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Background
Urban areas of the United States have frequently experienced 

episodes of high PM2.5 concentrations, especially during the summer. 
With the combination of high emissions of SO2, NOx, and VOCs, 
stagnant air, and high insolation rate, formation of fine particulate 
matter is common. These particles have a typical lifetime of days to 
weeks, and thus can have both local and regional effects. 

In September-October 2006, a NOAA WP-3D aircraft conducted 
research flights in eastern Texas as part of the Texas Air Quality Study 
(TexAQS) 2006 campaign. Data on size-dependant chemical 
composition of non-refractory sub-micron aerosols (i.e. organics, 
sulfate, nitrate, and ammonium) measured by a Compact Time of 
Flight Aerosol Mass Spectrometer (C-ToF-AMS) are presented. 
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• Aerosol measurement instruments sampled ambient air through a low 
turbulence inlet (LTI) 1
• AMS was downstream of the LTI, a 1 μm impactor, and a pressure 
controlled inlet (350 Torr)
• After a further pressure drop to ~ 1 Torr through a critical orifice, 
sampled air is drawn into the AMS vacuum chamber
• Particles are focused to a narrow beam by a system of aerodynamic 
lenses
• Upon impaction on the vaporizer, non-refractory components of 
aerosols are vaporized and ionized under high vacuum by electron
impaction
• Ions are extracted at ~ 13 μs into the Time of Flight mass spectrometer 
(TofWerk, Switzerland) 
• Signals from the multi channel plate (MCP) detector are amplified and 
sampled at 200 MHz2,3

• Vacuum aerodynamic size (Dva) and mass concentration of non-
refractory aerosols are obtained
• Real-time data recorded every 10-15 s
• Uncertainty in mass concentrations: better than 25% for 14 flights (out 
of 17) and better than 50% for remaining flights 
• Detection limits (DL, μg/m3)  for reported species are:

SO4
2- NO3

- NH4
+ Organics

10 s DL
(μg/m3)

0.02 0.01 0.09 0.15

Methodology for Analysis
• Data from 3 day-flights (Sep. 21, Sep. 26, Oct. 5) and a night-flight 
(Oct. 12) around Houston

• Sep. 21: S-SW winds at 11 m/s, RH ~ 60-100%, cloudy
• Sep. 26: N-NE winds at 3.6 m/s, RH ~ 40-60%, clear
• Oct. 5: N-NE winds at 3.9 m/s, RH ~ 60-90%, partly cloudy
• Oct. 12: S-SW winds at 6.3 m/s, RH ~ 30-80%, clear

• Only low-altitude data (i.e. < 550 m for day flights and <800 m for night
flight)
• Plume identification:

• Ship Channel influence: high benzene/CO and high benzene (i.e. > 
200-350 pptv)
• Urban influence: high CO (i.e. > 90-180 ppbv), low benzene, low 
SO2 (i.e. <3-5 ppbv, no constraint for night-flight) 
• Parish power plant influence: high SO2 (i.e. >3-5 ppbv )

• Principal component analysis on organic mass spectra4,6- Estimates of:
• Hydrocarbon-like organic aerosol (HOA): marker for primary 
organics
• Oxygenated organic aerosol (OOA): marker for secondary organics

Average Composition (includes all low-altitude data)

• Organics and sulfate most dominating components of aerosols 
• OOA  contribution to organic mass >79%, consistent with Zhang et al.6:

• 83% in downwind of urban areas 
• 95% in rural-remote 

Plumes’ Transects- Separated by Sources

Gas to Particle Conversion
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• Increase in organic mass and contribution of OOA 
to organic mass (not shown for Sep. 21, but always 
>95%) as NOx oxidation and O3 concentration 
within the plume increase (i.e. plume chemical 
processing)

• Indicates secondary organic aerosol (SOA) 
formation

• Similar organic fraction in ship channel and urban 
plumes, without significant change with plume 
processing 
• Decrease in organic fraction in Parish plant plumes 
with increase in processing 

• Faster sulfate formation than SOA or less SOA  
precursors present

• Increase in sulfate concentration and fraction of 
sulfur present in aerosols with plume processing

• gas phase SO2 oxidation to H2SO4 and its 
subsequent condensation onto aerosols, and/or
• aqueous phase oxidation of SO2 – likely on 
Sep. 21 and Oct. 5 (i.e. cloudy days) and hence 
higher conversion ratio compared to Sep. 26

• Only up to 40-60% of total sulfur present in 
aerosols

• Potential for more aerosol mass further 
downwind due to sulfate aerosol formation

Organics and Primary Emission Markers

Extent of Gas Phase Oxidation

• Increase in Organic/CO ratio 
with extent of processing
• Higher Organic/CO ratios in 
ship channel plumes

• Greater potential for SOA 
formation in ship channel 
plumes

• Aerosol sulfate and nitrate neutralized by 
ammonium, except in sulfate-rich plumes
• Aerosol nitrate present in appreciable 
amounts usually at night

• NO3
-/SO4

-2 ~ 0.4-1.2 in some plumes
• Elevated nitrate during 

• high [NH3]*[HNO3]/Kp
• high N2O5
• NH4NO3 formation likely, but N2O5
hydrolysis to HNO3 (aq) not likely

• HOA/CO and HOA/BC higher in 
Houston compared to Pittsburgh 
(Sep. 2002)5:

• HOAμg/m3 /COppbv =0.0043
• HOAμg/m3./ BCμg/m3 = 1.41

Sep. 21
SO4

-2 = 1.20 μg/m3

NO3
- = 0.04 μg/m3

NH4
+ = 0.33 μg/m3

Organics=1.49 μg/m3
(98% OOA, 2% HOA)

Sep. 26
SO4

-2 = 2.44 μg/m3

NO3
- = 0.36 μg/m3

NH4
+ = 0.85 μg/m3

Organics=6.04 μg/m3
(79% OOA, 21% HOA)

Oct. 5
SO4

-2 = 6.25 μg/m3

NO3
- = 0.35 μg/m3

NH4
+ = 1.56 μg/m3

Organics=7.37 μg/m3
(84% OOA, 16% HOA)

Oct. 12
SO4

-2 = 1.44 μg/m3

NO3
- = 0.32 μg/m3

NH4
+ = 0.61 μg/m3

Organics=5.10 μg/m3
(79% OOA, 21% HOA)

Extent of Gas Phase Oxidation Extent of Gas Phase Oxidation

Total Mass (μg/m3) Average Min Max
Ship channel 7.15 0.89 12.12

Urban 6.23 1.42 15.83
Parish 4.44 1.26 7.69

Total Mass (μg/m3) Average Min Max
Ship channel 13.36 8.33 17.64

Urban 11.35 6.63 16.74
Parish 13.99 7.20 21.45

Total Mass (μg/m3) Average Min Max
Ship channel 18.25 10.33 25.65

Urban 16.68 9.53 21.03
Parish 21.61 15.6 28.23

Total Mass (μg/m3) Average Min Max
Ship channel 10.62 2.77 19.01

Urban 6.91 2.65 13.03
High SO2 6.34 1.91 13.0

11 m/s

3.9 m/s

6.3 m/s

3.6 m/s


