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Abstract An improved ion chromatographic (IC)
method was developed to determine trace levels of per-
chlorate in environmental water samples. Perchlorate was
separated in the hydroxide selective column IonPac AS16
using NaOH as an eluent with an organic modifier. To
eliminate the coelution of perchlorate and 4-chloroben-
zene sulfonate (4-CBS), an organic solvent as modifier
was added to the eluent. Of four organic solvents studied,
acetonitrile proved to be the most efficient based on the
retention time of perchlorate and 4-CBS. To improve the
method sensitivity, a concentrator column (AG19) was
used to concentrate perchlorate online. With the adoption
of a preconcentration step, the sensitivity of our method
was improved and the method detection limit (MDL) was
reduced to 0.1 pg/L. The linear range was from 0.2 pg/L
to 200 pg/L with a linear correlation coefficient of 0.9989
and the relative standard deviation (RSD) of peak area for
eleven successive injections of 0.5 pg/L. perchlorate was
4.2%. The method had been applied to the determination
of perchlorate in some real environmental water samples
and recovery was between 93% and 113%.

Keywords perchlorate, ion chromatography, environmen-
tal water sample

Perchlorate is regarded as a new emerging persistent inor-
ganic contaminant because of some peculiarities such as
high water solubility, mobility and stability. It mostly
exists in the form of ammonium perchlorate, potassium
perchlorate and sodium perchlorate which are used as
solid rocket oxidants and ignitable sources in munitions
and fireworks or used in roadside flares and air bag infla-
tion systems [1]. Improper treatment and accidental
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releases can result in the contamination of environmental
water and drinking water. Different levels of perchlorate
have been detected in food, biological, and environmental
water samples [2,3]. In recent years, the analysis and tox-
icity of perchlorate have received considerable attention.
Urbansky [4] indicated that perchlorate can be taken up
by the thyroid gland and interfere with iodide uptake
because its size is similar to that of iodide. Consequently
the production of thyroid hormones is reduced and the
thyroid functions are affected, which may result in
the improper regulation of metabolism for adults and
the development of behavioral problems for infants and
children. In some cases, disruptions in thyroid hormone
levels can cause thyroid gland tumors. Even minimal
uptake of perchlorate can cause thyroid gland tumors
[5]. In February 2005, the United States Environmental
Protection Agency (US EPA) established an official ref-
erence dose (RfD) for drinking water of 24.5 ng/L per-
chlorate. Perchlorate has also been included in the
EPA’s Drinking Water Contaminant Candidate List pre-
pared under the Safe Drinking Water Act (SDWA) [6].
In recent years, many methods such as those based on
UV-Vis spectrophotometry [7], fluorimetric analysis [8],
electrochemiluminescence [9], surface-enhanced Raman
spectroscopy [11-12] and electrochemical methods which
employ ion-selective electrodes [10] have been developed
for the analysis of perchlorate. Mass spectrometric meth-
ods for perchlorate determination are expected to have the
highest sensitivity and selectivity. However, there are some
disadvantages for the method based on MS detection. For
example, when direct ESI-MS is used for the detection of
perchlorate, there is ion-suppression due to inadequate
chromatographic separation and this can affect the accu-
racy and precision of perchlorate determination [2,13]. In
addition, these techniques are highly sophisticated and the
instrumentation is very expensive. IC with conductivity
detection is an alternative method for perchlorate deter-
mination and it uses a less complex and less expensive
system. There are some IC methods developed for the
determination of perchlorate in different matrices [3,14—
20]. The IC method has been established as US EPA
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Method 314.0 [14]. Unfortunately, the IC method does not
provide absolute evidence for the presence of perchlorate
because the chromatographic retention time is not consid-
ered to be a unique identifier. For example, when the per-
chlorate was determined using AS16 as the separating
column, false positive results are obtained in the presence
of 4-CBS. Thus, a second confirmatory method is needed
(such as the method based on MS detection) when the
AS16 is used as separating column.

In this paper an improved IC method with conductivity
detection is described for the determination of perchlor-
ate. To enhance the selectivity and the sensitivity, two
measures were taken. First, an organic solvent was added
to the eluent to improve the resolution of perchlorate and
4-CBS and eliminate the false positives for perchlorate in
the presence of 4-CBS. Second, by adopting an online
preconcentration step, perchlorate was concentrated in
the column and the method sensitivity was improved.
Under optimized conditions, the MDL for perchlorate
was found to be 0.1 pg/L. This MDL complies with the
requirement for the determination of perchlorate in many
real environmental samples with complex matrices.

1 Experimental
1.1 Chemicals and instruments

All solutions were prepared with deionized water further
purified by EASY pure LF system (Barnstead, USA). The
NaOH eluent was prepared with 50% (W/W) sodium
hydroxide solution. All organic solvents used were of
chromatography grade. Flouride, chloride, nitrite, brom-
ide, nitrate, sulfate and phosphate standard solutions
(1000 mg/L) were purchased from National Research
Center for CRM’s (China). Perchlorate solutions were
obtained by dilution of concentrated stock solution pre-
pared by dissolving solid regent (Analytical grade, Beijing
South Shangle Chemical Plant, China) in deionized water.
The 4-CBS used was purchased from Sigma Co. (USA).
A Dionex model ICS 2500 ion chromatograph
(Sunnyvale, CA, USA) equipped with a GP pump, an
IonPac AS16 analytical column (4 mm x 250 mm) and
an lonPac AG16 guard column (4 mm x 50 mm) was used
throughout. The eluent was made up of 67% eluent A
(80% acetonitriel/20% water), 15% eluent B (100 mmol/L
NaOH) and 18% eluent C (acetonitrile), which was run in
isocratic elution mode at a flow-rate of 1.0 mL/min. The
detection was performed using EDS0A conductivity
detector. Suppression of the eluent was achieved by
ASRS-ULTRA suppressor (4 mm) in the autosuppression
external water mode. An IonPac AG19 was used as the
concentrator column. The DX-300 pump was employed
for the concentration of perchlorate. Both instrument
control and data collection were performed using
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Chromeleon chromatography workstation (Chromeleon
6.7).

1.2 The preparation of samples

The environmental samples including tap water, ground
water, ice and snow were collected from Beijing, the
Tibetan Plateau and Macao. The specific information
for sample collection is as follows: Tap water was col-
lected from Macao. Ground water was collected from
Haidian District in Beijing. Snow samples 1-3 were col-
lected from different residential areas near our laboratory.
Ice samples 1 and 2 were collected from the Tibetan
Plateau. All samples were stored in a refrigerator at 4°C
before analysis.

Before the samples were run on the IC system, they were
subjected to a series of processes including filtration using
0.22 um nylon membrane, elimination of sulphate and
chloride using On-Guard Ba and Ag-H column and
20 ml of the sample was concentrated online. In the pre-
concentration process the pretreated samples or standards
were introduced into the concentrator column (AG19) by
DX-300 at a flow-rate of 2.0 mL/min for 10 min. Each
sample was injected in triplicate.

2 Results and discussion
2.1 Optimization of chromatographic parameters

The TonPac AS16 is often used as the separation column
for the determination of perchlorate in different mat-
rices. In the EPA 314.0 method, the IonPac AS16 was
also selected as the separation column. Because of the
presence of 4-CBS in some environmental samples and
its coelution with perchlorate in an IonPac AS16 col-
umn, 4-CBS can interfere with the determination of per-
chlorate using EPA 314.0 method which may result in
false positives for perchlorate determination. Two meth-
ods, changing the eluent or the solid-phase, can be used
to solve the problem. In this paper, an eluent with
organic modifier was adopted to get a good resolution
for perchlorate and 4-CBS.

2.1.1 The effect of the concentration of NaOH in eluent
IonPac AS16 column is a highly hydrophilic and hydrox-
ide-selective column so the main component of the mobile
phase is sodium hydroxide. Under the typical isocratic
elution condition specified in the EPA 314.0 method
where 50 mM NaOH is used as eluent, the determination
of perchlorate suffers from the interference of 4-CBS, a
coelution compound that exists in some environmental
samples. To solve this problem, the first method that we
used was to adopt gradient elution. The effects of the
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concentration of NaOH on retention time of both per-
chlorate and 4-CBS were studied. It was found that the
retention time of perchlorate and 4-CBS with NaOH as
eluent were so similar that they could not be separated
only by changing the concentration of NaOH. To improve
the selectivity using the same column, IonPac AS16, the
most convenient method usually is to add a suitable
organic solvent modifier into the eluent. Organic solvent
modifiers can adjust the hydrophobicity or hydrophilicity
of mobile phases thus, change the retention behavior of
some ions. This method is very effective in improving the
separation of ions with different hydrophobicities or
hydrophilicities and it is assumed that the resolution of
perchlorate and 4-CBS can be improved using this method
because they have different hydrophobicities.

2.1.2  The effect of organic solvents in eluent

Typical organic solvents used in ion chromatography are
acetonitrile, methanol, ethanol and isopropanol. The
effects of these four organic solvents on the retention of
perchlorate and 4-CBS were studied when the concentra-
tion of NaOH was fixed at 20 mmol/L in the eluent. In
order to ensure complete mixing of the organic solvent
and NaOH solution without producing bubbles, the
organic solvent was pre-mixed with some water to make
eluent C (80% solvent/20% water). The effect of organic
solvent on retention time is shown in Fig. 1. It was found
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that the resolution of perchlorate and 4-CBS changed
when an organic solvent is added. When the percentage
of the organic solvent in the eluent was greater than 10%,
the perchlorate and 4-CBS could be separated completely
but when the analysis time was taken into account, the
acetonitrile was undoubtedly the best of the four organic
solvents used. Furthermore, the system with acetonitrile
modifier exhibited the least noise in the 2-5 ns range.
Thus, the acetonitrile was selected as organic improver.
Finally, the percentage of eluent C (80% acetonitrile)
added was set at 18%. We prepared the mobile phase used
for the separation of perchlorate and other anions in iso-
cratic elution mode by mixing 62% eluent A, 20% eluent B
and 18% eluent C.

The interference of some common anions on the deter-
mination of perchlorate was also examined. A standard
solution containing 11 anions was run under the selected
chromatographic condition. The result showed that phos-
phate was coeluted with perchlorate so the concentration
of NaOH in the eluent was readjusted to 15 mmol/L.
Thus, in this paper, the eluent used was a mixture contain-
ing 67% eluent A, 15% eluent B and 18% eluent C which
was run in isocratic elution mode at a flow-rate of 1.0 mL/
min. Using this eluent, neither 4-CBS nor the other anions
interfered with the determination of perchlorate. The
entire analysis took 30 minutes. The chromatogram of
the standard solution containing the 11 anions is shown
in Fig. 2.

10
80% acetonitrile in eluent/%

15

10 ! | | J
5 10 15

80% methanol in eluent/%

The effect of organic solvent on the retention time of perchlorate and 4-CBS
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Fig. 2 The chromatogram of eleven anions in standard solution

2.2 The study on the concentration efficiency of
perchlorate

The second challenge involved in the determination of
perchlorate in many complex matrix samples is the very
low concentration levels of perchlorate and high back-
ground levels of other compounds in samples. To improve
the method sensitivity, a concentrator column was used.
The concentrator column was set in the loop position and
the standard solution was introduced into the concen-
trator column using an external pump. Due to perchlo-
rate’s hydrophobicity and its strong affinity for the
stationary phase of column, an anion guard column,
IonPac AG19, was selected as a concentrator column
for the preconcentration of perchlorate. The effect of con-
centration volume on the peak area of perchlorate and the
concentration efficiency of perchlorate were investigated.

To evaluate the performance of the preconcentration sys-
tem, perchlorate at 50 pg/LL was determined after it was
concentrated using different volumes (5, 10, 15, 20 mL).
The preconcentration volume was controlled precisely by
the flow rate of the external pump and the preconcentration
time. A good linear relationship between the peak area of
perchlorate and preconcentration volume was observed.
The linear correlation coefficient was 0.9968. To obtain a
high sensitivity and shorter preconcentration time, 20 mL
was used as preconcentration volume. The flow rate of the
solutions introduced into the concentrator column may
have some influences on the preconcentration. However,
when the flow rate was in the range of 0.2-2.5 mL/min,
the influence of the flow rate could be ignored so the

Table 1
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standard and sample solution were introduced into the con-
centrator column at a flow rate of 2.0 mL/min for 10 min.
After the preconcentration volume was determined, we
evaluated the preconcentration efficiencies of perchlorate
on the AG19 column. Perchlorate standards at concentra-
tions of 0.5-100 pg/L were introduced into the concentrator
column and then run in the chromatographic system. One
ml of the perchlorate standards at concentrations of 10—
2000 pg/L were also injected directly without preconcentra-
tion. All peak areas were recorded by the Chromeleon soft-
ware. The preconcentration efficiencies were calculated by
comparing peak areas and the results are presented in
Table 1. It was found that good preconcentration efficien-
cies (in the range of 82.0%-98.5%) were obtained with the
TonPac AG19 as concentrator column proving that the
TonPac AG19 could be used to concentrate perchlorate.

2.3 Analytical performance

In order to validate the method for the analysis of per-
chlorate at pg/L levels, a calibration curve was generated
with the concentrator column. A perchlorate standard
series (0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 50.0, 100, 200 pg/L)
was introduced into the concentrator column and then
run in the chromatographic system. The result showed
that the method had a wide linear range (0.2-200 pg/L)
and a fairly good linear relationship between the peak
area and concentration of perchlorate was observed.
The linear correlation coefficient was 0.9989. The RSD
of the peak area for the eleven successive injections of
0.5 pg/L perchlorate was 4.2%. The MDL for perchlorate
was 0.1 pg/L (S/N =3) with the concentrator column
used. The described method exhibits better sensitivity
than the EPA 314.0 method.

2.4 Analysis of perchlorate in environmental water
sample

The described method was applied to the determination of
perchlorate in some environmental water samples. The
samples must be filtered using a 0.22 pm nylon membrane
then passed through an On-Guard Ba and Ag-H column
before they can be run in the IC system. On-Guard Ba and
Ag were used to remove sulphate and chloride, respect-
ively, in the environmental water samples. Sulphate and
chloride in samples can result to poor preconcentration

The concentration efficiency for perchlorate on the concentrator column

p ( perchlorate)/(pg-L™")? peak area of perchlorate®

p( perchlorate)/(ug-L™")°

peak area of perchlorate®  concentration efficiencies (%)°

10.0 0.0228 0.5
20.0 0.0478 1.0
100.0 0.2594 5.0
200.0 0.5274 10.0
1000.0 2.9303 50.0
2000.0 5.9416 100.0

0.0187 82.0
0.0397 83.1
0.2343 90.3
0.4992 94.7
2.8842 98.4
5.8497 98.5

*With 1 mL direct injection; "With 20 mL preconcentration; ‘concentration efficiencies = peak area of perchlorate®/peak area of perchlorate®
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Table 2 Perchlorate in environmental water sample and spiked sample

sample concentration detected by spiked/pg- L' found/pg-L™' recovery/% concentration detected bt
present method/pg-L™! TonPac AS20/pg-L™!
ground water (Beijing) 0.79 1.00 1.86 106.5 0.77
Tap water (Macao) 3.16 2.00 5.13 98.9 3.27
snow water 1# (Beijing) 85.99 20.00 108.5 112.6 87.08
snow water 2# (Beijing) 15.72 10.00 25.34 96.2 14.68
snow water 3# (Beijing) 7.01 10.00 16.31 93.0 7.39
ice 1# (the Tibetan Plateau) ND* 2.00 2.08 104.0 ND
ice 2# (the Tibetan Plateau) ND 1.00 0.95 95.0 ND

Not detected

efficiency of perchlorate. On-Guard H was used to remove
the silver that leaches from On-Guard Ag. The results
show that different concentrations of perchlorate were
found in all samples except for the two ice samples col-
lected from the Tibetan Plateau. The concentration of per-
chlorate is highest (85.99 pg/L) in snow water 1#. Snow
samples 1-3# were collected after the Spring Festival
which is why the concentrations of perchlorate are rela-
tively high. Fireworks set off during the Spring Festival
could have been the source of perchlorate in the samples.
Recovery experiments were carried out by spiking the ori-
ginal samples with different concentrations of perchlorate.
The method showed good recovery with values ranging
from 93% to 113% (Table 2). Chromatograms of the
ground water sample and the same sample spiked with
1.0 pg/L of perchlorate are shown in Fig. 3.
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0.38

0.25
0.13

C10,

—-0.00

2020 J . . . . . . . . . _min
0.0 2.5 5.0 7.5 10.012.515.0 17.520.0 22.5 25.0 27.5 30.0

t

Fig. 3 The chromatogram of ground water and ground
water spiked with 1 pg/L perchlorate
a) original sample (with 0.79 pug/L perchlorate); b) spiked sam-
ple (spiked with 1.0 pug/L perchlorate)

In order to validate accuracy of the method described in
this paper, the sample analysis results were compared with
the one obtained using a different column, IonPac AS20.
As shown in Table 2, the results are consistent.

3 Conclusions

In this paper, a simple and sensitive ion chromatographic
method for the determination of trace levels of perchlor-
ate in environmental samples was developed. By adding a

suitable amount of acetonitrile into the eluent as organic
modifier, the resolution of perchlorate and 4-CBS and
other common anions was enhanced greatly and elimi-
nated the coelution of perchlorate and 4-CBS in the
EPA 314.0 method based on IonPac AS16 and conduc-
tivity detection. The sensitivity of our method was
improved by the adoption of a preconcentration tech-
nique. The MDL was reduced to 0.1 pg/L and the linear
range was from 0.2 pg/L to 200 pg/L. These values com-
ply with the requirements for perchlorate analysis of
ordinary environmental samples.

Acknowledgements This work was jointly supported by the National
Basic Research Program of China (2003CB415001); the National
Natural Science Foundation of China (Grant Nos. 20475060,
20577058) and Major Research Program of Chinese Academy of
Sciences (KZCX3-SW-432).

References

1. Urbansky E T. Perchlorate Chemistry: Implications for
Analysis and Remediation. Biorem J, 1998, 2(2): 81-95

2. Koester CJ, Beller H R, Halden R U. Analysis of Perchlorate
in Groundwater by Electrospray lonization Mass Spectro-
metry/Mass Spectrometry. Environ Sci Technol, 2000, 34(9):
1862-1864

3. Kirk A B, Martinelango P K, Tian K, Dutta A, Smith E E,
Dasgupta P K. Perchlorate and Iodide in Dairy and Breast
Milk. Environ Sci Technol, 2005, 39(7): 2011-2017

4. Urbansky E T. In: Perchlorate in the environment, United
States Environmental Protection Agency Cincinnati, Ohio

5. Tonnachera M, Princhera A, Dimida A, Ferrarini E, Agretti P,
Vitti P, Santini F, Crump K. Gibbs J (2004) Thyroid, 14: 1012—
1019

6. Perciasepe R. “Part III. Environmental Protection Agency.
Announcement of the drinking water contaminant candidate
list; notice.” Federal Register, 1998, 63: 10274-10289

7. Burns D T, Dunford M D, Sutthivaiyakit P. Spectrophoto-
metric determination of perchlorate after extraction as
protriptylinium perchlorate. Anal Chim Acta, 1997, 356(2-3):
141-143

8. OrtunoJ A, Albero M I, Garcia M S, Pedreno C S, Garcia M 1,
Exposito R. Flow-through bulk optode for the fluorimetric
determination of perchlorate. Talanta, 2003, 60(2-3): 563569

9. Xu G, DongS. Electrochemiluminescent determination of per-
chlorate by solvent extraction in the presence of Ru(bpy)*'s.
Electrochemistry Communications, 1999, 1: 463-466

10. Pérez-Olmos R, Rios A, Martin M P, Lapa R S, Lima J C.
Construction and evaluation of ion selective electrodes for



208

11.

12.

13.

14.

15.

perchlorate with a summing operational amplifier: application
to pyrotechnics mixtures analysis. Analyst, 124: 97-100
Ruan C, Wang W, Gu B. Surface-enhanced Raman scattering
for perchlorate detection using cystamine-modified gold nano-
particles. Anal Chim Acta, 2006, 567(1): 114-120

Wang W, Ruan C, Gu B. Development of gold-silica compos-
ite nanoparticle substrates for perchlorate detection by sur-
face-enhanced Raman spectroscopy. Anal Chim Acta, 2006,
567(1): 121-126

Magnuson M L, Urbansky E T, Kelty C A. Determination of
Perchlorate at Trace Levels in Drinking Water by lon-Pair
Extraction with Electrospray lonization Mass Spectrometry.
Anal Chem, 2000, 72(1): 25-29

EPA Method 314. 0. Rev. 1.0, November 1999, US EPA,
Office of Ground Water and Drinking Water, Publ.815-B-
99-003, www.epa.gov/ogwdw/methods/met314.pdf

Barron L, Nesterenko P N, Paull B. Rapid on-line preconcen-
tration and suppressed micro-bore ion chromatography of
part per trillion levels of perchlorate in rainwater samples
Anal Chim. Acta, 2006, 567(1): 127-134

16.

17.

18.

19.

20.

Yali SHI, et al.

Tian K, Dasgupta P K, Anderson T A. Determination of
Trace Perchlorate in High-Salinity Water Samples by lon
Chromatography with On-Line Preconcentration and
Preelution. Anal Chem, 2003, 75(3): 701-706

Tian K, Canas J E, Dasgupta P K, Anderson T A.
Preconcentration/preelution ion chromatography for the
determination of perchlorate in complex samples. Talanta,
2005, 65(3): 750-755

Wagner H P, Suarez F X, Pepich B V, Hautman D P, Munch D
J. Challenges encountered in extending the sensitivity of US
Environmental Protection Agency Method 314.0 for perchlor-
ate in drinking water.J Chromatogr A, 2004, 1039(1-2): 97-104
Canas J E, Cheng Q, Tian K, Anderson T A. Optimization of
operating conditions for the determination of perchlorate in
biological samples using preconcentration/preelution ion
chromatography. J Chromatogr A, 2006, 1103(1): 102-109
Jackson P E, Gokhale S, Streib T, Rohrer J S, Pohl C A.
Improved method for the determination of trace perchlorate
in ground and drinking waters by ion chromatography. J
Chromatogr A, 2000, 888(1-2): 151-158




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 300
  /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


