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Nitrosamine analysis in a variety of food matrices 
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The technical note describes the analysis of 11 nitrosamine 
compounds in 6 food matrices (milk, oats, chicken, fried chicken, 
fish, and prawn) achieving low ng/g detection limits. Using the 
SCIEX 6500+ QTRAP system, matrix spikes at 10 and 20 ng/g 
levels showed good accuracy (recovery ±30%) and precision 
(%CV <20%), see Figure 1. Comparison of pre- and post-
extraction spikes showed minimal matrix effects demonstrating 
good data quality when quantifying against the solvent-based 
calibration curve.  

Nitrosamines are formed during food processing through the 
reaction of organic amines and nitrosating agents1. Nitrosamines 
have been detected in a variety of foods, most notably cured 
meats and fish, beer and cheese2. Some nitrosamines have 
been shown to damage DNA and cause cancer, such as N-
nitrosodimethylamine (NDMA)3.  A recent risk assessment from 
the European Food Safety Authority (EFSA) for 10 nitrosamines 
identified a slight cancer risk from dietary exposure but currently 
there are no regulatory limits in the European Union for food. 
However, sensitive, accurate and robust analytical methods for 
nitrosamines in food and necessary to ensure food safety and 
protection of human health. 

Key benefits of nitrosamine analysis using 
the QTRAP 6500+ system 
• Low ng/g sensitivity in food matrices. Good sensitivity 

observed for 10 and 20 ng/g spikes into 6 diverse food 
matrices (milk, oats, fried chicken, chicken, fish, and prawn) 

• Broad analyte coverage. 11 nitrosamine compounds 
included in the analysis method 

• Method recovery across a diverse range of food 
matrices. 10 ng/g matrix spike recoveries ranged from 69% 
to 123%, indicating good method performance  

• Simple sample preparation results in negligible matrix 
effects. Post-spike analyte accuracies responses ranged 
near 100% when quantified against the solvent-calibration 
standards, indicating minimal matrix effects 

  

 

Figure 1. Violin plots showing nitrosamine recovery (%)in 6 food matrices spiked at 10 and 20 ng/g (ppb). Data points represent recoveries for 
individual nitrosamine compounds. Dashed red line indicate 70% and 130%, solid blue line indicates overall mean recovery of 94%.  
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Methods  
Standard preparation: Neat standards were purchased from 
VIVAN Life Sciences. Individual stock solutions were prepared in 
methanol and the final mixed stock solution (1000 ng/mL) was 
prepared in water.  

Sample preparation: Various food items were purchased from a 
local market (fried chicken, BBQ chicken, fish, prawn, milk, oats). 
For the solid matrices, 1.0 g was weighed, and 1 mL of 
acetonitrile (containing 50 ng/mL of internal standard) was 
added. For the oats, 2 ml of acetonitrile was added. The vials 
were shaken, vortexed for 15 minutes, and centrifuged at 4500 
rpm for 5 minutes. The supernatant was removed, filtered 
through a 0.2 µm PTFE filter, and then diluted in a 1:9 ratio using 
water before transferring to an autosampler vial for analysis.  

Matrix spiking experiments: Method recovery and matrix 
effects were evaluated by performing pre- and post-extraction 
spikes at 10 ng/g and 20 ng/g levels. Samples were prepared in 
triplicate as described above.  

Chromatography: An ExionLC system was used with a Phenyl 
Hexyl column (3.0 x 100 mm, 3.0 µm, 100 Å) for 
chromatographic separation.  Mobile phase A was 0.1% formic 
acid in water, and mobile phase B was 0.1% formic acid 
methanol. Table 1 summarizes the gradient conditions. The 
mobile phase flow rate was 0.500 mL/min, the column oven 
temperature was 40°C and the injection volume was 10 uL.  

 

 

 

Table 2. Optimized source and gas parameters for analysis of 11 
nitrosamines in food.  

Parameter Value 

Curtain gas 30 psi 

CAD gas High 

Nebulizing current  1 µA 

Source temperature 375°C 

Ion source gas 1 35 psi 

Table 3. MRM conditions and compound-specific parameters for the analysis of nitrosamines in food using the QTRAP 6500+ system. For 
compounds with two stable transitions the first Q3 and CE values represent the quantifier ion, the second values represent the qualifier ion. Compounds 
with one Q3 and CE value have one stable transition only.  

Compound Q1 
(m/z) 

Q3 
(m/z) 

DP 
(V) 

CE 
(V) 

N-Nitrosodimethylamine (NDMA) 75.0 43.1 40 21 

N-Nitrosodibutylamine (NDBA) 159.0 103.0/57 40 15/19 

N-Nitrosodi-n-propylamine (NDIPA) 131.1 89.0/43.0 45 12/20 

N-Nitrosomethylethylamine (NMEA) 89.0 61.0 20 16 

N-Nitrosodiethylamine (NDEA) 103.0 75.0/47.0 70 14/21 

4-Nitrosomorpholine (NMO) 117.1 87.1/86 40 23/25 

1-Nitrosopiperidine (NPIP) 115.1 69.0/41.0 40 28/33 

N-Nitrosomethylphenylamine (NMPA) 137.1 107.2 45 16 

Ethyl(nitroso)(propan-2-yl)amine (NEIPA) 117.0 75.0 60 14 

4-[methyl(nitroso)amino]butanoic acid (NMBA) 147.0 117.0 60 9 

N-Nitrosodiisopropylamine (NDPA) 131.1 89.0/43.0 65 12/20 

N-Nitrosodimethylamine D6 (NDMA D6) 81.0 46.0 22 60 

4-[methyl(nitroso)amino]butanoic acid D5 (NMBA D5) 150.0 120.0 9 17 

Table 1. LC gradient conditions for the analysis of 11 nitrosamines 
in food. 

Time 
(min) 

Mobile phase A 
(%) 

Mobile phase B 
(%) 

0.0 98 2 

1.5 98 2 

10 2 98 

12 2 98 

12.1 98 2 

14 98 2 

https://www.phenomenex.com/Products/HPLCDetail/luna
https://www.phenomenex.com/Products/HPLCDetail/luna
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Mass spectrometry: The QTRAP 6500+ system was operated 
in positive ion mode using APCI ionization. The data was 
collected using MRM acquisition. Table 2 shows the source and 
gas parameters, and the compound-specific MRM parameters 
are displayed in Table 3. 

Data processing: All data was processed using SCIEX OS 
software v 2.2. The MQ4 algorithm was used for the quantitation. 

Quantitative performance of nitrosamine 
solvent standards 
Calibration standards were injected in triplicate to evaluate the 
sensitivity, accuracy, precision and linear dynamic range. 
Considering all calibration levels among the 11 nitrosamine 
compounds, the mean accuracy was between 89% and 112%, 
and the %CV was between 3.6% and 17% (Table 5). The solvent 
standard LOQ concentrations ranged from 0.10 to 0.25 ng/mL 
demonstrating sub-ng/mL sensitivity for nitrosamines on the 
QTRAP 6500+ system. Calibration curves showed correlation 
coefficient values (r2) >0.998, demonstrating good linearity 
across the calibration range (Table 5). 

Accurate and precise quantitation of 
nitrosamines in food at 10 and 20 ng/g 
Method recovery was evaluated by performing matrix spike 
experiments before (“pre-spike”, n=3) and after sample 
preparation (“post-spike”, n=3) at 10 and 20 ng/g. The recovery 
was calculated as the ratio of the pre- to post-spike area counts. 
Considering the 10 ng/g matrix spikes the recoveries ranged 
from 69% to 123%, indicating good method performance across 
the diverse range of food matrices (milk, oats, fried and bbq 

chicken, fish, and prawns). Full recovery data is presented in 
Table 6 for the 10 ng/g spikes, and XICs for the 10 ng/g spikes in 
oats are shown in Figure 2. Violins plots summarizing the 10 and 
20 ng/g spike recoveries per matrix are shown in Figure 1. 
Considering the 11 nitrosamine analytes in 6 food matrixes, at 
two spiking levels (n=132), only 4 of the mean recovery values 
were outside of the 70-130% criteria. These results highlight the 
broad applicability of the sample preparation and instrumental 
analysis methods. Further, the %CV was generally less than 
10% for the triplicate samples in both the pre- and post-spikes, 
indicating good method precision (Table 6). 

The method used solvent-based external calibration standards to 
quantify the matrix spikes. That is, internal standards were not 
used to correct for matrix effects or recovery losses. Post-spike 
accuracies were ~100%, demonstrating negligible matrix effects 
(Table 6). The matrix effects were reduced through modifications 
to the simple sample preparation procedure including the 10-fold 
dilution step. 

Developing the extraction protocol for the diversity of food 
matrices in this technical note was challenging, specifically the 
milk and fish matrices. Regarding the milk samples, the matrix 
volume was reduced and the extraction time was increased. 
However, despite this optimization an unknown NMPA 
interference in milk was observed. In fish samples, interferences 
were observed when homogenizing the whole fish which we 
suspected was due to the high calcium concentration from the 
bones. These interferences were not observed when analyzing 
the fillet only. 

Table 5. Linearity, LOQ, %CV and average accuracy for the analysis of 11 nitrosamines in the solvent standards (n=3). 

Compound name LOQ 
(ng/mL) 

CV 
(%) 

Average accuracy 
(%) 

Linearity range 
(ng/mL) 

Correlation coefficient 
(r2) 

NDMA 0.25 3.6 97 0.25-50 0.999 

NDBA 0.25 4.6 112 0.25-50 0.999 

NDIPA 0.25 15 97 0.25-50 0.999 

NMEA 0.25 9.2 89 0.25-50 0.999 

NDEA 0.10 5.9 96 0.10-50 0.999 

NMO 0.25 9.7 104 0.25-50 0.999 

NPIP 0.25 17 99 0.25-50 0.998 

NMPA 0.10 13 99 0.10-50 0.998 

NEIPA 0.25 3.7 105 0.25-50 0.999 

NMBA 0.25 15 100 0.25-50 0.999 

NDPA 0.10 17 103 0.10-50 0.999 
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Figure 2. Extracted ion chromatograms (XICs) of 10 ng/g spike for 11 nitrosamine compounds into oats. 
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Conclusions  

• Broad analyte coverage – 11 different nitrosamine 
compounds – applied to 6 unique food matrices (milk, oats, 
fried chicken, chicken, fish, and prawn)  

• Good sensitivity observed in matrix spikes at 10 and 20 ng/g 
across a diverse range of food items 

• 10 ng/g matrix spike recoveries ranged from 69% to 123%, 
indicating good method performance 

• Simple sample preparation procedure yielded negligible 
matrix effects with post-spike analyte accuracies near 100% 
when quantified against the solvent-calibration standards 

 

 

• Sub-ng/mL sensitivity in solvent standards with LOQs 
ranging from 0.10 to 0.25 ng/mL on the QTRAP 6500+ 
system 

 

Table 6. Average accuracy (%CV) and recovery for the analysis of 11 nitrosamines in various food matrices spiked at 10 ng/g.  

Nitrosamine compound 

Food 
matrix 

 
NDMA 

 
NDEA 

 
NMBA NDPA NDIPA NDBA NEIPA NMPA NMO NPP NMEA 

 
Oats 

Pre-spike 96 (1.8) 102 (5.9) 78 (7.9) 100 (4.8) 105 (7.9) 109 (4.5) 103 (5.0) 105 (11) 98 (3.2) 100 (2.8) 102 (3.5) 

Post-spike 95 (1.7) 115 (2.6) 113 (2.6) 101 (2.5) 101 (2.6) 110 (1.7) 114 (1.1) 105 (8.9) 111 (0.8) 117 (3.8) 114 (2.2) 

Recovery 101 88.7 69.0 99.0 104 99.1 90.4 100 88.3 85.5 89.5 

BBQ 
Chicken 

Pre-spike 90 (1.6) 106 (8.6) 87 (9.3) 120 (0.4) 120 (2.8) 117 (2.4) 125 (3.2) 111 (4.5) 101 (1.7) 100 (6.2) 110 (4.8) 

Post-spike 88 (4.9) 107 (3.3) 107 (0.5) 111 (0.2) 118 (2.5) 111 (2.7) 116 (2.4) 111 (11) 110 (1.7) 118 (2.3) 111 (1.8) 

Recovery 102 99.1 81.3 108 102 105 108 100 91.8 84.7 99.1 

Fried 
chicken 

Pre-spike 93 (11.4) 122 (2.9) 88 (10) 120 (1.1) 118 (3.0) 122 (2.2) 115 (18) 86 (17) 120 (5.8) 121 (2.2) 123 (1.6) 

Post-spike 89 (1.6) 114 (3.1) 109 (1.5) 105 (4.8) 106 (6.0) 104 (2.5) 118 (4.9) 100 (5.5) 112 (4.4) 122 (3.5) 114 (3.4) 

 Recovery 105 107 80.7 114 111 117 97.5 86.0 107 99.2 108 

Milk 
 

Pre-spike 93 (6.4) 89 (8.4) 86 (12) 105 (7.0) 114 (15) 93 (6.3) 88 (5.6) n/a 86 (6.1) 91 (10) 85 (2.1) 

Post-spike 93 (3.1) 121 (2.8) 109 (2.8) 100 (3.7) 93 (2.4) 101 (2.6) 116 (2.2) n/a 109 (2.3) 114 (1.7) 113 (2.2) 

Recovery 100 73.6 78.9 105 123 92.1 75.9 n/a 78.9 79.8 75.2 

Prawn 

Pre-spike 94 (4.8) 114 (12) 90 (8.1) 117 (3.2) 115 (8.0) 115 (5.7) 103 (6.6) 84 (15) 88 (8.0) 83 (3.9) 93 (2.7) 

Post-spike 90 (0.15) 101(1.5) 105 (1.2) 115 (1.9) 119 (0.4) 114 (1.9) 112 (1.6) 110 (4.3) 112 (0.2) 116 (1.7) 110 (1.7) 

Recovery 104 113 85.7 102 96.6 101 92.0 76.4 78.6 71.6 84.5 

Fish 

Pre-spike 93 (6.2) 84 (2.9) 78 (0.8) 109 (1.7) 114 (12) 116 (4.8) 102 (2.5) 88 (14) 88 (1.8) 92 (11) 93 (3.4) 

Post-spike 92 (3.0) 104 (2.3) 107 (3.2) 116 (4.5) 120 (5.0) 114 (4.6) 115 (1.6) 112 (8.7) 111 (2.7) 116 (2.0) 112 (1.2) 

Recovery 101 80.8 72.9 94.0 95.0 102 88.7 78.6 79.3 79.3 83.0 

 The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information on availability, please contact your local sales 
representative or refer to https://sciex.com/diagnostics.  All other products are For Research Use Only. Not for use in Diagnostic Procedures.  

Trademarks and/or registered trademarks mentioned herein, including associated logos, are the property of AB Sciex Pte. Ltd. or their respective owners in the United States and/or certain 
other countries (see www.sciex.com/trademarks). 

© 2023 DH Tech. Dev. Pte. Ltd. MKT-29889-A 

 

 

 

 

https://sciex.com/diagnostics
http://www.sciex.com/trademarks

	Nitrosamine analysis in a variety of food matrices


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



