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Abstract: Mentha piperita L. (Lamiaceae) was cultivated under the controlled
laboratory conditions in the presence of varying levels of trivalent and hexa
valent chromium in order to determine its capacity to control chromium uptake
and its tolerance limit. The plants were grown in pots at 25 °C with controlled
soil moisture (about 80 % of the water retention capacity). The soil was treated
with increasing concentrations of Cr(NOsg)3 (40, 80, 120, and 200 mg kg'1) and
K,Cr,0; (2.5, 5, 10, and 15 mg kg™1). A control group of plants was grown
without the addition of chromium to the soil. For each concentration, three aci-
dity levels were tested: natural, one pH unit below and one above the natural
acidity of the soil (pH, 6, pH; 5 and pH3 7). The plant samples were digested
according to the standard procedure and chromium content was determined by
GFAAS. For al plants, the transportation index was calculated and the results
(expressed in mg kg'1) at pH;, pH, and pHs, respectively, were: 0.21-0.80,
0.06-1.06 and 0.04-0.52. The recoveries were good (72.73-115.3 %) as evi-
denced by the analysis of certified reference materials (NIST SRM 8433 — Corn
Bran and NIST SRM 1547 — Peach Leaves). The mobility of chromium through
the plants tissues is discussed in regard to its competition with iron and man-
ganese for transport binding sites; hence Mn and Fe were a so determined.

Keywords: chromium; GFAAS,; uptake; trand ocation; toxicity; Mentha piperita.

INTRODUCTION

Environmental protection is of global importance and could be generally dis-
cussed in terms of anthropological and natural sources of pollution. Identification
of sources followed with a systematic analytical approach is an acceptable mode
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144 POGO et al.

of action, from which areal contribution could be expected. When chromium is
concerned, anthropogenic sources are dominant and significantly contribute to
environmental pollution.

The chemistry of chromium is very complex and its solubility and mability
in soils and its bioavailability strongly depend on the various oxidation states of
this metal (from O to +6), its concentration, soil acidity, redox potential and
salinity. Depending on its oxidation state and concentration, chromium acts as
toxic or as an essential element for animals and humans. The two most common
chromium species are Cr(l11) and Cr(VI1) in its anionic forms as chromate, di-
chromate and hydrochromate ions. Cr(l11) is essential for animals and humans at
low concentrations. It is very stabile in soils, but commonly well immobilized on
iron and manganese oxides and hydroxides or complexed to organic matter. The
toxicity of Cr(V1) depends strongly on its concentration in the soil as its uptake
mechanism is based mainly on passive diffusion. It is still questionable if the
trivalent chromium is essential for plants, but at high concentrations it definitely
inhibits plants growth while a certain decrease in the activity of the immune sys-
tem was observed in humans.! Toxicity is connected with solubility and, from
this point of view, ammonium and alkaline metal salts of chromic acid, as very
soluble species in the soil, should be recognized These species are toxic for plants,
animals and humans. Symptoms of Cr(V1) toxicity in humans include skin irri-
tation, gastric distress and liver damage. In addition some species formed in the
reduction process from hexavalent to trivalent chromium contribute to the cyto-
toxicity, genotoxicity and carcinogenicity of Cr(VI1). The uptake mechanism of
this chromium species is active transport, probably correlated with the sulfate
transport system of plasma membrane.34

In plants, chromium reduces the content of proteins, inhibits the activity of
enzymes activity, decreases plant growth, and causes chlorosis and necrosis.®
Barcelo et al. found a high correlation between the concentration of chlorophyll
pigments and iron uptake in chromium stressed plants.6 Many authors have re-
ported about the negative effects of chromium on iron and manganese absorp-
tion.2.7~10 Chromium is known to compete with both these metals for transport
binding sites.

The relationships between chromium concentrations and contamination of
the soil and its concentration in plants are extremely important, not only from the
aspect of its influence on plant growth and capacity of plant accumulation, but
also for potential toxicity for humans. Chromium accumulated in medical plants
enters the food chain and, in this way, increases the potential health risk.

The main objectives of this study were to analyze the bioavailability of two
chromium species (Cr3* and the chromate) in contaminated soil and its potential
uptake by Mentha piperita. Additionally, the influence of the two species on iron
and manganese absorption was also investigated. The importance of soil acidity
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DETERMINATION OF CHROMIUM IN M. piperita 145

to chromium mobilization and accumulation was recognized and a systematic
empirical approach in the experimental design was developed. For this purpose,
M. piperita was cultivated under controlled laboratory conditions, on the soils at
different acidity levels, treated with Cr3* and Cr,072~. The conducted study was
also aimed at elucidating the accumulation and translocation of chromium from
the root to the upper plants parts. The obtained results were expected to enable
the determination of the tolerance levels for M. piperita and aso the chromium
concentrations when the symptoms of toxicity become visible.

EXPERIMENTAL
Solutions and reagents

All employed reagents were of analytical grade. Single and multi-element calibrant solu-
tions were prepared from 1.0 g L1 p.a. stock solutions (Merck, Germany). For the micro-
wave-assisted acid digestion, HNO3 65 %, p.a. (Baker, Holland) and H,0, 30 %, p.a. (Merck,
Germany) were used. The chromium solutions were prepared from reagent grade sdlts, Cr(NOs)3
(Fluka, Switzerland) and K,Cr,O; (Merck, Germany). All solutions were prepared with deio-
nized water (Milli-Q system: resistivity 18.2 MQ cm, TOC < 10 pg L™1).

Soil characterization and preparation procedure

Soil was collected from the plantation of the Institute “Dr Josif Panc¢i¢” in Pancevo. The
sampling procedure, as well as the measurement of acidity (model HI 9017 pH Meter, Hanna
Instruments) were realized according to a procedure presented elsewhere.1! The measured na-
tural acidity was pH 5.98. The analyzed soil was poorly calcareous. Carbonates were deter-
mined by the Scheibler test* and calculated as CaCOg, 0.16 %. The humus content (2.67 %)
was determined by the method described by Tjurin and modified by Simakov1? and total
organic carbon (TOC) (2.97 %) by an official procedure for waste, sludge and sediments.**

Additionally, the retention water capacity (RWC) and the amount of acid (0.10 M HCI)
and akaline (0.10 M NaOH) required to adjust the pH by +1, using the corresponding buffer
curves for soil, were determined.

About 1.5 kg of air-dried soil was weighed and kept in plastic pots with a hole in the bot-
tom to enable drainage. Then, M. piperita was planted in each pot.

Plant cultivation and treatment

The rhizomes of M. piperita L. (Lamiaceae) were sampled in a field of the Institute for
Medical Plant Research “Dr Josif Pan¢i¢” in Pancevo. The plants were cultivated at a tem-
perature of about 25 °C under laboratory conditions and natural light. The soil moisture was
maintained at about 80 % of the retention water capacity (RWC). When the plant specimens
had developed and were about 10 cm in height, the soil was treated with increasing concen-
trations of Cr(NO)3 (40, 80, 120, and 200 mg kg'1) and K,Cr,05 (2.5, 5, 10, and 15 mg kg'1).
These concentration levels were selected to obtain two levels below and two above the ma-
xima allowable concentration (MAC) for Cr(l11) and additionally two levels below and two
above the toxic level of 5 mg kg for plants.>8 Control plants were grown in soil without the

* NEN5757, 1991. The Scheibler test determination of carbonate concentration in soils. Volu-
metric method (in Dutch). Normalisatie Instituut, Delft, The Netherlands.

** Draft European Standard procedure (chemical analyses — determination of total organic
carbon (TOC) in waste, sludges and sediments, Method B (direct method), document type:
Draft European Standard, STD Version 2.1a (20020903), 2004.
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addition of chromium. For each concentration level, sets of three additional samples were pre-
pared at three acidity levels. natural, one pH-unit below and one above the natural acidity of
the soil using buffer curves obtained for acid (0.10 M HCI) and alkaline (0.10 M NaOH) con-
ditions.13 With a natural acidity of pH 5.98, pH 5.00 and pH 7.00 were selected for the expe-
riments.
Sample preparation

After sampling, the plants were separated into herbal parts and roots. Each part was washed,
first with tap and then with distilled water and dried. Further sample preparation was applied
as described elsewhere 1113 For the microwave-assisted acid digestion of the plant samples,
the SW-846 EPA Method 3052 was applied.* A mixture of an accurately weighed amount of
plant sample (ca., 0.4 g), 12 ml of 65 % HNOz and 4 ml of 30 % H,0,, after waiting 10 min
for the first vigorous chemical reaction to subside, were digested according to the temperature
program presented elsewhere. 1113 After cooling, the samples were filtered through 0.45 pum
Millipore filters. The solutions were quantitatively transferred into 50-ml volumetric flasks
and diluted to volume with deionized water.

Instrumental and operating conditions

The determinations of iron and manganese were performed on 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—Ac) height.11:13

The determination of Cr in all soil and plants extracts was performed using a Perkin—El-
mer model 5000 atomic absorption spectrophotometer with a graphite furnace HGA 400 Au-
tomatic Burner Control, with pyrollytic graphite tubes and temperature programs presented
elsewhere 11,13

External calibration was applied for the determination of the metals and the correspond-
ing regression equations were calculated as follows: for Cr, y = 0.0033x + 0.062; for Fe, y =
=0.0437x + 0.0001 and for Mn, y = 0.1567x + 0.0016. The correlation coefficients were in the
r2 range 0.989-0.999.

The good reproducibility of results was proved by the relative standard deviations (RSD)
values of up to 2 %. All the results presented in Table | represent the average of five sample
measurements. The results were rounded up to the last figure associated with random error.
The significance level, a, was 0.05. Data analysis was realized using Office Excel 2007.

Analysis of the certified reference materials

The accuracy of the methods applied for determination of Cr, Mn and Fe, after micro-
wave-assisted acid digestion of plants and soil samples, was checked by analysis of SRMs and
the obtained results are presented in Table .

TABLE I. Andysis of the certified references materials

NIST SRM 8433 — Corn Bran NIST SRM 1547 — Peach Leaves
Element Found Certified value Recovery Found  Certifiedvalue  Recovery
mg kg™ mg kg™ %  pgkg® ngkg* %
Cr 0.08 0.11 72.73 890 1000 89.0
Mn 2.10+0.42 2.55+0.29 8235 11348 98+3 1153
Fe 15.7+1.7 14.8+1.8 106.08 199+12 218+14 91.28
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DETERMINATION OF CHROMIUM IN M. piperita 147

Transportation index

The transportation index (T1, average Cr content in the herbal plant part, mg kg%/Cr con-
tent in the roots, mg kg!) was calculated to evaluate the ability of the plants to translocate
metal from roots to the upper part of the plant.1315-17

RESULTS AND DISCUSSION

Visible symptoms of chromium toxicity

Decreases in growth and symptoms of toxicity were observed after 18 days
in plants cultivated on the soils treated with 120 and 200 mg kg2 Cr(l11) and 10
and 15 mg kg~ Cr(V1) under al acidity conditions. After an additional 20 days,
the leaves became brownish-red and a reduction of the number and size of leaves
was also noticed. In the next 8 days, small necrotic areas were registered on the
plants cultivated on the soil treated with 15 mg kg1 Cr(V1). After an additional 5
days, the plant species became dry. In all plants, a poorly developed root system
was found.

These observations are in accordance with some reported data.579 With
concentrations higher than 5 mg kg3, the hexavalent chromium damaged the
root membranes because of its high oxidation power and caused changes in meta-
bolic processes, such as a decrease in chlorophyll synthesis, chlorosis and inhibi-
tion of root and plant growth,58:10

Metal analysis

The concentrations of metals (Cr, Fe and Mn) in M. piperita plant samples
cultivated on untreated and treated soils are presented in Figs. 1la—1c and in Tab-
lesll and I11.

The obtained results (Figs. 1la—1c) show that uptake of chromium by M. pi-
perita as relatively low from al soils treated with Cr(l11) and Cr(V1), at al in-
vestigated pH values. This could be explained by the very good immobilization
of chromium in the soil by iron and manganese hydroxides and oxides.813 The
total chromium content in the herbal part of the plants grown on soil with the na-
tive pH of ranged 0.137 to 2.425 mg kg1 for Cr(l11) and from 0.334 to 5.025 mg
kgl for Cr(VI), and generally increased with increasing concentration of this
metalsin the soil (Fig. 1b).

The total Cr content in the roots of M. piperita at the native pH value of the
soil was from 1.780 to 4.715 mg kg2 for Cr(111) and from 2.201 to 4.304 mg kg1
for Cr(VI1). The analysis of M. piperita showed several times higher concentra-
tions of chromium in the roots than in the upper plant parts cultivated on soil
treated with Cr(111) or Cr(V1), with exception of plants grown on the 10 mg kg
hexavalent chromium treated soil (Figs. 1a-1c). Zayed and Terry came to a simi-
lar conclusion about the ability of plants to hold more than 90 % of chromium in
their roots.8 The obtained results showed a better capacity of M. piperita to ac-
cumulate Cr in the roots than in the upper plant parts.
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TABLE I1. Iron and manganese contents in the herbal part of M. piperita cultivated on treated
and untreated soils at three acidity levels, expressed in mg kg™

pH
Sample Mn Fe
6 5 7 6 5 7
Hiconron 46.17 2423 47.39 3225 3543 376.3
Huo 44.64 45.32 30.95 320.2 355.6 383.0
Hso) 42.68 69.00 29.48 297.4 320.9 356.4
H(120) 49.24 68.82 27.57 297.4 318.2 349.9
H200) 52.96 41.78 32.75 263.0 367.3 3333
Hes) 42.80 43.88 21.42 345.6 356.4 367.7
Hs) 53.15 36.14 34.59 320.0 378.2 358.0
Hao 61.25 51.89 30.05 408.6 368.4 374.3

aH(4O)—H(200) and H(2.5)-H(10) — herba (H) samples from the plants cultivated on soils spiked with in-
creasing concentrations of trivalent chromium (40, 80, 120 and 200 mg kg'l) and hexavalent chromium (2.5, 5.0
and 10 mg kg'l)

It is important to stress that plants cultivated on untreated soil at pH 6 had
almost the same concentration in the roots and in the herbal part (Fig. 1b), but
with increasing concentration of chromium in the soil, the transfer efficiency de-
creased which isin accordance with reported data.8-110.15.18

The calculated transportation indexes additionally supported the found poor
translocation of chromium from the roots to the upper plant parts (Table IV). The

&

OSE)

EY HMC HD



DETERMINATION OF CHROMIUM IN M. piperita 149

calculated values for Tl were five times lower in the plants cultivated on the soil
treated with Cr(l11) than those cultivated on soil treated with Cr(VI). Higher
values for Tl were calculated for the plants cultivated on the soils treated with
concentrations of 5 and 10 mg Cr(IV) kgL, when the symptoms of oxidative
stress were observed. These results support a higher mobility of Cr(V1) through
the plant tissues.

TABLE Il1. Iron and manganese contents the in root part of M. piperita cultivated on treated
and untreated soils on three acidity levels, expressed in mg kg™

pH
Sample Mn Fe
6 5 7 6 5 7
R contron 95.41 76.10 85.24 3363.7 4621.8 3778.4
Ruo? 141.4 49.39 55.18 4588.0 4752.1 3834.6
Rso) 118.0 71.14 55.19 3947.2 4509.4 3698.4
R120) 85.67 100.41 35.65 33294 4655.9 3714.6
R200) 75.22 590.84 48.86 2780.2 4312.3 3708.2
R 89.64 78.61 36.72 34579 4218.4 4017.1
R 44.64 49.55 47.55 4683.3 4682.6 3896.2
R0 78.26 93.61 42.15 3785.9 4278.2 4103.5

aR(4O)—R(200) and R(2.5)-R(10) — root (R) samples from the plants cultivated on the soils spiked with in-
creasing concentrations of trivalent chromium (40, 80, 120 and 200 mg kg'l) and hexavalent chromium (2.5, 5.0
and 10 mg kg'l)

TABLE 1V. Transportation index (TI) for chromium in plants cultivated on untreated and
spiked soils with chromium

Tl

Chromium species Content, mg kg™ pH
6 5 7

Control 0 0.99 0.23 0.52
Cr(l11) 40 0.09 0.45 0.08
Cr(111) 80 0.12 0.27 0.07
Cr(111) 120 0.06 0.21 0.04
Cr(111) 200 0.10 0.19 0.05
Cr(Iv) 25 0.15 0.34 0.23
Cr(Iv) 5.0 0.63 0.80 0.18
Cr(1Vv) 10 1.06 0.47 0.17

Chromium uptake and transport are dependent on its chemical form and the
hexavalent species is more mobile than the trivalent one.1.2.17,18 Torrestday et al.
reported that accumulation of chromium in the upper plant partsis 12 to 18 times
higher for hexavalent than for trivalent chromium.1 These two species have an
independent mechanisms of uptake.l” The uptake of Cr(ll1) is passive diffusion
and this ion interacts with cell walls through cation-exchange sites.218 Absorp-
tion of hexavalent chromium depends on metabolic energy of plants.2 Cr(VI)
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moves more easily from the roots to upper plants tissues because of the absorp-
tion, especialy of its Cro042- form, as an active process, probably correlates
with the sulfate transport system located in the plasma membrane.3419 It is im-
portant to stress that despite of the easy way of Cr(VI1) absorption, the fact that
the Tl values were not very high is probably due to the ability of the plant to re-
duce Cr(VI1) to the less toxic Cr(I11) form at the roots level.110.20 The reduction
could be catalyzed by Fe-3-reductase enzymes.8 Thisis probably one of the natu-
ral plant mechanisms enabling tolerance to high concentrations of chromium.

Bearing in mind possible slight changes of acidity in the environment, it is
important to stress that the Tl values of Cr(lll) showed no changes with in-
creasing pH from natural 6 to 7 (Table 1V) at all investigated concentration levels
in the soil.

However, an increasing tendency of Tl was noticed at pH 5 (Table V),
which suggests a changed ability of roots and herbal parts to accumulate chro-
mium. From the obtained results, a higher mobility of chromium in the soil at
lower acidity could be assumed.1321 Thisis in accordance to other findings that
oxidation of Cr(ll) to much more mobile Cr(V1) in soil is increased at pH 5.8
This processis generally very slow under conditions of natural normal acidity.

Being a non-essential element and also toxic for plants, there is no specific
mechanism for chromium transport through plants and this metal is known to
compete with iron and manganese for transport binding sites.10 The concentra-
tion of manganese generally decreased with increasing Cr levels.10 The present
results (Figs. 1a-1c, Tables Il and Il1) do not show significant correlations be-
tween the Cr(I11) and Cr(VI) contents in the roots and herbal parts and the con-
centrations of manganese at the investigated acidity levels. Dube et al. cameto a
similar conclusion.” However, comparing the Cr(l11) concentrations with the con-
centrations of Fe (Table I1), a negative correlation (R2 = 0.9851) was noticed in
the herbal part of M. piperita (Fig. 2). Torrestday et al. reported a decrease of the
iron concentration in leaf tissue in response to chromium toxicity.1

The similarity of the ionic radii of Cr3* and Fe3* species may enable the
replacement of iron with chromium in the heme proteins.3.8.9 It has been found a
high correlation between chlorophyll pigments and Fe uptake in chromium
stressed plants was found.® Despite the similar chemical characteristics of Fe(l11)
and Cr(l11), much higher concentrations of iron (263.0 to 408.6 mg kg2) than
chromium (0.161 to 2.825 mg kg1) were present in the investigated samples
(Table Il; Figs. 1a-1c).There is a reasonable explanation for the high immobility
of chromium in soil-plant systems. no reduction of Cr(l11) to Cr(ll) is observed
under natural conditions while arelatively easy reduction of Fe(l11) to Fe(ll) can
occur.>813 A comparison with the control plant samples showed that the concen-
trations of Fe in the roots was not significantly affected.
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Fig. 2. Correlation graphs of the chromium and iron content in the herbal parts of M. piperita.

CONCLUSIONS

In this study, the capacity of the medicina plant Mentha piperita (L.
Lamiaceae) to control chromium uptake and its tolerance limit on soils treated
with different chromium concentrations under conditions of three different pH
levels were analyzed.

In order to redize this, M. piperita was cultivated under controlled labo-
ratory conditions on soils treated with different concentrations of trivalent and
hexavalent chromium.

The obtained results showed relatively low uptakes of chromium by M. pi-
perita for al types of soils, treated with both trivalent and hexavalent chromium,
a al the investigated pH values, probably due to the good immobilization of
chromium in the soil matrix. The total chromium content in the plant, in general,
increased with increasing soil concentration of the metal. These concentrations
were severa times higher in the roots than in the herbal parts of plant which
indicated a very good root holding capacity (around 90 %). Exceptions were no-
ticed with plants grown on the more acidic soils (pH 5) because of a poorer hold-
ing capacity of roots, probably as aresult of damage to the membranes of the root
cells.

The translocation indexes calculated for Cr(l11)-contaminated plants showed
low mobility of this chromium species, which is in correlation with its passive
mechanism of uptake. In addition, the negative correlation between the Cr(l11)
and the Fe concentrations in the herbal plant parts confirms their competition for
the transport binding sites.

The obtained results for Cr(V1) showed a very high mobility of hexavalent
chromium through the plants tissues, which is in correlation with active uptake
mechanism of this chromium species.

The medicinal plant M. piperita L. (Lamiaceae) analyzed in this work had a
large capacity for binding chromium in the root system, which is a very im-
portant protection mechanism of the plant from the toxic action of this metal.
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U3BO/

AHAJIN3A BUOJOCTYITHOCTH Cr(l11) 11 Cr(Vl) SACHOBAHA HA OJIPEBVIBABHY
XPOMA VY BUJBIIN Mentha piperita METOJOM ATOMCKE ATICOPIIIIMOHE
CIIEKTPOMETPUIJE CA TPA®UTHOM KMBETOM

CBETJIAHA BOT'0Y, CJIABULIA PAXURY, IPATAH MAHOJJIOBUR? 1 IATUHKA CJIABKOBUR®
! HHucitauitiyin 3a anaauiiuqxy xemuwjy @apmaueyitickoz gpakyaitieitia YHusepauitieitia y beozpaoy, i. ip. 146, 11211

Beozpad, *Xemujcku paxyaimieii Yrnusepsuiieimia y beozpady, Cimiydeniticku imipz 12—16, 11000 beozpad u
3PIch7umym 3a HyKaeapHe Hayke Bunua, i. iip. 522, 11522 Beozpao

Llusb oBor pana je 6uo aHanmsa nuMura Tonepaniuje 3a yesajamwe Cr(l1) u Cr(VI1) us 3ara-
henor 3emsbuinTa U onpehuBarme Kananurera MequIHCKe Gribke Mentha piperita (L. Lamiaceae)
palu KOHTpOJie YHOcCa OBOI MeTana. Busbke Cy y3rajaHe y IJIACTUYHHM IOCYJAama, IpU COOHOj
temreparypu ox 25 °C u ozxpxaBaHO] BIAKHOCTH 3eMipHiTa Ha 0kO 80 % peTeHIMOHOT BOAEHOT
KamamureTa. 3eMJBHIITE HA KOMe Cy OuibKe y3rajaHe kontamuuupasno je pacrsopom Cr(I11)-aut-
para (40, 80, 120, u 200 mg kg™) u K,Cr,0; (2,5; 5; 10; u 15 mg kg™®). Konrponna rpyna Gubaka
je paciia oJi MCTUM YCJIOBMMa 0e3 Ji0/1aBarba XpoMa. 3a CBaKy KOHLEHTPALMjy XpoMa y 3eMJBUILITY
HpHUIpEMaHe Cy Cepuje y30paKka Ha TPH HHBOA KHCEJIOCTH: IPUPOHH H 3 110 jeJHY jeIMHHUILY KHUCe-
muju 1 6asuuju (pH, 6, pH; 5 and pH3 7). Y3opuu Gusbaka cy nmpuIpeMaHH 3a aHaIH3y IpeMa
CTaHJap/HOj MPOLEAYPH M XPOM je ofipelrBaH METOJOM aTOMCKE alCOpILIHOHE CIEKTPOMETpH]je
ca rpadutHOM kuBeToM, GFAAS. 3a y30pKke Ha CBa TpH HUBOA KUCEIOCTH U3PadyHAT je TPAHCIIOP-
TAIMOHH UHJCKC U Ao0HjeHe BpeaHocTH cy y cnenehum untepsanuma: 0,21-0,80; 0,06-1,06; 0,04—
—0,52. Taunoct meroze (72,73-115,3 %) je moTBpheHa aHATH30M XpOMa y y30pIHUMa CTaHIaPIHUX
pedepentaux marepujania (NIST SRM 8433 — Corn Bran and NIST SRM 1547 — Peach Leaves).
MoGHITHOCT XpOMa U3 KOPEHOBOI CHCTEMa Y HaJ3eMHH /€0 OHJbKE je AUCKYTOBaHA M Ca acreKTa
KOMIICTUIIMje ca ITBOXIEM M MaHraHOM 3a UCTa TPAHCIIOPTHA MECTA, I1a Cy y TOM CMHUCIY Y y30p-
nuMa oapeljeHe 1 KOHIEHTpaIje OBUX MeTala.

(Mpumsseno 1. anpuna, pesuaupano 12. jyna 2010)
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