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Abstract

Background 1In a recent population-based case—control
study using 2,400 cases of childhood cancer, we found a
statistically significant association between residential
radon and acute lymphoblastic leukemia risk.

Hypothesis Traffic exhaust in the air enhances the risk
association between radon and childhood leukemia.
Methods We included 985 cases of childhood leukemia
and 1,969 control children. We used validated models to
calculate residential radon and street NO, concentrations
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for each home. Conditional logistic regression analyses
were used to analyze the effect of radon on childhood
leukemia risk within different strata of air pollution and
traffic density.

Results The relative risk for childhood leukemia in
association with a 10> Bq/m>-years increase in radon was
1.77 (1.11, 2.82) among those exposed to high levels of
NOy and 1.23 (0.79, 1.91) for those exposed to low levels
of NOyx (Pinteraction, 0-17). Analyses for different morpho-
logical subtypes of leukemia and within different strata of
traffic density showed a non-significant pattern of stronger
associations between radon and childhood leukemia within
strata of higher traffic density at the street address.
Interpretation  Air pollution from traffic may enhance the
effect of radon on the risk of childhood leukemia. The
observed tendency may also be attributed to chance.

Keywords Air pollution - Radon - Interaction -
Case—control - Childhood leukemia

Introduction

Geographical correlations between residential radon and
childhood leukemia have been shown in several studies [1,
2]. We have previously reported that domestic radon
exposure is significantly associated with the risk of child-
hood acute lymphoblastic leukemia [3]. So far, it has been
assumed that the primary mechanism by which radon gas
may damage stem cells for acute lymphoblastic leukemia is
by dissolution of radon gas in fatty tissues leading to
exposure of the red bone marrow [4]. However, as recently
proposed, an alternative pathway may exist where inhaled
radon decay products provide a high dose to lymphocyte
stem cells circulating through the bronchial mucosa [5].
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Radon decay products easily attach to particulate matter
in the air such as dust, smoke, and traffic exhaust particles
[6, 7]. The evidence of traffic exhaust being a risk factor for
childhood cancer on its own is inconclusive [8], but radon
and traffic exhaust particles might operate together to
enhance risk. Attachment of radon decay products to
aerosols in the air reduces the fraction of the so-called
unattached radon decay products and increases the airborne
concentration of attached radon decay products due to a
significant reduction in the plate out on indoor surfaces [9].
Attachment furthermore significantly influences the depo-
sition pattern in the lungs due to the altered size distribu-
tion of the radon decay products [10]. Although the
presence of aerosols in the air will inevitably affect the
dose of radon decay products to the lung, it is difficult to
predict the effect from theoretical dosimetric models.
However, the demonstrated interaction between smoking
and indoor radon with respect to risk for lung cancer [11]
suggests that the presence of aerosols in the air could
enhance the effect of radon decay products on cancer risk.
Populations in industrialized countries spend 85-90% of
their time in indoor environments [12], and recent studies
have demonstrated that up to 60-70% of outdoor fine
particles (<2.5 um) penetrate indoors [13].

We test the novel hypothesis that traffic exhaust that
penetrate indoors at locations with high traffic density
results in a stronger risk association between radon and
childhood leukemia. We use NO, and traffic density as
proxy variables for traffic exhaust, because these variables
are highly correlated with particle concentrations in streets.
To our knowledge, this has never been studied.

Methods

The case—control study design has previously been
described in detail [1]. In the present study, we included
children (below age 15 years) registered in the Danish
Cancer Registry [14] from 1968 to 1994 with a diagnosis of
leukemia, and two control children matched individually
by sex and birthday. Control children were randomly
selected from the files of the Danish Central Population
Registry, covering the entire Danish population. Eligible
controls for a case were all Danish children of the same sex
and without a cancer diagnosis and under risk at the age
where the case received the diagnosis.

Residential radon concentrations for each child address
from birth to diagnosis (and a similar time period for the
individually matched control children) were predicted
using a validated regression model using input data from
Danish registries on geographical location, soil type and
dwelling characteristics such as house type, floor, base-
ment, and building materials. Model predictions were
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corrected for seasonal variation [15]. We calculated
cumulative radon exposure as the product of exposure level
and time occupied at each address during childhood.

Traffic density has previously been collected, and
nitrogen oxide gasses (NOx (NO + NO,)) calculated for
each address of cases and control children [16]. The average
concentrations of NO, at the front door of each dwelling
during the period that the families occupied the address
were assessed by use of the Operational Street Pollution
Model [17]. Briefly, the model can be used to calculate air
pollution levels from information on the exact configuration
of the street in front of the address (the width of the street,
the height of the buildings and their distance from the street,
and street sections with no buildings), the traffic density on
the street (vehicles per day), the proportion of heavy vehi-
cles, and the average traffic speed (km/h) in combination
with information on emission factors (g/km) for the Danish
car fleet, meteorological variables (wind speed, tempera-
ture, and solar radiation), and background levels of air
pollution [16]. NO, is highly correlated with particle
number concentration in Danish streets [18, 19], and both
NOy and traffic density were used as proxy measures for
traffic exhaust particles in the present study.

The relative risk and 95% confidence intervals (Cls)
were estimated from conditional logistic regression models
with the PHREG procedure of SAS (version 9.1; SAS
Institute, Cary, NC), respecting the matched design. Pos-
sible associations between radon and risk of leukemia and
its morphological subtypes were investigated using the
continuous values by increments of 10° Bg/m?-years in a
log-linear model [3, 16]. The possible interaction between
exposure to traffic particles and radon was analyzed by
comparing the respective effect estimate for radon from the
model above in different strata of NO, concentration and
traffic density at the addresses. The cut-off point for NO,
was equivalent to the median value among all the case and
control children, and the cut-off points for traffic density
were adapted from previous studies [16, 20].

Results and discussion

We identified 1,153 cases of childhood leukemia and 2,306
controls. Air quality and radon data were available for 985
(85%) cases and 1,969 (85%) controls, and this subset
formed the basis for all analyses. Cases had slightly higher
radon concentrations and slightly lower NO, and traffic
values than the control children (Table 1).

Table 2 confirms our previous finding of a significant
association between radon exposure and childhood acute
lymphoblastic leukemia. Further, the table shows a con-
sistent pattern of higher relative risk estimates for all
leukemia combined within the strata for higher NO,
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Table 1 Exposure of the study population to radon, NO,, and traffic*

Cases (n = 985) (5th pct;
50th pct; mean; 95th pct)

Controls (n = 1,969) (5th pct;
50th pct; mean; 95th pct)

Cumulated radon exposure at the residencies
during childhood (Bq/m3 years)

Time-weighted NOy at residencies (ppb)

Time-weighted traffic density at the street
address (vehicles/street/day)

19; 204; 300; 939

4.23; 8.62; 10.50; 23.48
20; 259; 947; 3731

16; 192; 282; 878

4.18; 8.78; 11.20; 26.93
20; 282; 1,058; 4,610

* We identified 1,153 cases of childhood leukemia and 2,306 controls, but air quality and radon data were available for 85% of these resulting in

985 cases and 1,969 controls, which formed basis for all analyses

Table 2 Risk for childhood leukemia in association with a 10° Bq/m>-years increase in domestic radon exposure® within different strata of NOy

concentration and traffic density at residential addresses’

Morphologic subtype”

Interaction  All leukemias Acute lymphoblastic Acute non-lymphoblastic Other unknown subtypes
Variable Neasess  Relative risk pf Neasess  Relative risk pf Neasesy  Relative risk pf Neasesy  Relative risk pf
control (95% CIe) control (95% CIe) control (95% CIE) control (95% CIe)
None 985/ 1.48 (1.03, 2.13) 731/ 1.78 (1.16, 2.75) 127/ 0.61 (0.25, 1.46) 127/ 1.84 (0.63, 5.38)
1,969 1,461 254 254
NO; < 8.71 506/ 1.23 (0.79, 1.91)  0.17 382/ 1.52 (0.89, 2.57)  0.38 54/ 0.70 (0.24, 2.04)  0.78 70/ 0.93 (0.25,3.44) 0.04
971 719 118 134
NO; > 8.71 479/ 1.77 (1.11, 2.82) 349/ 2.01 (1.15, 3.51) 73/ 0.57 (0.18, 1.78) 57/ 4.49 (1.06, 19.12)
998 742 136 120
TD® <500 642/ 1.32 (0.88, 1.98)  0.37 479/ 1.78 (1.10,2.89)  0.83 78/ 0.47 (0.17, 1.27)  0.07 85/ 1.26 (0.37, 4.24) 0.79
1223 918 168 137
TD® > 500 343/ 1.72 (0.98, 3.02) 252/ 1.64 (0.83, 3.24) 49/86 1.76 (0.43, 7.21) 42/ 1.55(0.33, 7.23)
746 543 117
TD® < 5000 943/ 1.47 (1.02,2.11) 037 701/ 1.77 (1.14,2.74) 050 122/ - 120/ -
1877 1394 244 239
TD® > 5000 42/92  3.31 (0.54, 20.20) 30/67  4.38 (0.45, 42.82) 5/10 - 715 -

? Radon exposure was entered as a continuous variable in all models

® Based on the international classification of diseases for oncology (ICD-O; 1976 version)

¢ Time-weighted average for total nitrogen oxides (NO, + NO): ppb
4 TD Traffic density, time-weighted average: vehicles/day
¢ CI confidence interval

f - .
p value for interaction

concentration and higher traffic density, although no sig-
nificant interaction was found. The relative risk estimates
for acute lymphoblastic leukemia and “other/unknown”
leukemia (of which a vast majority is expected to be acute
lymphoblastic leukemia) showed a similar pattern of
insignificantly higher risk estimates within the stratum of
higher traffic pollution, except for the strata separated at 500
vehicles per day, which showed similar effects of radon on
acute lymphoblastic leukemia within both strata. The rela-
tive risk estimates for acute non-lymphoblastic leukemia in
association with radon exposure were similarly highest
within the stratum of highest traffic density. The relative
risk estimates were below 1.0 within both strata of NO,
indicating a protective effect, but the small number of cases

and the wide confidence intervals indicate that this might be
a chance finding. Adjustment of the analyses for birth order,
mother’s age [16], and electromagnetic fields from 50 Hz
high-voltage facilities [21] only changed the effect esti-
mates marginally (results not shown).

Overall, the results indicate that high levels of traffic
pollution at the residence might enhance an association
between residential radon and childhood leukemia. The
underlying mechanism may be complementary mutations
caused by traffic-related air pollution and radon or may
relate to modification in the radiation dose, because radon
progeny attaches to aerosols [22]. This novel hypothesis
could be further tested by studying possible interactions
between radon and environmental tobacco smoke.
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We did not have air quality data and/or radon data for
fifteen percent of cases and an equal percentage of controls
due to problems in obtaining or geocoding addresses. The
residential movement pattern, and thereby the radon con-
centration, might be different for this 15% of children,
leaving the remaining 85% with a slightly different radon
level than that of the whole study population. Although this
15% “non-participation” depends on objective factors
unrelated to the child, the family, or the disease, we cannot
rule out the possibility for selection bias.

Conclusion

This study suggests that high levels of air pollution from
traffic at the residence might enhance a risk association
between radon and childhood leukemia. However, no sta-
tistically significant interaction was demonstrated, and the
observed tendency may be attributable to chance.

Financial support Dr Brauner was supported by a Research Grant
from The Danish Medical Research Council.

References

1. Raaschou-Nielsen O (2008) Indoor radon and childhood leukae-
mia. Radiat Prot Dosimetry 132:175-181

2. Evrard AS, Hemon D, Billon S et al (2005) Ecological associa-
tion between indoor radon concentration and childhood leukae-
mia incidence in France, 1990-1998. Eur J Cancer Prev 14:147—
157

3. Raaschou-Nielsen O, Andersen CE, Andersen HP et al (2008)
Domestic radon and childhood cancer in Denmark. Epidemiology
19:536-543

4. Kendall GM, Smith TJ (2005) Doses from radon and its decay
products to children. J Radiol Prot 25:241-256

5. Harley NH, Robbins ES (2009) Radon and leukemia in the
Danish study: another source of dose. Health Phys 97:343-347

6. Tokonami S (2000) Experimental verification of the attachment
theory of radon progeny onto ambient aerosols. Health Phys
78:74-79

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

. Yu KN, Wong BTY, Law JYP, Lau BMF, Nikezic D (2001)

Indoor dose conversion coefficients for radon progeny for dif-
ferent ambient environments. Environ Sci Technol 35:2136-2140

. Raaschou-Nielsen O, Reynolds P (2006) Air pollution and

childhood cancer: a review of the epidemiological literature. Int J
Cancer 118:2920-2929

. Abu-Jarad F (1997) Indoor cigarette smoking: uranium contents

and carrier of indoor radon products. Radiat Meas 28:579-584
Bair WJ (1995) The ICRP human respiratory tract model for
radiological protection. Radiat Prot Dosimetry 60:307-310
Darby S, Hill D, Auvinen A et al (2005) Radon in homes and risk
of lung cancer: collaborative analysis of individual data from 13
European case-control studies. BMJ 330:223

Brunekreef B, Holgate ST (2002) Air pollution and health. Lancet
360:1233-1242

Schneider T, Jensen KA, Clausen PA et al (2004) Prediction of
indoor concentration of 0.5-4 mm particles of outdoor origin in
an uninhabited apartment. Atmos Environ 38:6349-6359

Storm HH, Michelsen EV, Clemmensen IH, Pihl J (1997) The
Danish cancer registry-history, content, quality and use. Dan Med
Bull 44:535-539

Andersen CE, Raaschou-Nielsen O, Andersen HP et al (2007)
Prediction of **?Rn in Danish dwellings using geology and house
construction information from central databases. Radiat Prot
Dosimetry 123:83-94

Raaschou-Nielsen O, Hertel O, Thomsen BL, Olsen JH (2001)
Air pollution from traffic at the residence of children with cancer.
Am J Epidemiol 153:433-443

Raaschou-Nielsen O, Hertel O, Vignati E et al (2000) An air
pollution model for use in epidemiological studies: evaluation
with measured levels of nitrogen dioxide and benzene. J Expo
Anal Environ Epidemiol 10:4-14

. Ketzel M, Wahlin P, Berkowicz R, Palmgren F (2003) Particle

and trace gas emission factors under urban driving conditions in
Copenhagen based on street and roof-level observations. Atmos
Environ 37:2735-2749

. Hertel O, Jensen SS, Andersen HV et al (2001) Human exposure

to traffic pollution. Experience from Danish studies. Pure Appl
Chem 73:137-145

Savitz DA, Feingold L (1989) Association of childhood cancer
with residential traffic density. Scand J Work Environ Health
15:360-363

Olsen JH, Nielsen A, Schulgen G (1993) Residence near high
voltage facilities and risk of cancer in children. BMJ 307:
891-895

Jonassen N, Jensen B (1992) Measurement of simulated lung
deposition of radon daughters. Radiat Prot Dosimetry 45:669-671



	Is there any interaction between domestic radon exposure and air pollution from traffic in relation to childhood leukemia risk?
	Abstract
	Background
	Hypothesis
	Methods
	Results
	Interpretation

	Introduction
	Methods
	Results and discussion
	Conclusion
	Financial support
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


