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FRACTIONS OF CHROMIUM AND LEAD IN FOREST
LUVISOLS OF SOUTH PODLASIE LOWLAND

The aim of this work was to separate the fractions of chromium and lead in forest Luvisols by
means of three extraction methods (Tessier’s at al. method modified by the authors, Zeien’s and
Briimmer’s method, and Hedley’s method modified by Tiessen and Moir) and to compare the content
of these metals separated in four selected fractions: easily soluble, exchangeable, organic and resid-
ual. The results of the sequential fractionation have shown different amounts of Cr and Pb in selected
fractions in the genetic horizons of the soils investigated. The highest amount of both metals was
found in easily soluble and exchangeable fractions (Zeien’s and Briimmer’s method); in organic
matter fraction (Hedley’s method) and in residual fraction (Tessier’s at al. method). In general, the
statistical evaluation of the results demonstrated that the amounts of Cr and Pb in easily soluble, ex-
changeable, organic matter and residual fractions showed significant correlation with some properties
of the forest Luvisols analyzed.

1. INTRODUCTION

The total content of heavy metals is made up by their different forms (fractions),
which can be related to chemical species, as well as to their different solubility and
mobility in soil environment. Sequential extraction of elements is used to identify
these fractions. The methods of sequential fractionation enable us to determine the
quantity of compounds of these metals in soil and to estimate more precisely their
availability and toxicity to trophic chain components. The geochemistry (solubility,
mobility and availability) of chromium and lead depend on: the value of pH, the con-
tent and type of iron and manganese compounds as well as the content of organic
matter and clay minerals [1], [2]. The aim of this work was to investigate the fractions
of chromium and lead separated by means of three extraction methods and to compare
the content of these metals in four selected fractions.
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2. MATERIAL AND METHODS

The study was conducted on Luvisols formed from boulder glacial deposits (heavy
loam, sandy loam and loamy sands), localized in an old forest land of the South Pod-
lasie Lowland in the middle-east of Poland. The soil samples were taken from a par-
ticular genetic horizon of the soils, air dried and then the following properties of the
soils were determined: granulometric composition, by areometric method (according
to Polish Norm PN-R-04033); pH in 1 mol KCI - dm, potentiometrically; cation ex-
changeable capacity (CEC) was calculated on the basis of hydrolytic acidity (Hh) and
base exchangeable capacity (BEC) determined by Kappen’s method; the amount of
organic carbon (C,,), according to oxidation-reduction method [3]; the total content
of chromium and lead (Cr, and Pb;), by ICP-AES method, after mineralization in the

mixture of concentrated HCl and HNO; (3:1) in microwave system.

Tablel

Methods of sequential extraction of chromium and lead

Fraction | Extraction reagent
Tessier’s at al. method (in our own modification)
F1 easily soluble H,0
F2  exchangeable 1 mol NH,CI * dm’®
F3 bonded to carbonates 1 mol CH;COOH * dm™
F4 bonded to Fe-Mn oxides 0.2 mol (NH,),C,0,'dm™ + 0.2 mol H,C,0," dm™

F.; bonded to organic matter

0.1 mol NaOH * dm

Fesq residual*

Zeien’s and Briimmer’s method

F1 easily soluble

1 mol NH,NO; - dm™

F2 exchangeable

1 mol CH;COONH, - dm™

F3 bonded to MnO,

1 mol NH,OH'HCI'dm ™ +1 mol CH;COONH,dm™

F,; bonded to organic matter

0.025 mol CgHa, N4Og - dm™

F5 bonded to amorphic FeO,

0.2 mol (NH,),C,0, ‘dm™ + 0.2 mol H,C,0, dm™

F6 bonded to crystalline FeO,

0.2 mol (NH,),C,0, - dm™ + 0.2 mol H,C,0," dm™
+0.1 mol CgHgOg * dm™

Fesq residual*

Hedley’s method

modified by Tiessen and Moir

F1 easily soluble

H,0

F2 exchangeable

0.5 mol NaHCO;" dm™

F,; bonded to organic matter

0.1 mol NaOH * dm

F4 bonded to carbonates

1 mol HCI - dm™

F5 bonded to stable organic-mineral and
mineral compounds

concentrated HCI

- %
Fesiq residual

* Calculated as the difference between the total amount of heavy metals and the sum of fractions

determined above.
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The sequential extraction of chromium and lead was carried out, using three dif-
ferent analytical procedures: the method of TESSIER’s et al. [4] modified by the
authors (the modification involved checking a few extraction solutions and recom-
mending the use of one of them during the stages of analysis performed by the ICP-
AES method); ZEIEN’s and BRUMMER’s method [5] and Hedley’s method modified
by TIESSEN and MOIR [6] (in this paper it is named Hedley’s method) (table 1). Par-
ticular fractions of chromium and lead were determined in the extracts by ICP-AES
method. The suitability of the sequential extraction methods was compared with that
of the external standard method. In the checking procedure, also the control samples
were taken into consideration together with the application of proper chemical rea-
gents.

In order to compare the sequential extraction schemes, four fractions of metals
were selected: easily soluble (water soluble) (F1), exchangeable (F2), bonded to or-
ganic matter (organic fraction — F,,), and residual (fraction of very stable organic—
mineral and mineral compounds in soils — F,.54). The selection of these fractions was
based on the possibility of their direct use at each step of the procedures applied. In
these four fractions, trace metals were bonded to compounds of soil with different
bonds, from the most mobile (fractions F1 and F2), through potentially mobile (F)
to very stable in the compounds of residual fraction (F,gq4). The percentage contribu-
tion of the four fractions of Cr and Pb were shown as a mean for three soil profiles for
each sequential extraction procedure.

The interaction between the total content of Cr and Pb and their separated frac-
tions as well as some properties of soils was evaluated using linear correlation (r) and
the critical values at ¢ = 0.01 and o = 0.05.

3. RESULTS AND DISCUSSION

Some physical, physicochemical and chemical properties of the soils investigated
were characteristic of the forest Luvisols formed from boulder deposits of the Middle
Polish Glacial (table 2). In the Luvisols tested, the total content of Cr ranged from
7.94 t0 25.1 mg " kg ' and that of Pb varied from 9.86 do 12.2 mg - kg'. Taking into
account the total mean content of the metals of interest, the genetic horizons of these
soils could be presented in the following descending order: 1IBt > IIC > Ah > Ol >
Eet. The distribution of chromium and lead in the soil profiles was probably the result
of lessivage soil formation process (in mineral horizons) and biological accumulation
(in organic horizons). The total content of chromium and lead in the soils investigated
was below the values of geochemical background for boulder loams in Poland [7].
The distribution of chromium and lead in the Luvisols profilers under analysis was
similar to that in the other forest Luvisols [8]-[10]. Both chromium and lead were
found in the forest soil profiles due to their occurrence in parent rock of the soils (C)
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as well as due to environmental contamination and biological accumulation in the soil
surface horizons (Ol and Ah) [1], [11].

Table2
Some properties (ranges for three soil profiles) of forest Luvisols
= [a\}
8 2 S| = § ey §
E B> z 7 X o3 . Corg Cr, Pb,
2 P v pHkai CEC
[
5 % fraction of diameter o o
o i mm g kg mg kg
Ol - - - 4.81-5.16 | 545-700 443-472 | 6.95-9.75 | 9.17-11.9
Ah | 69-76 | 19-25 5-8 3.08-3.36 | 75.2-107 | 12.0-20.3 | 7.29-9.21 | 8.47-15.1
Eet | 69-80 | 1724 3-6 3.55-3.65 | 43.6-54.0 | 2.30-5.00 | 6.55-8.47 | 7.93-11.1
Bt | 37-53 | 24-33 | 23-32 | 3.32-3.48 146-187 1.60-2.00 | 21.7-28.3 | 10.8-14.6
IIC | 35-53 | 2842 | 1626 | 6.81-7.43 | 238-388 1.30-1.60 | 18.1-22.8 | 9.56-12.8
* mmol(+)kg™'; CEC — Cation Exchangeable Capacity.
Table3
Mean percentage contribution of chromium and lead fractions
to their total content in soils investigated
. Cr Pb
Genetic ; -
horizon Fractions Fractions
Fl1 F2 Forg Fresida F1 F2 Forg Fresia
Tessier’s et al. method
Ol 1.17 1.71 133 58.1 2.50 3.77 28.3 48.3
Ah 0.69 1.66 6.47 65.8 0.93 3.27 23.8 51.6
Eet 0.40 0.77 1.71 70.6 0.52 2.10 10.1 63.2
1Bt 0.26 0.53 1.32 82.4 0.24 1.00 2.96 72.1
11C 0.15 0.27 0.55 89.9 0.17 0.76 1.31 80.1
Zeien’s and Briimmer’s method
Ol 1.83 3.07 10.0 51.2 3.23 5.65 21.7 46.2
Ah 1.03 2.30 5.13 58.0 1.63 4.70 19.7 46.4
Eet 0.58 1.27 1.43 63.8 0.88 291 8.33 59.7
1Bt 0.34 0.83 0.93 73.1 0.28 1.25 2.17 64.4
11C 0.17 0.39 0.45 80.9 0.20 0.66 0.98 71.2
Hedley’s method modified by Tiessen and Moir
Ol 1.19 2.07 16.9 42.6 2.47 4.93 32.0 36.8
Ah 0.71 1.91 7.85 47.1 0.94 3.60 26.1 38,0
Eet 0.44 1.11 2.00 493 0.52 2.57 11.6 42.1
1Bt 0.27 0.61 1.83 61.0 0.23 0.95 3.15 54.6
11C 0.14 0.34 0.66 68.6 0.15 0.87 1.89 62.8

Fractions: F1 — easy soluble, F2 — exchangeable, F,,, — bonded to organic matter, Fq — residual.
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In the forest Luvisols investigated, different amounts of chromium and lead were
found in the fractions separated by the three sequential extraction methods (table 3). The
mean percentage contribution of the four selected fractions of these elements to their
total content in the soil horizons can be presented in the following descending orders:

e for Cr in Ol: residual > bonded to organic matter > exchangeable > easily soluble
(42.6-58.1%)  (10.0-16.9%) (1.71-3.07%)  (1.17-1.83%);
in Ah: residual > bonded to organic matter > exchangeable > easily soluble
(47.1-65.8%)  (5.13-7.85%) (1.66-2.30%) (0.69-1.03%);
in Eet, [IBt, IIC: residual > bonded to organic matter > exchangeable > easily soluble
(49.3-89.9%)  (0.45-2.00%) (0.39-1.27%) (0.14-0.58%);
e for Pb in Ol: residual > bonded to organic matter > exchangeable > easily soluble
(36.8-48.3%)  (21.7-32.0%) (3.77-5.65%) (2.47-3.23%);
in Ah: residual > bonded to organic matter > exchangeable > easily soluble
(38.0-51.6%)  (19.7-26.2%) (3.27-4.70%)  (0.93-1.63 %);
in Eet, [IBt, IIC: residual > bonded to organic matter > exchangeable > easily soluble
(42.1-80.1%)  (0.70-11.6 %) (0.76-2.91%) (0.15-0.88%).

In the soils analyzed, the residual fraction (Fiq) of chromium and lead prevailed.
The highest amounts of Zn and Cu in this fraction were determined, using Tessier’s et
al. method (mean: 73.3% for Cr and 63.0% for Pb) and the lowest ones, using the
method of Hedley (53.7 and 46.8%, respectively). The concentration of those metals
in the residual fraction increased with the depth of soil profiles, independently of the
extraction method applied. CZEKALA [11] and FILIPEK-MAZUR [12] reported that the
contribution of chromium to the residual fraction ranged from about 60.0 to 90.0% in
the uncontaminated soils. KABALA and SINGH [13] claimed that the amount of lead in
the stable mineral compounds (F4) ranged from 84.0 to 88.0%.

The highest concentrations of chromium and lead in the fraction bonded to organic
matter (F,,,) were determined in the soil organic horizons Ol (on average from 5.85%
for Cr and 15.0% for Pb (Hedley’s method) to 3.41% and 10.5% (Zeien’s and Briim-
mer’s method), respectively). The organic (Ol) and humus (Ah) horizons of the acid
forest soils [ 1] were dominated by lead in organic fraction.

The lowest concentrations of both metals in the forest soils under analysis were found
in their easily soluble (F1) and exchangeable (F2) fractions (table 3). The highest amounts
of chromium and lead in these fractions were determined using Zeien’s and Briimmer’s
procedure (on average from 0.79 to 1.57% for Cr and from 1.25 to 3.09% for Pb) and the
lowest ones, by means of Tessier’s et al. method and Hedley’s method (0.53-1.21% and
0.87-2.62%), respectively). The concentrations of Cr and Pb in an easily soluble, ex-
changeable and bonded to organic matter fractions decreased with the depth of soil profiles
independently of the extraction method applied. The higher the acidity of soil and envi-
ronmental pollution, the higher the amounts of Cr and Pb in the most mobile fractions (F1
and F2) and the higher their availability and toxicity to trophic chain components [11],
[12], [14]. KABALA and SINGH [13] reported that the contribution of lead to these fractions
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was below 3.0% in uncontaminated soils, but in polluted soils the contribution of this
metal to the exchangeable fraction increased to 45.0%.

Table4

Coefficients of correlation between fractions of chromium and some parameters of soils

[F1| F2 | Fop | Fre Cr, | pHea | Con CEC | ©<0.002
Tessier’s et al. method
F1 1 | 0.920%* |0.989%*| —0.926%* | —0.699** | —0.125 | 0.882** | 0.633** | —0.719**
F2 1 0.890** | —0.934** | —0.760** | —0.342 | 0.633** | 0.445* | —0.746**
Foro 1 —0.862** | —0.612** | —0.024 | 0.912** | 0.712** | —0.639**
Fresia 1 0.854** | 0.459* | —0.685** | —0.334 | 0.848%**
Zeien’s and Briimmer’s method
F1 1 | 0.981%* |0.991**| —0.931** | —0.700** | —0.118 | 0.887** | 0.638** | —0.721**
F2 1 0.964** | —0.968** | —0.752** | —0.255 | 0.781** | 0.496* |—0.756**
Foro 1 —0.881** | —0.631** | —0.034 | 0.902** | 0.696** | —0.656**
Fresia 1 0.831** | 0.452* | —0.688** | —0.341 | 0.825**
Hedley’s method modified by Tiessen and Moir
F1 1 | 0.937** |0.980%*| —0.885** | —0.718** | —0.152 | 0.872%** | 0.611%* | —0.736**
F2 1 0.875%* | —0.943%* | —0.824** | —0.349 | 0.649** 0.335 | -0.810**
Foro 1 —0.774** | —0.592** | —0.016 | 0.922** | 0.727** | —0.622%*
Fresia 1 0.873** | 0.486* | —0.595** | —0.220 | 0.860**
Significant at: **a=0.01; *a=0.05 ; CEC — Cation Exchangeable Capacity.
Table5
Coefficients of correlation between fractions of lead and some parameters of soils
[F1| F2 | Fop | Frow Pb, | pHge | Con CEC [@<0.002
Tessier’s et al. method
Fl1 1 | 0.864%* |0.878**| —0.824** | —0.463* 0.032 | 0.958** | 0.759%* | —0.655%*
F2 1 0.993** | —0.988** | —0.610** | —0.289 | 0.686** | 0.476* | —0.843%*
For 1 —0.976%* | —0.541* | -0.243 | 0.706** 0.424 | —0.794%**
Fresid 1 0.545* 0.445* | —0.634** | —0.297 | 0.808**
Zeien’s and Briimmer’s method
Fl1 1 | 0.944%* 10.919*%*| —0.873** | —0.528* | —0.047 | 0.902** | 0.668** | —0.735%*
F2 1 0.993** | —0.973** | —0.607** | -0.262 | 0.710*%* | 0.497* | —0.839%*
For 1 —0.984%* | —0.548* | -0.279 | 0.663** | 0.472% | —0.803**
Fresid 1 0.468* 0.461* | —0.597** | —0.278 | 0.759**
Hedley’s method modified by Tiessen and Moir

Fl1 1 | 0.928** |0.896** | —0.730** | —0.477* 0.026 | 0.953** | 0.749%* | —0.669**
F2 1 0.984** | —0.919** | —0.631** | —0.217 | 0.775%* | 0.475*% | —0.842%*
For 1 —0.899** | —0.556* | —-0.225 | 0.720** | 0.445% | —0.802**
Fresid 1 0.640** | 0.539* | —0.514* | —0.132 | 0.856**

Significance at: **a = 0.01; *a = 0.05; CEC — Cation Exchangeable Capacity.
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For the Luvisols analyzed, the authors found the coefficients (positive and nega-
tive) of statistically significant correlations between most of the variables measured
for chromium and lead, independently of the extraction method applied (tables 4 and
5). The statistically significant correlations (¢ = 0.05 and « = 0.01) were found be-
tween the amount of Cr and Pb in the four fractions and the total content of these met-
als (Cr, and Pby), the content of organic carbon (C,,), the soil fractions with the parti-
cles diameter < 0.002 mm, and the values of cation exchangeable capacity (CEC)
(with the exception of the residual fraction). The values of soil pH were significantly
correlated with the residual (o= 0.05) fractions of chromium and lead.

4. CONCLUSIONS

1. In the forest Luvisols investigated, the total content of chromium and lead was below
the values of the geochemical background for Polish boulder glacial deposits. Taking ac-
count of the total mean content of the metals analyzed, the genetic horizons of the soils
could be arranged in the following descending order: IIBt > [IC > Ah > Ol > Eet.

2. The sequential fractionation analysis of chromium and lead compounds according
to Tessier’s et al. method, Zeien’s and Briimmer’s method, and Hedley’s method modi-
fied by Tiessen and Moir showed different amounts of both metals in the selected frac-
tions of the soils analyzed. In general, the highest amounts of these metals were deter-
mined in the residual fraction, and the lowest — in the easily soluble ones.

3. The highest amounts of chromium and lead in the easily soluble and exchange-
able fractions were determined in organic horizons (Ol); the organic fraction — in
biological accumulation horizons (Ol and Ah), and the residual fraction — in parent
rock horizons (C) of forest soils.

4. The highest amounts of chromium and lead in the easily soluble and the ex-
changeable fractions were determined according to the procedure of Zeien and
Briimmer, in the organic fraction — by Hedley’s method, and in the residual fraction —
by Tessier’s et al. method.

5. The statistical evaluation of the results suggested that the concentrations of
chromium and lead in separated fractions were significantly correlated with some
properties of the forest Luvisols (the content of chromium and lead, C,,, clay frac-
tion, CEC).
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FRAKCJE CHROMU I OLOWIU W LESNYCH GLEBACH PLOWYCH
NA TERENIE NIZINY POLUDNIOWOPODLASKIEJ

Celem pracy bylo wydzielenie frakcji chromu i otowiu z lesnych gleb plowych za pomoca trzech
metod ekstrakcji sekwencyjnej (zmodyfikowanej metody Tessiera, metody Zeiena i Briimmera oraz meto-
dy Hedleya w modyfikacji Tiessena i Moira), a takze pordwnanie zawartosci tych metali w czterech
wybranych frakcjach: tatwo rozpuszczalnej, wymiennej, organicznej i rezydualnej. Najwigcej
chromu i otowiu stwierdzono we frakcjach tatwo rozpuszczalnej i wymiennej, wydzielonych za pomoca
metody Zeiena i Briimmera, we frakcji organicznej wydzielonej metoda Hedleya oraz w stabilnych pota-
czeniach frakcji rezydualnej wydzielonej metoda Tessiera. Obliczenia statystyczne wykazaty, ze cztery
badane frakcje chromu i otowiu byly na ogdt wysoko istotnie i istotnie skorelowane ze soba oraz z wy-
branymi parametrami analizowanych gleb.




<<
  /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
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


