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What will be shown? EMPAQ

Emissions of diesel engines are a relevant source of potential
endocrine disruptors in the air.

= Aryl hydrocarbon receptor (AhR) agonists

m Estrogen receptor (ER) agonists

" Catalytic diesel particulate filters reduce emissions of potential
endocrine disruptors with AhR- or ER-mediated activity.

m A favourable secondary effect of diesel particulate filters

m Promising technology to detoxify diesel exhaust
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The Endocrine System

Hormones: endogenous
chemical messengers

m Produced in the glands

m Transported by the blood
system

m Recognized by receptors
in the target cells =

induction of specific cellular

responses

m Regulate biological
processes (reproduction,

development, behaviour, ...)

Pineal gland

Hypothalamus
Pituitary gland
Thyroid gland
Parathyroid glands

(Thymus)
Adrenal glands

Pancreas
Ovaries
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Endocrine Disruptors EMPAQ

Endocrine disruptors: O
natural or man-made exogenous O
compounds

Receptor agonists:

= Interfere with the normal functioning ,
activate receptors

of human and wildlife endocrine

systems =>» adverse health effects

m Act at multiple sites .

m Exhibit multiple mechanisms of %
action, for example, interaction

Receptor antagonists:

with receptor systems block receptors
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Alveolus

capillary

Rothen-Rutishauser et al.,
ES&T, 2006

Geiser et al., EHP, 2005
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Endocrine disruptors?

M\n

Exposure

Source

Exhaust treatment by
diesel particulate filter

Effect on endocrine disruptors?
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Diesel Exhaust: Endocrine Disruptors?

Collection of
diesel exhaust
samples

With or without
exhaust

treatment by
DPF

Analysis of
exposure:
CALUX assays
+ GC/HRMS

m Heavy-duty diesel engine (Liebherr)
m ISO 8178/4 C1 test cycle

m All-glass sampling devices: quartz fiber
filter, condensate separator, adsorbens

DPFs: uncoated, cordierite-based, monolithic,

wall-flow (Greentop) \\

m Iron-based fuel additive (catalyst) \’\
m Copper/iron-based fuel additive N&

Bioassays:
m Aryl hydrocarbon receptor (AhR) agonists

m Estrogen receptor (ER) agonists
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Generation of Diesel Exhaust EMPAQ
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Heavy-duty diesel engine (Liebherr, type D914T, 6.11 L, 4 cylinders, 105
kW, Bulle, Switzerland ), ISO 8178/4 C1 test cycle:

m 8 load-stages

Torque

m Total cycle time: 100 min

m 2 consecutive runs for
each sample (200 min)

= Mass flow proportional
aliquots of undiluted

exhaust gas were

ldling .
(@) 21° 10% 0_10@ taken at each load-
> A
—/ 60% 100% RPM stage (per sample: 4-7
m3 exhaust).

Exhaust sampling: Fachhochschule Biel, Empa Dubendorf
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Collection of Samples and Extraction EMPAS
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Quarz All-glass sampling device
fiber filter

Adsorber
unit, XAD-2

Cooler (<4°C)

Unfiltered Ice bath
or filtered

exhaust gas

Condensate separator

Transfer
to DMSO
Exhaust treatment by diesel for assay
particulate filter (DPF) mm) analysis
DPFs: uncoated, cordierite-based,
monolithic, wall-flow (100 CPI, 22.8 L, =) Clean-up
Greentop, Gravenwiesbach, Germany) for
GC/HRMS

m Iron-based fuel additive (catalyst)

m Copper/iron-based fuel additive
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Reporter Gene Assays — CALUX Assays EMPAQ
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Assay Analysis of Exhaust Samples EMPAQ

Materials Science & Technology

Human adenocarcinoma Extracts of diesel Dilution series: E2
cells (T47D) - o—s exhaustin DMSO or2,3,7,8-TCDD

a@

Rat hepatoma B |
cells (H4IIE) =» « Seeding

= CALUX cells

Calibration curve
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S ool S —
0 i ‘
0.1 1.0 10.0 100.0 1000.0
Concentration (pM) ey
Samples: conversion of light units into Luminometer: Measurement of
2,3,7,8-TCDD or E2 equivalents luciferase activity as light units
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Aryl Hydrocarbon Receptor (AhR) Agonists EMP®
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AhR agonists induce a wide spectrum of biological effects:

Adaptive effect

m AhR-mediated degradation of toxic compounds (e.g., xenobiotics)

Adverse effects

m AhR-mediated biotransformation: mutagenic/carcinogenic
metabolites (e.g., benzo[a]pyrene)

m Long-time activation of the AhR: dioxin-like toxicity of AhR
agonists (e.g., loss of weight, chloracne)

m Endocrine-disrupting effects (e.g., antiestrogenic effects,
antiandrogenic effects)
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Quantification of AhR Agonists EMPAGS
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AhR Agonists in Diesel Exhaust

AhR agonists [ng 2,3,7,8-TCDD equivalents/m’]

80
Unfiltered exhaust Filtered exhaust
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Diesel exhaust sample

EMPAQ
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Air particulate
matter (PM,,, Berne):
0.02 ng 2,3,7,8-TCDD
equivalents/m3 air

Diesel engines: a
relevant emission
source for AhR
agonists in the air

Beneficial secondary
effect of catalytic diesel
particulate filters
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Known AhR Agonists (GC/HRMS) EMPAQ

e~

Filtered exhaust O Sum of 6 PAHSs:
pyrene,
benz[a]anthracene,
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Contribution of 6 PAHs and 12 PCDD/Fs EMPAQ
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Estrogen Receptor (ER) Agonists EMPAQ
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Endogenous ER agonists (estrogens, female sex hormones)

m Function: promote the development of female secondary sex
characteristics, regulate functions of the reproductive system
in females and males

Exogenous ER agonists (xeno-estrogens)

m Disruption of female and male hormone systems (e.g.,
impaired reproduction)
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Quantification of ER Agonists

Luciferase induction [% E2 60 pM]

E2 concentration [pM]
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EMPAQ
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Estrogen receptor (ER)
agonists in diesel exhaust:

m Dose-dependent luciferase
induction

m Dose-dependent response
is similar to E2

OH

HO
17B-estradiol (E2)
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ER Agonists in Diesel Exhaust EMPAQ

ER agonists [ng E2 equivalentslm3]

Materials Science & Technology
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Summary and Conclusions EMPAQ

Materials Science & Technology

Emissions of diesel engines

m Relevant source of potential endocrine disruptors in the air

Secondary effects of catalytic diesel particulate filters

m Reduced emissions of AhR agonists .
by almost 90% \

m Reduced emissions of ER agonists by

55-70% ‘
m Promising technology to detoxify diesel exhaust in
respect to pollutants with AhR- or ER-mediated activity

Wenger et al., submitted, 2007

11th ETH-Conference on Combustion Generated Nanoparticles, August 13th — 15th 2007



-

EMPAQ

Materials Science & Technology

THANK YOU FOR YOUR ATTENTION

AND MANY THANKS TO

ETH Zurich: Renato Zenobi
University of Zurich: Hanspeter Nageli

EMPA: Andreas Gerecke, Norbert Heeb, Erika Gujer, Markus Zennegg, Martin Kohler,
Peter Schmid, Kerstin Zeyer, Lukas Emmenegger, André Niederer

Fachhochschule Biel: Jan Czerwinski, Jean-Luc Pétermann
TTM Niederrohrdorf: Andreas Mayer

11th ETH-Conference on Combustion Generated Nanoparticles, August 13th — 15th 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




