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Chemically enhanced phytoextraction of heavy metals has
proved in several cases to be a perspective and cost-
effective method of soil remediation. The main drawback
of this method continues to be the low mobility (and thus
the bioavailability) of some heavy metals (e.g., lead [Pb]).
The use of synthetic chelating agents, such as ethylenedi-
aminetetraacetic acid (EDTA), significantly increased the
mobility of heavy metals in soils and their translocation
from the roots to the shoots of several plants (Blay-
lock et al., 1997; Huang et al., 1997). However, because of
their high solubility and persistence in soils, chelates can
possibly leach down the soil profile. Thus, they pose an
important environmental risk for groundwater quality
(Romkens et al., 2002). In addition, free EDTA and EDTA-
heavy metal complexes are potentially toxic to plants
(Vassil et al., 1998).

For these reasons, several alternatives to EDTA have
been proposed. Among many, (S, S)-N, N’-ethylene-
diaminedisuccinic acid (EDDS), a biodegradable chelating
agent, was introduced to minimize unwanted negative ef-
fects associated with the use of EDTA during phytoex-
traction experiments (Kos and Lestan, 2003). Xiong and
Feng (2001) introduced chloride salts as another alternative
for enhancing Pb accumulation in Brassica pekinensis.
Highly soluble chloride salts dissociate in soil solution and

M. Komarek (D) - P. Tlustos - J. Szakova

Department of Agrochemistry and Plant Nutrition,

Czech University of Agriculture in Prague, Kamycka 129,
165 21 Prague 6, Czech Republic

e-mail: komarek @af.czu.cz

V. Chrastny

Department of Chemistry, University of South Bohemia,
Studentska 13, 370 05 Ceské Budé€jovice, Czech Republic

@ Springer

thus provide (1) cations capable of exchanging the ad-
sorbed heavy metals and (2) ligands needed to form water-
soluble mobile complexes such as CdCI*, CdCl3, or
CdCly .

Other studies (Li et al., 1994; Smolders et al., 1998) also
have proved the positive influence of chloride salts on
heavy metal (especially Cd) accumulation in plants. The
authors add that the use of chloride salts is preferred over
the use of EDTA because of the lower costs and shorter
dwell time of the formed soluble complexes in soils. Fur-
thermore, the application of sodium chloride (NaCl) did not
negatively influence plant biomass production to the extent
that EDTA did (Xiong and Feng, 2001).

However, many authors have focused on soils artifi-
cially spiked with a single metal in a form that does not
correspond to natural conditions (e.g., Pb[NOsz], or
Cd[NOs],) (e.g., Begonia et al., 2003, 2004; Hovsepyan
and Greipsson 2005; Xiong and Feng, 2001). In addition,
the application of mobilizing agents to soils contami-
nated with multiple metals can lead to a reduction in
plant biomass yields and the total amount of heavy
metals phytoextracted due to the toxicity of other metals
present at high concentrations in the soil solution (Chen
and Cutright, 2001). The main objectives of this study
were (1) to determine the effect of different chloride salt
(NH4Cl) concentrations on the mobility of cadmium
(Cd), zinc (Zn), and Pb in a contaminated agricultural
soil originating from the contaminated mining and
smelting area of Pribram, Czech Republic, (2) to eval-
uate the phytoextraction efficiency of a hybrid poplar
(Populus nigra X Populus maximoviczii) and maize (Zea
mays) after the application of different NH4Cl concen-
trations, (3) and to compare the effectiveness of NH4Cl
and EDTA in the phytoextraction process.
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Materials and Methods

The area of Pfibram, Czech Republic, was chosen as a site
severely contaminated by the smelting activities of a Pb
smelter that has been in operation longer than 200 years.
Samples of an agricultural soil in the area were taken from
the arable layer (0-20 cm). The soil is classified as a Gleyic
Cambisol. The samples used for soil characteristics deter-
mination, heavy metal contents, and incubation experi-
ments were air dried, homogenized, and sieved (2-mm)
before analyses. Soil samples used for pot experiments
were air dried, homogenized, and passed through a 10-mm
stainless sieve.

Total heavy metal (Cd, Zn, Pb) contents in the studied
soil were determined using a combination of the dry-ashing
procedure (Dry Mode Mineraliser Apion, Tessek, Czech
Republic) and HNO5-HF and aqua regia dissolution. The
complete procedure is described elsewhere (Szakova et al.,
2000). The exchangeable and acid extractable fraction
(““labile fraction’’) of heavy metals was determined from
the sequential extraction by Quevauviller (1998). For the
evaluation of measurement precision and accuracy, the
standard reference material, CRM Light Sandy Soil 7001
(Analytika Prague, Czech Republic), was used.

To assess the effect of different NH4Cl (analytical
grade, Fluka, Germany) concentrations on heavy metal
mobility, incubation experiments for a 28-day period
were performed at a constant temperature of 25°C. An
aliquot part of air-dried soil (50 g) was placed into
HNOs-cleaned 250-mL  polyethylene bottles. Next,
15 mL (~60% of the water field capacity) of the chloride
solution (10, 20, and 30 mmol/kg of soil) was added to
the soil. The control variant comprised 15 mL of de-
ionized water. Water-extractable heavy metals and heavy
metal contents in digests were analyzed using ICP-OES
(Vista Pro, Varian, Australia).

Pot experiments were conducted in a controlled outdoor
vegetation hall. Two hybrid poplar (Populus nigra X
Populus maximowiczii) cuttings were planted and 10 maize
(Zea mays) seeds sown in each pot containing 5 kg of air-
dried and sieved (10 mm) soil. The pots were watered
twice per day using only deionized water to maintain
approximately 60% of the water holding capacity. The pots
containing maize were thinned to four plants per pot after 2
weeks of growth. The applications of NH4Cl (10, 20, and
30 mmol/kg of soil) and EDTA (3 mmol/kg of soil) were
split into three doses to reduce potential phytotoxicity ef-
fects. The concentration of 3 mmol EDTA/kg was chosen
because higher EDTA concentrations had negative effects
on plant biomass production.

The first application was added to the plants 100 days
after planting/sowing. The following applications were

Table 1 Basic physicochemical soil characteristics, total heavy
metal contents, and heavy metal contents in the labile soil fraction

PHi20 4.8

pHkai 3.9

CEC (cmol/kg) 11.3

TOC (%) 1.9

Clay content (%) 6.0

Total heavy metal contents (mg/kg) (n = 3)

Cd 4.86 = 0.33
Zn 266 + 31
Pb 1360 = 10

Heavy metal contents in the exchangeable and acid-
extractable fraction (mg/kg) (n = 3)

Cd 2.31 +£0.08
Zn 35.9 £ 0.001
Pb 739 + 1.5

CEC, cation exchange capacity; TOC, total organic carbon

added after 10 and 20 days. The control treatment was
included and consisted of deionized water. Each treatment
was conducted in quadruplicates. The above-ground bio-
mass was harvested 130 days after sowing and planting.
Poplar leaves and stems were carefully separated. The
harvested plant samples were washed carefully in deion-
ized water, dried at 60°C to constant weight, and finely
ground before decomposition. Plant samples were decom-
posed using the dry-ashing procedure (Szakova et al.,
2000) and analyzed using ICP-OES.

All statistical analyses were performed using analyses of
variance (ANOVA) with a consequent Duncan test (soft-
ware Statistica 6.0, StatSoft). The results were evaluated on
the basis of homogeneous groups at a given significance
level (p < 0.05).

Results and Discussion

Table 1 summarizes basic physical and chemical soil
characteristics together with heavy metal contents. The
relatively low pH value probably is attributable to the high
contents of the smelter-derived SO~ originating from the
smelter chimney stack located nearby. Although this agri-
cultural soil is extremely contaminated by Pb, only a small
fraction of Pb is present in the ‘‘labile’” fraction
(exchangeable and acid extractable) of the soil (5.4%)
(Table 1). This suggests that Pb is bound predominantly to
the oxidizable (e.g., organic matter and sulphides) and
reducible (iron [Fe], manganese [Mn], aluminum [Al]
oxides and hydroxides) fraction of the soil (Ettler et al.,
2005; Komarek et al., 2006). The amount of ‘‘labile’” Cd is
relatively high (up to 47%), suggesting a high mobility and
potential bioavailability of Cd in the studied soil. The zinc
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content in the exchangeable and acid-extractable fraction
reaches 14%.

The application of NH,4Cl led to a significant increase in
the water-soluble content of Cd and Zn in time, but did not
increase the mobility of Pb. Whereas a higher NH,Cl
concentration led to a linear increase in the water-soluble
Cd and Zn contents, increasing the NH4CI concentration
did not have any significant effect on the solubility of Pb
(Figure 1). This probably is attributable to the fact that CI™
ions present in the soil solution form predominantly water-
soluble complexes with Cd and Zn despite the higher
concentration of Pb in the labile soil fraction.

Additionally, Pb present in smelter-impacted soils is
strongly bound to clay minerals, complexed to soil organic
matter, and bound to partially dissolved dust particles
(containing lowly soluble PbSO,) emitted from the smelter,
and is therefore less available (Ettler et al., 2005). The
increase of Pb contents in soil solution after the application
of chloride salts observed by other authors (Xiong and
Feng, 2001) was attributable to the different chemical form
of Pb used (easily soluble Pb[NOj3],) and to a short period
allowed by the authors for an equilibrium to be established
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between the added Pb and the mineral and organic phases
of the soil. Therefore, in ‘‘natural’’ conditions, the
extraction efficiency of NH,4CI is limited due to the low
amount of easily mobilizable Pb. In our experiment, de-
ionized water was a slightly more effective Pb-mobilizing
agent than NH4Cl (Figure 1). We cannot fully explain this
phenomenon.

The application of NH4CI did not significantly influence
the biomass production of poplar plants. No severe phy-
totoxic symptoms, such as chlorosis or necrosis, were ob-
served on any plant. Low biomass yields were caused not
only by high heavy metal contents in the soil, but also to a
great extent by the low soil pH (Tables 1 and 2). The
highest NH4Cl concentration (30 mmol/kg) led to a sta-
tistically significant decrease in maize biomass compared
with the control condition, however. The addition of
3 mmol EDTA/kg did not have any significant effect on
plant biomass production, except for the poplar leaves,
whose biomass yields were increased by the addition of
EDTA (Table 2). This is probably because the soil-applied
EDTA helped the poplars acquire nutrients (especially Fe)
lacking in the soil.



Bull Environ Contam Toxicol (2007) 78:176-180

179

Table 2 Dry biomass yields and Cd, Zn, and Pb contents in dry biomass after the application of NH4Cl and EDTA

Biomass (g/pot) Control 10 mmol NH,Cl/kg 20 mmol NH,Cl/kg 30 mmol NH,Cl/kg 3 mmol EDTA/kg
Poplar stems 42* + 1.1 3.9°+ 1.0 44* + 14 3.6+ 0.5 3.5+ 02
Poplar leaves 8.1°+ 1.6 74*+ 1.0 7.3* £ 0.7 8.8+ 1.1 9.8° + 0.9
Maize 214°€+ 0.8 22.5%¢ + 2.1 23.9°+ 0.9 17.8* = 1.1 20.1%° + 2.1
mg Cd/kg

Poplar stems 13.0°° + 2.0 14.1°+ 0.3 14.7°¢ + 1.8 16.5° + 2.1 1.7 + 0.7
Poplar leaves 252" + 5.7 25.8% + 3.7 269" + 2.8 27.1* + 3.7 274% + 1.1
Maize 7.7%° £ 2.0 73* %13 8.8 + 2.0 95"+ 20 9.7° + 1.8
mg Zn/kg

Poplar stems 188 + 23 190* + 18 223" + 33 202*° + 11 200*° + 12
Poplar leaves 181* + 27 383" + 15 406" + 21 407° + 12 383" + 25
Maize 186" + 29 161* = 15 197* + 29 202% + 37 190* = 10
mg Pb/kg

Poplar stems 96.5** + 7.9 94.6" + 8.3 114° + 19 106> + 9 110°€ + 4
Poplar leaves 333"+ 53 36.9* + 8.0 383 +43 333% + 4.7 157° + 22
Maize 86.1* = 15.5 84.6" £ 223 70.1% + 6.7 91.2% +25.1 202° + 43

Note: Values shown are means + standard deviation (n = 4). Data with the same index (a, b, ¢) are statistically similar within separate plants and

plant parts

The addition of lower NH4Cl concentrations (10 and 20
mmol/kg) did not result in a significant increase in Cd
accumulation compared with the control condition in either
maize or poplar. The only exception was an increase of Cd
concentration in poplar twigs after the application of
30 mmol NH,Cl/kg. Cadmium showed a high stems—leaves
translocation rate in all the poplar plants (control and NH,Cl/
EDTA-amended plants), suggesting that both free and CI-
complexed Cd are highly mobile within plants (Table 2).

No statistically significant effect was observed after the
addition of EDTA compared with the control condition in
the case of Cd accumulation. An intensive Zn translocation
from poplar stems to leaves was observed only after the
addition of NH,Cl and EDTA. This probably can be re-
lated to (1) the relative lower bioavailability of Zn in the
studied soil compared with Cd, (2) the cation exchange
between the NHJ from the soil solution and soil-bound
Zn** and the subsequent plant uptake of free Zn**, and/or
(3) an intensive formation and uptake of water-soluble
mobile Zn-Cl complexes (such as ZnCl") and Zn-EDTA
complexes (Sarret et al., 2001).

The application of 3 mmol EDTA/kg gave results sta-
tistically similar to those of all NH,Cl applications. In the
case of maize, however, no significant effect of either
NH4Cl or EDTA on the uptake of Zn was observed.
However, EDTA proved to be a strong Pb-chelating agent,
thus increasing the plant uptake of Pb (Table 2). This is
due to the high propensity of EDTA (log K = 17.9) to form
water-soluble EDTA-Pb complexes. The application of
EDTA led to an increased translocation rate within the
plants (Epstein et al., 1999). However, NH4Cl was not
efficient in increasing plant Pb contents.

The efficiency of phytoextraction is limited not only by
heavy metal contents in plant biomass, but also to a great
extent by dry biomass yields obtained during the phy-
toextraction process. To determine the phytoextraction
efficiency of NH4Cl and to compare it with EDTA, the
remediation factor (RF) for each treatment was calculated
as shown by Vyslouzilova et al. (2003):

_ Mplam X Bplant

RF = x 100,
Msnil X Wsoi]

where RF is the remediation factor (%), Myjay is the con-
tent of a heavy metal in the aboveground plant dry biomass
(1g/g), Bpianc is the dry weight of the aboveground plant
biomass (g), My is the total content of a heavy metal in
soil (ng/g ), and wy,; is the amount of soil in the pot (g).
The RF reflects the amount of a heavy metal phytoex-
tracted from the soil during one cropping season. The RFs
obtained from the different treatments are summarized in
Table 3.

The highest remediation factors were obtained for
poplar and Cd (up to 1.27%). The application of 20 and 30
mmol NH,Cl/kg positively influenced the Cd and Zn
phytoextraction efficiency of both plants. In the case of
poplars, the increase in NH4Cl concentration was associ-
ated with an increase of RFs for Cd and Zn. Higher bio-
mass yields after the application of 20 mmol NH,Cl/kg
compared with 30 mmol led to higher RFs for maize
(Tables 2 and 3). This fact proved the importance of plant
biomass yields in the phytoextraction process. Whereas
NH,4CI showed results comparable with those of EDTA for
Cd and Zn, EDTA was much more efficient for Pb than
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Table 3 Remediation factors

(%) of poplar and maize after RF Cd Control 10 mmol 20 mmol 30 mmol 3 mmol
the application of NH,CI and NH,Cl/kg NH,Cl/kg NH,Cl/kg EDTA/kg
EDTA Poplar 1.06 1.01 1.07 1.23 1.27
Maize 0.68 0.68 0.87 0.70 0.80
RF Zn
Poplar 0.17 0.27 0.30 0.32 0.33
Maize 0.30 0.27 0.35 0.27 0.29
RF Pb
Poplar 0.01 0.01 0.01 0.01 0.03
Maize 0.03 0.03 0.02 0.02 0.06

NH,4CI. However, the application of the chloride salt did
not increase Pb phytoextraction efficiency (Table 3).

Chloride salts applied to a multimetal contaminated
agricultural soil proved to be a successful phytoextraction-
enhancing agent only for Zn and poplar (up to a twofold
increase in Zn RF compared with the control condition).
The calculated RFs showed that the addition of NH4Cl did
not significantly enhance the phytoextraction of Cd, except
for 20 mmol/kg applied to maize and 30 mmol/kg applied
to poplar. These increases, however, were not great enough
to improve the efficiency of the phytoextraction process
significantly with regard to the potential leaching risks. In
the case of Cd and Zn, EDTA showed results similar to
those for NH,Cl. The RFs suggest that especially poplars
could be used in Cd phytoextraction without any addition
of mobilizing agents that could lead to unwanted leaching.
Chloride salts were not effective at enhancing Pb phy-
toextraction efficiency. These results are, therefore, con-
tradictory to those of Xiong and Feng (2001), in which
equilibrium between the artificially added Pb and the soil
constituents could not have been established because of the
short time between the Pb addition and Pb phytoextraction.
Chelating agents remain a more viable option for chemi-
cally enhanced phytoextraction of Pb from contaminated
soils. All these facts show that chloride salts are unsuitable
for a chemically enhanced phytoextraction of heavy metals
from soils contaminated by multiple metals originating
from the smelting industry.

Acknowledgments The presented study was supported by the re-
search projects MSM 6046070901 (Ministry of Education of the Czech
Republic) and GACR 521/06/0496 (Czech Science Foundation).

References

Begonia MT, Begonia GB, Butler AD, Griffin U, Young C (2003)
Chemically enhanced phytoextraction of cadmium-contaminated
soils using wheat (Triticum aestivum L.). Bull Environ Contam
Toxicol 71:648-654

Begonia MT, Begonia GB, Miller GS, Gilliard D (2004) Effects of
chelate application time on the phytoextraction of lead-contam-
inated soils. Bull Environ Contam Toxicol 73:1033-1040

@ Springer

Blaylock MIJ, Salt DE, Dushenkov S, Zakharova O, Gussman C,
Kapulnik Y, Ensley BD, Raskin I (1997) Enhanced accumulation
of Pb in Indian mustard by soil-applied chelating agents. Environ
Sci Technol 31:860-865

Chen H, Cutright T (2001) EDTA and HEDTA effects on Cd, Cr, and
Ni uptake by Helianthus annuus. Chemosphere 45:21-28

Epstein AL, Gussman CD, Blaylock MJ, Yermiyahu U, Huang JW,
Kapulnik Y, Orser CS (1999) EDTA and Pb—-EDTA accumula-
tion in Brassica juncea grown in Pb-amended soil. Plant Soil
208:87-94

Ettler V, Van¢k A, Mihaljevi¢ M, Bezdicka P (2005) Contrasting lead
speciation in forest and tilled soils heavily polluted by lead
metallurgy. Chemosphere 58:1449-1459

Hovsepyan A, Greipsson S (2005) EDTA-enhanced phytoremediation
of lead contaminated soil by corn. J Plant Nutr 28:2037-2048

Huang JWW, Chen J, Berti WR, Cunningham SD (1997) Phyto-
remediation of lead-contaminated soils: Role of synthetic
chelates in lead phytoextraction. Environ Sci Technol 3:800-805

Komarek M, Chrastny V, Ettler V, Tlusto§ P (2006) Evaluation of
extraction/digestion techniques used to determine lead isotopic
composition in forest soils. Anal Bioanal Chem 385:1109-1115

Kos B, Lestan D (2003) Induced phytoextraction/soil washing of lead
using biodegradable chelate and permeable barriers. Environ Sci
Technol 37:624-629

Li YM, Chaney RL, Schneiter AA (1994) Effect of soil chloride level
on cadmium concentration in sunflower kernels. Plant Soil
167:275-280

Quevauviller P (1998) Operationally defined extraction procedures
for soil and sediment analysis. Trends Anal Chem 17:289-298

Romkens P, Bouwman L, Japenga J, Draaisma C (2002) Potentials
and drawbacks of chelate-enhanced phytoremediation of soils.
Environ Pollut 116:109-121

Sarret G, Vangronsveld J, Manceau A, Musso M, D’Haen J,
Menthonnex JJ, Hazemann JL (2001) Accumulation forms of
Zn and Pb in Phaseolus vulgaris in the presence and absence of
EDTA. Environ Sci Technol 35:2854-2859

Smolders E, Lammbegts RM, McLaughlin MJ, Tiller KG (1998)
Effect of soil solution chloride on cadmium availability to Swiss
chard. J Environ Qual 20:426-431

Szakova J, Tlusto§s P, Balik J, Pavlikova D, Balikova M (2000)
Efficiency of extractants to release As, Cd, and Zn from main
soil compartments. Analusis 28:808-812

Vassil AD, Kapulnik Y, Raskin I, Salt DE (1998) The role of EDTA
in lead transport and accumulation by Indian mustard. Plant
Physiol 117:447-453

Vyslouzilova M, Tlusto$ P, Szdakova J (2003) Cadmium and zinc
phytoextraction potential of seven clones of Salix spp. planted on
heavy metal contaminated soils. Plant Soil Environ 49:542-547

Xiong ZT, Feng T (2001) Enhanced accumulation of lead in Brassica
pekinensis by soil-applied chloride salts. Bull Environ Contam
Toxicol 67:67-74



	The Role of Chloride Salts in Chemically Enhanced Phytoextraction of Heavy Metals From a Contaminated Agricultural Soil
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


