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Abstract: Considering the importance of environment quality, especially in protected natural areas, we
are conducted research of heavy metals contents (Zn, Mn and Fe) in plants and soil at protected natural
area "Veliko ratno ostrvo" in Belgrade (Serbia). European white elm (Ulmus laevis Pall.) is native on the
Veliko ratno Ostrvo Island and research were conducted in the aim to confirm possibility for using as
bioindicator. The Veliko ratno ostrvo island represent unpolluted area, only two samples (total of 5 soil
samples) show slightly exceed the value of Zn concentration (site 5 - 288.37 mg.kg™ and site 2 - 263.75
mg.kg™) in soil, while concentrations of Mn and Fe are in normal range. Concentration of heavy metals in
plant tissue is in the normal range, except Fe where there are concentrations over optimal range at 10 trees
(up to 415.14 mg.kg™) from total 13 tested trees. There are oscillations between different trees i.e.
genotypes, which confirmed differences into absorption of heavy metals within species.
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1. INTRODUCTION

The accumulation and concentration of heavy
metals in plant tissue indicate importance of certain
species as (bio) indicators of environmental
pollution (Ten-Houten, 1983; Prasad & Freitas,
2003). There is an increasing attempt to woody
plants used in the monitoring of environmental
pollution, but the problem are critical values for
certain heavy metals, plant resistance to their
presence, cumulative and possible synergistic action,
as well as many other aspects that are today still
little known.

About that how important is concentration and
accumulation of heavy metals in some area, it can be
clearly considering if we know that harmful effects
of heavy metals, calculated annually, exceed the
total harm of radioactive and organic waste (Nriagu,
1979; Pacyna & Munch, 1989).

There are differences in the uptake of heavy
metals between the different plant species as well as
in plants of the same species, which primarily
depends on their genetic characteristics, from the
influence of the surface of the root system and their
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capacity to absorb ions, form of root secretions and
speed evapotranspiration (Alloway, 1995), then
climatic conditions, different regimes and the
sensitivity of the plant to the effect of heavy metals
and others.

Veliko ratno Ostrvo Island was protected as
Landscape of exceptional quality. It is located in
Belgrade, on the territory of Zemun municipality,
with a total area of 211 ha 36 a 78 m* (Veliko ratno
ostrvo 210 ha 64 a 38 m?, and Malo ratno ostrvo 72
a 40 m?). Island is very attractive area for visitors;
beach Lido on Danube River is very popular in
summer time. Population of European white elm
(Ulmus laevis Pallas, Ulmus effusa Wild., Ulmus
pedunculata Fogg) is native at Veliko ratno ostrvo
island and occurs in the forest types of the White
willow (Salicetum alba Issl.26) at the recent wet and
layered alluvial forests and White and Black poplar
(Populetum albo nigrae Slav.52) in a mosaic of
different alluvial soil.

Strong impact of Dutch elm disease
pandemics on elm populations across Europe
combined with the changes of natural habitats of
European white elm (Collin, 2003) resulted


mailto:jovana.devetakovic@sfb.bg.ac.rs
mailto:dragica.stankovic@sfb.bg.ac.rs
mailto:vladan.ivetic@sfb.bg.ac.rs

reduction of populations and some kind of
vulnerability of the species. European white elm is
recognized as rare and endangered species in some
countries, for example in Serbia (Bankovi¢ et al.,
2009). Considering the importance of environment
quality, especially in protected natural areas, we are
conducted research of heavy metals contents (Zn,
Mn and Fe) in plants and soil at Protected natural
area "Veliko ratno ostrvo" in Belgrade (Serbia).

2. MATERIAL AND METHODS

Analysis of heavy metals content in the soil
was performed at 5 sites (S), and on this occasion,
sample of plant material (leaves) was taken a total of
13 trees which grow in these locations (S1- trees 29
and 31; S2-trees 18, 19 and 21; S3 - trees 33, 34, 35,
36 and 37; S4 - trees 13 and 14; S5 - tree 32). The
spatial distribution of sites and trees is shown in
figure. 1. Site 1 is on the forest edge on the elevated
terrain where flooding is least frequently, while site
5 is in the river coast. Site 2, 3 and 4 are typical
stands for European white elm, where trees exist in
the second or first floor of crowns, on alluvial soils
with higher percent of clay.

For collecting samples were selected healthy

European white elm trees of different ages (Table 1).
Leaves and soil sample are collected on September
2014th and samples were dried on air temperature and
prepared for laboratory analysis. The milled soil (3g)
was digested with aqua regia under reflux for 2 hours
with water-cooled condensers on a digestion block
using the standard procedure (1SO, 1995).

Table 1. Diameter, height and age of selected trees

MARK
ON DIAMETER
THE (cm) HE(I n?)HT AGE

FIELD
13 60 26 26
14 32 21 17
18 41 17 27
19 37 18 16
27 20 5 14
29 47 13 24
31 24 12 17
32 46 18 23
33 37 17 17
34 43 18 12
35 39 18 12
36 49 15 15
37 19 7 12

Figure 1. Distribution of sites and trees at Veliko ratno ostrvo island
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The leaves are milled into powder. The Zn,
Mn and Fe contents were determined using the same
procedure as applied for soil samples.

Analyses were performed in the laboratories
of the Faculty of Forestry, University of Belgrade.
The contents of Zn, Mn and Fe were determined by
flame atomic absorption spectrophotometer.

The obtained values were processed using
STATISTICA 7.0, and descriptive statistic, analysis
of wvariance, post-hoc Tukey HSD test and
correlation. The results are presented in tables and
figures. Bioaccumulation factor was calculated as
the ratio of metal concentration in leaves over the
metal content in soil.

3. RESULTS
3. 1. Soil analysis

According average concentrations of Zn, site
5 (288.37 mg.kg™) and site 2 (263.75 mg.kg™) with
the values over 250 mg kg™ have higher content than
other sites where the values are ~150 mg.kg™ (Fig.
2).

Average concentration of Mn is the highest on
the site 2 (804.91 mg.kg™), slightly lower content
there are on site 5 (732.25 mg.kg™) and site 3
(660.19 mg.kg™). Content of Mn is somewhat over
500 mg.kg™ on site 4 (516.09 mg.kg?) and site 1
(531.28 mg.kg™) (Fig. 3).

Average concentration of Fe is the highest on
the site 3 (37440.57 mg.kg1). Site 2 and site 5 have
similar values of Fe content, about 31900 mg.kg™,
also as site 1 and site 4 with values about 21000
mg.kg™ (Fig. 4).

In the case of Zn and Mn content of metals
decreased with increase of soil depth on all sites. The
iron showed something different, on site 2 content of
Fe is higher on deeper layers of soil and on the site 3
there are slightly descending on middle layer and then
re-increase. Content of heavy metals Zn, Mn and Fe
on the site 1 do not show differences between soil
layers.

3. 2. Plant analysis

The measured concentrations of heavy metals
in leaves of European white elm (Ulmus laevis Pall.)
is shown in Table 2. The concentration of Zn is in the
range of 15.11 mg.kg™ to 42.94 mg.kg™. According to
the average values of Mn are in range of 13.98 mg.kg’
! to 34.84 mg.kg™. Concentration of Fe according to
the average values ranges from 86.66 mg.kg™" to
415.14 mg.kg™. Bioaccumulation factor is low for all
three metals; values are lower than 1.
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Correlation analysis was presented to the
interaction between the content of heavy metals in
soil and plant material (Table 3). The results show
that there is a direct correlation between the content
of heavy metals in soil and leaves of European white
elm at Mn (r = 0.6995, p <0.01) and Zn (r = 0.6946, p
<0.01), while the strongest correlation exists with the
content Mn and Zn in soil (r = 0.7842, p <0.01). A
positive correlation was recorded between the Fe
content in leaves and Zn in soil (r = 0.6859, p <0.01).

4. DISSCUSION

In relation to critical limits that apply in the
European Union, in accordance with the concept of
providing a multifunctional land use, as well as by
De Vries & Bakker (1998), only Zn concentration in
soil of sample 5 and 2 have slightly exceed the
value. Other sites have normal values of Zn
concentration for soil. The concentration of Zn in
soil is increased as a result of human activity in
many industrial countries, but great influence has
native substrate.

Manganese contents of worldwide soils vary
from 411-550 mg.kg™ (Kabata-Pendias & Pendias,
2000), and reported a concentration of 1500 mg.kg™
of manganese at which can appear toxic symptoms.
According to Adriano (1986) a "normal” Mn content
for most of land is in the range of 500-1000 mg.kg™,
which indicates that the concentration of Mn is in
the range of normal concentrations.

Iron is present in soils in higher
concentrations than any other nutrient, and
concentrations in soil layers varies from no more
than 100 to almost 100 000 mg.kg™ (Vanmechelen
et al., 1997). Plants adopt iron from the soil in the
form of ferrous ions (Fe**), ferric ions (Fe**) and in
the form of iron chelate. Physiologically is active
Fe?* ion. A reduction in the adoption of iron is
caused by high pH, high concentrations of phosphate
and calcium ions (Stankovi¢ et al., 2009).

When talking about the concentration of
heavy metals in woody plants, we emphasize that
these are data obtained in a short period of lifecycle.
Accumulation of heavy metal do not always
uniformly between shoot and root. Zinc and
manganese are uniformly distributed between shoot
and root but iron usually accumulated in roots rather
than in shoots (Siedlecka, 1995).

We have to take into account the time when
the research was conducted and, because although
the uptake of heavy metals by plants occurs
constantly during the year as a rule, the highest
concentration is on the end of the vegetation period
(Stankovi¢ et al., 2011, 2015a, 2015b).



A slight increase of Zn in the locality of 5 and
2, do not causes morphological and physiological
changes and does not lead to an increase of this
element in leaves of European white elm. The value
of 35.41 mg.kg™ at tree 32 at site 5 and 42.94 mg.kg"
! at tree 21 at site 2 is within the optimal range of
values, but also it concentration is higher than other
trees (at site 2 and total). Values of bioaccumulation
factor indicate this species as a potentially excluder

(Baker & Walker 1990; Oliva & Espinosa, 2007;
Mehes-Smith et al., 2013).

Keeping in mind importance of zinc in plant
nutrition, the attention of researchers in the world is
more dedicated to his absence than its surplus. Zinc
in plants, occurs at the relatively low concentrations
of 20-50 ppm. A value less than 20 ppm in dry
matter is a critical value for most of plant species
(Carol & Loneragan, 1969).
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Figure 4. Concentration of Fe on 5 sites at Veliko ratno ostrvo island
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Table 2. Concentration (bioaccumulation factor) of Zn, Mn and Fe in leaves of European white elm

Zn | Mn | Fe
TREE average concentration mg/kg
13 24.707(0.10) 25.187 (0.04) 269.24" (0.01)
14 22.43°(0.14) 21.32°(0.04) 229.37°(0.01)
18 26.89° (0.14) 29.61'(0.03) 268.94" (0.01)
19 27.12"9(0.15) 34.84'(0.05) 415.14%(0.01)
21 42.94'(0.10) 32.43'(0.04) 248.39'(0.01)
29 15.11%(0.18) 13.98°(0.04) 86.62°(0.01)
31 26.42°7 (0.16) 16.54° (0.04) 162.47° (0.01)
32 35.41" (0.16) 23.76'(0.04) 412.46' (0.01)
33 24.397 (0.14) 23.347(0.05) 268.66" (0.01)
34 22.37°(0.12) 18.70°(0.03) 205.997(0.01)
35 28.119(0.10) 27.63"(0.03) 256.86° (0.01)
36 21.21° (0.10) 33.93%(0.04) 271.92'(0.01)
37 25.89° (0.14) 20.52°(0.04) 188.13°(0.01)
average 26.38 (0.14) 24.75 (0.04) 252.62 (0.01)

*different letters significant differences between means at 95% (Tukey HSD post hoc test)

Table 3. Correlations between contents of heavy metal in plant and soil

PLANT SOIL
Zn Mn Fe Zn Mn Fe
— Zn 1.0000
% Mn 0.4601 1.0000
& Fe 0.4852 0.6831 1.0000
. Zn 0.6946* 0.5286 0.6859* 1.0000
5 Mn 0.6188 0.6995* 0.6063 0.7842* 1.0000
Fe 0.2141 0.4061 0.3043 0.0847 0.6294 1.0000

*marked correlations are significant at p<0,01

According to literature data, deficit limit can
take place at a concentration of 20-25 mg.kg™, and
the toxicity at the concentration of about 400 mg.kg’
! (Karpéti et al., 1967).

According ECCE (1994) content of Zn is in
range 15-150 mg.kg ™, Mn from 1-700 mg.kg™ and
Fe is in range 5-200 mg.kg ™ in plant material,
which indicate that only trees 29, 31 and 37 have
content of Fe in optimal range.

Concentrations of heavy metals Zn, Mn and
Fe in leaves of different trees show a statistically
significant difference. These results indicate that the
effect of trees genotype has influence on the level of
accumulation of heavy metals, which confirms
earlier research about differences into absorption of
heavy metals within species (Kraljevi¢-Balali¢ et al.,
2009; Borisev, 2010; Sija¢i¢-Nikoli¢ et al., 2012).

Zn, Mn and Fe are minerals necessary for
plant metabolism, but also they may become toxic if
their supply exceeds the plant needs (Krsti¢ et al.,
2011). Interaction between mineral nutrients are
very important and can either induce deficiencies or
toxicities and can modify growth response (Krupa et
al., 2002).

Strong correlations between Fe and Zn
content in plant is known (Siedlecka, 1995), and
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verified with correlation between content of Zn in
soil and Fe in plant (r = 0.6859, p <0.01).

The total amount of zinc in the soil are
grouped into several factions (Wietes, 1966), the
plants are accessible to only those forms in which
zinc is potentially soluble. By applying the higher
doses of phosphorus (P), for example. phosphorus
fertilizers can reduce the accumulation of zinc or
lead to a deficiency of Zn. Also, high levels of Mn
as well as the high pH value can lead to a deficiency
of Zn (Kabata-Pendias & Pendias, 2000).
Irregularity in the distribution of the concentration of
Fe is probably the result of the organic layer of soil.
Organic layers with few mineral materials are very
low in Fe, because most Fe is in mineral form. There
is a negative correlation between Fe concentration
and organic content in the layer (Vanmechelen et al.,
1997).

5. CONCLUSIONS

There was a difference in the degree of
adoption of the heavy metals between and within
locality and genotype. The strongest correlation
between the content of heavy metals in soil and
leaves of European white elm is in the case of Mn



and Zn, but also there are strong correlations
between content of Zn in soil and Fe in plant and
content of Mn and Zn in soil. European white elm is
tolerant on slightly exceeded concentrations of zinc,
but also accumulate of iron exceed normal ranges
which require additional research in the aim of
possibility of using on contaminated soils.

We concluded that the area of Veliko ratno
ostrvo island is still ecologically preserved, which is
in accordance with the declaration of the protected
area, but it must be emphasized necessity of constant
monitoring of pollution in this area in order to
observe negative effects timely and take appropriate
precautionary measures.
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