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Abstract A first analysis of airborne phytoliths was

carried out in Mar del Plata, Argentina. Its primary

aims were to characterize the phytolith morphotypes

present in the atmosphere, to quantify their abun-

dance and to detect whether seasonal variations exist

throughout the year. The standard method was used

for monitoring airborne particulate matter applying a

Hirst-type suction bioaerosol sampler. The mean

daily phytoliths concentrations (p/m3) were calcu-

lated for eight selected days from the driest year,

1993, bearing in mind that its atmospheric conditions

could favour the presence of biomineralizations in the

air. The amount of phytoliths reached was of 1,543. It

was composed of 61% isolated and 1% articulated

types. The rest were unknown or unidentified phyto-

liths (38%). The most abundant morphotypes (72.1%

of those identified) were elongates, followed by

rondels (16.1%) already described for Poaceae sub-

families, such as Pooideae and Stipoideae. Finally,

trapeziform and point shaped were identified with 3.8

and 3.4%, respectively. A lower abundance of silica

particles was detected on high wind speed days from

the south (sea coast) and under wetter conditions.

Maximum phytoliths concentrations were recorded in

winter when pasture burning is carried out alongside

ploughing; this also coincides with the period in

which soils were not covered by vegetation. These

results shed light on the importance of considering

the potential ways of phytoliths dispersion and the

factors that could be affecting their aerial transport,

especially when they are applied to the interpretation

of paleovegetation from phytolith fossil records.

Keywords Airborne phytoliths � Diversity and

seasonality � Pampean plains � Agricultural practices �
Atmospheric conditions

1 Introduction

Phytoliths are amorphous silica particles that precip-

itate in and/or between cells of living plant tissues.

When a phytolith-producing plant dies, the organic

matter decomposes and phytoliths are released directly

into the soil. In view of their high resistance to

weathering, good preservation in different type of soils

and sediments and to their taxonomic relevance,

phytoliths have been widely used as indicators of past

plant communities in palaeoenvironmental, palaeobo-

tanical and archaeological studies (Rovner 1971;
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Alexandre et al. 1997; Osterrieth 2006; Osterrieth et al.

2009). Moreover, as phytoliths are well preserved in

oxidizing environments, such as soils or buried soils,

they could compensate for data absence in paleoveg-

etation reconstructions, or complement paleoecologi-

cal analyses of non-oxidizing environments where

pollen grains are preserved (Bremond et al. 2004).

Despite the fact that phytolith assemblage has been

considered an in situ record, many studies have

documented that diverse processes could affect such

record once phytoliths are deposited in soil. Phyto-

liths could be wind-, water- and/or animal-dispersed

and transported, sometimes over considerable dis-

tances (Romero et al. 1999; Fredlund and Tieszen

1994; Fernandez Honaine et al. 2009a; Osterrieth

et al. 2009).

Residence times of phytoliths in soil are not well

known (Thorn 2004), and a key factor that could affect

phytolith assemblage includes dispersal (Fredlund and

Tieszen 1994; Hart 1997; Gobetz and Bozarth 2001).

If this kind of particles remains airborne, the aerial

transport could bias the paleoenvironmental recon-

structions. Twiss (1983, 1987) analysed the presence

of phytoliths in atmospheric dust, his studies being

practically the only ones dealing with this aspect of

phytolith taphonomy. When Twiss (1983) explored

aerial dust in the Great Plains, USA, he found between

2 and 35% of grass phytoliths in the dust collected. He

related the quantity of phytoliths to several wind

parameters, dusty days, diameter of mineral particles,

certain minerals abundance, and agricultural practices

in the area. Taking into account the significance of

knowing the relative contribution of aeolic phytoliths

in the phytolith record of soils and sediments, and the

scarce information available in this respect in our

country, this paper focuses on the analysis of the

presence of these biomineralizations in the air.

Previous aerobiological analyses in this geograph-

ical area have only involved pollen grains (Bianchi

1994; Latorre 1999a; Pérez 2000), their potential

sources (Latorre et al. 2001), and their relationship

with phenology (Latorre 1997, 1999b) as well as with

the meteorological factors affecting transport (Pérez

et al. 2003; Latorre and Caccavari 2009). Also

phytoliths analyses from soil sediments and plant

specimen have been conducted in this region (Fern-

ández Honaine et al. 2005, 2006, 2009b).

This paper explores the preliminary results of the

first analysis of airborne phytoliths surveyed in Mar del

Plata city, Argentina. Its primary aims were to

characterize the phytolith morphotypes present in the

atmosphere, to quantify their abundance and to detect

whether seasonal variations exist throughout the year.

Seasonal climatic conditions were also analysed

throughout the year, together with the changes in land

use, as a possible factor influencing the type and

abundance of airborne phytoliths. The final goal was to

evaluate the plant-opal transport by air masses and,

hence, to contribute to the interpretation of the origin of

particles deposited in soils and sediments in the region.

2 Materials and methods

Mar del Plata city is located in the south-eastern coast

of the Pampa grasslands, Buenos Aires province,

Argentina (latitude: 388030S, longitude: 578330W)

(Fig. 1).

The climate is temperate with an annual

mean temperature of 13.8�C and precipitations of

Fig. 1 Location of the

collection site. The limit

of the Pampean Grasslands

is indicated
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940.6 mm (Servicio Meteorológico Nacional 2010).

Mean temperatures range from 20�C in January to

7.3�C in July. Rainfall occurs mainly from spring to

autumn, reaching its maximum of 112.3 mm in

February and its minimum in August (45.3 mm).

During summer, winds more frequently come from

N, NE and E, turning NW to SW in winter.

The region climax vegetation (Pampean phytogeo-

graphic province, sensu Cabrera 1976; southern

Pampa, Rio de la Plata grassland, sensu Soriano

1991) comprises a grass steppe dominated by Stipa and

Piptochaetium genus, among others. In the rocky

areas, other species, such as Eryngium spp., and

diverse shrubs, such as Colletia paradoxa, Baccharis

spp., Dodonea viscosa, dominate the communities

(Soriano 1991). In the early twentieth century, human

settlement largely modified natural vegetation that was

displaced towards agriculture and cattle rising, cou-

pled with their attendant flora of weeds. Still some

relictual communities can be found in those sites,

where agricultural activities have been constrained by

the shallow development of soils. One of these

communities is the Paspalum quadrifarium grassland,

in the Pampean Plains, restricted to the foothills of the

Tandilia System (Frangi 1975; Herrera 2007). Apart

from the crops cultivated in this area, which include

corn, wheat and sunflower, other non-native species

have been introduced by human activities. Exotic trees

(mainly Pinus sp., Cedrus sp., Cupressus sp., Euca-

lyptus sp., Populus sp. and Acacia sp.) were introduced

as windbreaks in semi-natural steppe landscapes. In

the urban area, Prunus ceracifera var. athropurpurea,

Lagerstroemia indica, Fraxinus spp., Ulmus spp.,

Platanus acerifolia, Callistemon lanceolata, Betula

pendula, Cupressus spp. and Cedrus spp. are dominant

in streets and public parks (Latorre 1997). Regarding

herbaceous plants, Poaceae, Asteraceae, Chenopodia-

ceae, Apiaceae and Brassicaceae are the families most

frequently found (Latorre 1999a).

The standard method for monitoring airborne bio-

logical particles, mainly pollen grains and fungi spores,

implies the use of Hirst-type suction slit impaction

bioaerosol samplers. In this work, a Burkard 7-day

recording volumetric trap was used. The trap was

placed 15 m high on the terrace of the Universidad

Nacional de Mar del Plata, situated in the geographical

centre of Mar del Plata city. The aerobiological

methodology applied was detailed in the study by

Bianchi (1994). The counting method involved a sub-

sampling unit, consisting of three longitudinal traverses

of 48-mm tape surface each (at a magnification of

4009), which, upon conversion into particles concen-

tration (p/m3) according to Rogers and Muilenberg

(2001), represent the average daily concentration.

Phytoliths were classified as articulated (silica

skeletons composed by more than one silicified cell)

and isolated morphotypes. The morphologies of the

phytoliths were classified according to the schemes

by Twiss (1992), Fredlund and Tieszen (1994),

Bertoldi de Pomar (1971) and in agreement with

the International Code for Phytolith Nomenclature

(Madella et al. 2005).

The year selected and analysed was 1993, assuming

that the dry and cold climatic conditions during that

year favoured the presence of these biomineralizations

in the air. These special conditions were a rainfall

accumulation 100 mm lower than that recorded in the

previous 30 years and a yearly mean temperature

0.6�C colder than average. The year reviewed was

0.3�C cooler and rainier (150 mm) on average than the

15-year period after that. Precipitations may affect the

presence of phytoliths in the air, since, on the one hand,

they may produce the washing of particles suspended

in the air and, on the other, they do not allow the

dispersion of phytoliths from bare but wet soils. For

this reason, 5 months were chosen taking into account

the coverage of the whole yearly range of precipita-

tions. We selected months with high, low, and medium

values of accumulated rainfall. May and November

yielded the highest values: 70–80 mm over the

monthly mean of the year each one, and the individual

contribution of at least 20% of the total year rain.

Precipitations were very scarce in February and

August, reaching less than 2% of the year total.

October was selected because its 32 mm of rainfall

represented the value of the statistical median. This

month selection also permitted carrying out a com-

parison between seasons, which are characterized by

different agricultural practices. Within each men-

tioned months, we selected the windiest days (Febru-

ary 4 and 7, May 28 and 29, October 21, and November

17), considering this condition as the best to incorpo-

rate particles into the atmosphere and to allow for their

transport; the mean wind velocity registered in all of

these selected days was from 2 to 8 km/h faster than

the monthly mean. The windiest days of the months

with low, mid and high rainfall were chosen. More-

over, those days were concomitantly distributed along
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the four seasons and so, associated with a particular

agricultural practice assemblage, which, in principle,

could also have exerted certain influence. Wind speed

data (km/h) were obtained from our local meteorolog-

ical station located next to the airborne particles trap,

and rainfall data (mm) were provided by the Meteo-

rological National Service situated at the local airport,

8 km away. Spearman’s rank correlation coefficients

(rs) between phytolith concentrations and meteorolog-

ical variables were calculated based on daily data

(Sokal and Rholf 1979). Relative humidity, precipita-

tion accumulation, and wind speed and wind direction

were chosen because they are the main meteorological

variables influencing the emission and aerial transport

of particles (Latorre and Caccavari 2009).

3 Results

Phytoliths concentration in the air during the eight

day survey was of 1543. It was composed of 61%

isolated and 1% articulated types. The rest were

unknown or unidentified phytoliths (38%, most of

them isolated). Five different articulated types and 14

isolated types were determined (Table 1, Fig. 2). The

most abundant morphotypes (72.1% of those identi-

fied) were elongates (most of them elongate psilate,

and the remaining elongate crenate) with 685. Since

these morphotypes are produced by several families,

their taxonomic value is poor. In the second order of

abundance (16.1%), 153 rondels were identified,

already described for Poaceae subfamilies such

as Pooideae and Stipoideae. Finally, two types of

phytoliths, trapeziform and point shaped, were

Table 1 Concentration (p/m3) of the diverse phytolith morphotypes in the air of Mar del Plata (Argentina) during some selected days

of 1993

Phytolith morphotypes February 4 February 7 May 28 May 29 August 22 August 29 October 21 November 17

Articulated

Stomatal complexes 0.9 0.9 0.9 0 0 0 0 0

Elongates 0.9 0 0.9 0 0 0 1.7 0

Elongate ? xylem elements 0 0 0 0 0 0.9 0 0

Panicoid bilobates 0 0 0 0 0 0 0.9 0

Not identified 0 0 0 0 0 0 0.9 0

Isolated

Elongate psilate 60.2 21.5 112.7 61 205.5 117.8 34.4 20.6

Elongate crenate 12.9 0.9 12.9 3.4 10.3 6 4.3 0.9

Rondel 20.6 5.2 33.5 22.4 48.2 16.3 4.3 2.6

Elongate rondel 0 0 0 0 0 1.7 0 0

Cross 0 0 0 0.9 0 0 0 0

Bilobate 2.6 0 0 0 1.7 0.9 0 0.9

Bilobate, concave end 0.9 0 0.9 0 0 0 0 0

Bilobate, convex end 0.9 0.9 0.9 1.7 0 0 0 0

Point shaped 13.8 0.9 6 0.9 6 3.4 0.9 0.9

Trapeziform 5.2 4.3 4.3 5.2 6.9 8.6 1.7 0

Trapeziform sinuate 0 0.9 0 0.9 0.9 0 0 0.9

Cuneiform bulliform cell 0.9 0 0 0 0 0 0 0

Stellate hair 0 3.4 0 0 0 0 1.7 0

Fragment of stellate hair 0 5.2 0.9 0.9 0 0.9 0.9 1.7

Not identified 65.4 43 117.8 83.4 141 79.1 41.3 21.5

Fig, 2 Most abundant phytolith morphotypes found in

aerobiological samples. a–f Articulated phytoliths; a–b Sto-

matal complexes; c–d Silica skeletons composed by diverse

cells; e–f: stellate hairs; g–m Short cell phytoliths; g–i
Rondels; j Trapeziform; k–l Bilobates; m Trapeziform sinuate;

n–u Elongates; n Elongate with concave end; o–q Elongate

psilate; r–s Elongate sinuate; t–u: Point shaped. Bar scales:

a–f, n–u: 25 lm; g–m: 10 lm

c
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identified with 3.8 and 3.4%, respectively; both of

them mainly produced by grass species. All these

morphotypes described accounted for 95.4% of the

phytoliths identified. The remaining phytoliths iden-

tified were also produced in grasses (bulliform cell

phytoliths) and dicotyledons (stellate hairs). Some of

the morphotypes could also be assigned to specific

grass subfamilies, such as Panicoideae (bilobates and

crosses), Pooideae and Stipoideae (bilobates and

trapeziform crenate phytoliths).

The correlations found between phytolith concen-

trations and meteorological variables were all nega-

tive. These relationships were also significant, except

for temperature (rs = -0.40; p = 0.32) (Fig. 3).

In spring, when the minimum airborne phytoliths

were detected, the phytholith concentration yielded a

progressive increase, reaching its peak in winter.

Even though high phytoliths values were registered in

May (autumn) when ploughing takes place, maxi-

mum phytoliths concentrations were recorded in

August (winter) when pasture burning is carried out

alongside ploughing. When phytolith morphotypes

distribution was compared across the four seasons,

elongates and rondels were found to be the first and

second most abundant phytoliths, respectively. Tra-

peziforms and point shaped phytoliths, in turn,

alternated their relative frequency throughout the

different seasons (Fig. 4).

4 Discussion

For the first time, phytoliths have been reported in air

samples in Argentina; the morphotypes of these

amorphous silica particles were quite diverse. Despite

being a preliminary study, some relationships

between phytolith morphotypes, meteorological vari-

ables and agricultural practices have been established

for this region.

While most phytoliths described were isolated

morphotypes, some of them were found in an articu-

lated form. This type of morphotype is commonly

detected in soils and sediments left undisturbed, such

Fig. 3 Spearman’s rank correlations (rs) between phytolith

concentrations and meteorological variables: a Mean daily

relative humidity, b daily precipitation accumulation and

c mean daily wind speed (solid points indicate northern windy

days and white points southern windy days)

Fig. 4 Phytolith amount in relation to wind, precipitation and

agricultural practices during the four seasons. Percentages of

the four most abundant phytolith morphotypes are shown in pie

charts
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as buried soils or archaeological sites (Osterrieth et al.

2002). The presence of articulated morphotypes in air

represents an attractive finding, demonstrating that

these phytoliths can be transported by wind without

being disarticulated. Probably, certain factors such as a

short source plant distance and the transport agent

energy could account for these results.

Many of the morphotypes described belong to

grass species, and some could be assigned to

Panicoideae, Pooideae and Stipoideae subfamilies,

which represent the main vegetation of the region

(Gallego and Distel 2004; Fernández Honaine et al.

2006; Fredlund and Tieszen 1994; Twiss 1992; Zucol

1996). Also, some phytoliths, such as stellate hairs,

which could belong to dicotyledons, were described.

These results would reveal that the sources of the

phytoliths found in the air are plant communities

growing in the region.

An indirect relationship between phytoliths con-

centrations in the air and wind speed was established,

suggesting that this meteorological variable could be

involved in the aerial transport with a diluting effect,

as proposed by O0Rourke (1986). Nevertheless, the

strongest winds came from the southern region and

coincided with the low amount of phytoliths. North-

ern winds were weaker but brought a larger number

of silica particles. Coincidentally, the areas with

highest emission frequency of Poaceae pollen grains

were situated NE and NW of Mar del Plata city

(Gassmann et al. 2002). These authors also claimed

that the origin of the Poaceae pollen captured in

this city was regional. Indeed, phytoliths derive

mainly from Poaceae sources (grass plants), and the

explanations furnished for grass pollen transport

could also be applied to airborne phytolith parti-

cles. On the other hand, once pollen grains are

emitted from their source (plants), they become

physical particles whose movement is governed by

air masses. In this sense, just like pollen grains,

phytoliths can travel by atmosphere, and hence

could be governed by the same type of air mass.

Along these lines and irrespective of the phytoliths

plant of origin, the area of origin seems to be the

northern sector, outside the city limits, where native

grasslands and crops dominate. Mar del Plata is a

coastal city, and the strong winds from the southern

region come from the ocean. As a consequence,

these winds could be assumed to contain few

biological particles.

Phytolith concentration decreased with rainfall

influence, resulting in an atmospheric washout. The

fact that rainfall reduces the number of pollen grains in

the air is a very well-known phenomenon (Jato et al.

2002; Latorre and Bianchi 1998; Pérez et al. 2009).

Relative humidity causes a similar depressing effect

on particles in suspension if compared with precipi-

tations. Indeed, these two meteorological variables

follow a similar pattern. On the other hand, rainfall

influences soil humidity, and hence, the likelihood that

phytoliths deposited on it can incorporate into the

atmosphere. Then phytoliths incorporation from the

soils into the atmosphere also depends on the vegetal

cover and soil moisture (Osterrieth 2006, 2008;

Osterrieth et al. 2009; Porta et al. 1999; Pye 1987;

Zarate and Blasi 1991). Dry soils with little vegetal

cover favour soils exposition to wind transport and

allow their incorporation into airborne dust. Anyway,

with lower precipitation values, the amount of phyto-

liths in air increases, as reflected in the results shown.

Further studies should be conducted with a larger

number of days so as to provide conclusive explana-

tions regarding the effects that meteorological vari-

ables exert on airborne particles. Nevertheless, this

preliminary approach has demonstrated the relevance

of considering the meteorological characteristics of

the study site and the distribution of potential sources

so as to achieve a proper interpretation of airborne

particles dispersion dynamics. It was also evidenced

that phytoliths and pollen grains could behave in a

similar way regarding aeolian transport.

The months of higher phytolith concentration

coincided with the period in which soils were not

covered by vegetation, and this seems to be associated

with the particular management of pasture burnings

and ploughing. The absence of vegetation promotes

soil erosion, rendering soil particles, and so phyto-

liths, suitable for wind transport. Burning practices

accelerate phytoliths release from plant tissues and

increase the amount of phytoliths incorporated into

the soil, where, thanks to the lack of vegetation, they

become available for aeolian transport.

5 Conclusions

The main objectives stated in the introduction can be

addressed in the light of the results of this preliminary

but pioneer study. It was shown that
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(a) Phytoliths seem to abound in the air.

(b) Diverse morphotypes are present within air-

borne phytoliths.

(c) Many of the morphotypes described are pro-

duced in the vegetation growing in the region,

such as grass.

(d) Relationships can be established between phy-

toliths and meteorological variables: a lower

abundance of silica particles was detected on

high wind speed days from the south (sea coast)

and under wetter conditions.

(e) Relationships can be defined between phytoliths

and agricultural practices: abundant silica particles

were found in winter when burning and ploughing

activities were conducted simultaneously.

These results shed light on the importance of

considering the potential ways of phytoliths disper-

sion and the factors that could be affecting their aerial

transport, especially when they are applied to the

interpretation of paleovegetation from phytolith fossil

records.
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Stipa (Stipeae: Arundinoideae), de la Provincia de Entre

Rı́os. Darwiniana, 34, 151–172.

Aerobiologia

123

http://dx.doi.org/10.1007/s10453-009-9134-6
http://dx.doi.org/10.1029/1998JC900070
http://dx.doi.org/10.1029/1998JC900070

	First report of phytoliths in the air of Argentina
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	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


