cd in onion and tomato samples irrigated
with wastewater by the aid of a systematic review among the Scopus, Medline and Embase databases between 1/
January/1983 to 31/January/2019. Also, the health risk assessment for consumers due to PTEs ingestion via the
consumption of onion and tomato was estimated by using target hazard quotient (THQ). In this context, 35
articles with 64 studies out of 779 retrieved citations were included in the meta-analysis. The ranking of different
parts of tomato based on Pb, Cd, and Cu concentration was shoot> root> leave> edible part; Fe, leave>
shoot> root> edible part; Cr, root> leave> shoot> edible part; Zn, shoot> leave> root> edible part; and
Ni, leave> edible part> root> shoot. Moreover, the ratio concentration of Pb, Cd, Cu, Fe, Cr, Zn and Ni in the
edible part to leave of onion was 2.92, 6.01, 1.29, 4.17, 0.84, and 3.55, 10.10, respectively. According to
findings, the rank order of PTEs in the onion was Fe (43.09mg/kg-dry weight) > Zn (34.3mg/ kg-dry
weight) > Pb (18.54mg/ kg-dry weight) > Cu (14.9 mg/ kg-dry weight) > Ni (11.92mg/ kg-dry
weight) > Cr (7.24mg/ kg-dry weight) > Cd (0.23mg/ kg-dry weight) and tomato; Fe (139.12mg/ kg-dry
weight) > Zn (29.81mg/ kg-dry weight) > Cu (25.04mg/ kg-dry weight) > Cr (14.28mg/ kg-dry
weight) > Pb (9.58mg/ kg-dry weight) > Ni (9.23mg/ kg-dry weight) > Cd (4.64mg/kg-dry weight).
However, the concentration of PTEs investigated in the edible part of onion was higher than leaves; their
concentrations in the edible part of the tomato were lower than other parts. The health risk assessment indicated
that consumers groups are at significant non-carcinogenic risk due to the ingestion of PTEs via consumption of
the onion and tomato vegetable wastewater irrigated (THQ > 1). Therefore, the irrigation of vegetables with
wastewater should be monitored and controlled by some prevention plans.

1. Introduction

There are several reports regarding water scarcity which attributed
to the non-uniform distribution of water on earth and also, the increase
in demand following by development of cities and urbanization
(Becerra-Castro, Lopes, Vaz-Moreira, Silva, & Manaia, 2015; Lyu, Chen,
Zhang, Fan, & Jiao, 2016). In this regard, it was forecasted that half of
the world's population would suffer from water shortage in 2025 (Quist-

Jensen, Macedonio, & Drioli, 2015). Moreover, since the early nine-
teenth century, the people facing water shortage has risen 16 times
along with the 4-fold increase in world population. So, supplying a
well-treated wastewater source is necessary to solve the problem
(Kummu et al., 2016).

While annually, 80% of the urban population, generate 261 km3

wastewater around the world (Mateo-Sagasta, Raschid-Sally, & Thebo,
2015), Wastewater reuse (WWR) is one of the high-priority ways to

https://doi.org/10.1016/j.foodres.2019.108518
Received 14 April 2019; Received in revised form 14 June 2019

⁎ Corresponding authors.
E-mail addresses: Yazdanbakhsh@sbmu.ac.ir (A. Yazdanbakhsh), Ya.fakhri@gmail.com (Y. Fakhri).

Food Research International 125 (2019) 108518

Available online 24 June 2019
0963-9969/ © 2019 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/09639969
https://www.elsevier.com/locate/foodres
https://doi.org/10.1016/j.foodres.2019.108518
https://doi.org/10.1016/j.foodres.2019.108518
mailto:Yazdanbakhsh@sbmu.ac.ir
mailto:Ya.fakhri@gmail.com
https://doi.org/10.1016/j.foodres.2019.108518
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodres.2019.108518&domain=pdf


reduce the water stress and unavailability which attracted notable at-
tention among some countries such as U. S, European Union, China, and
Australia (Pintilie, Torres, Teodosiu, & Castells, 2016; Tarpani &
Azapagic, 2018; Tran, Schwabe, & Jassby, 2016). Treated wastewater
as an alternative source for fresh water can be used in agriculture, in-
dustry, aquifer recharge, power plants, and environmental uses (Bunani
et al., 2015; Cao, Liang, & Liu, 2008). Irrigation of fields by wastewater
have advantages such as supplying low-cost water and nutrients, re-
ducing fertilizer consumption, soil modification; and increasing in crop
production (Prazeres et al., 2016). In this regard, Najafi (Najafi, 2006)
and Zavadil (Zavadil, 2009) demonstrated that wastewater significantly
increased the yield of crops. Since the agricultural sector can be con-
sidered as one of the biggest consumers of water (> 70%), reusing of
treated wastewater in this sector plays an important role in sustainable
agriculture (Tran et al., 2016; Zou & He, 2016). Nevertheless, even
treated wastewater has remaining substances such as emerging and
toxic pollutants that can lead to contamination of surface water, soil,
and plants (Rizzo, Fiorentino, Grassi, Attanasio, & Guida, 2015; Turan
et al., 2018).

The most important concern regarding wastewater irrigation is re-
lated to the aggregation of PTEs in crops and further transfer to the food
chain (Nair, Levitan, & Oyama, 2008; Reddy, Reddy, Narayana, Sarala,
& Reddy, 2008). Vegetables as one of the major sources for human
nutrition can absorb PTEs from polluted soils through their roots
(Fathabad et al., 2018). The high absorption can even hurt to a different
part of the plant and cause some issues in terms of growth and yield
(Ahmad et al., 2017). Moreover, the consumption of heavy metal
through contaminated vegetables by human also leads to serious issues
in some organs (kidney and heart) and also, malfunctions of some
systems like nervous, immunological, skeletal, and digestive (Anwar
et al., 2016).

Among the PTEs, Hg enters the crops by methylation process and
causes amalgam, allergy, proteinuria, and problems on some limbs
(lung and kidney) (El-Kady & Abdel-Wahhab, 2018; Fathabad et al.,
2018). Cd is known as a carcinogen agent, which can lead to breast and
lung cancer. The itai-itai is also a famous disease caused by long-term
Cd exposure (Peralta-Videa, Lopez, Narayan, & Saupe, 2009; Roh et al.,
2015; WHO, 2002). Pb is another carcinogen and through brain da-
mage, disturbs the children's learning systems. Other problems like
encephalopathy, anemia, vomiting, and nausea are also attributed to Pb
ingestion. Generally speaking, Pb combined with Hg, Cu, and Cd can
damage the kidney (El-Kady & Abdel-Wahhab, 2018; Ghasemidehkordi
et al., 2018; Koduru & Lee, 2014; Rai, Lee, Zhang, Tsang, & Kim, 2019).
Another carcinogen is Cr which its hexavalent ion is much more toxic
than trivalent, leads to health issues such as hemolysis, hemorrhage,
and gastrointestinal. Cr in combination with Zn can also create some
disorders for the respiratory system (Fakhri et al., 2018; Lingamdinne
et al., 2017; Lingamdinne, Koduru, Choi, Chang, & Yang, 2016; Rai
et al., 2019; Reddy, Kumar, Ramachandraiah, Thriveni, & Reddy, 2007;
Sarma, Kumar, Reddy, Thriveni, & Reddy, 2006).

Among the literature, the PTEs aggregation in tomato irrigated by
different dilutions of wastewater investigated by Al-Lahham, El Assi,
and Fayyad (2007). The results indicate that an increment in Mn and Zn
concentrations by increasing in the proportion of wastewater against
fresh water was observed (Al-Lahham et al., 2007). Another study also
found that irrigation of radish by untreated textile wastewater resulted
in the higher accumulations of Ni and Pb in the plant while compared to
treated wastewater (Rehman & Bhatti, 2008). According to another
survey, the vegetables irrigated by wastewater showed higher accu-
mulation of PTEs in comparison with those irrigated with groundwater.
Based on the findings, the rank order of PTE concentrations in both
irrigation water types, as well as the type of vegetables, was Mn ˃ Zn ˃

Fig. 1. Selection process studies conducted on concentration of potentially toxic elements (PTEs) in onion and tomato irrigated wastewater.
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Cu ˃ Pb ˃ Cr ˃ Cd (Cheshmazar, Arfaeinia, Karimyan, Sharafi, &
Hashemi, 2018).

Although in the several studies concentration of PTEs in vegetables
including onion (Allium cepa L.) and tomato (Solanum Lycopersicon L.)
wastewater irrigated was detected, no systematic review and meta-
analysis has been performed (Cherfi, Achour, Cherfi, Otmani, & Morsli,
2015; Dong, Cui, & Liu, 2001; Hossain, Strezov, & Nelson, 2015; Safi &
Buerkert, 2011). Hence, the main objectives of the current study were
to conduct a meta-analysis concentration of PTEs in onion and tomato
vegetable wastewater irrigated based on countries subgroup. Also, Non-
carcinogenic health is in the adults and children consumers was esti-
mated.

2. Material and method

2.1. Search strategy

Searching was done according to Cochrane protocols (Fig. 1)
(Higgins & Green, 2011; Khaneghah et al., 2019; Khaneghah et al.,
2019; Liberati et al., 2009). The searching was accomplished to obtain
articles aimed at the accumulation of PTEs in vegetables, including
onion and tomato irrigated by the wastewater on a global scale. The
searching was performed among some of the international databases
such as Scopus, Medline, and Embase between 1/January/1983 to 31/
January/2019.

The following terms were used: Scopus: ((ti/ab (“metals”) OR ti/ab
(“heavy metals”) OR ti/ab (“trace metals”))) OR ti/ab (“metal(oid)s”)
AND ((ti/ab (“vegetables”) ((ti/ab (“tomato”) OR ((ti/ab (“spinach”)
OR ((ti/ab (“onion”) OR ti/ab (“plants”); Medline: Search
(((“Metals”[Mesh]) OR (((heavy metals [Ti/Ab]) OR metals [Ti/Ab])
OR metal(oid)s [Tit_Abs]))) AND (((((((Plant [Ti/Ab]) OR vegetables
[Ti/Ab]) onion [Ti/Ab]) radish[Ti/Ab]) spinach [Ti/Ab]) tomato[Ti/
Ab]); Embase: (‘metals’:abt OR ‘heavy metals’:abt OR’ trace metal:abt
OR’ metal(oid)s:abt) AND ‘vegetables':abt OR plants'. Also, the refer-
ences lists of articles were assessed in order to retrieve additional ci-
tations.

2.2. Inclusion criteria and data extraction

Inclusion criteria in the current study were defined as a) reporting of
PTEs concentration in the onion and tomato vegetables; b) published in
English language; c) cross-sectional study; d) reporting of average and
range concentration of PTEs; e) irrigated vegetables by wastewater. In
this regard, clinical trial study, case reports, review articles, books, and
experimental studies were excluded (Khaneghah, Fakhri, Raeisi,
Armoon, & Sant'Ana, 2018; Khaneghah, Fakhri, & Sant'Ana, 2018).
Also, studies with other types of irrigation systems such as those ve-
getables irrigated by river water contain wastewater excluded (Fakhri
et al., 2019; Khaneghah, Fakhri, et al., 2019; Khaneghah, Kamani, et al.,
2019).

The data regarding PTE concentrations in vegetables as a graph was
extracted by the GetData Graph Digitizer software (ver.2.24 (http://
getdata-graph-digitizer.com)). In this regard, articles that did not fit the
quality of the graphs were excluded. Also, studies which reported
wastewater and sludge for irrigation of plants simultaneously were
excluded.

The extracted characteristics of each study consist of the year of
study, country, WHO regions, type of vegetables, parts of vegetables,
sample size, mean and range of PTEs concentration, the standard de-
viation of PTE concentrations. In order to harmonize the units, all unit
of concentration of PTEs including μg/kg, ppb and ng/g were converted
to mg/kg-dry-weight.

2.3. Meta-analysis and statistical analysis

The pooled concentration of PTEs was investigated via mean and

standard error (SE) (Higgins, White, & Anzures-Cabrera, 2008; Quan &
Zhang, 2003).

The SE of the concentration of PTEs was calculated via the following
equation:

=SE SD
n (1)

while SD and n are a standard deviation and sample size, respectively.
The Chi-square (I2) test was performed to detect heterogeneity. If I2

was higher than 50%, heterogeneity is considerable (Higgins &
Thompson, 2002). Due to the high percentage of I2 achieved in this
study (> 50%), the random effect model (REM) was applied (Kuroki
et al., 2017). The meta-analysis statistical procedure was conducted by
STATA ver.14.0 (2015; STATA 14.0 Statistical Software, College Sta-
tion, TX, USA). P < .05 was considered as the level for statistically
significant.

2.4. Non-carcinogenic risk assessment

The non-carcinogenic risk due to ingestion of PTEs via consumption
of vegetable was calculated with the aid of the following equation
(Nazaroff & Alvarez-Cohen, 2001; Shahrbabki et al., 2018):

=
× × ×

×

EDI Cm IR EF ED
BW ATn (2)

where, EDI is estimated daily intake; Cm, concentration of metal (mg/
kg-dry weight); IR, ingestion rate (g/n-d); EF, exposure frequency
(350 day/year); ED, exposure duration (children= 6 years and
adults= 30 years); BW, Body weight (children=15 kg and
adults= 70 kg); ATn (EF×ED), average time exposure (chil-
dren=2190 days and adults= 10,950 days) (EPA, 1989; EPA, 2011).
The average world ingestion rate of onion and tomato is 30.68 and
55.89 g/n-d, respectively (Helgilibrary, 2011).

While the concentration of PTEs as mg/kg-dry weight, the unit was
converted to mg/kg-wet weight by using the presented equation below:

=
× −ww dw M(100 % )

100 (3)

In this equation, is concentration based on wet weight; dw, con-
centration based on dry weight and %M is content in onion and potato
that is 70% and 90%, respectively (Canet, 1988).

Target hazard quotient (THQ) was estimated by the following
equation (Nazaroff & Alvarez-Cohen, 2001):

=THQ EDI
RfD (4)

where, THQ is target hazard quotient; EDI estimated daily intake; RfD,
oral reference dose. RfD for Pb, Cd, Cu, Fe, Cr (Total), Zn and Ni is not
available, 0.001, 0.04, 0.7, not available, 0.3 and 0.011mg/kg-d (EPA,
1993, 2000, 2018).

3. Results and discussion

3.1. Retrieve studies process

It should be noted that some of the investigated metals in the cur-
rent investigations such as Fe, Zn and Cu cannot be considered as heavy
metals while others such as Cr, Pb, Ni, and Cd are heavy metals. In this
regard, in order to uniform terminology, the term of “Potentially Toxic
Elements” or “PTEs” was used.

By searching among the Scopus, Medline, and Embase international
databases, 779 articles published between 1/January/1983 and 31/
January/2019 were retrieved. In the first step, 324 articles were ex-
cluded via EndNote citation manager (vX7.4, Thomas Reuters, New
York, USA) due to repetition. Based on the titles of retrieved articles,
445 articles were selected as potentially suitable. Afterward, due to the
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irrelevant title, 246 articles were excluded. Based on the abstract, 209
articles were reviewed, and then 168 articles were excluded. Full texts
of the retrieved 41 articles were downloaded and reviewed, and finally,
35 articles with 64 studies (sample size of 1406) were included (Fig. 1
and Table 1AS).

3.2. Characteristics of studies

The ranking of countries based on number of study was India (19
studies) > Pakistan (17 studies) > Turkey (9 studies) > Ethiopia (3
studies) ~ Iran (3 studies) > China (2 studies) ~ Cyprus (2
studies) > Afghanistan (1 study) ~ Algeria (1 study) ~ Australia (1
study) ~ France (1 study) ~ Greece (1 study) ~ Iraq (1 study) ~ Italy (1
study) ~ Jordan (1 study) ~ Korea, Rep. (1 study) (Table 1As).

The rank order of studies based on the type of wastewater was in-
dustrial wastewater (23 studies) > unspecified wastewater (20 stu-
dies) > domestic wastewater (13 studies) > both industrial and do-
mestic wastewater (8 studies) (Table 1As).

3.3. PTEs in vegetables

Generally, high concentrations of PTEs in the environment may
result in higher levels of translocation to vegetables. In a literature
review conducted by Rai et al. (Rai et al., 2019), its explained that
irrigation by wastewater or sludge in developing countries is the main
translocation way of pollutants to crops. They are also concluded that
uptake of PTEs by plants is a complex process which involved several
factors; such as plant properties, the characteristics of PTEs, as well as
physicochemical characteristics of irrigating wastewater and soil
characteristics (Gupta, Nayek, Saha, & Satpati, 2008; Khawla, Besma,
Enrique, & Mohamed, 2019; Leblebici & Kar, 2018; Mitch, 2002).

3.3.1. Plant properties
Previous studies demonstrated that different parts of the plants

mainly depend on plant species, have difference tendency to the uptake
of PTEs (Al-Lahham et al., 2007; Berry, Wallace, & Lunt, 1980; Falahi-
Ardakani, Corey, & Gouin, 1988; Fazeli, Sathyanarayan, Satish,
Muthanna, & Sciences, 1991). Some plant parts, like fruit and seed due
to their high content of phloem tissue, have lower ability to accumulate
the PTEs while compared with others which can be associated with the
poor mobility of PTEs among these tissues (Khawla et al., 2019). Alemu,
Mekonnen, and Leta (2017a, 2017b) surveyed aggregation of Cr parts
of tomato, onion, beet, and carrot, which were irrigated by tannery
wastewater. The results showed that each of the vegetables had dif-
ferent absorption ability in terms of Cr (Alemu et al., 2017a). According
to Gupta, Khan, and Santra (2008), the plants, with regards to differ-
ences in their physiological needs, can uptake high concentration of Fe,
Cu, and Zn (Gupta, Nayek, et al., 2008). Therefore, each plant has a
unique ability to uptake the PTEs.

In the current study, the rank order of different parts of tomato
based on Pb, Cd, and Cu concentration was shoot> root> leave>
edible part; Fe, leave> shoot> root> edible part; Cr, root>
leave> shoot> edible part; Zn, shoot> leave> root> edible part;
and Ni, leave> edible part> root> shoot (Table 1). Concentration of
PTEs in the edible part was mainly lower than other parts of tomato
(Table 1).

3.3.2. Type of PTEs
The ranking of PTEs concentration in onion was

Fe > Zn > Pb > Cu > Ni > Cr > Cd (Table 2). The ratio con-
centration of Pb, Cd, Cu, Fe, Cr, Zn and Ni in the edible part to leave of
onion was 2.92, 6.01, 1.29, 4.17, 0.84, and 3.55, 10.10, respectively
(Table 2).

The ranking of PTEs concentration in tomato was Fe (139.12mg/
kg-dry weight) > Zn (29.81 mg/ kg-dry weight) > Cu (25.04 mg/ kg-
dry weight) > Cr (14.28 mg/ kg-dry weight) > Pb (9.58 mg/ kg-dry

weight) > Ni (9.23mg/ kg-dry weight) > Cd (4.64 mg/ kg-dry
weight) (Table 2).

The bioavailability of PTEs in plants is variable, which can be cor-
related with the unique uptake mechanism of each of PTEs (Chaoua,
Boussaa, El Gharmali, & Boumezzough, 2018). For instances, bioa-
vailability and movement of Fe, Cd, and Cu from soil to aerial plant
parts are high, while Pb is one of the low-mobility PTEs which can be
accumulated in higher concentration among the root. According to
Gupta, Khan, and Santra (2008), no particular pattern was noted for the
transportation of PTEs inside of tomato parts (Gupta, Nayek, et al.,
2008). According to our findings, unlike other PTEs, Cd, Zn, and Cu had
the highest accumulation in the shoot. Translocation of PTEs along the
path of root to shoot through xylem and their storage in leave vacuoles
depends on phytochelatins and the concentration of organic acids
(Nayek, Gupta, & Saha, 2010). The high uptake during chlorophyll
synthesis and be abundance in earth crust can be the main causes of
high concentration of Fe in vegetables (Leblebici & Kar, 2018). The
interaction between PTEs is another reason for non-uniform distribu-
tion in plant parts (Nayek et al., 2010). In some studies, antagonism
correlation between Zn and Cu was reported, which led to the high
accumulation of Zn than Cu, under the effect of soil pH (Chaudhry,
Sharif, Latif, & Qureshi, 1973; Jan et al., 2010; Njuguna et al., 2019).

3.3.3. Soil characteristics
Besides the type of plants and PTEs, physicochemical characteristics

of soil also can affect the PTEs uptake by plant parts. Considering to
findings of a previously conducted investigation, the low bioavailability
(element or compound that is accessible to an organism) of soil is a
main inhibiting factor to uptake PTEs by vegetables(Mitch, 2002;
Semple et al., 2004). Generally speaking, PTEs can be stabilized by
some factors such as the concentration of phosphate, organic matter,
and pH, of soil. In this regard, forming of carbonates and hydroxides as
result of increase in pH significantly reduces the PTEs mobility (Amin,
Hussain, Alamzeb, & Begum, 2013; Chaoua et al., 2018; Khan et al.,
2011). Moreover, irrigation by wastewater and cultivation of different
plants can also change the soil pH, which may be due to absorption and
nitrification of ammonia, leaching of cations, and increasing in organic
matter. Additionally, organic matter with clay in the soil can boost the
binding PTEs to the soil (Khawla et al., 2019). Increasing in organic
matter in the soil by irrigating wastewater, can be resulted in the for-
mation of low weight organic molecules, that serve as PTEs carriers
(Chaoua et al., 2018).

3.3.4. Irrigating wastewater characteristics
Several investigations have accentuated the role of wastewater

characteristic in the aggregation of PTEs in irrigated soil and subse-
quently in vegetables is the most considerable factor. As the PTEs
content of wastewater increases, their accumulation in the plants also
can be increased. Gupta, Khan, and Santra (2012) investigated the ac-
cumulation of some PTEs in cauliflower, spinach, coriander, parsley,
radish, and pudina vegetables cultivated in India, which irrigated by
both the wastewater and clean water. All vegetables irrigated by was-
tewater, compared to the clean water, had a significant concentration of
PTEs (Gupta et al., 2012). Another study in China also proved that using
wastewater for irrigation while compared with groundwater has led to
the significant aggregation of some PTEs into the soil as well as crops
(Xue, Liu, Liu, & Yan, 2012). According to findings of a previously
published report, the concentrations of Pb, Cr, Ni, and Cd in the edible
part of onion irrigated by tube well water, were 0.0187, 0.0017, 0.039,
and 0.001mg/kg, respectively. While the corresponded values for same
PTEs for tomato were measured as0.0197, 0.004, 0.0253, and
0.0017mg/kg, respectively. The concentrations of Pb, Cr, Ni, and Cd in
the edible parts of onion which irrigated by river water were 0.0227,
0.004, 0.0477, and 0.001mg/kg. While in terms of tomato, the corre-
sponded values for same PTEs were mentioned as 0.0310, 0.004,
0.0363, and 0.0013mg/kg, respectively (Leblebici & Kar, 2018). In
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comparing with our results, it is obvious that irrigated crops with tube
well and river water showed the lower PTEs concentration. In another
study, the concentration of Zn, Cu, Cd, Ni, Pb, and Cr in tomato irri-
gated with freshwater was reported as 27.5mg/kg, 10, 0.072, 0.26mg/
kg, 0.16, and 0.42mg/kg, respectively(Demir & Sahin, 2017).

As the electrical conductivity of wastewater increases, PTEs solu-
bility increased and subsequently, their transfer (bioavailability) to
plants could be enhanced (Chaoua et al., 2018). The high concentration
of PTEs in the tomato and onion in the current study can be associated
with a high concentration of the PTEs in wastewater that used for ir-
rigation. Therefore, wastewater composition, or in other words, its
characteristics can directly affect the transfer and further accumulation
of PTEs in crops. The wastewater characteristics can be varied de-
pending on source type (domestic, industrial or both) and treatment
process used (Ahmad et al., 2018; Khanum et al., 2017; Khawla et al.,
2019; Leblebici & Kar, 2018; Nikaido et al., 2010). Generally, industrial
wastewater has a higher load of PTEs than municipal wastewater that
relatively they can distribute them to the environment in a larger
amount. The type and efficiency of applied technology in wastewater
treatment are also important. Clearly, higher levels of PTEs removal can
be achieved using modern and high-efficiency treatment units
(Inyinbor, Bello, Oluyori, Inyinbor, & Fadiji, 2019; Rai et al., 2019;
Verma, Agrawal, & Sagar, 2015). The findings of an investigation un-
derlined that Pb, Ni, and Cd concentration in three vegetables (turnip,

radish, and brassica) were increased by using untreated textile industry
effluents (Rehman & Bhatti, 2008). Moreover, due to the higher re-
sistance of PTEs (low chemical reactivity), frequency and duration of
irrigation can pose incremental effects on the concentration of PTEs in
irrigated crops (Mahmood & Malik, 2014). Based on the results of Solís
et al. (2005) longer irrigation with wastewater can be resulted in higher
levels Organic total content and consequently increasing in PTEs
bioavailability (Solís et al., 2005).

3.4. Risk assessment

The measured non-carcinogenic risk due to ingestion of PTEs via
consumption of onion and tomato irrigated wastewater in various
countries was presented in Table 2s and 3s. The THQ values for both
consumer groups in all investigated countries were calculated as higher
than 1 representing a considerable health risk for them (EPA, 1989;
EPA, 2011). Similar to previously conducted a health risk assessment
(Fakhri et al., 2018; Ghasemidehkordi et al., 2018; Shahrbabki et al.,
2018; Yousefi et al., 2018), THQ in the children due to lower BW was
4.78 times higher than adults. Therefore, children are at higher health
risk (Nazaroff & Alvarez-Cohen, 2001; Razzaghi et al., 2018; Tajdar-
oranj et al., 2018). The dietary pattern of vegetables (onion and tomato)
consumption, per capita consumption of vegetables and concentration
of PTEs in soil and wastewater used to in the irrigation of vegetables are

Table 1
Meta-analysis of potentially toxic element (PTE) concentrations of tomato samples irrigated wastewater based on vegetable part.

(PTEs) Vegetable part Number of studies ES (mg/Kg-dry weight) (95% CI) Weight Heterogeneity

Statistic df P value I2 (%)

Pb Edible 20 5.560 5.18–5.94 77.27 2.8e+05 19 0.000 100
Root 2 39.029 0–91.85 4.79 1052.77 1 0.000 99.9
Shoot 2 42.713 38.22–47.2 4.4 4.61 1 0.032 78.3
Leave 4 31.8 18.57–45.04 8.96 827.93 3 0.000 99.6
ND 1 2.520 1.83–3.2 4.57 0.00 0 – –
Overall 29 9.583 9.24–9.92 100 2.9e+05 28 0.000 100

Cd Edible 22 0.453 0.37–0.52 84.09 15,154.90 21 0.000 99.9
Root 2 57.195 40.76–73.62 2.26 121.22 1 0.000 99.2
Shoot 2 57.626 46.76–68.48 2.27 55.53 1 0.000 98.2
Leave 4 20.217 1.03–39.39 7.78 6727.51 3 0.000 100
ND 1 0.020 0–0.51 3.59 0.00 0 – –
Overall 31 4.641 4.51–4.77 100 82,452.53 30 0.000 100

Cu Edible 22 13.865 11.8–15.92 63.12 2.4e+05 21 0.000 100
Root 3 44.890 25.3–64.47 8.49 554.34 2 0.000 99.6
Shoot 3 69.398 27.9–110.89 8.58 3023.15 2 0.000 99.9
Leave 6 38.248 18.26–58.23 16.90 5179.01 5 0.000 99.9
ND 1 3.360 2.19–4.52 2.92 0.00 0 – –
Overall 35 25.049 23.26–26.82 100 2.8e+05 34 0.000 100

Fe Edible 11 59.959 22.21–97.7 44.12 4981.72 10 0.000 99.8
Root 4 102.80 5.55–200.06 15.96 81.69 3 0.000 96.3
Shoot 4 165.33 0–337.46 15.96 259.14 3 0.000 98.8
Leave 6 291.91 112.28–471.54 23.95 821.20 5 0.000 99.4
ND – – – – – – – –
Overall 25 139.12 82.52–195.72 100 53,958.10 24 0.000 100

Cr Edible 20 4.540 4.24–4.83 87.51 5.6e+05 19 0.000 100
Root 4 126.34 36.38–216.31 3.10 7655.33 3 0.000 100
Shoot 4 69.681 10.53–128.82 4.14 4837.35 3 0.000 99.9
Leave 5 105.30 0–224.87 3.24 21,499.70 4 0.000 100
ND 1 2.360 0.49–4.22 2 0.00 0 – –
Overall 34 14.285 13.99–14.57 100 6.5e+05 33 0.000 100

Zn Edible 21 20.858 17.7–24.01 57.17 54,426.13 20 0.000 100
Root 4 30.973 5.27–56.66 10.95 433.88 3 0.000 99.3
Shoot 4 48.198 10.73–85.65 10.92 871.70 3 0.000 99.7
Leave 7 45.915 23.95–67.87 18.11 1689.04 6 0.000 99.6
ND 1 33.080 29.91–36.24 2.85 0.00 0 – –
Overall 37 29.814 27.15–32.47 100 70,051.47 36 0.000 99.9

Ni Edible 14 9.579 7.17–11.98 69.80 4874.01 13 0.000 99.7
Root 1 5.700 3.99–7.4 5.09 0.00 0 – –
Shoot 1 4.400 2.69–6.1 5.09 0.00 0 – –
Leave 4 10.845 2.17–19.51 20.03 453.55 3 0.000 99.3
ND – – – – – – – –
Overall 20 9.235 7.7–10.76 100 5619.44 19 0.000 99.7
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among most important factors in exposed health risk due to ingestion of
PTEs via consumption of onion and tomato (Fakhri, Khaneghah, et al.,
2018; Ghasemidehkordi et al., 2018; Yousefi et al., 2018). However, the
high value of THQ in the current investigation can be associated with a
high concentration of PTEs in onion and tomato due to irrigation with
(Cherfi et al., 2015; Safi & Buerkert, 2011; Zhao, Jin, Shen, & Guo,
2011b).

4. Conclusions

In the current study, the concentration of PTEs in the onion and
tomato vegetables irrigated by wastewater was meta-analyzed, and
non-carcinogenic health risk in the adults and children was assessed.
Some factors such as plant properties, the characteristics of PTEs, as
well as physicochemical characteristics of irrigating wastewater and
soil characteristics play important roles in the uptake of PTEs by plants,
particularly onion and tomato. According to findings, the minimum and
maximum concentrations of PTEs in the onion and tomato was related
to Cd and Fe, respectively, also the concentration of PTEs in the edible
part of onion was higher than leaves. Dislike onion, the aggregation of
PTEs in the edible part of tomato was lower than other parts. The health
risk assessment shows that consumers of all ages are at considerable
non-carcinogenic risk due to the existence of PTEs in the onion and
tomato vegetable irrigated by wastewater (THQ > 1). The results of
our study proved that irrigation of vegetable by wastewater could be
converted vegetables from nutrient food to a hazardous food.
Therefore, further control among the wastewater treatment and during
irrigation of vegetable wastewater regarding the concentration of PTEs
is highly recommended. Furthermore, preventive approaches in order
to limit of untreated wastewater usages in irrigation of vegetables such
as onion and tomato should be considered by governments as well as
farmers.
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