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ABSTRACT

This study investigates levels of soil pollution and estimates the phytoremediation potential of 7 native plants growing close to the Zenica
steel mill. Plant leaves or roots and associated soil samples were collected from this site and characterized in terms of the concentrations of
the heavy metals Cr, Cd, Pb, Zn, Cu and Ni. Heavy metal concentrations in soil and plant samples were determined using atomic absorption
spectrophotometry. Bioaccumulation factors for heavy metals were also calculated. All plants studied had a low ability to remove or stabilize
heavy metals in soil. This was probably associated with the poor mobility and thus poor availability of heavy metals to the plants growing

in the vicinity of this steel mill.
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Introduction

High concentrations of heavy metals in soils can
damage ecosystems and consequently human health
(Fazeka$ova and Fazeka$ 2020). Therefore, methods of
preventing and for restoring soils polluted with heavy
metals are needed. There are some conventional ways of
restoring contaminated soils, which are based on phys-
ical and/or chemical methods, including soil washing,
membrane filtration, chemical precipitation, etc. Despite
being widely used, these methods have two main disad-
vantages: the chemicals and/or physical treatments used
cause significant changes in the physicochemical and
biological characteristics of soils and are very expensive
(Bradl and Xenidis 2005; DalCorso et al. 2019).

Phytoremediation is a recently developed technolo-
gy that reduces or stabilizes heavy metals in soils using
plants (Yan et al. 2020). It is defined as plants’ or root-mi-
croorganisms’ ability to remove, stabilize, degrade or iso-
late toxic substances from the environment. Among the
different phytoremediation techniques, phytoextraction
and phyto stabilization are the most widely used for the
rehabilitation of heavy metal polluted soils because these
techniques are low cost, environmentally friendly and
thus more acceptable to the public (Rai 2008; Zgorelec
et al. 2020). Phytoextraction is the absorption of heavy
metals by roots followed by their translocation and accu-
mulation in the aboveground parts of plants. Plants that
produce high levels of biomass grow rapidly, are easily

cultivated and harvested, and most importantly, tolerate
and accumulate high concentrations of heavy metals in
the aboveground parts are considered to be appropriate
for phytoextraction (Zhou et al. 2018). On the other hand,
phytostabilization is the ability of plants to reduce the mo-
bility of heavy metals via absorption and accumulation by
roots, adsorption onto roots or by changing the solubility
of heavy metals by means of root exudates. Plants native
to the polluted soil that can retain large quantities of met-
al ions in their roots or through root exudates lower their
solubility are considered to be appropriate for phytosta-
bilization (Monaci et al. 2020). Although phytoremedia-
tion is not consistently effective, it is undoubtedly causes
less damage to the environment than the use of chem-
icals and/or physical methods (Azubuike et al. 2016).

Unfortunately, most soils in the central and north-
eastern parts of Bosnia and Herzegovina are polluted
with heavy metals due to industrial, mining or agricul-
ture. This problem is particularly evident in the Zenica
region where industrial activity is constantly increasing.
Although the soils in this area are to a greater or lesser ex-
tent polluted with heavy metals many plants successfully
grow in these soils and, therefore, these plants could be
very interesting candidates as potential phytoaccumula-
tors or phytostabilizers.

The objectives of this study were to identify the native
flora growing in heavy metal polluted soils near the Zen-
ica steel mill and evaluate the ability of some of them to
remove or stabilize heavy metals in polluted soils.
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Materials and Methods

Study area

Zenica steel mill is located in the city of Zenica
(44°13'8" N, 17°53'16" E), in the Bosnia river valley, about
70 km northwest of Sarajevo. The climate in this area is
warm and temperate. According to Koppen and Geiger,
this climate is classified as Cfb. The average annual tem-
perature in Zenica is 11.3 °C and rainfall is 952 mm. The
rainfall in Zenica is significant, with precipitation even
during the driest month.

Three soil plots were studied in the immediate vicinity
of the Zenica steel mill. All of the plots were located at a
distance of about 300 m from the steel mill in a south-
easterly direction. The plots were approximately 500 m?
in area and located within 200 m of each other. Accord-
ing to Word Reference Base for Soil Resources, the soils
are classified as Leptosols (IUSS 2015). Leptosols develop
on limestone, marble, dolomite and other carbonate-rich
parent rocks, and as a result are neutral or slightly alka-
line. Furthermore, Leptosols are well-drained soils with
good aeration, but poor moisture retention; however, the
capacity of these soils to promote plant growth and de-
velopment is very diverse and depends primarily on the
depth of the soil profile and the type of carbonate bed-
rock.

Flora in the area studied

Vegetation surveys were conducted in three plots
measuring 5 x 25 m using a quadrat sampling method to
determine the composition of the flora. The high density
and cover of native species of plants were the criteria for
plot and quadrat selection. D.A.E.O.R scale (Dominant,
Abundant, Frequent, Occasional and Rare) was used for
measuring species’ abundance, while plant density was
determined by counting the number of individual plants
of a species and dividing it by the quadrat’s area. A total
of 71 species of plants was identified. Also, the vegetation
surveys revealed the presence of a large number of native
plants belonging to the families Poaceae (12), Fabaceae
(9), Asteraceae (7), Chenopodiaceae (5), Brassicaceae (4),
Caryophyllaceae (4) and Rosaceae (4). In terms of density
sweet clover (Melilotus officinalis (L.) Lam.) was present
at the greatest density (sum of mature plant and seedling
densities) (41.4 plants/m?) followed by mug wort (Arte-
misia vulgaris L.) (24.2 plants/m?2), chickweed (Stellaria
media L.) (21.3 plants/m?) and blueweed (Echium vul-
gare L.) (18.8 plants/m?). Accordingly, these plants were
selected for evaluating their ability to remove heavy met-
als from polluted soils. Ground cover value was highest
for hoary mullein (Verbascum pulverulentum Vill.) and
therefore this plant was also evaluated for phytoremedi-
ation purposes.

Soil sampling and analysis
Soil samples were collected in February 2020 from
the three plots. The samples were taken from a depth of

0-30 cm using a soil sampler probe. For each plot, the
samples collected from five spots (north, south, east, west
and center of plot) were thoroughly mixed to obtain a
composite soil sample. The collected soil samples, each
weighing ca. 500 g, were air dried, crushed and sieved
through a 2 mm mesh. Soil pH was determined in H,O
and 1 M KClI solution (ratio soil/solution 1:2.5) using a
pH meter, organic matter using the potassium dichro-
mate redox method (ISO 1998) and available forms of
phosphorus and potassium using the ammonium lactate
(AL) method (Egnér et al. 1960).

Heavy metals in soil samples were extracted us-
ing aqua regia with a volume ratio of 1:3 HNO,/HCl
as follows: 1 g of air-dried, ground and sieved soil was
accurately weighed in a 250 ml round bottom flask and
digested with 21 ml of aqua regia under reflux on a hot-
plate for 2 hours. Resultant solutions were cooled to
room temperature, filtered through Whatman No. 42 fil-
ter paper and then diluted to 100 ml with deionized wa-
ter (ISO 1995). Heavy metal concentrations in digested
soil samples were determined using Atomic Absorption
Spectrophotometry and a Shimadzu Atomic Absorption
Spectrophotometer (AAS) model AA 7000. Calibration
for each element was done using a series of standard
solutions (Merck, Germany) and calibration graph with
a correlation coefficient (r2) > 0.999.

Plant sampling and analysis

Native herbaceous plants were collected during sum-
mer in 2020. For each species of plant, three samples were
collected at random in the area where the vegetation was
surveyed (quadrat). Each sample consisted of five plants
that were carefully collected including as much of their
roots as possible, then placed in paper bags and trans-
ported to the laboratory. Afterwards, these plants were
carefully washed with distilled water, separately dried
and ground, and then stored in paper bags.

Only samples of the roots of the native species of
woody plants were collected during summer in 2020.
Root fragments (<5 mm in diameter) from 5-15 cm
deep were collected from five plants of each the selected
species growing in the area studied. The root fragments
were gently cleaned of soil particles, separately dried
and ground, and then stored in bags prior to extrac-
tion.

Extraction of heavy metals from samples of plants was
done as follows: 1 g of dried and ground plant materi-
al was placed in a 100 ml round bottom flask and then
10 ml HNO, and 4 ml of H,SO, were added. The flasks
were left for few hours at room temperature and heat-
ed gently on a hot-plate until light fumes were emitted.
Then, the digest was cooled down to room temperature,
filtered through a Whatman No.42 filter paper into 50
ml flask and diluted to the mark with deionized water.
Heavy metal concentrations in these solutions were also
determined using Atomic Absorption Spectrophoto-
metry.
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Bioaccumulation factor

The bioaccumulation factor (BAF) is defined as the
ratio of heavy metal in the harvestable part of plants
(aboveground biomass) to that in the soil in which they
were growing. Accordingly, BAF was calculated using the
following formula used by Kachenko and Singh (2006):

C shoots
C soil

BAF =

(1)

where C shoots and C Soil are the heavy metal con-
centrations in the harvested aboveground plant material
and soils, respectively. BAF values more than 1 indicate
that the plant can tolerate or accumulate heavy metals
(Petelka et al. 2019).

Statistical analysis

All measurements of plant samples were performed in
triplicate and the results were presented as mean * stan-
dard deviation. The data were analyzed using One-Way
Analysis of Variance (ANOVA) and the means compared
using least significance difference (LSD) test at 5% signif-
icance level (P < 0.05).

Results

Heavy metal concentrations and basic chemical prop-
erties of the soils studied

Concentrations of heavy metals (Cr, Cd, Pb, Zn, Cu
and Ni) in the soil in the plots are shown in Table 1.

The results indicate that concentrations of the toxic
heavy metals Cr, Cd and Pb in the soil in the plots located
near the steel mill greatly exceed the threshold established
by Bosnia and Herzegovina legislation (OG FBiH 2009).
Concentrations of the potentially toxic heavy metals Zn,

Table 1 Heavy metal concentrations in the soils.

Cu and Ni also exceeded the thresholds prescribed by the
same legislation, indicating that the soils close to the Ze-
nica steel mill are polluted with heavy metals. In addition
to heavy metal concentrations, the soil’s basic chemical
parameters were recorded (Table 2).

As shown in Table 2, all the soils studied were alkaline,
with high CaCO, concentrations, moderate level of or-
ganic matter and relatively low content of available forms
of phosphorus and potassium.

Concentrations of heavy metals in aboveground parts
of plants

Concentrations of heavy metals (Cr, Cd, Pb, Zn,
Cu and Ni) in the aboveground parts of native plants
that grow abundantly in the soils studied are shown in
Table 3.

For the 5 species of plants included in this study, the
highest concentrations of heavy metals were recorded
in the aboveground parts of Verbascum pulverulentum
Vill. Concentrations of Cr, Cd, Pb, Zn and Ni in the abo-
veground parts of the other native plants studied, i.e. Me-
lilotus officinalis (L.) Lam., Echium vulgare L., Stellaria
media L. and Artemisia vulgaris L. were significantly low-
er. Moreover, concentrations of Cd, Pb, Zn and Ni in the
above plants were lower or within the normal range of
values for these elements in plants, indicating that these
plants are unsuitable for phytoremediation purposes. The
normal ranges of Cd, Pb, Zn and Ni in the leaves of plants
are 0.01-2.4 mg kg-1, 0.5-30 mg kg~!, 20-100 mg kg~!
and 0.02-50 mg kg1, respectively (Chaney 1989). Inter-
estingly, the concentration of Cu recorded in the abo-
veground parts of Artemisia vulgaris L. was the highest of
the plants studied. This result was unexpected since the
efficiency of this plant in removing other heavy metals
from the soils was very low.

Heavy metals (mg kg-")
Plot
Cr cd Pb Zn Cu Ni
1 117.03 6.39 835.04 156.82 92.38 123.11
2 103.19 341 698.11 140.11 84.76 84.16
3 122.44 5.17 705.43 153.05 94.23 120.53
Limit value* 100.00 1.50 100.00 200.00 80.00 50.00
* Limit value prescribed by legislation in Bosnia and Herzegovina.
Table 2 Basic chemical properties of the soils studied.
Chemical properties
Plot
pH (H,0) pH (KCI) humus (%) Available P (mg 100g-") | Available K (mg 100g-") CaCo; (%)
1 7.80 7.16 3.10 3.21 10.30 8.70
2 7.90 7.26 2.86 2.26 7.10 10.06
3 7.77 7.22 2.90 2.03 9.10 9.61
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Table 3 Concentrations of heavy metals in aboveground parts of plants.

Plant Heavy metals (mg kg")
Cr cd Pb Zn Cu Ni
Verbascum pulverulentum Vill. 7.45+2.08" 0.28 +£0.122 28.18 +£8.202 71.98 = 15.062 16.35 £ 5.05¢ 4.03 £2.092
Melilotus officinalis (L.) Lam. 0.85 +0.20d 0.07 £0.07¢ 1.12 £ 0.84¢ 26.61 + 3.834 13.76 £ 6.56¢ 0.38 +0.30d
Echium vulgare L. 2.62 +0.89P 0.03 +0.05¢ 4.48 + 1.56 49.34 £ 4.02¢ 21.01 £4.03> 3.11+1.67%
Stellaria media L. 1.52 + 0.88<d 0.06 + 0.04¢ 1.86 + 0.82b¢ 2647 +7.41d 12.89 +3.33¢ 0.68 +0.38d
Artemisia vulgaris L. 2.03 +£0.37bc 0.14+0.12° 3.73 £ 1.19bc 63.32 + 8.00° 36.04 +5.122 1.59+1.17¢
LSDq g 0.882 0.069 3.072 6.663 3.814 0.988
* Averages with the same letter are not significantly different (P < 0.05).
Table 4 Concentrations of heavy metals in the roots of plants.
Plant Heavy metals (mg kg™')
Cr Ccd Pb Zn Cu Ni
Rhus typhina L. 5.67 +3.99°" 0.29+0.17 25.01 +5.03 62.88 +5.34 16.06 £4.11 4.25+3.11
Populus nigra L. 23.54 + 4.062 0.46 £0.28 26.13+3.39 63.79+6.11 14.33 +£5.02 3.19+£2.09
LSDyg 05 3.13 - - - - -
* Averages with the same letter are not significantly different (P < 0.05).
Table 5 Bioaccumulation factor values for heavy metal transfer from soils to plants.
Plants Bioaccumulation factor
Cr cd Pb Zn Cu Ni
Verbascum pulverulentum Vill. 0.064 0.044 0.034 0.459 0.177 0.033
Melilotus officinalis (L.) Lam. 0.008 0.021 0.002 0.190 0.162 0.005
Echium vulgare L. 0.021 0.006 0.006 0.322 0.223 0.026
Stellaria media L. 0.015 0.018 0.003 0.189 0.152 0.008
Artemisia vulgaris L. 0.017 0.027 0.005 0414 0.382 0.013
Rhus typhina L. 0.048 0.045 0.030 0.401 0.174 0.035
Populus nigra L. 0.201 0.072 0.031 0.407 0.155 0.026
Concentrations of heavy metals in the roots of plants Discussion

Concentrations of heavy metals (Cr, Cd, Pb, Zn, Cu
and Ni) in the roots of the selected native woody plants
growing in the soils studied soils shown in Table 4.

There are no significant differences in the concentra-
tions of heavy metals in the roots of the woody plants
studied except for Cr, which was significantly higher in
roots of black poplar (Populus nigra L.) than staghorn su-
mac (Rhus typhina L.).

Bioaccumulation factor values for heavy metal transfer
from soils to plants

Bioaccumulation factor (BAF) values for Cr, Cd, Pb,
Zn, Cu and Ni for the plants studied area are shown in
Table 5.

A total of seven species of plants consisting of five
herbaceous plants and two trees had BAF values below 1
for each of the heavy metals, indicating that none of the
plants is suitable for phytoremediation purposes.

The present study found that the levels of Pb, Cr, Cd,
Cu and Ni in the soils studied greatly exceeded the maxi-
mum allowable concentrations for agricultural soils. This
is not surprising as all the soil studied came from plots
situated close to the steel mill. Previous studies carried
out in this area also indicate the soils there are pollut-
ed with toxic heavy metals (Biki¢ and Omerovi¢ 2012;
Prcanovi¢ et al. 2012). Therefore, in order to reduce soil
pollution caused by heavy metals in the vicinity of steel
mills, more attention should be paid to the remediation
of contaminated soils.

The present study focuses on the remediation of soils
polluted with heavy metals using phytoaccumulation and
Phyto stabilization. In order to achieve this goal, the pres-
ent study evaluated the phytoaccumulation potential of
five native herbaceous plants: Verbascum pulverulentum
Vill, Melilotus officinalis (L.) Lam., Echium vulgare L.,

European Journal of Environmental Sciences, Vol. 11, No. 1



Phytoremediation of soils polluted with heavy metals 35

Stellaria media L., Artemisia vulgaris L. and the phyto-
stabilization potential of two native woody plants: Rhus
typhina L. and Populus nigra L. These plants grow in soils
polluted with heavy metals without suffering any toxic
effects, which is why they were included in this study.
Several studies report that some of the above-mentioned
plants can accumulate large amounts of heavy metals
(Chandra et al. 2016; Gaji¢ et al. 2018; Jakovljevié et al.
2019), however, little is known about their ability to ac-
cumulate heavy metals when growing around the Zenica
steel mill.

The BAF analyses revealed that these plants are ef-
ficient in accumulating Zn and Cu. BAF values for Zn,
Cu, Cr, Cd, Ni and Pb, however, ranged from 0.189 to
0.459, 0.152 t0 0.382, 0.015 to 0.201, 0.006 to 0.044, 0.005
to 0.035 and 0.002 to 0.034, respectively. This pattern
of heavy metal accumulation in plants characterized by
high bioaccumulation rates for Cu and Zn and low values
for Cr, Cd, Ni and Pb is not surprising considering the
importance of these elements for plant growth and de-
velopment, as Cu and Zn are essential elements for plants
and their presence in acceptable concentrations is crucial
for maintaining their metabolic processes. Thus, plants
have evolved mechanisms for the uptake and transport of
both Zn and Cu (Bahamonde et al. 2019). On the other
hand, Cr, Cd, Ni and Pb are highly toxic to plants even at
very low concentrations, and therefore, many plants have
developed different mechanisms for reducing their up-
take and/or translocation. These mechanisms are mainly
based on heavy metal compartmentalization in root cells,
or biosynthesis of phytochelatins that bind with heavy
metals and prevent their transport from roots to abo-
veground parts of plants (Anjum et al. 2015).

Interestingly, the lowest bioaccumulation rates re-
corded in this study were for Pb, suggesting that plants
under Pb stress have mechanisms for reducing Pb uptake
and translocation. Huang et al. (2017) report that cell
walls of root cells restrict Pb uptake and thus act as an
important protective barrier. That is, the Pb fixation by
pectates in the walls of root cells prevents the entry of
Pb into the internal tissues and its translocation within
the plant.

The majority of studies report that ion homeostasis
in plasmatic compartments is of great importance for
the acclimation of plants to heavy metals stress condi-
tions (Wiszniewska et al. 2019; Anwar and Kim 2020).
Low toxic heavy metal ion activities in cytosol, nucleop-
lasm, mitochondria and other plasmatic compartments
ensure regular functioning of metabolic processes and
may be achieved mainly by vacuolar compartmentaliza-
tion. Thus, in order to avoid heavy metal toxicity, plants
accumulate toxic heavy metals in vacuoles, which indi-
cate that vacuoles have a detoxification function. That is,
non-hyperaccumulator plants largely accumulate toxic
heavy metals in root vacuoles, while hyperaccumulator
plants usually accumulate them in vacuoles in leaf cells
following efficient long-distance transport. The different

strategies of non-hyperaccumulator and accumulator
plants are associated with organ-specific differences in
cell compartments, particularly in transition metal trans-
porters (Sharma et al. 2016).

In view of the fact that all the herbaceous plants grow-
ing in the polluted soils in the vicinity of Zenica steel mill
studied had relatively low heavy metal concentrations in
leaves and low BAF values for toxic heavy metals, it is
concluded that the above-mentioned plants cannot be re-
garded as hyperaccumulator plants. However, regardless
of these findings, interestingly the concentrations of the
hazardous heavy metals Cr, Cd and Pb were 5 to 15-fold
higher in the leaves of Verbascum pulverulentum Vill.,
than in leaves of the other plants studied. These findings
undoubtedly indicate that the ability of these plants to ac-
cumulate heavy metals depends, among other factors, on
the plants’ genetic background (Kozminska et al. 2018).

Regarding BAF values, many scientists argue that a
BAF > 1 does not necessarily indicate a plant is a hyper-
accumulator (e.g., Robinson et al. 1998; Zhao et al. 2003).
A value > 1 is unlikely to be recorded for plants growing
on soils contaminated with heavy metals if the soil chem-
ical and physical properties negatively affect the mobility
of heavy metals and thus their availability to plants. That
is, BAF is an effective way of assessing the mobility/avail-
ability of heavy metals in soils (Bempah and Ewusi 2016).

The results of this study also indicate that specif-
ic chemical properties of soils i.e. a high pH value and
CaCOj; content probably result in a significant reduc-
tion in the bioavailability of heavy metals, resulting in
low BAF values and low accumulation of heavy metals
in leaves. Many studies report that with increasing pH,
organic matter and CaCOj, content the mobility of most
heavy metals in soils decreases due to their increased ad-
sorption (Hamid et al. 2018; Palansooriya et al. 2020). In
other words, in alkaline soils with high organic matter
and CaCOj content, heavy metal ions tend to form insol-
uble hydroxides, carbonates and organic complexes and
are unavailable to plants (Rieuwerts et al. 1998).

In this study, the Phyto stabilization potential of two
native woody plants: Rhus typhina L. and Populus nigra L.
was also evaluated. Unfortunately, the roots of both these
plants have low ability to take up and accumulate heavy
metals, which indicates that their potential for Phyto
stabilization is low. This is probably due to the chemical
properties of the soils, which is in accordance with the
correlation between soil properties and he availability of
heavy metals as described above.

Opverall, the results of this study confirmed that the
soils in the vicinity of the Zenica steel mill are contam-
inated with the hazardous heavy metals Cr, Cd, Ni and
Pb. Furthermore, all the plants studied had a low ability
to remove or stabilize heavy metals in the soil. This was
probably due to the chemical properties of soils restrict-
ing the mobility of the heavy metals and thus their avail-
ability to plants. Thus, it is concluded that heavy metal
uptake by plants is a complex soil-plant process, influ-
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enced primarily by plant genetic background and soil
physicochemical properties.
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