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Abstract: The sorption of inorganic arsenic species, Ag(l11) and As(V), from
water by sepiolite modified with hydrated iron(l11) oxide was investigated at
25 °C through batch studies. The influence of the initial pH value, theinitia As
concentration, the contact time and the type of water on the sorption capacity
was investigated. Two types of water were used, deionised and groundwater.
The maximal sorption capacity for As(l11) dissolved in deionised water was
observed at an initial and final pH value 7.0, while the bonding of As(V) was
observed to be almost pH independent for pH value in the range from 2.0 to
7.0, while a significant decrease in the sorption capacity was observed at pH
values above 7.0. The sorption capacity at initial pH 7.0 was about 10 mg g1
for As(lll) and 4.2 mg g1 for As(V) in deionised water. The capacity in
groundwater was decreased by 40 % for As(I11) and by 20 % for As(V). The
Langmuir model and pseudo-second order kinetic model revealed good
agreement with the experimental results. The results showed that Fe(lll)-
modified sepiolite exhibits significant affinity for arsenic removal and it has the
potential for application in water purification processes.
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INTRODUCTION

The inorganic arsenic occurs naturally in rocks and soils as a constituent of
many minerals (arsenides, sulphides, oxides, arsenates and arsenates).! These
forms are insoluble, but under certain conditions the minerals might be dissolved,
or arsenic could be leached from them, becoming in this way mobile. The mobili-
zation is caused by specific geochemical and hydrogeological triggers.2 The two
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main geochemical triggers are: 1) an increase of the pH value to over 8.5, when
arsenic releases protons and becomes negatively charged that leads to desorption
from minerals; 2) the occurrence of reducing conditions below neutral pH values,
when oxides of Fe(l1l) and Mn(IV) dissolve and become reduced to Fe(ll) and
Mn(I1), which also enables arsenic species from these minerals to dissolve. This
is still not sufficient for high levels of arsenic to form in water; the hydrogeolo-
gical conditions must also be fulfilled: a slow process of ground water exchange
in aguifers has to occur or the aquifers have to be very young.2 Besides all above
mentioned, smaller, but still significant amounts of arsenic are released in water
from ore smelting.23 Due to al this, arsenic is present in many natural waters,
primarily in ground water, in the form of arsenic and arsenous acid and in the
form of their anions.3 These inorganic species could be methylated by bacteria,
fungi and yeasts to organic arsenic compounds.# All these compounds are highly
toxic and carcinogenic.

Arsenic may cause acute and chronic poisoning. Symptoms of chronic poi-
soning are not specific (weakness, gastritis, colitis, tiredness, hair l0ss); hence,
they are not easily recognizable. Longer exposure to water with arsenic leads to
severe health problems: skin lesions, disruptions of cardiovascular, respiratory,
digestive, rena and nervous systems, and skin, lung, bladder, liver and kidney
cancers.4® There are some indications that inorganic arsenic may also be diabeto-
genic.5 Acute poisoning may cause vomiting, dryness of the mouth and throat,
muscle cramps, hallucinations, diarrhoea, or even death due to hepatic and renal
failure or heart attack.# Arsenic compounds accumulate in the body, so even
small concentrations in drinking water could be very dangerous. As a of this, the
WHO (World Health Organization) reduced the recommended maximum con-
centration in drinking water from 50 to 10 pg dm=3 in 1993.7-9 At least 60
million people in the world drink water with high levels of arsenic (over 50 pg
dm3) every day.2 The most risky areas are in Bangladesh, India, Argentina and
Mexico, but many individual wells can also be polluted, which is the case in the
Panonnian Basin region (parts of Serbia, Romania and Hungary).10.11

Many techniques have been developed for arsenic removal from water:
coagulation by salts of Fe(lll) and Al, modified limestone softening, oxidation
with filtration, ion exchange, membrane techniques and others.10.12 This paper
investigates sorption, which is still not widely used, athough it is a very smple
and inexpensive technique. The main issue when sorption is applied is that it is
relatively slow process and it lacks in selectivity.

The sorption occurs until dynamic equilibrium is established, when the rates
of sorption and desorption become equal. This equilibrium could be presented by
sorption isotherms in form of sorption capacity vs. concentration diagrams.
Several models describe this process mathematically, while the Langmuir and the
Freundlich models are the most used ones.12 The Langmuir model assumes
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monolayer sorption onto a homogeneous surface with a finite number of identical
active sites. Exchange between sorbed species is negligible, which presumes
strong bonds between sorbate species and surface active site, i.e.,, chemical
bonds. The Freundlich isotherm model describes non-ideal and reversible sorp-
tion, not restricted to the formation of monolayer.13 This empirical model can be
applied to multilayer sorption, with non-uniform distribution of sorption heat and
affinities over a heterogeneous surface. The amount sorbed appears as an overall
effect of adsorptions on all sites (each having a particular bond energy), the
stronger binding sites are occupied first. The energy of adsorption decreases
exponentialy upon the completion of the sorption process. That implies that
chemisorption (if the active sites are strong enough) is followed by physisorption.

Many materials have been investigated as arsenic sorbents: oxides, salts,
activated carbon, biologic materials, organic polymers and waste materials.10
Moreover, many modifications of these materias are being investigated in order
to improve the sorption capacity. It is known that iron oxyhydroxides have good
affinities to arsenic, but their flaw is their small specific surface area, which
results from agglomeration. A solution could lie in the deposition of Fe(lll)
oxyhydroxides on porous minerals, such as zeolites, bentonites and sepio-
lites5.7.8,14-17

Sepiolite is a fibrous hydrated magnesium silicatel819 with a unit cell for-
mula MggSi12030(0OH)4(H20)4-nH>0, n = 6-8. Their structures have blocks and
channels running parallel to the fibre axis, which provide excellent potential for
the retention of micropollutants from water.20 Although natural sepiolite has not
shown noticeable capacity for inorganic arsenic,10 because of its large specific
surface areg, it is a scientific challenge to attempt modification of a sepiolite
surface with Fe(l11)-oxyhydroxides, which are considered to be the best sorbents
for inorganic arsenic species.

The am of this study was to evaluate the capacity of Fe(lll)-modified
sepiolite to remove As(l11) and As(V) from agueous media via sorption. The
influence of theinitial pH value, theinitial As concentration, the contact time and
type of agueous media were investigated. Two types of aqueous media were
used: deionised water and ground water. The Fe(l11)-modified sepiolite used in
this study was fully characterized in a previous study.14 The chemical compo-
sition, morphology, phase composition, specific surface area and pore volume,
gualitative composition and thermal analysis showed that modified sepiolite
retained the structure of natural sepiolite with 31.45 wt. % of amorphous FeyOs.
To the best of our knowledge, iron(l11)-modified sepiolite has not previously
been used for arsenic sorption from agqueous media.

EXPERIMENTAL

Natural sepiolite from Andri¢i in Serbia, was dried for 2 h at 150 °C and ground in
porcelain mortar. Particles under 250 pm were chosen for the modification. Sepiolite (20 Q)
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was mixed with 200 cm?3 of 0.5 M FeCl5 solution and 360 cmS3 of 1.0 M NaOH solution in a
polyethylene bottle. The obtained suspension was diluted to 2 dm3 and then heated to 70 °C
for 48 h. The precipitate was washed, dried and used as the sorbent, designated as Fe-SEP.15
XRD analysis, FTIR spectroscopy and DTA/TGA1S confirmed that Fe-SEP maintained the
basic structure of sepiolite. The presence of new crystalline Fe phases was not observed,
indicating that only amorphous Fe species were present. The textural properties of Fe-SEP,19
determined by nitrogen adsorption and desorption at liquid nitrogen temperature, were similar
to the properties of natural sepiolite, meaning high porosity and high specific surface area
were maintained.

Stock solutions of As(I11) (0.5 g dm3) and As(V) (1.0 g dm3) were prepared by dis-
solving appropriate quantities of As,03 (Merck, 99.5 %) with NaOH (Lach-Ner, 98 %) and
Na,HASsO,-7H,0 (Carlo Erba, 99 %) in deionised water (DW) with a conductivity under 0.2
uS cml and in ground water (GW). The composition of ground water from awell by the bank
of the Sava River was determined by the inductively coupled plasma—optical emission spec-
trometry (ICP-OES) method (ICP SPECTRO, GENESIS FEE, with the accuracy of 10 pg
dm3) and is presented in Table I. As(I11) stock solutions were kept in amber bottles.

TABLE I. Ground water composition, determined by the |CP-OES method

) As, Be, Cd, Co, Cr, Cu, Hg,
Caion Al B Ba Ca Fe K Mg Mn Na S "0 0 50 g o zn

¢/ mg dm= 0.08 0.03 0.03 50.8 0.09 3.01 13.30.02 14.30.25 <0.01

The sorption experiments were performed by batch technique in a thermostated water
bath with a shaker (MEMMERT), in which the temperature was maintained at 25+0.1 °C. A
mass of 0.02 g of Fe-SEP in 100 cm? solutions was used in all sorption experiments. Arsenic
concentrations were determined by the |CP-OES method (ICP SPECTRO, GENESIS FEE).

The effect of pH value on As(l11) and As(V) sorption from solutions in DW was inves-
tigated with arsenic solution of 0.500 mg dm3 concentration, by varying the initial solution
pH (pH;), from 2.0 to 10.0. After 24 h of equilibration, the suspensions were filtered and the
final pH (pH¢) and the As concentration were determined.

The sorption capacity was determined after equilibration of different concentrations
(from 0.25 to 7.0 mg dm3) of As(l1l) or As(V) solutions in DW and GW. The initial pH
values were adjusted to 7.0 using 0.01 M KOH or HNOj3 solutions. The equilibrium sorption
capacity, g. (mg g1), was cal culated according to the following equation:

Ge = (Cg—Cy)V/m )
where ¢, and ¢, are the arsenic concentrations before and after sorption (mg dm-3), mis the
mass of sorbent (g), and V is avolume of solution (dmd).

The kinetic analysis of sorption was realised using As(l11) and As(V) solutionsin DW of
0.50 and 3.00 mg dm3, at an initial pH value of 7.0+0.1. The suspensions were equilibrated
for 1, 2, 4, 8, 16 and 24 h. The amount of As sorbed after time't, ¢, were calculated according
to Eq. (1), where ¢ is As concentration after timet.

RESULTS AND DISCUSSION
Effect of initial pH

The pH value of the solution is an important controlling parameter in the
arsenic sorption process because it has an important effect on the chemistry of
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arsenic,21-23 as demonstrated in Fig. 1, and on the surface properties of the sorb-
ent, and hence on the interactions between arsenic and the sorbent surface.
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Fig. 1. Thedistribution of As(V) and As(I11) species as afunction of the pH value of the
Water_12,21—23

The effect of the initial pH value(pH;) on the equilibrium sorption capacity
for 0.5 mg dm~3 solutions of As(l11) and As(V) dissolved in deionised water is
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presented in Fig. 2, along with the final pH values (pH¢). According to the
position of the plateau on the pHs vs. pH; dependence, a change in surface charge
from positive to negative or vice versa occurred at a pH value of around 7.0. For
pH; < 7, the fina pH values were higher than the initial ones, implying
protonization of the surface functional groups and thus a sorbent with a positive
surface charge. For pH; > 7, the final pH values were lower than the initial ones,
indicating deprotonization of the surface functional groups. Accordingly, the
adsorbent surface was negatively charged at pH; > 7.
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) —0—g.-As(V) 114
2.04 =412
|}
=410
‘an
1.5 4 48 «
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1.0+ 44
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Fig. 2. Theinfluence of theinitial pH value on the sorption capacity of Fe-SEP for inorganic
arsenic and the dependence of the final pH value of the As(111) and As(V) solutions after the
sorption process on the initial pH value of the solutions.

The obtained dependences of the sorption capacity on the pH; value could be
explained by the surface charge of the sorbent and the distribution of arsenic
species as a function of pH value. Sorption capacity of Fe-SEP for As(V) was
amost constant at initial pH values below 7.0 because the positive charge of the
sorbent surface decreased with increasing pH and concomitant increase in the
content of anionic species (Fig. 1). The sudden reduction of the sorption capacity
with increasing pH; value above 7.0 could be explained by the change in the sur-
face charge of the sorbent from positive to negative. In the case of As(l11), maxi-
mal sorption capacity of the sorbent was reached at pH; values from 6.0 to 7.0,
because the sorbent surface was uncharged and arsenic was present mostly in a
neutral form of species, HzASO3 (Fig. 1). With decreasing pH; value, the sorption
capacity decreased because the positive charge of the sorbent surface was inc-
reased. When the pH; value increased above 7.0, the sorption capacity for As(l11)
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decreased because the arsenic was present as anionic specie that is weakly sorbed
at the negatively charged surface of the sorbent.

Considering the fact that the sorption capacities were the highest at pH;
values around 7.0 for both As(111) and As(V), that the pH did not change during
the sorption for pH; 7, and that this pH is close to the pH values of natural waters,
pH; 7.0 was selected for all subsequent experiments.

Sorption isotherms studies and modelling

The composition of the agueous media can have a significant impact on the
performance of a sorbent due to the presence of competing ions, complexing
anions, dissolved organic matter, etc. Therefore, it isimportant to eval uate poten-
tial sorbent materials in aqueous media that represent the conditions under which
the adsorbent would most likely be employed. For applications in real water
treatment, Fe—-SEP was evaluated as a sorbent for As(V) and As(l11) in deionised
water (DW) and ground water (GW).

The experimental isotherms for the sorption of As(V) and As(Ill) onto
Fe-SEP in DW and GW, as the dependence of ge on the equilibrium As concen-
tration cg, are presented in Figs. 3 and 4. All isotherm datasets were fitted to the
Langmuir and Freundlich isotherm and the model fits are presented with the
experimental data in Figs. 3 and 4. The sorption isotherms constants were deter-
mined by non-linear regression analysis using OriginPro 8.5 and the results are
giveninTablell.

= As(lll)
0F e As(V) e .
| Langmuir
-------- Freundlich

g,/ mgg!

1 1 1 L
0 1 2 3 3 4 5
¢ /mgdm
e

Fig. 3. The sorption isotherms for As(l11) and As(V) dissolved in deionised water.
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Fig. 4. The sorption isotherms for As(111) and As(V) dissolved in ground water.

Based on the experimental isotherms, Fe-SEP showed capacity of about 10
for As(I11) and 4.2 mg g1 for As(V) in DW, and 5.8 mg g1 for Ag(lll) and 3.4
mg g1 for As(V) in GW. As it was expected, the sorption capacities were lower
in GW by approximately 20 % for As(V) and 40% for As(l11), mainly because
the dissolved species present in GW compete with arsenic species for the sorp-
tion sites at the surface of the sorbent.

TABLE Il. The sorption parameters and correlation coefficients according to the Langmuir
and Freundlich model

Mechanism Langmuir Freundlich
Equation _ OGmKLCe G = Kycd"

Qe=—"—"—

1+ K G

Typeof solution K_/dm3mg? o,/mggl R® Ki/mgt¥ndm3ngl 1n R2
Ag(ll1), DW 1.62 109 0.952 5.91 0.359 0.948
As(V), DW 3.10 4.95 0.863 3.33 0.247 0.807
Ag(l), GW 114 7.04 0.983 3.27 0.461 0.945
As(V), GW 1.99 4.20 0.982 2.48 0.402 0.921

The values of the correlation coefficients, R2 (Table I1), show that the data fit
better to the Langmuir than to the Freundlich model, indicating monolayer
adsorption on the homogeneous surface of the adsorbent. The Langmuir sorption
model serves to estimate the maximum uptake value or the total capacity of the
adsorbent, gm, which could not be reached in the experiments. The values of g
obtained by the Langmuir model (Table I1) were dightly higher than the values
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estimated from the experimental isotherms (Fig. 2). The Langmuir constant K
represents the strength of adsorption:13 a higher value of K| implies a stronger
sorbate-sorbent interaction. As can be seen from Table I, the K| values were
higher for As(V) than for As(l11), indicating that As(V) formed stronger bonds
with Fe-SEP than did Ag(l11). As explained in the previous section, at pH; 7,
Ag(Il) is bonded to the uncharged Fe-SEP surface in the molecular form
H3AsO3 and those bonds were weaker than those of the anionic species of As(V)
with the positively charged Fe-SEP surface.
Kinetics

In order to design appropriate sorption units, it is important to predict the
rate at which As is removed from contaminated water. The kinetic data for
Ag(I11) and As(V) sorption from DW onto Fe-SEP are shown in Fig. 5 (¢, = 0.50
mg dm=3) and Fig. 6 (co = 3.00 mg dm=3). Two stages are noticed for all the
curves. The first stage is intensive, and 80 % of the sorption capacity is attained
there. The second phase is considerably slower and q; value is asymptotically
approaching to the equilibrium capacity, ge. The first stage was faster for higher
concentrations because the driving force for sorption was higher.

= As(Il)
o As(V) )
20} —
‘o0 1.5}
on
g
~
S
1.0}
1 I 1 " 1 " 1 n 1

0 5 1 20

0 15
t/'h
Fig. 5. The sorption kinetics curves for 0.50 mg dm= As(l11) and A(V) solutions.

For a lower concentration (0.50 mg dm3), sorption curves for As(lI1) and
As(V) almost overlap, while the curves for concentrations of 3.00 mg dm3 have
adifferent shape and plateau position. In this case, Fe-SEP reached considerably
higher sorption capacity for As(I1l) than for As(V), because Fe-SEP has more
active sitesfor Ag(I11) than for As(V) sorption.

The kinetics data were fitted using different models, pseudo-first and
pseudo-second order models. Linear forms of these models are presented by Egs.
(2) and (3), respectively:24-26
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log (de—ar) = 10g ge — k1t/2.303 (2
t/gr = VkoOe? + t/de ©)

where k1 is the rate constant of the pseudo-first order model and ko is the rate
constant of the pseudo-second order model.

= As(Il)
6.0 e As(V) [

5.5+
5.0

‘o0 4.5
OD 4
g 4.0
~ J
Sv3.54

3.0 1

2.5

0 15 20
t/h

Fig. 6. The sorption kinetics curves for 3.00 mg dm= As(l11) and A(V) solutions.

0 5 1

Higher correlation coefficients were obtained for the pseudo-second order
model than for the pseudo-first order equation (Fig. 7), and the obtained para-
meters for this model are given in Table I11. Since pseudo-second order implies
chemisorption,25.26 it could be observed that the results of the kinetic analysis are
consistent with those of the isothermal studies, i.e., with the applicability of
Langmuir model to the isotherm studies. Sorption of As(V) isin better agreement
with the pseudo-second order model than As(l11) sorption, which is consistent
with higher values of Langmuir constant K| for As(V) than for As(l11) sorption.

Comparison of Fe-SEP with other Fe(l11)-based sorbents

The sorption capacity of sepiolite toward arsenic was significantly enhanced
by the modification, similarly to literature reports for some other natural minerals
modified by iron(l11) oxyhydroxides. Recently, several Fe(ll1)-based binary oxide
sorbents were synthesized that had surprisingly high sorption capacity for both
arsenic(l11) and arsenic(V).33:34 The list of materials and their sorption capacities
reported in the literature are summarized in Table 1V. The analysis of these
values clearly show that sorption capacity of Fe-SEP, being about 10 mg g1 for
As(l11) and 4.2 mg g1 for AS(V), was comparable with the capacities of some
other Fe(l11)-based sorbents.
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0.0+ = As(lll)
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Fig. 7. Experimental datafitting for As(l11) and As(V) sorption onto Fe-SEP for 0.50 mg dm3
solutions using: @) the pseudo-first and b) the pseudo-second order model, and for 3.00 mg
dm3 solutions using: ¢) the pseudo-first and d) the pseudo-second order model.

TABLE II1. Kinetic parameters for the pseudo-second order model obtained from Fig. 7
Initial concentration, mgdm3  Dissolved species 0./ mgg?l k,/gmglhl R?

0.50 Ag(I11) 212 0.302 0.990
As(V) 221 0.218 0.989

3.00 A1) 6.02 0.271 0.995
As(V) 4.76 0.279 0.998

TABLE V. Sorption capacities, ./ mg g1, of some Fe(l11)-based sorbents for Ag(I11) and As(V)

. Species

Material ASTT) ASY) Reference

Zeolite modified with Fe(l11) - 0.68 27

Kaolinite modified with Fe(l11) 174 28

Graphite oxide modified with Fe;0, and MnO, 14.04 12.22 9

Available on line at www.shd.org.rs/JSCS/

(CC) 2014 SCs. All rights reserved.



826 ILICetal

TABLE IV. Continued

Fe,O3 nanoparticles 20.0 4.90 29
Fe;04 nanoparticles 5.68 4.78 29
Hematite - 0.20 30
Mn(11) and Fe(ll) in a polymeric matrix 135 145 31
Fe(l1)-Ti(1V) mixed oxide 85.0 14.3 32
Crystalline hydrous ferric oxide 333 25.0 32
Fe—Zr mixed oxide 120.0 46.1 33
Fe(I11)—Cu(ll) binary oxide 1223 82.7 34
Goethite 22 4 10
Fe-SEP 9.5 4.2  Thisstudy
CONCLUSIONS

Sepiolite modified with hydrated iron(I11) oxide was demonstrated to be a
very efficient sorbent for the removal of As(l11) and As(V) from agueous solu-
tions. Sorption capacity in deionised water was approximately 10 mg g1 for
As(l11), and 4.2 mg g1 for As(V) solutions, at an initial pH value of 7.0. In the
case of the sorption from groundwater, the capacity amounts were 5.4 mg g1 for
As(I11), and 3.4 mg g1 for As(V).

Sorption isotherm data in all cases showed better fitting to the Langmuir
then to the Freundlich model, which indicates single-layer coverage of the sorb-
ent, with a homogeneous distribution of the active sites on the surface. The
values of the Langmuir constant showed that As(V) formed stronger bonds with
Fe-SEP than As(I11). Investigations of kinetics showed that the sorption of inorg-
anic arsenic followed the pseudo-second order model, which is consistent with
the applicability of the Langmuir model to the isotherm studies.

The sorption of both As(I11) and As(V) species was the best at pH values
from 6.0 to 8.0. These are typical pH values of natural waters, so in the case of
the application of sepiolite modified with hydrated iron(l11) oxide as the sorbent,
the water preparation would be easier and less costly.
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Ministry of Education, Science and Technological Development of the Republic of Serbia,
Project Nos. I11 45019, 111 43009 and TR 37010.

U3BOJ
[TPOYYABAIE COPITLIMJE HEOPTAHCKOT APCEHA U3 BOOEHUX PACTBOPA HA
MOJUOHUKOBAHOM CEITMOJIUTY: YTULIAJ XUOPATUCAHOT I'BOXXBE(III)-OKCUIA

HHKOJIA U. WIHR', CJIABULIA C. IABAPEBUR', BJIAIAHA H. PAJAKOBHR-OTHAHOBUR?,
JbYBMHKA B. PAJAKOBHR', HOPHE T. JAHARKOBHR' 1 PAJIA JI. IETPOBHE'

1Texuonomxo—meu7anypmxu axyniuein, Ynusep3utiei y beoipagy, Kapneiujesa 4, 11000 Beoipag u
T ‘pahesurcku Gaxyniiedd, Ynusepsutiein y Beoipagy, Bynesap Kpama Anexcangpa 83, 11000 Beoipag

Objext ucnUTHBaWwa y OBOM Dafy je CEmHONUT MONUGMUKOBAH XHUAPATHCAHUM TBOXK-
he(111)-oxcumom u HeopraHcke Bpcre apceHa As(III) u As(V), koje mpencrapsbajy Hajuerrhe
0dnuKe apceHa y MpUPOSHUM Bojama. Coprildja je U3BeleHa y IapKHUM yciioBuma, Ha 25 °C.
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HcnuTanu cy ytuuaju nodyerHe pH BpenHOCTH pacTBopa, NMOYETHUX KOHIIEHTpalldja apceHa,
BpeMeHa YypaBHOTeXaBawka M BpCTE MeJUjyMa Ha CODILMOHM KamauuTeT copdeHTa.
KopuwheHu cy pacTBOpH apceHa y NeMHHEpalW30BaHO] BOOW M peaaHoj OyHapCKoj BOOM.
YTBpheHo je na ce MaKCMMalHU COPNUUOHY KanauureT 3a As(III) mocTwke MpH KOHCTaHTHO]
BpegHocty, pH 7, a 3a As(V) y mupem untepsany pH Bpegnoctu of 2 go 7. CopnuuoHH
kamauuteT npu pH 7 je oko 10 mg g‘1 3a As(III) u 4,2 mg g‘1 3a As(V) pacTBOpeHHX Yy
IeMHHepaln30BaHoj BogU. Y OyHapckoj BOOM KamauuTeT je HWKW 3a npudmwkHo 40 % y
cyvajy As(I1T) u 20 % 3a As(V). ExcriepuMeHTalHU pesy/iTaTH Cy TMoKa3aad A00po clarame
ca JIEHTMUpDOBUM MOJEIOM M KHHETHYKHUM MOZIEJIOM Iceyfo-Apyror pepa. Hodujenn
pesynTaT ykasyjy Ha Aodap NOoTeHIHjan cemuonuTa Moarn@ukoBaHor reoxhe(IIl)-okcumom
3a yK/Iambame apCeHa U3 NIPUPOSHUX BOJA.

(Mpumsbeno 12. cenrrembpa 2013, peuaunpano 13. janyapa, npuxsahieHo 5. mapra 2014)
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