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G R A P H I C A L A B S T R A C T

A B S T R A C T

This paper provides the first quantitative information on accumulation of cadmium, lead, and arsenic in the soil,
leaf, and root of wheat (Triticum aestivum L.), corn (Zea Maize), and tomato (Solanum lycopersicum) in the
downstream agricultural lands of an industrial area and agricultural lands of a rural area, Razavi Khorasan
province, Iran. The results showed that there is a significant difference among the cadmium concentrations in the
soil, root and leaf/seed in various plants (p = 0.00 for wheat and corn and p = 0.0004 for tomato). There was no
significant difference between the lead concentrations in the soil, root and leaf/seed in the case of wheat
(p > 0.05), but there was a significant difference for other plants. Furthermore, statistical analysis was done on
arsenic concentrations of soil, root and leaf/seed in the wheat, tomato, and corn. In the case of rural area, the
results showed significant difference between the cadmium and lead concentrations of soil, root and leaf/seed in
the wheat and tomato. In this area, statistical analysis was done on the arsenic concentrations of soil, root and
leaf/seed in wheat, tomato, and corn (p = 0.00 for wheat, p = 0.00 for tomato, and p > 0.05 for corn). The heavy
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etals concentrations in some parts of the plants in the industrial area were above the standards. The
oncentrations of cadmium, lead, and arsenic for soil were below the limits proposed by WHO, EPA, and EU. In this
tudy, the Total Hazard Quotient (THQ) through consumption of wheat was less than 1, indicating no significant
otential health risk associated with the consumption of wheat from the areas. The cancer risk of arsenic from
heat consumption was as 255 � 10�6 and 0.00 in the industrial and rural areas, respectively.
Atomic absorption spectrophotometer (AAS) equipped with graphite furnace was used for heavy metal
analysis.
The general results revealed that the levels of Cd, Pb, and As in the industrial area were higher than the rural
area.
The cancer risk of arsenic in wheat for the industrial area is greater than 1 �10�6, which is unacceptable.

 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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ethod details

Method name: Atomic absorption spectrophotometry and health risk assessment by EPA/WHO
ethod

escription of area

Kashaf Rud River is located in the Eastern North of Iran between Hezarmasjed and Binaloud
ountains along the west north to east south among Mashhad-Chenaran Plain. Then, it joins Hari Rud
iver in Sarakhs City. From that point on, it is called Tajan River, which goes to Turkmenistan. Among
he most important rivers leading to Kashf Rud near Mashhad plain, we can name Ferizi, Golmakan,
handiz, Torogh, Ardak, and Kardeh. So far, five dams of Kardeh, Torogh, Ardak, Dolatabad and Chali
arreh have been established. The water of these Streams does not arrive to the main River of Kashf
ud because of high agricultural farms and also due to its penetration into the underground water
able. Kashaf Rud, today, is polluted heavily due to an entrance of industrial wastewater and
gricultural runoff in Mashhad city. The agricultural land of this area is irrigated by the water of this
olluted river. Sampling was done from agricultural lands of Khin Arab area located at the margin of
ashaf Rud. The second area for sampling was Sar Rud. Sar Rud is a village in Zavin Rural District, Zavin
istrict, Kalat city, Razavi Khorasan Province, Iran. At the 2006 census, its population accounted for
49 people, in 207 families. Sar Rud is also the name of a River in this area (Sar Rud River). The
gricultural land of this area is irrigated by the water of this clean river (Fig. 1).

ampling

In this study, a random sampling of soil, root and leaf/seed of wheat (Triticum aestivum L.), corn (Zea
ize), and tomato (Solanum lycopersicum) was performed (Fig. 2). A total of 15 samples of winter
heat (from 3 farms) and some soil samples were taken and stored in the plastic containers. For corn
eld, which is located near to the wheat farms, in the same way, 7 samples (from two farms) were
andomly selected and harvested. Samples of the two tomato farms (15 samples), approximately one
ilometer from the site of the previous sampling, were also collected. A total of 111 samples for the
ndustrial area (3 elements = 313 analysis) and 111 samples (3 elements = 313 analysis) for the rural
rea (soil, root, and leaf/seed) were randomly collected. After sampling, the roots and leaves were
eparated and dried in the open air away from direct sunlight. In the case of wheat, instead of leaves,
he seeds were harvested and analyzed.
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Fig. 1. Situation of sampling sites A) Map of Iran, B) Map of Razavi Khorasan province, C) Kashaf Rud River catchment basin, D) Downstream agricultural lands of industrial area, Razavi
Khorasan province, Mashhad city, Khin Arab area, Kashaf Rud River Basin, and E) Agricultural lands of rural area: Razavi Khorasan province, Kalat city, Sar Rud village.
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Fig. 2. Image of plants that are used in this study. A)Wheat (Triticum aestivum L.), B) corn (Zea mize) and C) tomato (Solanum lycopersicum) from downstream agricultural lands of industrial
area, Razavi Khorasan province, Mashhad city, Khin Arab area, Kashaf Rud River Basin, and agricultural lands of rural area: Razavi Khorasan province, Kalat city, Sar Rud village.
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Instrumentation

Soil samples were totally milled; then, approximately 1.5 gr of soil was placed in a furnace at a
temperature of 600 �C. One gram of sample was digested in 20 ml of acid solution. Acid solution of
hydrochloric acid (14 M or 37%) and nitric acid (12 M or %65) were produced at a ratio of three to one and
soil samples were digested with this solution. Roots and leaves were rinsed with water, then dried and
powdered. Finally, the samples were turned into ash in the oven at 600 �C and digested with nitric acid.
Standardsfor leadanalysis (50,100 and150 mg/L)aremadeof leadnitratesolution. Thecontrolsolutionof
distilled water was considered. Standards for the analysis of cadmium and arsenic were 10, 25 and 50 mg/
L.Atomic absorptionspectrophotometer(AAS) equipped with graphite furnace(GBC GF3000 model) was
used for heavy metal analysis [1]. A volume of 20 microliters of the sample was injected into the device.

Statistical analysis

In this study, the SPSS software was used for statistical analysis. The data normality was done by
using Shapiro-Wilk test, and the significant level of p > 0.05 normality was considered as a
benchmark. To study the homogeneity of variances, the Leven test was used and p > 0.05 was
considered as a benchmark. In the case of normal data and homogeneous parametric tests, Analysis of
Variance (ANOVA) and Tukey test were used. Nonparametric tests, and specifically, the Kruskal-Wallis
test were used for non-normal data. The level of significance was considered less than 0.05.

Health risk assessment by EPA/WHO method

The purpose of this section was to estimate the health risks of lead, cadmium, and arsenic
consumption of wheat in Mashhad provided by the US Environmental Protection Agency [2] The US
EPA established the Reference Dose (RfD, mg/kg/day) as Eq. (1):

RfD ¼ NOAEL or LOAEL
UF � MF

ð1Þ

where NOAEL = No Observed Adverse Effect Level, LOAEL = Low Observed Adverse Effect Level,
UF = Uncertainly Factor, and MF = Modifying Factor. Furthermore, Average Daily Dose (ADDpot, mg/kg/
day) for exposure assessment is calculated as Eq. (2):

ADDpot ¼ C � IR � EDð Þ
BW � AT

ð2Þ

where C (mg/kg) = Concentration of toxic material, IR = Ingestion Rate (for wheat = 0.3 kg/day),
ED = Exposure Duration, BW = Body Weight (70 kg), and AT = Averaging Time. The LADD (only for
arsenic in wheat) takes the form of Eq. (3), with Life Time (LT) replacing the averaging time:

LADDpot ¼ C � IR � EDð Þ
BW � LT

ð3Þ

Finally for non-carcinogenic risk calculation, Total Hazard Quotient (THQ) is calculated as Eq. (3):

THQ ¼ ADDpot

RfD
ð4Þ

If the result of this formula is less than one, it indicates that the use of harmful effects on health is
acute (If ADDpot< RfD, then there is no problem). For carcinogenic chemicals:

Cancer risk = LADDpot� Slope factor (5)

The cancer risk greater than 1 �10�6 is unacceptable (usually).

Heavy metal concentrations

The Shapiro-Wilk test showed that the Cd concentrations of soil, root, and seed for wheat in the
industrial area are normal (p > 0.05). Furthermore, the Leven test determined that the variance among

G. Zolfaghari et al. / MethodsX 5 (2018) 43–60 47
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he groups are homogenous (p = 0.23). ANOVA test results showed a significant difference among the
roups in the soil, root, and seed for wheat (p = 0.00) (Fig. 3 and Table 1). The results determined that
he highest concentration of cadmium was in the root (57.65 mg/kg). The Shapiro-Wilk test also
howed that the soil, root, and leaf data for tomato are normal (p > 0.05). Furthermore, the variance
etween the groups are homogenous (p = 0.82). The results showed significant difference among
admium concentrations of soil, root, and leaf for tomato (p = 0.004). The highest concentration of
admium is related to root (57.75 mg/kg). There was a significant difference among the soil, root, and
eaf of corn in cadmium concentrations (p = 0.00). In the case of rural area, the results showed
ignificant differences between cadmium concentrations of soil, root and leaf for wheat (p = 0.027),
omato (p = 0.027), and corn (p = 0.00) (Fig. 3 and Table 1).

Shapiro-Wilk test showed that the Pb concentrations of soil, root, and seed for wheat are normal
p > 0.05) and the Leven test revealed that the variance between the groups is not homogeneous
p = 0.01). Thus, the Kruskal-Wallis test showed no significant difference between the soil, root, and
eed (Fig. 4 and Table 2). In addition, the results showed that the tomatoes data are normal (p > 0.05).
he ANOVA test (Tukey) results showed a significant difference between the soil, root, and leaf for
omato (p = 0.00) (Fig. 4 and Table 2). Furthermore, the Shapiro-Wilk test showed that the soil, roots,
nd leaf data for corn are normal (p > 0.05). The Tukey test showed significant differences among lead
oncentrations in the soil, root, and leaf of corn (p = 0.00). In the case of rural area, the results showed
ignificant differences among lead concentrations of soil, root, and leaf/seed for wheat (p = 0.00),
omato (p = 0.00), and corn (p = 0.00) (Fig. 4 and Table 2). The mean concentrations of lead for wheat in
he rural area (soil = 15.66, root = 20.66, and seed = 12.00 mg/kg) indicate that the maximum
oncentration is in the root. Wieczorek et al. [3] reported that the cadmium concentration in the
ereal grain was in all cases higher than in the soil samples. The results of several studies indicate that
admium taken up by plants from the soil is accumulated first in roots, and then transported in smaller
uantities to the stems and seeds. Cadmium concentration in other plant organs depends on
umerous factors, such as specific characters of the plant species and physicochemical properties of
he soil, as well as dust deposition [4]

The results showed that the soil, root, and seed data for arsenic concentration in wheat are not
ormal (p < 0.05). So, the Kruskal-Wallis nonparametric test was used. The results showed no
ignificant differences among the groups in the soil, root, and seed. The highest concentration of
rsenic was observed in the root (Fig. 5 and Table 3). Shapiro-Wilk test also showed that for tomato,
he data of soil, root, and leaf are not normal (p < 0.05). The results showed significant differences
mong soil, root, and leaf (p = 0.026 for tomato and p = 0.00 for corn). Arsenic concentrations in the
oot were higher than other organs (soil = 43.67, root = 62.33, leaf = 32.67) (Fig. 5). In the case of rural
rea, the results showed a significant difference between arsenic concentrations of soil, root, and leaf/
eed for wheat (p = 0.00) and tomato (p = 0.00), but there was no significant difference for corn
p = 0.125) (Fig. 5 and Table 3). Zhao et al. [5] investigated grain samples of 26 wheat cultivars grown in
ve field trials located in the productive farming regions in Europe. Grain from four trials contained
ow concentrations of total As (7.70 mg/kg), reflecting low levels of As in the soils (1.30–11 mg/kg). In
ontrast, at one of the trial sites, the As level in the soil was greater (29 mg/kg), and much higher As
oncentrations (69.00 mg/kg) were present in the wheat grain.

nterspecies differences

In order to examine interspecies differences, the heavy metal concentrations between the three
lants including wheat, tomato, and corn were compared (Fig. 6). This study showed that there is a
ignificant difference in Cd concentrations among different plants in the soil, root, and leaf/seed in the
ndustrial area (p < 0.05) except for As concentration in the root of the studied plants (p = 0.059). The
ean soil Cd concentrations ranged from 42.33 (wheat) to 54.33 mg/kg (tomato). The mean root Cd
oncentrations ranged from 57.75 (wheat and corn) to 85.84 mg/kg (tomato). Furthermore, the mean
eaf/seed Cd concentrations ranged from 17.66 (wheat) to 44.66 mg/kg (tomato). The results of this
tudy showed that the concentration of Pb in the leaf/seed of wheat, tomato, and corn from the vicinity
f industrial areas of Kashaf Rud, Mashhad were as 273.33, 126.66, and 466.66 mg/kg, respectively. Pb
ontents in the leaf of corn were significantly higher as compared to those in the other plants
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Fig. 3. Comparison of cadmium concentration (mg/kg) in soil, root, and leaf/seed for wheat, tomato, and corn. Top three figure show plant species irrigated withwastew
and down three figure show plant species irrigated with river water (rural area).
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p = 0.043). The results of the Farooq et al. [6] analysis showed that the concentration of Pb in the leaf of
pinach, coriander, lettuce, radish, cabbage and cauliflower from the vicinity of industrial areas of
aisalabad, Pakistan were as 2.25, 2.65, 2.41, 2.03, 1.92 and 1.33 mg/kg, respectively. Pb contents in the
eaves of coriander were significantly (p < 0.05) higher as compared to those in the other vegetables,
hereas, the leaf samples of cauliflower were found to be significantly (p < 0.05) lower in Pb contents.
owever, there was no significant (p > 0.05) variation in the level of Pb in the leaves of spinach and
ettuce. Stems of spinach, coriander, lettuce, radish, cabbage, and cauliflower contained 1.19, 1.64, 1.88,
.16, 1.62 and 1.31 mg/kg, respectively. Higher levels of Pb were determined in radish stems, whereas
onsiderably (p < 0.05) lower amount of Pb was found in spinach stems, but no considerable
ifference of Pb concentration was observed in the leaves of coriander and cabbage (p > 0.05). The
oots of spinach, coriander, lettuce, radish, cabbage and cauliflower contained 1121,1.53,1.85, 2.25,1.15
nd 1.22 mg/kg of Pb contents respectively. In this study, the results of Tukey test showed that there
as a significant difference in As concentrations among different plants (p = 0.002 for soil and

 = 0.003 for leaf/seed). The highest arsenic concentration was in the root of tomato (62.33 mg/kg). The
oot of tomato ant soil of corn had intermediate values, whereas, the soil of tomato and leaves of wheat
ere in subsequent orders, and the lowest concentration of As was in leaves of tomato (32.67 mg/kg).
s absorption by plants is influenced by many factors including plant species [7], As concentrations
nd forms in the soil [8], soil properties such as pH and clay content [9], and the presence of other ions
10]. Most plants grown on As-contaminated soils contain elevated As levels. For most plants, the
ighest concentrations of As are found in roots, with the aboveground vegetative parts (leaves and
tems) being lower, and the lowest levels found in fruit and seeds [11].

ifferences between industrial and rural areas

The heavy metal concentrations between industrial and rural areas were compared (Fig. 7).
emirezen and Ahmet [12] analyzed different samples of vegetables and reported a high
oncentration (3.00–10.70 mg/kg) of Pb which poses health risks to human life. In another study,
harma et al. [13] investigated that concentration of Pb in vegetables grown in industrial areas (17.54–
5.00 mg/kg). Muchuweti et al. [14] reported the level of Pb in vegetables irrigated with mixtures of
astewater and sewage from Zimbabwe (6.77 mg/kg). Fytianos et al. [15] examined a high
oncentration of Pb in spinach grown in industrial and rural areas of Greece. Sewage effluents are
onsidered not only a rich source of organic matter and other nutrients but also they elevate the level
f metals like Cd, As, Fe, Mn, Cu, Zn, Pb, Cr, Ni, and Co in receiving soils [16].

eavy metal standards

The mean concentrations of cadmium, lead, and arsenic in the samples were compared with the
tandards of United State Environmental Protection Agency (USEPA), United Kingdom (UK), Union of

able 1
 value of ANOVA and Kruskal-Wallis tests for the difference in cadmium concentration (mg/kg) among soil, root, and leaf/seed
wheat, tomato, and corn) in industrial and rural areas.

Industrial area Wheat (ANOVA (Tukey)) Tomato (ANOVA (Tukey)) Corn (ANOVA (Tukey))

Groups P F Groups P F Groups P F

Soil-Root 0.008 189.17 Soil-Root 0.066 15.47 Soil-Root 0.000 78.29
Soil-Seed 0.001 Soil-Leaf 0.077 Soil-Leaf 0.001
Seed-Root 0.000 Leaf-Root 0.003 Leaf-Root 0.000

Rural area Wheat (Kruskal-Wallis) Tomato (Kruskal-Wallis) Corn (ANOVA (Tukey))

Groups p Z Groups p Z Groups p F

Soil-Root 0.046 �1.99 Soil-Root 0.046 �1.99 Soil-Root 0.000 685.21
Soil-Seed 0.046 �1.99 Soil-Leaf 0.046 �1.99 Soil-Leaf 0.000
Seed-Root 0.050 �1.96 Leaf-Root 0.050 �1.96 Leaf-Root 0.000

0 G. Zolfaghari et al. / MethodsX 5 (2018) 43–60
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Fig. 4. Comparison of lead concentration (mg/kg) in soil, root, and leaf/seed for wheat, tomato, and corn. Top three figure show plant species irrigated with wastewater
down three figure show plant species irrigated with river water (rural area).
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urope (EU), World Health Organization (WHO) [17], Iran Department of Environment (DOE) and etc.
Table 4). The amount of Cd in the soil samples of different plants including Triticum aestivum L., Zea
ize and Solanum lycopersicum was found to be as 42.33, 50.33, and 54.33 mg/kg, respectively. The
esults of soil quality monitoring carried out by the Poland Ministry of Agriculture and Rural
evelopment [18] in 2000 showed that the lowest cadmium concentration, about 0.04 mg/kg, was
ecorded in the northeastern Poland (including Warmia and Mazury) and central Poland [19].
ccording to the Regulation on Soil Quality Standards of 2002 by the Poland Minister of Environmental
rotection [20], the permissible cadmium concentration is much higher, e.g. 1 mg/kg in the protected
reas, and 4 mg/kg in the surface layer of arable soils.
Heavy metal accumulation in agricultural soils can be a problem when using wastewater to irrigate

he soil. Increased levels of heavy metals in the soil, strongly affect the pH, Cation Exchange Capacity
CEC), organic matter, soil mineral elements, dynamics and mobility of soil [21]. The effect of heavy
etals accumulation in soil depends on many factors such as the concentration of heavy metals in the
ewage, irrigation duration, pH, soil texture, and CEC. In fact, after 10–50 years, the levels of heavy
etals exceed the standards in the soils irrigated with wastewater [22]. The results of Rattan et al. [23]
howed that the use of wastewater in irrigation for 10 years increases iron, nickel, and lead
oncentrations in the soil.
The large agricultural fields are irrigated by the untreated industrial and domestic wastewater in

ran. This type of irrigation with polluted water causes the low quality of agricultural products and
eduction of soil productivity. On the other hand, an increase of the heavy metal concentration in the
oil as high as the toxic level irrigated with polluted water may reach to the human and animal food as
ike affect the plant growth and quality. In the case of water used in watering plants, the maximum
oncentration of cadmium proposed is equal to 0.01 mg/L. In concentrations of 0.1 mg/L, nutritious
olutions for beans, beets, and turnips are toxic. Standard of cadmium in drinking water is 0.005 mg/L.
he proposed maximum concentration of lead in the water used for watering plants is 5 mg/L. Lead
tandard in drinking water is 0.05 mg/L. High concentrations of heavy metals in the sewage with long-
erm use of wastewater in irrigation can cause a significant increase in the soil heavy metals [24]

Table 4 shows the standard of heavy metals studied in plants. The lead concentration in the seeds of
heat was 273.33 mg/kg. According to the Regulation by the Poland Minister of Health [25], the
alculated mean lead concentration in the wheat seed is higher than the maximum acceptable level
200 mg/kg). In Standard Methods for the Examination of Water and Wastewater, the allowable level of
ead in plants for human consumption is cited as 2 ppm [26]. Lead contamination in plants seeks to
revent root elongation and photosynthesis. The sensitivity and response of plants to lead are different
nd depend on the physiological and genetic structure. The lead in soil is absorbed by plants, which is
tored mainly in the roots. The allowable concentration of arsenic in plants recommended by the
orld Health Organization is 0.7 mg/kg dry weight, while the concentrations found in the studied
lants are much lower. Nazemi et al. [27] examined arsenic, chromium, cadmium, lead and zinc in

able 2
he result of Kruskal-Wallis and ANOVA (Tukey) tests for the difference in lead concentration (mg/kg) among soil, root, and leaf/
eed (wheat, tomato, and corn) in industrial and rural areas.

Industrial area Wheat (Kruskal-Wallis) Tomato (ANOVA (Tukey)) Corn (ANOVA (Tukey))

Groups p Z Groups p F Groups p F

Soil-Root 0.513 �0.65 Soil-Root 0.013 15.62 Soil-Root 0.000 64.97
Soil-Seed 0.301 �1.96 Soil-Leaf 0.002 Soil-Leaf 0.464
Seed-Root 0.513 �0.65 Leaf-Root 0.000 Leaf-Root 0.000

Rural area Wheat (Kruskal-Wallis) Tomato (ANOVA (Tukey)) Corn (ANOVA (Tukey))

Groups p F Groups p F Groups p F

Soil-Root 0.000 100.306 Soil-Root 0.002 7.07 Soil-Root 0.001 118.35
Soil-Seed 0.002 Soil-Leaf 0.000 Soil-Leaf 0.000
Seed-Root 0.000 Leaf-Root 0.000 Leaf-Root 0.000

2 G. Zolfaghari et al. / MethodsX 5 (2018) 43–60
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Fig. 5. Comparison of arsenic concentration (mg/kg) in soil, root, and leaf/seed for wheat, tomato, and corn. Top three figure show plant species irrigated with wastew
and down three figure show plant species irrigated with river water (rural area).
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egetables grown in Shahrud, Semnan province and concluded that the mean concentrations of heavy
etals are more than the Food and Agriculture Organization (FAO) levels. Lead concentrations in
lants studied were more than the reference value reported by the American Water Works Association
100 mg/kg).

uantitative risk assessment

Vegetables, wheat, and rice constitute the major part of the diet of the Iranian people. In this study, it
as assumed that the local population consume the local wheat and the ADDpot calculated from Eq. (2) is
ased on heavy metal levels from the seeds of wheat samples (concentrations of toxic material in the
ndustrial area = 17.66, 273.33, and 41.66 mg/kg for cadmium, lead, and arsenic, respectively). The intake
f elements in wheat consumption was calculated daily [28]. The total daily intake (ADDpot) of cadmium,
ead, and arsenic in the industrial areawas as 0.07,1.17 and 0.17 mg/kg/day, respectively. Furthermore, the
otal daily intake (ADDpot) of cadmium, lead, and arsenic in the rural area was as 0.04, 0.05 and 0.00 mg/
g/day, respectively. Tolerable daily intake (Provisional Tolerable Daily Intake: PTDI) according to US
nvironmental Protection Agency standard for cadmium, lead, and arsenic is equal to 1.00, 3.75, and
.14 mg/kg/day, respectively [29]. Therefore, the ADDpot for all elements was less than the PTDI. The RfD
alues are as 1.00, 14.00, and 0.30 mg/kg/day for cadmium, lead, and arsenic, respectively. Risk potential
THQ) of each element for wheat consumption in Kashaf Rud, the industrial area, was calculated for the
ndividual consumer. The risk potential of wheat consumption was 0.07 for cadmium, 0.08 for lead and
.56 for arsenic. Furthermore, the risk potential of each element for wheat consumption in Sar Rud, rural
rea, was calculated for the individual consumer. The risk potential of wheat consumption was 0.003 for
ead, 0.04 for cadmium, and 0.00 for arsenic. The results of this study indicated that among the elements,
s was more dangerous than others. Huang et al. [30] investigated the risk assessment of heavy metals on
uman health through consumption of rice in the state of Changshu in East China, which showed
mounts of THQ for rice as Zn < Cu < Cr < As < Cd < Hg < Pb. Chary et al. [31] investigated the risk of
eavy metals invegetablesgrown in lands irrigated with wastewater, which showed that the risk for zinc,
ead, and chromium is high.

The LADDpot from Eq. (3) was calculated as 0.17 and 0.00 mg/kg./day in the industrial and rural
reas, respectively. The cancer slope factor for arsenic values is 1.5 mg/kg/day. The cancer risk of
rsenic for wheat consumption in Kashaf Rud was calculated for the individual consumer. The risk
otential of wheat consumption was equal to 255 � 10�6 and 0.00 in industrial and rural areas,
espectively (from Eq. (5)). The cancer risk for the industrial area is greater than 1 �10�6, which is
nacceptable. Chamannejadian et al. [32] reported that the ADDpot of Cd for rice consumption by the
ocal population was as 0.59 mg/kg/day. This value corresponds to 59% of the PTDI (1 mg/kg/day). The
aximum daily intake of Cd from rice was 1.13 mg/kg/day, which calculated from the maximum
ontent rations of Cd in rice in Ahvaz, and was 0.13-fold greater than the PTDI. The study of Khani and

able 3
he result of Kruskal-Wallis and ANOVA (Tukey) tests for the difference in arsenic concentration (mg/kg) among soil, root, and
eaf/seed (wheat, tomato, and corn).

Industrial area Wheat (Kruskal-Wallis) Tomato (Kruskal-Wallis) Corn (ANOVA (Tukey))

Groups p Z Groups p Z Groups p F

Soil-Root 0.500 �0.0647 Soil-Root 0.046 �1.99 Soil-Root 0.043 119.56
Soil-Seed 0.046 �1.99 Soil-Leaf 0.043 �2.02 Soil-Leaf 0.000
Seed-Root 0.046 �1.99 Leaf-Root 0.046 �1.99 Leaf-Root 0.000

Rural area Wheat (Kruskal-Wallis) Tomato (Kruskal-Wallis) Corn (ANOVA (Tukey))

Groups p F Groups p F Groups p F

Soil-Root 0.002 12.00 Soil-Root 0.334 138.39 Soil-Root 0.483 3.00
Soil-Seed 0.001 Soil-Leaf 0.000 Soil-Leaf 0.483
Seed-Root 0.000 Leaf-Root 0.000 Leaf-Root 0.109
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Fig. 6. Statistical analysis of cadmium, lead, and arsenic concentrations (mg/kg) in soil, root, and leaf/seeds for wheat, tomato, and corn irrigated with wastewater (industrial area). These
analyses have not been made for rural area.
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alekoti [33], showed that averaged Cd content in the rice produced in the north of Iran was 0.34 mg/
g with a range of 0.25–0.45 mg/kg. It is important to note that the calculated ADDpot in this study for
d, Pb, and As (which are less than PTDI) were only obtained through wheat consumption, and the
eavy metal intake through dietary would probably increase the ADDpot values. Some researchers also
eported similar amounts of ADDpot of Cd and Pb through rice consumption [34]. Investigation of Cd
ontent of rice from different countries revealed a range of 0.0008–0.13 mg/kg with the average of
.03 mg/kg. The mean Cd content values in rice seeds reported for Japan were 50 ng/kg dry wt in 1998–
000 and 0.01 mg/kg dry wt for Taiwan in 2004 [35].

dditional information

Among the factors disturbing the ecosystem, some are more important like pollutants and heavy
etals due to their physiological effects on living organisms at low concentrations [36–38].
onitoring of heavy metals in the environment is essential to identify the current state of the
nvironment. In this path, we can predict the future of the environment [39–42] (. Some studies have
een done all over the world in relation to plants and soil contamination with heavy metals from
rban and industrial effluents [43]). Lead (Pb), as the most widespread heavy metal in the
nvironment, affects the metabolic and physiological activities of living organisms. In general, most
cientists believe that the lead contamination is the most serious form of metal pollution, which has a
ignificant impact on human health. Pb is known to induce renal tumors, reduce cognitive
evelopment, and increase blood pressure in adults. Other symptoms of Pb toxicity include

able 4
aximum admissible concentrations of toxic metals (mg/kg) in soil and plant from the international and national standards.

Reference Samples form Heavy metals standards (mg/kg)

Cadmium Lead Arsenic

United Kingdom Soil 3.00 300 20.0
Union of Europe Soil 1.00–3.00 50–300 –

Plant 0.20 – –

Environmental Protection Agency Soil – 40.0 –

World Health Organization Soil 0.20 – –

Plant – 0.30 0.70
Iran Department of Environment Soil 5.00 75.0 40.0
Canada Soil – – 25.0
Japan Soil – – 15.0
Poland Minister of Environmental Protection Soil 4.00 100 30.0
Poland Minister of Agriculture and Rural Development Soil 0.75–1.5 50–100 –

Poland Minister of Health Plant 0.1 0.2 –

Fig. 7. Statistical analysis of cadmium, lead, and arsenic concentrations (mg/kg) between industrial area and rural area.
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gastrointestinal disorders and some liver impairment. Other metals such as Cadmium (Cd) are toxic
even at low concentrations, which are not known to have any important biological properties in the
humans [44]. Cd may induce osteomalacia and reproductive deficiencies. It can also cause damage to
the central nervous system and produce psychological disorders. In fact, there is evidence that
prolonged exposure to cadmium ultimately leads to an increased risk of kidney disease. Arsenic (As) is
another element that is widely distributed in the Earth's crust [45]. Arsenic in the food system is a
topic of much discussion, with particular attention focused on it over the past year through reports on
levels in the juices and rice. The most commonly cited consequences of chronic exposure to low levels
of inorganic arsenic include increased incidence of bladder, lung, kidney and skin cancers, the elevated
levels of heart disease, skin hyperpigmentation, and skin lesions. All researches published to date links
the occurrence of these health impacts to chronic exposure through contaminated water sources.
Arsenic can be found in the processing industries of copper, lead, gold and other non-ferrous metals,
glass, microelectronics, wood preservation, semiconductor detectors, batteries, dyes, taxidermy and
tanning waste from nuclear power plants, fossil fuel burners, veterinary medicines and food additives
[46]. The first international standard for an acceptable level of arsenic in drinking water has been as
0.2 mg/L. In 1963, the drinking water standard was revised and reduced the arsenic levels to 0.05 mg/L.
Water is the most studied area for inorganic arsenic reduction and elimination, and existing
technology can effectively reduce whatever existing levels are present in drinking water to below the
10 ppb standard established by the U.S. Environmental Protection Agency (EPA) for drinking water,
and by Food and Drug Administration (FDA) for bottled water. It is recommended when the amount of
arsenic in water is more than 0.05 mg/L, the first step should be determining the capacity and chemical
forms. The average concentration of arsenic in the unpolluted soil is between 5 and 10 mg/g [45]. The
emission of anthropogenic heavy metal compounds causes considerable changes in biogeochemical
cycles of some elements. Following their uptake from contaminated soils by food plants, heavy metals
are included in the human food chain. Furthermore, heavy metal accumulation in plants evokes their
stress responses. The contamination of agricultural soils is often a direct or indirect consequence of
anthropogenic activities. Sources of anthropogenic metal contamination in soils include urban and
industrial wastes; mining and smelting of non ferrous metals and metallurgical industries [47]
Disposal of sewage water and industrial wastes is a great problem. It is often drained to the agricultural
lands, where it is used for growing crops, including vegetables [16]. As a result, it leads to
contamination of the food chain, because vegetables absorb heavy metals from the polluted soil.
Estimated daily intake, as a common index for metal transfer from plant to humans, was calculated
and used for rice in some studies [32].

This paper provides the first quantitative information on accumulation of heavy metals (lead,
cadmium, and arsenic) in ground (soil), overground (leaf), and underground (root) parts of wheat
(Triticum aestivum L.), corn (Zea Maize), and tomato (Solanum lycopersicum) in the downstream
agricultural lands of an industrial area (Razavi Khorasan province, Mashhad city, Khin Arab area,
Kashaf Rud River Basin) and agricultural lands of a rural area (Razavi Khorasan province, Kalat city, Sar
Rud village). In addition, health risk assessment of consumers was done by EPA/WHO instructions in
this multispecies monitoring. The main objective was to evaluate the potential health risks associated
with heavy metals via consumption of wheat from the area using the Average Daily Dose for Intake
Process (ADDpot) and Hazard Quotient (HQ) from heavy metals. Finally, the cancer risk of arsenic for
consumption of wheat seed was calculated.

A human health risk assessment is the process to estimate the nature and probability of adverse
health effects in humans who may be exposed to chemicals in contaminated environmental media,
now or in the future. Four steps to a health risk assessment document are including [2]:

Hazard identification

Hazard identification involves gathering and evaluating toxicity data on the types of health injury
or disease that may be produced by a chemical and the conditions of exposure under which injury or
disease is produced. The subset of chemicals selected for the study is termed “chemicals of potential
concern”.
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ose-response assessment

The dose-response assessment involves describing the quantitative relationship between the
mount of exposure to a chemical and the extent of toxic injury or disease. The US EPA established the
eference Dose (RfD, mg/kg/day) for dose-response assessment.

xposure assessment

Exposure assessment applies a generalized dose-response relationship to specific conditions for
ome population. Exposure assessment involves describing the nature and size of various populations
xposed to a chemical agent, and the magnitude and duration of their exposures. The exposure
athway of heavy metals to human through ingestion of contaminated food has been studied by many
esearchers. Potential Average Daily Dose for intake process (ADDpot, mg/kg/day) is calculated for
xposure assessment. For effects such as cancer, where the biological response is usually described in
erms of lifetime probabilities, even though exposure does not occur over the entire lifetime, doses are
ften presented as lifetime average daily doses (LADDs).

isk calculation

For risk calculation, the Average Daily Dose for Intake Process (ADDpot) (total intake) is compared to
he RfD. The result of this comparison is Hazard Quotient (HQ) [48]. Using cancer slope factor and
xposure data in mg/kg/day, cancer risks are calculated.
In this study, lead concentrations in corn leaves (466.66 mg/kg) were more than the reference value

eported by WHO. The daily intake of lead, cadmium, and arsenic uptake rate was lower than the
olerable daily (PTDI) determined by FAO/WHO. The results of this study suggest that the risk of
oncancerous diseases of wheat consumption is not high for consumers. Furthermore, the results of
his study indicated that among the elements, arsenic was more dangerous than others (Risk potential
THQ) = 0.56). The cancer risk of arsenic in wheat for the industrial area is greater than 1 �10�6, which
s unacceptable. This study does not cover all areas. It seems that doing further research is necessary.
owever, the following suggestions for environmental management are noteworthy:

1 Annual monitoring and measuring the amounts of heavy metals in the samples analyzed and the
major vegetables

2 The annual monitoring and measurement of heavy metals in soil of farmland and production of a
database

3 Increasing public awareness to local residents about the using wastewater
4 Increasing the wastewater treatment plant modules
5 A permanent control of the meat and milk of animals and crops grown with sewage
6 Investigation of daily intake of heavy metals in the diet of whole grains and vegetables in Mashhad
7 Calculation of heavy metals potential risk in whole grains and vegetables in Mashhad.

cknowledgements

The authors thank Khorasan Science and Technology Park (KSTP), Mashhad, Iran and Hakim
abzevari University, Sabzevar, Iran for considerable instrumental support. We also gratefully
cknowledge National Elite Foundation of Iran, Vice-Presidency for Science and Technology.

eferences

[1] W.S. Zhong, T. Ren, L.J. Zhao, Determination of Pb (Lead), Cd (Cadmium), Cr (Chromium), Cu (Copper), and Ni (Nickel) in
Chinese tea with high-resolution continuum source graphite furnace atomic absorption spectrometry, J. Food Drug. Anal.
24 (2016) 46–55.

[2] Environmental Protection Agency (EPA), Guidelines for Exposure Assessment Risk Assessment Forum, 104, U.S.
Environmental Protection Agency, Washington, DC,1992, pp. 22888–22938 Published on May 29,1992, Federal Register 57.

8 G. Zolfaghari et al. / MethodsX 5 (2018) 43–60

http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0005
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0005
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0005
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0010
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0010


[3] J. Wieczorek, Z. Wieczorek, T. Bieniaszewski, Cadmium and lead content in cereal grains and soil from cropland adjacent to
roadways, Pol. J. Environ. Stud. 14 (4) (2004) 535–540.

[4] E. Smith, R. Naidu, A.M. Alston, Arsenic in the soil environment: a review, Adv. Agron. 64 (1998) 149–195.
[5] F.J. Zhao, J.L. Stroud, T. Eagling, S.J. Dunham, S.P. McGrath, P.R. Shewry, Accumulation, distribution, and speciation of arsenic

in wheat grain, Environ. Sci. Technol. 44 (14) (2010) 5464–5468.
[6] M. Farooq, F. Anwar, U. Rashid, Appraisal of heavy metals in different vegetables grown in the vicinity of an industrial area,

Pak. J. Bot. 40 (5) (2008) 2099–2106.
[7] L.M. Walsh, D.R. Keeney, Behaviour and phytotoxicity of inorganic arsenicals in soils, in: E.A. Woolson (Ed.), Arsenical

Pesticides, ACS, Washington, DC, 1975, pp. 35–52.
[8] National Academy of Sciences (NAS), Arsenic, The National Research Council. National Academy of Sciences, Washington,

DC, 1977.
[9] D.W. Von Endt, P.C. Kearney, D.D. Kaufman, Degradation of monosodium methanearsonic acid by soil microorganisms, J.

Agric. Food Chem. 16 (1968) 17–20.
[10] R.A. Khattak, A.L. Page, D.R. Parker, D. Bakhtar, Accumulation and interactions of arsenic, selenium, molybdenum and

phosphorus in Alfalfa, J. Environ. Qual. 20 (1991) 165–168.
[11] A.A. Carbonell-Barrachina, F. Burlõ, A. Burgos-Hernãndez, E. López, J. Mataix, The influence of arsenite concentration on

arsenic accumulation in tomato and bean plants, Sci. Hortic. 71 (3–4) (1997) 167–176.
[12] D. Demirezen, A. Ahmet, Heavy metal levels in vegetables in turkey are within safe limits for Cu, Zn, Ni and exceeded for Cd

and Pb, J. Food Qual. 29 (2006) 252–265.
[13] R.K. Sharma, M. Agrawal, F.M. Marshall, Heavy metals contamination in vegetables grown in wastewater irrigated areas of

Varanasi, India, Bull. Environ. Contam. Toxicol. 77 (2006) 311–318.
[14] M. Muchuweti, J.W. Birkett, E. Chinyanga, R. Zvauya, M.D. Scrimshaw, J.N. Lester, Heavy metal content of vegetables

irrigated with mixtures of wastewater and sewage sludge in Zimbabwe: implications for human health, Agric. Ecosyst.
Environ. 112 (2006) 41–48.

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

[16] K.P. Singh, D. Mohon, S. Sinha, R. Dalwani, Impact assessment of treated/untreated wastewater toxicants discharge by
sewage treatment plants on health, agricultural and environmental quality in waste water disposal area, Chemosphere 55
(2004) 227–255.

[17] N. Hassan, Q. Mahmood, A. Waseem, M. Irshad, Faridullah, A. Pervez, Assessment of heavy metals in wheat plants irrigated
with contaminated wastewater, Pol. J.Environ. Stud. 22 (1) (2013) 115–123.

[18] Ministry of Agriculture and Rural Development (MARD), Report on the Monitoring of the Quality of Soil, Plants,
Agricultural and Food Products in the Year 2000, (2001) Warszawa, 252 pp.

[19] E.M. Bem, E. Turzy�nska, Human Exposure to cadmium. Part I. Cadmium Level in Various Components of the Environment,
Bromat. Chem. Toksykol. 25 (4) (1992) 361–371.

[20] Poland Minister of Environmental Protection (PMEP), Regulation of the Poland minister of environmental protection.
Natural resources and forestry on soil quality standards, J. Laws 02 (165) (2002) 10560–10561 1359.

[21] A. Singh, R. Sharma, M. Agrawal, F. Marshall, Health risk assessment of heavy metals via dietary intake of foodstuffs from
the wastewater irrigated site of a dry tropical area of India, Food Chem. Toxicol. 48 (2010) 611–619.

[22] C.J. Smith, P. Hopmans, F.J. Cook, Accumulation of Cr, Pb, Cu, Ni, Zn and Cd in soil following irrigation with treated urban
effluent in Australia, Environ. Pollut. 94 (3) (1996) 317–323.

[23] R.K. Rattan, S.P. Datta, P.K. Chhonkar, K. Suribabu, A.K. Singh, Long-term impact of irrigation with sewage effluents on heavy
metal content in soils, crops and groundwater-a case study, Agric. Ecosyst. Environ. 109 (2005) 310–322.

[24] S. Toze, Reuse of effluent water-benefits and risks, Agric. Water Manage. 80 (2006) 147–159.
[25] Polish Minister of Health (PMH), Regulation of the Polish Minister of Health on the maximum levels of chemical and

biological impurities in foods, food ingredients, approved food additives and processing aids, and on the surface of foods, J.
Laws 03 (37) (2003) 24112439 326.

[26] A.D. Eaton, L.S. Clesceri, E.W. Rice, Standard Methods for the Examination of Water and Wastewater, 21 ed., Amrican Water
Works Assocation [AWWA], Washington D.C, 2005.

[27] S. Nazemi, A. Asgari, M. Raei, Survey the amount of heavy metals in cultural vegetables in suburbs of Shahroud, Iran. J.
Health Environ. 3 (2) (2010) 195–202.

[28] N. Mohammadifard, N. Omidvar, A.H. Rad, Does fruit and vegetable intake differ in adult females and males in Isfahan?
ARYA J. 1 (3) (2006) 193–201.

[29] Food and Nutrition Board (FNB), Dietary Reference Intakes (DRIs) Recommended Intakes for Individuals, Institute of
Medicine, National Academy of Sciences, 2004.

[30] M. Huang, S. Zhou, B. Sun, Q. Zhao, Heavy metals in wheat grain: assessment of potential health risk for inhabitants in
Kunshan, China, Sci. Total Environ. 405 (2008) 54–61.

[31] N.S. Chary, C.T. Kamala, D.S.S. Raj, Assessing risk of heavy metals from consuming food grown on sewage irrigated soils and
food chain transfer, Ecotoxi. Environ. Saf. 69 (2008) 513–524.

[32] A. Chamannejadian, Gh. Sayyad, A. Moezzi, A. Jahangiri, Evaluation of estimated daily intake (EDI) of cadmium and lead for
rice (Oryza sativa L.) in calcareous soils, Iran. J. Environ. Health Sci. Eng. 10 (28) (2013) 1–5.

[33] M.R. Khani, M.J. Malekoti, Survey of cadmium changes in soils and rice of rice fields in north of Iran, J Soil Water 12 (2000)
19–26.

[34] P. Das, S. Samantaray, R. Routg, Studies on cadmium toxicity in plants: a review, Environ. Poll. 98 (1) (1997) 29–36.
[35] A. Wozny, M. Kresiowska, Plant cell responses to lead, Acta Soc. Bot. Pol. 62 (1–2) (1993) 101–105.
[36] G. Zolfaghari, A. Esmaili-Sari, S.M. Ghasempouri, S. Faghihzadeh, Evaluation of environmental and occupational exposure

to mercury among Iranian dentists, Sci. Total Environ. 381 (2007) 59–67.
[37] G. Zolfaghari, A. Esmaili-Sari, S.M. Ghasempouri, B. Hassanzade Kiabi, Multispecies monitoring study about

bioaccumulation of mercury in Iranian birds (Khuzestan to Persian Gulf): effect of taxonomic affiliation, trophic level
and feeding habitat, Environ. Res. 109 (2009) 830–838.

G. Zolfaghari et al. / MethodsX 5 (2018) 43–60 59

http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0015
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0015
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0020
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0025
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0025
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0030
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0030
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0035
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0035
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0040
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0040
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0045
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0045
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0050
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0050
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0055
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0055
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0060
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0060
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0065
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0065
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0070
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0070
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0070
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0075
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0075
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0080
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0080
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0080
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0085
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0085
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0090
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0090
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0095
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0095
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0100
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0100
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0105
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0105
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0110
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0110
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0115
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0115
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0120
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0125
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0125
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0125
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0130
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0130
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0135
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0135
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0140
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0140
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0145
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0145
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0150
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0150
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0155
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0155
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0160
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0160
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0165
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0165
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0170
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0175
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0180
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0180
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0185
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0185
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0185


[

[

[

[

[

[

[
[

[

6

38] F.L. Amini, N. Mir Ghaffari, B. Eshghi Malayeri, Nickel concentrations in soil and plant species surrounding normal number
of lead and zinc mine in the province blacksmiths, J. Environ. Sci. Technol. 13 (1) (2011) 11–20.

39] G. Zolfaghari, A. Esmaili-Sari, M. Anbia, H. Younesi, S. Amirmahmoodi, A. Ghafari-Nazari, Taguchi optimization approach
for Pb(II) and Hg(II) removal from aqueous solutions using modified mesoporous carbon, J. Hazard. Mater. 192 (2011)
1046–1055.

40] G. Zolfaghari, A. Esmaili-Sari, H. Unesi, M. Anbia, Surface modification of ordered nanoporous carbons CMK-3 via a
chemical oxidation approach and its application in removal of lead pollution from water, Int. Proc. Chem. Biol. Environ. Eng.
(2011) 2174–2178.

[41] G. Zolfaghari, A. Esmaili-Sari, M. Anbia, H. Younesi, M.B. Ghasemian, A zinc oxide-coated nanoporous carbon adsorbent for
lead removal from water: optimization, equilibrium modeling, and kinetics studies, Int. J. Environ. Sci. Technol. 10 (2013)
325–340.

42] G. Zolfaghari, ß-Cyclodextrin incorporated nanoporous carbon: host-guest inclusion for removal of p-nitrophenol and
pesticides from aqueous solutions, Chem. Eng. J. 283 (2016) 1424–1434.

43] A.S. Jalali, M. Galvi, A. Ghanbari, M. RamRudi, M. Yousef Elahi, Effect of irrigation with treated wastewater on yield and
uptake of heavy metals in sorghum forage, J. Sci. Technol. Agric. Nat. Resour. 52 (2010) 15–24.

44] Q. Minooei, Minaei, D. Tehrani, A. Samie, N. Wright, Study macroscopic and microscopic changes the effect of cadmium on
wheat plants, Iran. J. Biol. 21 (4) (2008) 737–747.

45] F. Ghazban, Environmental Geology, first edition, Tehran University Press, Tehran, Iran, 2002 416 p..
46] M.J. Abedin, J. Cottep-Howells, A.A. Meharg, Arsenic uptake and accumulation in rice (Oryza sativa L.) irrigated with

contaminated water, Plant Soil 240 (2002) 311–319.
[47] B. Singh, Heavy metals in soils: sources, chemical reactions and forms, in: D. Smith, S. Fityus, M. Allman (Eds.), Geotechnics:

Proceedings of the 2nd Australia and New Zealand. Conference on Environmental Geotechnics, Newcastle, NSW, Australia,
November 2001, 2001, pp. 77–93.

48] N. Zheng, Q. Wang, X. Zhang, D. Zheng, Z. Zhang, S. Zhang, Population health risk due to dietary intake of heavy metals in
the industrial area of Huludao city, China, Sci. Total Environ. 387 (2007) 96–104.

0 G. Zolfaghari et al. / MethodsX 5 (2018) 43–60

http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0190
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0190
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0195
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0195
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0195
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0200
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0200
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0200
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0205
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0205
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0205
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0210
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0210
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0215
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0215
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0220
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0220
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0225
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0230
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0230
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0235
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0235
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0235
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0240
http://refhub.elsevier.com/S2215-0161(18)30008-6/sbref0240

	Baseline heavy metals in plant species from some industrial and rural areas: Carcinogenic and non-carcinogenic risk assess...
	Method details
	Description of area
	Sampling
	Instrumentation
	Statistical analysis
	Health risk assessment by EPA/WHO method

	Heavy metal concentrations
	Interspecies differences
	Differences between industrial and rural areas
	Heavy metal standards
	Quantitative risk assessment
	Additional information
	Hazard identification
	Dose-response assessment
	Exposure assessment
	Risk calculation
	Acknowledgements

	References


