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PALMS Single-Particle Composition
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1. Sample aerosol particles

2. Particle detection:      
Nd:YAG laser 532nm

3. Evaporation & ionization: 
UV Excimer laser 193nm

4. Time-of-flight mass spec

• 1 mass spectrum
(+ or –) per particle

• aerodynamic particle 
size: ~0.2 – 5 μm

• data rate ≤ 10Hz
• Can run autonomously

Single particle size and chemical composition

Upstream surfaces

shroud  material 
with ice fragments 

and IN

Aerosol inlet 
Shroud

Off-axis crystals

inlet material with 
resuspended aerosol

Aerosol inlet 

Define Outflow Tracers

Artifacts from Cloud Particle Impaction

Artifact:
Stainless steel 
inlet material

Measurement Objectives

Convective Redistribution of Aerosol

sampleCrystals too large to stop 
prior to tubing bend

Aerosol inlet 

Composition Analysis can Identify Artifacts

Karl.Froyd@noaa.gov

Stratosphere and BB plumes complicate 
O3 and CO

Consistently enhanced in cirrus anvils

Outside cloud          
Inside cloud

Outflow 
alts = 
8-12km

Aged (Cloud-free) Outflow

Jun 07 – Outflow from 
previous day CO storms

Jun 21 –
Dissipating MCS

May 30 - Outflow from 
previous day TX storms

Aerosol size, volume, and composition
Nearby

Background UT
Aged UT
Outflow

Efficient aerosol removal: Very low 
volume (x5-10 lower than typical 
Background UT)

Aerosol growth through cloud 
processing: Coarse aerosol are 
mostly Sulfate-Organic, not Dust

Inflow → Outflow: ~x10 decrease in volume

Coarse aerosol mostly Dust

Less Dust in Outflow vs UT background

Submicron aerosol: no apparent selective 
removal

Previous Day 
Inflow

Nearby
Background UT

Aged UT
Outflow

Previous Day 
Inflow

Fresh UT
Outflow

Inflow → Outflow: ~x5 decrease in volume

Coarse aerosol mostly Dust

Less Dust in Outflow vs UT Background

Submicron aerosol: no apparent selective 
removal

Sulfate-Organic mixture
Biomass Burning
Mineral Dust
Sea Salt
EC
Meteoric
Oil Combustion

Western US Eastern US
PALMS Single Particle Composition

LARGE Aerosol Volume

PALMS + LARGE = Size-resolved Composition

Western US Eastern US

Coarse aerosol 
in lower 
troposphere

Transition to 
clean UT @ 6 km 

Coarse aerosol in 
outflow region - ?

Submicron
Total

Submicron
Total

Volume is mostly 
Submicron aerosol

Coarse aerosol is 
mostly Dust, some 
Sea Salt

Similar to West.  
Less Dust in UT.

Biomass Burning
Particles dominate 
throughout UT

Similar to West. 
Biomass Burning
goes to higher 
altitudes

• Heavy regional Biomass Burning influence from US and Asia

• Supermicron Dust contributes substantial volume in West

• High aerosol loadings <6 km… From perturbations to BL?

• ‘Sea Salt’ = dry lakebed salt?

• Consistent 
throughout 

Western US

• Dust, BB, 
‘Sea Salt’

• Source??’

Giant Aerosol in and above BL
• External SPEC 

probe sees 
D>100um 
particles

• Western US BL

• Images show 
fibrous and 
spherical 
shapes

Open Questions

• Relative and absolute abundance of aerosol particle types.  Size-resolved composition.

• Primary and Secondary aerosol particles

• Compare convective inflow and outflow in US regions (E vs W)

• Identify size- and composition-dependent removal or growth due to cloud processing

• Impact of convection on UT aerosol properties

• Boundary layer air is lofted by into the UT by convective storm systems

• Boundary layer aerosol volume is largely mineral dust and sulfate/organic

• Removal by activation, precipitation, scavenging:

• Soluble particles (salts, sulfate, some organics): effective CCN

• Mineral dust and metallic: effective ice nuclei (IN)

• BC: small particles readily scavenged

• Heterogeneous and wet chemical processes add sulfate and organic
secondary aerosol mass

• Cloud dissipation leaves behind aerosol particles

Precip

Entrainment

Freezing

Activation

Outflow

Dissipation

Chemical
Processing

Scavenging

Mineral Dust Processed Sea Salt Aged Biomass Burning

• Most aerosol measurements inside cloud are suspect

• Artifact generation depends on cloud particle size, phase, aircraft speed, inlet

• Only 1 cloud-validated inlet (Hi-CAS) flew during DC3 .

200 m/s

Ice crystal 
or droplet

sample
• Many aerosol measurements are unreliable inside cirrus anvils

• Search for aged (cloud-free) outflow – ‘Downwind’ flights

• Define cloud-free outflow segments based on gas phase tracers: 
Alkanes, NOx/HNO3, MeOH.  Other species provide confidence.

• Biomass burning particles and Mineral Dust dominated DC3 study region

• Coarse mode Mineral Dust shows relative decrease in aged outflow

• Other particle types: no apparent change.

• Total aerosol volume varies in outflow cases: Similar to background UT 
(daytime western storms) versus very clean (MCS 6/21).

inlet material with 
shatter fragments

Acknowledgements:
NASA and NCAR Mission Coordinators, DC8 aircrew, Instrument teams: LARGE (NASA Langley), WAS 
(UC Irvine), 2D-S (SPEC, Inc), DIAL (NASA Langley), PTRMS (Univ Innsbruck), CIT-CIMS (Cal Tech), NOy-
O3 (NOAA), TD-LIF (UC Berkeley), NASA award NNH12AT29I.

Unreliable: O3, CO, benzene, RH, 
HCHO, aerosol volume

Good tracers: Alkanes, NOx/HNO3, some oxidized VOCs, Ultrafine 
aerosol (outside cloud only), CH3COOH?, halocarbons??
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Artifact:
Aluminum inlet 

material

Sulfate-Organic     Mineral Dust
Biomass Burning  Sea Salt

Sulfate-Organic 
mixture

Biomass 
Burning

Mineral Dust
Sea Salt

DIAL shows consistent aerosol layers < 6km
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