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Definition of Nanomaterial
On October 18, 2011, the European Commission (EC) adopted the following definition of nanomateriall':

“a natural, incidental, or manufactured material containing particles, in an unbound state or
as an aggregate or as an agglomerate and where, for 50 % or more of the particles in the
number size distribution, one or more external dimensions is in the size range 1 to 100 nm”

The definition reflects the consensus that mass-based metrics are not appropriate for nanoscale particles.

Moreover, it requires that both size and number concentration are quantified in order to identify particles as “nano.”
While previous definitions of nanomaterial included a size range of <100 nm, the inclusion of a size distribution metric
represents progress based on data published over the last decade indicating that particle number may be the most
applicable metric for nanomaterials!?=1,

A Portable Nanoparticle Sizer for Number-based Measurements

NanoScan SMPS™

The NanoScan SMPS™ is a portable, battery-operated instrument that uses
Scanning Mobility Particle Sizer™ (SMPS™) Spectrometer technology to

meet the challenge of nanomaterial metrics. The key to reliable number-based
size distribution measurements lie in the ability of the NanoScan SMPS™ to count
size-classified particles using single-particle detection.
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NanoScan SMPS

Many nanoparticle measurement methods generate size distributions that must be mathematically converted into
number-weighted distributions based on assumptions and are prone to error, particularly as the particle size or mass
fraction decreasesl®. Methods that directly count particles often count an extremely small number of particles,
resulting in unreliable measurements.

The NanoScan SMPS™ classifies particles in the size range of
10 to 420 nm using a Radial Differential Mobility Analyzer
(RDMA) based on first-principles measurements of electrical
mobility — an approach that does not suffer from size-
dependent scaling®®. A Condensation Particle Counter (CPC)
is used for single-particle detection and monitors
concentrations up to 1,000,000 particles/cm?3, providing
superior counting statistics and highly reproducible o
measurementsl’l. Thus, the NanoScan SMPS™ provides o
a direct—and quantitative—measurement of the number-

weighted particle size distribution in real time.
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Nanoparticle Exposure Monitoring
The NanoScan SMPS™ is ideally suited for nanoparticle exposure monitoring in a variety of applications,
including air quality investigations, combustion/emission research, mobile studies, point source identification,
health effects/inhalation toxicology, and industrial hygiene activities such as worker exposure and nanoparticle
emission measurementsl’-l,

Left: NanoScan SMPS used in mobile studies to investigate air quality in a vehicle cabin
(top) compared to an urban street (bottom). Right: NanoScan SMPS used to sample from a
chamber as part of an occupational medicine study.



NanoScan SMPS™—Data Consistent with Regulatory Trends

There is a recognized need to develop standards and protocols for nanoparticle sizing and exposure assessments,
and the EC definition of nanomaterial was developed for regulatory implementation. Currently, recommendations
and guidelines related to nanoparticles have been reported by agencies such as NIST, NIH, NIOSH, FDA, SCENIHR,
ISO, and others; these recommendations are trending toward particle size quantification and number-based
concentration metrics!'-24%1011 The implementation of a number-based size distribution metric provides guidance as
nanomaterial environmental, health, and safety (EHS) regulations move forward—and the NanoScan SMPS™ is
already ahead of the trend.

References

1. EC, “Commission Recommendation of 18 October 2011 on the Definition of ‘Nanomaterial’,” 2011/696/EU, 2011.

2. SCENIHR, “The appropriateness of existing methodologies to assess the potential risks associated with
engineered and adventitious products of nanotechnologies,” 2006.

3. Wittmaack, K., “In search of the most relevant parameter for quantifying lung inflammatory response to
nanoparticle exposure: particle number, surface area, or what?” Environ Health Perspect 115187-194, 2007.

4. NIOSH, “Approaches to safe nanotechnology, managing the health and safety concerns associated with
engineered nanomaterials,” 2009.

5. Lingsinger, T.P.J. et al., EC, EUR 25404, JRC Reference Report, “Requirements on measurements for the
implementation of the European Commission definition of the term ‘nanomaterial’,” 2012.

6. Zhang, S.H. et al., “Radial Differential Analyzer,” Aerosol Sci and Techn., 2007.

7. TSI® Incorporated, “NanoScan SMPS™ nanoparticle sizer theory of operation,”
Application Note SMPS-005. https://tsi.com/getmedia/b2cdf436-3299-496e-b067-
59bc18937e76/NanoScan SMPS Theory of Operation US SMPS-005A-web?ext=.pdf

8. TSI® Incorporated, “Capturing the particle size distribution of emissions during material testing and processing,”
Application Note NanoScan-001. https://tsi.com/getmedia/197ea942-7829-480a-b8bb-
65f65733a5d6/Capturing Particle_Size Distribution Emissions NanoScan-001-web?ext=.pdf

9. Tritscher, T. et al., “NanoScan SMPS—A novel, portable nanoparticle sizing and counting instrument,”
Journal of Physics (IOP): Conference Series 429, 012061, 2013.

10. FDA, “Considering whether an FDA-regulated product involves the application of nanotechnology, draft guidance
for industry,” FDA/Office of the Commissioner, 2007.

11. 1SO, IEC, NIST and OECD, “International workshop on documentary standards for measurement and
characterization for nanotechnologies,” NIST, Gaithersburg, Maryland, USA, 2008.

‘ ‘ kenelec Distributed by:

Kenelec Scientific Pty Ltd

"¢ ' scientific 1300732233

sales@kenelec.com.au
www.kenelec.com.au

va‘ Knowledge Beyond Measure.

TSI Incorporated — Visit our website www.tsi.com for more information. TSl and TSI logo are registered trademarks of TSI

USA Tel: +1 800 680 1220 India Tel: +91 80 67877200 Incorporated in the United States and may be protected
UK Tel: +44 149 4 459200 China Tel: +86 10 8219 7688 under other country’s trademark registrations.

France Tel: +33 141 19 21 99 Singapore Tel: +65 6595 6388

Germany Tel: +49 241 523030

NANOSCAN-003 (US) Rev B (6/6/2024) ©2024 TSI Incorporated Printed in U.S.A.


http://www.tsi.com/
https://tsi.com/getmedia/b2cdf436-3299-496e-b067-59bc18937e76/NanoScan_SMPS_Theory_of_Operation_US_SMPS-005A-web?ext=.pdf
https://tsi.com/getmedia/b2cdf436-3299-496e-b067-59bc18937e76/NanoScan_SMPS_Theory_of_Operation_US_SMPS-005A-web?ext=.pdf
https://tsi.com/getmedia/197ea942-7829-480a-b8bb-65f65733a5d6/Capturing_Particle_Size_Distribution_Emissions_NanoScan-001-web?ext=.pdf
https://tsi.com/getmedia/197ea942-7829-480a-b8bb-65f65733a5d6/Capturing_Particle_Size_Distribution_Emissions_NanoScan-001-web?ext=.pdf


<<

  /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



