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have been used to rehabilitate heavy metal-contaminated 
sites. Traditional methods such as soil washing, excavation, 
and solidification are costly and only provide isolation of 
the polluted sites (Gavrilescu 2022). Various methods have 
been used to rehabilitate heavy metal-contaminated sites. 
Traditional methods such as soil washing, excavation, and 
solidification are costly and only provide isolation of the 
polluted sites (Gavrilescu 2022). Therefore, nature-based 
studies that use plants tolerant to heavy metals in order 
to preserve human health and the environment have been 
increasing since the end of the 1990s (Sharma et al., 2021).

Phytoremediation is a nature-based technology that pro-
vides the remediation of land and long-term management 
of soils that have been damaged or contaminated with trace 
metals by using plants (Baker et al., 1989,1993; Freitas et al. 
2004). In this method, plants that can accumulate and store 
metals in their bodies from the soil are used, thus remov-
ing the metals from the soil and remediating it. Plants with 
more than 1,000 mg/kg dry weight of Ni, Co, Cu, Cr, Pb, 
or 10,000 mg/kg dry weight of Zn or Mn in their tissue are 
known as hyperaccumulators, which store trace elements in 
their above-ground organs (Baker and Brooks 1989; Bani et 
al. 2007). These species can accumulate trace elements up 

Introduction

Ultramafic soils, which contain high levels of metals such as 
Ni, Cr, and Co, but low levels of plant nutrients like P, K, and 
Ca, are formed by the weathering of ultramafic rocks. These 
rocks contain ferromagnesian silicate minerals and less than 
45% silica (Alexander 2009; Alfaro et al. 2015; Galey et al. 
2017; Nascimento et al. 2022; Gundogar and Sasmaz 2022; 
Sasmaz et al. 2023). The ultramafic rocks are composed of 
periotite, dunites, and serpentinite. Serpentine soils have 
high concentrations of heavy metals such as Mn, Ni, Co, Cr, 
and Zn. While some levels of these metals are essential for 
plant growth at trace levels, high levels can cause toxicity 
by interfering with cellular functions (Reeves et al. 1999; 
Wu and Hendershot 2010; Ho et al. 2013). Various methods 
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Serpentine soils containing high levels of nickel and other metals are particularly preferred by some plants that accumu-
late nickel in their bodies. In this study, the Ni, Co, and Cr accumulation capacities of A. murale grown in Guleman’s 
serpentine soils were measured. In this respect, 12 A. murale and their soils were collected from the mining site and 
surroundings. Afterwards, the collected samples were measured in order to evaluate the translocation and accumulation 
amounts of Ni, Cr, and Co. For that, soil and plant samples were analyzed using inductively coupled plasma mass spec-
troscopy (ICP-MS). The mean Ni concentrations in the soil, roots, and shoots of A. murale were measured as 2475, 7384, 
and 7694 mg/kg, respectively. The mean Cr concentrations in the soil, roots, and shoots of A. murale were measured as 
742, 33, and 8.4 mg/kg while the mean Co concentrations of A. murale in the soil, roots, and shoots were 166, 10.2, and 
23.5 mg/kg, respectively. Then, ECR and ECS values were calculated for Ni, Co, and Cr. The results indicated that A. 
murale grown in Guleman’s serpentine soils may be helpful for the rehabilitation studies of mining soils contaminated by 
Ni and can be utilized for phytoextraction.
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to 100 times in plant dry matter compared to other species 
living on the same soil available concentrations. These plant 
species that have the potential to accumulate unusually high 
metal concentrations in their harvestable biomass are able 
to survive on serpentine soils (Brady et al. 2005). Therefore, 
by applying hyperaccumulator plants that contain heavy 
metals that can be harmful to other plants, heavy metals are 
removed from the soil, making it more suitable for plants 
that are less sensitive to metals.

A hyperaccumulator plant can thrive in soils with 
extremely high heavy metal concentrations. These plants 
can absorb heavy metals and store them in different regions 
of their bodies through their roots. The roots of hyperac-
cumulator plants are heavier than soil when compared to 
non-hyperaccumulator species. The amount in question is 
so large that it is toxic to many similar species that have 
not adapted to living in soils with high heavy metal content. 
Hyperaccumulator plants uptake metals at a very high rate 
in their bodies, deliver them to the stem at a higher rate, 
and have high levels of metal in their stems and leaves 
that they store in large quantities (Rascio et al., 2011). A 
variety of serpentine plants, particularly the leaves, can 
collect extremely high levels of Ni in their above-ground 
portions, and at least 400 Ni hyperaccumulators are known 
(Ghaderian, 2007). Plants growing on serpentine soils have 
slightly higher Ni contents in their leaves, usually around 
10–100 mg/kg, than plants growing on conventional soils 
(0.2-5 mg/kg) (Reeves 1992; Ghaderian, 2007). A. murale is 
one of the best-known hyperaccumulators, capable of colo-
nizing serpentine soils and accumulating above 2% (w/w) 
nickel (Reeves and Baker 2000).

Nickel is a physiologically significant and essential minor 
element for plant development, but excessive amounts can 
cause toxicity (Fargasova 2008). The resistance of different 
plant species to nickel varies, with some plants being intro-
duced as Ni hyperaccumulators, while others are introduced 
as non-accumulators due to their high sensitivity to Ni 
(Freeman et al. 2004). Maximum nickel concentrations in 
plants have been estimated to be in the range of 0.1 to 5 mg/
kg on a dry-weight basis (Kabata-Pendias 2011). Maximum 
permitted Ni levels in agricultural soils have been stated as 
ranging from 20 to 100 mg/kg, depending on the country 
(Jones 1997). Excess nickel, like many other heavy metals, 
is toxic to plants, and the deadly threshold level of Ni in the 
soil is unknown (Seregin and Kozhevnikova 2006). Nickel 
can produce toxicity in serpentine soils because of its high 
solubility in the soil solution.

In humans, the hexavalent chromium has the potential 
to cause cancer (WHO 1988). As a result, in the United 
States, the recommended daily allowance (RDA) for Cr in 
adults is 50–200 micrograms per day (Noel et al. 2003). Cr 
levels in plant species greater than 5.0 mg/kg are deemed 

excessive or dangerous on a dry-weight basis (Kabata-Pen-
dias 2011). According to several countries, the maximum 
permitted values of Cr in agricultural soils are 50–100 mg/
kg (Jones 1997). On a dry-weight basis, Co concentrations 
in uncontaminated areas range from 0.03 to 1.0 mg/kg for 
plants and 2.0 to 27.0 mg/kg for soil (Kabata-Pendias 2011). 
Co concentrations in agricultural soils should be between 20 
and 50 mg/kg (Jones 1997). When present in trace amounts, 
chromium (Cr), nickel (Ni), and cobalt (Co) are considered 
required elements; however, when present in excessive pro-
portions, the same metals pose a threat to soil, surface water, 
and groundwater (Kabata-Pendias 2011). Therefore, these 
metals that have excessive proportions should be removed 
from these environments by using various techniques. The 
aim of the present work is to investigate the Ni, Co, and Co 
uptake amount in the root and shoots of A. murale grown in 
Guleman serpentine soil.

Materials and methods

The Study area

This research was carried out in Elazig, Turkey, in the Kef 
region of the Guleman mining area, where mining opera-
tions have been applied since 1936 (Fig. 1). The Guleman 
region, one of Turkey’s most important chrome ore-produc-
ing districts, is separated into various mining sectors based 
on the nature of the deposits, lithological properties, geo-
graphical location, and structural position. The ultramafic 
rocks (dunites, peridotites, and pyroxenites) that outcrop 
around Guleman are linked to this deposit (Engin et al. 
1983). These rocks also contain alot of Cr, Ni, and Co. In 
the study area, chrome ore is extracted using open pit opera-
tions or galleries.

The soil and Plant Samples

The soil and plant samples were collected from 12 dif-
ferent locations throughout the mining zone (Fig. 1). The 
A. murale has deep root systems that can survive for 1–2 
years in the wild and can grow in different climatic condi-
tions. These plants were collected from random places on 
the Guleman mine site and the serpentine soils in its vicin-
ity. Plant root, plant shoot and soil samples were collected 
separately from each point in the Bahro (9 AL samples) and 
Dereboyu (3 ALK samples) mining areas in the study area. 
Then, 12 plant roots, 12 plant shoots and 12 soil samples 
were analyzed separately for Ni, Cr and Co. The soil sam-
ples were taken from the root-feeding places of A. murale at 
depths between 0.10 and 0.40 m.
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Sample Preparation

Firstly, the collected soil samples were pulverized using 
hand mortars after being cooked at 100 °C for 4 h. Then, 
these samples were digested in a combination of HNO3 and 
HCl for one hour at 95 °C (Merck, Darmstadt, Germany); 
HCl; H2O (1:1:1, v/v; 6mL per 1.0 g of soil). After all the 
soil samples were dissolved in the mixture, ICP-MS was 
used to measure the digestion of Ni, Cr, and Co by the soil.

On the other hand, the root and shoot samples of the 
plant were separated and thoroughly washed with tap water. 
Then, these samples were dried in an oven at 60 °C for 24 h. 
After that, the dried plant samples were ashed for 24 h at 
300 °C and these ashed samples were digested for one hour 
in HNO3, followed by one hour at 95 °C in a mixture of 
HNO3 (Merck, Darmstadt, Germany); HCl; H2O (1:1:1, 
v/v; 6 mL per 1.0 g of the ashed sample). As with the soil 
samples, ICP-MS was used to measure the digestion of Ni, 
Cr, and Co by the plants.

ICP-MS (Inductively Coupled Plasmass 
Spectroscopy)

The ICP-MS working conditions were provided by Sasmaz 
and Yaman (2008). In this study, the ICP-MS (Perkin-Elmer 
ELAN 9000) technology was used to determine the uptake 
of Ni, Cr, and Co by soil and plant samples. As a result of 
that analysis, the calculation of ECR and ECS values of 
plants and soil samples has been done. Detection limits 
of ICP-MS for Ni, Co and Cr are 0.1, 0.01 and 0.1 mg/kg, 
respectively.

Enrichment Coefficients of Roots (ECR)

The ECR value is used to determine metal buildup in the 
plant’s upper section or element transfers from the soil to the 
plant root (Chen et al. 2005; (Sasmaz et al. 2015a, 2016). In 
this respect, the ECR values are calculated by dividing the 
metal concentration in the soil by the metal concentration 

Fig. 1 Simplified geological map of the chromite deposits and sampling locations in the study area
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Veritas corporate registration. Additionally, a number of 
analytical hubs have received ISO/IEC 17,025 accreditation 
for specific laboratory procedures.

Results

Ni Concentrations in soil, Roots and Shoots of 
Alyssum murale

The mean concentrations of Ni in roots and shoots of A. 
murale samples and their soil samples and the calculated 
values ECR, ECS and TLF are shown in Fig. 2.

The levels of Ni in soil samples were found to range from 
1018 mg/kg to 3025 mg/kg according to the results (Fig. 2). 
The levels of Ni in root samples varied between 227 and 
13,808 mg/kg, while in shoot samples, this value was 
between 505 and 16,054 mg/kg. The concentrations of Ni 
in the soil samples were higher only in two samples (ALK-1 
and ALK-2) in comparison to the root and shoot values. In 
contrast, the shoot concentrations of the other 10 samples 
were higher than the soil and root values of these samples.

In comparison to soil and shoot values, apart from the 
ALK-1 and ALK-2 samples, soil values were several times 
lower than shoot values, indicating that the concentration 
of Ni in the soil was transferred to the roots of the samples. 
However, these Niconcentrations were not retained in the 
roots, but were transferred to the shoots and accumulated 
there.

The highest accumulation of Ni in shoot samples was 
measured by the AL-6 sample, while the lowest amount 
was accumulated by the ALK-1 sample. Additionally, the 

in the root of the plant (ECR: Plant root concentration/Soil 
concentration).

Enrichment Coefficient for Shoots (ECS)

The ECS which represents the accumulation capability in 
phytoremediation studies is a calculation of dividing the 
metal value in the soil by the metal value in the plant shoot 
(ECS: Plant shoot concentration/Soil concentration) (Zhao 
et al. 2002; (Sasmaz et al. 2015a). Also, the ECS identifies 
how well a plant can absorb and retain energy (Wei et al. 
2002; (Sasmaz et al. 2015a, b, 2016).

Translocation Factors (TLF)

The TLF is used to determine the metal ratio of transport 
from the plant roots to the shoot. In hyperaccumulator plants, 
the translocation factor is greater than one. That number 
indicates the capacity of metals to move (rather than accu-
mulate) from the root to the shoot, which is critical in phy-
toremediation research (Sasmaz and Yaman 2006; Yıldırım 
and Sasmaz 2016).

Quality Assurance

Quality Assurance through the process of external audit-
ing by recognized organizations; all facilities maintain ISO 
registrations and accreditations. These accreditations and 
registrations meet the requirements of the ISO standards 
and provide independent verification that the management 
systems have been implemented. All BVM facilities are 
registered to ISO 9001 and they are pending to the Bureau 

Fig. 2 Mean Ni concentrations (on the dried weight basis) in the soils, roots and shoots of A. murale (error bars = StDev, n = 12)
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samples. This also indicates that A. murale does not accu-
mulate Cr in its organs. The results also suggest that the 
accumulation capacity of A. murale is not sufficient for stor-
ing Cr in its organs.

Co Concentrations in soil, Roots and Shoots of 
Alyssum murale

Co concentrations in roots and shoots of A. murale samples, 
soil samples, and the calculated values ECR, ECS, and TLF 
are shown in Fig. 4. The concentrations of Co in the soil 
samples were measured to be between 85 and 204 mg/kg 
(mean: 166 mg/kg). Additionally, Co concentrations in the 
samples were 3.25–29.1 mg/kg and 4.22–52.1 mg/kg in root 
and shoot values, respectively (as shown in Fig. 4).

As seen in Fig. 4, the Co concentrations in soil samples 
are notably higher when compared to the root and shoot val-
ues for all samples. Only in the AL-5 sample, the shoot and 
root concentrations were similar to each other. However, 
both concentrations in the plant were several times lower 
than the soil concentrations, as seen in Fig. 4. The Cr con-
centrations in soil were also higher than the shoot and root 
values, with the roots of ALK-1 and ALK-2 showing higher 
uptake than the shoots, while the Cr values in shoots were 
higher for the rest of the samples. In addition, the concentra-
tions of Co in the soil and plants were relatively lower than 
Ni and Cr.

Freitas et al. (2004) conducted an experiment in a ser-
pentinized terrain in the north–east of Portugal and found 
that plant tissues had significant levels of Ni, Cr, and Co: Ni 
38,105, Cr 129.3, and Co 145.1 mg/kg. As a result, our find-
ings are consistent with earlier findings from other studies. 

highest transferred Ni concentrations from soil to the roots 
were measured in the AL-5 sample and the lowest in the 
ALK-1 sample, as was seen in the shoot values.

Previous research by Ghaderian et al. (2007) indicated 
that total Ni contents in serpentine soils typically vary from 
500 to 8000 mg/kg. Additionally, normal plants and agricul-
tural species experience substantial phytotoxicity at levels 
lower than 100 mg/kg, as reported by Reeves (1992) and 
Chaney et al. (2008). According to these previous research 
results, it was determined that the concentrations of col-
lected A. murale samples were much higher in comparison 
to the normal plant values and agricultural species (mean 
2474.46 mg/kg). However, as indicated in Gharderian’s 
study, the Ni concentrations of these samples are within the 
range of serpentine soils (500–8000 mg/kg).

Cr Concentrations in soil, Roots and Shoots of 
Alyssum murale

The concentrations of Cr in roots and shoots of A. murale 
samples, soil samples, and the calculated values ECR, ECS, 
and TLF are shown in Fig. 3. The concentrations of Cr in the 
soil samples were found to range from 548.7 to 1079.9 mg/
kg, with a mean of 742.2 mg/kg. The concentrations of Cr 
in the roots were measured to be between 6.3 and 113.2 mg/
kg, while the range for shoot values was 4.6–25.2 mg/kg (as 
shown in Fig. 3).

As illustrated in Fig. 3, the concentrations of Cr in the 
soil samples are significantly higher than the concentra-
tions found in the roots. Additionally, none of the Cr con-
centrations in the shoot values of the samples were found 
to be higher than the soil concentrations of the respective 

Fig. 3 Mean Cr concentrations (on the dried weight basis) in the soils, roots and shoots of A. murale (error bars = StDev, n = 12)
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Discussion

Ni concentrations in the soil in various studies on Alys-
sum are as follows: 1070–3240 mg/kg in Albania, 1160–
2660 mg/kg in Greece, 2333–3278 mg/kg in Bulgaria (Bani 
et al. 2010, 2013), 443 mg/kg in Serbia (Tumi et al. 2012), 
637–2232 mg/kg in Bosnia and Herzegovina (Stamenkoviç 
et al., 2017) and 102–2348 mg/kg in the north-east of Por-
tugal (Freitas et al. 2004). The highest Ni concentration was 
found in Brockman soil in Maryland and Oregon, with a 
concentration of 3590 mg/kg. This was followed by the 
medium Ni soil in Maryland and Oregon with a concentra-
tion of 930 mg/kg (Abou-Shanab et al. 2006), 3600 mg/kg 
in Albania (Broadhurst and Chaney 2016), 1,197–337 mg/
kg in Lesbos Island-Greece (Kazakou et al. 2010), 1543–
2570 mg/kg in Kosovo (Salihaj et al. 2016), 4600–5900 mg/
kg in southwest Oregon (Centofanti et al. 2012), 650–
760 mg/kg in the west (Harsin) of Iran and 600–830 mg/
kg in the northwest (Khoy) of Iran (Ghaderian et al. 2007), 
1070–3240 mg/kg in Albanian and Greek serpentine soils 
(Bani et al. 2009), with a mean of 1574 mg/kg in Tras-os-
Montes (NE Portugal) (Lazaro et al. 2006), 2404–2833 mg/
kg in Kızıldağ (Derebucak, Konya-Turkey) (Reeves et al. 
2009), 2724–3028 mg/kg in NE Portugal, 2199 mg/kg in 
NW Spain (Becerra-Castro et al. 2009), 1463–2272 mg/kg 
in Serbia (Tomovic et al. 2013), 1530 mg/kg in Kızıldağ 
(Konya-Turkey) (Aksoy et al. 2015), 819–3579 mg/
kg in Albania (Shallari et al. 1998), 471–1028 mg/kg in 
Urals-Russia (Teptina et al., 2015), 230–4538 mg/kg in 
Fındıkpınarı-Erdemli /Mersin (Özdemir and Demir 2010), 
772–2387 mg/kg in Yahyalı (Kayseri-Turkey) (Çelik et al. 

Table 1 represents the comparison of correlation coefficients 
between Ni, Cr, and Co and some other metals in the Gule-
man serpentine soils. The value of the metals that are closer 
to 1 indicate a stronger correlation, as shown in Table 1. 
According to the table, Ni shows positive correlations with 
Fe, Co and Mg. This correlation result suggests that both 
Ni and other correlated metals are enriched together within 
serpentine soils. On the other hand, there is a correlation 
between Co and the metals Cu, Pb, Ag, Mn, Fe, Cd, As, 
Sb, U, Th, P, Ba, Tl and Se. Cr shows a positive correlation 
with U, Ca, P, Ba and Fe in serpentine soils. In addition, Ni 
shows significant negative correlations with only Na and Ca 
within serpentine soils (Table 1).

ECR, ECS and TLF Values

According to previous studies in the literature, the metal 
concentration transferred to the root of the samples from the 
soil is represented by the ECR value. Similarly, the metal 
concentration transferred to the shoot of the samples from 
the soil is represented by the ECS value. The ECR, ECS, 
and TLF values show that A. murale is not an appropriate 
plant for Co accumulation as none of the values for each 
sample are close to 1. Additionally, because the ECR and 
ECS values are lower than 1, it can be stated that A. murale 
samples cannot be used for remediation of Cr from serpen-
tine soils.

Fig. 4 Mean Co concentrations (on the dried weight basis) in the soils, roots and shoots of A. murale (error bars = StDev, n = 12)
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2018), 2522–3800 mg/kg in Kızıldağ national park (Isparta) 
(Saglam 2017), 4450 to 8960 mg/kg in Port Colborne, 
Ontario (Dehghani et al. 2021).

The levels of Cr in the samples were detected to be 
between 548.7 and 1079.9 mg/kg (mean: 742.2 mg/kg). 
Surface soil Cr content varies by country, with values 
as high as 43 mg/kg in Serbia (Tumi et al. 2012), 153–
1748 mg/kg in Bosnia and Herzegovina (Stamenkovic et al. 
2017), 200–6822 mg/kg in Portugal (Freitas et al. 2004), 
1,118–263 mg/kg in Lesbos Island, Greece (Kazakou et al. 
2010), 218–1206 mg/kg in Kosovo (Salihaj et al. 2016), 
1600–3100 mg/kg in southwest Oregon (Centofanti et al. 
2012), 677–3250 mg/kg in Albanian and Greek serpentine 
soils (Bani et al. 2009), mean 4384 mg/kg in Tras-os-Mon-
tes (NE Portugal) (Lazaro et al. 2006), 404–561 mg/kg in 
Kızıldağ (Derebucak, Konya-Turkey) (Reeves et al. 2009), 
909–2997 mg/kg in NE Portugal, 1066 mg/kg in NW Spain 
(Becerra-Castro et al. 2009), 258 mg/kg in Kızıldag (Konya-
Turkey) (Aksoy et al. 2015), 365–3865 mg/kg in Albania 
(Shallari et al. 1998), 349–868 mg/kg in Serbia (Tomovic 
et al. 2013), 122–474 mg/kg in Urals-Russia (Teptina et al., 
2015), 214–347 mg/kg in Yahyalı (Kayseri-Turkey) (Çelik 
et al. 2018), 171–354 mg/kg in Kızıldağ national park 
(Isparta) (Saglam 2017).

The Co content of soil samples from different countries 
ranges from 90 to 228 mg/kg in Maryland and Oregon 
(Abou-Shanab et al. 2006), 56-174.9 mg/kg in Portugal 
(Freitas et al. 2004), 82 mg/kg in Serbia (Tumi et al. 2012), 
76–296 mg/kg in Bosnia and Herzegovina (Stamenković 
et al., 2017), 13.34–76.2 mg/kg in Lesbos Island (Greece) 
(Kazakou et al. 2010), 49.5–95.8 mg/kg in Kosovo (Sali-
haj et al. 2016), 200–300 mg/kg in southwest Oregon (Cen-
tofanti et al. 2012), 93–267 mg/kg in Albanian and Greek 
serpentine soils (Bani et al. 2009), mean 180 mg/kg in 
Trasos-Montes (NE Portugal) (Lazaro et al. 2006), 123–
177 mg/kg in Kızıldağ (Derebucak, Konya-Turkey) (Reeves 
et al. 2009),148–176 mg/kg in NE Portugal, 149 mg/kg 
in NW Spain (Becerra-Castro et al. 2009), 78 mg/kg in 
Kızıldağ (Konya-Turkey)(Aksoy et al. 2015), 130–476 mg/
kg in Albania (Shallari et al., 1997), 104–176 mg/kg in Ser-
bia (Tomovic et al. 2013), 37–87 mg/kg in Urals-Russia 
(Teptina et al., 2015), 14.7–97.4 mg/kg in Kizildag national 
park-Isparta (Saglam 2017).

The Ni content of plants in different countries varies, 
with values of 2.93 and 6.79 mg/kg in the roots and shoots, 
respectively, in Serbia (Tumi et al. 2012), 983–5885 and 
1336.8-7409.5 mg/kg in the roots and shoots, respectively, 
in Bosnia and Herzegovina (Stamenkoviç et al., 2017), 343-
13765 mg/kg in the shoots in Thessaloniki, Greece (Whit-
ing et al. 2003), 816–1014 and 1413–1736 mg/kg in the 
roots and shoots, respectively, in the North Caucasus (Dro-
zdova et al. 2017), 4729-13,676 mg/kg in the shoots, and 
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