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Abstract In this study, we evaluate the geochemis-
try of macro- (Fe, P, Ca, S, K, Na, Mg) and micro-
nutrients (Mo, Cu, Pb, Zn, Co, Mn, Cd, Sr, Cr, Hg,
Se), along with possible health risks of heavy metals
contamination in agricultural soils and vegetables
of the Mahshahr industrial port in Iran. Calculation
of geochemical coefficients revealed the low pollu-
tion load of Mahshahr agricultural soils. Most of the
investigated elements exhibited lower concentrations
in soil than international standards. Element concen-
trations in plant samples were far below the permis-
sible values set by environmental agencies. Based on
permissible values, there was deficiency of several
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soil elements, including Cu, in vegetables because
they are mostly present in the soil residual phase. An
exception was Mn, which is the most mobile element
in soil. The transfer factor (TF) of elements showed
the following trend: K>Na>P>S>Mo>Hg>Se>
Zn>Cd>Cu>Mg>Mn>Ca>Cr>Co = Fe=Pb.
There was high transfer of major elements from soil
to plants, and lower values for micronutrients and
heavy metals. The calculated daily intake (DIM)
and health risk index (HRI) for ten plant species for
adults were < 1, while the HRI was larger than 1 for
Mn via radish consumption. According to geochemi-
cal investigations and statistical tests such as principal
component analysis, Kruskal-Wallis, and correlation
coefficient calculations, plant species play the most
important role in elemental uptake by plants.

Keywords Heavy metals - Agricultural soil -
Vegetables - Health risk assessment - Pollution -
Nutrients

Introduction

Plants and especially vegetables are extremely
important for the human diet as they contain vita-
mins, proteins, and essential metals such as zinc,
iron, and other nutrients. They can also help the body
during the digestion process (Khan et al., 2008, 2013;
Jan et al., 2010; Dong et al., 2011; Hu et al., 2013;
Alimohammadi et al., 2020). Humans’ life quality
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depends on composition of consumed food (Kabata-
Pendias & Mukherjee, 2007). In needful amounts,
some potentially toxic elements (PTEs, e.g., Zn, Mo,
Cu, Ni, Se, Mn) are crucial for organisms to live as
they contribute to bodily functions. However, exces-
sive accumulation of such elements may cause sev-
eral diseases (Nagajyoti et al., 2010; Adamo et al.,
2014; Qureshi et al., 2016). For instance, high Ni
ingestion can cause oxidative stress, skin rashes,
fatigue, dizziness, neurotoxicity, and cancer (Ismail
et al., 2019; Khan et al., 2010, 2013). On the other
side, the deficiency of some metals can affect normal
body functions. For example, Zn deficiency can lead
to diarrhea, depression, immune dysfunction, and
anorexia (Muhammad et al., 2011).

In recent years, the concentration of heavy metals
has created a great public concern mostly due to their
non-biodegradable nature, transfer from soil to the food
chain, and long biological half-lives in the environ-
ment and human body (Chabukdhara & Nema, 2012;
Esmaeili et al., 2014; Khan et al., 2016; Rastegari Mehr
et al., 2016; Wang et al., 2015).

Beyond geogenic sources of heavy metals in soil,
human activities such as irrigation with sewage efflu-
ent, petrochemical activities, use of fertilizers, pes-
ticides, and livestock manures are considered as the
most important anthropogenic sources (Nicholson
et al., 2003; Liu et al., 2005; Liu et al., 2009; Luo
et al., 2009; Jiao et al., 2012; Daldoul et al., 2015).
Soil to plant transfer factor (TF) demonstrates metal
mobility in soil with implications for human exposure
to heavy metals through the food chain (Kachenko &
Singh, 2006; Liu et al., 2009; Adamo et al., 2014).
Free metal ions in soil solutions are the major deter-
minants of bioavailability (Degryse et al., 2009;
Daldoul et al., 2015). The mobility of heavy met-
als depends on different parameters including pH,
organic matter (OM), soil texture, cation exchange
capacity (CEC), and soil’s main constituents (e.g.,
phosphate, carbonate, clays) that impact their ability
to adsorb metal ions (Adamo et al., 2014; Alloway,
1990; Ettler et al., 2007; Gupta & Sinha, 2006; Holm
et al., 2003; Marcussen et al., 2009).

The main objective of this study is to evaluate
the concentration of selected macro/micronutrients
and heavy metals in vegetables and to determine
their sources, transferability from soil to plants, and
potential health risks for consumers. The study area
is an industrial city with petrochemical complexes, in
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Fig. 1 Soil sampling locations

which vegetables are consumed as part of the daily
diet of inhabitants, which is an ideal natural labora-
tory for such an investigation.

Materials and methods
Study area

Mahshahr, also as (Bandar-e Mahshahr), is located
in Khouzestan province (southwest Iran). The sur-
face area is about 1908 km?. The geographic coor-
dinates are 48" 55°—49” 22° E and 30" 14°—30" 56°
N (Fig. 1). Mahshahr is famous for its petrochemi-
cal complexes and oil industries, which are mostly
located in the suburbia. This area has an arid climate
with an annual average temperature of 25.5 °C, (rang-
ing from a minimum of 8.3 °C in January to a maxi-
mum of 45.6 °C in July). The average annual rainfall
accumulation is 213.4 mm (Khuzestan Meteorologi-
cal Organization, 2016). The soil type constitutes
entisols and aridisols. The dominant wind direction is
northwesterly (Rastegari Mehr et al., 2016).

The Maroon river circles the city of Mahshahr.
According to geological reports, the study area is cov-
ered with alluvial deposits and quaternary sediments
(Moore & Keshavarzi, 2014), leading to fertile soil
suitable for farming. Therefore, vegetable cultivation
is mostly practiced by people living in rural parts of
this area. Hence, a large number of small farms are
located on both sides of the river.

Sampling

In February 2016, a total of 72 crop samples includ-
ing spinach (Spinacia oleracea), parsley (Petroseli-
num crispum), alfalfa (Medicago sativa), coriander
(Coriandrum sativum), lettuce (Lactuca sativa), red
and white radish (Raphanus sativus), dill (Anethum
graveolens), leek (Allium ampeloprasum), garden
cress (Lepidium sativum), and 26 associated top-
soil samples (0—10 cm) were collected randomly
at harvest time. The sampling locations are shown
in Fig. 1. The sampling sites were selected based
on land use patterns, field observations, cultivated
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farms, economic activity, the extent of fertile area,
and plant species. Also, ten vegetable species samples
were chosen depending on their consumption in the
resident’s diet, harvesting rate, availability, affinity to
accumulate heavy metals, and uniform dispersion in
the area. Since each small farmland contains various
vegetables, one soil sample is collected for available
crop samples in each farm. A summary of crop types
from which soil samples were collected is provided in
Table S1.

At each sampling site, soil samples were prepared
first by randomly collecting at least four subsamples.
The subsamples were then mixed to form a composite
sample of 1 kg using the quartile method. The sam-
ples were transferred to sealed polyethylene bags and
to the laboratory. In the laboratory, soil samples were
air-dried at room temperature and then sieved through
a 63-um screen mesh to determine macronutrients and
trace metals, as metals concentrate more in smaller
particles (Eby, 2016; Yao et al., 2015; Rastegari Mehr
et al., 2016).

Fresh vegetable samples were collected in clean
polyethylene bags along with growing soils and
immediately transported to the laboratory. Sam-
ples were then thoroughly washed with tap water
to remove dust particles, the edible part of each
vegetable was air dried and subsequently ground
using a pre-cleaned steel grinder. Finally, each crop
powder was stored in a polyethylene zipped bag for
analysis.

Both vegetables and corresponding soil samples
were collected from the same agricultural fields.
The samples were analyzed for the total concentra-
tion of macronutrients (Ca, P, Na, K, S and Mg) and
trace metals (Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, Cd,
Cr, Hg and Se) following aqua regia digestion (1:1:1
HNO;: HCI: H,0) using inductively coupled plasma
mass spectrometry (ICP-MS) at Acme Analytical
Laboratories, Ltd (Vancouver, Canada) (AQ250 code
designed for soil, and VQ110 for vegetable samples).
Soil pH and electrical conductivity (EC) were meas-
ured in aqueous suspensions (1:1 soil/water ratios)
(Ryan et al., 2007). Cation exchange capacity (CEC)
of soil was determined using 0.1 M NaCl according
to the ion retention method of Schofield (1950). Soil
organic matter and CaCO; were measured using the
muffle furnace method (Heiri et al., 2001). Sequential
extraction is a widely used method for assessing the
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bioavailability of toxic metals in soil (Adamo et al.,
2014). Since most of the area’s soil is high in carbon-
ate, following the recommendations of Sulkowski and
Hirner (2006), the BCR method of extraction was
used in this study.

Data analysis
Enrichment factor

The most effective way to estimate metal pollution in
the environment (Mohiuddin et al., 2011) and their
source (Kamani et al., 2015) is to calculate enrich-
ment factor using the following equation:

(C,/Cy,)sample

F= |
(C,/Cy)background )

where C,, and C, are the concentration of the refer-
ence element and selected element of interest, respec-
tively, in true samples and background samples.
Enrichment factor (EF) < 3 indicates minor enrich-
ment, 3-5 is moderate enrichment, 5-25 is severe
enrichment, 25-50 is very severe enrichment, and > 50
is extremely severe enrichment (Acevedo — Figueroa
et al., 2006).

Transfer factor

The transfer factor is an index to describe the poten-
tial transfer of trace elements from soil to plants. It
quantifies the ratio of metal concentration between
plants and associated soil:

TF = Cplam/ Csoil (2)

where C-jj,, and C-; are the concentration of the
elements in the plant and in the corresponding soil
(mg kg~!, day weight), respectively (Khan et al., 2010;
Lui et al., 2006; Cui et al., 2004; Adamo et al., 2014).

Daily intake of metals

The average daily intake of metals (DIM) was quan-
titatively evaluated by the following equation (Jan
et al., 2010; Khan et al., 2008, 2010):
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DIM = Cmelal X Cfaclor X Cfoodintake/ BW

averagebodyweight

3
where C-_,; and C- ., are metal concentration in
plants (mg/kg) and the conversion factor (fresh crops
into dry weight=0.085), respectively (Jan et al,
2010). C-1y0d intake 1S the average daily intake of all veg-
etable species, which is 0.232 and 0.345 kg/ person-
day for children and adults, respectively (Khan et al.,
2008, 2010; Rehman et al., 2019; Guadie et al, 2021).
The average body weight for a child and an adult is
considered to be 32.7 kg and 73 kg, respectively (Jan
et al., 2010).

Health risk index

This index is a measure that indicates how much of
daily consumption of these vegetables is dangerous
for inhabitants:

_ DIM

HRI = ——
RFD “)

DIM is daily intake of metals for an individual
with characteristics described above. RFD (refer-
ence oral dose) is the tolerable daily intake of the
contaminant. RFD values for Cu, Pb, Zn, Ni, Mn, Cr,
Cd, and Hg are 0.04, 0.0035, 0.30, 0.02, 0.033, 1.5,
0.001, and 0.003, respectively (WHO, 1982, 1999;
USEPA, 2006). A health risk less than 1 is assumed
to be safe, while health risk index (HRI) ~ 1 indicates
adverse health effects (Khan et al., 2013).

Quality control and quality assurance

The quality control (QC) testing for elemental
analysis relied on blank control samples, sample
duplicates, and standard certified reference materi-
als (STD OREAS45EA, STD DS-10 for soil and
STD V16, STD CDV-1 for vegetable). According to
Table 1, analytical results of the quality control sam-
ples indicated a satisfactory performance of element
quantification within the range of certified values
(94-120% recovery) for the studied elements in soils
except for Hg (76.19%). Also, it is shown in Table 2
that the vegetable recovery percent varied from
88.7% for Ni to 105.6% for Fe, which is within the
specified limits.

Statistical analysis

Data were statistically analyzed using SPSS software
(version 21). To reduce a set of original variables,
PCA was employed as a multivariate analytical tool
(Golobocanin et al., 2004). Cluster analysis was used
to classify the object into categories. Lastly, to deter-
mine crop species effects on element adsorption, the
Kruskal-Wallis test was used.

Results and discussion
Physicochemical characteristics of soil samples

The results of each soil parameter and summary sta-
tistics of major and trace element concentrations of
the investigated agricultural soils are presented in
Table 1. According to the Harmonized World Soil
Database (2008), the soil samples showed neutral
to slightly alkaline properties with an average pH of
7.36 (range: 6.95 to 7.76). Since the Canadian Coun-
cil of Ministers for the Environment (CCME, 1991)
has estimated agricultural soils pH values to range
between 6 and 8, the study area has natural agricul-
tural soil. According to Metson, (1961) classifica-
tion, 46% and 54% of soil samples in the study area
exhibited low to medium levels of cation exchange
capacity, respectively. Also, soil calcium carbonate
estimation indicated that 96% of the soil samples can
be classified as highly calcareous (FAO et al., 2008).
The mineralogical composition of soil samples
showed that Calcite and Dolomite cover most of the
study area (Rastegari Mehr et al., 2016). Moreover,
the organic matter content of soil revealed that all
samples contain very high levels of organic matter.

Metals content in soil

The determined Fe content in agricultural soil sam-
ples of Mahshahr city (in Albo-ghobeish, Makser
and Bonivar village) and Cr content were higher than
those in published guidelines by the EPA. Also P and
Ni concentration in the study area were higher than
the maximum allowable concentration published by
CCME (2007).

The EF index did not show extreme enrichment
for the studied elements (except for Se and Sb at two
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Table 1 Soil physicochemical parameters and summary statistics of both major and trace elements concentrations in agricultural soil

Element  Detection limit ~ Unit Agricultural soil (n=26) Recovery (%)
Min—max Mean+SD World soil CCME?  EPAS
average®
Fe 0.01 gkg™! 1.19-1.74 1.42+0.12 35 - 1.5 104
P 0.001 gkg™! 0.06-0.17 0.085+0.03 - - - 106
Ca 0.01 gkg™! 17.49-19.25 18.27+0.51 - - - 98
S 0.02 gke! 0.07-0.38 0.16+0.08 - - - 100
K 0.01 gkg! 0.15-0.37 0.24+0.05 - - - 100
Na 0.001 gke! 0.05-0.28 0.11+0.06 - - - 99
Al 0.01 gkg! 0.84-1.55 1.14+0.06 7.1 - - 100
Mg 0.01 gkg! 1.79-2.51 2.17+0.17 - - 325 99
Cu 0.01 mg kg 12.4-22.27 16.37+2.23 14 63¢ 2900 102
Pb 0.01 mg kg 5.94-13.25 7.92+1.77 25 70¢ 107 103
Zn 0.1 mg kg ! 34.4-69.5 45.17+8.54 62 200° 5100 102
Ni 0.1 mg kg™! 53-84.5 68.63+7.8 18 45" 100 105
Co 0.1 mg kg™ 7.1-11.2 9.28+0.98 6.9 40° 20 102
Cr 0.5 mg kg™ 33-57 43.85+5.17 42 64¢ 21 106
Hg 5 ug kg™! 7.0-37 19.88+7.01 100 660° 100 76
As 0.1 mg kg ! 3.6-5.1 4.47+0.42 47 12¢ 11.3 108
Sr 0.5 mg kg ! 503-889.6 679.33+103.67 147 - - 103
Cd 0.01 mg kg™ 0.37-0.57 0.43+0.05 1.1 1.4° 52 93
Se 0.1 mg kg™! 0.2 0.63+0.31 0.33 - 13 120
Mo 0.01 mg kg™! 1.2 1.43+0.29 1.8 5 - 100
Mn 1 mg kg™! 348 388.58+19.37 418 - 630 100
pH - - 6.95 7.39+0.19 - 6-8 ¢ -
EC - (ms/cm) 0.75 4.36+2.80 - - -
CEC - (meg/100g)  6.86 12.78 +£2.78 - - -
CaCO; - gke! 14.93 20.95+2.66 - - -
oM - gkg™! 5.24 9.11+3.17 - - -
Clay - gkg™! 1.52 20.57+10.51 - - -
Silt - gkg™! 29.28 42444633 - - -
Sand - gkg™! 24.64 36.99+7.45 - - -

SD standard deviation
#Kabata-Pendias and Mukherjee, 2007

®CCME (Canadian Council of Ministers of the Environment) soil quality guideline for the protection of environmental and human

health (°1991, 91997, ©1999, 2015)

£Maximum allowable concentration (MAC) of US-EPA (United States Environmental Protection Agency), 2012

stations with extensive fertilizer use) in the study
area (Fig. 2). Also according to Kabata—Pendias
and Mukherjee (2007), Se is naturally high in car-
bonate and organic soils. Areas with soil pollution
index (SPI) > 1 probably became polluted by use of
organic and chemical fertilizers and irrigation with
polluted water or sewage.

@ Springer

Sequential extraction indicated that Al, As, Cd, Cr,
Cu, Fe, Pb, and Zn mostly occur in residual phase with
low bioavailability. Mn was present in the exchangea-
ble phase. This metal has high bioavailability for plants
while it can be harmful for vegetables and human.

Table S2 compares the concentration of trace
metals in agricultural soils in Mahshahr with those
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Fig. 2 Boxplot of enrichment factor (EF) of metals in the agricultural soil of Mahshahr

reported from other areas of the world. The mean
concentration of Ni is higher in agricultural soils of
Mahshahr city than in Aswan (Darwish & Pollmann,
2015), Dehui (Sun et al., 2013), Taiyuan (Yong et al.,
2015), Yongtze (Xu et al., 2014), Shandong province
(in China) (Ping et al., 2011), and Dainyor (Khan
et al., 2010). In contrast, Ni values in Mahshahr were
lower than those reported for Isfahan (Keshavarzi
et al., 2015), Ahvaz (Bahrami et al., 2019), and pelo-
ponnese (Kelepertzis, 2014). Also, the mean concen-
trations of Ni, Se, and Hg in the study area are higher
than those in Samo River Basin in Italy (Adamo
et al., 2014). Cd levels in Mahshahr exceed those in
Ahvaz, Taiyuan, and Yongtze and lower in Alicante
(Mico et al.,, 2006). The total metal concentration
measured in Isfahan is higher than in our study area
except for Se.

@ Springer

The soil macronutrients (Al, S, K, Na, Mg,
Ca, P, and Fe), trace metals (Cu, Pb, Zn, Mo, Ni,
Co, Mn, As, Sr, Cd, Sb, Hg, Se, and V), and pH,
EC, CEC, OM, clay, silt and sand contents were
used for cluster analysis (CA). To evaluate the
clusters’ distances, clusters were classified by
Ward’s method and the data were standardized to
Z-scores. The CA dendrogram is shown in Figure
S1. Ca was carried out based on sampling sta-
tions. The stations were divided into two main
branches. The first branch included lower con-
tent of anthropogenic elements (Pb, Cu, Cd, As,
Cr, and Co), macronutrients (Na, Fe, and k), and
higher content of Ca and Sr. Nearly similar con-
tents of some elements such as Ca and As are the
reason of dissociation of other stations in the sec-
ond main branch.
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PCA

PCA was applied to obtain more information on metal
origins (Table S3). The PCA gave four components
accounting for more than 75% of the cumulative vari-
ance. PC1 explained 36.35% of the total variance and
comprises Ni, Co, Fe, As, Cr, Mg, Al, and V. Con-
sidering the results of geochemical factors, the above
mentioned metals are mostly of crustal origin. Also,
Na and K displayed high factor loading in PC1. The
second factor that accounts for 21.12% of the total
variance is represented by Mo, Cu, Zn, P, Hg, Se,
and K. Compared with the first factor elements, these
components are affected by pollution sources includ-
ing fertilizers, pesticides, and irrigation with polluted
water. The high loading factor of CEC and silt in this
factor reflects the fact that silt plays the most impor-
tant role in cation exchange capacity. The presence of
P and K indicates that potassium and phosphate ferti-
lizers are the most influential anthropogenic sources
of these components. Factor 3 (Na, S, EC, and Na)
and 4 (Mn, Pb, Sb, and Cd) account for 10.32%
and 7.46% of the total variance, respectively. Halite
(NaCl) in the study area (Rastegari Mehr et al., 2016)
and accompaniment of Na and EC in third factor is
consistent with the high salinity in the study area.

Metal content in crops

Elemental concentrations were calculated for agricul-
tural crops (dill, lettuce, garden cress, leek, coriander,
parsley, alfalfa, spinach, and red and white radish).
The overall concentrations of macronutrients and trace
metals in the crops displayed the following decreasing
order: K> Sr> Ca>Na> S >P>Mn>Zn>Mg>
Cu > Mo > Fe > Cr > Ni > Se > Cd > Co > Pb>Hg.

The lowest and highest Fe concentrations occurred
in white radish glands (0.01 g kg™') and red radish
leaves (0.04 g kg™1), respectively. According to world
standards, Fe concentrations in all vegetable sam-
ples do not exceed the normal range. However, con-
centrations of Fe in two samples of alfalfa exceeded
the maximum allowable concentration of 0.25 g kg™!
(Vitosh et al., 1994).

The lowest and highest concentrations of Mg
were detected in dill (0.19 g kg!) and spinach
(1.08 g kg™!), respectively. Some alfalfa samples
showed lower concentrations than the Mg deficiency
limit. Among the analyzed vegetable samples, dill

and radish glands displayed lower Mg deficiency
(Table 2), which probably reflects the low ability of
alfalfa and dill in absorbing Mg. Mg has high ambula-
tion and can easily transfer from old parts of a plant to
newer parts (Vitosh et al., 1994), which is why there
can be higher Mg concentration in leaves compared
to a plant’s root. In addition, spinach showed high
concentration of Mg as compared to other selected
vegetables in this study. The mean concentration of
Na in selected crops was 1.10 g kg~!. The lowest
and highest concentration of Na occurred in alfalfa
(0.21 g kg™!) and white radish glands (4.50 g kg™}).

The mean concentration of K is 5.49 g kg
with the lowest and highest concentration being
2.28 g kg~! (red radish leaves) and 9.94 g kg™! (let-
tuce), respectively. Potassium concentration in differ-
ent species and also in a single species was unstable,
so no relationship was found. The mean concentra-
tion of S and P in selected crops is 0.64 g kg~! and
0.51 g kg~!, respectively. Also, the lowest and high-
est concentrations of S occur in lettuce (0.29 g kg™!)
and garden cress (1.29 g kg™"), respectively, while
the lowest and highest levels of P are in alfalfa
(0.25 g kg™!) and garden cress (1 g kg™!), respec-
tively. Radish (leaves and roots) and leek are good
sources of S and garden cress is a rich source for both
S and P.

Calcium is a major element in crops. The mean
concentration of this element in selected crops was
0.47 g kg~' with the lowest and highest concen-
trations occurring in red and white radish leaves
(270 g kgh), respectively. It is worth to note
that deficiency limit for alfalfa and vegetables is
1.76 g kg™! and 0.25 g kg™!, respectively. With the
exception of one alfalfa sample, all other samples had
normal concentrations.

Mn concentration in selected crops varied between
0.11 mg kg~! in white radish glands and 106 mg kg™
in red radish leaves. The mean concentration is calcu-
lated to be 40.57 mg kg~!. Radish glands, coriander
and some leek samples, parsley, lettuce, and spin-
ach showed lower Mn content than the deficiency
limit (30 mg kg~') (Vitosh et al., 1994). The reason
is likely the low ability of these vegetables to absorb
Mn. Also, it seems that radish leaves are rich in Mn.

The mean concentration of Co in the study area
is 0.21 mg kg~!, while the minimum and maximum
concentrations are 0.06 mg kg~' in coriander and
0.68 mg kg~! in red radish leaves, respectively. The

@ Springer



131 Page 10 of 15

Environ Monit Assess (2022) 194: 131

maximum allowable concentration of cobalt exceeded
about four times that in radish leaves and glands. It is
also about two times in spinach and garden cress and
0.5 times in parsley.

The mean concentration of Cu was measured to be
4.14 mg kg™!, varying between 1.12 mg kg~! in white
radish glands to 13.38 mg kg™' in leek. With due
attention to standards given in Table 2, crops in the
study area generally showed lower Cu content than
the deficiency limit.

Mo exhibited a mean content of 2.40 mg kg~! and
varied between 0.37 mg kg~! in white radish glands
and 7.49 mg kg~! in alfalfa. According to deficiency
limits and maximum allowable concentration given
for Mo (Table 2), in vegetables and alfalfa, generally
no Mo deficiency was found, except in alfalfa where
Mo content was found to be more than the maximum
allowable concentration. It seems that parsley and
garden cress have more tendency towards absorbing
Mo compared with spinach and radishes.

The mean concentration of Ni in the study area was
measured to be 1.22 mg kg™'. The standard maximum
allowable concentration is 10 mg kg™' (SEPA, 2005
and FAO/WHO, 2011) for vegetables. Ni concentra-
tion in whole vegetables is lower than the maximum
allowable concentration. Since Ni concentration in soil
samples was measured to be high, it seems that some
selected vegetables species do not absorb this metal.

The mean concentration of Zn in the selected crops
was 40.11 mg kg~! (Table 2). The lowest Zn con-
centration (16.50 mg kg~') was observed in corian-
der, while the highest (106.40 mg kg™') was in gar-
den cress. Between the selected vegetable species,
coriander and parsley absorb lower contents of Zn.
However, garden cress and spinach also have a great
ability to absorb this metal, resulting in Zn content
above the maximum allowable concentration in some
samples.

The average content of lead (0.12 mg kg™') and
cadmium (0.26 mg kg~') in vegetables from the
study area were higher than the maximum allowable

Table 3 Kruskal-Wallis test results for crop samples

concentrations of these elements (Table 2). Since
lead content in soil samples is much lower than the
maximum allowable concentration of this metal, plant
or soil physiological factors such as soil texture can
result in such a concentration. High mobility of cad-
mium in soil is the reason for high bioavailability of
this toxic metal in crops in the study area, especially
in spinach, lettuce, garden cress, and radishes.

The average concentration of Hg was 24.26 ug kg™!,
with the lowest and highest concentrations being in
parsley (8 pg kg™!) and lettuce (65 pg kg™!). Com-
pared with the maximum permissible concentration
(100 pg kg~!, FAO/WHO, 2011), Hg content in veg-
etables is lower. In addition, the mean concentrations
of Se and Cr in selected crops were observed to be
0.62 mg kg™! and 1.83 mg kg™, respectively. Also, the
lowest and highest concentrations of Se and Cr occurred
in parsley (0.08 mg kg™') and leek (3.90 mg kg™
and in white radish glands (1.10 mg kg™') and dill
(3.70 mg kg™"), respectively (Table 2).

Soil to plant transfer factor

Soil to plant transfer factor is a key component in
determining different human exposure routes to
macro- and micronutrients and potential toxic ele-
ments through the food chain. Figure S2 shows the
TF value for P, Na, K, S, Co, Mn, Ca, Mg, Fe, Mo,
Cu, Zn, Se, Cd, Hg, Pb, Cr, and Ni for soil to edible
parts of selected vegetable samples. The trend from
soil to crops for macronutrients and trace metals was
as follows: K>Na>P>S>Mo>Hg>Se>Zn>Cd
>Cu>Mg>Mn>Ca>Cr>Co>Ni=x Fe=Pb.

Plant species will affect element availability of the
crops (Keshavarzi et al., 2015). Biological, chemical,
and physical properties of soil can also affect the bio-
availability of the elements (Zhao et al., 2009). But the
most important factor that controls the element’s uptake
is soil pH (Basta et al., 2005; Jung & Thornton, 1997).
Generally, the value for macronutrients (especially P, K,
Na and S) was much higher than that for trace metals.

Mo Cu Pb Zn Ni Mn Fe Cd Cr Hg Se
Chi-square  51.94 46.617 26.084 37.506 42.222 58904 53.352 47.817 55875 18.192 33359 12.23
df 11 11 11 11 11 11 11 11 11 11 11
Asymp. Sig 0 0 0.006 0 0 0 0 0 0.077 0 0.347
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Table 4 Calculated correlate on coefficients between soil and crops elements

Cu(Soil)  Pb(Soil)  Zn(Soil)  Ni(Soil) Co(Soil) Mn(Soil)  Fe(Soil)  Cd(Soil)  Cr(Soil)  Hg(Soil)  Se (Soil)

Mo (Soil)

.200
.074
.039
—-.120
021
—-.207
-.192
-.074
—.280
—.148
—.147
450

.056

.064
—.151

—.043
—.011

.084
121
—-.129
—.154

.082
.065
—.011

—.111

.034
.145
—.113
—.135

.087
.180
—.075

—.131

138
—.001

015

.047
—.026
-.023
—.054
—.147
—.194
—.121
—.143
—.003
—-.119

Mo (Plant)  —.108 197

Cu (Plant)
Pb (Plant)

128
—-.119
—.166

.163
—-.020
-.122

111
—.065
—.045
—-.070
—.143
—-.070
—.153
—.129
—.248

029
—.044

.006
—.089
—.052
—.169
—.136
-.134
—.267
—.027
-.176

-.013

.029
—.038

Zn (Plant)
Ni (Plant)

071
—.122
—.245
—.086
—.250
—.123
—-.230
—.032

.021
—.039
—.161
—.015
-.177
—.022
—.005

.086
—.117
—.241
—.094
-.278
—.135
—-.220
—-.010

.039
—.093
—.086
—.080
—.208
-.075
-.129
—.143

.051
—.134
-.217
—.088
—.281
—.024
—.171

—.009

.048
—.208
—.236
—.104
—-.329
—.085
—.146

.039
—.201
—-.201
—.095
—.304
—.082
—.258

.035
—.106
—-.020

Co (Plant)

Mn (Plant)
Fe (Plant)

.032
—.062

Cd (Plant)
Cr (Plant)

.076
362

Hg (Plant)
Se (Plant)

243

283

.081

176

344

176

Na is more easily transported to dill, spinach, and gar-
den cress. Also spinach and garden cress do not adsorb
K and P more than other selected crops. Since S trans-
fer factor in red radish leaves is much higher than those
in glands, it is likely that S mobility in red radish caused
this element to accumulate in leaves.

For whole selected vegetables except white rad-
ish, it was more difficult to transfer Fe from soil into
their edible parts. The highest TF values for Mg and
Ca were in white radish, while the lowest Cu content
was observed in red and white radishes. Spinach, gar-
den cress, and lettuce showed high TF value for Zn.
The Co concentration in crops is highly dependent
on soil parameters and absorption ability of the plant
(Kabata-Pendias & Mukherjee, 2007). The maximum
TF value for Pb occurs in garden cress and for Cd in
spinach and garden cress. The highest Se absorption
occurs in leek and the lowest in alfalfa and parsley.
The results confirmed that elements’ accumulation
in leafy edible part of crops is higher than root parts
(Dziubanek et al., 2015; Zhuang et al., 2009).

Daily intake of metals and health risk index

Table S4 displays estimated daily intake of metals
(DIM) for macronutrients and trace metals through
consumption of selected vegetables. The results
were compared with the oral reference doses (RFD)
as suggested by FAO/WHO and USEPA/IRIS.
Health risk indices were also calculated resulting
from the consumption of these metals in food chain
for both children and adults.

Results showed that health risk index (HRI) for
the majority of metals was lower than unity, with
the exception of Mn in both white and red radish
leaves for children. Therefore, the consumption
of these vegetables for children can cause health
problem (Figure S3). A comparison between mean
concentrations of heavy metals in selected vegeta-
bles in the study area with other cities around the
world is given in Table S5. The mean metal concen-
trations in radish crops in the study area are lower
than those in Beijing (Khan et al., 2008), Lahor
(Mahmood & Malik, 2014), Dohuk (Sulaivany &
Al-Mezori, 2007), and Isfahan (Keshavarzi et al.,
2015). Also in lettuce, the mean metal concentra-
tion is lower than in Beijing and higher than Jiangsu
(Cao et al., 2010). In spinach, the mean selected
element concentration from Mahshahr city is higher
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than Beijing (Zn concentration) and Lahor (Cu and
Mn concentration). Comparison between parsley
and coriander in the study area with same crops in
Isfahan, Titagarh (Gupta et al., 2012), and Istanbul
(Osma et al., 2012) showed that, except for Cu con-
centration in Istanbul parsley, the selected element
concentration in other cities is higher than those in
Mahshahr city. The mean Cd concentration in leek
in the study area was higher than the reported con-
centration at Dohuk, while the mean Mn concen-
tration in garden cress sampled in Ahvaz (Bahrami
et al.,, 2019) is higher than Mahshahr. Also, the
mean Zn concentration in garden cress in Ahvaz is
lower than in the study area.

To obtain more information regarding heavy met-
als in crop samples, PCA was performed. In this
method after varimax rotation, elements were organ-
ized in four components representing more than 70%
of the total variance. Factor 1 with 24.64% of the
total variance included Pb, Mn, Fe, Co, and Cr. These
metals include higher concentration in some special
crops species, particularly radish, while Mo, Cu, and
Ni in factor 2 (19.89% of the total variance) displayed
lower and higher concentration in radishes and pars-
ley, respectively. The third factor explained 15.21% of
the total variance and included Zn, Cd, and Hg. These
elements show the highest concentration in garden
cress, spinach, and lettuce samples (Table S6).

In this study, crop species were not separated. Thus, it
was not possible to separate vegetables according to their
own sources. Therefore, Kruskal-Wallis non-parametic
test was used for element absorption. (Table 3).

The results indicate that, except for Se and Cr, other
elements (with P-value <0.05) in crop species play an
effective role in absorbing these elements (Table 3).
Correlation coefficients between element concentra-
tions in soil and crops showed that no element (except
for Se) correlate with soil and crop (Table 4).

Conclusion

In the present study, we assessed the contamination
and human health risks posed by heavy metals in soils
and edible parts of crops in Mahshahr city of Iran.
Chemical analysis of agricultural soil in the study
area indicated that concentrations of Fe, Ni, and P
were marginally higher than the maximum allowable
concentration set by the United States Environmental

@ Springer

Protection Agency (EPA) and the Canadian Council
of Ministers of the Environment (CCME). However,
the results showed that the concentration of these
metals is not considerable. Based on the vegetable
results, radish displayed the highest accumulation
rate for Mn and Co, while high concentrations of Cd
occurred in spinach, lettuce, and garden cress due to
its remarkable mobility and bioavailability in soil and
plants. Also, crop species play a significant role in
metal absorption such as how there is high Zn accu-
mulation in garden cress and spinach as compared
with low absorption of Ni in vegetables. Mn with
HRI>1 was the most dangerous elements for chil-
dren via radish consumption.
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