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Composition of some trace elements in wheat plant and soil
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Bugday bitkisi ve topragindaki bazi eser elementlerin bilesimi

Abstract: Zinc, copper, nickel, and manganese are essential nutrients for plants. However, excessive accumulation in the plant
can lead to significant risks and problems in terms of human health after consumption. Also, the accumulation of chromium,
cadmium and lead elements in plants can have a toxic effect on human health. This study aimed to determine the concentrations
of copper (Cu), chromium (Cr), cadmium (Cd), nickel (Ni), manganese (Mn), zinc (Zn), and lead (Pb) trace elements in wheat
plants and soil. Mean trace element levels in soil samples taken from the city center Mn 556.9 mg kg, Ni 62.45 mg kg, Cr
24.98 mg kg, Zn 40.75 mg kg*, Cu 17.25 mg kg%, Pb 7.65 mg kg*, Cd as 1.63 mg kg*and the average trace element levels in
soil samples taken from villages Mn 418.7 mg kg, Zn 48.53 mg kg™, Ni 32.34 mg kg, Cu 15.93 mg kg™, Cr 13.7 mg kg™, Cd
1.033 mg kg was determined. Cd, Cr, and Pb concentrations were not detected in wheat samples. Average Cu (4.462 mg kg%),
Mn (30.03 mg kg), and Zn (20.39 mg kg) concentrations in wheat samples were determined at lower levels compared to soil
samples. In the process of transporting trace elements from the soil to the plant, even if the plants are grown under the same
conditions, the trace element levels accumulated in the plant may differ.
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Ozet: Cinko, bakir, nikel ve mangan bitkiler i¢in temel besin maddelerindendir. Ancak, bitkide asir1 birikmeleri tiiketim
sonrasinda insan sagligi agisindan 6nemli risklere ve sorunlara yol agabilmektedir. Ayrica, bitkilerde krom, kadmiyum ve kursun
elementlerinin birikmesi insan sagligi tizerinde toksik etkiye sahip olabilir. Bu ¢alismada, bugday bitkilerinde ve toprakta Cu,
Cr, Cd, Ni, Mn, Zn, ve Pb eser elementlerinin konsantrasyonlarinin belirlenmesi amaglanmugtir. Sehir merkezinden alinan toprak
orneklerinde ortalama eser element seviyeleri Mn 556.9 mg kg™, Ni 62.45 mg kg, Cr 24.98 mg kg, Zn 40.75 mg kg, Cu
17.25 mg kg, Pb 7.65 mg kg?, Cd 1.63 mg kg™ olarak ve kdylerden alinan toprak &rneklerinde ortalama eser element seviyeleri
Mn 418.7 mg kg1, Zn 48.53 mg kg%, Ni 32.34 mg kg%, Cu 15.93 mg kg%, Cr 13.7 mg kg™, Cd 1.033 mg kg olarak belirlenmistir.
Bugday 6rneklerinde Cd, Cr ve Pb konsantrasyonlari tespit edilmemistir. Bugday érneklerindeki ortalama Cu (4.462 mg kg™),
Mn (30.03 mg kg*) ve Zn (20.39 mg kg™) konsantrasyonlari ise toprak drneklerine gore diisiik seviyelerde belirlenmistir.
Topraktan bitkiye eser elementlerin tasinmasi siirecinde, bitkiler ayni kosullarda yetistirilse bile bitkide biriken eser element
seviyelerinde farklilik gosterebilmektedir.
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1. Introduction

One of the most important economic sectors in the world,
especially in developing nations, is agriculture, and
agricultural practices have a direct impact on food safety
(Tudi et al., 2021). Considering various soil pollutants,
trace elements and heavy metals pose a serious danger to
human and animal health due to their toxicity and
persistence. While some trace elements like Cu, Zn, and Ni
are necessary for the human body and plant growth, the
accumulation of toxic elements like Cd, arsenic (As), Pb,
and Cr is harmful to biological systems (Rana, 2008; Jarup,
2003).

The bioaccumulation and persistence of trace elements in
agricultural soil systems are becoming a serious global
health and environmental problem (Wang et al., 2016).
Trace and toxic elements accumulate in agricultural soils
due to natural sources, urbanization, industrial activities, or
atmospheric transport, and the products grown in these soils
are affected by these trace elements. The accumulation of
these trace elements has often been studied (Rezapour et al.,
2019; Zhang et al., 2019).

Through the food chain, the movement and
bioaccumulation of trace elements in soils and crops not
only have a detrimental impact on the environment and the
safety of food but also negatively affect the reproductive,
nervous, and immune systems of people and other animals
(Khan et al., 2019). For instance, continued consumption of
little amounts of Cd can cause the metal to build up in the
body, weakening bones or affecting kidney function
(Wiggenhauser et al., 2016). Relevant research also
revealed that endocrine disruption in both people and
animals can be caused by a combination of trace elements,
even at low concentrations (Ma et al., 2016).

Among the cereals, wheat is very popular in many countries
in terms of being an important food source. Wheat accounts
for approximately 30% of the world's grain production
(Giraldo et al., 2019). Wheat is a member of the
family Triticeae and belongs to the genus Triticum
(Hussain et al., 2022). Like many other plants, wheat is
vulnerable to trace elements. The wheat plant is an
important source of various trace elements such as Zn, Cu,
Mn, and Ni that are important to humans. The wheat plant
can also contain various toxic elements like Cd, Pb, and Cr.
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According to the findings, mercury and arsenic uptake was
maximum for wheat grown in a petri dish. Due to cadmium,
nickel, mercury, and copper adsorption on soil phases, the
wheat grown in a pot had high levels of manganese and iron
while the wheat produced in a petri dish had considerable
quantities of nickel, copper, and cadmium. A decrease in
the intake of trace elements was observed after the addition
of liquid fertilizers in wheat, except for manganese
(Stanisi¢ Stoji¢ et al., 2016).

Trace elements stress plants, which results in a range of
reactions from germination to growth to metabolic
reactions and, in the case of wheat, yield reductions. For
instance, it has been demonstrated that Pb is incredibly
detrimental to wheat, causing stunted growth and raised
membrane permeability, which ultimately results in the
production of ROS (Gang et al., 2013). The accumulation
of ROS in plant tissues causes electrolyte leakage and
threatens the integrity of cell membranes (Emamverdian et
al., 2015). Higher lead concentrations during the Eruca
sativa planting stage, the researchers found, decreased
germination. The quantity of soluble protein rose along
with the concentration of Pb (Faheed, 2005). As Pb
concentration rose, so did the amount of soluble protein.
The germination of seeds was hindered when silver (Ag)
(10 mM) was applied, and it was completely prevented
when the Ag concentrations were increased. High Zn
concentrations promote seed germination, whereas Pb
treatment prevents seed sprouting (Ashraf et al., 2008).

The bioavailability of trace elements in the soil is a process
that needs to be monitored as they are not degraded by
microorganisms, chemicals, or other means. Trace element
levels in the soil can affect the growing conditions,
photosynthesis, yield, and nutritional value of wheat
(Rizwan et al., 2018). This process changes the quality of
wheat. Wheat is one of the most important staple foods all
over the world. Trace elements and their toxicity in crops,
particularly wheat, have become a regular concern. This
study aimed to determine the concentrations of Cd, Cu, Cr,
Mn, Ni, Pb, and Zn trace elements in wheat plants and soil.

2. Materials and Method
2.1. Materials

The wheat and soil samples were collected from Karaman
city center (No:1) and 4 different villages (Lale (No:2),
Kizilyaka (No:3), Suduragi (No:4), Yollarbasi (No:5)). It is
important to collect the samples to be analyzed. Soil
samples were taken from the fields at a depth of 10-15 cm
using a Cr-Ni spatula. Wheat samples were selected from
ears that were ripe and ready to be harvested before harvest
time. Soil and wheat samples were collected at the same
place and at the same time. The samples were kept in
transparent bags. Three separate samples were taken from
each selected region.

Pre-drying was done by laying the collected wheat and soil
samples in a dust-free environment in the open air. It was
then ground into powder by grinding in a porcelain mortar.
The powdered samples were sieved through 100 and 150
mesh sieves, respectively. The sieved samples were dried
in an oven at 80-90 °C for 2 hours.

2.2. Wheat and soil sampling

1 g of wheat sample was put into the beaker (50 ml) and 20
ml of HNO3 (w/w, 65%) was added. After waiting for 10
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hours, 7 ml of HCIO4 (w/w, 70%) was added. It was heated
slowly for 6-7 hours in a fume hood. The heating was cut
off and cooled near the end of the acid. 7 ml of H,O, (w/w,
30%) was added and heating continued until a clear liquid
was obtained. The volume was made up to 10 ml with
ultrapure water (Milli-Q Direct 8, Water Purification
System, Merck) by filtration through the blue band filter
paper and made ready for analysis (Karapinar et al., 2017;
Kaya et al., 2017; Karapinar and Kiligel, 2020).

1 g of soil sample was placed in the beaker (50 ml) and 16
ml of HNOs/HCI (w/w, 1/3) was added. It was kept for 7
hours. After it was heated to dryness in a fume hood, 15 ml
of 2 M HNO; was added and after waiting for 4 hours, it
was filtered through a blue band filter paper and made ready
for analysis by making it up to 20 ml with ultrapure water
(Turkdogan et al., 2003; Bermudez et al., 2012).

2.3. Analytical technique trace elements detection

Inductively Coupled Plasma Optic Emission Spectroscopy
(ICP-OES) was used to analyze the samples at room
temperature.

Merck provided the ultra-high purity reagents (certified
>99.99%). To create working solutions, 1000 mg I?
standard solutions (CRM, Merck) were diluted in 0.5%
HNO3. Working standards were used for calibration curves
with a six-point range (including zero).

Accelerating Inductively Coupled Plasma Optic Emission
Spectroscopy with Axially Observed Plasma (Agilent 720
Series, Santa Clara, ABD) was employed for this work
(Table 1).

Table 1. Analytical conditions for trace elements analysis using
ICP-OES

Apparatus Agilent Technologies 720

RF forward power 1.0 kW

Plasma gas (Ar) flow 15 I min

Auxiliary gas (Ar) flow 1.5 mint

Nebulizer gas (Ar) flow 0.75 I min*!

Replicates 3

Pump rate 2.0 ml min (peristaltic pump)
Plasma position Axial

Rinse time 15 sec

Total sample usage 2ml

Torch

Spray chamber type
Nebulizer type

Standard one piece quartz axial
Glass cyclonic (single-pass)
Sea Spray

A specially created CCD detector is included with the
Agilent 720, enabling true simultaneous measurements and
complete wavelength coverage from 167 to 785 nm (Table
2). The two-dimensional image from the echelle lenses is
ideal for the continuous angled arrays in the CCD detector.
The thermally stabilized optical system has no moving
parts, which provides excellent long-term stability.

The method of selecting the trace elements has been
validated by repeated studies of certified reference material.
For every six measurements, the specified components
were examined in six blank control samples and certified
standards. A computerized laboratory data management



system was utilized to perform calibration measurements
on standards, control standards, and blank samples.

Table 2. The studied wavelength and LOD values of the elements

Elements  Studien wavelength (nm) Detection limit (ug/l)
Cd 228.802 0.01
Cr 206.158 0.005
Cu 327.395 0.01
Mn 259.372 0.005
Ni 216.555 0.005
Pb 182.143 0.005
Zn 213.857 0.02

The data (mean, standard deviation) from all samples were
assessed three times using IBM SPSS Statistics version 20
software and the Student t-test. The significance level was
setas p <0.05.

3. Results

The World Health Organization Expert Committee (WHO,
1996) examines trace elements, Pb and Cd potentially toxic
elements, Co and Ni elements that may be necessary, Zn,
Cu, and Cr basic elements in terms of their nutritional
importance in humans.

Cd, Cr, Cu, Ni, Mn, Zn, and Pb trace elements
concentrations in wheat and soil samples are given in
Tables 3 and 4.

Trace element concentrations in soil samples taken from the
city center were determined as Mn> Ni> Zn> Cr> Cu> Pb>
Cd. Trace element concentrations in soil samples taken
from villages were generally determined as Mn> Zn> Ni>
Cu> Cr> Cd.

According to the reported reports, the average trace element
levels in the surface soil of arable lands were determined as
20 mg kg* for Ni, 900 mg kg™ for Mn, 70 mg kg™ for Zn,
0.1 mg kg* for Cd, 55 mg kg™ for Cu, 14 mg kg™ for Pb,
and 100 mg kg for Cr (Kabata-Pendias and Mukherjee,
2007; Kabata-Pendias, 2011). According to previous
reports, it was determined that Zn, Mn, Pb, Cu, and Cr in
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wheat soil were below the values given, but above the
values given for Ni and Cd.

Although the concentration of Ni and Cd in soil samples
was higher than in previous reports, the concentration of Cd
and Ni in wheat samples could not be determined. Ni trace
element was detected at low levels only in the samples
taken from the city center. It is thought that the Ni
concentration in the samples taken from the city center is
due to urbanization and industrialization.

According to the international legislation on wheat grains
and foodstuffs (FAO/WHO) and the Turkish food codex
communiqué (28157/2011), the average concentrations of
Mn, Cu, Zn, and Ni were below the permissible limits (Berg
and Licht, 2002; Joint FAO, 2017).

In our study, the amounts of Pb and Cd in wheat were lower
than in previous studies (Nan et al., 2002; Lavado et al.,
2007; Chandra et al., 2009; Douay et al., 2008). Ni, Zn, and
Cu concentrations in wheat samples are in agreement with
previous studies (Nan et al., 2002; Lavado et al., 2007;
Kirchmann et al., 2009; Singh et al., 2010).

Zn is one of the trace elements that are part of a few
bioactive enzymes in plants. Many plant oxidases include
copper, which can encourage redox reactions. Also, plants
have a lot of copper in their chloroplasts, which helps the
chlorophyll stay stable (Zhang et al., 2018). Trace element
concentrations can vary between various crop tissues and
between different locations of the same crop. Wheat's
ability to bioabsorb and transfer elements from the soil to it
is influenced by a variety of factors, including cation
exchange capacity, soil pH, plant species, organic matter
content, plant species, and age (Abdelhafez and Li, 2015).
Based on their physiological mechanisms, many plants
have an innate capacity to metabolize a variety of heavy
metals (Ran et al., 2016).

In addition, values similar to Cu and Zn concentrations
were observed in grain samples grown in an industrial town
(Huang et al., 2008). Cr concentrations in wheat samples
were lower than in India, China, and previous studies
(Balaji et al., 2000; Al-Dayel and Al-Kahtani, 2002; Huang
et al., 2008; Singh et al., 2010).

Table 3. Average concentrations + SD of trace elements in soil (mg kg™ ) (SD: Standard Deviation)

Soil Cd Cu Cr Mn Ni Pb Zn
1 1.63 +0.08 17.25 +1.23 24.98 +1.78 556.9 +23.3 62.45 +3.54 7.65 0.9 40.75 £3.12
2 1.11 +0.05 28.45 +2.56 12.67 +0.13 560.7 +22.4 27.56 +1.45 * 65.01 +5.45
3 0.83 £0.02 14.70 +1.67 12.34 +0.56 356.9 +18.1 31.67 +1.34 * 42.37 £3.55
4 0.87 £0.07 11.52 +0.89 17.23+1.01 468.5 £20.2 35.89 £2.02 * 57.70 £6.67
5 1.32+0.13 9.061 £1.12 12.56 +0.78 288.7 £17.1 34.23 £2.78 * 29.03 £2.03
*Not determined
Table 4. Average concentrations + SD of trace elements in wheat (mg kg ) (SD: Standard Deviation)
Soil cd Cu Cr Mn Ni Pb Zn
1 * 1.15 +0.33 * 15.91 +2.33 2.44 +0.54 * 7.85+£1.11
2 * 2.65 +0.26 * 23.71 £2.41 * * 15.01 +1.44
3 * 4.56 +0.88 * 35.51 +4.12 * * 12.33 £1.05
4 * 3.87 £0.65 * 46.42 £2.54 * * 17.71 £1.47
5 * 10.08 +1.34 * 28.62 +1.54 * * 49.03 £2.56

*Not determined

42



Karapinar — Composition of some ...

Table 5. Average trace element concentrations in previous studies in wheat (W) and soil (S) samples (mg kg)

Soil Cd Cu Cr Mn Ni Pb Zn Reference

w 0.038 3.510 0.022 33.26 0.240 - 27.35  Kirchmann et al., 2009
w 0.097 9.023 41.72 87.20 5.956 13.76 13.49  Tudietal., 2021

w 0.055 5.229 0.108 - 0.148 0.177 27.78  Huang et al., 2008

w 1.43 147 9.21 345 1.42 21 34.2 Setia et al., 2023

w 0.1 10.7 4.0 51.4 1.6 1.3 62.6 Ozturk and Arici, 2021
w 0.05 25 0.6 100 5.0 6.0 70 Kacar and Inal, 2008
w - 4.462 - 30.03 2.44 - 20.39  This study

S 0.732 22.65 44.48 641.8 25.95 33.74 69.30  Tudietal., 2021

S - 7.94 - 395 8.38 10 - Bermudez et al., 2012
S 0.16 26 67.41 - 35.84 28.63 98.58  Huang etal., 2008

S 2.42 26.3 28.9 324 28.4 36.8 55.9 Setia et al., 2023

S 0.15 145 24.98 352 34.29 20.4 35.98  Ozturk and Arici, 2021
S 0.41 38.9 60 488 29 27 70 Kabata-Pendias, 2011
S 1.152 16.2 15.96 446.3 38.36 7.65 46.97  This study

Cu (p<0.03), Mn (p=0.004), and Zn (p <0.002) levels were 4. Discussions

significantly different between wheat and soil samples. Ni The present study demonstrates the importance of

(p<0.002) levels in the samples taken from the city center
differed significantly between wheat and soil samples.

The average trace element concentrations of previous
studies from similar and different regions are given in Table
5. Cd, Cr, and Pb elements were not detected in wheat

bioaccumulation and the transfer of trace elements between
wheat and soil. The Pb concentration was determined only
in the soil samples taken from the city center. Trace element
concentrations of Cd, Cr, and Pb were not detected in wheat
samples. Cu, Mn, and Zn concentrations in wheat samples
were determined at very low levels compared to soil

samples. It has been determined that the process of element
transport from soil to plant may differ in trace element
concentrations even if the plants are grown under the same
conditions.

samples. It was determined that the average Cu, Mn, Ni,
and Zn concentrations in wheat were at lower levels
compared to previous studies. Also, It was determined that
the average Cu, Cr, and Pb levels in the soil were lower than
in previous studies and that Cd, Mn, and Zn were at average
levels.
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