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Long-term unattended mass spectrometry-based measurements of aerosol chemical composition



Quadrupole, Q-ACSM Time-of-Flight, ToF-ACSM
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U.S. Department of Energy
Southern Great Plains
~7 years mostly continuous

Environment Canada, Alert
Replaced Q with ToF after 
~5 years Europe-wide ACTRIS Network

Started in 2012, now >20 ACSMs

22 ACSMs in China
1st Q- in 2011 
1st TOF-ACSM at 
PKU last year
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Aerosol mass is determined from difference between Sample and Filter mass spectra

3-way Valve

Automated filter switching valve for instrument background
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Detection Process:
Separation of vaporization and ionization
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Vaporization and analysis of most aerosol chemical constituents
- Crustal oxides and elemental carbon are not well detected.
- Electron impact ionization is universal and quantifiable.
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Marker Peaks for Aerosol Species Identification
color coded to match spectra

Ammonium NH3 NH3
+, NH2

+, NH+ 17, 16, 15

Nitrate  HNO3 HNO3
+, NO2

+, NO+ 63, 46, 30

Sulfate H2SO4 H2SO4
+, HSO3

+, SO3+ 98, 81, 80

SO2
+, SO+ 64, 48

Organic CnHmOy CO2
+ 44

(Oxygenated) H3C2O
+,  HCO2

+,  Cn’Hm
+ 43, 45, ...

Organic CnHm Cn’Hm’
+ 27,29,41,43,55,57,69,71...

(hydrocarbon)

Group Molecule/Species Ion Fragments Mass Fragments    

e-

e-

e-

e-

e-

Standard electron impact ionization 70 eV



Deconvolution of AMS Spectra
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Chemical Mass Balance (CMB) – e.g. Ng et al., 2010

Positive Matrix Factorization (PMF) - Paatero. Ingrid Ulbrich, Jose Jimenez 

(Univ. Colorado, Boulder)  Ulbrich et al., 2009

ME-2 Source Finder (SoFi) – Paatero. Francesco Canonaco, Monica Crippa, 

Jay Slowik, Andre Prevot (PSI) Canonaco, et al., 2013
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PM2.5 Capable ACSM
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Von der Weiden et al., Atmos. Meas. Tech., 2, 479-494, 2009.  

Improved aerosol sampling 
system for efficient delivery of 
PM2.5 to aerodynamic lens 
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PM2.5 Capable ACSM – Laboratory Characterization
Xu et al., AS&T, 2016
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PM2.5 Capable ACSM – Laboratory Characterization
Xu et al., AS&T, 2016

Capture Vaporizer 
effectively vaporizes 
all large particles for 
complete detection 
of NR-PM2.5



3/27/2018 Aerodyne Users Meeting PKU 2017 19

PM2.5 Capable ACSM – Ambient Characterization
Zhang et al., ACPD, 2017



https://sites.google.com/site/ariacsm/



Thanks!

• Questions: Come talk to me; I’m here until Friday.

• email: croteau@aerodyne.com

• cacc-support@aerodyne.com
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END
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Aerosol Sampling – Reduce Inlet Losses

Von der Weiden et al., Atmos. Meas. Tech., 2, 479-494, 2009.  
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Aerosol Sampling – Reduce Inlet Losses

Von der Weiden et al., Atmos. Meas. Tech., 2, 479-494, 2009.  

Straight path 3-way valve

No bends in 1/8” tube
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Particle Beam Generation – Measured Losses
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Particle Composition - Bounce

This is why we 
need to solve 
bounce to have a 
working PM2.5 
system
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Particle Composition – Fixing Bounce
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Particle Composition – Bounce is fixed
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Q-to-TOF-ACSM Upgrade
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Q-to-TOF-ACSM Upgrade Possibility

• Can this be done?
• Yes

• System exists

• Runs AMS DAQ 

• Uses combination of  AMS 
and ACSM electronics

• Same footprint/crate
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Q-to-TOF-ACSM Upgrade Possibility

• Can this be done?
• Yes

• System exists

• Runs AMS DAQ 

• Uses combination of AMS 
and ACSM electronics

• Same footprint/crate

• Should this be done?
• No

• It’s too expensive.
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