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Abstract Study was carried out for the removal of haz-

ardous organic compound from aqueous solution by using

water/perfluorodecalin loaded ozone two-phase system.

p-Chloronitrobenzene was used as hazardous organics to

examine the efficiency of the two-phase ozonation system.

Effects of initial pH in water, stirring speed, initial molar

ratio of O3/p-chloronitrobenzene (M), and free radical

scavenger on the removal rate of p-chloronitrobenzene

were investigated respectively. It was revealed that ozone

had low decomposed rate coefficient k = 0.0035 min-1

and solubility of 61.94 mg/L at 25�C in perfluorocarbon. In

contrast to pH 2.0, higher level of pH (8.0) in water

increased the removal rate of p-chloronitrobenzene in

water/perfluorocarbon two-phase ozonation system. Removal

rate of p-chloronitrobenzene was increased with the ele-

vation of initial M value in water/perfluorocarbon two-

phase ozonation system. Stirring speed was needed to

control with proper level of speed in water/perfluorocarbon

two-phase system. Compared to the conventional gas/water

ozonation system, NaHCO3 (20 mmol/L) had no obvious

negative effect on the p-chloronitrobenzene degradation

in water/perfluorocarbon ozonation system. Oxidation

efficiency of ozonation in water/perfluorocarbon system

was superior to that of in conventional gas/water system.

Keywords Ozonation � p-Chloronitrobenzene �
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Decomposition of odorous compounds, hazardous organics

like pesticides and chlorinated organic carbons by ozone is

one of the most efficient processes in water and wastewater

treatments (Kim et al. 1997a, b). It is used in combination

with biological activated carbon to remove natural organic

matter as a precursor of disinfection by-products in

drinking water treatment (Reungoat et al. 2010). Many

studies on ozonation have been carried out in water to

remove aquatic organic substances. However, ozone has

relatively low solubility and stability in water,the aquatic

concentrations of most target organics are very low and co-

exist with relatively higher concentrations of ozone scav-

engers like CO2. The ozonation in water, therefore, is not

necessarily an efficient process.

In order to provide higher ozonation process efficiency,

many assistant methods of advanced oxidation (for exam-

ple, UV, H2O2, etc.) have been investigated (Milena et al.

2008; Rosenfeldt and Linden 2007). Advanced oxidation

processes (AOPs) involve the generation of free hydroxyl

radicals, characterized by oxidative potential significantly

higher compared to molecular ozone (Gromadzka and

Wietlik 2007). However, reactions with free radicals are

not selective and more likely to be hindered by competitive

reactions. For that reason, new methods based on molec-

ular ozone reactions, which allow for better ozone disso-

lution and stability in water as well as improvement of

ozonation efficiency are investigated. One of them is
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two-phase ozonation, sometimes called as ozone-loaded

system (Bin 2006).

Extended research on solubility and stability of ozone

indicates that ozone is strongly stabilised in organic sol-

vents of low polarity. According to recent review paper

(Bin 2006), ozone is approximately ten times better soluble

in perfluorinated compounds non-polar solvents than in

water. For the practical reasons non-polar phases used in

ozonation process should be characterized by non-toxicity,

high density and low vapor pressure. Additional benefit of

perfluorinated solvents is their reusability. One of the

perfluorinated hydrocarbons C-18 is Fluorinert FC40

characterized by ten times better ozone solubility than

water (Ward et al. 2003). Perfluorodecalin (C10F18) has a

number of medical applications stemming from its use in

first-generation perfluorocarbon-based blood substitutes. It

is used in retinal surgery, for treating lung disorders, as an

ultrasonic contrast agent and in organ storage (Walker et al.

2003). Perfluorocarbon has average molecular weight 462,

boiling point 142�C, density 1.95 g/mL,saturated vapor

pressure 12.3 mmHg at temperature 25�C. According to

the properties of perfluorocarbon, perfluorocarbon seems to

be fit for non-polar solvents loaded ozone.

The purpose of this study was to investigate the stabil-

ization of ozone in perfluorocarbon and water/perfluoro-

carbon systems. p-Chloronitrobenzene was used as the

model hazardous organic compound to examine the effi-

ciency of the water/perfluorocarbon two-phase ozonation

system compared to that of the conventional gas/water

ozonation system.

Materials and Methods

For all experiments, the non-aqueous solvent was perflu-

orocarbon, obtained from 3 M Co. Perfluorocarbon was

purified and recycled using the same procedure as FC40

described previously (Bhattacharyya et al. 1995; Grom-

adzka and Nawrocki 2006). Two-phase ozonation was

carried out in semi-continuous operational system using the

scheme procedure as described in Fig. 1. Prior to reaction,

the solvent was saturated with ozone by bubbling a mixture

of O2 and O3 through it for about 30 min. The saturation

concentration of O3 in perfluorocarbon is 61.94 mg/L at

25�C. The initial concentration of compound in model

solution was 20 mg/L for p-chloronitrobenzene. The

working solution was adjusted to suitable pH with NaOH

or H2SO4. A measured volume of water containing the

hazardous organic (p-chloronitrobenzene, Sigma) was then

added to the ozonated solvent in a reaction vessel and

stirred intensely with magnetic stirrer. The ratio of volume

of solvent loaded ozone to water was controlled. The

stirring speed was adjusted by electrical current and was

monitored by a tachometer. After an elapsed time, the

remaining ozone in the system was quenched with

NaHSO3, and the phases were separated. In the aqueous

phase, pH, compound concentration, total organic carbon

(TOC) degradation rate were measured. The solvent phase

was analyzed for compound concentration.

Experiments conducted using a continuous supply of

ozone to the reactor followed the procedure above with the

addition of a gas diffuser in the reactor from which O3

flowed continuously at a rate of 0.05 m3/h (T = 25�C,

48.82 mg/min). For single aqueous-phase reactions, O3

was bubbled from the gas diffuser into a stirred volume of

water containing p-chloronitrobenzene. No perfluorocarbon

was presented for the single aqueous-phase reactions. To

maintain virgin quality of the organic solvent, the perflu-

orocarbon was washed after every experiment and then

reused. In short, the perfluorocarbon was washed with

acetone, methanol to extract residual organics, followed by

water washes combining with bubbling ozone to remove

the previous solvents and acids.

Ozone was generated in ozone generator (WH-H-Y,

China) using pure oxygen. Concentration of ozone in

in-gas and off-gas was measured with iodometric method,

and concentration of ozone in water was determined

spectrophotometrically with indigo method (APHA 1998).

Aqueous and perfluorocarbon was measured spectropho-

tometrically with spectrophotometer (UV 2201, SHIMA-

DZU) at k = 254 nm. The concentration of ozone was

calculated by the use of Beer–Lambert law. The molar

extinction coefficient of ozone is 3,300 L mol-1 cm-1

(Pera-Titus et al. 2004). Measurement of pH value of the

aqueous solution in reactive system was carried out with a

pH meter at temperature 25�C (Meter 6171, JENCO USA).

The pH meter was calibrated with standard pH 6.86 and pH

4.00 buffer solutions. TOC in water phase was quanti-

fied using a TOC-5000 (SHIMADZU). Hydrochloric acid

Fig. 1 Scheme of semi-continuous ozonation reactor

298 Bull Environ Contam Toxicol (2011) 87:297–302

123



(made in SHIMADZU Corporation) was used to take out

carbon dioxide dissolved in samples. Total organic carbon

(TOC) equals to the difference of TC and IC.

p-Chloronitrobenzene in perfluorocarbon phase was

extracted by contacting a measured amount of the sample

with a known amount of HPLC grade methanol. The sys-

tem was shaken for 5 min and allowed to separate. Percent

recovery was determined for p-chloronitrobenzene by

extracting a known pollutant concentration and experi-

mental samples were adjusted accordingly. p-Chloronitro-

benzene in methanol or aqueous phase was determined by

HPLC (Agilent LC-1100) with a UV/Visible detector and a

ODS-C18 column. The detection was made with a 1.0 mL

min-1 mobile phase (water–methanol, 20:80, H3PO4 was

used to adjust pH value of water phase) at 254 nm for

p-chloronitrobenzene. Calibration curves were linear from

the detection limit 0.02 mg/L to at least 5 mg/L. RDS was

less than 10%. The injection volume was 0.02 mL.

A distribution coefficient, Kd, describes the extent that

p-chloronitrobenzene partitions between the perfluorocar-

bon phase and the aqueous phase. Kd is determined for

p-chloronitrobenzene studied by the following equation:

Kd = CAS/CA, where CAS is the concentration of p-chlo-

ronitrobenzene in the perfluorocarbon phase and CA is its

concentration in the water phase. The concentration for the

aqueous phase was measured by HPLC. The perfluoro-

carbon phase concentration can be determined by material

balance. For the determination of Kd of p-chloronitroben-

zene, 20 mL of perfluorocarbon was mixed intensely with

20 mL of p-chloronitrobenzene 20 mg/L aqueous solution.

The system was shaken for 10 min and allowed to separate.

The concentrations of the p-chloronitrobenzene in the

aqueous phase and methanol were analysed by HPLC.

Experiments of p-chloronitrobenzene recovery in perflu-

orocarbon were replicated at least five times. The average

rate of p-chloronitrobenzene recovery is 98.5%. RDS was

6.97%.

Results and Discussion

The perfluorocarbon was used as organic solvent loaded

ozone. It was connected with lower productivity of ozone

generator (T = 25�C, 48.82 mg O3/min, 0.05 m3/h) used

in our study. In all experiments the utmost concentration of

ozone in perfluorocarbon was amounted to maximum

61.94 mg O3/L (T = 25�C). At this condition, the highest

concentration of ozone in deionised water was only about

4.13 mg/L. On the other hand, the low concentration of

ozone measured in water was in proportion with lower

saturation of perfluorocarbon with oxidant. According to

literature data, the concentration of ozone in FC40 is

usually 12 times higher than in water (Bhattacharyya et al.

1995; Ward et al. 2003). Despite lowest saturation of both

phases with ozone, the ratio of [O3]perfluorocarbon/[O3]aqueous

obtained in our study is equal to 15. Therefore, the appli-

cation of perfluorocarbon seems to be a better solution for

aqueous systems.

The research found that ozone was strongly stabilized in

perfluorocarbon phase (Fig. 2). The measured concentra-

tion of ozone in perfluorocarbon was over 34.97 mg O3/L

after 2 h (i.e. about 58.07% of initial concentration), and

about 3 mg O3/L after 24 h from the saturation process. In

a parallel set of experiments with deionised water (pH 6.8),

after 3 h from saturation, ozone was not detected in

aqueous samples. It proves that application of perfluoro-

carbon in ozonation system causes considerable increase of

oxidant stability.

In conventional ozonation process, decay of ozone is

also strongly influenced by the pH of water solution

(Camel and Bermond 1998). Moreover, the rate of ozone

decomposition significantly increases in alkaline pH. As

result of pH rise, the decrease of ozone concentration in

perfluorocarbon/water phase is observed (Fig. 2). The

concentration of ozone in perfluorocarbon remained at

constant level (about 85% of initial concentration), while in

aqueous phase oxidant concentration was only 15% of

initial concentration at pH 2. The increase of pH value to 8

caused significantly higher losses of ozone, reaching about

40% after 2 h of contact time. Using the initial rate data

from pH experiments and assuming a first-order ozone

degradation rate in the perfluorocarbon/water (pH 6.8) two-

phase and single water phase (pH = 5.7), the first-order

ozonation rate constants were calculated by regression

analysis using Origin 8.0 soft and all the correlation

coefficients were larger than 0.9. The following ozone

degradation rate constant (k) were obtained 0.0035 and

0.019 min-1, respectively.

Since free radical scavengers exist naturally in water

systems (Bhattacharyya et al. 1995), it is imperative to

explore their effect on the new perfluorocarbon/water two-

phase ozonation system. An experiment following the
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previous conditions was performed with the addition of

20 mM NaHCO3 or 20 mg/L ter-butyl alcohol to the

aqueous phase to prove this theory. Figure 3 shows the

results obtained from the ozone decomposition experiment

with the presence of NaHCO3 or ter-butyl alcohol com-

pared to that of without free radical scavengers. The

additions of sodium bicarbonate or ter-butyl alcohol

slightly increased the ozone stability, with an ozone

decomposition of only 40% after 2 h.

The stirring speed was adjusted by electrical current and

was monitored by a tachometer. The stirring speed affects

directly on the mass transport of ozone and compounds

between water phase and perfluorocarbon phase. Effects of

stirring speed on ozonation of p-chloronitrobenzene in

perfluorocarbon/water two-phase system are shown in

Fig. 4. The results indicated that the degradation rate of

total p-chloronitrobenzene was increased with the improve-

ment of stirring speed. It was due to the increase of mass

transport of ozone and p-chloronitrobenzene in perfluoro-

carbon/water two-phase system when stirring speed was

accelerated. However, the concentration of ozone in water

phase and perfluorocarbon phase was decreased when

stirring speed elevated excessively in two-phase system

according to the laboratorial test. Therefore, the stirring

speed in perfluorocarbon/water two-phase system was

controlled at 300 rpm in this study.

The determination of the partitioning coefficient (Kd) is

important for understanding the degradation of the

p-chloronitrobenzene in a two-phase perfluorocarbon/water

system (Rivas et al. 2005). The experimentally determined

Kd value (perfluorocarbon/water at pH 6.8) is 3.12. It

suggested that p-chloronitrobenzene was mainly saved in

perfluorocarbon phase in two-phase system.

At the condition of 20 mg/L p-chloronitrobenzene at

various pH (2.0, 6.8 and 8.0 using NaOH and H2SO4 to

adjust pH), studies were performed to determine the effect

of the initial pH on the degradation of p-chloronitroben-

zene in conventional gas/water and perfluorocarbon/water

two-phase systems (Figs. 5, 6). Removal efficiency in

conventional gas/water system was significantly lower than

that of in perfluorocarbon/water two-phase system at same

initial pH in water. As in aqueous solution of pH 2, ozone

was very stable, low degradation rate (about 40%) for

p-chloronitrobenzene was connected to the absence of

hydroxyl radicals. The increase of ozonation efficiency to

74.4% ([O3]/[p-chloronitrobenzene] = 15.43) in conven-

tional gas/water ozonation system and to 79.5% ([O3]/

[p-chloronitrobenzene] = 2.58) after 10 min were observed

in perfluorocarbon/water two-phase system at pH 8.0.

Application of perfluorocarbon caused overly 5% increase of

process efficiency after 10 min of ozonation time compared

to conventional ozonation. Moreover, the amount of ozone

consumed for the degradation of p-chloronitrobenzene in

conventional gas/water system was 3–6 times higher than

that of in perfluorocarbon/water two-phase system (Fig. 6).
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in perfluorocarbon/water two-phase system
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The results showed that the perfluorocarbon/water system

required less O3 than that of the conventional gas/water

system. p-Chloronitrobenzene with high Kd is mainly reac-

ted with molecular ozone dissolved in perfluorocarbon phase

at pH 2.0. Both direct ozone reactions in organic solvent as

well as decomposition of ozone with the formation of

reactive hydroxyl radicals at the water/organic solvent

interface can occur at high pH in water/perfluorocarbon

loaded ozone system (Chang and Chen 1995). The appli-

cation of ozone-loaded system caused the increase of

p-chloronitrobenzene degradation rate and process effi-

ciency. It is in good agreement with the results previously

presented (Bhattacharyya et al. 1995) as well as confirmed

that compounds with high Kd react with molecular ozone

directly in organic solvent.

The changes of pH and TOC in water phase with reac-

tive time in perfluorocarbon/water two-phase ozonation

system are showed in Figs. 7, 8 respectively. The results

indicated that the initial pH and the degradation rate of

TOC in aqueous phase were decreased with the prolong of

reactive time in perfluorocarbon/water two-phase systems

at initial pH = 6.8. The oxidation efficiency of ozonation

in perfluorocarbon/water two-phase system was superior to

that of ozonation in conventional gas/water two-phase

system. It demonstrated that the intermediate oxidation

products of p-chloronitrobenzene include highly polar

acids which diffuse into the aqueous phase due to their high

solubility (Gromadzka and Wietlik 2007). Further research

is being conducted to characterize those organic acid

intermediates.

Under the condition of initial pH 6.8, p-chloronitro-

benzene 20 mg/L, 20 mM NaHCO3 was used as free rad-

ical scavengers to investigate the effects on ozonation of

p-chloronitrobenzene in gas/water and perfluorocarbon/

water system (Fig. 9). The results showed that NaHCO3

had slightly influence on the degradation of p-chloroni-

trobenzene in perfluorocarbon/water system, but had

obviously adverse effect the degradation of p-chloronitro-

benzene in conventional gas/water. It demonstrated that

p-chloronitrobenzene was mainly reacted with molecular

ozone dissolved in perfluorocarbon phase, and could be

selectively oxidized in organic solvent loaded ozone sys-

tem (Gromadzka and Wietlik 2007).
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The volume of p-chloronitrobenzene aqueous solution

was regulated in order to investigate the effects of the

initial molar ratio of O3/p-chloronitrobenzene (M) on

ozonation of p-chloronitrobenzene in perfluorocarbon/

water two-phase system (Fig. 10). In this experiment, the

initial amount of ozone loaded in perfluorocarbon phase,

the concentration of p-chloronitrobenzene in water (20 mg/

L) and pH 6.8 were unchanged. The results indicated that

the degradation rate of p-chloronitrobenzene was increased

with the increase of initial M value in perfluorocarbon/

water two-phase system. It demonstrated that the effective

number of double bonds oxidized by each ozone molecule

was higher at low reactant concentrations than that of at

high reactant concentrations (Anthony et al. 2008).

In conclusion, the application of perfluorocarbon

induced the increase of ozone solubility and stability. The

influence of different pH values on ozone stability in per-

fluorocarbon was noteworthy. As results of pH rise, the

decrease of ozone concentration were observed in perflu-

orocarbon phase. The amount of ozone consumed during

oxidation of studied p-chloronitrobenzene was significantly

lower in perfluorocarbon/water two-phase ozonation than

that of in conventional gas/water ozonation system. The

oxidation efficiency of ozonation in perfluorocarbon/water

two-phase system was superior to that of ozonation in

conventional gas/water two-phase system. NaHCO3 had

slightly influence on the degradation of p-chloronitroben-

zene in perfluorocarbon/water loaded ozone two-phase

system, but had obviously adverse effect the degradation of

p-chloronitrobenzene in conventional gas/water two-phase

ozonation system. p-Chloronitrobenzene was mainly reac-

ted with molecular ozone dissolved in perfluorocarbon

phase, and could be selectively oxidized in water/perflu-

orocarbon loaded ozone two-phase system. The degrada-

tion rate of p-chloronitrobenzene was increased with the

increase of initial M value in perfluorocarbon/water two-

phase system.
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Milena GM, Daniele MB, Márcia D (2008) Degradation and

estrogenic activity removal of 17b-estradiol and 17a-ethinylest-

radiol by ozonation and O3/H2O2. Sci Total Environ

407:105–115

Pera-Titus M, Garcia-Molina V, Banos MA, Gimenez J, Esplugas S

(2004) Degradation of chlorophenols by means of advanced

oxidation processes: a general review. Appl Catal B Environ

47:219–256

Reungoat J, Macova M, Escher BI, Carswell S, Mueller JF, Keller J

(2010) Removal of micropollutants and reduction of biological

activity in a full scale reclamation plant using ozonation and

activated carbon filtration. Water Res 44:625–637

Rivas FJ, Beltran FJ, Acedo B, Garcia Araya JF, Carbajo M (2005)

Kinetics of the ozone-p-chlorobenzoic acid reaction. Ozone Sci

Eng 27:3–9

Rosenfeldt EJ, Linden KG (2007) The R-OH, R-UV concept to

characterize and the model UV/H2O2 process in natural waters.

Environ Sci Technol 41:2548–2553

Walker GM, Kasem KF, O’Toole SJ, Watt A, Skeoch CH, Davis CF

(2003) Early perfluorodecalin lung distension in infants with

congenital diaphragmatic hernia. J Pediatr Surg 38:17–20

Ward DB, Tizaoui C, Slater MJ (2003) Ozone-loaded solvents for use

in water treatment. Ozone Sci Eng 25:485–495

0

10

20

30

40

50

60

70

80

90

20:1 15:1 10:1 5:1 2.5:1

M (mol/mol)

p-
C

hl
or

on
itr

ob
en

ze
ne

 d
eg

ra
da

tio
n 

(%
)

Fig. 10 The initial M values versus degradation of p-chloronitro-

benzene in perfluorocarbon/water two-phase system

302 Bull Environ Contam Toxicol (2011) 87:297–302

123


	Degradation p-Chloronitrobenzene in Ozone-loaded System with Perfluorodecalin Solvent
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


