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The Carcinogenic and Non-
Carcinogenic Health Risks of
Metal(oid)s Bioaccumulation in Leafy
Vegetables: A Consumption Advisory
Mohammed Alsafran1,2, Kamal Usman1*, Muhammad Rizwan3,4, Talaat Ahmed5 and
Hareb Al Jabri 2

1Agricultural Research Station, Qatar University, Doha, Qatar, 2Central Laboratories Unit (CLU), Office of VP for Research and
Graduate Studies (VPRGS), Qatar University, Doha, Qatar, 3Henan Key Laboratory of Earth System Observation and Modeling,
Henan University, Kaifeng, China, 4College of Geography and Environmental Science, Henan University, Kaifeng, China,
5Environmental Science Center (ESC), Qatar University, Doha, Qatar

High levels of metal(oid)s in soil or food pose a severe health risk to humans. The potential
toxicants find their way into the living systems via the food chain, following bioaccumulation
in edible plants, including leafy vegetables grown in or irrigated with contaminated soil or
water, respectively. The current study determines the levels of vanadium (V), chromium
(Cr), nickel (Ni), copper (Cu), arsenic (As), lead (Pb), and cadmium (Cd) in leafy vegetables
(rocca, coriander, and parsley) grown in different open irrigated farms in Qatar and
investigates their potential human health risks (carcinogenic and noncarcinogenic). The
mean concentrations of V, Cr, Ni, Cu, As, Cd, and Pb in rocca are 17.09, 6.41, 1.70, 13.04,
14.72, 0.90, and 6.36 mg/kg, respectively; in coriander are 15.91, 6.03, 1.38, 15.30,
16.86, 0.43, and 5.00 mg/kg, respectively; and in parsley are 16.25, 6.26, 2.19, 17.97,
16.60, 0.51, and 5.46 mg/kg, respectively. The mean levels of V, Cr, As, Cd, and Pb were
observed to be higher than the recommended World Health Organization (WHO)/Food
and Agriculture Organization (FAO) values. The target hazard quotient (THQ) values of Cu
and As were found to be greater than 1 for the adult population. For the two elements
(i.e., Cu and As), the THQ varied from 1.03 to 1.42 and 1.17 to 1.44 in men. In women, the
values ranged from 1.20 to 1.65 and 1.35 to 1.55, for Cu and As, respectively. The hazard
index (HI) of rocca, coriander, and parsley was 3.99, 4.10, and 4.43, respectively, in men,
4.64, 4.76, and 5.14, respectively, among women. The carcinogenic risk (CR) of Cr, Ni,
and As ranged from 7.16 × 10−4 to 7.61 × 10−4, 5.57 × 10−4 to 8.85 × 10−4, and 5.24 ×
10−3 to 6.01 × 10−3, respectively, in men. In women, it ranged from 8.31 × 10−4 to 8.83 ×
10−4, 6.47 × 10−4 to 1.03 × 10−3, and 6.09 × 10−3 to 6.97 × 10−3, respectively, in all
vegetables. In crux, the consumption of rocca, coriander, and parsley grown in selected
farms in Qatar poses a major health risk (both noncarcinogenic and carcinogenic) to the
consumer. As a result, we recommend that vegetables grown in the studied areas be
closely monitored to protect consumer health.
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1 INTRODUCTION

Exponential population growth and boosts in agriculture,
construction, oil and gas, and waste generation increase
environmental pollution and pose concerns for both human
and environmental health (Verma et al., 2020; Yuan et al.,
2020). Toxic metal(oid)s such as lead (Pb), copper (Cu),
arsenic (As), and chromium (Cr) are dangerous (Cheng and
Yap, 2015; Usman et al., 2020a), and they potentially appear in
human bodies through ingestion of contaminated food, skin
exposure, and inhalation (Ihedioha et al., 2017). Health
problems can result from prolonged exposure to high toxic
concentrations (Yuan et al., 2020). Previous reports
documented the occurrence of potential toxic metal(oid)s
investigated in the present study in both cultivated (Peng
et al., 2016) and noncultivated soil (Usman et al., 2019;
Usman et al., 2020b) in Qatar. Additionally, more recently,
Alsafran et al. (2021) found that As, Cr, and Ni
concentrations in agricultural soil were higher than the
USEPA recommended level and pose significant risks to
human health, particularly children.

Through vegetable consumption (Bigdeli and Seilsepour,
2008), humans may easily ingest these harmful contaminants,
commonly found on the surface of fresh vegetables and their
tissues. According to several studies, vegetables grown on
contaminated soil worldwide accumulate high concentrations
of toxic metal(oid)s (Chang et al., 2014; Ismail et al., 2014;
Gupta et al., 2021). Türkdogan et al. (2003) linked an
increased risk of gastrointestinal cancer to consuming
vegetables loaded with high Pb, Cu, and Cd concentrations.
Therefore, the importance of investigating metal(oid)
accumulation in edible plants, particularly in leafy vegetables
cultivated in Qatar, and risks to human health following ingestion
cannot be overemphasized.

The quantity of potential toxic metal(oid) individual ingestion
via vegetable consumption determines the level of toxicity in
humans. In order to determine the potential dangers to human
health posed by toxic metal(oid)s through vegetable
consumption, various indices, and parameters are used (Gupta
et al., 2019). The indices include estimated daily intake (EDI),
target hazard quotient (THQ), hazard index (HI), and cancer risk
(CR) that can help discover the noncarcinogenic and
carcinogenic hazards of metal(oid)s in terms of human health.
HI summarizes noncarcinogenic hazards, and CR estimates the
chance that children or adults will develop cancer after being
exposed to potential carcinogenic elements over a lifetime. The
element As has been reported to cause cancer in various organ of
humans, including those of the bladder, kidney, skin, lung, and
liver (Xiong et al., 2013). People exposed to high Cd level risk
develop proliferative prostatic lesions, bone fractures, kidney
disease, hypertension, and cancer of the lungs (Satarug et al.,
2003; Kolluru et al., 2019). Many studies investigated other
potential human health risks of consuming metal(oid)-
contaminated vegetables in other parts of the world, including
India (Gupta et al., 2021), China (Ji et al., 2018), Pakistan (Alam
et al., 2003), Ethiopia (Gebeyehu and Bayissa, 2020), and
Bangladesh (Shaheen et al., 2016). However, to the best of our

knowledge, no study has been reported about vegetables
cultivated on metal(oid)-contaminated soil in Qatar, as well as
health risks associated with the consumption of leafy vegetables.

Source identification of potential toxins in the soil can be a
starting point for creating controls that aim to manage soil quality
better, while also protecting human health and the environment.
The concentration of metal(oid)s in soil are contributing to both
anthropogenic and natural sources. Geological parent materials
are a primary natural source. Anthropogenic sources include
untreated industrial effluent discharge, fertilizers, pesticides,
aerosols in the atmosphere, exhaust from vehicles, and
irrigation with wastewater (Lu et al., 2012; Sun et al., 2013;
Huang et al., 2015). Several kinds of research used the
decision tree analysis (Zhang et al., 2008), absolute principal
component scoring/multiple linear regression (APCS/MLR), and
principal component analysis (PCA) (Qu et al., 2013; Haji et al.,
2016), stochastic models (Hu and Cheng, 2013), isotope labeling
(Cheng and Hu, 2010), ensemble models (Wang et al., 2015), and
geo-statistical models (Sun et al., 2013) to identify pollution
sources.

Previously, we reported high levels (in the cultivated soil) of
some of the elements studied here (Alsafran et al., 2021). The
objectives of the current study were to determine the levels of As,
Cd, Cr, Cu, Ni, Pb, and V in three major leafy vegetables (rocca,
coriander, and parsley) grown in the same cultivated soil and
evaluate the human health risks among the adult (male and
female) population in Qatar. This work is the first to document
metal(oid) accumulation in Qatar-produced vegetables and their
associated health risks in humans to the best of our knowledge.
Given the country’s commitment to boost local production for
food security in recent years, the importance of this study cannot
be overemphasized. Our findings will help inform policies
regarding agriculture production and the creation of
contamination management strategies and regulations that
protect the health of humans and the environment. It will also
reinforce the need for sustained growth and political will towards
creating an environment sustainable for health.

2 MATERIALS AND METHODS

2.1 Sampling Sites
One of Qatar’s most remarkable characteristics is its arch surface
expression. Another notable characteristic is that the peninsula is
covered with pebbles and sand that have detached from
outcropped limestone (Peng et al., 2016; Al-Sulaiti et al.,
2017). While there is insufficient knowledge about lithological
events in Qatar, the country’s exterior predominately rests on
layers of clay and limestone (Alsafran et al., 2021; Fourniadis,
2010). Earlier studies on metal(oid) remediation in Qatar’s
natural soil have found that the concentrations of some
elements were below detection limit (Usman et al., 2019; Al-
Thani and Yasseen, 2020). Therefore, no proof suggesting that the
lithological events magnify metal concentrations exist. This
research used irrigated, open farms located in central and
northwestern Qatar (Figure 1). From January to April 2020,
70 km away from the center of Doha, 10 different locations were
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chosen to collect 150 vegetable samples (50 each for rocca,
coriander, and parsley). The locations of the samplings were
randomly chosen (Figure 1) and their coordinates were
documented (Supplementary Table S1). The vegetables
cultivated from the locations included mint, parsley, vegetable
silk, spinach, silk, lettuce, coriander, dill, onion, and rocca.
Imported soil, peat moss, and compost manure were
commonly used to improve the fertility of the soil.

2.2 Samples Collection and Preparation
The edible parts of the vegetable samples (rocca, coriander, and
parsley) were collected into pre-cleaned and sterilized separate
polyethylene bags for plant samples. About 1 kg of each of the
vegetables was separately collected from five randomly selected
subsampling sites and pooled together to form a composite. The
rotten portions were removed, and the remaining samples were

carefully packed and immediately transported to the laboratory
for further processing and analysis.

In the laboratory, the samples were treated with acid (0.01%
HCl) and thoroughly washed with tap and distilled water to
remove soil and particulate matter. To facilitate drying, the
cleaned samples were chopped into small pieces using a plastic
knife. Subsequently, the samples were air-dried in a hot air oven
at 50–60°C for 24 h to remove moisture and maintain constant
mass. The dried materials were grounded into a fine powder using
a mortar and pestle and passed through a 2 mm mesh size sieve.
The sieved samples were finally stored in polyethylene bags and
kept in desiccators until digestion and analysis.

2.3 Metal(oid)s Quantification
Analytical grade hydrochloric acid (HCl), nitric acid (HNO3),
and hydrofluoric acid (HF) were used to prepare the samples for

FIGURE 1 | Sampling locations.
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the microwave-assisted digestion process. Before digestion, all
glassware were washed with HCl and deionized water. These
samples were gradually agitated and moved into a Microwave
Digestion System MARS 6 (CEM Corporation, USA) at rotating
temperatures. At the end of digestion cycles, the digests were
transferred into 150 ml flasks, cooled, and filtered. Lastly,
deionized water was used to produce 150 ml of each of the
samples.

After digestion, the concentrations of potential toxic
metal(oid)s were determined by interpolating specimens into
an Inductively Coupled Plasma (ICPMS) NexIon 300D,
(PerkinElmer, USA). Conforming to the USEPA classifications,
along with previous reports (Peng et al., 2016; Al-Thani and
Yasseen, 2020), public health risks were considered when
choosing the type of analyses to do (Usman et al., 2019;
Usman et al., 2020b). In order to ensure valid, quality,
controlled results, the National Institute of Standards and
Technology for apple leaves 1515, laboratory duplicates at
every 10th sample, and reagent blanks were used. The %
recovery of the quantified metal(oid)s in the certified material
were between 94.5 and 102%. For reagent blanks and lab
duplicates, the concentrations (mg/kg) were below the
detection limit and corresponded to that of the samples
(±0.94 mg/kg), respectively.

2.4 Estimated Daily Intake (EDI)
The metal(oid) mean concentrations of three leafy vegetables
(rocca, coriander, and parsley), as well as the estimated daily
consumption of the vegetables (g), was used to calculate the
element’s estimated daily intake (EDI) using the equation
described by Gebeyehu and Bayissa (2020).

EDI � Ef × Ed × Fir × Cm × Cf

Bw × Ta
× 0.001 ,

where Ef � exposure frequency (365 days/year); Ed � exposure
period (for men 77 years, women 81 years), which is
equivalent to the average life span; Fir � average vegetable
consumption (240 g/person/day), as defined by the World
Health Report (WHO, 2002) for low fruit and vegetable
intake. Cm � metal concentration (mg/kg dry weight); Cf �
concentration conversion factor for fresh vegetable weight to
dry weight (0.085) (Arora et al., 2008); Bw � body weight
(85.9 kg for men, 74 kg for women); and Ta � average exposure
period (Ed 365 days/year), and 0.001 stands for unit
conversion factor.

2.5 Non-Carcinogenic Risk
2.5.1 Target Hazard Quotient
The target hazard quotient (THQ) values were calculated to
evaluate noncarcinogenic human health risks from the
consumption of heavy metal-contaminated leafy vegetables. It
was determined as the proportion of average daily metal
consumption to an oral reference dose of each metal (USEPA,
2012) and can be expressed by the following equation.

THQ � EDI

RfD
,

where EDI represents the population’s average daily metal
consumption in mg/day/kg body weight and RfD is the oral
reference dosage (mg/kg/day) values for each of metal of
concern. The RfD values of V, Cr, Ni, Cu, As, Cd, and Pb
were 0.007, 0.003, 0.02, 0.04, 0.0003, 0.001, and 0.0035 mg/kg/
day, respectively (Gebeyehu and Bayissa, 2020). Whether the
THQ < 1, it is usually assumed to be secure for the risk of
noncarcinogenic effects; if THQ > 1, it is assumed that there is
a greater likelihood of noncarcinogenic effects as the
value rises.

2.5.2 Hazard Index
The metal(oid)s overall human risk, the hazard index (HI) is
calculated as the sum of all THQs estimated for specific heavy
metals.

HI � ∑i

n�1 THQn; i � 1, 2, 3, .......n,

where HI is the sum of various metal hards, there is no apparent
health impact if HI < 1. An HI > 1.0, on the other hand, indicates
the possibility of an adverse health effect. HI > 10 has been linked
to a severe chronic health impact.

2.5.3 Carcinogenic Risk
The cancer risk (CR) presented to human health by individual
potential carcinogenic metals was calculated. Then, the
cumulative cancer risk (TCR), which may promote
carcinogenic effects depending on exposure dose, was then
calculated from ingestion of metal(oid)s (Cr, Ni, As, Pb,
and Cd).

CR � EDI × CSF,

TCR � ∑i

n�1 CRn; i � 1, 2, 3, .......n,

where CR � cancer risk over a lifetime by individual heavy
metal ingestion, EDI � estimated daily metal intake of the
population in mg/day/kg body weight, CSF � oral cancer slope
factor in (mg/kg/day), and n is the number of heavy metals
considered for cancer risk calculation. The CSF values of Cr,
Ni, As, Pb, and Cd were 0.5, 1.7, 1.5, 0.38, and 0.01 mg/kg/day,
respectively (Gebeyehu and Bayissa, 2020). For single
carcinogenic metals and multi carcinogenic metals, the
permissible limits are 10−6 and < 10−4, respectively
(Tepanosyan et al., 2017).

2.6 Statistical Analysis
The effects of local farm location (10 sites), vegetable crops
(three crops), and their interactions on the metal(oid)
concentrations were examined using the analysis of variance
of a factorial experiment. Paired mean comparisons were
performed using Tukey’s test when the F-test indicated
significant effects at the level of p < 0.05. The relationship
of elemental concentrations in plant samples was investigated
by the means of principal component analysis (PCA). All
observation data were mean-centered and standardized
prior to PCA, and only principal components with
eigenvalues > 1 were considered (Kaiser and Rice, 1974).
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All statistical analyses were performed using Minitab
Computer Software ver. 17.

3 RESULTS AND DISCUSSION

3.1 Metal(loid)s Concentrations in the
Vegetables
Since vegetables are valuable components of the everyday human
diet, it is critical to maintaining their quality. If grown in a
contaminated environment, they can accumulate high metal(oid)
concentrations that could negatively affect human health after
consumption (Alam et al., 2003). Potential toxic metal(oid)s
accumulate more quickly in edible portions of vegetables,
particularly leafy vegetables, than in fruit and grain crops
(Mapanda et al., 2005). Their concentrations vary between
vegetables due to their differential vegetable absorption ability for
different elements (Singh et al., 2010). The levels of metal(oid)s in
vegetable samples (rocca, coriander, and parsley) grown in the
farmlands in different municipalities in Qatar were examined,
and the findings are summarized in Table 1.

The contents of V, Cr, Ni, Cu, As, Cd, and Pb in rocca varied
from 0.65 to 50.95, 1.33 to 15.20, 0.00 to 9.50, 7.34 to 20.45, 0.19
to 37.11, 0.10 to 1.90 and 0.94 to14.37 mg/kg, respectively; in
coriander 1.06 to 48.52, 1.49 to 17.82, 0.00 to 10.82, 9.16 to
22.64, 0.32 to 43.24, 0.00 to 1.93, and 1.11 to 13.09 mg/kg,
respectively; in parsley 1.03 to 44.05, 1.33 to 14.77, 0.00 to 8.84,
11.20 to 25.62, 0.00 to 41.81, 0.00 to 5.13 and 1.31
to14.29 mg/kg, respectively (Table 1). Overall, the mean
concentrations of V, Cr, Ni, Cu, As, Cd, and Pb in rocca
are17.09, 6.41, 1.70, 13.04, 14.72, 0.90, and 6.36 mg/kg,
respectively; in coriander are 15.91, 6.03, 1.38, 15.30, 16.86,
0.43, and 5.00 mg/kg, respectively; and in parsley are 16.25,
6.26, 2.19, 17.97, 16.60, 0.51, and 5.46 mg/kg, respectively. The
overall accumulation of metal(oid)s were as follows for rocca: V
> As > Cu > Cr > Pb > Ni > Cd; coriander: As > V > Cu > Cr >
Pb > Ni > Cd; and parsley: Cu > As > V > Cr > Pb > Ni > Cd.
The mean levels of V, Cr, As, Cd, and Pb in the studied
vegetables were found to be higher than the recommended

value proposed by the WHO/FAO, indicating that they are
potentially unsafe to consume. Consistent with our findings,
other studies involving different leafy vegetables (Kananke
et al., 2014) including coriander (Souri et al., 2018), and
parsley (Delbari and Kulkarni, 2014) found that the levels of
As, Cd, Cu, and Cr were significantly higher than the
recommended safe limits.

Our results are further supported by the findings of Gupta
et al. (2021), Chang et al. (2014), Luo et al. (2011), and Zhuang
et al. (2009), all of which clearly showed that leafy vegetables
accumulate potential toxic elements, and to a greater degree
than non-leafy vegetables. Due to the large surface areas of their
leaves, the leafy vegetables were often exposed to metal(oid)s by
indirect means such as dust and rainwater. Leafy vegetables
could absorb higher concentrations than typical plants due to
their high growth rates (Khan et al., 2013). The elements
accumulation in vegetable samples may be due to chemical
fertilizer usage or the discharge of untreated solid and/or fluid
waste from factories in the surrounding areas (Alsafran et al.,
2021). Toxic levels of these metal(oid)s in the vegetables studied
may harm the health of the residents who stay nearby. As a
result, vegetables grown in suburban areas are heavily
contaminated with these elements, both noncarcinogenic and
carcinogenic, harmful to human health. As a result, it is
recommended that their contents in this area’s food crops be
monitored and assessed regularly.

3.2 Principal Components Analysis of
Metal(oid)s Concentrations in the
Vegetables
In order to interpret their multivariate relationships and to
classify their potential sources, the metal(oid) concentration in
the vegetables was subjected to the principal component analysis
(PCA). The PCA components such as eigenvalue, variance (%),
cumulative (%), and PCA biplot of the elements in all vegetables
are presented in Figure 2 and Supplementary Table S2. The PCA
of themetal(oid) concentrations in the vegetable samples revealed
seven principal components (PCs), two of them showed
eigenvalues > 1.00, which is considered significantly
important. These two principal components (PCs) explained
65.4% of the overall variability (Figure 2; Supplementary
Table S2). PC1 accounted for 40.4% of the overall variability,
and data showed a significant positive correlation of PC1 with the
following elements; V, Cr, Ni, As, Cd, and Pb. The strongest one
was V (0.511), followed by Ni (0.474), and Cd (0.431), which
indicates an anthropogenic source, which in part, and could be
due to active oil and gas production. Past research has implied
that the concentrations of these elements in Qatar vary across the
country, which can be attributed to the most active human activities
of the surrounding areas (Usman et al., 2019; Al-Thani and Yasseen,
2020; Usman et al., 2020b). In contrast, PC1 exhibited a weak
negative linkage with Cu. PC2 accounted for 25% of the overall
variability, presented amoderate negative one with Cr and Pb, while a
significant association with As (0.561), which may be released from
the emissions created by human undertakings (Ying et al., 2016;
Zhang et al., 2018).

TABLE 1 | Metal(oid) concentrations (mg/kg dry weight) in the vegetable (rocca,
coriander, and parsley) samples.

V Cr Ni Cu As Cd Pb

Rocca Min 0.65 1.33 0.00 7.34 0.19 0.10 0.94
Max 50.95 15.20 9.50 20.45 37.11 1.90 14.37
Mean 17.09 6.41 1.70 13.04 14.72 0.90 6.36
S.D. 18.31 4.55 2.39 3.66 11.43 0.50 4.14

Coriander Min 1.06 1.49 0.00 9.16 0.32 0.00 1.11
Max 48.52 17.82 10.82 22.64 43.24 1.93 13.09
Mean 15.91 6.03 1.38 15.30 16.86 0.43 5.00
S.D. 16.71 4.43 2.54 3.33 14.14 0.59 3.13

Parsley Min 1.03 1.33 0.00 11.20 0.00 0.00 1.31
Max 44.05 14.77 8.84 25.62 41.81 5.13 14.29
Mean 16.25 6.26 2.19 17.97 16.60 0.51 5.46
S.D. 16.36 3.97 2.43 3.89 12.63 0.87 3.79

MPLa 1.5 2.3 10 40 0.1 0.05 0.1

aPermissible limits (mg/kg) were adopted from (FAO/WHO, 2011).
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3.3 Estimated Daily Intake
The dietary exposure approach to vegetable consumption is a valid
method for examining a population’s diet regarding nutrient,
bioactive component, and contaminant intake levels, providing
critical information regarding potential nutritional deficiencies or
food contamination exposure (WHO, 1985). Because of the
increasing awareness of the connection between diet and human
health, people are eating more green vegetables than ever before.
Food safety and sustainability have become critical issues due to the
rapid cultivation and use of green plants (Rahmdel et al., 2018). The
metal(oid) mean concentration in each vegetable, and their
respective consumption rates were used to calculate the EDI. The
results for men and women are presented in Table 2. The mean EDI
values for men of V, Cr, Ni, Cu, As, Cd, and Pb through the
consumption of rocca were 4.06× 10−3, 1.52 × 10−3, 4.04 × 10−4, 3.10
× 10−3, 3.50 × 10−3, 2.14 × 10−4, and 1.51 × 10−3 mg/day/kg bw,
respectively; coriander were 3.78× 10−3, 1.43× 10−3, 3.28× 10−4, 3.63

× 10−3, 4.00 × 10−3, 1.01 × 10−4, and 1.19 × 10−3 mg/day/kg bw,
respectively; while the corresponding values in parsley were 3.86 ×
10−3, 1.49 × 10−3, 5.21 × 10−4, 4.27 × 10−3, 3.94 × 10−3, 1.20 × 10−4,
and 1.30 × 10−3 mg/day/kg bw, respectively (Table 2). The EDI of
individual metals for men due to the consumption of rocca were in
the following orderV>As>Cu>Cr>Pb>Ni>Cd; coriander As>
V>Cu>Cr >Pb>Ni>Cd; and in parsley Cu>As>V>Cr> Pb>
>Ni >Cd. Similarly, for women the EDI values for V, Cr, Ni, Cu, As,
Cd, and Pb due to the consumption of rocca were 4.71 × 10−3, 1.77 ×
10−3, 4.69 × 10−4, 3.59 × 10−3, 4.06 × 10−3, 2.48 × 10−4, and 1.75 ×
10−3 mg/day/kg bw, respectively; coriander were 4.39 × 10−3, 1.66 ×
10−3, 3.81 × 10−4, 4.22 × 10−3, 4.65 × 10−3, 1.18 × 10−4, and 1.38 ×
10−3 mg/day/kg bw, respectively; and in parsley were 4.48 × 10−3,
1.73× 10−3, 6.04× 10−4, 4.95× 10−3, 4.58× 10−3, 1.39× 10−4,and 1.50
× 10−3 mg/day/kg bw, respectively (Table 2). The EDI of individual
metals for women as a result of consumption of rocca were in the
following order V >As >Cu >Cr > Pb >Ni >Cd; coriander As >V

FIGURE 2 | PCA biplot of elemental concentrations in the vegetables samples.

TABLE 2 | Estimated daily intake (mg/day/kg bw) of metal(oid)s for men and women due to the consumption of contaminated vegetables.

V Cr Ni Cu As Cd Pb Total
EDIM

Men Rocca 4.06 × 10−3 1.52 × 10−3 4.04 × 10−4 3.10 × 10−3 3.50 × 10−3 2.14 × 10−4 1.51 × 10−3 1.43 × 10−2

Corainder 3.78 × 10−3 1.43 × 10−3 3.28 × 10−4 3.63 × 10−3 4.00 × 10−3 1.01 × 10−4 1.19 × 10−3 1.45 × 10−2

Parsley 3.86 × 10−3 1.49 × 10−3 5.21 × 10−4 4.27 × 10−3 3.94 × 10−3 1.20 × 10−4 1.30 × 10−3 1.55 × 10−2

Total EDIV 1.17 × 10−2 4.44 × 10−3 1.25 × 10−3 1.10 × 10−2 1.14 × 10−2 4.36 × 10−4 3.99 × 10−3 4.43 × 10−2

Women Rocca 4.71 × 10−3 1.77 × 10−3 4.69 × 10−4 3.59 × 10−3 4.06 × 10−3 2.48 × 10−4 1.75 × 10−3 1.66 × 10−2

Corainder 4.39 × 10−3 1.66 × 10−3 3.81 × 10−4 4.22 × 10−3 4.65 × 10−3 1.18 × 10−4 1.38 × 10−3 1.68 × 10−2

Parsley 4.48 × 10−3 1.73 × 10−3 6.04 × 10−4 4.95 × 10−3 4.58 × 10−3 1.39 × 10−4 1.50 × 10−3 1.80 × 10−2

Total EDIV 1.36 × 10−2 5.15 × 10−3 1.45 × 10−3 1.28 × 10−2 1.33 × 10−2 5.06 × 10−4 4.64 × 10−3 5.14 × 10−2
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> Cu > Cr > Pb >Ni > Cd; and in parsley Cu > As >V > Cr > Pb >
Ni >Ni > Cd. The total EDI values for all metal(oid)s of interest as a
result of rocca, coriander, and parsley consumption for men were
found to be 1.43 × 10−2, 1.45 × 10−3, and 1.55 × 10−2 mg/day/kg bw,
respectively, while for women, the values were found to be 1.66 ×
10−2, 1.68 × 10−2 and 1.80 × 10−2 mg/day/kg bw, respectively
(Table 2).

3.4 Health Risk Assessment
3.4.1 Non-Carcinogenic Risk
The routes of exposure to the target species are used to detect the
health risk of a pollutant because estimating the exposure level is
highly crucial. There are many paths by which people get exposed
to potential toxic metal(oid)s, and ingestion of vegetables
contaminated with such elements could damage human health.

3.4.1.1 Target Hazard Quotient
The THQ was computed to estimate the health risk of metal(oid)s
ingestion by vegetable consumption both for male and female
inhabitants of the study area, and data obtained are depicted in
Table 3. The THQ, which is the ratio of a pollutant’s calculated
dosage to a reference dose level, is being used to assess the health risks
of adult populations from contaminated leafy vegetables. If THQ > 1,
the exposed population is expected to be affected. The THQs of Cu
and As were found to be greater than unity in all vegetables. In men,
the THQ values of Cu and As ranged from 1.03 to 1.42, 1.17 to 1.44,
respectively, whereas in women, it varied from 1.20 to 1.65, 1.35 to
1.55, respectively (Table 3), reflecting the serious potential health
risks associated with the consumption of rocca, coriander, and
parsley. In a similar study involving coriander and lettuce,
Baghaie and Fereydoni (2019) reported higher THQ levels than
standard values. THQs for the other elements such as V, Cr, Ni, Cd,
and Pb studied were found to be less than 1. As a result, there is no
reason to be concerned about the continuous consumption of
vegetables posing a health risk. The risk-level sequence of THQ
followed a decreasing order for rocca, coriander, and parsley As >Cu
>V >Cr > Pb >Ni >Cd; As >Cu >V >Cr > Pb >Ni >Cd; and Cu
>As >V >Cr > Pb >Ni >Cd. Contrastingly, separate studies found
higher THQ than the standard for Cd and Pb (Baghaie and
Fereydoni, 2019), and Cd, Pb, and Cr (Quispe et al., 2021) in
coriander. Both men and women had the same risk sequence, but
women had higher THQ values in both cases.

3.4.1.2 Hazard Index
The HI, which indicates the effects of all elements
concurrently, was used to assess their health risks. Table 3
shows the HI of the studied metal(oid)s due to vegetable
consumption for both men and women. For men, the HI of
rocca, coriander, and parsley was 3.99, 4.10, and 4.43,
respectively, while for women, it was 4.64, 4.76, and 5.14,
respectively, indicating that the level of noncarcinogenic
adverse health effect is alarmingly high (Table 3). For
men, compared to the THQs resulting from rocca,
coriander, and parsley consumption, it can be seen that As
accounts for 29.32% of the HI attributable to rocca intake
followed by Cu (25.81%), V (14.54%), Cr (12.78%), Pb
(12.53%), Ni (3.26%), and Cd (1.75%); As accounts for
32.44% of the HI due to the consumption of coriander
followed by Cu (29.51%), V (13.17%), Cr (11.71%), Pb
(9.76%), Ni (2.68%), and Cd (0.73%); in contrast, Cu
accounted for the highest contribution (32.12%) to HI
values attributed to parsley consumption followed by As
(29.64%), V (12.45%), Cr (11.31%), Pb (9.73%), Ni
(3.85%), and Cd (0.90%) (Figure 3A). Similarly, for
women, the highest contribution to HI values as a result of
consumption of rocca was accounted by As (29.15%) followed
by Cu, V, Cr, Pb, Ni, and Cd, which accounts for 25.92, 14.47,
12.75, 12.53, 3.46, and 1.72%, respectively. As a result of
consumption of coriander, As accounted highest
contribution (32.50%) to HI values followed by Cu, V, Cr,
Pb, Ni, and Cd, which accounts for 29.56, 13.21, 11.53, 9.64,
2.72, and 0.84%, respectively, while, due to consumption of
parsley, Cu accounted highest contribution (32.04%) to HI
values followed by As, V, Cr, Pb, Ni, and Cd which accounts
for 29.71, 12.43, 11.26, 9.71, 3.88, and 0.97%, respectively
(Figure 3B). Our HI results agree with the findings of other
studies involving coriander (Quispe et al., 2021) and other
leafy vegetables (Hussain and Qureshi, 2020). In the latter
study, the combined HI values for Cu, Zn, Cd, Cr, and Pb due
to lettuce and carrot consumption were found to be
significantly higher than standard limits at 12.8 and 9.21.
This indicates that the health of residents in the current study
area is at risk, and therefore appropriate actions are required
to reduce the metal(oid) levels and protect the residential
population from potential health risks.

TABLE 3 | THQ and HI for men and women through the consumption of rocca, coriander, and parsley from the study areas.

Metals V Cr Ni Cu As Cd Pb Hazard
index
(HI)

Men Rocca 0.58 0.51 0.13 1.03 1.17 0.07 0.50 3.99
Coriander 0.54 0.48 0.11 1.21 1.33 0.03 0.40 4.10
Parsley 0.55 0.50 0.17 1.42 1.31 0.04 0.43 4.43

Women Rocca 0.67 0.59 0.16 1.20 1.35 0.08 0.58 4.64
Coriander 0.63 0.55 0.13 1.41 1.55 0.04 0.46 4.76
Parsley 0.64 0.58 0.20 1.65 1.53 0.05 0.50 5.14
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3.4.2 Carcinogenic Risk
Since these elements may promote both noncarcinogenic and
carcinogenic effects based on exposure levels, the carcinogenic
risks (CR) and cumulative carcinogenic risk (TCR) derived from
Cr, Ni, As, Pb, and Cd intake by leafy vegetable consumption
were estimated, and the results are presented in Table 4. In men,
the CR values of Cr, Ni, and As ranged from 7.16 × 10−4 to 7.61 ×
10−4, 5.57 × 10−4 to 8.85 × 10−4, and 5.24 × 10−3 to 6.01 × 10−3,
respectively. In women, it varied from 8.31 × 10−4 to 8.83 × 10−4,
6.47 × 10−4 to 1.03 × 10−3, and 6.09 × 10−3 to 6.97 × 10−3,
respectively, in all vegetables (Table 4). Given that the CR values
for Cr, Ni, and As exceeded the threshold value (CR > 10−4), these
elements potentially pose cancer risk to the adult population
through the consumption of the studied vegetables (rocca,
coriander, and parsley). While the CR values for Pb and Cd
were found to be less than the threshold value (CR > 10−4),
indicating that the adult population in the studied areas are not at
any cancer risk due to Pb and Cd exposure from rocca, coriander,

and parsley consumption. Table 4 shows the TCR of the elements
examined due to the vegetable consumption for both men and
women. For men, the TCR of rocca, coriander, and parsley was
6.87 × 10−3, 7.33 × 10−3, and 7.60 × 10−3, while for women, it was
7.88 × 10−3, 8.51 × 10−3, and 8.82 × 10−3 respectively. In a study
involving coriander and other crops, Bian et al. (2016) found a
significantly higher CR and TCR than the acceptable level and
concluded that As, Cd, and Cr poses cancer risks in the study area.
In a separate study, Khezerlou et al. (2020) reported the CR value
of As in salad to be higher than the acceptable risk limit, and
concluded that consuming salad grown in the area puts the
resident population at a high potential cancer risk.
Additionally, in another study, Gebeyehu and Bayissa (2020)
assessed and found higher than recommended TCR values for As,
Cd, and Ni in other vegetables, indicating that exposure to the
elements potentially poses adverse cancer risks. Together, our
results indicate that the consumption of rocca, coriander, and
parsley grown in agricultural farms in Qatar and poses a possible

FIGURE 3 | Comparison of health risks caused by the different metal(oid)s according to HI among adult population. (A) Men and (B) women.

TABLE 4 | CR and TCR for men and women through the consumption of rocca, coriander, and parsley in the study area.

Metals Cr Ni As Cd Pb TCR

Men Rocca 7.61 × 10−4 6.87 × 10−4 5.24 × 10−3 8.13 × 10−5 1.28 × 10−5 6.78 × 10−3

Coriander 7.16 × 10−4 5.57 × 10−4 6.01 × 10−3 3.85 × 10−5 1.01 × 10−5 7.33 × 10−3

Parsley 7.44 × 10−4 8.85 × 10−4 5.91 × 10−3 4.57 × 10−5 1.10 × 10−5 7.60 × 10−3

Women Rocca 8.83 × 10−4 7.98 × 10−4 6.09 × 10−3 9.44 × 10−5 1.49 × 10−5 7.88 × 10−3

Coriander 8.31 × 10−4 6.47 × 10−4 6.97 × 10−3 4.47 × 10−5 1.17 × 10−5 8.51 × 10−3

Parsley 8.63 × 10−4 1.03 × 10−3 6.86 × 10−3 5.30 × 10−5 1.28 × 10−5 8.82 × 10−3
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cancer risk to the adult population due to the prevalence of Cr, Ni,
and As.

4 CONCLUSION

• Certain elements are essential components of the human diet.
However, because of their tendency of accumulating toxic
elements, their content in leafy vegetables must be
determined and assessed for potential health risks to humans.

• The study results indicated that the mean concentration of V, Cr,
As, Cd, and Pb in rocca, coriander, and parsley were alarmingly
higher than the recommended values proposedby theWHO/FAO.

• The THQs of Cu and As were greater than unity in all
vegetables, while THQs for the other elements such as V, Cr,
Ni, Cd, and Pb were less than 1 in both men and women.

• The combined noncarcinogenic effects of all studied
elements due to the consumption of rocca, coriander,
and parsley to adult populations based on the HI
exceeded 1, indicating risks to human health.

• Since the CR levels of Cr, Ni, and As are above the threshold
value (CR > 10−4), these values are known to pose cancer
risk to both men and women, who consume rocca,
coriander, and parsley, in the study region and its periphery.

• Collectively, the outcome suggests that local populations are
potentially exposed to the toxic effects of the studied
metal(oid)s, particularly Cr, Ni, and As by consuming
leafy vegetables grown in open irrigated farms. To
protect the country’s population from long-term potential
health risks, it is vital to take adequate measures to minimize
the pollution level of elements, particularly As, Cr, and Ni.

• Our findings support the need for close monitoring of
potential toxic metal(oid) concentrations in Qatar
produce. Accordingly, the development of innovative
strategies to limit the bioavailability of the elements in
cultivated lands will be helpful. Further study on the
elements’ gastrointestinal bio-accessibilities is required to
fully understand their long-term effects on human health.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material; further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

MA: Conceptualization, Methodology, Writing—review and
editing, Resources, Supervision, Project administration. KU:
Conceptualization, Methodology, Formal analysis,
Writing—original draft, Writing—review and editing. MR:
Formal analysis, Writing—review and editing. TA:
Methodology, Formal Analysis, Writing—review and editing,
HA: Conceptualization, Resources, Writing—review and
editing, Supervision, Project administration.

FUNDING

This work was supported by the Qatar University’s Vegetable
Factory Project (QUEX–CAS–MJF–VF 18/19) and the
Agricultural Research Station (ARS).

ACKNOWLEDGMENTS

Authors with to acknowledge the support of Dr. Muhammad
Ibrahim and the Central Laboratories Unit (CLU) for their
support in samples digestion and elemental analysis.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fenvs.2021.742269/
full#supplementary-material

REFERENCES

Adimalla, N. (2020). Heavy metals contamination in urban surface soils of Medak
province, India, and its risk assessment and spatial distribution. Environ.
Geochem. Health 42, 59–75. doi:10.1007/s10653-019-00270-1

Al-Sulaiti, H., Al Mugren, K. S., Bradley, D. A., Regan, P. H., Santawamaitre, T., Malain,
D., et al. (2017). An assessment of the natural radioactivity distribution and radiation
hazard in soil samples from Qatar using high-resolution gamma-ray spectrometry.
Radiat. Phys. Chem. 140, 132–136. doi:10.1016/j.radphyschem.2017.05.001

Al-Thani, R. F., and Yasseen, B. T. (2020). Phytoremediation of polluted soils and
waters by native Qatari plants: future perspectives. Environ. Pollut. 259, 113694.
doi:10.1016/j.envpol.2019.113694

Alam, M. G. M., Snow, E. T., and Tanaka, A. (2003). Arsenic and heavy metal
contamination of vegetables grown in Samta village, Bangladesh. Sci. total
Environ. 308, 83–96. doi:10.1016/s0048-9697(02)00651-4

Alsafran, M., Usman, K., Al Jabri, H., and Rizwan, M. (2021). Ecological and Health
Risks Assessment of Potentially Toxic Metals and Metalloids Contaminants: A
Case Study of Agricultural Soils in Qatar. Toxics 9, 35. doi:10.3390/toxics9020035

Arora, M., Kiran, B., Rani, S., Rani, A., Kaur, B., and Mittal, N. (2008). Heavy metal
accumulation in vegetables irrigated with water from different sources. Food
Chem. 111, 811–815. doi:10.1016/j.foodchem.2008.04.049

Baghaie, A. H., and Fereydoni, M. (2019). The potential risk of heavy metals on
human health due to the daily consumption of vegetables. Environ. Health Eng.
Manag. 6 (1), 11–16. doi:10.15171/ehem.2019.02

Bian, B., Lin, C., and Lv, L. (2016). Health risk assessment of heavy metals in soil-
plant system amended with biogas slurry in Taihu basin, China. Environ. Sci.
Pollut. Res. 23 (17), 16955–16964. doi:10.1007/s11356-016-6712-3

Bigdeli, M., and Seilsepour, M. (2008). Investigation of metals accumulation in
some vegetables irrigated with waste water in Shahre Rey-Iran and toxicological
implications. Am. Eurasian J. Agric. Environ. Sci. 4 (1), 86–92.

Chang, C. Y., Yu, H. Y., Chen, J. J., Li, F. B., Zhang, H. H., and Liu, C. P. (2014).
Accumulation of heavy metals in leaf vegetables from agricultural soils and
associated potential health risks in the Pearl River Delta, South China. Environ.
Monit. Assess. 186, 1547–1560. doi:10.1007/s10661-013-3472-0

Cheng, H., and Hu, Y. (2010). Lead (Pb) Isotopic Fingerprinting and its
Applications in Lead Pollution Studies in China: A Review. Environ. Pollut.
158, 1134–1146. doi:10.1016/j.envpol.2009.12.028

Frontiers in Environmental Science | www.frontiersin.org September 2021 | Volume 9 | Article 7422699

Alsafran et al. Metal(oid)s Bioaccumulation in Leafy Vegetables

https://www.frontiersin.org/articles/10.3389/fenvs.2021.742269/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fenvs.2021.742269/full#supplementary-material
https://doi.org/10.1007/s10653-019-00270-1
https://doi.org/10.1016/j.radphyschem.2017.05.001
https://doi.org/10.1016/j.envpol.2019.113694
https://doi.org/10.1016/s0048-9697(02)00651-4
https://doi.org/10.3390/toxics9020035
https://doi.org/10.1016/j.foodchem.2008.04.049
https://doi.org/10.15171/ehem.2019.02
https://doi.org/10.1007/s11356-016-6712-3
https://doi.org/10.1007/s10661-013-3472-0
https://doi.org/10.1016/j.envpol.2009.12.028
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Cheng, W. H., and Yap, C. K. (2015). Potential human health risks from toxic
metals via mangrove snail consumption and their ecological risk assessments in
the habitat sediment from Peninsular Malaysia. Chemosphere 135, 156–165.
doi:10.1016/j.chemosphere.2015.04.013

Delbari, A. S., and Kulkarni, D. K. (2014). Accumulation of heavy metals in
vegetables grown along national high ways-a case study of Tehran-Iran. Inter.
J. Eng. Sci. Inv 3, 77–82.

FAO/WHO (2011). Food Standards programme Codex committee on contaminants
in foods Food. Geneva, Switzerland: WHO, 1–89. CF/5 INF/1.

Fourniadis, I. (2010). “Geotechnical characterization of the simsima limestone
(Doha, Qatar),” in Geoenvironmental Engineering and Geotechnics: Progress in
Modeling and Applications, GeoShanghai International Conference 2010, June
3–5, 2010, Shanghai. China, 273–278. doi:10.1061/41105(378)38

Gebeyehu, H. R., and Bayissa, L. D. (2020). Levels of heavy metals in soil and
vegetables and associated health risks in Mojo area, Ethiopia. PloS one 15,
e0227883. doi:10.1371/journal.pone.0227883

Gupta, N., Yadav, K. K., Kumar, V., Krishnan, S., Kumar, S., Nejad, Z. D., et al.
(2021). Evaluating heavy metals contamination in soil and vegetables in the
region of North India: Levels, transfer and potential human health risk analysis.
Environ. Toxicol. Pharmacol. 82, 103563. doi:10.1016/j.etap.2020.103563

Gupta, N., Yadav, K. K., Kumar, V., Kumar, S., Chadd, R. P., and Kumar, A. (2019).
Trace elements in soil-vegetables interface: Translocation, bioaccumulation,
toxicity and amelioration - A review. Sci. Total Environ. 651, 2927–2942.
doi:10.1016/j.scitotenv.2018.10.047

Haji, G. M., Melesse, A. M., and Reddi, L. (2016). Water Quality Assessment and
Apportionment of Pollution Sources Using APCS-MLR and PMF Receptor
Modeling Techniques in Three Major Rivers of South Florida. Sci. Total
Environ. 566-567, 1552–1567. doi:10.1016/j.scitotenv.2016.06.046

Hu, Y., and Cheng, H. (2013). Application of Stochastic Models in Identification
and Apportionment of Heavy Metal Pollution Sources in the Surface Soils of a
Large-Scale Region. Environ. Sci. Technol. 47 (8), 3752–3760. doi:10.1021/
es304310k

Huang, Y., Li, T., Wu, C., He, Z., Japenga, J., Deng, M., et al. (2015). An Integrated
Approach to Assess HeavyMetal Source Apportionment in Peri-UrbanAgricultural
Soils. J. Hazard. Mater. 299, 540–549. doi:10.1016/j.jhazmat.2015.07.041

Hussain, M. I., and Qureshi, A. S. (2020). Health risks of heavy metal exposure and
microbial contamination through consumption of vegetables irrigated with
treated wastewater at Dubai, UAE. Environ. Sci. Pollut. Res. 27 (10),
11213–11226. doi:10.1007/s11356-019-07522-8

Ihedioha, J. N., Ukoha, P. O., and Ekere, N. R. (2017). Ecological and human health
risk assessment of heavy metal contamination in soil of a municipal solid waste
dump in Uyo, Nigeria. Environ. Geochem. Health 39, 497–515. doi:10.1007/
s10653-016-9830-4

Ismail, A., Riaz, M., Akhtar, S., Ismail, T., Amir, M., and Zafar-ul-Hye, M. (2014).
Heavy metals in vegetables and respective soils irrigated by canal, municipal
waste and tube well waters. Food Additives & Contaminants: B 7 (3), 213–219.
doi:10.1080/19393210.2014.888783

Ji, Y., Wu, P., Zhang, J., Zhang, J., Zhou, Y., Peng, Y., et al. (2018). Heavy metal
accumulation, risk assessment and integrated biomarker responses of local
vegetables: A case study along the Le’an river. Chemosphere 199, 361–371.
doi:10.1016/j.chemosphere.2018.02.045

Kaiser, H. F., and Rice, J. (1974). Little jiffy, mark IV. Educ. Psychol. Meas. 34,
111–117. doi:10.1177/001316447403400115

Kananke, T., Wansapala, J., and Gunaratne, A. (2014). Heavy metal
contamination in green leafy vegetables collected from selected market
sites of Piliyandala area, Colombo District, Sri Lanka. Ajfst 2 (5), 139–144.
doi:10.12691/ajfst-2-5-1

Khan, M. U., Malik, R. N., and Muhammad, S. (2013). Human health risk from
heavy metal via food crops consumption with wastewater irrigation practices in
Pakistan. Chemosphere 93, 2230–2238. doi:10.1016/j.chemosphere.2013.07.067

Khan, Z. I., Ugulu, I., Ahmad, K., Yasmeen, S., Noorka, I. R., Mehmood, N., et al.
(2018). Assessment of trace metal and metalloid accumulation and human
health risk from vegetables consumption through spinach and coriander
specimens irrigated with wastewater. Bull. Environ. Contam. Toxicol. 101
(6), 787–795. doi:10.1007/s00128-018-2448-8

Khezerlou, A., Dehghan, P., Moosavy, M. H., and Kochakkhani, H. (2020).
Assessment of heavy metal contamination and the probabilistic risk via

salad vegetable consumption in Tabriz, Iran. Biol. Trace Elem. Res., 1–9.
doi:10.1007/s12011-020-02365-8

Kolluru, V., Tyagi, A., Chandrasekaran, B., and Damodaran, C. (2019). Profiling of
differentially expressed genes in cadmium-induced prostate carcinogenesis.
Toxicol. Appl. Pharmacol. 375, 57–63. doi:10.1016/j.taap.2019.05.008

Lu, A., Wang, J., Qin, X., Wang, K., Han, P., and Zhang, S. (2012). Multivariate and
Geostatistical Analyses of the Spatial Distribution and Origin of Heavy Metals
in the Agricultural Soils in Shunyi, Beijing, China. Sci. total Environ. 425, 66–74.
doi:10.1016/j.scitotenv.2012.03.003

Luo, C., Liu, C., Wang, Y., Liu, X., Li, F., Zhang, G., et al. (2011). Heavy metal
contamination in soils and vegetables near an e-waste processing site, south
China. J. Hazard. Mater. 186, 481–490. doi:10.1016/j.jhazmat.2010.11.024

Mapanda, F., Mangwayana, E. N., Nyamangara, J., and Giller, K. E. (2005). The
Effect of Long-Term Irrigation Using Wastewater on Heavy Metal Contents of
Soils Under Vegetables in Harare, Zimbabwe. Agric. Ecosyst. Environ. 107,
151–165. doi:10.1016/j.agee.2004.11.005

Peng, Y., Kheir, R., Adhikari, K., Malinowski, R., Greve, M., Knadel, M., et al.
(2016). Digital mapping of toxic metals in Qatari soils using remote sensing and
ancillary data. Remote Sensing 8, 1003. doi:10.3390/rs8121003

Qu, M-K. U., Wei-Dong, L. I., Zhang, C. R., Shan-Qin, W. A. N. G., Yong, Y. A. N.
G., and Li-Yuan, H. E. (2013). Source Apportionment of Heavy Metals in Soils
Using Multivariate Statistics and Geostatistics. Pedosphere 23 (4), 437–444.
doi:10.1016/S1002-0160(13)60036-3

Quispe, N., Zanabria, D., Chavez, E., Cuadros, F., Carling, G., and Paredes, B.
(2021). Health risk assessment of heavy metals (Hg, Pb, Cd, Cr and as) via
consumption of vegetables cultured in agricultural sites in Arequipa, Peru.
Chem. Data Collections 33, 100723. doi:10.1016/j.cdc.2021.100723

Rahmdel, S., Rezaei, M., Ekhlasi, J., Zarei, S. H., Akhlaghi, M., Abdollahzadeh, S.
M., et al. (2018). Heavy metals (Pb, Cd, Cu, Zn, Ni, Co) in leafy vegetables
collected from production sites: their potential health risk to the general
population in Shiraz, Iran. Environ. Monit. Assess. 190 (11), 650–710.
doi:10.1007/s10661-018-7042-3

Satarug, S., Baker, J. R., Urbenjapol, S., Haswell-Elkins, M., Reilly, P. E. B.,
Williams, D. J., et al. (2003). A global perspective on cadmium pollution
and toxicity in non-occupationally exposed population. Toxicol. Lett. 137,
65–83. doi:10.1016/s0378-4274(02)00381-8

Shaheen, N., Irfan, N. M., Khan, I. N., Islam, S., Islam, M. S., and Ahmed, M. K.
(2016). Presence of heavy metals in fruits and vegetables: Health risk
implications in Bangladesh. Chemosphere 152, 431–438. doi:10.1016/
j.chemosphere.2016.02.060

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

Souri, M. K., Alipanahi, N., Hatamian, M., Ahmadi, M., and Tesfamariam, T.
(2018). Elemental Profile of Heavy Metals in Garden cress, Coriander, Lettuce
and Spinach, Commonly Cultivated in Kahrizak, South of Tehran- Iran. Open
Agric. 3 (1), 32–37. doi:10.1515/opag-2018-0004

Sun, Y. L., Wang, Z. F., Fu, P. Q., Yang, T., Jiang, Q., Dong, H. B., et al. (2013).
Aerosol Composition, Sources and Processes during Wintertime in Beijing,
China. Atmos. Chem. Phys. 13 (9), 4577–4592. doi:10.5194/acp-13-4577-2013

Tepanosyan, G., Maghakyan, N., Sahakyan, L., and Saghatelyan, A. (2017). Heavy
Metals Pollution Levels and Children Health Risk Assessment of Yerevan
Kindergartens Soils. Ecotoxicology Environ. Saf. 142, 257–265. doi:10.1016/
j.ecoenv.2017.04.013

Türkdoğan, M. K., Kilicel, F., Kara, K., Tuncer, I., and Uygan, I. (2003). Heavy
metals in soil, vegetables and fruits in the endemic upper gastrointestinal cancer
region of Turkey. Environ. Toxicol. Pharmacol. 13 (3), 175–179. doi:10.1016/
S1382-6689(02)00156-4

USEPA (2012). Regional Screening Levels (Formerly PRGs)—Summary Table.
http://www.epa.gov/region9/superfund/prg.

Usman, K., Abu-Dieyeh, M. H., Zouari, N., and Al-Ghouti, M. A. (2020). Lead (Pb)
bioaccumulation and antioxidative responses in Tetraena qataranse. Sci. Rep.
10, 17070–17110. doi:10.1038/s41598-020-73621-z

Usman, K., Al Jabri, H., Abu-Dieyeh, M. H., and Alsafran, M. H. S. A. (2020b).
Comparative Assessment of Toxic Metals Bioaccumulation and the
Mechanisms of Chromium (Cr) Tolerance and Uptake in Calotropis
Procera. Front. Plant Sci. 11, 883. doi:10.3389/fpls.2020.00883

Frontiers in Environmental Science | www.frontiersin.org September 2021 | Volume 9 | Article 74226910

Alsafran et al. Metal(oid)s Bioaccumulation in Leafy Vegetables

https://doi.org/10.1016/j.chemosphere.2015.04.013
https://doi.org/10.1061/41105(378)38
https://doi.org/10.1371/journal.pone.0227883
https://doi.org/10.1016/j.etap.2020.103563
https://doi.org/10.1016/j.scitotenv.2018.10.047
https://doi.org/10.1016/j.scitotenv.2016.06.046
https://doi.org/10.1021/es304310k
https://doi.org/10.1021/es304310k
https://doi.org/10.1016/j.jhazmat.2015.07.041
https://doi.org/10.1007/s11356-019-07522-8
https://doi.org/10.1007/s10653-016-9830-4
https://doi.org/10.1007/s10653-016-9830-4
https://doi.org/10.1080/19393210.2014.888783
https://doi.org/10.1016/j.chemosphere.2018.02.045
https://doi.org/10.1177/001316447403400115
https://doi.org/10.12691/ajfst-2-5-1
https://doi.org/10.1016/j.chemosphere.2013.07.067
https://doi.org/10.1007/s00128-018-2448-8
https://doi.org/10.1007/s12011-020-02365-8
https://doi.org/10.1016/j.taap.2019.05.008
https://doi.org/10.1016/j.scitotenv.2012.03.003
https://doi.org/10.1016/j.jhazmat.2010.11.024
https://doi.org/10.1016/j.agee.2004.11.005
https://doi.org/10.3390/rs8121003
https://doi.org/10.1016/S1002-0160(13)60036-3
https://doi.org/10.1016/j.cdc.2021.100723
https://doi.org/10.1007/s10661-018-7042-3
https://doi.org/10.1016/s0378-4274(02)00381-8
https://doi.org/10.1016/j.chemosphere.2016.02.060
https://doi.org/10.1016/j.chemosphere.2016.02.060
https://doi.org/10.1515/opag-2018-0004
https://doi.org/10.5194/acp-13-4577-2013
https://doi.org/10.1016/j.ecoenv.2017.04.013
https://doi.org/10.1016/j.ecoenv.2017.04.013
https://doi.org/10.1016/S1382-6689(02)00156-4
https://doi.org/10.1016/S1382-6689(02)00156-4
http://www.epa.gov/region9/superfund/prg
https://doi.org/10.1038/s41598-020-73621-z
https://doi.org/10.3389/fpls.2020.00883
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Usman, K., Al-Ghouti, M. A., and Abu-Dieyeh, M. H. (2019). The assessment of
cadmium, chromium, copper, and nickel tolerance and bioaccumulation by shrub
plant Tetraena qataranse. Sci. Rep. 9, 5658. doi:10.1038/s41598-019-42029-9

Verma, A., Kumar, R., and Yadav, S. (2020). Distribution, pollution levels, toxicity,
and health risk assessment of metals in surface dust from Bhiwadi industrial
area in North India. Hum. Ecol. Risk Assess. Int. J. 26, 2091–2111. doi:10.1080/
10807039.2019.1650328

Wang, Q., Xie, Z., and Li, F. (2015). Using Ensemble Models to Identify and
Apportion Heavy Metal Pollution Sources in Agricultural Soils on A Local
Scale. Environ. Pollut. 206, 227–235. doi:10.1016/j.envpol.2015.06.040

WHO (1985). Guidelines for the Study of Dietary Intakes of Chemical
Contaminants. Geneva, Switzerland: World Health Organization, 1–100.
WHO Offset Publication No. 87.

Who (2002). The world Health report 2002: reducing risks, promoting Healthy life.
Geneva, Switzerland: World Health Organization.

Xiong, C., Zhang, Y., Xu, X., Lu, Y., Ouyang, B., Ye, Z., et al. (2013). Lotus roots
accumulate heavy metals independently from soil in main production regions of
China. Scientia Horticulturae 164, 295–302. doi:10.1016/j.scienta.2013.09.013

Ying, L., Shaogang, L., and Xiaoyang, C. (2016). Assessment of Heavy Metal Pollution
and Human Health Risk in Urban Soils of A Coal Mining City in East China.Hum.
Ecol. Risk Assess. Int. J. 22 (6), 1359–1374. doi:10.1080/10807039.2016.1174924

Yuan, Y., Sun, T., Wang, H., Liu, Y., Pan, Y., Xie, Y., et al. (2020). Bioaccumulation
and health risk assessment of heavymetals to bivalve species in Daya Bay (South
China Sea): Consumption advisory.Mar. Pollut. Bull. 150, 110717. doi:10.1016/
j.marpolbul.2019.110717

Zhang, X., Lin, F., Jiang, Y., Wang, K., andWong, M. T. F. (2008). Assessing Soil Cu
Content and Anthropogenic Influences Using Decision Tree Analysis. Environ.
Pollut. 156 (3), 1260–1267. doi:10.1016/j.envpol.2008.03.009

Zhang, X., Wei, S., Sun, Q., Wadood, S. A., and Guo, B. (2018). Source
identification and spatial distribution of arsenic and heavy metals in
agricultural soil around Hunan industrial estate by positive matrix
factorization model, principle components analysis and geo statistical
analysis. Ecotoxicology Environ. Saf. 159, 354–362. doi:10.1016/
j.ecoenv.2018.04.072

Zhuang, P., McBride, M. B., Xia, H., Li, N., and Li, Z. (2009). Health risk from heavy
metals via consumption of food crops in the vicinity of Dabaoshan mine, South
China. Sci. total Environ. 407 (5), 1551–1561. doi:10.1016/
j.scitotenv.2008.10.061

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Alsafran, Usman, Rizwan, Ahmed and Al Jabri. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Environmental Science | www.frontiersin.org September 2021 | Volume 9 | Article 74226911

Alsafran et al. Metal(oid)s Bioaccumulation in Leafy Vegetables

View publication statsView publication stats

https://doi.org/10.1038/s41598-019-42029-9
https://doi.org/10.1080/10807039.2019.1650328
https://doi.org/10.1080/10807039.2019.1650328
https://doi.org/10.1016/j.envpol.2015.06.040
https://doi.org/10.1016/j.scienta.2013.09.013
https://doi.org/10.1080/10807039.2016.1174924
https://doi.org/10.1016/j.marpolbul.2019.110717
https://doi.org/10.1016/j.marpolbul.2019.110717
https://doi.org/10.1016/j.envpol.2008.03.009
https://doi.org/10.1016/j.ecoenv.2018.04.072
https://doi.org/10.1016/j.ecoenv.2018.04.072
https://doi.org/10.1016/j.scitotenv.2008.10.061
https://doi.org/10.1016/j.scitotenv.2008.10.061
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles
https://www.researchgate.net/publication/354858153

	The Carcinogenic and Non-Carcinogenic Health Risks of Metal(oid)s Bioaccumulation in Leafy Vegetables: A Consumption Advisory
	1 Introduction
	2 Materials and Methods
	2.1 Sampling Sites
	2.2 Samples Collection and Preparation
	2.3 Metal(oid)s Quantification
	2.4 Estimated Daily Intake (EDI)
	2.5 Non-Carcinogenic Risk
	2.5.1 Target Hazard Quotient
	2.5.2 Hazard Index

	2.5.3 Carcinogenic Risk
	2.6 Statistical Analysis

	3 Results and Discussion
	3.1 Metal(loid)s Concentrations in the Vegetables
	3.2 Principal Components Analysis of Metal(oid)s Concentrations in the Vegetables
	3.3 Estimated Daily Intake
	3.4 Health Risk Assessment
	3.4.1 Non-Carcinogenic Risk
	3.4.1.1 Target Hazard Quotient
	3.4.1.2 Hazard Index
	3.4.2 Carcinogenic Risk


	4 Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


