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Abstract: A highly selective and sensitive catalytic spectrophotometric method 
was developed for the determination of nitrite in water samples. The method is 
based on its catalytic effect on the nuclear fast red–potassium bromate redox 
reaction in acidic medium. The reaction was followed spectrophotometrically 
by measuring the change in the absorbance at 518 nm of nuclear fast red 5 min 
after initiation of the reaction. In this study, the experimental parameters were 
optimized and the effects of other cations and anions on the determination of 
nitrite were examined. The calibration graph was linear in the range 2.0–45 µg 
mL-1 of nitrite. The relative standard deviations for the determination of 15 and 
30 µg mL-1 of nitrite were 3.1 and 1.75 %, respectively (n = 8). The detection 
limit calculated from three times the standard deviation of the blank 3Sb was 
0.7 µg mL-1. The method was successfully applied to the determination of 
nitrite in spiked tap, natural and wastewater samples. 
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INTRODUCTION 

The determination of nitrite is of increasing interest in a variety of fields, 
such as food, water and environmental samples. Nitrite and nitrate ions partici-
pate in several important environmental transformations involving nitrogen. The 
toxicity of nitrite is primarily due to the fact that it can react with secondary or 
tertiary amines present in the human body to form nitrosamines, which are 
known to be carcinogens and mutagenic.1–3 It is well known that the nitrite ion is 
an important intermediate in the biological nitrogen cycle and is present in soils 
and surface water.4 Nitrite salts are versatile chemical agents that have found nu-
merous applications, such as in dye manufacture, the food industry and corrosion 
inhibition of industrial process water.5 
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As nitrite shows potential toxicity by forming carcinogenic nitrosamines, the 
determination of nitrite is important in environmental protection and public 
health. Therefore, many methods for nitrite determination have been developed 
in recent years, such as kinetic methods,6,7 chromatography,8,9 potentiomet-
ry,10,11 amperometry,12 polarography,13 capillary electrophoresis,14 spectropho-
tometry15 and flow injection analysis (FIA) systems.16 However, these methods 
have the disadvantage of the employment of large volumes of toxic reagents, low 
sample frequency, application of complicated flow injection systems, poor repro-
ducibility, expensive and time-consuming separation procedures and, for certain 
methods, the requirement of high temperatures.17,18 

Kinetic methods19,20 can be implemented on very simple, inexpensive equip-
ment and provide for low level determinations comparable to those typically of-
fered by much more expensive techniques, such as inductively coupled plasma, 
atomic emission spectrometry (ICP-AES) or electro thermal atomic absorption 
spectrometry (ETAAS). In this paper, a simple, sensitive, and highly selective 
catalytic method for the determination of nitrite based on its catalytic effect on 
the redox reaction of nuclear fast red–potassium bromate is described. 

EXPERIMENTAL 

Reagents and solutions 

All employed reagents were of analytical-reagent grade and double distilled water 
(DDW) was used throughout. Nuclear fast red (Aldrich), potassium bromate and sulfuric acid 
(Merck) were used without further purification. A nitrite stock solution 100 mg L-1 was fresh-
ly prepared before each measurement by dissolving 0.1500 g sodium nitrite (Merck) in 1000 
mL water. This solution was transferred into a brown bottle and stored under diffused sun-
light. A bromate solution (0.25 mol L-1) was prepared by dissolving 4.1752 g of KBrO3 in wa-
ter in a 100 mL volumetric flask. A nuclear fast red solution (5×10-4 mol L-1) was prepared by 
dissolving 0.0178 g of nuclear fast red in water and diluting with water in a 100 mL volu-
metric flask. A sulfuric acid solution (2 mol L-1) was prepared by diluting an appropriate vo-
lume of concentrated acid. Stock solutions interfering ions, 1000 μg mL-1, were prepared by 
dissolving appropriate amounts of their suitable salts in water. 

Apparatus 

A UV-visible spectrophotometer (Shimadzu) was used for recording and measuring the 
absorbance at 518 nm. A Colora C-1668 thermostat, in which the temperature could be fixed 
to within ±0.10 °C, was used for maintaining the temperature. 

Procedure 

To a series of 10 mL volumetric flasks, 2.0 mL of 5.0×10-4 mol L-1 nuclear fast red 
solution, 1 mL of 2.0 mol L-1 sulfuric acid and 1.0 mL of different concentrations of nitrite 
were added in sequence. Then 2.0 mL of 0.2 mol L-1 bromate solution was added and the 
solution was diluted to the mark with DDW and the solution was mixed well. The zero time 
was taken as the moment at which the last drop of bromate solution was added. After 5 min, a 
portion of the solution was transferred into a 1.0 cm quartz cell and the absorbance was 
measured against DDW at 518 nm (AS). The blank reaction was performed according to the 
same procedure without addition of nitrite and the change in absorbance was labeled as A0. A 
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standard curve showing the difference in absorbance between As and A0 (ΔA) vs. the nitrite 
concentration was obtained. For each sample and blank, five replicate determinations were 
made and the mean signals were used. The catalytic and non-catalytic reactions (blank reac-
tion) were simultaneously measured. 

RESULTS AND DISCUSSION 

Absorption spectra 

Nuclear fast red, NFR, is a dye with an absorption spectrum in acidic me-
dium that shows an absorbance maximum at 518 nm. In acidic medium, nuclear 
fast red is oxidized by bromate to produce a colorless compound. However, in 
the absence of nitrite, the reaction between nuclear fast red and bromate is slow 
and in the presence of trace amounts of nitrite, the rate of reaction is increased. 
This oxidation process was observed by the decrease in absorbance of the charac-
teristic band for nuclear fast red. The catalytic effect of nitrite on the reaction was 
monitored spectrophotometrically by measuring the change in absorbance of nuc-
lear fast red at 518 nm with time. The possible mechanism of the nuclear fast red 
reaction in its simplest form may be represented by the following reactions: 
 BrO3− +H+ + NFR(Red) → Br− + NFR(Ox) (1) 
 BrO3− +H+ + Nitrite → Br− + NO3– +H2O (2) 
 BrO3− +H+ +Br− → Br2 +H2O (3) 
 Br2 +H+ + NFR(Red) → Br− + NFR(Ox) (4) 
where Red is the reduced form and Ox is the oxidized form of nuclear fast red. 
Reaction (1) is slow in the absence of nitrite, BrO3

− oxidizes nuclear fast red to 
produce a small reduction in the absorbance of dye. When nitrite is added to this 
system, reactions (2) and (3) are very fast and the Br2 generated in situ in this 
system is a nascent oxidant.21 To determine the optimum experimental condi-
tions, several parameters having the biggest influence on the rate of reaction, i.e., 
time of reaction, temperature, sulfuric acid concentration, bromate concentration 
and concentration of nuclear fast red, were studied. 

Effect of reaction time 

As shown in Fig. 1, when the reaction time was between 0 and 5 min, ΔA (As – 
– A0) was a linear function of the reaction time. After 5 min, ΔA changed very 
slowly with elapsed time; ΔA was first stable and then showed a decreasing ten-
dency. The change in absorbance, ΔA, reached its maximum in 5 min. Therefore, 
a fixed time of 5 min was applied for all the experiments because the highest ΔA 
was obtained after this time (see Fig. 1). 

Effect of reaction variables 

In order to find the optimal conditions for the catalytic determination of nit-
rite, the effects of acids and acidity, the concentration of the reagents, interfering 
ions and temperature were examined, in both the catalyzed and uncatalyzed 
reactions. 
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Fig. 1. Effect of time on ΔA. 

Effect of acidity. Since the reaction proceeds in acidic media, the effect of the 
type and concentration of acid on the reaction rate was studied. The effects of 
various types of acids, i.e., sulfuric, hydrochloric, phosphoric and nitric acid, of 
similar concentration were studied and sulfuric acid was selected. The effect of 
acidity was studied by varying the volume of the employed 2.0 mol L–1 sulfuric 
acid solution between 1.0–5.0 mL. The results showed that with increasing aci-
dity, the sensitivity of the determination of nitrite decreased. Therefore, 1.0 mL 
of sulfuric acid was chosen for further studies. 

Optimization of the concentrations of the reagents. The effect of the nuclear 
fast red concentration on the reaction rate is shown in Fig. 2. When the nuclear 
fast red concentration was increased in the range 5.0×10–6 to 2.0×10–4 mol L–1, 
the difference in the absorbance (ΔA) increased. A concentration of 1.0×10–4 mol 
L–1 of nuclear fast red in the final solution was selected. At higher concentrations 
of nuclear fast red, the absorbance of the solution became too high (see Fig. 2). 

 
Fig. 2. Effect of the nuclear fast red concentration on ΔA. Conditions: 10 μg mL-1 nitrite; 

0.20 mol L-1 sulfuric acid; 0.020 mol L-1 potassium bromate; 
temperature: 25 °C; reaction time: 5 min. 

The influence of bromate concentration on the reaction rate was also studied 
by adding different concentration of the potassium bromate and applying the re-
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commended procedure. A concentration of 0.040 mol L–1 of potassium bromate 
in final solution gave the highest ΔA and was selected for further work (see Fig. 3). 

 
Fig. 3. Effect of the potassium bromate concentration on ΔA. Conditions: 10 µg mL-1 nitrite; 

0.20 mol L-1 sulfuric acid; 1.0×10-4 mol L-1 nuclear fast red, 
temperature: 25 °C; reaction time: 5 min 

Effect of temperature. The effect of temperature on the sensitivity was exa-
mined in the range of 20–50 °C. At high temperatures, the absorbance difference 
(ΔA) decreased. At temperatures from 20 to 25 °C, the highest absorbance dif-
ference (ΔA) was obtained. In this study, the laboratory temperature (25±0.1 °C) 
was used for further experiments. 

Effect of interfering ions. To study the selectivity of the proposed method, 
the interference of several ions that could occur in real water samples besides 
nitrite was studied by adding various concentrations of the different ions to a so-
lution containing 20 µg mL−1 of nitrite. The results are summarized in Table I. 
The tolerance limit was defined as the concentration of added ion causing a rela-
tive error less than 3 %. The results indicate that most of common anions and 
cations did not interfere in the determination of nitrite by the proposed method. 

TABLE I. Interference of various ions in the determination of 20 µg mL–1 of nitrite 

Tolerance ratio Ions 
1000 K+, Ca2+, Na +, Cl-, Cd2+, Mg 2+, NH4

+, IO3
-, NO3

-, PO4
3-, Cr3+, Mn2+ 

500 Cu2+, Ni2+, Zn2+, Co2+, Li+, Sn2+, CH3COO-, Pb 2+, F- 

Calibration graph and precision 

A calibration graph was obtained by plotting ΔA vs. the nitrite concentration 
using the developed method under the optimal conditions. From the results of the 
experiments, 5 min was chosen as the optimal time because it provided the best 
correlation coefficient and sensitivity. The calibration graph was linear in the 
range of 2.0–45 µg mL–1 of nitrite ions. The equation of the line was y = 0.0046 + 
+ 0.014c, where y is ΔA, and c is the concentration of nitrite in µg mL–1, with a 
correlation coefficient r = 0.997. The correlation coefficient indicates a good 
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linear correlation between ΔA and the concentration of nitrite. Each point in the 
calibration graph was the average of five replicates. The experimental limit of 
detection (3Sb/m, three times the blank standard deviation divided by the slope of 
the equation) was 0.70 µg mL–1 and LOQ of the proposed method was 2.5 µg 
mL–1. The relative standard deviation for 5 replicate determinations of 15 and 35 
µg mL–1 of nitrite were 3.1 and 1.75 %, respectively. 

Analytical applications 

The proposed method was applied for the determination of nitrites in some 
natural waters. The samples were collected from the city of Semnan, Iran, and its 
surroundings. The river water sample was sampled at the Heshmat River (North 
of Iran)and the tap water sample was obtained from local pipes. All samples were 
filtered through a 0.45 μm filter (glass fiber) to remove the suspended solids and 
then stored in clean polyethylene bottles. When water samples spiked with nitrite 
standards of different concentrations were treated by the proposed method, the 
recoveries were all in the range of 97–99 %, with a RSD of 1.0–4.0 %. The 
characteristics of the tap water samples are given in Table II. The determination 
results and recoveries are listed in Table III. They show good accuracy in 
comparison to the standard method.22 

TABLE II. Some parameters of the tap water sample 

pH 7.6 
Turbidity (NTU) 0.3  
Conductivity, S cm-1 670  
Total dissolved solid, mg/L 374  
Alkalinity, mg/L 140  

TABLE III. Determination of nitrite in various samples 

Sample 
Nitrite added 

µg mL–1 
Proposed methoda 

µg mL–1 
Standard method24 

µg mL–1 
Recovery 

% 
Tap water – 

12.0 
Trace (< 2) 

11.8 
Trace (< 2) 

11.9 
– 

98.3 
Waste waterb – 

10.0 
20.0 

2.54 
12.31 
22.43 

2.63 
12.46 
22.50 

– 
97.5 
99.5 

River water  – 
10.0 
20.0 

Trace (< 2) 
9.86 
19.8 

Trace (< 2) 
9.90 
19.9 

– 
98.6 
99.0 

a
Mean of four determinations; 

b
Semnan University wastewater 

CONCLUSIONS 

Nitrite, formed during the biodegradation of nitrate and ammoniacal nitrogen 
or nitrogenous organic matter, is an important indicator of fecal pollution of na-
tural water. The determination of nitrite is of general importance because of its 
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harmful impact on human health. In comparison with the high cost techniques for 
nitrite determination, the present paper describes a low-cost, very simple, selec-
tive and highly sensitive method for the determination up to 2.0–45 µg mL–1 of 
nitrite with a detection limit of 0.70 µg mL–1. In addition, the new proposed 
method involves neither solvent extraction23 nor requires any separation or pre-
concentration steps, nor critical control of pH24 or temperature25 nor employs 
sophisticated instruments26 and can be directly applied for the determination of 
nitrite in tap, natural and industrial waste water samples. In practice, the system 
showed high tolerance to interference from matrix elements. The results pre-
sented in this paper clearly demonstrate that the proposed method is sensitive, 
simple and selective and that it can also be conveniently applied for the analysis 
of different water samples. 

Acknowledgements. The authors are thankful to the Semnan University Research Council 
for the support of this work. 

И З В О Д  

СПЕКТРОФОТОМЕТРИЈСКО ОДРЕЂИВАЊЕ НИТРИТА ЗАСНОВАНО НА 
ЊЕГОВОМ КАТАЛИТИЧКОМ ЕФЕКТУ НА РЕАКЦИЈУ ИЗМЕЂУ 

НУКЛЕАРНО БРЗО ЦРВЕНОГ И НАТРИЈУМ-БРОМАТА 

HASSAN ZAVVAR MOUSAVI1 и HAMID SHIRKHANLOO2 

1Chemistry Department, College of Sciences, Semnan University, Semnan и 2Research Institute 
of Petroleum Industry, Medical Industrial Laboratory, Tehran, Iran 

Развијена је високоселективна и осетљива каталитичка спектрофотометријска метода за 
одређивање нитрита у узорцима воде. Метода је заснована на каталитичком ефекту нитрита 
на нуклеарно брзо црвено–натријум-бромат редокс реакцији у киселој средини. Реакција је 
праћена спектрофотометријски, мерењем промене абсорбанције нуклеарно брзо црвеног на 
418 nm, 5 min након почетка реакције. Испитивањем су оптимизовани експериментални 
параметри и утврђен ефекат других катјона и анјона на одређивање нитрита. Калиграциони 
график је линеаран у области концентрације нитрита 2,0–45 µg mL-1. Релативно стандардно 
одступање за одређивање 15 и 30 µg mL-1 нитрата износило је 3,1 и 1,75 %, редом (n = 8). 
Граница детекције израчуната из троструког стандардног одступања слепе пробе, 3Sb, 
износила је 0,70 µg mL-1. Метода је успешно примењена за одређивање  нитрита у узорцима 
бунарске, природне и отпадне воде. 

(Примљено 16. јануара, ревидирано 24. априла 2009) 

REFERENCES 

1. M. Masuda, H. F. Mower, B. Pignatelli, I. Celan, M. D. Friesen, H. Nishino, H. Ohshima, 
Chem. Res. Toxicol. 13 (2000) 301 

2. J. G. Henery, G. W. Heinke, Environmental Science and Engineering, 2nd ed., Prentice 
Hall, New Jersey, 1996 

3. R. D. Cox, C. W. Frank, J. Anal. Toxicol. 6 (1982) 148 
4. J. Davis, K. J. McKeegan, M. F. Cardosi, D. H. Vaughan, Talanta 50 (1999) 103 
5. J. L. Manzoori, M. H. Sorouraddin, A. M. Haji-Shabani, Talanta 46 (1988) 1379 

2009 Copyright (CC) SCS
_______________________________________________________________________________________________________________________________________________

Available online at www.shd.org.rs/JSCS



992 MOUSAVI and SHIRKHANLOO 

6. M. A. Koupparis, K. M. Walczak, H. V. Malmstadt, Analyst 107 (1982) 1309 
7. B. Liang, M. Iwatsuki, T. Fukasawa, Analyst 119 (1994) 2113 
8. S. B. Butt, M. Riaz, M. Z. Iqbal, Talanta 55 (2001) 789 
9. D. C. Siu, A. Henshall, J. Chromatogr. A 604 (1998) 157 

10. J. Z. Li, X. C. Wu, R. Yuan, H. G. Lin, R. Q. Yu, Analyst 119 (1994) 1363 
11. U. Schaller, E. Bakker, U. E. Spichiger, E. Pretsch, Talanta 41 (1994) 1001 
12. M. Bertotti, D. Pletcher, Anal. Chim. Acta 337 (1997) 49 
13. M. I. N. Ximenes, S. Rath, F. G. R. Reyes, Talanta 51 (2000) 49 
14. N. O. Ztekin, M. S. Nutku, F. B. Erim, Food Chem. 76 (2002) 103 
15. T. Kawakami, S. Igrashi, Anal. Chim. Acta 333 (1996) 175 
16. R. Andradea, C. O. Viana, S. G. Guadagnin, F. G. R. Reyesb, S. Ratha, Food Chem. 80 

(2003) 597 
17. M. Mir, W. Frenzel, V. Cerda, J. M. Estela, Anal. Chim. Acta 437 (2001) 55 
18. S. Motomizu, S. C. Rui, M. Oshima, K. Toei, Analyst 112 (1987) 1261 
19. H. A. Mottola, D. Perez-Bendito, Anal. Chem. 68 (1996) 257 
20. M. Shamsipur, M. F. Mousavi, Iranian J. Chem. Chem. Eng. 14 (1995) 1 
21. X. Zheng, M. Yang, Z. Zhang, Acta Chim. Sin. 59 (2001) 945 
22. Official Method of Analysis of the Association of Official Analytical Chemists, 15th ed., K. 

Helrich, Ed., Association of Official Analytical Chemists, Arlington, VA, 1990 
23. A. Afkhami, T. Madrakian, A. Maleki, Anal Biochem. 347 (2005) 162 
24. A. Chaube, A. K. Baveja, V. K. Gupta, A. K. Baveja, V. K. Gupta, Talanta 31 (1984) 391 
25. Q.-F. Wu, P.-F. Liu, Talanta 30 (1983) 374 
26. A. Kazem Zadeh, A. A. Ensafi, Microchem. J. 69 (2001) 159. 

2009 Copyright (CC) SCS
_______________________________________________________________________________________________________________________________________________

Available online at www.shd.org.rs/JSCS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




