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Abstract

Background & Aims: The use of resistant and widely used species such as corn in agriculture and industry can be an effective
solution for the bioremediation of soil pollutants, including heavy elements. The current research aimed to investigate the effect
of EDTA on the ability to absorb different concentrations of heavy metals in the soil of corn plants in 2019.

Materials and Methods: This research was conducted as a three-factor pilot design at concentrations of 0, 50, and 100 mg/kg
in the greenhouse. The samples were analyzed using an atomic absorption device. The laboratory pilot design was based on
Taguchi’s algorithm. Finally, transfer factor (TF), bioconcentration factor (BCF), and bioaccumulation coefficient (BAC) were
calculated.

Results: The results showed that different organs (root, stem, and leaf) show different levels of bioaccumulation under the
influence of variable factors in different concentrations of heavy elements (nickel, cadmium, and lead). Also, there is a significant
difference between the measured amounts of heavy elements in different organs of the corn plant (P<0.05). The average TF levels
for elements at concentrations of 50 and 100 mg/kg were 0.79 and 1.66 for nickel, 0.82 and 0.78 for cadmium and 1.361, 1.378,
and 1.387 for lead. Based on the results, with the increase in nickel concentration, the absorption level increased, and with the
increase in cadmium concentration, the absorption level decreased.

Conclusion: The results of this research showed that it is possible to use EDTA to increase the efficiency of corn plants in

absorbing heavy elements of nickel, cadmium, and lead.
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1. Introduction

Today, there is a need to develop biological methods of
soil amendment which are economical in terms of cost
and eliminate pollution without reducing soil fertility
[1]. Much research has been conducted in the field of
biostimulation and bioavailability of heavy metals [2,3].
Recently, EDTA has been widely used to reduce the toxicity
of heavy metals [4,5]. EDTA is a polyamine carboxylic
acid with the chemical formula CH2N(CH2CO2H)2,
which is mostly used as its disodium salt. This compound
forms stable complexes with a wide range of metals,
so it has a high ability to release metal ions [6]. Heavy
elements are among the most important environmental
pollutants, which have been highly considered in the last
few decades [7]. The accumulation of elements in the soil,
especially in agricultural lands, is a gradual thing, and the
concentration of heavy elements can reach a level that
threatens human food security [8].

Every year, thousands of tons of these elements, which
are caused by urban, industrial, and agricultural activities,
enter the soil [9]. Heavy metals have a very destructive
effect on the environment and living organisms, including

humans [9]. Their greatest effect on humans is related
to neurological disorders [10,11]. These metals also
replace other minerals needed by the body [12]. Also,
the accumulation of heavy metals in the soil and water
has received much attention due to their toxicity and
the dangers they pose to humans and the environment
[13]. Excessive accumulation of heavy metals in the soil
destroys the ecosystem and affects soil properties such
as pH, electrical conductivity, cation exchange capacity,
and microbial and biological activities [14,15]. Many
methods have been used to reduce soil pollution from
heavy metals, which are classified into physical, chemical,
and biological groups or a combination of these [16,17].
One of the effective compounds in the absorption of
heavy metals is the use of EDTA [18]. In various research,
the effect of EDTA in increasing the absorption of heavy
metals has been investigated.

Dong et al stated that biological stimulation with EDTA
and electrokinetic results in increasing the absorption
of heavy elements by plants [19]. Cheng et al also stated
that soil washing using organic EDTA has led to the
removal of significant amounts of nickel, copper, and zinc
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in industrial soils [20]. Zhang et al showed the effect of
EDTA on increasing the absorption of heavy elements by
bamboo by more than 38% [21]. Hamidpour et al stated
that growth-promoting bacteria, along with EDTA, led
to an increase in the absorption of heavy elements by
biomass [22].

But the level of effectiveness of EDTA in absorbing
heavy elements is different based on the type of plant and
different elements [23-25]. The methods used to estimate
the absorption level of heavy elements by plants are
transfer factor (TF), bioconcentration factor (BCF), and
bioaccumulation coefficient (BAC) indices [26]. In these
indices, the ratio of the amount of heavy elements in the
soil to the amount of elements absorbed in the plant organs
is calculated [27]. Corn is one of the most widely used
crops in the southern regions of Iran [28]. Maize, with the
scientific name Zea mays, from the cereal category and
the large wheat family, is a monocotyledonous plant, and
its edible part is the female inflorescence (spike) that
produces seeds or the same fruit [29].

Nickel, cadmium, and lead are heavy elements that
are mainly rooted in industrial activities [30]. The
results of various studies have shown that the level of
soil contamination with heavy metals in Khuzestan
province is more than in other regions of Iran. The
results of Sahipour and Sabzalipour’s study showed that
the intensity of soil contamination with heavy elements
lead, zinc, nickel, and chromium is at the “contaminated”
level [31]. Shahidi Kaviani and Paykanpour Fard also
found that the contamination of the soils of the Ahvaz oil
field, especially in the vicinity of oil and gas wells, with
heavy metals cadmium and copper is higher than the
world average [32]. Considering the existence of many
industries such as oil, gas, and steel in the southwest of
Iran, as well as the areas under corn cultivation, in this
research (in 2019), the effect of EDTA on the ability to
absorb different concentrations of heavy metals in the soil
by corn plants has been studied.

2. Material and Methods

This research is based on the practical purpose and
descriptive data collection, which was conducted to
investigate the ability of grain corn species to absorb heavy
metals (nickel, cadmium, and lead) from soil using EDTA
in 2019. The research is a three-factor factorial experiment
in the form of a completely randomized design with three
replications in the greenhouse. Soil samples were collected
from the surrounding areas of Ahvaz city at a depth of 0-60
cm. After collection, the samples were dried and passed
through a 2 mm sieve before use [33]. The measurement
of nickel and cadmium elements was also done by an
Agilent 240 AA furnace atomic absorption device. In
the study of Guo et al, EDTA at the level of 12 mmol was
determined as the optimal limit of bioavailability of heavy
metals from the soil, so the amount of EDTA at the level

of 12 mmol/kg was used. Also, to investigate the effect
of pollution level on the absorption of heavy metals,
nickel concentration (zero, 50, 100 mg nickel/kg soil
as nickel sulfate) and cadmium concentration in three
levels (zero, 50, 100 mg cadmium/kg soil as cadmium
nitrate) and lead concentration in three levels (zero, 50,
100 mg lead/kg soil as lead nitrate) were used [23]. For
preparation, 3 kg of prepared dry soil was transferred to
the pots and uniformly contaminated with heavy metal
salt treatments of cadmium, nickel, and lead. After
about a month, EDTA treatments were added to the
pots. The pots were kept for 45 days to create balance
in the soil [34]. Then corn seeds were planted in each
pot in such a way that three corn plants were harvested
from each pot. For 12 weeks, daily, pots containing
corn plants were repeatedly visited and irrigated with
distilled water, low-quality plants were thinned in terms
of growth, and the edges of the pots were also removed
for the uniformity of the absorption conditions of the
plants. Also, to achieve uniform environmental growth
conditions, the pots were changed every week. After
about 100 days, when the plant achieved proper growth,
the plants were harvested, and after washing the roots,
three tissues of the root, stem, and leaf were separated
until the absorption of heavy metals was done by the
atomic absorption device. The method (Jackson 1958)
was used to digest plant samples [35].

After determining the amount of extractable heavy
metals in corn plant and soil samples, we measured the
TF index (transfer factor: ratio of metal concentration in
aerial parts of plants to metal concentration in roots), BCF
index (Bioconcentration: ratio of metal concentration
in plant roots to metal concentration in soil), and BAC
index (biological accumulation coefficient: ratio of
metal concentration in aerial parts of plants to metal
concentration in soil).

2.1. Transfer factor
This factor is used to evaluate the plant’s ability to transfer
metal from the root to the stem and is calculated by
dividing the concentration of the element in the aerial
part by the concentration of the element in the root [36].
Equation 1: Transfer factor calculation
TF=C(Cd ,Ni),sh / C(Cd,Ni),r Eq. (1)
2.2. Bioconcentration factor index
One of the important factors used to measure the
concentration of heavy elements in plant samples is the
bioconcentration factor, and it is calculated by dividing
the concentration of the element in the aerial part by the
concentration of the element in the soil [36].

Equation 2: Calculation of biological inhibition index

BCF =C(Cd,Ni),r/C(Cd ,Ni),s Eq. (2)
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2.3. Bioaccumulation coefficient

This index shows the ratio of metal accumulation in plant
roots to metal accumulation in soil. (accumulation in
roots to accumulation in soil) [37].

Equation 3: Calculation of bioaccumulation coefficient
BAC=C(Cd,Ni),Sh/C(C ,Ni),s Eq. (3)
3. Results
The results of measuring the heavy elements of nickel-
cadmium in soil, root, stem, and leaf samples of corn
plants at concentrations of 0, 50, and 100 mg/kg and their
standard deviation are presented in Table 1.

The results showed that the amounts of nickel, cadmium,
and lead in the factor variable and biomass in unpolluted
pots were lower than the samples contaminated with
concentrations of 50 and 100 mg/kg (Figures 1, 2, and 3).
Also, the amounts of nickel, cadmium, and lead elements

Table 1. The results of measuring the samples

in the soil samples were lower than in the corn biomass
samples (root, stem, and leaf) (Figure 2). The difference
between the amounts of heavy elements nickel and
cadmium in soil and plant samples was statistically proven
with 95% confidence. The highest amount of nickel in the
biomass of root samples at a concentration of 100 mg/kg
was measured as 5.79 mg/kg, and the lowest amount was
measured as 1.09 mg/kg in control pots (without heavy
elements). Also, the highest amount of lead in soil samples
was 1.56 mg/kg, and in corn leaf organ was 2.38 mg/kg.

The results of one-way analysis of variance are presented
in Table 2. According to these results, there is a significant
difference between the measured amounts of nickel,
cadmium, and lead in soil and corn plant organs (root,
stem, and leaf) (P<0.05). Also, a significant difference
was observed between the amounts of cadmium in
concentrations of 0, 50, and 100 mg/kg with 99%
confidence (P<0.05).

Pb (mg/kg) Cd (mg/kg) Ni (mg/kg)
Samples Statistics
100 50 0 100 50 0 100 50 0
Mean 1.56 1.49 1.37 0.44 0.36 0.29 1.51 1.22 1.09
Soil Samples
SD 0.042 0.04 0.061 0.055 0.026 0.023 0.1345 0.085 0.11
Mean 1.72 1.42 0.021 0.58 0.46 0.16 5.79 5.39 2.48
Corn root samples
SD 0.037 0.04 0.021 0.083 0.042 0.096 0.3711 0.315 0.059
Mean 1.24 1.03 0.94 0.46 0.39 0.1> 4.98 4.26 2.08
Corn stalk samples
SD 0.072 0.03 0.011 0.061 0.082 0 0.1124 0.286 0.15
74
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Figure 1. Comparison of measured amounts of nickel in samples (left side: soil samples - right side: corn plant samples)
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Figure 2. Comparison of measured lead values in samples (left side: soil samples - right side: corn plant samples)
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Figure 4. Comparison of absorption of heavy elements based on TF, BCF, and BAC indices in different concentrations of heavy element pollution (A:

Cadmium-B: Nickel-C: Lead)

Table 2. The results of the one-way analysis of variance for the studied
variables

Variable Mean square  F P value
Nickel (between concentrations) 5.406 1.776 0.173

Nickel (between soil and plant organs) 8.567 2.974 0.033*
Cadmium (between concentrations) 9.097 3.262 0.002*

Cadmium (between soil and plant organs) 6.032 2.046 0.04*
Lead (between concentrations) 5.85 1.876  0.43

Lead (between soil and plant organs) 9.21 231  0.01*

* Significance Relation

3.1. Calculate absorption factor

The results of the calculation of TF, BCF, and BAC indices
for the analysis of the absorption of heavy elements by the
organs of the corn plant in different concentrations are
presented in Table 3. In studies to estimate the efficiency
of plants in absorbing heavy elements, the proportion of

the element in the soil to its proportion in the plant organ
is important.

The results of the analysis of nickel element changes
showed that with the increase of soil pollution load to the
level of 50 mg/kg, the absorption level of heavy elements
by leaf and root organs increased. The average BCF index
was 4.44, and BAC was 3.499 (Figure 4). But with the
increase of pollution level to 100 mg/kg of nickel, the
absorption level of heavy elements by these corn plant
organs has decreased. The same situation has happened
in the element cadmium. But in the lead element, with
the increase of pollution concentration to 100 mg/kg, the
absorption level of heavy metals by corn organs has also
increased in a limited way. The most accumulation of
lead was done by the leaf organ. To check the correlation
between heavy metal concentration and indicators,
Pearson’s correlation test was used (Table 4). Its results
showed that there is a significant correlation between the
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Table 3. The results of calculating TF, BAC, and BCF indices

Index Nickel 0 Nickel 50 Nickel 100 Cadmium 0  Cadmium 50 Cadmium 100 Lead 0 Lead 50 Lead 100
TF (index) 0.838 0.793 1.66 0.829 0.785 1.361 1.378 1.387
BCF (index) 2.293 4.44 3.85 0.53226 1.295 1.312 1.401 1.483 1.525
BAC (index) 1.926 3.499 3.322 1.08 1.029 0.9343 0.953 1.102

Table 4. The results of Pearson correlation analysis between the average
concentration of heavy metals and TF, BCF, and BAC indices

TF BCF BAC

The average
concentration of
heavy metals

The correlation coefficient  0.515 0.948 ™ 0.937"

meaningful 0.156  0.000  0.000

** Significance Correlation

concentration of heavy metals in the organs of the corn
plant with BCF and BAC indices at the level of 0.01.

These results show that, in general, the highest level of
biological accumulation of heavy elements nickel, lead,
and cadmium was related to the organ of the corn leaf.
Also, considering that the average value of the indicators
is more than 1, it can be concluded that corn is a favorable
accumulator of nickel, cadmium, and lead elements, but
the highest level of biological accumulation is related to
nickel elements.

4. Discussion

The use of plants is one of the most effective biological
methods to deal with pollution, such as heavy elements
[38]. One of the consequences of human activities in the
environment is soil pollution, which has also attracted the
attention of natural science researchers [39]. The presence
of heavy elements in the soil (due to their biological
accumulation) is considered a serious threat to the
health of humans and other animals. Therefore, it seems
necessary to use methods to reduce the level of heavy
elements in the soil. Research has confirmed the optimal
efficiency of biological methods, such as bioremediation,
to deal with heavy element pollution [40,41]. The use
of resistant and widely used species in agriculture and
industry can be an effective solution for absorbing soil
pollutants, including heavy elements. According to the
morphological characteristics, such as very long roots
(about 2 m), the corn species can be a good option for
removing heavy elements, which is investigated in the
current research.

The results of other studies, such as Saifullah et al,
Jelusic et al, and Bloem et al, have shown that EDTA
compounds with metals can increase the solubility and
availability of metals in soils [42-44]. When EDTA is used
in soils without creating a strong acidic culture medium,
most of the metals are dissolved and available for green
extraction [45]. The results showed that the most lead
absorption was related to the leaf organ in corn species.
The results of the study by Nazir et al and Shahid et al
also showed that the most lead absorption was done by

the leaves of the orchid and Gluconobacter potus species
[46,47]. In another research, Kumar et al stated that due to
the terrestrial origin of cadmium and nickel elements, the
amounts of these metals in the roots of trees in black spur
forests were more than in other organs [48]. The results
of the present research showed that there is a significant
difference between the measured amounts of nickel at
a concentration of 0 mg/kg with 50 and 100 mg/kg of
soil samples with roots, stems, and leaves of corn plants
(P<0.05). As a result, under the influence of 2% EDTA,
the bioaccumulation of nickel by the organs of the corn
plant has been at a favorable level. There is a significant
difference between the measured amounts of cadmium
at a concentration of 0 mg/kg with a concentration of
100 mg/kg in the soil and root and stem samples of corn
plants (P<0.05). But this difference with corn plant leaves
was not significant (P>0.05). These results show that
EDTA had a favorable effect on the bioaccumulation of
cadmium in corn plant stems and roots at a concentration

of 100 mg/kg.

5. Conclusion

The results of this research and its comparison with other
research show that EDTA can be used to increase the
efficiency of corn plants in absorbing heavy elements of
nickel and cadmium. Also, the absorption of nickel and
cadmium by the roots and lead by the leaves of corn
species has been higher. Due to the existence of many
industrial areas in the south and southwest of Iran, this
method can be used for bioremediation.

Acknowledgments

This article is extracted from the doctoral dissertation in
environmental sciences at the Islamic Azad University of Ahvaz.
We express our sincere gratitude to the officials of the Faculty
of Agriculture and Natural Resources who helped us carry out
and improve the quality of this research. The research code is:
1064817545244271398176458.

Authors’ Contribution
Conceptualization: Kamran Mohseni Far.
Data curation: Mojtaba Alavifazel.
Formal analysis: Mojtaba Alavifazel.
Investigation: Ali Asnaashari.
Methodology: Sima Sabzalipour.
Resources: Sima Sabzalipour.

Software: Mojtaba Alavifazel.
Supervision: Ali Asnaashari.

Validation: Kamran Mohseni Far.
Visualization: Kamran Mohseni Far.
Writing—original draft: Ali Asnaashari.
Writing-review & editing: Kamran Mohseni Far.

152 | Arch Hyg Sci. Volume 12, Number 3, 2023



Effect of EDTA on heavy metals absorbtion in soil by Corn plants

Competing Interests

The authors declare that there is no conflict of interest regarding the
publication of this manuscript. Furthermore, the ethical issues have
been completely observed by the authors including plagiarism,
informed consent, misconduct, data fabrication and/or falsification,
double publication and/or submission, and redundancy.

Funding
The present research did not receive any financial support.

References

1.

Verma S, Kuila A. Bioremediation of heavy metals by
microbial process. Environ Technol Innov. 2019;14:100369.
doi: 10.1016/j.€ti.2019.100369.

Ma Y, Li X, Mao H, Wang B, Wang P. Remediation of
hydrocarbon-heavy  metal  co-contaminated soil by
electrokinetics combined with biostimulation. Chem Eng J.
2018;353:410-8. doi: 10.1016/j.cej.2018.07.131.

Anuoluwa IA, Ogunjobi AA. Biostimulation of indigenous
microorganisms with Gomeya: a bioremediation technique.
Proceed Niger Acad Sci. 2020;13(1). doi: 10.5423/pngas.
v13i1.250.

Styriakova I, Styriakova D, Bekényiova A, Suba]). Intensification
of arsenic and zinc mobilization by combination of bio-
chemical leaching with EDTA in the soil and sediment
bioremediation. Solid State Phenom. 2017;262:634-7. doi:
10.4028/www.scientific.net/SSP.262.634.

Liu X, Xiao R, Li R, Amjad A, Zhang Z. Bioremediation
of Cd-contaminated soil by earthworms (Eisenia fetida):
enhancement with EDTA and bean dregs. Environ Pollut.
2020;266(Pt 2):115191. doi: 10.1016/j.envpol.2020.115191.
Wu LH, Luo YM, Christie P, Wong MH. Effects of EDTA and low
molecular weight organic acids on soil solution properties of
a heavy metal polluted soil. Chemosphere. 2003;50(6):819-
22. doi: 10.1016/s0045-6535(02)00225-4.

Kaur R, Sharma S, Kaur H. Heavy metals toxicity and the
environment. ] Pharmacogn Phytochem. 2019;SP1:247-9.
Wang LK, Chen JP, Hung YT, Shammas NK. Handbook
on Heavy Metals in the Environment. Boca Raton: CRC
Press; 2009

Salomons W, Forstner U, Mader P. Heavy Metals: Problems
and Solutions. Springer Science & Business Media; 2012.
Wau X, Cobbina SJ, Mao G, Xu H, Zhang Z, Yang L. A review
of toxicity and mechanisms of individual and mixtures of
heavy metals in the environment. Environ Sci Pollut Res.
2016;23(9):8244-59. doi: 10.1007/s11356-016-6333-x.
Morais S. Garcia e Costa F, de Lourdes Pereira M. Heavy
metals and human health. In: Oosthuizen J, ed. Environmental
Health: Emerging Issues and Practice. Rijeka: IntechOpen;
2012. p. 227-45. doi: 10.5772/29869.

Mahurpawar M. Effects of heavy metals on human health.
Int ] Res Granthaalayah. 2015;3(9SE):1-7. doi: 10.29121/
granthaalayah.v3.i9SE.2015.3282.

Qin H, HuT, ZhaiY, Lu N, Aliyeva J. The improved methods of
heavy metals removal by biosorbents: a review. Environ Pollut.
2020;258:113777. doi: 10.1016/j.envpol.2019.113777.
Nwani CD, Nwachi DA, Okogwu OI, Ude EF, Odoh GE.
Heavy metals in fish species from lotic freshwater ecosystem
at Afikpo, Nigeria. ] Environ Biol. 2010;31(5):595-601.
Radwan S, Kowalik W, Kornijéw R. Accumulation of heavy
metals in a lake ecosystem. Sci Total Environ. 1990;96(1-
2):121-9. doi: 10.1016/0048-9697(90)90012-j.

Gunatilake SK. Methods of removing heavy metals from
industrial wastewater. ] Multidiscip Eng Sci. 2015;1(1):12-8.
Violante A, CozzolinoV, Perelomov L, Caporale AG, Pigna M.
Mobility and bioavailability of heavy metals and metalloids in

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

soil environments. ] Soil Sci Plant Nutr. 2010;10(3):268-92.
doi: 10.4067/s0718-95162010000100005.

Kou Y, Zhao Q, Cheng Y, Wu Y, Dou W, Ren X. Removal of
heavy metals in sludge via joint EDTA-acid treatment: effects
on seed germination. Sci Total Environ. 2020;707:135866.
doi: 10.1016/j.scitotenv.2019.135866.

Dong ZY, Huang WH, Xing DF, Zhang HF. Remediation of
soil co-contaminated with petroleum and heavy metals
by the integration of electrokinetics and biostimulation.
)] Hazard Mater. 2013;260:399-408. doi: 10.1016/j.
jhazmat.2013.05.003.

Cheng S, Lin Q, Wang Y, Luo H, Huang Z, Fu H, et al. The
removal of Cu, Ni, and Zn in industrial soil by washing with
EDTA-organic acids. Arab J Chem. 2020;13(4):5160-70. doi:
10.1016/j.arabjc.2020.02.015.

Zhang X, Zhong B, Shafi M, Guo J, Liu C, Guo H, et al.
Effect of EDTA and citric acid on absorption of heavy
metals and growth of Moso bamboo. Environ Sci Pollut Res.
2018;25(19):18846-52. doi: 10.1007/s11356-018-2040-0.
Hamidpour M, Nemati H, Abbaszadeh Dahaji P, Roosta
HR. Effects of plant growth-promoting bacteria on EDTA-
assisted phytostabilization of heavy metals in a contaminated
calcareous soil. Environ Geochem Health. 2020;42(8):2535-
45. doi: 10.1007/510653-019-00422-3.

Guo X, Zhao G, Zhang G, He Q, Wei Z, Zheng W, et al.
Effect of mixed chelators of EDTA, GLDA, and citric acid
on bioavailability of residual heavy metals in soils and soil
properties. Chemosphere. 2018;209:776-82. doi: 10.1016/j.
chemosphere.2018.06.144.

Jiang M, Liu S, Li Y, Li X, Luo Z, Song H, et al. EDTA-
facilitated toxic tolerance, absorption and translocation
and phytoremediation of lead by dwarf bamboos.
Ecotoxicol Environ Saf. 2019;170:502-12. doi: 10.1016/j.
ecoenv.2018.12.020.

Mahmood-ul-Hassan M, Suthar V, Ahmad R, Yousra M.
Heavy metal phytoextraction—natural and EDTA-assisted
remediation of contaminated calcareous soils by sorghum and
oat. Environ Monit Assess. 2017;189(11):591. doi: 10.1007/
s10661-017-6302-y.

Rutkowska B, Szulc W, Bfaszczak E, Kazberuk W, Ptasinski
D. Restoration of marginal soils polluted with heavy metals to
agricultural production. J Soil Water Conserv. 2020;75(5):610-
6. doi: 10.2489/jswc.2020.00215.

Mirzaei M, Verrelst J, Riyahi Bakhtiari A, Marofi S. Potential
use of grapevine cv Askari for heavy metal phytoremediation
purposes at greenhouse scale. Environ Sci Pollut Res.
2021;28(10):12447-58. doi: 10.1007/s11356-020-11129-9.
Enayat Gholizadeh MR, Bakhshandeh AM, Dehghan Shoar
M, Ghaineh MH, Alami Saeid KH, Sharafizadeh M. Effect
of source and seed size on yield component of corn S.C704
in Khuzestan. Afr J Biotechnol. 2012;11(12):2938-44. doi:
10.5897/ajb11.2720.

Kayad A, Sozzi M, Gatto S, Marinello F Pirotti F.
Monitoring  within-field variability of corn yield using
Sentinel-2 and machine learning techniques. Remote Sens.
2019;11(23):2873. doi: 10.3390/rs11232873.

Sharma A, Dhiman A. Nickel and cadmium toxicity in plants.
J Pharm Sci Innov. 2013;2(2):20-4. doi: 10.7897/2277-
4572.02213.

Sahipour S, Sabzalipour S. Study of contamination of some
heavy metals in soils around Khouzestan Oxin steel complex
using contamination indices. ] Anim Environ. 2021;13(3):391-
8. doi: 10.22034/a€j.2020.246116.2335. [Persian].

Shahidi Kaviani I, Paykanpour Fard P. Study of the rate of soil
pollution to heavy metals cadmium, lead and copper in oil
industries land at West Karun Region, Khuzestan province,

Arch Hyg Sci. Volume 12, Number 3, 2023 | 153


https://doi.org/10.1016/j.eti.2019.100369
https://doi.org/10.1016/j.cej.2018.07.131
https://doi.org/10.5423/pngas.v13i1.250
https://doi.org/10.5423/pngas.v13i1.250
https://doi.org/10.4028/www.scientific.net/SSP.262.634
https://doi.org/10.1016/j.envpol.2020.115191
https://doi.org/10.1016/s0045-6535(02)00225-4
https://doi.org/10.1007/s11356-016-6333-x
https://doi.org/10.5772/29869
https://doi.org/10.29121/granthaalayah.v3.i9SE.2015.3282
https://doi.org/10.29121/granthaalayah.v3.i9SE.2015.3282
https://doi.org/10.1016/j.envpol.2019.113777
https://doi.org/10.1016/0048-9697(90)90012-j
https://doi.org/10.4067/s0718-95162010000100005
https://doi.org/10.1016/j.scitotenv.2019.135866
https://doi.org/10.1016/j.jhazmat.2013.05.003
https://doi.org/10.1016/j.jhazmat.2013.05.003
https://doi.org/10.1016/j.arabjc.2020.02.015
https://doi.org/10.1007/s11356-018-2040-0
https://doi.org/10.1007/s10653-019-00422-3
https://doi.org/10.1016/j.chemosphere.2018.06.144
https://doi.org/10.1016/j.chemosphere.2018.06.144
https://doi.org/10.1016/j.ecoenv.2018.12.020
https://doi.org/10.1016/j.ecoenv.2018.12.020
https://doi.org/10.1007/s10661-017-6302-y
https://doi.org/10.1007/s10661-017-6302-y
https://doi.org/10.2489/jswc.2020.00215
https://doi.org/10.1007/s11356-020-11129-9
https://doi.org/10.5897/ajb11.2720
https://doi.org/10.3390/rs11232873
https://doi.org/10.7897/2277-4572.02213
https://doi.org/10.7897/2277-4572.02213
https://doi.org/10.22034/aej.2020.246116.2335

Asnaashari et al

33.

34.

35.

36.

37.

38.

39.

40.

Iran. ] Res Environ Health. 2020;6(2):161-72. doi: 10.22038/
jreh.2020.40536.1305. [Persian].

Gréman H, Velikonja-Bolta §, Vodnik D, Kos B, Lestan D. EDTA
enhanced heavy metal phytoextraction: metal accumulation,
leaching and toxicity. Plant Soil. 2001;235(1):105-14. doi:
10.1023/a:1011857303823.

Doumett S, Lamperi L, Checchini L, Azzarello E, Mugnai
S, Mancuso S, et al. Heavy metal distribution between
contaminated soil and Paulownia tomentosa, in a pilot-
scale assisted phytoremediation study: influence of different
complexing agents. Chemosphere. 2008;72(10):1481-90.
doi: 10.1016/j.chemosphere.2008.04.083.

Jackson ML. Soil Chemical Analysis. Englewood Cliffs, NJ:
Prentice-Hall Inc; 1958.

Takarina ND, Pin TG. Bioconcentration factor (BCF) and
translocation factor (TF) of heavy metals in mangrove trees
of Blanakan fish farm. Makara ] Sci. 2017;21(2):77-81. doi:
10.7454/mss.v21i2.7308.

Kamal AKI, Islam MR, Hassan M, Ahmed F, Rahman MA,
Moniruzzaman M. Bioaccumulation of trace metals in selected
plants within Amin Bazar landfill site, Dhaka, Bangladesh.
Environ Process. 2016;3(1):179-94. doi: 10.1007/s40710-
016-0123-9.

Kim HT, Kim JG. Seasonal variations of metal (Cd, Pb, Mn, Cu,
Zn) accumulation in a voluntary species, Salix subfragilis, in
unpolluted wetlands. Sci Total Environ. 2018;610-611:1210-
21. doi: 10.1016/j.scitotenv.2017.08.137.

Taugeer HM, Ali S, Rizwan M, Ali Q, Saeed R, Iftikhar U,
et al. Phytoremediation of heavy metals by Alternanthera
bettzickiana: ~ growth  and  physiological  response.
Ecotoxicol Environ Saf. 2016;126:138-46. doi: 10.1016/j.
ecoenv.2015.12.031.

Mojiri A, Aziz HA, Tajuddin RB, Gavanji S, Gholami A.
Heavy metals phytoremediation from urban waste leachate
by the common reed (Phragmites australis). In: Ansari AA,
Gill SS, Gill R, Lanza GR, Newman L, eds. Phytoremediation:
Management of Environmental Contaminants. Vol 2. Cham:
Springer International Publishing; 2015. p. 75-81. doi:

41.

42.

43.

44,

45.

46.

47.

48.

10.1007/978-3-319-10969-5_7.

de Abreu CA, Coscione AR, Pires AM, Paz-Ferreiro J.
Phytoremediation of a soil contaminated by heavy metals and
boron using castor oil plants and organic matter amendments.
)] Geochem Explor. 2012;123:3-7. doi: 10.1016/j.
gexplo.2012.04.013.

Saifullah, Meers E, Qadir M, de Caritat P, Tack FM,
Du Laing G, et al. EDTA-assisted Pb phytoextraction.
Chemosphere.  2009;74(10):1279-91.  doi:  10.1016/j.
chemosphere.2008.11.007.

Jelusic M, Vodnik D, Macek I, Lestan D. Effect of EDTA washing
of metal polluted garden soils. Part Il: can remediated soil be
used as a plant substrate? Sci Total Environ. 2014;475:142-52.
doi: 10.1016/j.scitotenv.2013.11.111.

Bloem E, Haneklaus S, Haensch R, Schnug E. EDTA
application on agricultural soils affects microelement uptake
of plants. Sci Total Environ. 2017;577:166-73. doi: 10.1016/j.
scitotenv.2016.10.153.

Evangelou MW, Bauer U, Ebel M, Schaeffer A. The
influence of EDDS and EDTA on the uptake of heavy
metals of Cd and Cu from soil with tobacco Nicotiana
tabacum. Chemosphere. 2007;68(2):345-53. doi: 10.1016/j.
chemosphere.2006.12.058.

Nazir R, Khan M, Masab M, Rehman HU, Rauf NU, Shahab
S, et al. Accumulation of heavy metals (Ni, Cu, Cd, Cr, Pb,
Zn, Fe) in the soil, water and plants and analysis of physico-
chemical parameters of soil and water collected from Tanda
Dam Kohat. ] Pharm Sci Res. 2015;7(3):89-97.

Shahid M, Dumat C, Khalid S, Schreck E, Xiong T, Niazi
NK. Foliar heavy metal uptake, toxicity and detoxification in
plants: a comparison of foliar and root metal uptake. ] Hazard
Mater. 2017;325:36-58. doi: 10.1016/j.jhazmat.2016.11.063.
Kumar D, Singh DP, Barman SC, Kumar N. Heavy metal and
their regulation in plant system: an overview. In: Singh A,
Prasad SM, Singh RP, eds. Plant Responses to Xenobiotics.
Singapore: Springer; 2016. p. 19-38. doi: 10.1007/978-981-
10-2860-1_2.

154 |

Arch Hyg Sci. Volume 12, Number 3, 2023


https://doi.org/10.22038/jreh.2020.40536.1305
https://doi.org/10.22038/jreh.2020.40536.1305
https://doi.org/10.1023/a:1011857303823
https://doi.org/10.1016/j.chemosphere.2008.04.083
https://doi.org/10.7454/mss.v21i2.7308
https://doi.org/10.1007/s40710-016-0123-9
https://doi.org/10.1007/s40710-016-0123-9
https://doi.org/10.1016/j.scitotenv.2017.08.137
https://doi.org/10.1016/j.ecoenv.2015.12.031
https://doi.org/10.1016/j.ecoenv.2015.12.031
https://doi.org/10.1007/978-3-319-10969-5_7
https://doi.org/10.1016/j.gexplo.2012.04.013
https://doi.org/10.1016/j.gexplo.2012.04.013
https://doi.org/10.1016/j.chemosphere.2008.11.007
https://doi.org/10.1016/j.chemosphere.2008.11.007
https://doi.org/10.1016/j.scitotenv.2013.11.111
https://doi.org/10.1016/j.scitotenv.2016.10.153
https://doi.org/10.1016/j.scitotenv.2016.10.153
https://doi.org/10.1016/j.chemosphere.2006.12.058
https://doi.org/10.1016/j.chemosphere.2006.12.058
https://doi.org/10.1016/j.jhazmat.2016.11.063
https://doi.org/10.1007/978-981-10-2860-1_2
https://doi.org/10.1007/978-981-10-2860-1_2

