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Abstract: The photocatalytic efficiency of a recently synthesized TiO, powder,
denoted P160, for the degradation of the Dye C.I. Reactive Orange 16 in natu-
ra and artificial seawater was investigated in comparison to its efficiency in
deionized water and the efficiency of a standard TiO, powder, Degusa P25. It
was shown that the photocatalytic efficiency of P160 was slightly higher than
that of P25, probably due to slightly higher specific surface area, higher pore
volume and larger pores of the powder P160. The efficiency of both photo-
catalysts in natural and artificial seawater was significantly lower than in
deionized water. The overal rate of dye degradation for both types of photo-
catalysts was dlightly higher in artificial seawater than in natural seawater,
which shows the influence of organic compounds naturally present in seawater
on the photocatalysts activity. A saturation Langmuir-type relationship between
the initial degradation rate and the initial dye concentration indicated that
adsorption plays a role in the photocatalytic reaction. The photodegradation
rate constant, k, which represents the maximum reaction rate, had similar
values for P25 and P160 in all types of water due to the similar properties of
the photocatalysts.

Keywords. photocatalysis; titanium dioxide; dye degradation; seawater; Lang-
muir—Hinshelwood model.

INTRODUCTION

The removal of organic pollutants from water is an important challenge for
water treatment worldwide. In the last few years, seawater has become an impor-
tant source for drinking water preparation mainly by reverse osmosis membrane
filtration. However, the organic matter in seawater, which may deposit on the
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1128 ALBRBARetal.

membrane surface and thus stimulate biofouling, should be removed in advance.
The conventional treatment methods are unable to remove trace organic contam-
inants and large amounts of secondary pollutants are released into the environ-
ment. To overcome this, the semiconductor photocatalytic process has provided a
satisfactory and economically viable solution by enabling complete mineraliza-
tion of many organic pollutants into CO, and H,0.1.2

The semiconductor TiO» has been widely used as a photocatalyst for induc-
ing a series of reductive and oxidative reactions on its surface. The photo-ind-
uced reactions are basically initiated by band gap excitation to generate valence
band holes (h*) and conduction band electrons (e7). In TiOy-assisted oxidation
processes of organic compounds, there are two important processes. the direct
oxidation on the TiO, surface by h* and the indirect oxidation by reactive oxygen
species, such as superoxide (O2"), singlet oxygen (10,), the hydroxyl radical
("OH), the hydroperoxyl radical (HO>"), and hydrogen peroxide (H2O2), which
are formed via the reduction of O, by e~ and by the reaction of h* with hydroxyls
or water at the TiO, surface.3-5 The efficiency of heterogeneous photocatalyss
depends primarily on the properties of the photocatalyst, such as: the band gap
energy, specific surface area, pore size distribution, crystal structure, crystal size,
etc. However, the efficiency of a photocatalyst could greatly depend on environ-
mental factors, in other words some components found in water that processed
may affect the efficiency.6-10 Previous investigations of the photocatalytic effici-
ency of some photocatalysts in saline waters showed that salinity generally dec-
reases the efficiency.’8:10-13

The aim of this work was to compare the photocatalytic efficiency of a rec-
ently synthesized4 TiO, powder P160 and a standard TiO, powder Degusa P25
on the degradation of dissolved organic substances in saline waters, using arti-
ficial (ASW) and natural (SW) seawaters. Previous investigations!415 showed
the very good photocatalytic efficiency of P160 on the degradation of dyes ClI
Reactive Orange 16 and CI Basic Y ellow 28 in deionized water. In this paper, the
efficiency of P160 and of P25 in saline waters were compared to the efficiency in
deionized water (DIW) according to the degree of decomposition of the dye C.I
Reactive Orange 16, as a model for dissolved organic substances, under UV irra-
diation at room temperature. Due to the natural decomposition of plants, fish and
microorganisms, SW usually contains a complex mixture of organic constituents
that could also react during photocatalytic experiments. ASW was used to assess
the influence of the major seawater ions on the efficiency of the photocatalysts
and to establish the relevance of ASW as a model for the study. The effect of the
initial dye concentration on the initial reaction rate of photodecolorization by
both photocatalystsin DIW, SW and ASW was a so studied.
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TITANIA PHOTOCATALYSTSIN SALINE WATER 1129

EXPERIMENTAL
Materials

Recently synthesized powder P160 was used in the experiments, together with a com-
mercially available photocatalyst powder Degussa P25, since it has become the standard for
photoreactivity in environmental applications.1619 The specific surface area of P25 powder
was 45.7 m?-g'1, the pore volume was 0.177 cm3-g1, the average pore size was 7.57 nm, the
crystalline size was 29.5 nm and it consisted of 72.7 % anatase and 27.3 % rutile,X® while the
point of zero charge, pHpzc, of P25 was 6.4.20 P160 was synthesized by a non-hydrolytic sol—
—gel process combined with a solvothermal treatment.# Titanium isopropoxide, Ti(O'Pr),,
titanium tetrachloride, TiCl,, and carbon tetrachloride, CCl,, were mixed in the mole ratio
1:1:1 under a nitrogen atmosphere in a glove box. The obtained mixture was subjected to
gelation in an autoclave at 160 °C for 3 h. The gel was dried at 100 °C under a nitrogen flow
and calcined at 500 °C for 3 h. The thus obtained powder P160 consisted of pure anatase and
its specific surface area was 52.8 m2-g1, the average pore size was 11.1 nm, the pore volume
was 0.209 cm3-g'1 and the crystalline size was 26.4 nm.14 The point of zero charge of P160,
determined by a batch equilibration technique,?l was 6.5. Scanning electron micrographs
(SEM) of the titania powders, obtained using a Tescan Mira3 XMU microscope operated at 20
kV, are presented in Fig. 1.

<4 o f 1 pm* Q"
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Fig. 1. Scanning electron micrographs (SEM) of @ P160 and b) P25.

The anionic dye C.I Reactive Orange 16 (RO16) was obtained from Bezema (commer-
cial name Bezaktiv Orange V-3R) and used without further purification. Its molecular formula
is CooH19N3011 S5

The three types of water were used: deionized water (DIW) from a Millipore Waters
Milli Q purification unit; natural seawater (SW), obtained off the coast of Greece and passed
through 2 um filter and artificial seawater (ASW).

Analysis of natural seawater and preparation of artificial seawater

The concentrations of major cations and anions in the natural seawater were determined
on a Metrohm ion chromatography instrument, 861 Advanced Compact IC MSM I, and the
results are presented in Table |. The instrument specifications were: conductivity detector with
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1130 ALBRBARetal.

chemical suppression; controlled flow ranging from 0.2 to 2.5 mL min'l and maximum pres-
sure of 35 MPa. The columns specifications were: Metrosep A Supp 5-150 (for anion anal-
ysis), anion eluent — 3.2 mmol NaCO3/1.0 mmol NaHCO3;; Metrosep C2-150 (for cation
analysis), cation eluent — 4 mmol tartaric acid/0.75 mmol dipicolinic acid; suppressor solution
— 50 mmol H,SO,. Prior to the analysis, al samples were filtered through 0.45 pum filters and
degassed in an S100 Elmasonic ultrasonic bath. The standard solutions were prepared with
demineralized water and standard ion solutions.

TABLE I. lonic composition of SW

lon Concentration, mmol L1
Cl- 564.1
Na* 488.9
K* 8.74
Mg?* 45.22
Caz* 8.56
S0, 27.91

The quantities of salts for the ASW preparation were calculated according to the com-
position of SW given in Table |I. The prepared ASW had the following composition: 488.9
mmol L1 NaCl, 8.74 mmol L1 KCI, 25.91 mmol L1 MgCl,-6H,0, 19.36 mmol L-1
MgS0O,-7H,0 and 8.56 mmol L1 CaSO,.

Photocatalytic degradation experiments

A batch-type quartz reactor (cylindrical shape, inner diameter 4 cm, volume 50 mL) was
used for the catalytic runs and the set up was in a closed housing to prevent the effect of
external light. The reactor had water-cooling jacket, and the illumination was provided for by
a Philips HPR 125 W lamp, having the strongest emission wavelength of 364 nm. The lamp
was placed 100 mm from the surface of the reaction mixture. The catalyst was maintained in
suspended form by using a magnetic stirrer (500 rpm).

The photocatalytic efficiencies of P25 and P160 were investigated in DIW, SW and
ASW under the following experimental conditions: dye concentration in the range of 20-80
mg L1, TiO, powders concentration of 1 g L2 and UV irradiation at room temperature.

In all the experiments, a suspension of 25 mg of TiO, powder and 25 mL of solution was
mixed ultrasonically for 10 min, followed by magnetically stirring for 30 min in the dark, to
attain adsorption/desorption equilibrium. The pH values of the suspensions were between 6.5
and 6.8 in DIW and ASW and about 7.7 in SW, for both photocatalysts. Then, the UV light
was switched on to perform the photocatalytic reaction. The concentrations of dye in the start-
ing solutions and of dye remaining in the solutions after stirring in the dark and after 5, 10, 15
and 30 min of irradiation were determined by UV-Vis spectroscopy (Shimadzu UV-160A 145
instrument). The solutions for analysis by UV-Vis spectroscopy were prepared by passing
through a syringe filter (pore size of 0.22 pm) in order to remove the particles of the photo-
catalyst.

RESULTS AND DISCUSSION
Comparison of the photocatalysts efficiency in different types of water

The results of photodegradation of dye RO16 in DIW, SW and ASW by
photocatalysts P25 and P160 are presented in the form of the dependence of the
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TITANIA PHOTOCATALYSTSIN SALINE WATER 1131

normalized concentration, c/cy, vs. timet, where cg is the concentration of RO16
after adsorption in the dark and c is the concentration of RO16 after illumination
timet (Figs. 2 and 3). The degradation efficiency of the photocatalysts can be
assessed by using the expression: 1-c/cp.

The Langmuir—Hinshelwood (L—H) model was used to describe the kinetics
of photodegradation of dye.22-25 This model basically relates the degradation
rate r and reactant concentration c¢ in water after an illumination time t. The
simple rate expression for the L—H model is given by Eq. (1):
3 % _ kKc (1)

t 1+Kc

where K is the rate constant, which is dependent on the diffusion of the reactant
into the pores and the reaction at the interface, 16 and K is the Langmuir adsorp-
tion to desorption equilibrium constant. According to the L—H model, a limiting
reaction rate (r = k) is observed at high reactant concentrations (Kc >> 1). When
the adsorption is relatively weak and/or the reactant concentration islow (Kc << 1)
and Eq. (1) can be simplified to pseudo-first order kinetics with an apparent first-
-order rate constant kgpp:26-28

c

—In| — |=KkKt = t 2
()t @

The dependences of —In(c/cg) vs. illumination time t for the data in Figs. 2
and 3 are linear (insets of Figs. 2 and 3), as confirmed by the correlation
coefficient R2 values of ~1 (Tables II-1V). The derived kapp Vaues corres-
ponding to their respective initial dye concentration, cg, are also presented in
Tables[1-V.

From the results presented in Figs. 2 and 3, it could be seen that the
efficiency of photocatalytic degradation of RO16 by P25 and P160 in DIW, SW
and ASW decreased as the initial concentration increased, which is in good
agreement with decreasing trend of kgpp values, shown in Tables II-1V. This
could be explained in terms of saturation of the limited number of accessible
active sites on the photocatalytic surface. When the dye concentration increased,
the amount of dye adsorbed on the catalyst surface also increased (data not
shown), resulting in a reduction in the light intensity reaching the photocatal-
yst,11 since the absorption of RO162° well matches the absorption of titanial® in
the UV part of the spectrum. It is well known that the absorption edge of titania
powders is about 400 nm,1® while RO16 had three absorption bands in the UV
region, centered at 388, 302 and 254 nm.29

Both photocatalysts showed their highest photocatalytic activity in DIW,
where the dye concentration decreased more rapidly with time than in SW and
ASW, asseenin Figs. 2 and 3. Consequently, the kapp Values were much higher
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Fig. 2. Photocatalytic degradation of the dye RO16 by P25 powder in a) DIW, b) SW and
c) ASW (UV irradiation at room temperature; the P25 concentration was 1 g L'Y). The
corresponding linear plots of the photocatal ytic decolorization kinetics are given in the insets.
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Fig. 3. Photocatalytic degradation of the dye RO16 by P160 powder in @ DIW, b) SW and
c) ASW (UV irradiation at room temperature; the P160 concentration was 1 g L™1). The
corresponding linear plots of the photocatal ytic decolorization kinetics are given in the insets.
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1134 ALBRBARetal.

TABLE II. The kg, vaues for the photodegradation of RO16 by P25 and P160 in DIW in
dependence on the initial dye concentration (UV irradiation at room temperature; TiO,
concentrationwas 1 g L-1)

Type of titania
Co/mgL-1 P25 P160
Kapp / min? R? Kapp / min? 22

20 0.3109 0.9902 0.4267 0.9934
30 0.2207 0.9999 0.2389 0.9917
40 0.1545 0.9936 0.1874 0.9983
60 0.0898 0.9887 0.0962 0.9966
80 0.0512 0.9988 0.0846 0.9959

Table I11. The kyy, vaues of photodegradation of RO16 by P25 and P160 in SW in depend-
ence on the initial dye concentration (UV irradiation at room temperature; TiO, concentration
waslglL™l)

Type of titania
Cop/mgL-1 P25 P160
Kapp / minr? R? Kapp / min? R?

20 0.1173 0.9902 0.1590 0.9671
30 0.0890 0.9995 0.1260 0.9810
40 0.0700 0.9926 0.0827 0.9974
60 0.0470 0.9887 0.0620 0.9915
80 0.0322 0.9988 0.0310 0.9955

Table V. The kyy, values of photodegradation of RO16 by P25 and P160 in ASW in depend-
ence on the initial dye concentration (UV irradiation at room temperature; TiO, concentration
waslglL™l

Type of titania

Cop/mgL-1 P25 P160

Kapp / min? R2 Kapp / min? R2
20 0.1299 0.9969 0.2651 0.9973
30 0.1062 0.9917 0.1380 0.9964
40 0.0723 0.9980 0.0699 0.9774
60 0.0426 0.9908 0.0441 0.9841
80 0.0306 0.9831 0.0341 0.9683

for the photodegradation of the dye in DIW than those in SW and ASW. The
observed decrease of dye photodegradation efficiency in salt waters was
explained by the fouling effects of the inorganic ions on the photoactivity of
titania. Several mechanisms for the fouling effects of inorganic ions on the
photoactivity of titania were proposed.8 These include UV screening, competitive
adsorption to surface active sites, competition for photons, surface deposition of
precipitates and elemental metals, radical and hole scavenging and direct reaction
with the photocatalyst.
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TITANIA PHOTOCATALYSTSIN SALINE WATER 1135

Furthermore, according to the kgpp vaues for the photodegradation of the
dyein saline waters, it could be seen that the photocatalytic efficiency was higher
in ASW at lower concentrations (20 and 30 mg L-1), while at higher concen-
trations, the efficiency was dightly higher in SW for both photocatalysts. It could
be assumed that the better efficiency in ASW than in SW was because SW con-
tains some other ions (carbonate and bicarbonate) and organic substances besides
the magjor cations and anions (Table I). It was reported that carbonate and bicar-
bonate both act as electron scavengers and thus they are expected to be respon-
sible for the observed lowering of the degradation rate.l2 However, when the
photocatalysis occurs in an air atmosphere, oxygen is a more powerful scavenger
of electrons formed in TiO, after illumination than carbonate and bicarbonate
ions. In addition, the reaction rate constants of hydroxyl radicals with carbonate
and bicarbonate ions are much smaller than the values given for the other ions.30
Therefore, it is likely that the organic substances present in SW influenced the
activity of the titania powders by adsorption onto their surface and the resulting
blocking of the active sites. The differences in the photocatalytic activities in
ASW and SW may aso be the result of the different pH values of the suspen-
sions during the reaction. The pH values of the suspensions in SW were higher
than pHpzc of the titania, while in the case of suspension in ASW, the pH values
were approximately equal to the pHpzc. Accordingly, the adsorption of the dye
anions should be less favorable at the negatively charged titania surface in SW
than in ASW. However, the adsorption in SW was comparable (for P160) and
even higher (for P25) than in ASW, which suggests that the organic substances
present in SW strongly influenced dye adsorption onto the titania powders. These
results show that, besides the major ions, organic compounds naturally present in
seawater had a large influence on the photocatalytic activity of the titania pow-
ders. Consequently, the artificial seawater that contained only the major seawater
ions cannot be used as a model for the prediction of the activity of the photo-
catalystsin natural seawaters.

By comparing the photocatalysts P25 and P160, it could be observed that
P160 had a dightly better photocatalytic efficiency than P25 in all three types of
water. The values of kgpp in al three types of water for P160 were higher than
those for P25 (with experimental uncertainty for the higher concentration of the
dye). It is well known that the efficiency of semiconductors is influenced by
many factors, such as crystalline structure, particle size, specific surface area,
adsorption capacity, and prevention of electron—hole pair recombination reac-
tions. In comparison with P25, the P160 powder had a dlightly higher specific
surface area, higher pore volume and larger pores, which contributed to its better
photocatalytic efficiency with respect to P25. On the other hand, the P25 crys-
tallites were dightly larger than those of P160 were and P25 contained 72.7 %
anatase and 27.3 % of rutile, while P160 contained pure anatase. These features
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1136 ALBRBARetal.

should contribute to a better photoactivity of P25. It was shown3! that, in com-
parison to pure anatase, mixed-phase titania catalysts show greater photoeffec-
tiveness in the UV region due to stabilization of the charge separation by electron
transfer from rutile to anatase, which slows recombination. Despite the fact that
P160 contained pure anatase, its photocatalytic efficiency was dlightly higher
compared to that of P25, probably due to its higher specific surface area and
larger pores. For the same quantity of adsorbed dye, the surface coverage would
be higher in the case of the TiO» with alower specific surface area, which causes
a greater reduction of the light intensity reaching the photocatalyst and, con-
sequently, lower photocatalytic activity. In addition, different types of aggre-
gation of the primary particles of P160 and P25 (Fig. 1) caused the powders to
have different pore volumes and pore sizes. The pore size is a very important
parameter for photocatalysis, because large dye molecules cannot enter small
pores and, in that way, the surface of such poresisinaccessible for reaction.

The influence of initial dye concentration on theinitial photodegradation rate

The effects of the initial dye concentration cq (after 30 min in the dark) on its
initial photodegradation rate rg with P25 and P160 in DIW, SW and ASW are
demonstrated in Fig. 4. Vaues of rg (in mg L~1 min—1) were obtained according
to the results presented in Figs. 2 and 3, as the dye concentration decay at 5 min
of phaotoreaction. It could be observed from Fig. 4 that the initial degradation rate
increased with increasing initial dye concentration and then remained almost
constant. According to the L—H model3233 (Eq. (1), r = rg and ¢ = ¢p), such a
dependence of rg on ¢y indicates that the oxidation rate is first-order at lower
concentrations and becomes zero-order at higher concentrations, when the reac-
tion rate becomes independent of the dye concentration (meaning a saturation-
-type Langmuir kinetics). Such a Langmuir-type relationship between the initial
degradation rate and concentration indicates that adsorption played a role in the
photocatalytic reaction.

It is well known that photocatal ytic reactions can occur independently of the
degree of adsorption of organic compounds on TiO» both in the dark or during
the photocatalytic process. The radical species produced during irradiation can
react with dye on the surface of the TiO, but also in the bulk of the solution. It
was suggested34 that in the case of radical formation on a UV-illuminated TiO,
surface, adsorption of the organic compound would increase the reaction rates,
but it is not a prerequisite for the reaction to occur since the reactive OH- radicals
and other oxidizing species can diffuse into the solution bulk where they react
with the organic pollutant. In the present case, the adsorption was included in
photocatalytic process. for both photocatalysts and for al types of water, the
reaction rate increased as the adsorption increased, but in the case of a particular
photocatalyst for different types of water, the highest adsorption did not mean the
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highest reaction rate. For example, in the case of P25, the adsorption for all initial
concentrations was higher in SW than in ASW, but reaction rates were lower.
Thus, the adsorption plays a role in the photocatalytic reaction, but it is not the
main factor that influences the reaction rate and the efficiency of the photo-
catalyst.

From Fig. 4 it is obvious that the highest values of initial reaction rate for
both photocatalysts were observed for in DIW, than in ASW, and the lowest in
SW, aswas found for the efficiency of the photocatalysts according to the overall
reaction rate for the different dye concentrations.
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Fig. 4. Effect of theinitial RO16 dye concentration on itsinitial photodegradation rate by a)
P25 and b) P160 in DIW, SW and ASW (UV irradiation at room temperature; the RO16
concentration was in the range of 20-80 mg L"1; the TiO, concentration was 1 g L-1).
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1138 ALBRBARetal.

The experimental data presented in Fig. 4 were fitted to a hyperbolic func-
tion, expressed by Eq. (3):3°
_ abx
1+bx
inwhichY=rg,x=cp,b=Kanda=k.
The parameters K and k were estimated by an optimization procedure using
MATLAB and are presented in Table V.

©)

TABLE V. The parameters k and K obtained by fitting the experimental data of the photo-
catalytic degradation of the dye by P25 and P160 in DIW, SW and ASW (UV irradiation at
room temperature; RO16 concentration was in the range of 20-80 mg L-1; TiO, concentration
was 1 g L1); MSE — mean standard error

Type of titania

Type of water P25 P160
kimgLIminlK/Lmg? MSE k/mgLiminl K/Lmgl MSE
DIW 4.4364 0.0669 0.0487 4.9546 0.0695 0.0362
ASW 3.5383 0.0622 0.0119 3.1995 0.1964 0.0035
SW 2.4275 0.0786 0.0631 2.2746 0.0975 0.0005

The results given in Table V show that the values of the photodegradation
rate constant k for both types of photocatalysts were higher in DW than in saline
waters, which indicates that inorganic ions have inhibiting effect on the photo-
activity of both titania samples. In addition, the values of photodegradation rate
constant for both photocatalysts were lower in natural seawater than in artificia
seawater. The value of k of the photocatalytic decolorization of the dye in DIW
with P160 was dightly higher than with P25, probably because of the higher
surface area and larger pores. However, the values of k for P160 in ASW and SW
were lower than those for P25 in these waters, which indicates that influence of
inorganic ionsin ASW and SW was more pronounced for P160 than for P25.

CONCLUSIONS

The efficiency of recently synthesized TiO, powder P160 in the degradation
of the dye C.I. Reactive Orange 16 in deionized and saline waters under UV
irradiation is comparable and even dightly better than the efficiency of a standard
TiO, powder Degusa P25. The higher specific surface area, higher pore volume
and larger pores of P160 with respect to P25 contributed to its better photo-
catalytic efficiency. Water salinity decreased the efficiency of P160 to approxi-
mately the same extent as the efficiency of P25 was decreased. Some organic
compounds naturally present in seawater have a large influence on the efficiency
of both photocatalysts; hence, artificial seawater that contains only the major ions
of seawater cannot be used as a model for the prediction of photocatalyst activity
in natural seawaters. The dependence of the initial degradation rate on the initial
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TITANIA PHOTOCATALYSTSIN SALINE WATER 1139

dye concentration followed the Langmuir—Hinshelwood (L—H) model. The pho-
todegradation rate constant k, which represents the maximum reaction rate, has
similar values for P25 and P160 in all types of water due to similar properties of
the photocatalysts.
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H3BOJ
EOPUKACHOCT ®OTOKATAJIM3ATOPA HA BA3HU TiO, ¥ CJIAHUM BOJAMA

ASMA JUMA ALBRBAR', AHBEJIMKA BJEJIAJAL, BE/bKO BOKWR', JENEHA MAJIAIUHOBUE', BOPBE
JAHARKOBUR' 1 PAIIA TIETPOBUER'

1Texuonom1co—meu7anypmxu axyniuein, Ynugep3utiei y beoipagy, Kapneiujesa 4, 11000 Beoipag u

2Unosayuonu uentmap TexHomowxo—memianypuxol paxynieia, YHusep3uitewi y beoipagy,
Kapnetujesa 4, 11000 Beoipag

dorokaTtanutiuka edpuxacHoct TiO, mpaxa P160, CHHTETU30BAaHOT HEXHUIPOTUTHUUYKUM
Con-TeJl TIOCTYIKOM, UCIUTHBAHA je y mpouecy pasrpagwe doje C.I. Reactive Orange 16 y
MIPUPOZHOj ¥ 1abopaToOpHjCKU MPUITPEMIbEHO] MOPCKOj Bofu y nopehemwy ca edpukacHourhy y
I€jOHM30BaHOj BOAH, Kao U y nopehemwy ca edukacHomhy komeprujaaHor poTokaraansaTtopa
Degussa P25. ITokasaHo je pa je edbuxacHoct P160 mano Beha on eduxacHoctu P-25 350r
Behe crnenuduune nospuvHe, Behux nopa u sehe 3ampemune nopa. EduxacHocr oba xata-
JM3aTopa y MPUPORHOj U adopaTopHjcku MPHUIPEeM/beHOj MOPCKOj BOOH 3HAUYajHO je Mama
Hero y fiejoHu30BaHoj Bogu. [Ipoceuna dp3uHa pasrpanwe doje 3a 0ba gorokaTanusaTopa je y
manioj mepy Beha y 1abopaTopHjcky MPUIPEM/bEHOj HEro y MPUPOJHOj MOPCKOj BOOH, LITO
MoKa3yje YTHLaj OpPraHCKUX KOMIIOHEHTH MPHCYTHUX Y NMPUPOJHOj MOPCKOj BOAW Ha ¢oTO-
KaTINTHYKY e(dUKACHOCT. 3aBUCHOCT NOYeTHe Op3nHe pasrpajme Of [MOYeTHe KOHIIeHTpa-
uyje doje ce mokopasa JIeHrMUp—XUMHIIENBYIOBOM MOZEINy, IITO yKa3yje Ha TO a afcopnuuja
uMa yrory y GOTOKAaTaTUTUYKOj peakuuju pasrpanmke Ooje. CiuyHa cBojcTBA (DOTOKATATH-
3aTopa Cy y3poKoBasa OiucKe BpefHOCTH KOHCTaHTe Op3uHe OoTOKaTaIUTUYKE pasrpanmke, k,
KOja IpencTaB/ba MakCUManHy Op3vHy peakudje, 3a P25 u P160 y cBUM HCIMTHBAaHUM BpC-
Tama Bofie.

(ITpumsbeHo 11. HoBemdpa 2013, pesunupano 20. dedpyapa, npuxsaheno 11. mapra 2014)
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