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Abstract A simple, rapid and sensitive spectrophotometric
method is described for the determination of hydrogen per-
oxide using toluidine blue as a reagent. The proposed method
is based on the liberation of iodine in acidic medium equiva-
lent to the amount of hydrogen peroxide present. The liberated
iodine bleaches the blue color of toluidine blue and is mea-
sured at 628 nm. The decrease in absorbance is directly
proportional to hydrogen peroxide concentration and obeys
Beer’s law in the range 0.2 x 10° —14 x 107° mol L™".
The molar absorptivity, sandel’s sensitivity, detection limit
and quantitation limit of the method were found to be
1.82 x 10* L mol ™' em™", 2.01 x 107" mol L™, 1.41 x
107° mol L™" and 4.28 x 107° mol L™" respectively. The
results of analysis of the proposed method are compared
favorably with those from a reference method.

Keywords Hydrogen peroxide - Spectrophotometry -
Toluidine blue

Hydrogen peroxide is a chemically liable oxidant which
plays key role in variety of important redox processes
occurring within the troposphere, including the conversion
of a number of highly reactive free radicals and trace
metals. The developments of analytical technique for the
determination of hydrogen peroxide are significant because
of the following reasons: (a) hydrogen peroxide and peroxy
acetic acid, in particular are widely used as disinfectants in
food, beverages and pharmaceutical industries, (b) hydrogen
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peroxide in the troposphere is an important oxidant, pro-
ducing sulphuric acid in the aqueous phase and are also
thought to have some toxic effect on plants, (c) they are
used as textile, paper and pulp bleaching agents, (d)
exposure to high concentration levels causes damage of the
eyes, skin, lungs and respiratory tract.

Hydrogen peroxide is used widely as an oxidant, a
disinfectant and a bleaching agent in various industrial and
household products (Li 1996). Micro and trace determi-
nation of H,0, is considerably important in clinical
chemistry, analytical biochemistry and environmental sci-
ence since H,O, is produced in stoichiometric amounts
during the oxidation of biological analytes (e.g. glucose) by
dissolved oxygen in the presence of corresponding oxidase
(Bowers 1986). It is also used as an intermediate in the
synthesis of plasticizers, organic peroxy compounds (e.g.,
methyl ethyl ketone peroxide, benzoyl peroxide), peroxy
carbonates, amine oxides and used as a polymerization
promoter, a foaming agent, to age wines and liquors, to
disinfect water and hides, to refine oils and fats and for
gilding and silvering of metal surfaces (Bethesda 1995).

Sophisticated instrumental techniques, such as tunable
diode laser spectrophotometry (Newman 1993) and fiber-
array spectrometry have been employed to determine gas-
eous hydrogen peroxide, where as simpler methods utilize
chemiluminescence reactions or the production of a fluo-
rescent species by an enzyme catalyzed reactions. Earlier
determination of hydrogen peroxide employed colorimetric
technique using titanium salt (Wolfe 1962). The aqueous
concentration of hydrogen peroxide is highly overestimated
by the Ti (IV) method in the presence of peroxy acetic acid. It
is having advantage of simple analytical instrumentation and
sampling, which facilitates field measurements. Very sen-
sitive enzymatic methods based on the dimerization with
p-hydroxyphenyl acetic acid, catalyzed by horseradish
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Table 1 Analytical parameters of reported reagents

Reagents Used

Detection limit

Linear range

Iron-tetrasulfonatophthalocyanine
(with y-CD) (Yuan et al. 2003)

Metavanadate (Nogueira et al. 2005)

Hemoglobin as catalyst (Zhang et al. 2000)
Immobilized peroxidase (Pappas et al. 2002)

Cation exchange (Almuaibed and Townshend, 1994)
Leuco Patent Blue Violet (Clapp and Evans 1991)

7.4 x 1078 mol L™!

1.43 x 10~ mol L™!
92 x 107" mol L™}

1.0 x 107°M

5.0 x 107°-8.0 x 107> mol L™

5.0 x 107%-3.5 x 10™® mol L™!
2.0-70.0 x 107® mol L'

40 x 107°-6 x 107° M

1.0 x 107-107° mol dm ™3

peroxidase, followed by fluorescence detection (Mayer and
Karst 1999) are limited due to high cost and low stability of
the reagents. Other fluorescence method has included the
peroxidase mediated oxidation of scopoletin by hydrogen
peroxide in a buffered solution (Willey et al. 1996).The
oxidation of acetaminophen (Jie et al. 1995) by hydrogen
peroxide. Other approaches have utilized UV-Visible
absorption spectrometry, following the reactions of hydro-
gen peroxide to give intensely coloured products make use of
reagents like pyridine-2,6-dicarboxylic acid and vana-
date(V) in acidic solution (Tanner and Wong 1998). It is
clear that there is still a need to improve the measurement
methods, especially accurate and practicable instruments for
the nanogram measurements of hydrogen peroxide. Few of
the recent reagents used for the determination of hydrogen
peroxide and its analytical parameters are listed in Table 1.
In the present study a spectrophotometric method is
described making use of the reactions of hydrogen perox-
ide with potassium iodide in acidic medium, liberating
iodine which intern bleaches the blue colour of toluidine
blue which is having absorption maximum at 628 nm.

Materials and Methods
Apparatus and Reagents

A Secomam Anthelie NUA 022 UV-Visible spectrophotom-
eter with 1 cm matching quartz cells were used for the
absorbance measurement and a WTW pH 330, pH meter was
used. All reagents used were of analytical pure grade. Stan-
dard stock solution of hydrogen peroxide was prepared by
suitable dilution of 30% hydrogen peroxide (FISCHER,
India). Working solutions were prepared by the suitable
dilution of the stock and was standardized by titrimetric
method (Jeffery et al. 1995). Two percentage of potassium
iodide solution, 0.01% toluidine blue indicator, 2 M Hydro-
chloric acid and 2 M sodium acetate solution were used.

Procedure

Aliquots of stock solution containing 0.2 x 107°-14 x
107° mol L™" of hydrogen peroxide was pipetted out in to

a series of 10 mL standard flasks. To each of this was
added 1 mL potassium iodide followed by 1 mL of 2 M
hydrochloric acid. The mixture was gently shaken until the
appearance of yellow color, indicating the liberation of
iodine. Then 0.5 mL of 0.01% toluidine blue was added,
followed by 2 mL of 2 M sodium acetate solution. The
contents were made up to the mark by using distilled water
and mixed well. Absorbance was measured at 628 nm
against reagent blank.

Determination of Hydrogen Peroxide in Water Samples

Rainwater samples were collected in 25 dm® polyethylene
bottles using 15 cm diameter polyethylene funnels. In
order to prevent the escape hydrogen peroxide samples
were kept below 4°C until the final analysis.

Known amounts of hydrogen peroxide were taken in
10 mL standard flasks, to each of this added 3 mL of water
samples and 1 mL of potassium iodide followed by 1 mL
of 2 M hydrochloric acid. The mixture was shaken well
until the appearance of yellow color and then added
0.5 mL of 0.01% toluidine blue indicator solution followed
by 2 mL of 2 M Sodium acetate solution. The contents
were made up to the mark and mixed well. Absorbance was
measured at 628 nm against reagent blank.

Determination of Hydrogen Peroxide in Bleach Cream

Dissolved 0.1 g of bleach cream in 20 mL of ethyl alcohol
and clear solution was made up to 100 mL. Known amount
of made up solution was taken and analyzed for hydrogen
peroxide content following the procedure described for the
analysis of water sample.

Results and Discussion

Absorption Spectrum

Hydrogen peroxide reacts with potassium iodide in acid
medium liberating iodine. The liberated iodine bleaches the

blue color of toluidine blue in the presence of sodium acetate
to a colourless species and is measured at 628 nm (Fig. 1).
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Fig. 1 Absorption spectrum of toluidine blue
Effect of Iodide Concentration and Acidity

The liberation of iodine by hydrogen peroxide is effective
in the pH range 2.0-3.0, which could be maintained by
adding 1 mL of 2 M hydrochloric acid in a final volume of
10 mL. The liberation of iodine from KI in any acid
medium is quantitative. The appearance of yellow colour
indicates the liberation of iodine. Any excess of iodide in
the solution will not interfere. However, the concentration
of the acid should be maintained in the 1.5 to 2.5 M range.
It was found that 1 mL each of potassium iodide (2%
solution) and 2 M hydrochloric acid was sufficient for the
liberation of iodine.

Reaction scheme:

H202 + 2H+ + 2 — L + 2H20

Effect of pH

When toluidine blue indicator is used as the coloring agent,
constant and maximum absorbance values were obtained in
the pH range 2.0-3.0. This could be achieved by the
addition of 1 mL of 2 M hydrochloric acid in a total vol-
ume of 10 mL.

Effect of Diverse lons

The effect of diverse ions in the determination of
10 x 107° mol L™ of hydrogen peroxide is examined. An
error of £2% in the reading of absorbance is considered
tolerable. The tolerance limits of various ions are sum-
marized in Table 2. Various oxidants such as Fe>*, Ce**
and Cu>" were found to interfere and these ions could be
masked by the addition of an appropriate amount of EDTA
solution. Fe* jon is masked by sodium fluoride.

Analytical Data

The adherence to Beer’s law is studied by measuring the
absorbance values of solutions by varying hydrogen per-
oxide concentration. A straight line graph is obtained by
plotting absorbance against concentration of hydrogen
peroxide. Beer’s law is obeyed in the of range 0.2 x 107°-
14 x 107° mol L™". Adherence to Beer’s law graph for the
determination hydrogen peroxide presented in the Fig. 2.
The decrease in absorbance is directly proportional to the
concentration of hydrogen peroxide. The molar absorptiv-
ity, sandel’s sensitivity, detection limit and quantitation
limit of the method were found to be 1.82 x 10*L

. H
HsC N I, H HaC N
— e
_CH _CH
HoN s \ITI+ 3 HoN s |T|+ °
CHy CHg
Toulidine Blue (Blue colour) Toulidine Blue (Leuco form)

Table 2 Effect of diverse ions . . . . B .

Diverse ion Tolerance Diverse ion Tolerance Diverse ion Tolerance

: -6
(Hydrogen peroxide 10 x 10 limit (mol L)

limit (mol L™") limit (mol L™")

mol L™h
Pb(I) 50
8[4%)) 25
Ba(ll) 25
Ce(IV)* 25
Fe(IIl)* 25
Cu(I)* 25
Cd(ID) 100

* Masked by masking agents

Nitrate 200 Zn(II) 500
Phosphate 200 Ca*" 2000
Chloride 200 Na™ 2000
Bromide 200 K* 2000
Acetate 200 AI(IID) 150
Sulphate 200 Cr(IID) 150
Borate 100

@ Springer
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Fig. 2 Adherence to Beer’s Law

mol ' em™', 2.01 x 10 mol L™, 1.41 x 107 mol L™
and 4.28 x 107° mol L™ respectively.

Applications

The developed method is applied to the determination of
hydrogen peroxide in different water samples and also

some pharmaceutical samples. The results of analysis of
the samples of proposed method are compared favorably
with those from a reference method. Statistical analysis of
the results by r and F-tests show that there is no significant
difference in accuracy and precision of the proposed and
reference method (Baga et al. 1988) and results were
summarized in Tables 3 and 4. The precision of the pro-
posed method is evaluated by a replicate analysis of
samples containing hydrogen peroxide at four different
concentrations.

Conclusions

A comparison of the results obtained for the determi-
nation of hydrogen peroxide using the proposed method
with the published methods is given in Table 5. The
modification of the spectrophotometric determination of
hydrogen peroxide method is useful for low concentra-
tions of hydrogen peroxide. Excellent reproducibility and
high sensitivity are the hallmarks of the method. The
method is useful for the determination of hydrogen
peroxide at low concentrations in water samples with
satisfactory results.

Table 3 Analysis of hydrogen

L Sample H,0,; added Proposed method Reference method r-test®  F-test®
peroxide in water samples (x10~° mol
) H,O, found Recovery H,0, found Recovery
(x107® mol (%) (x107% mol (%)
L—l)a Lfl)a
Natural 2 1.97 £ 0.02 98.00 1.96 £ 0.02 98.00 0.89 1.63
water 6 5.95 +£ 0.03 99.16 595 £ 0.03 99.16 0.29 1.21
10 9.96 £+ 0.03 99.60 9.95 £ 0.02 99.50 0.86 1.69
Polluted 2 1.98 £+ 0.01 99.00 1.98 £ 0.02 99.00 0.44 1.62
® mean £ standard deviation water 6 598 +£0.02  99.66 596 + 0.02 99.33 1L12 123
(n = 5); ” Tabulated r-value for 10 9.96 + 0.03  99.60 9.95 4+ 0.03  99.50 031 1.02
5 degree of freedom at 95%
probability is 2.776; ¢ Tabulated Rain water 1.95 £+ 0.03 97.50 1.94 + 0.02 97.00 0.79 2.42
F-value for (5, 5) degree of 5.95 + 0.03 99.16 5.94 £ 0.02 99.16 0.67 1.70
freedom at 95% probability 10 995+ 004 9950 9.94 + 0.03  99.40 047 125
level is 6.39
Table 4 Analysis of hydrogen peroxide in bleach cream
Sample H,O, content Proposed method Reference method t-test” F-test®
x107°
in ol L7 H,0, found Recovery H,0, found Recovery
(x107® mol L™1)? (%) (x107% mol L™1H?2 (%)
OoXY 2 1.94 £ 0.03 97.00 1.94 + 0.04 97.00 1.67 1.77
Bleach 6 5.98 + 0.02 99.66 5.97 + 0.01 99.50 2.23 1.27
Cream? 10 9.98 £+ 0.02 99.80 9.96 £ 0.03 99.60 2.24 1.67

a

mean =+ standard deviation (n = 5); b Tabulated t-value for 5 degree of freedom at 95% probability is 2.776; € Tabulated F-value for (5, 5)

degree of freedom at 95% probability level is 6.39. Sample: * FEM CARE PHARMA LTD., Plot No.3, Survey No. 283-285 & 287, At-
Manakpur, Tehsil-Nalagarh, Dist-Solan, H.P.174101Mktd. By: MIRASU MARKETING LTD
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Table 5 Comparison of the proposed method with the existing ones

Reagent/method

Remarks

Tunable Diode laser Spectrometry (Newman 1993)
Spectrophotometry, Titanium salt (Wolfe 1962)

Fluorescence detection, p-Hydroxyphenylacetic acid + horseradish peroxidase

(Tanner and Wong 1998)

Chemiluminescence-Hemin Cu(Il) Catalyst, based on luminol (Ibusuki 1983).

Amperometry — electrochemical method (Cosogrove et al. 1988).

Proposed method: potassium iodide-Toluidine blue

Sophisticated instrumentation
High cost, low stability of the colored complex

High cost and low stability of the reagents,
interference from other peroxides

Presence of SO, interferes severely
Interfernce by other oxidizing species

Simple method, low detection limit, majority of the species
are non interfering

Acknowledgment Authors thank the Microtron Centre of Manga-
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References

Almuaibed AM, Townshend A (1994) Flow spectrophotometric
method for determination of hydrogen peroxide using a cation
exchanger for preconcentration. Anal Chim Acta 295:159-163.
doi:10.1016/0003-2670(94)80346-3

Baga AN, Ayad N, Johnson GR, Alastair NNB Rajiha AS (1988) A
simple spectrophotometric determination of hydrogen peroxide
at low concentrations in aqueous solution. Anal Chim Acta
204:349-353. doi:10.1016/S0003-2670(00)86374-6

Bethesda MD (1995) Hazardous substances data bank: hydrogen
peroxide. National Library of Medicine, NLM

Bowers LD (1986) Application of immobilized biocataysts in
chemical analysis. Anal Chem 58:513-530. doi:10.1021/
ac00295a001

Clapp PA, Evans DF (1991) Spectrophotometric determination of
hydrogen peroxide with leuco patient blue violet. Anal Chim
Acta 243:217-220. doi:10.1016/S0003-2670(00)82563-5

Cosogrove M, Moody GJ, Thomas JDR (1988) Chemicaly immobi-
lized enzyme electrodes for hydrogen peroxide determination.
Analyst 113:1811- 1815. doi:10.1039/an9881301811

Ibusuki T (1983) Influence of trace metal ions on the determination of
hydrogen peroxide in rain water by using a chemiluminescent
technique. Atoms Environ 17:393-396. doi:10.1016/0004-
6981(83)90056-2

Jeffery GH, Bassett J, Mendham J, Denney RC (1995) Vogel’s
textbook of quantitative chemical analysis, 5th edn. ELBS,
Longman, London

Jie N, Yang J, Huang X, Zhang R, Song Z (1995) Fluorimetric
determination of hydrogen peroxide in water using

@ Springer

acetaminophen. Talanta 42:1575-1579. doi:10.1016/0039-9140
(95)01603-1

Li Y (1996) Biological properties of peroxide-containing tooth
whiteners. Food Chem Toxicol 34:887-904. doi:10.1016/S0278-
6915(96)00044-0

Meyer J, Karst U (1999) Workplace monitoring of gas phase
hydrogen peroxide by means of fluorescence spectroscopy. Anal
Chim Acta 401:191-196. doi:10.1016/S0003-2670(99)00488-2

Newman (ed) (1993) Measurement challenges in atmospheric chem-
istry. American Chemical Society, Washington, DC

Nogueira RFP, Oliveira MC, Paterlini WC (2005) Simple and fast
spectrophotometric determination of H,O, in photo-fenton
reactions using metavanadate. Talanta 66:86-91. doi:10.1016/
j-talanta.2004.10.001

Pappas ACh, Stalikas CD, Fiamegos YCh, Karayannis MI (2002)
Determination of hydrogen peroxide by using a flow injection
system with immobilized peroxidase and long pathlength
capillary spectrophotometry. Anal Chim Acta 455:305-313.
doi:10.1016/S0003-2670(01)01600-2

Tanner PA, Wong AYS (1998) Spectrophotometric determination of
hydrogen peroxide in rainwater. Anal Chim Acta 370:279-287.
doi:10.1016/S0003-2670(98)00273-6

Willey JD, Kieber RJ, Lancaster RD (1996) Coastal rainwater
hydrogen peroxide: concentration and deposition. J Atmos Chem
25:149-165. doi:10.1007/BF00053789

Wolfe WC (1962) Spectrophotometric determination of hydroperox-
ide in diethyl ether. Anal Chem 34:1328-1330

Yuan H, Cai R, Pan Z (2003) Catalytic kinetic determination of
hydrogen peroxide using Iron tetrasulfonatophthalocyanine (with
g-CD) as a mimetic enzyme of peroxidase. Anal Lett 36:277—
286. doi:10.1081/AL-120017686

Zhang K, Mao L, Cai R (2000) Stopped-flow spectrophotometric
determination of hydrogen peroxide with hemoglobin as catalyst.
Talanta 51:179-186. doi:10.1016/S0039-9140(99)00277-5


http://dx.doi.org/10.1016/0003-2670(94)80346-3
http://dx.doi.org/10.1016/S0003-2670(00)86374-6
http://dx.doi.org/10.1021/ac00295a001
http://dx.doi.org/10.1021/ac00295a001
http://dx.doi.org/10.1016/S0003-2670(00)82563-5
http://dx.doi.org/10.1039/an9881301811
http://dx.doi.org/10.1016/0004-6981(83)90056-2
http://dx.doi.org/10.1016/0004-6981(83)90056-2
http://dx.doi.org/10.1016/0039-9140(95)01603-1
http://dx.doi.org/10.1016/0039-9140(95)01603-1
http://dx.doi.org/10.1016/S0278-6915(96)00044-0
http://dx.doi.org/10.1016/S0278-6915(96)00044-0
http://dx.doi.org/10.1016/S0003-2670(99)00488-2
http://dx.doi.org/10.1016/j.talanta.2004.10.001
http://dx.doi.org/10.1016/j.talanta.2004.10.001
http://dx.doi.org/10.1016/S0003-2670(01)01600-2
http://dx.doi.org/10.1016/S0003-2670(98)00273-6
http://dx.doi.org/10.1007/BF00053789
http://dx.doi.org/10.1081/AL-120017686
http://dx.doi.org/10.1016/S0039-9140(99)00277-5

	Spectrophotometric Determination of Hydrogen Peroxide �in Water and Cream Samples
	Abstract
	Materials and Methods
	Apparatus and Reagents
	Procedure
	Determination of Hydrogen Peroxide in Water Samples
	Determination of Hydrogen Peroxide in Bleach Cream

	Results and Discussion
	Absorption Spectrum
	Effect of Iodide Concentration and Acidity
	Effect of pH
	Effect of Diverse Ions
	Analytical Data
	Applications
	Conclusions

	Acknowledgment
	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


