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OverviewOverview

●● Quantification of ATOFMSQuantification of ATOFMS
measurementmeasurement

●● Application of quantificationApplication of quantification
method to field measurementsmethod to field measurements



Field CampaignField Campaign

●● Participated in CRPAQS winter programParticipated in CRPAQS winter program

●● Ambient sampling in Fresno and AngiolaAmbient sampling in Fresno and Angiola

−− Fresno: urban site, total of 1,861,319 particlesFresno: urban site, total of 1,861,319 particles

−− Angiola: rural site, total of 2,099,788 particlesAngiola: rural site, total of 2,099,788 particles

−− different chemical matrices due to aging effectdifferent chemical matrices due to aging effect

●● Goal:   quantitatively compare ambient particleGoal:   quantitatively compare ambient particle
size and chemical composition in urban andsize and chemical composition in urban and
rural locationsrural locations



Aerosol Time-of-Flight MassAerosol Time-of-Flight Mass
Spectrometer (ATOFMS)Spectrometer (ATOFMS)

PMTsDiode Pumped
Nd:YAG Lasers

Ellipsoidal Mirrors

Particles

Nd:YAG Laser

+ + ionsions - - ionsions

CnHm
+, (Fe, V, Pb)+ CnHm

-, Nitrates, sulfates,
phosphates, chloride



Can ATOFMS ProvideCan ATOFMS Provide
Quantitative Information?Quantitative Information?

●● ATOFMS ATOFMS unscaledunscaled counts capture ambient counts capture ambient
particle concentration informationparticle concentration information

●● Scale ATOFMS Scale ATOFMS unscaledunscaled particle counts with particle counts with
reference measurementsreference measurements

−− Mass: scale with MOUDIMass: scale with MOUDI

    scale with micro-orifice uniform deposit     scale with micro-orifice uniform deposit impactorimpactor (ATOF-M) (ATOF-M)

−− Number: scale with APSNumber: scale with APS

scale with aerodynamic particle scale with aerodynamic particle sizersizer (ATOF-N) (ATOF-N)
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Allen et al.,Environ. Sci. Technol. 2000,34,211-217; Bhave et al., Environ. Sci. Technol. 2002,36,4868-4879



●● Compare ATOFMS counts with APS #Compare ATOFMS counts with APS #
concentrations (size range 0.5-2.5 concentrations (size range 0.5-2.5 µµm)m)

●● Scaling factor (Scaling factor (ff ):):

−−   ff  = APS Counts / ATOFMS Counts = APS Counts / ATOFMS Counts

−−  exponential regression and polynomial regression exponential regression and polynomial regression

−− when Da < 1.783 um:when Da < 1.783 um:

−− when Da when Da ≥≥  1.783 um:1.783 um:

Scale with APSScale with APS

)C(D
1

2aeC ⋅⋅=ϕ

5a4
2
a3 CDCDC +⋅−⋅=ϕ



ff (APS) vs. Da(APS) vs. Da

Da (um)

y = 529.52x2 - 1443.37x + 937.78
R2 = 1.00
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Scaled Mass ConcentrationScaled Mass Concentration

●● Convert ATOFMS counts into mass conc.Convert ATOFMS counts into mass conc.

−−  assume all particles are spherical assume all particles are spherical

−−  assume uniform density of 1.3 g assume uniform density of 1.3 g··cm-3cm-3

●● Calculate scaling factor for individual particleCalculate scaling factor for individual particle

●● Scaled ATOFMS mass concentration – ATOF-N:Scaled ATOFMS mass concentration – ATOF-N:

∑ ⋅=
i

iDa,iFMSscaled_ATO mφm
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PM2.5 MeasurementsPM2.5 Measurements

●● Fresno SiteFresno Site
Nephelometer ( Nephelometer ( NEPH NEPH )) AethelometerAethelometer (  ( AETHAETH ) )

Beta attenuation monitor ( Beta attenuation monitor ( BAMBAM ) )

Tapered element oscillating microbalance ( Tapered element oscillating microbalance ( TEOMTEOM ) )

Dust aerosol monitor ( Dust aerosol monitor ( DAMDAM ) )

ATOFMS mass conc. scaled with APS ( ATOFMS mass conc. scaled with APS ( ATOF-NATOF-N ) )

●● Angiola SiteAngiola Site
NEPH          AETH          BAM          ATOF-NNEPH          AETH          BAM          ATOF-N



Fresno PM2.5Fresno PM2.5
Measurements ComparisonMeasurements Comparison

1.001.000.590.590.780.780.730.730.570.570.730.73ATOF-NATOF-N

0.590.591.001.000.580.580.530.530.940.940.790.79AETHAETH

0.780.780.580.581.001.000.700.700.600.600.750.75NEPHNEPH

0.730.730.530.530.700.701.001.000.590.590.930.93DAMDAM

0.570.570.940.940.600.600.590.591.001.000.860.86TEOMTEOM

0.730.730.790.790.750.750.930.930.860.861.001.00BAMBAM

ATOF-NATOF-NAETHAETHNEPHNEPHDAMDAMTEOMTEOMBAMBAMR2R2



Angiola PM2.5Angiola PM2.5
Measurements ComparisonMeasurements Comparison

1.001.000.630.630.880.880.800.80ATOF-NATOF-N

0.630.631.001.000.770.770.600.60AETHAETH

0.880.880.770.771.001.000.920.92NEPHNEPH

0.800.800.600.600.920.921.001.00BAMBAM

ATOF-NATOF-NAETHAETHNEPHNEPHBAMBAMR2R2



Fresno Temporal Variation of Chemical TypesFresno Temporal Variation of Chemical Types
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Fresno Temporal Variation of Chemical TypesFresno Temporal Variation of Chemical Types



Fresno Size ResolvedFresno Size Resolved
Fraction of Major TypesFraction of Major Types
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57.07%

4.85%

2.06% 1.14%
3.19%

0.20%

3.04%
0.24%

28.23%

SVOC Biomass AgedOC AgedSalt FreshSalt Dust Ecoc NH4_30_OC UnClass

60.57%

1.68%

1.41% 0.86%
2.52%

0.00%

3.20% 0.13%

29.63%

34.48%
25.38%

6.22%

3.01%7.51%

1.42%

1.97%
0.98%

19.03%

Fresno PM ChemicalFresno PM Chemical
Composition Mass FractionComposition Mass Fraction

Da<2.5umDa<1.0um 1.0<Da<2.5um



6.36%
4.10%

83.49%

0.62%

1.85%
2.63%

0.95%

4.57%
6.18%

76.14%

4.84%

3.77%
2.56%
1.94%

Biomass AgedOC AgedSalt
Dust Ecoc w/ NH4NO3
UnClass

5.31%6.34%

45.90%

22.33%

11.89%

2.30%
5.93%

Angiola PM ChemicalAngiola PM Chemical
Composition Mass FractionComposition Mass Fraction

Da<2.5umDa<1.0um
1.0<Da<2.5um



●● ATOFMS is able to provide size resolved, high temporal resolution,ATOFMS is able to provide size resolved, high temporal resolution,
and quantitative information on ambient PM compositionand quantitative information on ambient PM composition

●● Carbonaceous particles account for more than 80% of the PM2.5Carbonaceous particles account for more than 80% of the PM2.5
mass fraction in both Fresno and Angiola during the wintermass fraction in both Fresno and Angiola during the winter

●● Higher fraction of fresh biomass emissions in FresnoHigher fraction of fresh biomass emissions in Fresno

●● Episodic periods with high amounts of ammonium and nitrateEpisodic periods with high amounts of ammonium and nitrate
particles in Angiolaparticles in Angiola

●● Diurnal variation of particle chemistryDiurnal variation of particle chemistry
−− Fresno: SVOC, biomass and aged OC peak at nightFresno: SVOC, biomass and aged OC peak at night

       EC/OC and NH       EC/OC and NH44NONO33--OC peak during the dayOC peak during the day

−− Angiola: PM with high levels of ammonium nitrate peak during dayAngiola: PM with high levels of ammonium nitrate peak during day

−− To understand chemical variability and transformations will beginTo understand chemical variability and transformations will begin
making comparisons with models (M. making comparisons with models (M. KleemanKleeman, UC Davis), UC Davis)

ConclusionsConclusions
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Angiola Temporal Variation of Chemical TypesAngiola Temporal Variation of Chemical Types



Angiola Temporal Variation of Chemical TypesAngiola Temporal Variation of Chemical Types



Angiola Size ResolvedAngiola Size Resolved
Fraction of Major TypesFraction of Major Types
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