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ABSTRACT

Deltamethrin (2,2-dimetil-3-(2,2-dibromovinil)-ciclopropilcarboxilate alpha-cianofenoxibenzilo), a type Il pyrethroid, is
used in agricultural applications such as fruits and vegetables plantations, and as maidservants in the combat to fleas, ticks
and mange on pets. In the present study, tests of acute toxicity were performed with this pesticide in commercial formulation
for the species Danio rerio, Hyphessobricon bifasciatus, Geophagus brasiliensis and Oreochromis niloticus with the objective
of determining the values of lethal concentration 50% (LC 50), 48h. The tests demonstrated similar toxicity to the pesticide
for D. rerio and H. bifasciatus. The values of LC50;48h is 0.078 ug L' to D. rerio and 0.082 pug L' for H. bifasciatus
with 95% confidence limits 0.05-0.11 uL! for both. The tests performed with the species G. brasiliensis presented values
of LC 50;48h of 0.594 ug L' with 95% confidence limits 0.33-0.94 ug L. The species O. niloticus presented in the tests
the largest values of LC50;48h among the used species, 0.954 ng L' with 95% confidence limits 0.71-1.22 pg L™'. The tests
demonstrated a great toxicity of the pesticide for all tested species of the fishes, demonstrating that the contamination
of aquatic environmental can cause great fish slaughter in a short period of time, indicating the require of special attention
in relation to its use.
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RESUMO

Comparacio da toxicidade aguda da deltametrina em peixes autéctones e exoticos

Deltametrina (2,2-dimetil-3-(2,2-dibromovinil)-ciclopropilcarboxilato alpha-cianofenoxibenzil) € um praguicida piretrdide
do tipo II empregado no combate a insetos na agricultura ¢ pecuaria no controle de pulgas, carrapatos e outros insetos.
No presente trabalho foi estudada a toxicidade aguda de uma formulag¢do comercial deste praguicida nas espécies de peixes
Danio rerio, Hyphessobricon bifasciatus, Geophagus brasiliensis and Oreochromis niloticus com o objetivo de determinar
os valores da concentracdo letal 50% (CL50) em 48h. Os testes mostraram toxicidade similar ao pesticida em D. rerio
e H. bifasciatus. Os valores da CL;48h sdo 0,078 g L' para o D. rerio e 0,082 pug L™ para o H. bifasciatus com limites
de 95% de probabilidade 0,05-0,11 uL~! para ambos. Os testes feitos com a espécie G. brasiliensis apresentaram valores
de CL50;48h de 0,594 ug L' com limites de 95% de probabilidade de 0,33-0,94 ug L. A espécie O. niloticus apresentou
os maiores valores de CL50 entre as espécies estudadas, ou seja, 0,954 pug L' com limites de confianca de 95% de
probabilidade de 0,71-1,22 ug L', Os resultados indicam que o praguicida é altamente toxico para as espécies de peixes
em estudo e alertam que a contaminagdo do ambiente aquatico pode causar rapidamente a morte destes animais, requerendo
atengdo especial quando do seu emprego.

Palavras-chave: peixe, deltametrina, Danio rerio, H. bifasciatus, G. brasiliensis, O. niloticus, toxicidade aguda.
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INTRODUCTION

Synthetic pyrethroids, a new generation of high bioefficacy
insecticides, are gaining wide acceptance for insect control
all over the world. These insecticides are pyrethrins analogs,
extracts from the Chrysanthemum cineriaefolium, developed
to circumvent the rapid photo degradation problem encountered
with the insecticidal natural pyrethrins. The pyrethroids are
widely used in field pest control and household usage, as
veterinary and human pediculicides, and are among the most
potent insecticides known (Smith & Stratton, 1986). The
widespread use of these pesticides consequently leads to its
exposure (and to its possible toxic effects) to manufacturing
workers, to field applicators, to the ecosystem and finally to
the public. These insecticides are commonly divided into Type
I compounds (or T-syndrome pyrethroids), which lack an alpha-
cyano substituent, and Type II compounds (or CS-syndrome
pyrethroids), which contain an alpha-cyanophenoxybenzyl
substituent (Verchoyle & Aldridge, 1980).

In Brazil, deltamethrin (2,2-dimetil-3-(2,2-dibromovinil)-
ciclopropilcarboxilate alpha-cianofenoxibenzilo), a type II
pyrethroid , is used in agricultural applications, in the fruits
and vegetables plantations, as maidservants, in the combat to
fleas, ticks and mange on pets. Deltamethrin has been classified
as an “immobile” by the US EPA (URL 2). Thence, in the field,
most of the affected organisms show rapid recovery.

Pyrethroids are specially advantageous for use in cold
climate zones since exhibit a negative temperature coefficient
of toxicity. They are also considered relatively non-persistent
and, therefore, are not expected to be biomagnified through
the food chain. Maximum bioconcentration factors ranged from
698X for whole fish (deltamethrin) to 6090X (bifenthrin) (URL
2). However, pyrethroids have been reported to be extremely
toxic to fish and to some beneficial aquatic arthropods, such
as lobster and shrimp (Bradbury & Coats, 1989; URLI;
Srivastav et al., 1997).

The environmental fate and effects of synthetic pyrethroid
insecticides have been summarized by Hill (1989). Due to their
lipophilicity, pyrethroids have a high rate of gill absorption,
which in turn would be a contributing factor in the fish sensitivity
to aqueous pyrethroid exposures. Pyrethroid insecticides are
part of ester chemical category. The main reaction involved
in the metabolism of these substances in mice and rats is the
ester cleavage mainly due to the action of carboxyesterase.
Metabolism in fish is largely oxidative (Demoute, 1989).
Especially in low temperatures, ectothermic animals, like fish,
metabolize less pyrethroids because of the activity of its reduced
enzymatic system. Fish make intimate contact with the
surrounding water through the gills. After short-term
deltamethrin exposure, adult Heteropneustes fossilis (freshwater
catfish) showed hypocalcemia and the researchers attribute
this condition to the possible impairment of either net electrolyte
influx at the gill or renal function.

Deltamethrin exposure also caused hypophosphatemia
and was linked to the possible redistribution of electrolytes
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between intracellular or extracellular compartments and/or
impairment of renal function. Deltamethrin may disturb the
calcium and phosphate homeostasis and may lead to an effect
on the reproductive state of the fish (Srivastav ez al., 1997).
Synthetic pyrethroids have been shown to be toxic for fish,
aquatic arthropods, and honeybees in laboratory tests. Acute
toxicity data for deltamethrin in fish have been summarized
in a report of the World Health Organization (WHO, 1990)
and classified as highly toxic to fish, being in the LC50 1.0
ppb. The potential hazard to fish is due to its heavy use in many
aquatic larvicidal programs. Synergistic interactions between
the active ingredient and other components of the formulation
should be taken into consideration when evaluating toxicity.

The increasing use of pyrethroids interested the society
in reducing the damages caused for this class of pesticides in
the environment, particularly in relation to the aquatic
ecosystems of fundamental importance to the life preservation
in the planet. These ecosystems present a series of physical,
chemical and biological mechanism of assimilation of the effects
of poisonous substances. However, when those reach levels
above the assimilative capacity of the environmental, they
degrade the quality of the waters, affecting the survival, the
growth and the reproduction of aquatic organisms. These facts
in turn made the toxicity tests indispensable to the control of
pollution sources. This approach allows monitoring the
integrated effects of environmental and pollution conditions,
besides being efficient in the detection of the pollutant effects
present in levels below the capacity of analytical chemical
methods.

The fish have been included among the organisms used
in toxicity tests, but a small healthy number of species were
used in Brazil. Because of its easy obtaining, maintenance and
reproduction in laboratory — decisive characteristics in the choice
of a species to be used for tests (ISO, 1982) — the specie Danio
rerio is the most used one. Also, it has a great amount of data
in the scientific literature, since it has been used quite often
in several countries.

The use of species adapted to autochthonous
environmental characteristics certainly could provide much
closer results of the reality, when compared to the results
obtained with exotic species. This study was conducted to
compare the acute toxicity to deltamethrin, a synthetic
pyrethroid, in exotic fish species, the Danio rerio and
Oreochromis niloticus, with the brazilian native species
Hyphessobrycon bifasciatus and Geophagus brasiliensis, using
the static test system. Therefore, it will be possible to determine
the most interesting specie to perform fish toxicity tests in
brazilian natural conditions.

MATERIAL AND METHODS

The organisms, with maximum size of 5 cm, obtained
directly from the commercial raiser (Izael Ba Hi, city of
Indaiatuba, Sdo Paulo State, Brazil), were brought to the
laboratory within 30 min in plastic bags with enough air. The



Comparative Studies of Delthametrin Acute Toxicity...

plastic bags were placed into the maintenance aquarium (80 L)
for about 30-35 min for acclimatization. Then, the bags were
cut open and the fish were allowed to swim into the aquarium
water. The animals were maintained by 15 days in laboratory
for acclimatization. As water maintenance was used the
dechlorinated supply water of Sao Paulo, maintained in
temperature at 23°C (x 2°C) by heaters. The water hardness
was 42 mg L'CaCO3 and pH 7.0 (0.2). The luminous intensity
was of 600 lux and the photoperiod of 12h light. Except for
dosing instance, all aquaria were aerated, through compressors
of air with connected outputs to filtration systems with acrylic
wool and active coal, to improve the water quality. Every 7
days, 25% of the total water volume was changed. To fish
feeding, the ration Tetramin® (supplied as recommended by
the manufacturer and in according to the guidelines of
CETESB — 1990) was used. The methodology adopted for
the toxicity tests with fish in static system was based in the
EPA guidelines (1994) and CETESB (1997).

The solutions for the tests were made with a commercial
product (K-Othrine® CE 25-25 g i.a. L™! of deltamethrin). To
determine the interval among the deltamethrin smallest
concentration that causes 100% fish immobility and those that
did not cause fish immobility, preliminary tests for 48h toxicity
were performed.

The test chambers were filled with 3 L of tap water. The
aquarium conditions were the same of the maintenance aquarium.
The tests had duration of 48h and were held at 23°C (2). During
this period the organisms were not fed and the pH variables,
dissolved oxygen and conductivity were analyzed at the beginning
and at the end of each test. For each species, five tests with five
animals each were performed. In each test, five deltamethrin
sample concentrations were used and one aquarium with five
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animals containing only tap water served as a control .Lethality
was controlled 3, 6, 24 and 48h after the start of the tests. Dead
was considered when the fish did not demonstrate reaction after
being touched in the caudal peduncle. All dead animals were
removed immediately from the aquarium. Behavioral and some
physiological changes were also observed.

To calculate the toxicity curves as well as to determine
the deltamethrin lethal concentration (LC50) in 48h and the
95% confidence limits, the “LC50 Programs JSPear test” was
used (Hamilton et al., 1977). To compare the LC 50% of
different species, a non parametric ANOVA followed by a
multiple comparative test were employed. In all cases results
were considered significant for P < 0.05.

RESULTS

The calculated LC50 value for 48h (95% confidence
limits) of the commercial deltamethrin product, using a static
bioassay, was 0.078 pug L' to D. rerio (Table 1) and 0.082
ug L to H. bifasciatus (Table 2), with 95% confidence limits
0.05-0.11 pug L' for both. The specie G. brasiliensis presented
values of CL50;48h of 0.594 pug L' with 95% confidence limits
0.33-0.94 ug L'(Table 3). The specie O. niloticus presented
in the tests the largest values of CL50;48h among the used
species, 0.954 ug L' with 95% confidence limits 0.71-1.22
pg L' (Table 4).

The ANOVA showed significant differences between the
LC50 of the fish species [F(3/19) =269.85, P < 0.0001]. The
Tukey-Kramer comparison test showed that LC50 of D. rerio
and H. bisfasciatus were similar while in the other groups LC50
were different (Figure 1). No mortality was observed in the
control group during the experiments.
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Figure 1 — LC50% of deltamethrin in different species of fishes. Data are presented as
means = SD. N = 5. Equal letters — without significant differences. P < 0.05 Tukey-Kramer comparative test.
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At low deltamethrin doses it was observed behavioral
changes, loss of balance, respiratory difficulties, attempt to
breathe from the surface and increased opercular frequency.

DISCUSSION

The present results suggested that the pesticide in study
is highly poisonous for all the fish species tested. The low
toxicity of deltamethrin to mammals may be misleading at this
point in ecotoxicological terms and lead to extrapolation
problems to aquatic species. The use in agriculture as well as
in mosquito control programs, which need frequent sprinkles,
emphasize the potential risks to the aquatic system organisms.

USDA National Agricultural Pesticides Impact Assessment
Program’s EXTOXNET, reported the LC50 deltamethrin for
fish between 1.0 and 10 ug L', but these values refer to the
substance in technical degree with 99.9% of active principle.
The commercial products composition, as the ones used in
this investigation, present in its formulation between other
chemical substances, the 2-(2-butoxietoxi)-etoxi-4, 5-
metilenodioxi-2-propiltolueno, known as piperonyl butoxide
(PPB). This chemical inhibits the pyrethroid degradation,
increasing its half-life in the animal organism (Larini, 1999).
Thus, the technical and commercial products present a great
difference in the acute toxicity level. This fact emphasize the
importance of performing the toxicity tests with the commercial
form of the product when the objective is to know the possible
impact that can be caused to the environment, for the reason
that this is the form found in the environmental contamination.

In the literature, the values of toxicity to deltamethrin
for several fish species present great differences of values of
LC50. Rukiye ef al. (2003) showed that the CL50;48h for
Poecilia reticulata is 5.13 ug L. For larvas and embryos of
Cyprinus carpio the values of CL50;48h were 0.213 pug L™ and
0.074 ug L', respectively, demonstrating the adverse effects
of the deltamethrin in the reproduction and in the growth of
the species (Kopriicii, 2004). An insecticide with deltamethrin
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as the active ingredient, used in the control of mosquitoes, is
one of the responsible by the great mortality of eels (4nguilla
anguilla) in the Lake Balaton, Hungry, between 1991 and 1995
(Balint et al., 1997). The presence of this pesticide in tissues
of other species as Abramis bellows, Stizostedion lucioperca
and Larus canus (Balint et al., 1997) were also found.

Present data show significant differences between the
species analyzed. In fact, D.rerio and H. bifasciatus showed
similar LC50. D. rerio is used broadly in toxicity tests by
several advantages such as low maintenance cost, low space
requested, short development period and reproduction (Lele
& Krone, 2002). However, it is important that the toxicity
of pollutant potentials for autochthonous species is determined
providing comparison of the values obtained with the species
pattern. The values of DL50;48h obtained for the specie H.
bifasciatus demonstrate to be the appropriate species for
toxicity tests with that substance, because it is sensitive as
D. rerio, revealing similar toxicity for its natural habitat. The
toxicity found for G brasiliensis and O. niloticus show that
the sensitivity to the pesticide is not similar for fish of the
same family, even though homogeneous groups of animals
with the same size were used. The great sensitivity difference
to deltamethrin found among the four used species was
expected, because the O. niloticus and G. brasiliensis are
found at places with pollution levels that did not permit the
survival of the H. bifasciatus, which has a great sensibility
to any alteration in the water quality.

During the tests, the fishes submitted to the several
concentrations of pesticides, already in the initial instants,
presented different behavior from the fishes of the control group,
as increase of the opercular frequencies, irregular swim, mucus
formation and constant presence in the surface of the aquarium,
what would turn the vulnerable surviving fish to diseases and
predators in their habitat. Similar behavior is reported in P.
reticulata, submitted to solutions containing the pesticide beta-
cypermetrin, although in very larger concentrations (Polat et
al., 2002).

Table 1 — LC50;48h values of deltamethrin to Danio rerio. Data were calculated from tests with 5 animals/test.

Tests LC50;48h (ug L")  Confidence interval

1 0.08 0.07-0.10

2 0.07 0.06-0.09

3 0.07 0.05-0.09

4 0.08 0.07-0.10

5 0.09 0.07-0.11

LC50;48h mean 0.078
Range of toxicity (£ 20) 0.05a0.11
Standart deviation 0.008367
Variance coefficient 10.73%
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Table 2 — LC50;48h values of deltamethrin to Hyphessobrycon bifasciatus. Data were calculated from 5 tests with 5 animal s/test.

Tests LC50;48h (ugL™) Confidenceinterval

1 0.09 0.08-0.11

2 0.07 0.05-0.10

3 0.08 0.07-0.10

4 0.08 0.07-0.10

5 0.09 0.08-0.11

LC50;48h mean 0.082
Range of toxicity (£ 20) 0.05a0.11

Standard deviation 0.008637
Variation Coefficient 10.53%

Table 3 — LC50;48h values of deltamethrin to Hyphessobrycon bifasciatus. Data were calculated from 5 tests with 5 animal s/test.

Tests L C50;48h (ug L™ Confidenceinterval

1 0.66 0.51-0.85

2 0.45 0.33-0.61

3 0.63 0.46-0.85

4 0.71 0.53-0.94

5 0.52 0.39-0.69

LC50;48h mean 0.594
Range of toxicity (+ 20) 0.33a20.94

Standard deviation 0.106442
Variation Coefficient 17.91%

Table 4 — LC50;48h values of deltamethrin to Oreochromis niloticus. Data were calculated from 5 tests with 5 animal s/test.

Tests LC50;48h (ugL™)  Confidenceinterval
1 0.97 0.80-1.19
2 0.95 0.81-1.12
3 1.02 0.85-1.22
4 0.90 0.71-1.13
5 0.93 0.79-1.10
LC50;48h mean 0.954
Range of toxicity (+ 20) 0.71a1.22
Standart deviation 0.045056

Variance coefficient 4.72%
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CONCLUSIONS

In conclusion, the present study indicates high toxicity
to the commercial deltamethrin formulation for all species tested.
The values found LC50;48h demonstrated that the contami-
nation of aquatic habitats for this pesticide can cause great
slaughter of fish in a short period of time, indicating that careful
attention should be taken with its use. The species D. rerio
and H. bifasciatus showed great sensitivity to the pesticide,
being suitable for toxicity tests which have as objective the
evaluation of the impact by its contamination. The species O.
niloticus and H. bifasciatus presented values of much larger
LC50;48 than the other species employed, although the values
obtained are extremely low. These data suggest that more studies
are necessary to examine the toxicity for fish of commercial
products that contain deltamethrin, not only in relation to the
acute toxicity but also in the chronic, physiologic and behavioral
sphere.

Acknowledgements — This research was supported by a fellowship from
MacPesquisa, Universidade Presbiteriana Mackenzie to Franci Mary Fantinato
Varoli and Maria Martha Bernardi to whom the authors want to express their
gratitude. This paper is part of Prof. Silvio Osti’s doctoral thesis in the
Experimental and Compared Pathology Post-graduation course, Pathology
Department, Faculdade de Medicina Veterinaria e Zootecnia da Universidade
de Sdo Paulo, Sdo Paulo, Brazil.

REFERENCES

BALINT. T., FERENCZY, J., KATAL F., KISS, I., KRACZER, L., KUFCSAK,
0., LANG, G, POLYHOS, C., SZABO, 1., SZEGLETES, T. & NEMCSOK,
J., 1997, Similarities and differences between the massive eel (Anguilla
anguilla L.) devastation that ocurred in Lake Balation in 1991 and 1995.
Ecotoxicol. Environ. Safety, 37: 17-23.

BRADBURY, S. P. & COATS, J. R., 1989, Comparative toxicology of
phyrethroid insecticides. Rev. Environ. Contam. Toxicol, 108: 133-177.

CETESB, 1990, Programa bioensaios. Relatorio de atividades. Sdo Paulo,
55p.

CETESB. Métodos para avaliagdo da toxicidade de poluentes a organismos
aquadticos. Sao Paulo, 1997. vol. 2, pp. 1-29.

DEMOUTE, J. P., 1989. A brief review of the environmental fate and
metabolism of pyrethroids. Pest. Sci., 27: 375-385.

Osti et al.

EPA — U.S. ENVIRONMENTAL PROTECTION AGENCY, 1994, Short-
term methods for estimating the chronic toxicity of effluents and receiving
water to freshwater organism. 3. ed. EPA, Washington D.C. EPA 600-
4-91-002, 341p.

HAMILTON, M. A.; RUSSO, R. C.; THURSTON, R. V. 1997, Karber method
for stimating median lethal concentrations in toxicity bioassays. Environ.
Sci. Technol., Correction 12, p. 17.

HILL, I. R., 1989, Aquatic organisms and pyrethroids. Pest. Sci., 27: 429-
465.

ISO — INTERNATIONAL ORGANIZATION FOR STANDARDIZATION,
1982, Determination de [’inhibition de la mobilité de Daphnia magna
Straus (Cladocera, Crustacea). Premiére édition, ISO 6341 — Qualité
des Eaux. Paris, 9p.

KOPRUCU, K. & AYDM, R., 2004, The toxic effects of pyrethroid
deltemethrin os the common carp (Cyprinus carpio L.) embryos and larvae.
Pest. Biochem. Physiol., 80: 47-53.

LARINI, L., 1999, Toxicologia dos pesticidas. In: Toxicologia. Sdo Paulo,
Manole, pp. 21-29.

LELE, Z. & KRONE, P. H., 2002, The zebrafish as a model in developmental
toxicological and trangenic research. Biotechnol. Adv., 14: 57-72.

POLAT, H., ERKOC, F. U. & KOCAK, O., 2002, Investigation of acute toxicity
of beta-cypermethrin on guppies Poecilia reticulata. Chemosphere, 49:
39-44.

RUKIYE, V., ERKOC, F. U., POLAT, H. & KOCAK, O., 2003, Investigation
of acute toxicity of deltamethrin on guppies (Poecilia reticulata).
Ecotoxicol. Environ. Saf., 55: 82-85.

SMITH, T. M. & STRATTON, G. W., 1986, Effects of synthetic pyrethroid
insecticides on nontarget organisms. Res. Review, 97: 93-119.

SRIVASTAYV, A. K., SRIVASTAYV, S. K. & SRIVASTAYV, S. K., 1997, Impact
of deltamethrin on serum calcium and inorganic phosphate of freshwater
catfish, Heteropneustes fossilis. Bull. Environ. Contamin. Toxicol., 59:
841-846.

URL 1: <http://ace.orst.edu/cgi-bin/mfs/01/pips/deltamet.htm?6#mfs>.
URL 2: http://www.epa. gov/scripoly/sap/1999/february/pyreth.pdf.

VERSCHOYLE, R. D. & ALDRIDGE, W. N., 1980, Structure-activity
relationships of some pyrethroids in rats. Arch. Toxicol., 45: 325-329.

WORLD HEALTH ORGANIZATION, 1999, Deltamethrin, Environmental
Health Criteria 97. World Health Organization, Geneva, pp. 1-5.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




