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HEAVY METAL VEGETATION IN THE OLKUSZ REGION
(SOUTHERN POLAND) – PRELIMINARY STUDIES

KRYSTYNA GRODZIŃSKA & GRAŻYNA SZAREK-ŁUKASZEWSKA

Abstract. Grassland communities of areas with high levels of zinc and lead in the Olkusz region (southern Poland) were studied. 
They developed spontaneously on mine waste deposited at the beginning of the 20th century. Twenty phytosociological relevés 
in two areas are presented, along with pH and the zinc and lead concentrations in the upper soil layer. The soils were shallow, 
pH-neutral or slightly alkaline, and with very high heavy metal content (Zn 3.3–10.4%, Pb 0.32–1.66%). The grasslands were 
generally short and rather dense, and fl oristically similar to the Armerietum halleri Libbert 1930 association described by many 
authors from metalliferous areas of Germany; they differed from German ones by the presence of Biscutella laevigata and by 
the constant and often abundant occurrence of some vascular plants and lichen species (e.g., Rumex thyrsifl orus, Cardaminopsis 
arenosa, Diploschistes muscorum, Verrucaria muralis). Diffi culties in comparing phytosociological materials from various areas 
are discussed. The paper points to the need to conserve grassland islands in the monotonous, seriously degraded landscape of 
the area.
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INTRODUCTION

Zinc and lead ores occur on almost all continents 
(Ernst 1974). In Europe the richest deposits have 
been found in France, Belgium, the Netherlands 
and Germany (Ernst 1974; Ellenberg 1978). In 
Poland they occur only in the southern part of the 
country (Liszka & Świć 2004).

Metalliferous sites are overgrown with spe-
cifi c vegetation (Ernst 1974). Natural patches of 
this vegetation are associated with rock outcrops 
rich in zinc and lead, while secondary patches 
occur in mining areas, on post-mining waste and 
dumps. Natural patches, which have been repeat-
edly ravaged by opencast mining since prehistoric 
times, now occupy areas smaller than secondary 
patches.

The vegetation of zinc and lead areas in Cen-
tral and Western Europe has been the subject of 
many syntaxonomic studies. The fi rst publica-
tions date to the 1920s and 1930s (Libbert 1930; 
Schwickerath 1931; Koch 1932). They were fol-
lowed by work done mainly by German bota-
nists (e.g., Tüxen 1937, 1955; Schubert 1954a, b, 

1974; Ernst 1974, 1976; Daniels & Geringhoff 
1994; Brown 2001; Becker & Dierschke 2007; 
Pott & Hellwig 2007; Dierschke & Becker 2008). 
However, detailed information about the plant 
communities of zinc-lead areas in Poland is 
lacking. There are only brief mentions of them 
in the literature, with no phytosociological ma-
terials attached. Quoting fl oristic papers from 
the environs of Olkusz by Dobrzańska (1955), 
Ernst (1974) classifi ed grasslands occurring in 
the metalliferous areas of Poland as an impover-
ished association of Armerietum halleri Libbert 
1930. Later, Brown (2001) stated that the grass-
lands of Polish metalliferous areas represent the 
Silene vulgaris-Armeria maritima community, 
though he had no phytosociological relevés from 
the Olkusz region. Relying on Ernst (1974), Ma-
tuszkiewicz (2002) recognized grasslands of the 
Olkusz region as an impoverished Armerietum 
halleri  association.

The present paper describes the grassland com-
munities of the zinc-lead areas of the Olkusz region 
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and compares them with grasslands of other metal-
liferous areas in Europe, mainly Germany.

STUDY AREA

Deposits of zinc and lead ores occur in southern 
Poland in the Silesian Upland (Fig. 1). The richest 
deposits are in the Olkusz region (environs of 
Olkusz, Bukowno, Bolesław). They occur in Tri-
assic formations, mainly in ore-bearing dolomite 
and rarely in limestone. They contain over a dozen 
minerals. The basic minerals are sulphides of zinc 
(sphalerite, ZnS), lead (galena, PbS) and iron (mar-
casite, FeS2). They are accompanied by secondary 
minerals (calamine) originating as the result of 
oxidation and carbonization processes, and min-
erals containing other elements (Liszka & Świć 
2004). The ores contain different amounts of zinc 
and lead. The average content of zinc is 3.2–4.6%, 
and that of lead 0.3–1.9%. The ores also bear trace 
amounts of about 40 other elements such as cad-
mium (Cd), chromium (Cr), silver (Ag), selenium 
(Se), thallium (Tl) and uranium (U).

The latest archaeological research locates the 
beginnings of metal ore exploitation in the Olkusz 
region in antiquity, in the Hallstatt period (700– 
400 B.C.). According to historical sources, extraction 
and smelting of lead and silver ores started at the 
turn of the 11th/12th centuries, and zinc mining and 
smelting somewhat later on. These deposits were 
exploited almost continuously until the 1990s.

Many years of mining and smelting have 
completely changed the landscape of the Olkusz 
region, altering the hydrological regime, creating 
exploitation hollows and excavations, and pro-
ducing huge accumulations of different waste ma-
terials in dumps. Mine waste accumulated during 
several periods in the environs of Bukowno and 
Bolesław. The oldest waste originates from the late 
19th and early 20th centuries. Until the end of the 
1980s the Olkusz region received high amounts of 
industrial emissions of sulphur and dust with heavy 
metals. Dust emissions from smelting plants alone 
amounted to ca 500 tons/year in that period, and 
SO2 emissions more than 5000 tons/year. Currently 
these plants are emitting ca 1.5 tons of dust/year 
and ca 400 tons of SO2/year.

Post-mining areas in the Olkusz region have 
been reclaimed mostly through tree planting (af-
forestation). It is also possible to fi nd vegetation 
patches that have been developing spontaneously 
on metalliferous waste for 80–100 years and more. 
This vegetation is represented by open grassland 
with sparse trees and shrubs. This type of grassland 
is the subject of the present work.

MATERIALS AND METHODS

We studied grasslands developed on mine waste de-
posited at the beginning of the 20th century. That waste 
has never been reclaimed; the vegetation has been de-
veloping spontaneously for a long time (80–100 years). 
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Fig 1. Location of study areas (A, B).
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Two areas (A, B) of a few hectares each were selected in 
the environs of Bukowno and Bolesław; in each area, 10 
circular sample plots (25 m2 each) were established. The 
sample plots were distributed systematically, but places 
with untypical surface features (depression sinks, deep 
ditches originating after recultivation work, paths, lanes) 
were omitted. Phytosociological relevés were made ac-
cording to the standard Braun-Blanquet method (1964) 
in all sample plots (n = 20). Coverage of particular 
vascular plant, moss and lichen species was determined 
on a six-grade scale (+ to 5). All relevés are presented 
in a standard phytosociological table. Species constancy 
was determined according to Braun-Blanquet’s fi ve-
grade scale (I–V). Nomenclature follows Mirek et al. 
(2002) for vascular plant species, Ochyra et al. (2003) 
for mosses, and Bielczyk (2003) for lichens. Vascular 
plant species were classifi ed according to their syntaxo-
nomic affi nity on the basis of Matuszkiewicz (2002) and 
Zarzycki et al. (2002).

Around each sample plot in areas A and B, 5 sam-
ples were taken from the upper soil layer (10 cm 
depth), combined into one mixed sample per plot, and 
analyzed for pH and zinc and lead concentrations. The 
pH was determined potentiometrically, and heavy metal 
concentrations spectrophotometrically (AAS Varian 
220 FS).

RESULTS

The Olkusz region grasslands cover fl at ground 
or slightly inclined south-facing slopes. The soils 
were shallow and largely skeletal. The pH of the 
upper soil layer was neutral or slightly alkaline 
(Table 1). The concentration of heavy metals (Zn, 
Pb) originating from mine waste was very high. 
The soils of area A contained twice as much heavy 
metal as area B (Table 1).

The studied grasslands were generally short 
and dense, and 78 species were found in the two 
studied areas (Table 1). Vascular plants were repre-
sented by 44 species, ranging from 7 to 27 species 
in particular relevés. The lichen group comprised 
30 species, from 5 to 13 per relevé. There were 
only 4 moss species. The common species, most 
frequently noted, were Festuca ovina agg. (always 
dominating), Silene vulgaris, Armeria maritima, 
Dianthus carthusianorum, Carex caryophyllea, 
Pimpinella saxifraga, Rumex thyrsifl orus, Cla-
donia pyxidata, C. glauca and C. pocillum.

In Table 1, relevés 1–10 represent area A, and 
relevés 11–20 represent area B. Area A hosted 41 
species (19 vascular plants, 19 lichens, 3 mosses), 
and area B hosted 65 species (40 vascular plants, 
24 lichens, 1 moss). Area B was fl oristically much 
richer than area A. In area A there were 6 species 
characteristic of the class Festuco-Brometea Br. 
Bl. et R. Tx. 1943, 5 of Molinio-Arrhenatheretea 
R. Tx. 1937, and 1 of Koelerio glaucae-Coryno-
phoretea canescentis Klika in Klika et Novak 
1941/Sedo-Scleranthetea Br.-Bl. 1955 em. Müller 
1961 species; in area B the corresponding num-
bers were 12, 12, and 3 (Table 1). Cardaminopsis 
arenosa was a differential species for area A. Area 
B was distinguished by Anthyllis vulneraria, Sca-
biosa ochroleuca, Euphrasia stricta, Potentilla 
arenaria, Lotus corniculatus, Rhinanthus minor, 
Leontodon hispidus, Linum catharticum and seed-
lings of Pinus sylvestris among the vascular plants, 
and the moss Tortella tortuosa and lichen Ver-
rucaria muralis (Table 1). In area A more than 
a third were sporadic species, and less than a fi fth 
occurred in most of the phytosociological relevés. 
The fl oristic composition of area B grassland was 
more homogenous. Almost half of the species oc-
curred in most patches, and less than a third were 
sporadic species (Table 1).

DISCUSSION

The fl oristic composition of the grasslands of 
the Olkusz region most resembles that of the Ar-
merietum halleri association described by Libbert 
(1930) and later mentioned by Schubert (1954a, b, 
1974), Ernst (1974, 1976), Brown (2001) and Dier-
schke and Becker (2008) from metalliferous areas 
of Germany. Of the species considered character-
istic of Armerietum halleri, Armeria maritima and 
Silene vulgaris occur in the Olkusz region. Here 
we refer to these two species as species sensu lato, 
though features distinguishing them as Armeria 
maritima subsp. halleri and Silene vulgaris var. 
humilis are visible (Abratowska 2006). Molecular 
work is needed to verify their precise taxonomy. 
A constant element of the Olkusz grasslands is Bis-
cutella laevigata. It should be considered  locally 
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characteristic of metalliferous habitats. The oc-
currence of this species is limited to two areas in 
Poland: the zinc and lead Olkusz region and the 
limestone West Tatras (Zając & Zając 2001). The 
populations of the Olkusz region differ from those 
of the Tatras in many morphological and physi-
ological features (Wierzbicka & Pielichowska 
2004); their taxonomic rank has not been deter-
mined as yet.

Ernst (1974) distinguished three subassocia-
tions within Armerietum halleri, among them the 
Plantago subassociation represented by 33 relevés 
and with differential species including Plantago 
lanceolata, P. media, Achillea millefolium, Sca-
biosa ochroleuca and Ranunculus bulbosus. Ac-
companying species constantly associated with 
this subassociation are Euphrasia stricta, Dian-
thus carthusianorum, Leontodon hispidus, Lotus 
corniculatus, Carex caryophyllea, Gentianella 
germanica and Tortella tortuosa. Dierschke and 
Becker (2008) also distinguished three subas-
sociations of Armerietum halleri, including A.h. 
achilletosum millefoliae Ernst 1965 (34 relevés) 
with the following differential species: Plantago 
lanceolata, Galium album, Pimpinella saxifraga, 
Thymus pulegioides, Achillea millefolium, Ceras-
tium holeostoides, Hieracium pilosella, Viola 
tricolor, Sedum acre and Scleropodium purum. 
These subassociations of Armerietum halleri are 
associated with metalliferous and slightly alkaline 
substrate (pH 7.1–7.4). Floristically the Olkusz 
grasslands are very similar to both of those sub-
associations from Germany. They also occur on 
slightly alkaline soils with high concentrations of 
heavy metals.

Brown (2001) gave a community without 
syntaxonomic rank from metalliferous areas of 
Germany, named Silene vulgaris-Armeria mar-
itima, and distinguished two geographical races, 
western and eastern. According to him the zinc-
lead grasslands of Poland represent the eastern 
race of Silene vulgaris-Armeria maritima. That last 
assertion was not supported by phytosociological 
material from Poland. Brown characterized the 
soil chemistry of the studied areas. The commu-
nity Silene vulgaris-Armeria maritima occurs in 
Germany on sandy soils containing large amounts 
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of lead, and locally also zinc. These soils are very 
nutrient-poor and acidic (pH 5.1–6.8). The soils 
of the Olkusz grasslands, originated on dolomites, 
are slightly alkaline and contain high amounts of 
zinc and lead. Floristically they are richer than the 
patches of Silene vulgaris-Armeria maritima from 
Germany. In view of the habitat and fl oristic dif-
ferences, the Olkusz grasslands cannot be assigned 
to Silene vulgaris-Armeria maritima as described 
by Brown (2001).

According to Brown (2001), grasslands occur-
ring on soils that are acidic or highly contaminated 
by heavy metals (mainly lead) are fl oristically 
poorer than grasslands on slightly alkaline soils. 
Such is the case in the Olkusz region. The area A 
grassland on soil with high lead content contained 
fewer species than the area B grassland on less 
polluted soil.

Poland’s zinc-lead grasslands differ from the 
German ones by the presence of Biscutella lae-
vigata and the constant and often abundant oc-
currence of Rumex thyrsifl orus, Cardaminopsis 
arenosa, Carex hirta, Gypsophila fastigiata, Po-
tentilla arenaria and Anthyllis vulneraria. Among 
the lichens, the differential species of the Olkusz 
grasslands are Cladonia pocillum, C. glauca, Ba-
cidia bagliettoana, Diploschistes muscorum, Vez-
daea stipitata and Verrucaria muralis.

The syntaxonomic position of the European 
grasslands of metalliferous areas has been dis-
cussed and changed many times (e.g., Schubert 
1954; Ernst 1974; Ellenberg 1978; Brown 2001). 
Here we adopted Dierschke and Becker’s (2008) 
syntaxonomic approach. On the basis of a wealth 
of phytosociological material, they placed associa-
tions of metalliferous sites in the alliance Armerion 
halleri Ernst 1965, order Violetalia calaminariae 
Br.-Bl. et Tx 1943, and class Violetea calaminariae 
Tx. in Lohmeyer et al. 1962.

Unfortunately the phytosociological materials 
published by different authors are not uniform. 
Comparing such materials is problematic. Phy-
tosociological relevés have been made from plots 
varying in area from 1 to 100 m2 (Libbert 1930; 
Schubert 1954; Ernst 1974; Brown 2001; Dierchke 
& Becker 2008). Obviously this affects the number 
of plants recorded from particular relevés. The 

number of relevés representing Armerietum halleri 
has also varied greatly, from a few to more than 
a hundred (Libbert 1930; Schubert 1954; Ernst 
1974; Dierschke & Becker 2008). The species con-
stancy calculated from different numbers of relevés 
is open to question. Some phytosociological tables 
comprise only vascular plants, with no informa-
tion on lichens and mosses. Comparisons of such 
heterogeneous material cannot be sound.

In the Olkusz region all the relevés were made 
from patches covering 25 m2, but only 20 relevés 
were made. Because there is so little data on the 
grasslands of metalliferous substrates in Poland, 
we decided to present all materials collected 
so far.

Grasslands on zinc and lead post-mining waste 
are islands in a heavily degraded, monotonous 
landscape. They enrich the landscape and add 
to the biotic diversity of the area. It is easy to 
justify the need for conservation of grasslands in 
the Olkusz region. Many plant species that are le-
gally protected or known from only a few localities 
in Poland are found in such grasslands. For this 
reason, the area B grassland has been placed under 
legal protection as a site of ecological interest. As 
a consequence of decreased emissions of metallic 
dust and earlier cessation of grazing, pine (Pinus 
sylvestris) has been overgrowing the grassland in 
the past few years. Active protection, that is, the 
removal of trees, is needed for the grassland veg-
etation to be maintained.

ACKNOWLEDGEMENTS. We are grateful to the anony-
mous reviewer for valuable remarks on the manuscript. 
The study was fi nancially supported by Project PBZ-
KBN no. 087/P04/2003 and Project EEA PL0265.

REFERENCES

ABRATOWSKA A. 2006. Armeria maritima – the plant species 
adapted to growth on soils polluted by heavy metals. Ko-
smos 55: 217–227 (in Polish with English summary).

BECKER T. & DIERSCHKE H. 2007. Trockenrasen auf schwerme-
tall- und nicht schwermetalhaltigen Boden der Bottendorfer 
Hügel in Thüringen. Tuexenia 27: 225–286.

BIELCZYK U. (ed.) 2003. The lichens and allied fungi of the 
Polish Carpathians – an annotated checklist. W. Szafer In-
stitute of Botany, Polish Academy of Sciences, Kraków.



112 POLISH BOTANICAL JOURNAL 54(1). 2009

BRAUN-BLANQUET J. 1964. Pfl anzensoziologie. Grundzüge der 
Vegetationskunde. Springer Verlag, Wien – New York.

BROWN G. 2001. The heavy-metal vegetation of north-western 
mainland Europe. Bot. Jahrb. Syst. 123: 63–110.

DANIELS F. J. & GERINGHOFF H. 1994. Pfl anzengesellschaften 
auf schwermetallreichen Böden der Briloner Hochfl äche, 
Sauerland. Tuexenia 14: 143–150.

DIERSCHKE H. & BECKER T. 2008. Die Schwermetall-Vegetation 
des Harzes – Gliederung, ökologische Bedingungen and 
syntaxonomische Einordnung. Tuexenia 28: 185–227.

DOBRZAŃSKA J. 1955. Flora and Ecological Studies on Cala-
mine Flora in the District of Bolesław and Olkusz. Acta 
Soc. Bot. Poloniae 24: 357–408 (in Polish with English 
summery).

ELLENBERG H. 1978. Vegetation Mitteleuropas mit den Alpen 
in ökologischer Sicht. Ulmer Verlag, Stuttgart.

ERNST W. 1974. Schwermetallvegetation der Erde. Fischer 
Verlag, Stuttgart.

ERNST W. 1976. Violetea calaminariae. In: R. TÜXEN (ed.), 
Prodromus der Europäischen Pfl anzengesellschaften 3: 
1–132. Cramer, Vaduz.

KOCH K. 1932. Die Vegetationsverhältnisse des Silberberges im 
Hüggelgebiet bei Osnabrück. Mitteilungen des Naturwis-
senschaftlichen Vereines für Osnabrück 22: 117–149.

LIBBERT W. 1930. Die Vegetation des Fallsteingebietes. Mit-
teilungen Floristisch-soziologischen Arbeitsgemeinschaft 
in Niedersachsen 2: 1–66.

LISZKA J. & ŚWIĆ E. 2004. Zakłady Górniczo-Hutnicze „Bo-
lesław”: dzieje, wydarzenia, ludzie. Zakłady Górniczo-
Hutnicze „Bolesław” S.A., Bukowno.

MATUSZKIEWICZ W. 2002. Przewodnik do oznaczania zbioro-
wisk roślinnych Polski. Wydawnictwo Naukowe PWN, 
Warszawa.

MIREK Z., PIĘKOŚ-MIRKOWA H., ZAJĄC A. & ZAJĄC M. 2002. 
Flowering plants and pteridophytes of Poland. A checklist. 
W. Szafer Institute of Botany, Polish Academy of Sci-
ences, Kraków.

OCHYRA R., ŻARNOWIEC J. & BEDNAREK-OCHYRA H. 2003. 
Census Catalogue of Polish Mosses. Polish Academy of 
Sciences, Institute of Botany, Kraków.

POTT R. & HELLWIG M. 2007. Das Armerietum halleri Libbert 
1930 aus dem Tal der Innerste am Nordrand des Harzes. 
Hercynia N.F. 40: 245–255.

SCHUBERT R. 1954a. Die Schwermetallpfl anzengesellschaften 
des őstlichen Harzvorlandes. Wiss. Z. Martin-Luther-Univ. 
Halle-Wittenberg, Math.-Naturwiss. Reihe 3(1): 51–70.

SCHUBERT R. 1954b. Zur Systematik und Pfl anzengeographie 
der Charakterpfl anzen der Mitteldeutschen Schwermetallp-
fl anzengesellschaften. Wiss. Z. Martin-Luther-Univ. Halle-
Wittenberg, Math.-Naturwiss. Reihe 3(4): 863–882.

SCHUBERT R. 1974. Übersicht über die Pfl anzengesellschaften 
des südlichen Teiles der DDR. VIII. Basiphile Trocken- 
und Halbtrockenrasen. Hercynia N.F. 11: 22–46.

SCHWICKERATH M. 1931. Das Violetum calaminariae der 
Zinklböden in der Umgebung Aachens. Beitr. Z. Natur-
denkmalpfl ege 14: 463–503.

TÜXEN R. 1937. Die Pfl anzengesellschaften Nordwestdeutc-
lands. Mitteilungen Floristisch-soziologischen Arbeitsge-
meinschaft in Niedersachsen 3: 1–170.

TÜXEN R. 1955. Das System der nordwestdeutschen Pfl an-
zengesellschaften. Mitteilungen Floristisch-soziologischen 
Arbeitsgemeinschaft, N.F. 5: 155–176.

WIERZBICKA M. & PIELICHOWSKA M. 2004. Adaptation of 
Biscutella laevigata L., a metal hyperaccumulator, to 
growth on a zinc-lead waste heap in southern Poland. I: 
Differences between waste-heap and mountain populations. 
Chemosphere 54: 1663–1674.

ZAJĄC A. & ZAJĄC M. (eds) 2001. Distribution Atlas of Vas-
cular Plants in Poland. Laboratory of Computer Chorology, 
Institute of Botany, Jagiellonian University, Kraków.

ZARZYCKI K., TRZCIŃSKA-TACIK H., RÓŻAŃSKI W., SZELĄG Z., 
WOŁEK J. & KORZENIAK U. 2002. Ecological indicator 
values of vascular plants of Poland. W. Szafer Institute of 
Botany, Polish Academy of Sciences, Kraków.

Received 16 March 2009



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


