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Abstract A matrix solid phase dispersion method was
developed to detect eight pyrethroid insecticides in the
aquatic invertebrate, Chironomus dilutus. A mixture of
silica gel, diatomaceous earth and primary/secondary
amino solid absorbents were selected as the dispersion
matrix, while 7% ethyl ether in hexane was used as the
elution solvent. Method detection limits for the target
pyrethroids ranged from 0.46 to 4.4 ug kg~', and recov-
eries were 63.5%-124.0%, 43.7%-116.0% and 53.1%—
93.1% at spiked levels of 5, 20 and 50 ug kg~ ', respec-
tively. The developed method was used to assess pyre-
throid residues in laboratory-exposed and field-collected
C. dilutus.

Keywords Matrix solid phase dispersion -
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Pyrethroid insecticides are widely used in agricultural
production and urban areas, and their usage has increased
dramatically in recent years (Weston et al. 2004, 2005).
Although posing minimal threat to mammals and avian
species, pyrethroids are highly toxic to non-target aquatic
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species (Kale et al. 1999). For example, the 10-d sediment
median lethal concentrations of bifenthrin, lambda-cyhal-
othrin and permethrin are 6.2, 2.8 and 24.5 pg g~ organic
carbon for Chironomus dilutus, respectively (Maul et al.
2008). Analytical methods have been established for
pyrethroids in sediment (You et al. 2008), foods (Esteve-
Turrillas et al. 2004) and some biological species, such as
fish, honeybees and isopods (You and Lydy 2004; Kris-
tenson et al. 2004). Various analytical methods have been
reported to quantify pesticides in tissues, such as Soxhlet
extraction (Brokopp et al. 1981), sonication extraction
(You and Lydy 2004), and microwave-assisted extraction
(Esteve-Turrillas et al. 2004), however, those methods
which processed extraction and cleanup steps separately
were laborious and solvent-consuming. In order to better
quantify pyrethroid residues in C. dilutus, it is necessary to
establish an effective, simple and fast analytical method. A
matrix solid phase dispersion (MSPD) method has been
proposed recently to combine extraction and cleanup into a
single step, and it has been used as a sensitive and reliable
method for analyzing pesticides in biological tissue (Kris-
tenson et al. 2004; Morzycka 2002). For example, Mor-
zycka (2002) employed MSPD to analyze 12 pesticides in
honeybees, and the method showed recoveries of 70%—
110% and relative standard deviations (RSD) in the range
of 2%-8% for pesticides spiked at 10-1,000 pg kg™

The objective of the current study was to develop a
simple and reliable method based on MSPD to simulta-
neously extract and cleanup eight pyrethroids from tissues
taken from the aquatic invertebrate, C. dilutus. The extracts
were analyzed with gas chromatography-micro electron
capture detector (GC-pECD). The developed MSPD
method was validated and used to quantify pyrethroid
residues in both laboratory-exposed and field-collected
midge larvae.
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Materials and Methods

Pyrethroids analyzed in the current study included bif-
enthrin, permethrin, fenpropathrin, lambda-cyhalothrin,
cyfluthrin, cypermethrin, esfenvalerate and deltamethrin
(ChemService, West Chester, PA, USA). The purities were
98.0% ~ 99.7% as certified by the manufacturer. Deca-
chlorobiphenyl (DCBP; Supelco, Bellefonte, PA, USA) was
used as a surrogate to verify the performance of the ana-
lytical process, and was added to the midge before the
extraction. Anhydrous Na,SO,, Florisil (60 ~ 80 mesh),
silica gel (60 ~ 80 mesh), 15 mL empty polypropylene
SPE cartridges and various organic solvents (pesticide
grade) were purchased from Fisher Scientific (Pittsburgh,
PA, USA). Primary/secondary amino (PSA) absorbent and
diatomaceous earth were purchased from Varian (Palo Alto,
CA, USA), while alumina-N (50 ~ 200 mesh) was obtained
from Aldrich (Wyoming, IL, USA). Silica gel, Florisil and
alumina-N absorbents were activated at 130°C for 12 h, and
anhydrous Na,SO,4 was baked at 400°C for 4 h prior to use.
The benthic invertebrate, C. dilutus (4th instar larvae)
was obtained from the culture in the Fisheries and Illinois
Aquaculture Center at Southern Illinois University, Car-
bondale, IL, USA, where the organisms were cultured in
accordance with U.S. EPA standard protocols (U.S. EPA
2000). The lipid content of the midge larvae was
1.1 £ 0.1% wet weight (ww) measured with a spectro-
metric method after acid digestion (Van Handel 1985).
For developing the MSPD method to analyze pyrethroid
residues in C. dilutus, parameters including the types of the
dispersion absorbents (Florisil, silica gel or alumina-N), the
types of elution solvents (3%, 5% and 7% ethyl ether in
hexane, 50% dichloromethane in hexane and 100% ethyl
acetate) and the volume of elution solvents, were opti-
mized. The MSPD parameters were optimized to achieve
the highest recoveries for the target pyrethroids with low
lipid breakthrough. To validate the developed method,
spiked control midges were prepared at three levels
including 5, 20 and 50 pg kg~' by adding an appropriate
amount of a standard mixture of pyrethroids and DCBP to
0.5 g of homogenized wet midge tissue. After a 1-h hold-
ing period, C. dilutus were homogenized with 0.7 g dia-
tomaceous earth and 2 mL of acetone to obtain a power-
like matrix. After acetone was evaporated, 1.0 g silica gel
and 30 mg PSA absorbents were gently mixed with the
matrix, and then the homogeneous dispersed matrix was
transferred onto the top of 1 g of silica gel and 0.5 g of
anhydrous Na,SO, which were pre-packed inside of an
empty SPE cartridge. Optimized solvents were then used to
elute the target pyrethroids at a rate of ~1 drop/s. The
eluent was evaporated to near dryness under a gentle flow
of nitrogen using a ReactiVap (Rockford, IL, USA), and
0.1 mL of 0.1% acetic acid acidified hexane was added to

avoid isomerization of pyrethroids during GC analysis
(You and Lydy 2007).

Analysis of the extracts was performed on an Agilent
6890 series GC-pPECD following the method described in
You et al. (2008). Two columns, a HP-5SMS (30 m x
0.25 mm x 0.25 um film thickness) and a DB-608
(30 m x 0.32 mm x 0.25 pm film thickness) were used to
confirm the analytical results. The oven temperature for the
HP-5MS column was set at 100°C, heated to 180°C at 10°C
min~!, then heated to 205°C at 3°C min~' and held at
205°C for 4 min, then heated to 280°C at 20°C min~' and
held at 280°C for 10.92 min, while the oven temperature
for DB-608 was set at 100°C, heated to 250°C at 10°C
min~!, then heated to 280°C at 3°C min~! and held at
280°C for 20 min. The flow rates of carrier gas were 3.8
and 1.8 mL min~" for the HP-5MS and DB-608 columns,
respectively. Qualitative identity was established using a
retention window of 1%, and quantitative analysis was
based on peak area using six external standards of each
pyrethroid and surrogate in a range of 1 to 250 ug L™". The
calibration curve was linear within this concentration range
with linear regression coefficients r* > 0.995.

Recovery was calculated as the ratio between the
measured and spiked concentrations, and precision was
determined as the RSD of the replicates. The method
detection limits (MDL) were computed from seven repli-
cates of the C. dilutus samples spiked at 5.0 pg kg~' ww, and
were calculated as follows: MDL = s ¢ 99, n — 1), Where,
s is a standard deviation of the seven measurements and
t 099, n — 1y = 3.14 is a t-distribution value taken at a
confidence level of 0.99 (x = 0.01) and six degrees of
freedom for a one-tailed hypothesis (You and Lydy 2004).

The MSPD method was applied to analyze surviving
midges after a laboratory exposure study and a group of field-
collected midges. In the laboratory exposure test, sixty 4th
instar midge larvae were exposed in 1 L of moderately hard
water (U.S. Environmental Protection Agency 2000) spiked
with 100 ng L™" of permethrin. The test was conducted at
23°C for 9 h, and then the organisms were sieved through a
500 pumsieve, blotted dry, and weighed to the nearest 0.01 mg
on a Mettler-Toledo analytical balance (Schwiez, Switzer-
land). Pyrethroid residues were detected using the MSPD
procedure described above with three replicates. In August
2008, midges were collected from Scattering Fork creek in
Douglas County, IL, which was surrounded by cornfields.
Approximately 0.4 g midge (ww) was used to analyze pyre-
throid residues using the newly developed MSPD method.

Results and Discussion

The principle of MSPD is to disperse a lipid-rich sample
over absorbents with large surface areas to retain the lipids
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on the solid phase material, and then to desorb the target
analytes with small amounts of organic solvents. By
combining extraction and cleanup into a single step, MSPD
provides a simple and quick method for tissue sample
preparation. In addition, it is ideal for preparing samples
with small mass limitations. Thus, MSPD was selected in
the present study to assess pyrethroid residues in midge
tissues.

A drying agent, diatomaceous earth, was used as the
solid supports for the matrix dispersion, and it removed the
moisture from organisms to obtain a powder-like homo-
geneous matrix. Previous studies (Lehotay and Lee 1997;
You et al. 2008) showed that the ratio of the amounts of
drying agent and sample did not affect recoveries of non-
polar pesticides. Therefore, 0.7 g of diatomaceous earth
was used, which represented the smallest amount of dia-
tomaceous earth needed to dry 0.5 g of tissue. Three nor-
mal phase absorbents including Florisil, silica gel and
alumina-N were tested for their suitability as the dispersion
absorbent. The solid phase activity should be great enough
to retain interference in the sample, while allowing the
target compounds to be eluted. Pyrethroids were eluted
from the absorbents with 3 mL of 5% ethyl ether in hexane
and the results are shown in Fig. 1. Recoveries of pyre-
throids from alumina-N were significantly lower than those
from the other absorbents, and no deltamethrin was eluted
from the alumina-N. This indicated that the activation sites
for alumina-N were too strong, and overly retained the
pyrethroids. Though no significant difference was found
between the peak areas of most pyrethroids eluted from
Florisil and silica gel, silica gel provided the highest peak
areas of all the target pyrethroids using the mean value of
three replicates. Therefore, silica gel was chosen as the
matrix dispersion absorbent for further study. As an anion
exchange absorbent, PSA extensively removed the matrix
interferences in sediment extracts, thereby resulting in
better pyrethroid recoveries (You et al. 2008). Therefore,
30 mg PSA was added as the additional dispersion
absorbent.

Due to the high lipid content of the tissue samples, an
additional cleanup step was needed prior to GC analysis in
order to extend the life of the chromatographic column and
to improve detection sensitivity (Valsamaki et al. 2006). In
order to more effectively remove lipids in the samples, an
SPE column could be coupled with the packed MSPD
column or additional SPE absorbents could be packed at
the bottom of the MSPD column. In the current study, 1 g
of silica gel, and 0.5 g of anhydrous Na,SO,4 was packed at
the bottom of the MSPD column as an inline SPE to trap
residue lipids and water. Lipid content of the final extract
was also analyzed (Van Handel 1985), and results showed
~90% of tissue lipid was removed when an additional
inline SPE was coupled with the MSPD.

@ Springer

A mixture of solvents with various polarities, including
3%, 5% and 7% ethyl ether in hexane, 50% DCM in
hexane and 100% ethyl acetate were evaluated as elution
solvents to elute the target pyrethroids from the MSPD
column. As shown in Fig. 2, bifenthrin, fenpropathrin and
permethrin were quantitatively recovered using all of the
tested solvents. The least polar solvent (3% ethyl ether in
hexane), however, provided low recoveries for the
remaining analytes (<40%). With an increase in solvent
polarity, recoveries of pyrethroids dramatically increased,
with recoveries of most pyrethroids reaching a 100% when
7% ethyl ether in hexane was used as the elution solvent.
Although the other two solvents (50% DCM in hexane and
100% ethyl acetate) could also fully recover the pyre-
throids, recoveries were not uniformly good for all target
analytes. Therefore, 7% ethyl ether in hexane was selected
as the elution solvent to recover the target pyrethroids.

Different volumes of the 7% ethyl ether in hexane
solution were used to elute pyrethroids from the MSPD
column and results are detailed in Fig. 3. Elution profiles
for the majority of the pyrethroids were similar. Pyre-
throids recoveries increased as the amount of solvent
increased until constant values were reached. Permethrin
was the first eluted pyrethroid and over 70% of it was
recovered in the first 3 mL fraction, while the recoveries of
bifenthrin and fenpropathrin increased in the 3-6 mL
fraction and then continued to increase at a very low rate in
the later fractions. Additional elution solvent was needed
for the remaining five pyrethroids including lambda-
cyhalothrin, cyfluthrin, cypermethrin, esfenvalerate, and
deltamethrin. Recoveries of most pyrethroids reached
constant values when 15 mL of elution solvent was applied
except for deltamethrin. Only half of the deltamethrin was
recovered even with an increase in the solvent usage to
21 mL, and this may be the result of the strong binding of
this compound to the dispersion matrix. Therefore, 15 mL
of 7% ethyl ether in hexane was chosen to recover the
target pesticides.

To evaluate the performance of the newly developed
MSPD procedure, method accuracy, precision and MDL
were measured using C. dilutus spiked with known con-
centrations of target pyrethroids (Table 1). The accuracy of
the method was expressed as mean recoveries for the eight
pyrethroids, and they were 63.5%—124%, 43.7%-116%
and 53.1%-93.1% at 5, 20 and 50 pg kg~ ', respectively.
Precision was characterized by calculating the RSD of the
replicated samples. The RSD were less than 21.0% for all
the pyrethroids at the three spiked levels, which is con-
sidered acceptable given the difficulty in analyzing trace
pesticides in small size invertebrate samples. Recoveries of
the surrogate DCBP were from 50.4% to 83.0% with a RSD
<15.2%. The MDL of the eight pyrethroids were reported

in Table 1, and ranged from 0.46 to 4.4 pg kg~' ww.
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The developed MSPD procedure was applied to deter-
mine pyrethroid residues in both laboratory-exposed and
field-collected C. dilutus samples. The mean body residue
of laboratory-exposed organism was 19.5 pg kg™' ww

with a RSD of 21.1% (n = 3), and the mean recovery and

Iml 12ml 15ml 18ml 21ml
volume

RSD of the surrogate DCBP were 81.9% and 17.1%,
respectively. No pyrethroid residues, at concentrations
above the reporting limits, which equaled to three times of
MDL, were detected in the field-collected midges from
Scattering Fork Creek in Douglas County, IL, USA. These
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Table 1 Method detection limits (MDL, g kgfl), recovery (%) and relative standard deviations (RSD, %) of pyrethroid residues in Chir-

onomus dilutus at different spiking levels

Pyrethroid MDL S5pugkg ! (n=7) 20 ugkg™' (n = 4) 50 pgkg™' (n = 3)
Recovery RSD Recovery RSD Recovery RSD
Bif 24 68.9 19.7 62.4 9.9 715 103
Fen 0.46 68.3 6.7 116 13.6 93.1 8.7
Lam 2.3 772 11.1 55.0 10.0 79.3 14.8
Per 4.4 124 19.9 86.9 16.2 922 11.4
Cyf 1.0 63.5 20.9 62.4 3.8 86.2 15.2
Cyp 1.6 73.4 19.6 67.4 8.7 89.1 12.1
Esf 1.6 73.8 16.9 71.9 19.9 91.6 12.8
Del 1.3 74.5 10.4 437 6.7 53.1 10.2

Bif Bifenthrin, Per permethrin, Fen fenpropathrin, Lam lambda-cyhalothrin, Cyf cyfluthrin, Cyp cypermethrin, Esf esfenvalerate, Del

deltamethrin

results are consistent with the toxicity study results, in
which no toxicity was observed for the sediment samples
collected in the same location.

Acknowledgments Jing You was supported by the ‘Hundred
Talents’ Program of the Chinese Academy of Sciences (kzcx2-yw-
BR-05), and this support was greatly appreciated.

References

Brokopp CD, Wyatt JL, Gabica J (1981) Dialkyl phosphates in urine
samples from pesticide formulators exposed to disulfoton and
phorate. Bull Environ Contam Toxicol 26:524-529. doi:10.1007/
BF01622131

Esteve-Turrillas FA, Aman CS, Pastor A, Guardia M (2004)
Microwave-assisted extraction of pyrethroid insecticides from
soil. Anal Chim Acta 522:73-78. doi:10.1016/j.aca.2004.06.039

Kale M, Rathore N, John S, Bhatnagar D (1999) Lipid peroxidative
damage on pyrethroid exposure and alterations in antioxidant
status in rat erythrocytes: a possible involvement of reactive
oxygen species. Toxicol Letters 105:197-205. doi:10.1016/S03
78-4274(98)00399-3

Kristenson EM, Shahmiri S, Slooten CJ, Vreuls RJJ, Brinkman UAT
(2004) Matrix solid-phase dispersion micro-extraction of pesti-
cides from single insects with subsequent GC-MS analysis.
Chromatographia 59:315-320

Lehotay SJ, Lee CH (1997) Evaluation of a fibrous cellulose drying
agent in supercritical fluid extraction and pressurized liquid
extraction of diverse pesticides. J Chromatogr A 785:313-327.
doi:10.1016/S0021-9673(97)00551-7

Maul JD, Brennan AA, Harwood AD, Lydy MJ (2008) Effects of
sediment-associated pyrethroids, fipronil, and metabolites on
Chironomus tentans growth rates, mass, body condition, immo-
bilization, and survival. Environ Toxicol Chem 27:2582-2590.
doi:10.1897/08-185.1

@ Springer

Morzycka B (2002) Simple method for the determination of trace
levels of pesticides in honeybees using matrix solid-phase
dispersion and gas chromatography. J Chromatogr A 982:267—
273. doi:10.1016/S0021-9673(02)01505-4

U.S. Environmental Protection Agency (2000) Methods for measur-
ing the toxicity and bioaccumulation of sediment-associated
contaminants with freshwater invertebrates. EPA 600/R-99/064.
Office of Research and Development, Duluth

Valsamaki VI, Boti VI, Sakkas VA, Albanis TA (2006) Determina-
tion of organochlorine pesticides and polychlorinated biphenyls
in chicken eggs by matrix solid phase dispersion. Anal Chim
Acta 573-574:195-201. doi:10.1016/j.aca.2006.03.050

Van Handel E (1985) Rapid determination of total lipid in mosqui-
toes. J Am Mosq Control Assoc 1:302-304

Weston DP, You J, Lydy MJ (2004) Distribution and toxicity of
sediment-associated pesticides in agriculture-dominated water
bodies of California’s Central Valley. Environ Sci Technol
38:2752-2759. doi:10.1021/es0352193

Weston DP, Holmes RW, You J, Lydy MJ (2005) Aquatic toxicity
due to residential use of pyrethroid insecticides. Environ Sci
Technol 39:9778-9784. doi:10.1021/es0506354

You J, Lydy MJ (2004) Simultaneous determination of pyrethroid,
organophosphate and organochlorine pesticides in fish tissue
using tandem solid-phase extraction clean-up. Intern J Environ
Anal Chem 84:559-571. doi:10.1080/0306731042000208761

You J, Lydy MJ (2007) A solution for isomerization of pyrethroid
insecticides in gas chromatography. J Chromatogr A 1166:181—
190. doi:10.1016/j.chroma.2007.08.014

You J, Weston DP, Lydy MJ (2008) Quantification of pyrethroid
insecticides at sub-ppb levels in sediment using matrix-disper-
sive accelerated solvent extraction with tandem SPE cleanup. In:
Gan J, Spurlock F, Hendley P, Weston DP (eds) Synthetic
pyrethroids: occurrence and behavior in aquatic environments,
ACS symposium series 991. Oxford University Press, New
York, pp 87-113


http://dx.doi.org/10.1007/BF01622131
http://dx.doi.org/10.1007/BF01622131
http://dx.doi.org/10.1016/j.aca.2004.06.039
http://dx.doi.org/10.1016/S0378-4274(98)00399-3
http://dx.doi.org/10.1016/S0378-4274(98)00399-3
http://dx.doi.org/10.1016/S0021-9673(97)00551-7
http://dx.doi.org/10.1897/08-185.1
http://dx.doi.org/10.1016/S0021-9673(02)01505-4
http://dx.doi.org/10.1016/j.aca.2006.03.050
http://dx.doi.org/10.1021/es0352193
http://dx.doi.org/10.1021/es0506354
http://dx.doi.org/10.1080/0306731042000208761
http://dx.doi.org/10.1016/j.chroma.2007.08.014

	Analysis of Pyrethroid Insecticides in Chironomus dilutus �Using Matrix Solid Phase Dispersion Extraction
	Abstract
	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 v2 300% \050ECI\051)
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


