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Abstract: This paper describes the relationships between the concentrations of
selected trace elements in soil and their bioaccumulation in the aerial parts of
three Veronica species (Plantaginaceae). Plant and soil samples were collected
from three mountainous areas in Serbia, prepared by microwave-assisted acid
digestion and analyzed by flame and flameless atomic absorption spectrometry.
The total concentrations of Cu, Zn, Mn, Fe and Cr in the soil varied from 12.38
to 47.77, 62.78 to 138.00, 517.58 to 1675.78, 13574.22 to 35920.00 and 36.18
to 115.15 mg kg2, respectively, while those in the plants ranged from 6.04 to
12.8, 27.66 to 58.01, 25.38 to 89.25, 35.53 to 563.26 and 0.44 to 18.96 mg kg1,
respectively. There were no significant differences in heavy metal concentra-
tions between the tested Veronica species from the same location, indicating
that their heavy metal uptake pattern was not species specific. In the case of
Mn, despite its wide variation in the soil, the concentrations in the plant samples
were uniform, which suggests the potential ability of the tested species to con-
trol Mn uptake and/or its translocation to the upper plant parts. Additionaly,
the lowest concentrations of Cu were obtained in plant samples collected from
soil with the highest Fe concentrations, indicating that Cu availability to plants
might be reduced due to high Fe contents in soil solution.

Keywords: atomic absorption spectroscopy; correlation analysis; trace ele-
ments; soil; plants.
INTRODUCTION

Environmental pollution and constant exposure to heavy metals are con-
sidered to be among the most important threats to human health today. The in-
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creased and still growing levels of heavy metals in the environment are a con-
sequence of their utilization in various industrial activities.! As “miners’ of the
Earth’s crust, plants absorb numerous elements from the soil. Some of them are
referred to as essentials because they are required by plants to complete their life
cycle. Certain heavy metals, such as iron, manganese, copper and zinc, are known
as micronutritients because they are required by plants in minute quantities, while
other have proven to have a stimulatory effect on plants growth, but are not
considered essential. Moreover, plants also absorb elements, such as chromium,
which have no known biological function and are even known to be toxic at low
concentrations.2 Due to their non-biodegradable nature, heavy metals tend to
accumulate in biological compartments and move through the food chains. Al-
though some of them are micronutrients, in high concentrations they are toxic to
various life forms.1

Inorganic trace pollutants exhibit their influence in many different ways.
Being active in diverse metabolic processes, they enter the plant tissues and
could be stored as inactive compounds in cells and on the surface of cell mem-
branes. Apart from the specific mechanism of the target plant tissue, it was
reported that trace elements, even in higher concentrations, may affect the che-
mical composition of plants without causing readily visible injury.3 Accordingly,
they are particularly responsible for the medicinal and nutritional properties of
foods and medicinal plant products, as well as their toxicity.

The main objective of this study was, therefore, to determine the levels of
several heavy metals (Cu, Zn, Mn, Fe and Cr) in three Veronica species (Plan-
taginaceae) growing wild in Serbia (Veronica jacquinii Baumg., Veronica teu-
crium L. and Veronica urticifolia Jacg.). Additionally, in order to explore the
uptake patterns of specific metals in the plants, corresponding soil samples were
analyzed.

The maor external source of heavy metas in soils is usualy pollution
caused by anthropogenic activities, such as metal mining, smelting and pro-
cessing or the use of fossil fuels. Additionally, diffuse pollution by wet and dry
deposition has resulted in the long-term accumulation of heavy metals in many
parts of the world. On the other hand, some high metal concentrations in soils are
of natural origin, resulting from weathering of the underlying bedrock.# Since
soils on different types of parent rock contain different levels of elements, espe-
cially heavy metals,® three mountainous areas with different geological settings
were selected as the target sites. The first investigation site is located in the
northern part of Serbia where acidic soils derived on abite-muscovite schist and
granite gneiss are prevalent. The reverse process (alkalization) occurs in the
second investigated site located on Mt. Stol, where the bedrock consists primarily
of limestone and the third investigation site is located on Mt. Goc, one of the
serpentine sitesin central Serbia.
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Veronica species were selected for the present investigation having in mind
their widespread use in a traditional medicine worldwide, mostly as diuretics, for
their wound-healing properties, in medical treatment of influenza and other res-
piratory diseases, as well as expectorants and antiscorbutic agents.6 Extracts ob-
tained from the above-ground parts of various Veronica species are used as folk
remedies for the treatment of various inflammatory ailments, including rheuma-
tism.” In addition, the stems and leaves of some Veronica species are edible,
either raw or cooked.8

Numerous studies on the identification of secondary metabolites in Veronica
species have already been published, with iridoid glucosides, phenylethanoid and
flavonoid glycosides being mainly reported,®12 but only a few refer to the
determination of inorganic components,13.14 or relationship between the inor-
ganic content of a herb and corresponding soil.1516 Zurayk et al. evaluated the
role of some Veronica hydrophytes (V. beccabunga, V. lysimachioides, V. ana-
galloides) in the aquatic phytoremediation of Cr.17 In addition, Abu Ziada et al.
determined that V. anagalis—aquatica had the highest value of ferric ion content,
among five common macrohydrophytes.14 Wang et al. showed that V. didyma
exhibited a high accumulation ability for Zn.1> While previous investigations
were primarily realized with Veronica species that were grown on polluted aress,
plant samples from relatively clean environments were selected for this study.

This work, to the best of our knowledge, is the first report of the metal ac-
cumulation ability of V. jacquinii Baumg., V. teucrium L. and V. urticifolia Jacq.
This paper gives new information about the content of certain elements, their
correlations in these species and also in conjunction with their concentrations in
the sail.

EXPERIMENTAL

All chemicals were of analytical reagent grade. For the preparation of all solutions,
double distilled water was used. Stock solutions of Cu, Mn, Zn, Fe and Cr salts (1 g L) were
purchased from Merck (Germany). Working solutions were obtained by suitable dilution of
the corresponding stock solution with 2.5 % HNOg. Nitric acid (65 %, v/v) was provided by Merck
(Germany), a solution of H,0, (30 %, v/v) and KCI from Zorka Pharma Sabac (Serbia).

Acidity of soil samples was measured using a pHM 240 Radiometer analytical pH-meter.
For the microwave-assisted acid digestion of the plants and soil samples, a closed-vessel,
high-pressure microwave digester-CEM MDS-2000 was used.

The determination of Cu, Zn, Mn, and Fe was performed with a Perkin—Elmer model
5000 atomic absorption spectrophotometer under optimized measurement conditions using
suitable hollow cathode lamps. The signals were measured with background correction (deute-
rium lamp) at the optimal flame (A-A.) height.18 The determination of Cr was performed
using a Perkin—Elmer model 5000 atomic absorption spectrophotometer with a graphite fur-
nace HGA 400 Automatic Burner Control, with pyrolytic graphite tubes. The optimal tempe-
ratures were set as follows: drying, pyrolysis, atomisation and cleaning — 110, 1650, 2500 and
2650 °C, respectively.19
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The plant materials (aeria flowering parts of three Veronica species; eleven samples)
were collected in June 2008 and 2009 from mountainous areas in Serbia: Go¢ in central Ser-
bia, Vr8acke planine in southern Banat and Stol in eastern Serbia (Table I). Bulk soil samples
were collected at the same locations from areas with the greatest vegetation cover. In the case
of plant samples 2, 3, 4, 10 and 11, soil was collected from the location approximately 20-30
cm from the plant root, and for the remaining plant samples, from within 10 m (depth of 0-15
cm) of where aparticular plant was growing.

TABLE . A list of the plant species and sampling locations

Location Species Description of Coordinates ~ Bedrock (Markovi¢)40
sampling site
Mt. Go¢ V. urticifolia Meadow N 43° 33 39.2” Serpentinite
E 20° 44’ 24.8"
H 870 m
Mt. Go¢ V. urticifolia Sawmill N 43° 33 29.5” Serpentinite
E 20° 44’ 53.3"
H 840 m
Mt. Go¢ V. urticifolia Ball park N 43° 33 28.6 Serpentinite
E 20° 44’ 53.3"
H858m
Mt. Go¢ V. urticifolia Meadow N 43° 33 32.8" Serpentinite
E 20° 45 04.4"
H 844 m
Mt. Go¢ V. jacquinii Meadow N 43° 33 39.2" Serpentinite
E 20° 44’ 24.8"
H 870 m
Mt. VrSacke V. teucrium Hillsideroad  N45°07 11.7"  Amygdaloida and
planine (light traffic) E21° 19 47.1" Augen gneiss
H293m
Mt. Vrsacke V. teucrium Forest path N 45° 07 10.5"  Amygdaoida and
planine E 21° 19 57.6" Augen gneiss
H 291 m
Mt. VrSacke V. teucrium Forest path N 45° 07 185"  Amygdaloida and
planine E 21° 21’ 10.0” Augen gneiss
H 418 m
Mt. Vrsacke V. jacquinii Mountainlodge N 45° 07 37.7"  Amygdaloidal and
planine E 21° 20’ 31.9” Augen gneiss
H 357 m
Mt. Stol V. jacquinii Forest N 44° 10’ 08.3" Limestone
E 22° 07" 41.8"
H831m
Mt. Stol V. teucrium Mountain lodge N 44° 10’ 19.6"" Limestone
E 22° 07’ 30.0”
H855m

Both plant and soil samples were air-dried at room temperature and ground. Prior to the
microwave-assisted digestion procedure, acidity measurements were performed on the soil
samples. The pH values of the soil samples were measured in the supernatant of suspensions.
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For the determination of real acidity, soil samples and distilled water were mixed in the ratio
of 1:2.5. For the determination of the potentia acidity, the same ratio was applied, but with
addition of 1 M KCI solution, in order to make available the H* that were adsorbed on the
colloidal soil particles.

The plant and soil samples were then subjected to microwave-assisted acid digestion
according to the procedure presented elsewhere.1® Each sample (about 0.5 g dry weight) was
digested with 2 mL hydrogen peroxide (30 % v/v) and 7 ml nitric acid in a microwave oven.
After filtration, the obtained solutions were transferred into 25 ml volumetric flasks and di-
luted to the volume with redistilled water. One sample blank containing the same amounts of
acid and oxidant was processed along with each set of samples. Wavelengths and method de-
tection limits used for measuring (both in flame and graphite furnace atomic absorption spec-
troscopy) were as follows: 324.7 nm/0.05 mg L-1 (Cu), 213.9 nm/0.05 mg L1 (Zn), 279.5 nm/
0.05 mg L-1 (Mn), 248.3 nm/0.05 ml L1 (Fe) and 357.6 nm/0.005 mg L-1 (Cr).

Accuracy of the methods applied for determination of Cr, Mn, Fe, Zn and Cu after mic-
rowave-assisted acid digestion of plants and soil samples was checked by analysis of standard
reference materials (NIST SRM 1547—Peach Leaves and NIST SRM 2711-Montana Il Soil)
and good recoveries (89.0-115.3 %) were obtained. Concentrations of different elements in
these samples were determined by externa calibration by using corresponding calibration
curves. The calculations of the standard deviations as well as correlation and regression anal-
ysis were performed using the statistical functions of Microsoft Excel, MS Office 2007.

RESULTS AND DISCUSSION

The concentrations of Zn, Cu, Mn, Fe and Cr were measured in samples of
the aerial parts of three Veronica species growing on mountainous regions in
Serbia. As heavy metal concentrations in plants depend mainly on their concen-
trations in the soil in which they grew or were cultivated,20 the measurements
were also performed for the corresponding soil samples. The results of the de-
terminations of heavy metals in the analyzed plant and soil samples are sum-
marized in Table Il. Bearing in mind the diverse chemical properties of the
various elements, each of them will be discussed in relation to its significance in
terms of their essentiality and toxicity.

Analysis of heavy metal contentsin Veronica species

Chromium is a toxic, non-essential element for plants, hence, there is no
specific mechanism for its uptake. A possible pathway could involve the carriers
used for the uptake of the metals essential for plant metabolism.21 According to
Pawlisz,22 the regular Cr content in plants usually ranges from 0.006 to 18 mg
kgL. According to the present findings, the Cr content in the investigated plant
samples varied between 0.44 and 18.96 mg kgLl. Samples from Mt. Vrsatke
planine contained the lowest chromium levels (0.44-0.59 mg kg) in the in-
vestigated set, while the highest value was obtained for plant sample 3 (Mt. Gog).
Zurayk et al. showed that V. beccabunga L., V. lysimachioides L. and V. ana-
galloides L. may be used as bio-indicators of Cr pollution and found that Cr was
predominantly accumulated in the roots.1” The translocation of chromium from
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roots to shoots is extremely limited and its accumulation by roots is 100-fold
higher than by shoots, regardless of the investigated species. According to Cha-
ney et al. any plant species that accumulates Cr in shoots to levels higher than 5
mg kg1 is of interest as a possible hyperaccumulator.23 From the results of the
present investigation, the same could be concluded for species V. urticifolia and
V. jacquinii when grown on serpentinite soil.

TABLE Il. Metal content measured in the plant and soil samples after microwave-assisted
acid digestion (expressed in mg kg1 of dry weight)
Cr Zn Cu Fe Mn

Plant Soil Plant Soil Plant Soil  Pant  Soil Plant  Sail
355 11133 46.69 88.87 840 2441 102.7313574.20 49.5 517.58
518 11515 34.53 105.15 11.17 2191 182.82 18226.40 30.47 665.97
1896 97.13 3141 91.06 10.83 31.36 563.26 14164.30 43.33 536.22
248 9574 3304 9498 1010 30.40 100.9517667.20 38.55 750.38
743 11133 55.76 88.87 10.33 2441 175.55 13574.20 27.88 517.58
059 5419 3166 11243 6.64 29.53 158.29 33580.00 34.21 803.53
053 4886 2766 6329 7.17 12.38 143.44 26560.00 32.27 927.37
0.44 4893 5801 6278 6.69 14.63 98.18 22100.00 89.25 1675.78
048 6586 3161 12587 6.04 2297 97.62 35920.00 33.00 980.20

O©CO~NOOOTPAWNE %)
=3
)

10 162 5308 3959 138.00 1218 47.77 3553 20169.90 25.38 923.57
11 384 36.18 3545 7884 1280 29.05 118.16 15435.70 36.43 639.00
Min 044 36.18 2766 6278 6.04 1238 3553 13574.22 25.38 517.58
Max 18.96 115.15 58.01 138.00 12.80 47.77 563.26 35920.00 89.25 1675.78
Xgr 410 76.16 3867 9547 930 26.26 161.50 20997.44 40.02 812.47
D 5420 30.040 10.312 23.668 2.407 9.427 139.7707876.856 17.707 332.371

Max/Min 43.09 318 210 220 212 38 1585 265 352 324

Manganese ions activate humerous enzymes in plant cells. The most im-
portant role of this element in green plants is its involvement in the process of
decomposition of water molecules with the release of oxygen.24 To fulfil its
metabolic functions, Mn is only necessary at low concentration (20 mg kg1 dry
mass).2° In the studied plant samples, the amount of Mn was relatively uniform
(from 25.38 to 49.5 mg kg1), with the exception of sample 8 (89.25 mg kg1),
where soil was aso loaded with this element. The obtained values are close to
those found by Mezyk and Wieckowski, when the Mn content in V. officinalis
was 52.3 mg kg1.13 The uniformity of Mn concentrations in plant samples
despite the wide range of Mn concentrations in soil could be explained by an
inner mechanisms of the tested Veronica species to control/prevent Mn uptake
into the roots and/or avoid Mn translocation and accumulation into the upper
plant parts. These mechanisms are controlled by their request for micronutrients
and their capacity to absorb and eliminate toxic elements.

Zinc is important as a component of enzymes for protein synthesis and
energy production, as well for maintaining the structural integrity of biological
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membranes.26 It is not highly phytotoxic and the toxicity limits (300 to 400 mg
kg~1) depend on the plant species and growth stage.3 For medicinal plants, WHO
limits have not yet been established for Zn. According to Allaway,20 the range of
this element in agricultural products should be between 15 and 200 ppm. Accord-
ing to the present findings, the values of the Zn concentration in al plant species
at the studied locations ranged from 27.66 to 58.01 mg kgL

Copper is essential for photosynthesis and mitochondrial respiration, carbon
and nitrogen metabolism, oxidative stress protection and is required for cell wall
synthesis.26 The content of Cu in plant samples varied between 6.04 and 12.8 mg
kg1, depending on the location where the samples were collected. Medium
values of 10.17, 6.64 and 12.49 mg kg1 were obtained in the samples from Mt.
Goe, Mt. Vrsacke planine and Mt. Stol, respectively. The lowest concentrations
of copper were obtained from Mt. VrSacke planine where the highest iron con-
centrations were recorded. These results are in accordance with literature data
that copper availability to plants might be reduced due to high iron contents in
the soil solution.2” In well-aerated soil, Fe occurs mostly in the form of Fe3*
oxides or hydroxides,28 which are known as efficient sorbents for inorganic
cations, such as Cu.29 According to Allaway,20 the range of Cu in agricultural
products should be between 4 to 15 ppm.

Iron is one of the key elements for normal enzyme functions, especially
those involved in redox processes, such as synthesis of the porphyrin (chloro-
phyll and haeme biosynthesis), reduction of nitrite and sulphate, and No-fixation
(as part of leghemoglobin).30 The iron content in the investigated Veronica spe-
cies ranged from 35.53 to 563.26 mg kg1, with the highest concentrations being
recorded in the samples from Mt. Gog.

The ratio of Fe/Mn in vegetal tissue should be between 1.5 and 2.5 since
both elements are involved in metabolic processes; hence, they must be present
in suitable proportions for adequate plant growth.3 In the present study for most
of the tested plant samples (with the exception of samples 1 and 10), this ratio
was not within the expected range.

Analysis of heavy metal contentsin soil

The heavy metal content of soil is dependent on both natural and anthropo-
genic sources in the local ecosystems. While natural forms are usually found in
relatively low concentrations, the number and intensity of anthropogenic sources
have increased the local environmental heavy metal concentrations in recent
decades.31

The acidity of the soil indirectly affects the availability and toxicity of heavy
metals, causing a minimal or a maximal effect depending on the pH range.32
Their mobility in soil is generally low, especially when the soil is more aka
line.33 The obtained pH values for the real and potential acidity of the analyzed
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soils ranged from 5.24 to 7.43 and from 4.09 to 7.09, respectively (Table I1I).
With the exception of sample 4, the soil samples from Mt. Vr3atke planine had
dightly lower real acidity values compared to the other samples. The average pH
values were 6.62, 5.91 and 6.97 for Mt. Go¢, Mt. VrSatke planine and Mt. Stol,
respectively. The latter is situated in the Carpathian part of eastern Serbia, in the
vicinity of the town of Bor. The processing of ore in the Copper Mining and
Smelting Complex Bor causes massive air contamination by sulphur dioxide. The
high concentrations of this air pollutant lead to the formation of acid rain. The
effect of acid rain on the environment depends greatly on the ability of soils to
neutralize the acid. Alkaline or basic soils, such as those rich in limestone, cal-
cium carbonate, can neutralize the acid directly. This may be the explanation for
the dlightly higher pH values of the soil samples from Mt. Stol having underlying
limestone.

TABLE I1. Acidity of the soil samples

. . pH
Soil sample Location Redl acidity Potential acidity
S1 Mt. Goc¢ 6.77 5.44
2 Mt. Gog 6.39 5.28
S3 Mt. Gog 7.43 7.09
A Mt. Gog 5.87 4.74
S5 Mt. VrSatke planine 6.09 4.87
S6 Mt. Vrsacke planine 6.14 543
S7 Mt. VrSatke planine 6.18 541
8 Mt. VrSacke planine 5.24 4.09
SO Mt. Stol 7.18 6.45
S10 Mt. Stol 6.76 5.80

In the investigated soil samples, the Cr concentrations ranged from 36.18 to
115.15 mg kg1 and the highest were recorded in the samples collected on Mt.
Go¢ (from 95.74 to 115.15 mg kg1), which is in a good accordance with pre-
vious research.34 This location is one of the serpentinite sites in central Serbia,3®
and high levels of potentially phytotoxic elements (Ni, Cr and Co) is one of the
characteristics of this soil type.36

In the soil samples, the levels of Cu varied from 12.38 to 47.77 mg kg~L. The
elevated copper concentrations in the samples from Mt. Stol in comparison to the
others could be explained by potential pollution as aresult of industrial emissions
from mines (Bor).

The zinc content in the analyzed soils was higher in samples 6 and 9 than in
samples 7 and 8 (Mt. Vr3acke planine), showing the possible influence of anthro-
pological activities. Location 9 is close to the mountain lodge, while location 6 is
near by the main road. Location 7 and 8 are in the forest region and free of any
anthropological activities.
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According to Adriano,37 the regular Mn content for most soil types ranges
from 500-1000 mg kg—L. The present results for the total Mn content in the soils
varied widely, from 517.58 to 1675.78 mg kg1 and were higher at locations
from Mt. Vr&atke planine.

Iron was the most abundant trace element in the analyzed soil samples, with
values over awide range, from 13574.2 to 35920.0 mg kgL. The highest concen-
trations were recorded in soil samples collected from Mt. VrSacke planine (22100
to 35920 mg kg1). These results are in agreement with earlier findings that
gneiss soils contain high amounts of iron.38

For the potentialy hazardous elements (Cu, Zn and Cr), the bioconcentration
factor (BCF), also known as the plant uptake factor, was calculated as the ratio of
aparticular element in plant to its concentration in the soil (Table 1V).19 With the
exception of the BCF vaue for Cr in sample 3, which was close to the alowed
limit, all the calculated BCF values were lower than the maximum value recom-
mended by the Idaho National Engineering and Environmental Laboratory (Cu =
=0.80, Zn = 1.50 and Cr = 0.19), suggesting the absence of significant pollution.3°

TABLE IV. Calculated BCF values for toxic elements Cu, Cr and Zn

Sample Cu Cr Zn

1 0.34 0.03 0.52
2 0.51 0.04 0.33
3 0.34 0.19 0.35
4 0.33 0.03 0.35
5 0.42 0.07 0.63
6 0.22 0.01 0.23
7 0.58 0.01 0.44
8 0.46 0.01 0.92
9 0.26 0.01 0.25
10 0.25 0.03 0.29
11 0.44 0.16 0.45

Correlation analysis

Correlation analysis has been used to establish relationships between heavy
metal concentrations in tested plant and soil samples and several conclusions
could be extracted from the obtained results (Table V). No direct correlation was
identified between the content of the analyzed trace metals in the soil and
Veronica species, except in the case of the Mn concentrations (r = 0.694, p <
< 0.05). The chromium content was in a strong positive correlation to the Fe
content in plant samples (r = 0.928, p < 0.001). This is in agreement with the
synergistic interactions between Cr and Fe already reported in the literature.3

Furthermore, a high correlation (r = 0.721, p < 0.05) was found between the
Cu and Zn contents in the soil samples, indicating that the general contamination
sources for these metals were primarily traffic and industrial activities.
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968 ZIVKOVIC et al.

TABLE V. Correlation analysis of the concentrations of elements measured in Veronica spe-
cies and soil samples

Plant Sail

Sample Element Cu Fe Mn Zn Cr Cu Fe Mn Zn

Plant Fe 0.172 - - - — — - - -
Mn  -0.383 -0.001 -
Zn -0.028 -0.238 0.558 - - - - - -
Cr 0.442 0.9282 —0.077 -0.060 - - - - -

Soil Cu 0.601 0.011 -0.436 -0.154 -0.442 - - - -
Fe -0.728° -0.281 -0.076 —-0.397 -0.558 —0.189 -
Mn -0512 -0.368 0.694° 0.307 -0.519 -0.327 0.448 — -
Zn 0.147 -0.158 -0.554 -0.283 —-0.085 0.721° 0328 -0.199 -—
Cr 0.194 0.355 -0.164 0.183 -0.491 -0.022 -0.511 0574 0.081

agjgnificant at p < 0.001; significant a p < 0.05

CONCLUSIONS

This study of heavy metal contents did not show any significant variation
between the tested Veronica species from the same location, indicating that their
heavy metal uptake pattern was not species specific. The results of the study
confirmed that V. urticifolia and V. jacquinii are promising Cr hyperaccumulator
plants. Further research needs to be performed to determine the Cr content in
different organs of Veronica species from serpentine soil, in order to determine
the translocation of Cr from the roots to the tops of the plants. The contents of the
measured elements in the soil samples were in the expected ranges for the parti-
cular biogeochemical backgrounds.
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M3BOJ

CITOCOBHOCT AKYMVYJIALIMJE TEHIKNX METAJIA Veronica BPCTA
CA TNTAHMHCKUX JIOKAJIMTETA Y CPEMIU

JEJIEHA )XUBKOBUR?, CJIABULIA PAXXWR, JEJIEHA APCEHUJEBUR® u 30PAH MAKCUMOBUR®

' Wncimuimyis 3a ipoyuasarse aexosuiiioz 6uma “lp Jocugp IMarnuuk’’, Beozpad, *Kaimiedpa sa AHAAUTAUYKY XeMUJY,
@apmaeyiticku (axyaiieis, Yuusepsuitieini y beozpady, Beozpad u Kaitiedpa 3a papmaxoznosujy,
Dapmayeyiticku paxyaitieit, YHusep3uitieiti y beozpaody, beozpao

VY oBOM pajy mpHKa3aH je OHOC caip)kaja omabpaHUX eleMeHaTa y TParoBuMa y 3eMJbUILTY
U BUXOBE OHOaKyMyJalje y Haa3eMHuM JenosruMa tpu Veronica spere (Plantaginaceae). busbhu
W y30pLM 3€MJBUINTA CAKyIJbEHH Cy Ca TPH IUIAHMHCKA JokaiauTera y CpOWjH, HOABPrHYTH CY
MHKPOTaJIACHOj AUTECTH]H y KUCEJIO] CPEANHN U aHAIN3UPAHU IPHMEHOM IUIaMEHE U eIeKTPOTep-
MaJlHe aTOMCKE alCOpIIIHOHE CIIEKTPOCKONHje. YKymHa KoHIeHTpanuja Cu, Zn, Mn, Fen Cr y
y3opuMa 3emibuinTa Bapupa on 12,38 mo 47,77, 62,78 no 138,00, 517,58 no 1675,78, 13574,22 no
35920,00 u 36,18 1o 115,15 mg kgL, nox ce y 6umuumM y3opuuma kpehe y oncery ox 6,04 1o 12,8,
27,66 10 58,01, 25,38 1o 89,25, 35,53 10 563,26 u 0,44 10 18,96 mg kg, penom. Hucy nokasame
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HEAVY METALS N Veronica SPECIES 969

3HAYajHE Pa3IUKe y KOHIEHTPAIMjU TEIIKHX MeTata u3mely Tectiupanux Veronica BpcTa ca HCTuX
JIOKaJIMUTETa, IITO TMOKa3yje Ja MOJEN yCBajama TeIIKUX MeTajla HHje KapaKTepUCTHKa BpCTe. YIIp-
KOC BEJIMKHMX BapHparma KOHLEeHTpanuje MN y 3eMJbUINTY, KOHIICHTpalHMja y OMJbHUM y30pLUMa je
yHU(OpPMHA, IITO yKa3yje Ha MOTEHIMjalHy MOI'YHHOCT TECTUPaHUX BpCTa Ja KOHTPOJIHMILIY Ipey-
3uMame MN WM BeroB TPaHCIOPT 0 HAJ3eMHUX JeoBa Owibke. HajHika xoHumentpanuja Cu
nobujeHa je y OWJBHHM y30pIHMa CaKyIJBEHUM Ha 3eMJBHINTY ca HajBehoM Fe koHIeHTpamujoM,
cyrepumnyhu ga je moctynHoct CU OmibkaMa penyKoBaHa ycliel BUCOKOT canpixkaja Fe'y semspmi-
HOM pPacTBOpY.

(Mpumsseno 25. neuembpa 2011)
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