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RESEARCH REGARDING THE INFLUENCE OF CERTAIN PESTICIDES
ON SOME PHYSIOLOGICAL INDICESAT Carrasius auratus gibelio Bloch 1758
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Abstract. Many researches in the field of biological effects of pollution are directed towards detection of functional changes of the
animal body amid the action of some chemical agents resulting from industrial technological processes or used in agriculture, that are
then collected by inland waters. In this study we determined the variation of some physiological indices, such as oxygen
consumption, respiratory rate, blood glucose and erythrocytes under the action of the insecticide Calypso 480 SC and Decis 50 EW la
Carassius auratus gibelio Bloch. The highest variations in the physiological indices in percentage terms were reported in: oxygen
consumption, which increased by 116.69% in 24 hours compared with the control value, recording the value 119.834 ml
oxygen/kg/hour as compared to 55.302 ml oxygen/kg/hour at the concentration of 0.00015 ml/I Decis 50 EW and blood glucose,
where the values increased significantly by 106.45%, as well as 100% at the concentrations of 0.02 and 0.025 ml/l Calypso 480 SC.

Keywords: pesticides, physiological indices, exposure time, concentration, poikilothermic.

Rezumat. Cercetéri privind influenta anumitor pesticide asupra unor indici fiziologici la Carrasius auratus gibelio
Bloch 1758. Numeroase cercetiri in domeniul efectelor biologice ale poluirii mediului sunt orientate spre decelarea modificirilor
functionale ale organismului animal pe fondul actiunii unor agenti chimici rezultati din procesele tehnologice industriale sau utilizati
in agriculturi, care sunt colectati apoi de citre apele interioare. Tn prezentul studiu s-a determinat variatia anumitor indici fiziologici,
cum ar fi: consumul de oxigen, ritmul respirator, glicemia si numarul de eritrocite, sub actiunea insecticidului Calypso 480 SC si
Decis 50 EW la Carassius auratus gibelio Bloch. Cele mai mari variatii ale indicilor fiziologici din punct de vedere procentua au
fost semnalate la consumul de oxigen, care a crescut cu 116,69% la 24 de ore comparativ cu valoarea martor inregistrand valoarea de
119,834 ml oxigen/kg/ora fatd de 55,302 ml oxigen/kg/ora la concentratia de 0,00015 ml/lI Decis 50 EW si glicemie unde valorile au
crescut semnificativ cu 106,45%, respectiv 100% la concentratiile de 0,02 si 0,025 ml/l Calypso 480 SC.

Cuvinte cheie: pesticide, indicifiziologici, perioada de expunere, concentratie, poikiloterme.

INTRODUCTION

Worldwide, there are used between 5 and 10 million tons of pesticides (integrated in approximately 1000
formulas) with a total value of 16.3 million dollars; of this amount, about 70% are used in agriculture and the remaining
30% in other activities (including household consumption, among others) (REPETTO, 1995; OSSUNA et d., 1997).

Despite today's technology development and emergence of the second and the third generations of pesticides,
all these products present, inherently, a certain degree of toxicity to living organisms. Unfortunately, the selectivity of
"target” species is not well establishedand the "non-target" species are frequently affected due to the similarity of
physiological and / or biochemical systems to those of the "target" species.

It is estimated that only 0.1% of the pesticides applied on an agricultural area reach the "target” organisms,
while 99.9% are dispersed in the surrounding environment, representing a potential risk to neighbouring ecosystems
(REPETTO, 1995).

Because fish are good indicators of water pollution level compared to other aquatic organisms, so that most
researches on the assessment of toxicity of various chemicals were conducted on different species of fish.

In case of fish exposure to pesticides, GRAY & SODERLUND (1985) reports a series of physiological and
biochemical responses, such as cardio-respiratory changes, as well as blood chemical parameter changes (increased
glucose, lactate, epinephrine, norepinephrine, oxygen consumption).

Fish change their energy metabolism in the meaning of consuming a higher amount of energy to alleviate toxic
stress (FERRANDO & MOLINER, 1992), which resultsin the improvement of oxygen use on hypoxia and even anoxia
conditions.

The information in the specialized literature shows that fish were the most researched in terms of haematology
(MOTELICA et al., 1965).

Regarding haematological indices, we find out from the speciaized literature that the erythrocytes a the trout
poisoned for 96 hours with cypermethrin in concentration of 3.14 pg/l did not change significantly (VELISEK et d., 2006).

Of a particular interest in the field of biological effects of water pollution are, during the past few years, the
researches made to reflect the physiological changes in the aguatic organisms under the action of various chemical
organic and inorganic agents (PORA & NITU, 1952; WOHLSCHLAG et ., 1968; McLEOD & PRESSAH, 1973).

The lack of results on the change of certain physiological indices at the crucian under the action of insecticides
Calypso 480 SC and Decis 50 EW motivated us to make different researches on some physiological parameters such as
oxygen consumption, respiratory rate, erythrocytes and blood glucose.
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MATERIAL AND METHODS

In the researches, there were used specimens of the Carassius auratus gibelio originating from Oesti,
Cerbureni, Budeasa and Citeasca lakes, weighing 3-20 g.

The preparation of the experimental animals was made in such a way that, prior to experimentation, an
"acclimation" will be achieved (FRY, 1967) for each lot at such temperature (for 1 week) (AT = ET).

During the performance of the experiments, temperature was 18-20 °C and lighting was 8-12 hours.

Thus, in al cases, there have been avoided possible influences of some factors indifferent for the goals of such
an experiment. It was particularly avoided the "negative" influence (in the sense of a "hypometabolic" effect) of low
concentrations of oxygen dissolved in water, the oxygen consumption being provided (in preliminary "optimization"
determinations) not to exceed 25-30% of the total amount existing at the beginning of the experiment.

The specimens used in different experimental variants were selected and sorted by weight categories, in order
to avoid, or, on the contrary to highlight the effect of individual factor of body weight. Choosing specimens and
establishment of experimental groups were made with great care and were used only healthy and proper-looking fish.

The specimens were divided into the following lots:
Control group consisting of 10 specimens
Group 1 consisting of 10 specimens treated with the insecticide Calypso 480 SC with a concentration of 0.025 ml/I;
Group 2 consisting of 10 specimens treated with the insecticide Calypso 480 SC with a concentration of 0.02 ml/I;
Group 3 consisting of 10 specimens treated with the insecticide Calypso 480 SC with a concentration of 0.15 ml/I;
Group 4 consisting of 10 specimens treated with the insecticide Decis 50 EW with a concentration of 0.00015 mi/I;
Group 5 consisting of 10 specimens treated with the insecticide Decis 50 EW with a concentration of 0.00012 mi/I;
Group 6 consisting of 10 specimens treated with insecticide Decis 50 EW with a concentration of 0.0001 ml/I;

For each specimen of the 7 groups there were determined the oxygen consumption and respiratory rate at 24,
48, 72, 96, 168 and 336 hours and, after that, erythrocytes were counted and blood glucose was determined.

The determination of oxygen consumption was performed through Winkler classical method or confined space
method (PICOS & NASTASESCU, 1988).

The measurement of the respiratory rate was achieved by a procedure indicated by PORA & NITU (1952)
during the restraint of fish for carrying out the Winkler method (PICOS & NASTASESCU, 1988); successive
determinations of this index were performed (using a timer), until three similar values have been obtained (their
arithmetic average representing their respiratory rate at that time).

The determination of the blood glucose was done using an Accutrend GCT device, alowing the measurement of its
vauein blood drop sampled from the caudal artery (PICOS & NASTASESCU, 1988), in avery short period of time.

The determination of erythrocytes was performed using a Thoma counting chamber through the method
described by PICOS & NASTASESCU (1988), from blood taken from the caudal artery.

RESULTSAND DISCUSSION

The analysis results registered at oxygen consumption amid the action of insecticide Calypso 480 SC in
concentrations of 0.025, 0.02 and 0.015 ml/I towards the control are shown in figure 1.
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Figure 1. The influence of Calypso insecticide on the oxygen consumption at Carassius auratus gibelio Bloch.

At the concentration of 0.025 ml/I Calypso, oxygen consumption increased by 49.88% for 72 hours compared
to the control value recording the value of 89.332 ml oxygen/kg/hour compared to 59.601 ml oxygen/kg/hour.

Studying the variation of oxygen consumption at the concentration of 0.02 ml/I Calypso, it is hoted an increase
in the oxygen consumption value of 31.85% to 168 hours compared with the control value of 107.778 ml
oxygen/kg/hour compared to 69.16 ml oxygen/kg/hour.

Increases in oxygen consumption under the influence of insecticides are highlighted in the reference literature
at the crucians exposed to the action of insecticide Talstar One on the first three concentrations tested (0.000625,
0.00125 and 0.0025 ml/I water); thus, there were identified increases of oxygen consumption in the first step
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(PONEPAL et al., 2010) — its duration ranging between 96 and 24 hours after exposure, the most important
intensification of energy metabolism being registered 24 hours after the exposure to the insecticide in the concentration
of 0.0025 ml/l water (45.2% higher compared to the value registered prior to the introduction of fish in the toxic area) .

Reviewing the results registered in case of another index - respiratory rate, we find out that under the action of
Calypso insecticide towards the control group, it decreases significantly at al concentrations of the insecticide
researched (Fig. 2).

The lowest value of the respiratory rate was 48 breaths/minute in 48 hours, at the concentration of 0.015 ml/I
towards the control value of 77.66 breaths/minute (Fig. 2).

The respiratory rate decreased by: 38.2% (48 breaths/minute towards the control value of 77.66
breaths/minute) at 0.015 mil/l after 48 hours, 34.33% (51 breaths/minute towards the control value of 77.66
breaths/minute) at 0.025 ml/l after 48 hours and 33.05% (52 breaths/minute towards the control value of 77.66
breaths/minute) at 0.02 ml/I after 48 hours.

These decreases of the respiratory rate are considered to be caused by the mucus placed on the gill, as a
reaction to atoxic substance (SCHAUMBURG et dl., 1967).
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Figure 2. The influence of Calypso 480 SC insecticide on the respiratory rate at Carassius auratus gibelio Bloch.
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Figure 3. The influence of Calypso 480 SC insecticide on the blood sugar at Carassius auratus gibelio Bloch.

The blood glucose values shown in figure 3 reveal some interesting facts; we find out that, under the action of
the insecticide Calypso 480 SC, the blood glucose values are significantly increased at the concentrations of 0.02 and
0.025 ml/I by 106.45%, as well as 100%.

Hyperglycaemia at fish in stress conditions was reported by many authors to different species (BLANCHARD
et a., 1993; WINBERG & NILSSON, 1993).

Increases of blood glucose levels were also reported by VELISEK et a. (2009) to trout, as a response to
metabolic stress induced by the action of the insecticide Talstar 10 EC.
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Returning to the erythrocytes, we notice in (Fig. 4) that, under the action of the insecticide Calypso 480 SC, a
significant decrease in the erythrocytes to all concentrations takes place, so that the lowest value is 255,000 erythrocytes
/ml erythrocytes, 36.25% lower than the control value (400,000 erythrocytes/ml) at the concentration of 0.025 ml/I.

Decrease in the erythrocytes at the carps intoxicated with pyrethroid insecticides (permethrin and
cypermethrin) was also developed by SYOBODOVA et d. (2003) and DORUCU & GIRGIN (2001), being attributed
to the dysfunction of haematopoiesis.

Further, the same physiological indices will be established to the specimens exposed to the action of the
insecticide Decis 50 EW, at the concentrations mentioned in the experimental protocol.
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Figure 4. The influence of Calypso 480 SC insecticide on the number of erythrocytes at Carassius auratus gibelio Bloch.

Taking into discussion the results registered in the oxygen consumption against the action of the insecticide Decis 50
EW in concentrations of 0.00015, 0.00012 and 0.0001 ml/I compared to the control group, it is found a significant increase in
the oxygen consumption at the concentration of 0.00015 ml /1 and 0.00012 ml / shown in figure 5).
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Figure 5. The influence of Decis 50 EW insecticide on the oxygen consumption at Carassius auratus gibelio Bloch.

At the concentration of 0.00015 ml/I Decis 50 EW, the oxygen consumption increased by 116.69% at 24 hours
compared to the control value of 119.834 ml oxygen/kg/hour compared to 55.302 ml oxygen/kg/hour.

A pretty significant increase in the oxygen consumption, but lower than that in the concentration of 0.00015
ml/l was also detected at the concentration of 0.00012 ml/l Decis 50 EW where the percentage increase was 97.25% at
48 hours (oxygen consumption value registered was 15.242 ml oxygen/kg/hour compared to the control value of 58.423
ml oxygen/kg/hour).

The concentration of 0.0001 ml/I Decis 50 EW has not significantly influenced the consumption of oxygen.

Increases in oxygen consumption under the influence of insecticides are highlighted in the reference literature
at the specimens exposed to the action of the insecticide Talstar One on the first three concentrations tested (0.000625,
0.00125 and 0.0025 ml/I water); there were revealed increases of oxygen consumption in the first step (PONEPAL et
al., 2010) — its duration ranging between 96 and 24 hours after the exposure, the most important intensification of
energy metabolism being registered 24 hours after the exposure to the insecticide in the concentration of 0.0025 ml/I
water(45.2% higher compared to the value registered prior to the introduction of fish in the toxic area).
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Figure 6. The influence of Decis 50 EW insecticide on the respiratory rate at Carassius auratus gibelio Bloch.

Following the analysis of figure 6, we find that, under the action of the insecticide Decis 50 EW at the
concentration of 0.00015 ml/l, there was a decrease in the respiratory rate in the first 72 hours, the lowest value (50.5
breathg/minute) being recorded within 24 hours of immersion (34.7% lower than the control value of 77.33
breaths/minute). Then, from 96 to 336 hours, the respiratory rate values were much higher than the control value (the
highest value being recorded to 96 hours, 41.89% higher). At the other concentrations of 0.00012 and 0.0001 ml/l, the
respiratory rate increased significantly at 24 hours and then from 48 to 336 hours, it significantly decreased; the lowest
value is 35.88 breaths/minute at 0.0001 ml/l Decis 50 EW, approximately 54.96% lower compared to the control value
of 79.66 breaths/minute.

Such decreases of the respiratory rates are considered to be caused by the mucus placed on the gill, as a
reaction to atoxic substance (SCHAUMBURG et al., 1967).
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Figure 7. The influence of Decis 50 EW insecticide on the blood sugar at Carassius auratus gibelio Bloch.

From the data collected and arranged in the diagram shown in figure 7, it results that he insecticide Decis 50
EW in all concentrations tested, significantly increase the blood glucose.

Thus, DAVIES et al. (1994) reports increases in the plasma glucose at the Galaxias macul ates species exposed
to a concentration of 4.4 mg/l acephate and at the Oncorhynchus mykiss species exposed to a concentration of 0.2 mg/I
of the same compound.

The highest value compared to the control one (38.33 mg/dl) was registered to the concentration of 0.00015
mi/I, of 77.16 mg/dl, approximately 101.30% higher.
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Figure 8. The influence of Decis 50 EW insecticide on the number of erythrocytes at Carassius auratus gibelio Bloch.

Number of erythrocytes/ml

Assownin figure 8, Decis 50 EW significantly decreased the erythrocytes towards the control value (680,000
erythrocytes/ml) at all experimented concentrations, so that the lowest registered value was 280,000 erythrocytes/ml of
blood, about 58.83 % lower at the concentration of 0.00015 ml/l.

After 14 days of exposure of Perca fluviatilis and Alburnus alburnus specimens at the action of Talstar One
insecticide in concentration of 0.000625 mg/l, the erythrocytes decreased significantly compared to the control groups
(PONEPAL et d., 2010; PONEPAL, 2011).

Correlating the results registered at the oxygen consumption against the action of investigated chemicals, it is
found that, in the experiments performed, the increase in the oxygen consumption isfinally correlated to the decrease in
the respiratory rate.

Correlating the results to the erythrocytes against the action of Calypso 480 and Decis 50 EW, it is found that,
in the experiments made, the insignificant changes and decrease in the erythrocytes is finally correlated to the increase
in the oxygen consumption.

Studying the results recorded for blood glucose against the action of investigated chemicals, it is found, in the
experiments performed, the increase in the blood glucose especially for Calypso and Decis.

CONCLUSIONS

Increase in the oxygen consumption under the action of the insecticides Decis 50 EW and Calypso 480 SC
indicates a direct action on the nerve centres, so that, at the concentration of 0.00015 ml/I Decis 50 EW, oxygen
consumption increased by 116.69% in 24 hours compared to the control value of 119.834 ml oxygen/kg/hour as
compared to the value of 55.302 ml oxygen/kg/hour and it can also be associated to the decrease in the erythrocytes due
to the stress caused by them, where it can be noticed that Decis 50 EW significantly decreased the erythrocytes
compared to the control value (680,000 erythrocytesyml) at all experienced concentrations, so that the lowest value
registered was 280,000 erythrocytes/ml blood, approximately 58.83% lower at the concentration of 0.00015 ml/I.

Decrease in the respiratory rate may be due to the direct action on the nerve centres and excess of mucus
located on the gill, as areaction to the action of insecticides. The lower respiratory rates were caused by the insecticide
Decis 50 EW where, during the interval of 48-336 hours, they significantly decreased, the lowest value being 35.88
breaths/minutes at 0.0001 ml/l of Decis 50 EW, approximately 54.96% lower compared to the control value 79.66
breaths/minutes.

Increased blood glucose under the action of both insecticides can be considered a reaction to the metabolic
stress induced by Calypso 480 SC and Decis 50 EW, where values increased significantly by 106.45% and 100% at
concentrations of 0.02 and 0.025 ml/I Calypso 480 SC and, at the concentration of 0.00015 ml/I of Decis 50 EW, the
blood glucose value increased by approximately 105.26%.

ACKNOWLEDGEMENTS
This study was conducted and supported by POSDRU/159/1.5/S/138963 — PERFORM project, co-financed by

the European Social Foundation for Human Investment, through the Sectoral Operational Programme of Human
Resources Devel opment.

226



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 2/2015 ISSN 1454-6914

REFERENCES

BLANCHARD D. C., SAKAI R. R., Mc EWEN B., WEISS S. M., BLANCHARD R. J. 1993. Subordination stress:
Behavioural, brain and neuroendocrine correlates. Behavioural Brain Research. Amsterdam. 58: 113-121.

DAVIESP. E,, COOK L. S. J., GOENARSO D. 1994. Sublethal responsesto pesticides of several species of Australian
freshwater fish and crustaceans and rainbow trout. Environmental Toxicology and Chemistry. Melbourne. 13:
1341-1354.

DORUCU M. & GIRGIN A. 2001. The effects of cypermethrin on some haematological parameters of Cyprinus
carpio. Aquaculture International. Kluwer Academic Publisher. Amsterdam. 9: 183-187.

FERRANDO M. D. & ANDREU-MOLINER E. 1992. Lindane induced changes in carbohydrate metabolism in
Anguilla anguilla. Comparative. Biochemistry and Physiology. London. 74B: 750-799.

FRY F. E. J. 1967. Thermobiology. Ed. A. H. Rose. Academic Press. London and New Y ork: 375-409.

GRAY A.J. & SODERLUND D. M. 1985. Mammalian Toxicology of Pyrethroids. In D. H. Hutson and T. R. Robert
(eds.). Progressin Pesticides Biochemistry and Toxicology. Insecticides. John Wiley and Sons Ltd. New Y ork.
5:193-248

MOTELICA C. A., PICOS C., MATEI C., VLADESCU . 1965. Observations on erythrocytes and haemoglobin to
some poikilothermic vertebrates. In: Volume Zoology communications. Society of Natural Sciences and
Geography of the Socialist Republic of Romania. Bucharest; 22-45.

Mc LEOD J. C. & PRESSAH E. J. 1973. Fisheries. Research Board of Canada. Ottawa. 30(4): 485-492.

OSSUNA I., LOPEZ D., GALINDO J. G., RIVA M. C. 1997. Evaluacion toxicological de metal parathion, metal
azinfés, clorpirifos, diazinén, y metamidofos, en camarones del género Penaeus sp. Boletin intexter (U.P.C.).
Edit. Doctor Francisco-Javier Carrion Fité. Barcelona. 111: 65-71.

PONEPAL MARIA-CRISTINA. 2011. Ecophysiological and ecotoxicological investigations of some fish species from
Arges river. Ph. D. Thesis. Universitatea din Pitesti: 75-140.

PONEPAL MARIA-CRISTINA, PAUNESCU ALINA, MARINESCU AL. G., DRAGHICI O. 2010. Research on the
changes of somephysiological parameters in several fish species under the action of the Talstar insecticide.
Annals of the University Oradea. Fascicula Biologie. Oradea. 17(1): 175-179.

PICOS C. A. & NASTASESCU GH. 1988. Practical works on the animal physiology. Printing House of the University
of Bucharest. 107: 122-123, 192-195.

PORA E. A. & NITU S. 1952. The Experimental Study of Behaviour in Fish. Studii si cercetdri de biologie. Cluj-
Napoca: 214-224.

REPETTO M. 1995. Toxicologia Avanzada. Diaz de Santos S. A. Edit. Manuel Repetto. Madrid. 147 pp.

SCHAUMBURG F. D., HOWARD T. E., WALDEN C. C. 1967. A method to evaluate the effects of water pollution on
fish respiration. Water Research. Published by Elsevier Ltd. New York. 1: 731-737.

SVOBODOVA Z., LUSKOVA V., DRASTICHOVA J.,, SYOBODA M., ZLABEK V. 2003. Effect of deltamethrin on
haematological indices of common carp (Cyprinus carpio L.). Acta Veterinaria. Brno. 72: 79-85.

VELISEK J., DOBSIKOVA R., SYOBODOVA Z., MODRA H., LUSKOVA V. 2006. Effect of detamethrin on the
biochemical profile of common carp (Cyprinus carpio L.). Bulletin of Environmental Contamination and
Toxicology, spleen, kidney, muscle, skin) of Nile tilapia (Oreochromis niloticus L.) fingerlings, Environmental
Contamination and Toxicology. Springer Sciencet+Business Media. Inc. New Y ork. 21: 614-620.

VELISEK J, SVOBODOVA C. Z., PIACKOVA V. 2009. Effects of acute exposure to bifenthrin on some
haematological, biochemical and histopathological parameters of rainbow trout (Oncorhynchus mykiss).
Veterinarni Medicina. Czech Academy of Agricutural Sciences. Prague. 54(3): 131-137.

WINBERG S. & NILSSON G. E. 1993. Roles of brain monoamine neurotransmitters in agonistic behavior and stress
reactions, with particular reference to fish. Comparative Biochemistry Physiology Part C Pharmacology,
Toxicology and Endocrinology. Published by Elsevier Inc. Amsterdam: 597-614.

WOHLSCHLAG D. E., CAMERON J. N., CECH J. J. 1968. Seasonal changes in the respiratory metabolism of the
pinfish, Lagodon rhomboids. Contributions in Marine Science. University of Texas. 13: 89-104.

Baciu Claudiu Alexandru
University of Pitesti, Faculty of Sciences, Department of Natural Sciences, Pitesti,
Téargu din Vale Street, No. 1, Romania.
E-mail: claudiu_alexandru88@yahoo.com

Received: March 9, 2015
Accepted: April 27, 2015

227




<<
  /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


