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Particulate Matter (PM)

•• SizeSize–– 0.005 to 50µm0.005 to 50µm
–– PM10PM10

•• Coarse 2.5µmCoarse 2.5µm–– 10µm10µm

•• PM2.5 fine fractionPM2.5 fine fraction

•• UltrafineUltrafine 1µm1µm

•• MassMass
–– 2 to 200µg/m2 to 200µg/m33

•• CompositionComposition
–– SOSO44, NH, NH33, NO, NO33, EC/OC, PAH, EC/OC, PAH



Particulate Matter Sources

•• CoarseCoarse-- PM10PM10
–– Dust, sea salts, vehicles, combustion productsDust, sea salts, vehicles, combustion products

•• FineFine–– PM2.5PM2.5
–– Vehicles emissions, oil & coal utility, wood fuel, biomassVehicles emissions, oil & coal utility, wood fuel, biomass

burningburning

•• Primary EmissionsPrimary Emissions
–– Transportation, fuel combustion, road dust, constructionTransportation, fuel combustion, road dust, construction

•• Secondary Aerosol FormulationSecondary Aerosol Formulation
–– Sulfates, nitrates, organic particulates fromSulfates, nitrates, organic particulates fromVOCsVOCs



Problems Associated With PM

•• Health effectsHealth effects
–– InhalablesInhalables(PM10)(PM10)–– the larger particles get trapped inthe larger particles get trapped in

bronchial tubes of upper respiratory tractbronchial tubes of upper respiratory tract

–– RespirablesRespirables(PM2.5)(PM2.5)–– the smaller the particle thethe smaller the particle the
deeper into the lungs it can penetratedeeper into the lungs it can penetrate

–– Possible linkage to chronic bronchitis and asthmaPossible linkage to chronic bronchitis and asthma



Need for Speciation

•• Characterization of metals, ions, and carbonCharacterization of metals, ions, and carbon
constituentsconstituents

•• Air quality modeling analysisAir quality modeling analysis

•• Aiding in health studiesAiding in health studies

•• Understanding the effects of atmosphericUnderstanding the effects of atmospheric
constituentsconstituents

•• Aid in monitoring network design by USEPAAid in monitoring network design by USEPA



Analytical Speciation Methodology for PM

•• Analytical MethodAnalytical Method

•• GravimetricGravimetric

•• Ion ChromatographyIon Chromatography

•• Thermal/Optical MethodThermal/Optical Method--
NIOSH 5040NIOSH 5040

•• EDXRF, ICP, AAEDXRF, ICP, AA

•• AnalyteAnalyte
•• Total MassTotal Mass

•• SOSO44,, ClCl, NH, NH44, NO, NO33

•• EC/OCEC/OC

•• S, Al,S, Al, SiSi, Ti, Ca, V, Cr,, Ti, Ca, V, Cr,
MnMn, Fe, Ni, Cu, Zn,, Fe, Ni, Cu, Zn,CdCd,,
BaBa,, PbPb, metals, metals



Denuder Technology

•• Denuder TypesDenuder Types
–– Single channel or multi channelSingle channel or multi channeldeundersdeunders
–– Glass, metal, ceramicGlass, metal, ceramic
–– AnnularAnnular–– typically 1mm annulustypically 1mm annulus
–– HoneycombHoneycomb

•• CoatedCoated
•• Many times placed in seriesMany times placed in series
•• Extracted for the analysisExtracted for the analysis
•• Can be recoated and reusedCan be recoated and reused
•• Often used as a “scrubber”Often used as a “scrubber”



Multi Channel Annular Denuder

Annulus

Rod
Adsorbent coating



How Denuders Work

•• The vapor phase of theThe vapor phase of the
particulate is adsorbedparticulate is adsorbed
onto the adsorbentonto the adsorbent
material coated on thematerial coated on the
walls of the denuder.walls of the denuder.

•• Stripped particulate isStripped particulate is
collected downstream.collected downstream.

•• Denuder is solvent rinsedDenuder is solvent rinsed
to extract vapor phase.to extract vapor phase.



Denuder Types



Denuder Typescont.



Common Denuder Coatings

•• CoatingCoating

•• Citric acidCitric acid

•• NaNa22COCO33

•• MgOMgO

•• XADXAD --44

•• AnalytesAnalytes

•• NHNH33

•• SOSO22,, HClHCl, HNO, HNO33, HNO, HNO22

•• Nitric acid scrubberNitric acid scrubber

•• SVOCsSVOCs--PAHPAH



Organic PM2.5 Speciation

•• Vapor phase of particulate is denuded fromVapor phase of particulate is denuded from
particle. Vapor phase has a higher partitioningparticle. Vapor phase has a higher partitioning
coefficient.coefficient.

•• Partitions in adsorbent coated on wallsPartitions in adsorbent coated on walls

•• Can be extracted and analyzedCan be extracted and analyzed

•• For semiFor semi--volatiles technology not fully developedvolatiles technology not fully developed

•• PAHsPAHscommonly extracted using XADcommonly extracted using XAD--44



XAD-4 Physical Characteristics

•• StyreneStyrenedivinylbenzenedivinylbenzenecopolymercopolymer

•• High surface areaHigh surface area–– 780m780m22/g/g

•• Average pore size 50ÅAverage pore size 50Å



Denuder XAD-4 Coating Requirements

•• Milled to 1Milled to 1--2µm2µm
•• SoxhletSoxhletextraction cleanedextraction cleaned
•• Vacuum oven driedVacuum oven dried
•• CrosslinkingCrosslinkingagents added prior to coatingagents added prior to coating
•• Uniform depositionUniform deposition

–– Ensure laminar flowEnsure laminar flow
–– Decrease turbulenceDecrease turbulence
–– Affect efficiency of samplingAffect efficiency of sampling

•• Sample capacitySample capacity



XAD-4 Denuder Coating

•• Dr. LaraDr. LaraGundelGundelat LBNL has developed aat LBNL has developed a
procedure for coating glass annular denuders withprocedure for coating glass annular denuders with
XADXAD --4.4.

•• Slurry of XADSlurry of XAD--4 in Hexane4 in Hexane

•• Fill denuder, roll or invert, remove, dry, weigh,Fill denuder, roll or invert, remove, dry, weigh,
repeat 10 timesrepeat 10 times

•• US Patent 5,763,360US Patent 5,763,360

•• Licensing agreementLicensing agreement



Comparison of Gundel/Restek Coatings

•• XADXAD --44

•• 52mm x 285mm 8 Channel denuders52mm x 285mm 8 Channel denuders

•• LBL denuders coated by Dr. LaraLBL denuders coated by Dr. LaraGundelGundel

•• RestekRestekcoated using a 1 step coating procedure,coated using a 1 step coating procedure,
vacuum oven driedvacuum oven dried

•• Samples taken at Houston EPASamples taken at Houston EPASupersiteSupersite
September 2000September 2000

•• 2 denuders in series2 denuders in series



Sample collected during Texas Air Quality Study 2000 at LaPorte,
Collection period - September 10,2000 from 00:00 to 11:30 AM

[] ng/m 3̂
LBL denuders front denuder back denu front/total
Name 1st wash 2nd wash 1st wash lbl
phenol 12 0 16 43%
Naphthalene 11 0 23 32%
nC12 9 0 0 100%
nC13 10 0 0 100%
1-methyl naphthalene 12 0 0 100%
2-Methyl naphthalene 6 0 1 89%
Biphenyl 2 0 0 100%
Dimethyl naphthalene 2 0 0 100%
acenaphthene 3 0 0 100%
Dibenzofuran 4 0 0 100%
nC16 4 0 0 100%
fluorene 4 0 0 100%
nC17 4 0 0 93%
phenanthrene 8 0 0 100%
anthracene 8 0 0 96%
nC19 1 0 0 100%
nC20 1 0 0 100%
fluoranthene 2 0 0 100%
nC21 1 0 0 100%
pyrene 0 0 0 100%



[] ng/m 3̂
Restek denuders front denuder back denufront/total
Name 1st wash 2nd wash 1st wash
phenol 25 0 25 49%
Naphthalene 23 0 25 49%
nC12 9 0 0 100%
nC13 10 0 0 100%
1-methyl naphthalene 15 0 0 100%
2-Methyl naphthalene 8 0 0 100%
Biphenyl 2 0 0 100%
Dimethyl naphthalene 2 0 0 100%
acenaphthene 4 0 0 100%
Dibenzofuran 4 0 0 100%
nC16 4 0 0 100%
fluorene 4 0 0 100%
nC17 5 0 0 100%
phenanthrene 7 0 0 100%
anthracene 7 0 0 100%
nC19 1 0 0 100%
nC20 1 0 0 100%
fluoranthene 1 0 0 100%
nC21 1 0 0 100%
pyrene 0 0 0 100%



Comparison of Front Denuder % recovery

Name LBL Restek
phenol 43% 49%
Naphthalene 32% 49%
nC12 100% 100%
nC13 100% 100%
1-methyl naphthalene 100% 100%
2-Methyl naphthalene 89% 100%
Biphenyl 100% 100%
Dimethyl naphthalene 100% 100%
acenaphthene 100% 100%
Dibenzofuran 100% 100%
nC16 100% 100%
fluorene 100% 100%
nC17 93% 100%
phenanthrene 100% 100%
anthracene 96% 100%
nC19 100% 100%
nC20 100% 100%
fluoranthene 100% 100%
nC21 100% 100%
pyrene 100% 100%



XAD-4 As an Organic Scrubber

•• XADXAD --4 coated on metal denuder4 coated on metal denuder

•• Total carbon test on quartz filterTotal carbon test on quartz filter

•• NIOSH 5040 methodNIOSH 5040 method

•• Sunset Labs Instrument Thermal Optical AnalyzerSunset Labs Instrument Thermal Optical Analyzer



Teflon filter

XAD-4 Denuder

quartz quartz

16 liter/min





Future Research

•• NonNon--particulate coatingparticulate coating
–– NonNon--particulate porous filmparticulate porous film

–– Elimination ofElimination ofcarboncarbonartifact for TCartifact for TC

–– Eliminate particles biasEliminate particles bias

–– Ability to dope for selectivityAbility to dope for selectivity

•• Carbon coatingCarbon coating
–– Great organic scrubberGreat organic scrubber



Photo of Non-Particulate Coated Denuder



Conclusion

•• Denuders technology has become an importantDenuders technology has become an important
part of PM2.5 speciation.part of PM2.5 speciation.

•• XADXAD --4 is currently being evaluated for organic4 is currently being evaluated for organic
speciation such asspeciation such asPAHsPAHs..

•• More research is needed to find more selectiveMore research is needed to find more selective
coatings for organic speciation of classes ofcoatings for organic speciation of classes of
compounds.compounds.
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