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Abstract: This study reported the concentrations of Pb, Cd, Cr, Mn in parts of four medicinal plant species
(Cichorium intybus L., Mentha×piperitaL., Plantago lanceolataL., Verbascum densiflorum Bertol.)
collected from two sites, one few meters away and the other 500 m away from a busy road in Vrnjačka
Banja, Serbia. Heavy metals were determined by the atomic absorption method using atomic absorption
spectrophotometer. Similar content of tested metals in the soil of the tested locations was recorded, only
there was more manganese in the soil closer to the road. The highest concentrations of heavy metals were
found in the roots of plants closer to the road. The leaves and stem contain smaller quantities of these metals
than root, but there are differences between the studied plant species. In conclusion, all examined metals
were present in higher concentrations in plants at the location closest to the road than at the location further
away from the road.
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1. INTRODUCTION
The presence of toxic metals in the
environment is a major problem (Briffa et al., 2020).
The harmful effect of increased concentrations of
heavy metals on the development of plants and other
living organisms have been known before, but in
recent decades it has received considerable attention
due to the development of scientific and public
awareness, as well as technical possibilities of
accurate measurement of their concentrations. The
content of heavy metals in soil may be affected by
geological, geochemical and anthropogenic factors
such as road traffic, railway vehicles andagricultural
activities (Horasan et al., 2020). Considering traffic
has become higher in the last few decades which is a

very important source of heavy metals (Stanković et
al., 2008). Emissions from heavy traffic contain
potentially toxic metals such as lead, cadmium, zinc,
copper. Metabolism of living organisms is based on
enzyme systems that use about 20 essential elements,
and some of the other elements (Pb, Hg, Cr, Cd, etc.)
can be very toxic even at low concentrations and
contamination of the food chains (Ali & Khan, 2019).
However, these metals do not have to be associated
with environmental pollution, toxicity or adverse
effects on living organisms (Ali & Khan, 2018).
Chronic exposure to heavy metals in the environment
poses a real threat to living organisms (WieczorekDąbrowska et al., 2013). Potentially toxic metals
accumulation in plants depends upon plant species
and many factors which include temperature,
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moisture, organic matter, pH and nutrient availability
(Jiwan & Kalamdhad, 2011). Toxic metals mostly
enter the food chain through plants and in a certain
way they affect the ecological situation, suppressing
the development and biological activity of many
living organisms and human health (Jordao et al.,
2006; Surucu et al., 2020).
Toxic metals act by blocking the essential
functional groups of biomolecules, or by substituting
essential metal ions by other ones (Küpper et al., 2002).
The heavy metals influence on plant germination,
growth and production which is mainly associated with
the physiological, biochemical and genetic elements of
the plant system (Sethy & Ghosh, 2013). Plant species
have different strategies to cope with heavy metals
(Maleki et al., 2017). Plant resistance to heavy metals
boils down to absorption selectivity and detoxification
at the cellular level (Hall, 2002). Lead blocks uptake of
essential elements of chlorophyll such as Mg and Fe and
inhibits chlorophyll synthesis (Haider et al., 2006),
transpiration, respiration, enzymes inhibition (Van
Asshe & Clijasters, 1990), inhibition of cell division
(Eun et al., 2000). The distribution and accumulation of
Cd depends on the chemical form in which this metal is
present in the plant (Qiu et al., 2011), inhibits plant
growth and development (DalCorso et al., 2008).
Chromium is toxic even at lower concentrations because
it is soluble, it affects the germination of seeds, growth
stem and root length (Mallick et al., 2010). Manganese
has several different roles in biological systems. It is an
essential micronutrient in plant development, for vital
plant functions, but it may have toxic effect when
present in higher concentration that varies within a very
wide range, depending on plant species, and
environmental conditions (Ducic & Polle, 2005).
Excessive accumulation of these toxic metals
can be toxic to most plants. Some plants have
developed ability to tolerate elevated concentrations
metals which have no known biological function and
complex mechanisms that serve to control the uptake,
accumulation and detoxification of metals
(Benavides et al., 2005).
Environmental contamination due to heavy
metals is a serious problem because of their nondegradable and persistent nature. The most of heavy
metals can cause serious environmental and health
problems even at very low concentrations (Cay et al.,
2019). These metals can accumulate in the medicinal
plants which people consume and have severe health
hazards. Medicinal plants have found extensive use in
prevention, disease treatment and great percentage
world's population relying on traditional medicine as
their primary form of healthcare (Annan et al., 2013).
The aim of this study was to determine the content of
heavy metals in selected medicinal plants that grown

next to the busy road with heavy traffic in two places:
one location was a few meters from the road, and the
other location was at a distance of 500 m.
2. MATERIALS AND METHODS
The research was conducted in the
municipality of Vrnjačka Banja (Serbia) in the month
of July and August in 2020. The experiment has
included four species medicinal plants, namely:
chicory (Cichorium intybus L.), mint (Mentha
×piperita L.), ribwort plantain (Plantago lanceolata
L.), denseflower mullein (Verbascum densiflorum
Bertol.). For the experimental work, these plants were
collected from two locations near a busy road (E761): one was just a few meters away from the road
(A) and the other was 500 meters away (B).
Geographic coordinates of the sampling sites are:
location A - 43°63'461"N and 20°93'844"E and
location B - 43°63'492"N and 20°93'750"E.
Root, stem and leaf were collected from each
plant species, and the content of four heavy metals Pb, Cr, Cd and Mn was examined. One sample
consists of parts of several individual plants. For one
sample 5 grams of dry mass for each plant species and
for each part were taken. Each sample was read in
three replications.
Heavy metals were determined by the atomic
absorption method using an atomic absorption
spectrophotometer (Perkin-Elmer Model 1100 B)
The plant materials were first washed with tap water,
then washed with distilled water and dried in a dryer
(Thermo Scientific “Heratherm”) for 24 hours at
105°C. The dried plant materials were grounded in to
powder with a mixer. Five grams of sample were
placed in the dryer to be burned until a visible black
ash was observed. After that, the sample a were
scorched in a dryer for 10-12 hours at 450°C and two
milliliters of concentrated HNO3 and HCl were added
to the cooled samples. The content was then
evaporated to complete dryness and returned to the
annealing oven for another 1 hour at 450°C. Five
milliliters of 6 M HCl were added to different samples
and warmed slightly. Further the samples were then
filtered and quantitatively transferred to a 10 ml
volumetric flask. Then the metal content (Pb, Cd, Cr,
and Mn) was determined using an atomic absorption
spectrophotometer - AAS, Perkin - Elmer 1100 B and
their concentrations were expressed in mg kg-1.
Soil samples were taken from the examined
locations at a depth of 0.25 m. One gram of dried
and finely powdered soil sample weight and
annealed for 3 hours at a temperature of 500°C.
After cooling, the rest of the sample was soaked in
1-2 ml of distilled water, 1 ml of concentrated H2SO4
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and 20 ml of HF acid. Then, it was slightly heated to
120°C on the stove, until white SO3 vapors
appeared. After cooling, the solution was shaken
well, and about 50 ml of solution was filtered into a
volumetric flask and distilled water was added. The
metal content was determined using an atomic
absorption spectrophotometer - AAS, Perkin - Elmer
1100. In addition, using standard methods, pH
reaction (potentiometric method), nitrogen content
(Kjeldahl method), phosphorus and potassium
(Egner-Riehm method) and humus (Tyurin method)
were determined.
The
results
were
processed
using
STATISTICS 10.0 program. The significance of the
difference between the investigated probes was
determined upon the variance analysis, i.e. Fisher’s
LSD test.
3. RESULTS AND DISCUSSION
The contents of Pb, Cr, Mn and Cd in soil
samples from locations A and B were below the
maximum allowed amount (Table 1). This soil has
preserved its basic function and these metals are
probably the product of pedogenetic processes.
The content of metals was found to be lower
than the maximum allowable concentration in soil
prescribed by the legislation according to decree on
limit values of polluting, harmful and dangerous
substances in soil in Republic of Serbia (30/2018 and
64/2019). The chromium concentration in the tested
samples in the present study was relatively high,
97.31 and 95.31 mg kg-1, although it is below the
maximum allowed concentration for this metal (100
mg kg-1). Cr binds very tightly in soils rich in clay and
organic matter, so it is very poorly mobile and is

adsorbed in the surface layer about 5–10 cm deep)
and concentration depending on substrate
characteristics (Rauf et al., 2020). Mn supply in soil
is good at 699.43 and 805.18 mg kg-1, while the
worldwide average of manganese content in soil is
488 mg kg-1 (Kabata-Pendias & Pendias, 2001). The
total manganese content in the soil is practically
derived from the parent substrate. Manganese exhaust
can also be a source of car exhaust because its organic
compound methylcyclopentadienyl manganese
tricarbonyl (MMT) is used as one of the alternatives
to lead additives in gasoline. Metals are emitted from
motor vehicles both during tire brake wear and in
corrosion processes (Blok, 2005; Guney et al., 2010).
The plants represent a sensitive system for
early diagnosis of environmental changes. The results
showed that the content of metals varies depending
on the sampling location, as well as on plant part and
plant species. Ducic & Polle (2005) stated that the
accumulation of heavy metals in certain organs,
tissues and different organelles of cells of certain
species is different. The accumulation of Pb in plants
depends on the distance of plants from the center of
emission, the coverage of the land with plants, the
duration of vegetation, the direction and intensity of
the wind, etc.
In our study, the roots have a higher content
compared to the leaves and stems of the plants (Table
2). A statistically significant difference in Pb content
was observed in the root of plants from location A,
except P. lanceolata where Pb was observed in roots
from location B. Similar trend was observed with stems
and leaves, but in leaves of C. intybus there was no
statistical difference in Pb content between plants from
different locations. According to Winther & Slento
(2010) the road transport emissions heavy metals

Table1. Chemical properties of the soils
pH
Parametres
Soil
A
B

H2O

KCl

Total
nitrogen %

6.77
6.57

5.86
5.66

0.298
0.254

P2O5
mg/100g

K2O
mg/100g

Humus %

CaCO3

3.2
8.7

26.11
22.44

3.04
3.36

-

Pb
mg
kg-1
36.75
43.78

Cr
mg
kg-1
97.31
95.31

Cd
mg
kg-1
0.36
0.53

Soil A was few meters away the road; soil B was 500 meters away the road

Table 2. Content of Pb (mg kg-1) in plants parts
Plant species
Cichorium intybus L.
Меntha × piperita L.
Plantago lanceolata L.
Verbascum densiflorum Bertol.

Location
A
B
A
B
A
B
A
B

Root
0.91 d
0.39 f
3.08 a
0.74 e
1.36 c
1.50 b
0.90d
0.72 e

Stem
0.50 b
0.23 d
1.03 a
0.23 d
0.47 b
0.24 d
0.49b
0.29 c

*Same letters in superscript point the absence of significant differences by Fisher’s LSD test (p < 0.05)
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Leaves
0.49 f
0.47 f
1.26 b
0.74 c
0.58 e
0.36 g
1.65а
0.65 d

Mn
mg
kg-1
699.43
805.18

including Cu, Zn, Cd, and Pb almost solely originate
from brake lining, fuel and engine oil consumption,
vehicle tire and brake wear and road abrasion. In
contrast to the content Pb in the parts of medicinal
plants in present research, Rohilla et al., (2021) found
that the concentration of this metal in Indian black tea
leaves varies from the lowest 61.0 µg kg-1 to the
highest 2404.3 µg kg-1, and the cadmium content
ranges from 15.4 to 75.03 µg kg-1. The people who
living in areas where these plants grow, collect them
locally for personal or family use. That why it is
important that content metals in studied medicinal
plant materials compared with World Health
Organization standards WHO (1998) is in within the
limits permitted so they use of these plants in
traditional medicine is safe.
Most commonly found Cr was observed in the
root (4.330 mg kg-1) and leaf (0.313 mg kg-1) of plantain
from location A (Table 3). More Cr was present in the
root, stem and leaves of the tested plants from location
A, although this difference was not statistically in plants
from location A and B, namely: in stem of the plantain
and leaves chicory, as well as denseflower mullein from
different locations (Table 3).
Cr adversely affects the metabolic processes
and plant growth (Rahman et al., 2010). Most of the
adopted chromium accumulated in the root, and a
smaller part is distributed to the stem and leaves of
plants (Oliveira, 2012). Studying phytotoxic effects
of chromium on germination and seedlings growth of
wheat (Triticum aestivum L.), Shaikh et al., (2013)
reported
that
with
increasing
chromium

concentration, seed germination decreases, and
phytotoxicity of shoots and roots increases.
Cadmium is an element with a very toxic effect
on plants, animals and humans. It is rapidly
transported from the soil to the plant. The main cause
of Cd toxicity is the high affinity of Cd for thiol
groups (SH) in enzymes and other proteins.
The highest amount of Cd was in the root of
denseflower mullein 0.52 mg kg-1, plantain stem 0.30
mg kg-1 and chicory leaf 0.38 mg kg-1 (Table 4). More
cadmium was accumulated in the roots of the tested
plants than in the stem and leaves. In all parts of plants
from the location A registered statistically significant
higher concentration of Cd than in plants from
location B, the only exception was noted in leaves V.
densiflorum in which the difference has no statistical
significance. Salt et al. (1995) reported that the
primary point of entry for Cd into plants is through
the roots. Plant roots are a barrier to metals, so the
concentration of heavy metals in the root is usually
higher than in stems and leaves (Yang et al., 2020).
Similar to the present study results, Cd content in the
analyzed Medicago sativa L. samples grown along
the highway (E75 route section Belgrade-Leskovac,
Republic of Serbia) is in the range of normal values,
i.e. up to 10 mg kg-1. However, in some of these
samples the concentration Pb and Fe were above the
toxic values or the maximum tolerant level for animal
nutrition (Pivić et al., 2017). Xin et al., (2014)
examined Cd uptake, translocation, and distribution
in young seedlings of two hot pepper cultivars found
that Cd was mostly accumulated in the roots.

Table 3. Content of Cr (mg kg-1) in plants parts
Plant species
Location
Root
Cichorium intybus L.
A
0.69 d
B
0.35 e
Меntha × piperita L.
A
1.72 b
B
0.35 e
Plantago lanceolata L.
A
4.33 a
B
1.44 c
Verbascum densiflorum Bertol.
A
0.26
B
0.13 g

Stem
0.03 b,c
0.01 d
0.49 a
0.01 d
0.03 b,c
0.02 c
0.04b
0.01 d

Leaves
0.04 d, e
0.01 e
0.23 b
0.01 e
0.31 a
0.05 c,d,e
0.09c,d
0.10 c

*Same letters in superscript point the absence of significant differences by Fisher’s LSD test (p < 0.05)

Plant species
Cichorium intybus L.
Меntha × piperita L.
Plantago lanceolata L.
Verbascum densiflorum Bertol

Table 4. Content of Cd (mg kg-1) in plants parts
Location
Root
Stem
A
0.32 c
0.25 a,b
d
B
0.21
0.06 c,d
A
0.32 c
0.14 b,c
B
0.12 e,f
0.02 e
d
A
0.19
0.30 a
f
B
0.10
0.05 d
a
A
0.52
0.16 b,c
e
B
0.15
0.05 d

*Same letters in superscript point the absence of significant differences by Fisher’s LSD test (p < 0.05)
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Leaves
0.38 a
0.21 b
0.12 c
0.03 e
0.12 c
0.04 d,e
0.10 c,d
0.07 d

Plant species
Cichorium intybus L.
Меntha × piperita L.
Plantago lanceolata L.
Verbascum densiflorum Bertol.

Table 5. Content of Mn (mg kg-1) in plants parts
Location
Root
Stem
A
42.19 f
41.23 b
h
B
19.30
1.76 f
a
A
75.51
19.12 c
g
B
29.72
19.21 c
b
A
63.27
1.60 f
B
44.53 d
60.30 a
A
53.77 c
8.35 e
e
B
42.61
14.37 d

Leaves
19.30 f
60.70 c
49.88 e
57.11 d
11.24 g
6.02 h
77.27 a
66.22 b

*Same letters in superscript point the absence of significant differences by Fisher’s LSD test (p < 0.05)

Manganese is essential for chlorophyll
biosynthesis. It is an important component of several
enzymes, and its most important function,
participation in various oxido-reduction processes
and building resistance to abiotic and biotic stresses
(Pittman, 2005). However, its elevated concentrations
can pose a danger to plant health. In the present
research results showed that in roots of tested plants
from location A higher concentration of Mn was
noted the exception of plantain, whose leaves from
location A contain more Mn than the leaves of this
plant from location B. In the stem, there was more Mn
in plants from location B, while in M.×piperita, there
was no statistical significance between plants from
different locations (Table 5). However, in stem of C.
intybus a higher content of Mn was recorded from
location A. In leaves, the content Mn was statistically
significant between the plants from locations A and
B, but there was no clear trend. In C. intybus and M.
× piperita a higher concentration of Mn was reported
in plants from location B, while in the other two plant
species a higher concentration of Mn was recorded in
plants from location A.
Manganese primarily accumulates in the above
ground parts, and less in the root (Millaleo et al.,
2010). Concentrations Mn in terrestrial plants tend to
range from 20 to 500 mg kg-1(Stokes et al., 1988).
Similar to present study Skrynetska et al., (2019)
found that Mn content in the P. lanceolata plants
grown along the road was in the range of 14-41 mg
kg-1 and the Pb content was 0.4 to 4.0 mg kg-1.
Nadgórska-Socha et al., (2013) found that Mn content
in the leaves of Arabidopsis arenosa L. vas is from
11.8 to 62.3 mg kg-1 and Plantago lanceolata from 6.1
to 22.7 mg kg-1.
4. CONCLUSION
Based on results of the present research, it can
be concluded that the amount and distribution Pb, Cr,
Cd and Mn in plants depend on several factors:
location, plant part and plant species. In the examined
species, the content of heavy metals depends on the
distance from the road in terms of establishing a

decreasing gradient. The distribution of tested metals
was highest in the roots of plants (root>stem> leaf) at
both locations. Plant species have accumulated the
metals differently. Mint plants accumulated the most
Pb, the largest amount of Cr was recorded in plantain,
most Cd was found in chicory, while Mn amount was
found to be highest in the denseflower mullein and in
mint than in the other two examined species. The
contents of heavy metals in all the studied plant parts
were within the permitted quantities according to the
regulations WHO and recommendations may be put
forward to use these plants as medicines. Also, it is
necessary to conduct continuous monitoring of these
locations as these locations are suitable for harvesting
due to increasing traffic activities and utilization of
chemical inputs in agricultural production.
Acknowledgements
The research was financed by the Ministry of
Education, Science and Technological Development,
Republic of Serbia (451-03-68/2022-14)..
REFERENCES
Ali, H. & Khan, E. 2018. What are heavy metals? longstanding controversy over the scientific use of the
term ‘heavy metals’ – proposal of a comprehensive
definition.
Toxicological
&
Environmental
Chemistry,
100(1),
6-19.
DOI:10.1080/02772248.2017.1413652.
Ali, H. & Khan, E. 2019. Trophic transfer,
bioaccumulation, and biomagnification of nonessential hazardous heavy metals and metalloids in
food chains/ webs—Concepts and implications for
wildlife and human health. Human and Ecological
Risk Assessment: An International Journal, 25(6),
1353-1376. DOI:10.1080/10807039.2018.1469398.
Annan, K., Dickson, R.A., Amponsah, I. K. & Nooni, I.
K. 2013. The heavy metal contents of some selected
medicinal plants sampled from different
geographical locations. Pharmacognosy Res, 5(2),
103-108. DOi: 10.4103/0974-8490.110539.
Benavides, M., Gallego, P., Susana, M. &Tomaro, M. l.
2005. Cadmium toxicity in plants. Brazilian Journal
of
Plant
Physiology,
17(1),
21-34.
DOI:10.1590/S1677-04202005000100003.

263

Blok, J. 2005. Environmental exposure of road borders to
zinc. The Science of the Total Environment, 348,
173-190. DOI:10.1016/j.scitotenv.2004.12.073.
Briffa, J., Sinagra, E. & Blundell, R. 2020. Heavy metal
pollution in the environment and their toxicological
effects on humans. Heliyon, 6(9), e04691.
DOI:10.1016/j.heliyon.2020.e04691.
Cay, S., Engin, M. S., Uyanik, A., Cay C. & Guney, S.
2019. Phytoremediation of cadmium in soil and
hydroponics
by
Tradescantia
Fluminensis.
Carpathian Journal of Earth and Environmental
Sciences.
14
(2),
269-274.
DOI:10.26471/cjees/2019/014/078.
DalCorso, G., Farinati, S., Maistri, S. & Furini, A. 2008.
How plants cope with cadmium: staking all on
metabolism and gene expression. Journal of
Integrative Plant Biology, 50(10), 1268-1280.
DOI:10.1111/j.1744-7909.2008.00737.x.
Decree on limit values of polluting, harmful and
dangerous substances in soil. Official Gazette of the
Republic of Serbia: 30/2018 and 64/2019.
Ducic, T. & Polle, A. 2005. Transport and detoxification of
manganese and copper in plants. Brazilian Journal of
Plant
Physiology,
17(1),
103-112.
DOI:10.1590/S1677-04202005000100009
Eun, S., Youn, H. S. & Lee, Y. 2000. Lead disturbs
microtubule organization in the root meristem of Zea
mays. Physiologia Plantarum, 110, 357-365.
DOI:10.1111/j.1399-3054.2000.1100310.x
Guney, M., Onay, T. T. & Copty, N. K. 2010. Impact of
overland traffic on heavy metal levels in highway
dust and soils of Istanbul, Turkey. Environment
Monitoring and Assessement, 164, 101-110.
Haider, S., Kanwal, S., Fahim, U. & Rafia, A. 2006.
Phytotoxicity of Pb: II. changes in chlorophyll
absorption spectrum due to toxic metal Pb stress on
Phaseolus mungo and Lens culinaris. Pakistan
Journal of Biological Sciences, 9(11), 2062-2068.
DOI: 10.3923/pjbs.2006.2062.2068
Hall, J. L. 2002. Cellular mechanisms for heavy metal
detoxification and tolerance. Journal of experimental
botany, 53, 1-11.
Horasan, B.Y., Ozturk, A. & Unal, Y. 2020, Geochemical
and anthropogenic factors controling the heavy
metal accumulation in the soils of Sarayonu Ladik
link roads. Carpathian Journal of Earth and
Environmental Sciences, 15 (1), 145-156.
DOI:10.26471/cjees/2020/015/117
Jiwan, S. & Kalamdhad, A. S. 2011. Effects of heavy
metals on soil, plants, human health and aquatic life.
International Journal of Research in Chemistry and
Environment, 2, 15-21.
Jordao, C. P., Nascentes, C. C., Cecon. P. R., Fontes, R.
L. F & Pereira, J. L. 2006. Heavy metal availability
in soil amended with composted urban solid wastes.
Environmental Monitoring and Assessment, 112,
309-326. DOI:10.1007/s10661-006-1072-y
Kabata-Pendias, A. & Pendias, H., 2001. Trace Elements
in Soils and Plants. Boca Raton, CRC Press.
Küpper, H., Dedic, R., Svoboda, A., Hala, J. & Kroneck,

P.H. 2002. Kinetics and efficiency of excitation
energy transfer from chlorophylls, their heavy
metalsubstituted derivatives, and pheophytins to
singlet oxygen. Biochimica et Biophysica Acta,
2002, 1572(1), 107-113. DOI: 10.1016/S03044165(02) 00284-2
Maleki, M., Ghorbanpour, M. & Kariman, K. 2017.
Physiological and antioxidative responses of
medicinal plants exposed to heavy metals stress.
Plant Gene, 11(Part B), 247-254. DOI:
10.1016/j.plgene.2017.04.006
Mallick, S., Sinam, G., Mishra, R. K. &Sinha, S. 2010.
Interactive effects of Cr and Fe treatments on plants
growth, nutrition and oxidative status in Zea mays L.
Ecotoxicology and Environmental Safety, 73(5),
987-995. DOI:10.1016/j.ecoenv.2010.03.004
Millaleo, R,, Reyes-Díaz, M,, Ivanov, A. G., Mora, M. L.
& Alberdi, M, 2010. Manganese as essential and
toxic element for plants: transport, accumulation and
resistance mechanisms. Journal of Soil Science and
Plant
Nutrition,
10(4),
476-494.
DOI:10.4067/S0718-95162010000200008
Nadgórska-Socha, A., Ptasiński, B. & Kita, A. 2013.
Heavy metal bioaccumulation and antioxidant
responses in Cardaminopsis arenosa and Plantago
lanceolata leaves from metalliferous and nonmetalliferous sites. Ecotoxicology, 22, 1422-1434.
DOI:10.1007/s10646-013-1129-y
Oliveira, H. 2012. Chromium as an environmental
pollutant: insights on induced plant toxicity. Journal
of Botany, ID375843. DOI: 10.1155/2012/375843
Pittman, K. J. 2005. Managing the manganese: molecular
mechanisms of manganese transport and
homeostasis. New Phytologist, 167(3), 733-742.
DOI:10.1111/j.1469-8137.2005.01453.x
Pivić, R., Dinić, Z., Stanojković, A., Maksimović, J.,
Jošić, D. & Stanojković-Sebić, A. 2017.
Accumulation of heavy metals and trace elements in
Medicago sativa L. grown along the e75 route
section Belgrade-Leskovac. Biotechnology in
Animal
Husbandry,
33(3),
361-374.
DOI:10.2298/BAH1703361P
Qiu, Q., Wang, Y., Yang, Z. and Yuan, J. 2011. Effects of
phosphorus supplied in soil on subcellular
distribution and chemical forms of cadmium in two
Chinese flowering cabbage (Brassica parachinensis
L.) cultivars differing in cadmium accumulation.
Food and Chemical toxicology, 49(9), 2260-2267.
DOI:10.1016/j.fct.2011.06.024.
Rahman, M. M., Rahman, M. M., Islam, K. S. &
Chongling, Y. 2010. Effect of chromium stress on
antioxidative enzymes and malond. ialdehyde
content activities in leaves and roots of mangrove
seedlings Kandelia candel L. druce. Journal of Forest
Science, 26(3), 171-179.
Rauf, A. U. Mallongim A. & Astuti R. D. P. 2020.
Mercury and chromium distribution in soil near
Maros Karst Ecosystem. Carpathian Journal of Earth
and Environmental Sciences, 15, (2), 453-460;
DOI:10.26471/cjees/2020/015/144

264

Rohilla, V., Kathait, G.S., Biswas, D., Thapliyal, P. &
Ruhela, B. 2021. Estimation of heavy metals in some
indian black tea leaves by inductively coupled
plasma mass spectrometer (ICP-MS) and associated
health risks. Indian journal of agricultural research,
55, 181-186. DOI:10.18805/IJARe.A-5429
Salt, D. E., Prince, R. C., Pickering, I. J. & Raskin,
I.1995. Mechanisms of cadmium mobility and
accumulation in Indian mustard. Plant Physiology,
109, 1427.-1433. DOI:10.1104/pp.109.4.1427.
Sethy, S. K. & Ghosh, S. 2013. Effect of heavy metals on
germination of seeds. Journal of Natural Science,
Biology,
and
Medicine,
4(2),
272-275.
DOI:10.4103/0976-9668.116964
Shaikh, I. R., Shaikh, P. R., Shaikh, R. A. & Shaikh, A.
A. 2013. Phytotoxic effects of heavy metals (Cr, Cd,
Mn and Zn) on wheat (Triticum aestivum L.) seed
germination and seedlings growth in black cotton
coil of nanded, India. Research Journal of Chemical
Sciences, 3(6), 14-23.
Skrynetska, I., Karcz, J., Barczyk, G., Kandziora-Ciupa,
M., Ciepał, R. & Nadgórska-Socha, A. 2019. Using
Plantago major and Plantago lanceolata in
environmental pollution research in an urban area of
Southern Poland. Environmental Science and
Pollution Research nternational, 26(23), 2335923371. DOI: 10.1007/s11356-019-05535-x.
Stanković, D., Krstić, B. & Nikolić, N. 2008. Effect of
traffic on the soil contamination with polycyclic
aromatic hydrocarbons (PAHs). Biotechnology &
Biotechnological
Equipment,
22,
736741.
DOI:10.1080/13102818.2008.10817543
Stokes, P. M., Campbell, P. G. C., Schroeder, W. H.,
Trick, C., France, R.L., Puckett, K. J. LaZerte,
B., Speyer, M., Hanna, J. E. & Donaldson, J.,
1988. Manganese in the Canadian environment.

Ottawa, ON, National Research Council of Canada,
Associate Committee on Scientific Criteria for
Environmental Quality, 2619, 30-32.
Surucu, A., Marif, A. A., Majid, S.N., Farooq S. & Tahir
N. A. R. 2020. Effect of different water sources and
water availability regimes on heavy metal
accumulation in two sunflower species. Carpathian
Journal of Earth and Environmental Sciences, 15 (2),
289 100. DOI:10.26471/cjees/2020/015/129
WHO, Geneva Switzerland, 1998. Quality control
methods for medicinal plant materials. Available at
http://whqlibdoc.who.int/publications/1998/924154
5100.pdf
Wieczorek-Dąbrowska, M., Agnieszka, T. M., Pilarczyk,
B. & Balicka-Ramisz, A. 2013. Roe and red deer as
bioindicators of heavy metals contamination in
north-western Poland. Chemistry and Ecology,
29(2),
100-110.
DOI:10.1080/02757540.2012.711322
Winther, M. & Slento, E. 2010. Heavy metal emissions for
Danish road transport. National Environmental
Research Institute, Aarhus University, Denmark. 99
NERI. Technical Report no. 780.
Xin, J., Huang, B., Hongwen, D., Liu, A., Zhou, W. &
Kebing, L., 2014. Characterization of cadmium
uptake, translocation, and distribution in young
seedlings of two hot pepper cultivars that differ in
fruit cadmium concentration. Environmental Science
and Pollution Research, 21, 7449–7456.
DOI:10.1007/s11356-014-2691-4
Yang, Y., Liuqing, Z., Xing, H., Yiyang, Z., Qiumei, Q.,
Yunxiang, L. & Xiaohua, Z. 2020. Response of
photosynthesis to different concentrations of heavy
metals in Davidia involucrata. PLOS ONE, 15 (3),
e0228563. DOI:10.1371/journal.pone.022856

Received at: 22. 02. 2022
Revised at: 25. 05. 2022
Accepted for publication at: 04. 06. 2022
Published online at: 11. 06. 2022

265

