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GC/MS Standards 2007 in WKIGC/MS Standards 2007 in WKI

available GC/MS Standards: 910

used in 2007: 542

• Benzene
• Toluene
• 2-Chlornaphthalene
• Ethyldiglycol
• Cyclohexane
• Chlorobenzene
• 4-Phenylcyclohexene
• Ethylenglykolmonomethylether
• Ethylbenzene
• Xylene (o-, m-, p-)
• 1-Chloronaphthalene
• Ethylglykolacetate
• 2-Phenoxyethanol

• Pentanal
• trans-2-Decenal
• Ethoxypropylacetat
• n-Hexane
• Benzaldehyde
• Acetone
• Methylacetate
• Hexanal
• α-Pinene
• Limonene
• Nonanal
• Styrene
• 2-Butanone

Frequently used GC-Standards
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OnlineOnline--MethodsMethods

• Photoacustics
CO2, TVOCPAS (calibrations vs. propane)

• Chemoluminescence
NO, NO2

• UV/Fluorescence
Ozone

• Proton-Reaction-Mass-Spectrometry (PTR-MS)
Selective mass monitoring [M+1]

• Online-Derivatisation
Formaldehyde (Acetylacetone-Method)

• Particle counting methods
Size distribution
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Chamber

Gas supply

Sampling port
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Building product terpene/ozone-reactions and particle formation

Toftum et al. (2008) Atmospheric Environment, available online
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Gas-/Particle distribution of SVOCs

Weschler et al. (2008) Atmospheric Environment, 42, 1449
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Indoor Chemistry

Uhde and Salthammer (2007), Atmospheric Environment, 41, 3111
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Photocatalytic reaction on indoor wall paint

Salthammer and Fuhrmann (2007), ES&T, 41, 6573

ResearchResearch



Printer Particle Emissions – LBL, 9.10.2008

ResearchResearch

Emission of nanoparticles from electronic equipment

Schripp et al. (2008), ES&T, 4338 

Wensing et al. (2008) Sci. Tot. Environ., available online
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ResearchResearch

Emission of formaldehyde from mineral wool

Salthammer and Mentese (2008), Chemosphere, available online
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He et al. (2007) ES&T, 41, 6039
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• Particle Number Concentration

• Total Particle Number

• Particle Mass

• Particle Size Distribution

• True Particle Emission Rate (SER)

• Particle Deposition

• Particle Composition

Emissions from Electronic DevicesEmissions from Electronic Devices

VOCs SVOCs

O3 Ozone

Particles

Destaillats et al. (2008) AE, 42, 1371
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Air inlet

Adsorption

GC/MS

Identification
Quantification

Performance of a Performance of a chamberchamber emissionemission testtest

Air outlet

Online monitoring

Loading factor: 1 unit/chamber
Chamber size: 1 m³; 8 m³, 24 m³
Printing duration: Cascade, 10 min each
Temperature: 23°C
Rel. humidity: 10% 80%
Air exchange rate: 3.0 h-1
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WKI 1 mWKI 1 m³³ chamberchamber forfor printerprinter particleparticle emissionemission testingtesting

Fast Mobility 
Particle Sizer
(FMPS)
5.6 – 560 nm
32 channels
time resolution: 1 s
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Chamber experiments at QUTChamber experiments at QUT
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Flow tunnel experiments at QUTFlow tunnel experiments at QUT
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VOCVOC--Emissions from a laser printerEmissions from a laser printer

Standby Printing

Typical Emissions
•BTEX-aromatics
•Phenol
•Benzaldehyde
•2-Ethyl-hexanol
•BHT
•Alkanes (C6 – C14)
•Siloxanes
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MeasuringMeasuring OzoneOzone
usingusing UVUV--Absorption (254 nm)Absorption (254 nm) 254 nm

HORIBA EUROPE GmbH

HORIBA EUROPE GmbH
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True Particle
Emission Rate

SER(t)

Chamber
Response Function

D(t) = e-kt

∗

Experimental
Concentration Curve

C(t)

=

Convolution

Deconvolution

CalculationCalculation of of thethe truetrue printerprinter emissionemission rate (SER)rate (SER)

Schripp et al. (2008) ES&T, 42, 4338
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Wensing et al. (2008) Sci. Tot. Environ., available online

Laser printer UFP emission Laser printer UFP emission –– FMPS results particle number concentration FMPS results particle number concentration 
vs. particle size and time bimodal size distributionvs. particle size and time bimodal size distribution
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VolatalisationVolatalisation temperature of particles generated by printertemperature of particles generated by printer
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Fuser unit as major source for heat Fuser unit as major source for heat 
(ca. 170 (ca. 170 °°C)C)
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Chemical Chemical characterization characterization of UFPof UFP

Nanometer Aerosol Nanometer Aerosol SamplerSampler

Gas ChromatographyGas Chromatography Mass SpectrometryMass Spectrometry

Analysis of collected „Aerosol“

Trixylyl phosphate, MW = 410
Flame retardant; content of fuser unit

Di-isopropylnaphthalene
Traces; content of paper

Wensing et al. (2008) Sci. Tot. Environ., available online
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Analysis of Analysis of SVOCsSVOCs sampledsampled on a on a particleparticle filterfilter
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Release of Release of particlesparticles fromfrom a a laserlaser printerprinter
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Summary and ConclusionSummary and Conclusion
• Chamber measurements are useful for characterizing the physical and chemical 

nature of UFP emissions from laser printer standardization of a test method 
required.

• The available results indicate that laser printers can be classified in view of 
different UFP emission behaviors, e.g. “constant emitter” and “initial burst 
emitter”.

• UFP release can also be detected in the absence of paper and toner.
• The particles are formed in the printer from VOC and SVOC by nucleation and 

condensation.
• The particles evaporate at higher temperatures.
• The (hot) fuser unit seems to be one important source for the release of UFPs.
• The time vs. concentration behavior of emitted particles is different in the test 

chamber and in real rooms.
• If negative health impacts of the released UFPs can be verified, the necessary 

minimization procedures should be done by variation of construction details and 
thus modulating sources, not by adding filter accessories.  


