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Additional Instrumentation 
 
NOAA GC-MS 
 

The NOAA GC-MS provided speciated VOC measurements during SUNVEx, RECAP-CA, and 

FIREX-AQ. During RECAP-CA, the NOAA GC-MS was deployed to the ground site to sample 

ambient air on a 20 minute duty cycle. The GC-MS collects two separate 240 mL samples and 

analyzes each on two channels. Channel 1 consists of a CO2 trap (Ascarite II, Thomas Scientific), 

a water trap operated at -55°C, and a sample trap operated at -165°C. The series of traps are 

linked to an Al2O3-KCl porous layer open tubular column (Restek RT-Alumina bonded porous 

polymer/KCl; 30-m length × 0.25-mm I.D., and 4-µm film thickness) designed to separate light 

hydrocarbons. Channel 2 consists of the water and sample traps, but is coupled to a DB-624 

column identical to the column used in the GC-PTR-ToF-MS. This column separates 

hydrocarbons up to C12, as well as select oxygen-, halogen-, and nitrogen-containing VOCs. The 

effluent of each column is analyzed using a quadrupole mass spectrometer (Agilent 5975C) 

operated in selected ion monitoring/scan mode. The GC-MS was calibrated using a 

gravimetrically-prepared gas mixture containing 50 VOC components. Mixing ratios reported here 

have uncertainties < 10%  (Lerner et al., 2017) 

 

VOCs analyzed by NOAA GC-MS in Las Vegas and during FIREX-AQ were first sampled using 

a whole air sampling canister system (iWAS, Lerner et al., 2017). The iWAS system consists of a 

stainless steel compressor and 24 2.7 L electropolished stainless steel canisters. During 

SUNVEx, canisters were filled every 2 hours during stationary ground-based sampling, while 

targeted samples were taken during mobile drives. During FIREX-AQ, targeted samples were 

filled on demand up to a total number of 72 per flight. The canisters were shipped to either 

Boulder, CO, or Pasadena, CA, and analyzed by GC-MS within four days of collection to minimize 

sampling artifacts. 

 

 

UCI WAS 
 

The University of California, Irvine Whole Air Sampler (UCI WAS) was deployed on the DC-8 

during FIREX-AQ to sample VOCs and halocarbons. The UCI WAS operated similarly to the 

NOAA canister system, where samples were collected into electropolished stainless steel 

canisters, then analyzed offline within seven days using a series of laboratory GC systems. The 

operation of the airborne WAS and laboratory GCs is fully described elsewhere (Colman et al., 

2001; Simpson et al., 2020; Simpson et al., 2010). All samples were analyzed on a multi-column 

GC system coupled to flame ionization, electron capture, and mass selective detectors. The whole 

system is calibrated using a suite of VOC standards and mixing ratio uncertainties for the species 

reported here are ~5% (Simpson et al., 2020). 

 

TOGA-TOF 
 

The NCAR Total Organic Gas Analyzer with a TOFWERK electron ionization high-resolution time-

of-flight mass spectrometer (TOGA-TOF) was deployed on the DC-8 during FIREX-AQ to provide 
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in situ GC measurements of a large suite of VOCs including hydrocarbons, oxygenated VOCs 

(OVOCs), and halogen-, nitrogen- and sulfur-containing VOCs. A full description of the TOGA 

system is provided by Apel et al. (2015). Briefly, during FIREX-AQ the TOGA-TOF continuously 

sampled 13-mL aliquots of ambient air for approximately 35 seconds every 105 seconds, 

concentrating the VOCs in two cryogenic preconcentration steps prior to injection onto a Restek 

MTX-624 column (I.D. = 0.18 μm, length = 8 m). Helium gas carried the samples through the 

column, which was heated from 25–120°C at a rate of 100°C min-1, and the effluent was analyzed 

by the electron ionization time-of-flight mass spectrometer. The TOF-MS was operated at 70 eV 

and nominal mass resolution 3000 Δm m-1. The system was calibrated several times per flight 

and in the laboratory before and after the campaign using a series of multicomponent VOC 

standards (Apel-Riemer Environmental Inc., Miami, FL, USA). Mixing ratio uncertainties for 

species reported here are estimated to be 9% (Apel et al., 2015). 

 

 

Aerodyne GC-MS 
 

The ARI GC-MS system consists of three main components: (1) a thermal desorption 

preconcentrator (TDPC) (Aerodyne Research, Inc.) for sample collection, (2) a GC (Aerodyne 

Research, Inc.) for sample separation, and (3) an electron ionization time-of-flight mass 

spectrometer (EI-ToF-MS) (TOFWERK AG, model EI-HTOF) for sample detection (Gilman et al., 

2013; Obersteiner et al., 2016; Claflin et al., 2021). For the MOOSE campaign, the TOF-MS was 

operated at 70 eV and nominal mass resolution 3000 Δm m-1. The GC is a 2-channel system, 

where both separation channels use identical preconcentration steps. The TDPC employed for 

this campaign relied upon two-stage adsorbent trapping for preconcentration of analytes. The 

sample is initially collected onto multibed (Tenax TA/Graphitized Carbon/Carboxen 1000), 

preconditioned glass sorbent tubes that are optimized for C2/3–C30 species. The first stage of 

trapping allows sampling rates up to 100 sccm, followed by forward-flushing with UHP nitrogen to 

remove water. For the higher volatility channel (Channel 1), additional H2O was removed from the 

ambient sample stream via passing through a cooled PFA tube (1/8-inch O.D., 1/16-inch I.D., 

3.375-inch length, 15°C) prior to trapping of VOCs to avoid water condensed in the sample tube. 

After the initial collection and water purge, the sample was then transferred to the focusing stage, 

which is a multibed (Tenax, Carbopack X, Carboxen 1003) glass cold trap. After preconcentration, 

the samples are transferred to different separation columns (Restek Rt-Q-Bond and Rxi-624) for 

Channels 1 and 2, respectively. Channel 1 is optimized for separation of C3-C4 alkanes, C1-C2 

halocarbons and C1-C3 oxygenates; Channel 2 is optimized for C5-C12 alkanes, C6-C10 aromatics, 

C3-C6 oxygenates.  

 

The GC inlet consisted of approximately 8 m of 0.25-inch O.D., 0.15625-inch I.D. PFA tubing 

connected to a sample pump, with an inlet flow of approximately 1 slpm. The GC pulled a sub-

flow from the main GC inlet via 1-m length, 0.125-inch O.D., 0.0625-inch I.D. PFA tubing. The 

sample flow was 80 sccm to each GC channel for 10 minutes during each 30-minute analytical 

cycle. Before preconcentration, the ambient sample is passed through a bed of pre-cleaned 

sodium sulfite (nominal 1 g) to scrub ozone and thereby reduce sampling artifacts [Helmig, 1997].  

 



 3 

Calibration was performed by multicomponent VOC calibrant gas (Apel-Riemer Environmental 

Inc., Miami, FL, USA) diluted in UHP N2 at sufficient total flow to overflow the GC sub-inlet. 

Instrument calibrations were performed in-field each night throughout the campaign via 

automated valve switching. Note that this calibration mixture was the same as described in 

Section 2.2.3 and mixing ratio uncertainties are estimated to be < 10% (Lerner et al., 2017). 

 

 

Supplemental Figures 

 

 

 
Figure S1. Comparison of ion product distributions for (a) select VOCs measured using a traditional drift 

tube described by Yuan et al. (2016) vs. the Vocus used in this work and (b) aldehydes reported by Buhr et 

al. (2002) and compiled in Pagonis et al. (2019) vs. the Vocus used in this work. Note that “product” refers 

to the proton-transfer product, “Dehyd.” refers to the product generated by the loss of neutral water, 

“fragment” refers to species-specific fragmentation processes, and “other” refers to the sum of multiple 

fragments. We exclude fragments below m/z 33 for these intercomparisons due to the BSQ mass 

discrimination employed in the Vocus (Krechmer et al., 2018). 
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Figure S2. Nonanal fragmentation ratio of m/z 69 (C5H9

+) to m/z 143 (C9H19O
+) for a range of voltage 

gradients between the first skimmer (Skimmer 1), front voltage of the big segmented quadrupole (Q2 Front), 

and second skimmer (Skimmer 2) in the Berkeley Vocus PTR-ToF-MS. The “Skimmer Difference” is the 

difference between Skimmer 2 and Skimmer 1. 
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Figure S3. (a) Chromatographic distribution of C5 - C9 aldehydes measured in downtown Las Vegas (A). 

Standard additions of C8-C9 aldehydes (b) and ketones (c) are shown to demonstrate that fragmentation 

patterns for observed peaks match those of octanal and nonanal. 

 

 
Figure S4. Slope of m/z 69 vs the sum of aldehydes (m/z 111 + m/z 125) from nighttime data (00:00-4:00 

Local Time) in (a) Los Angeles and (b) Las Vegas during SUNVEx. The interference ratio is determined 

using an ODR linear regression. 
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Figure S5. Time series of corrected and uncorrected isoprene signals on Los Angeles data with GC-MS 

isoprene data for comparison. The y-axis isoprene mixing ratio scale is enlarged to highlight nighttime 

data.  

 
 

 
Figure S6. Impact of isoprene interference correction on m/z 69 measurements from the Oslo PTR-ToF-

MS during FIREX-AQ. The time series at the top shows the corrected signal at m/z 69 and comparison to 

GC-MS measurements of isoprene. The bottom time series shows the estimated contribution of the isoprene 

interference to m/z 69 and a comparison to the GC-MS measurements of methylpropanal and 

methylcyclohexane, which are proxies for the key interfering species. The scatter plots show the 

comparison of the uncorrected (top) and corrected (bottom) signal at m/z 69 to GC-MS measurements of 

isoprene. 
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Figure S7. Observations of m/z 69 (C5H8H

+) and the sum of m/z 125 + m/z 111 in (a) the Central Valley 

and (b) Los Angeles Basin during RECAP-CA flights. Samples collected over dense oil fields in the 

Central Valley are highlighted in panel (a). For each dataset, the ratio of m/z 69 to m/z 125 + m/z 111 for 

nonanal are shown. Nonanal was calibrated regularly during the campaign, and changes to the slope in 

panel (b) result from different instrument operating conditions. 

 

 
Figure S8. (bottom) Time series of m/z 69 and isoprene interference measured by the Stony Brook PTR-

ToF-MS at the forested suburban Flax Pond ground site in Long Island. (top) Diel patterns of m/z 69 and 

isoprene interference mixing ratios for each season. 
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