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Microscopy image of dust particles: Courtesy of Pacific Northwest National Laboratory.
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Science questions — understanding the sources and variability
of INPs at the ARM Southern Great Plains

« What are the main particle sources of INPs at SGP at both colder freezing
temperatures (ca. -30°C) and warmer freezing temperatures (> -25°C)?

» What is the role of different land surfaces, aerosol types, and meteorological
conditions in driving day-to-day variability in INPs at SGP? |

» Can INP parameterizations developed in the lab be used to successfully predict INP

concentrations in the atmosphere?
| |
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\%/ Ground-based observations:

Pacific

Northwest  |[NPs and aerosol properties

* Five complementary measurements of INPs
= PNNL ice nucleation chamber (CFDC)
= CSU CFDC
» |ce spectrometer
» Portable Ice Nucleation Chamber PINE
= Offline measurements in the IN-ESEM (EMSL)

* Aerosol properties

» Single particle information from the miniSPLAT single particle mass spectrometer
(EMSL)

= Size distribution from the Aerodynamic Particle Sizer (APS)

= Offline aerosol measurements: SEM-EDX, TEM-SAED

= Aerosol concentrator

= Aerosol inlets, impactors, and pumped counterflow virtual impactor (PCVI)




\%/ We performed a “residual characterization experiment”

Pacific to characterize the composition of individual INPs
orthwest . . . . . . o . .
This technically challenging experiment can give us a “smoking” gun for the identity of INPs.
i ;2] . .
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“.l{ chamber:
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E °- E crystals
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In lab measurements of soil dust INPs at EMSL, we observed
enhancements in phosphate (marker for bioaerosol) and lead

Total particles — Phosphate and lead are
average mass spectrum (miniSPLAT) enhanced in INPs (T=-25°C)
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Pacific

The INP residual characterization experiment is much

Northwest  more challenging under ambient conditions

Continuous flow diffusion
chamber (CFDC)

Pumped counterflow virtual
impactor (PCVI)

Single particle mass
spectrometer (SPMS)

The challenge:

« INP concentrations are very low (e.g., 1 L")

*  We must distinguish them from non-INP particles concentrations
that are far higher (e.g., 10,000 L")

Technical implications:

1. Asingle particle mass spectrometer is the only instrument with
sufficient sensitivity to perform this experiment

2. Even under the best conditions, sample sizes are small

Estimate prior to the campaign:

ca. 50 hours of sampling required to characterize 100 INPs under
background conditions of 1 L-! with a 10x enhancement (Burrows et
al., 2022)
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Aerodynamic Particle Sizer (APS)
Real-time computer display
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— ~>~  Are dust particles more likely to be INPs?

N . YES: dust is enhanced by more than an order of
Northwest . = = -
AAAAAAAAAAAAAAAAAA magnitude in ice residuals [T = ca. -30°C]

104

g Enhancement factors for particle
types classified from the
MiniSPLAT single-particle mass
spectrometer.

Enhancement factor =
Fraction of INPs / Fraction of all
particles

Enhancement factor

(per particle type)

Cornwell et al., in prep.



- \-{g/ Are dust particles that contain more “biological”

E

Pacific material more likely to be INPs? YES
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Dust INPs contain more 79PO3 (marker for bioaerosol) and 208ppy+

Cornwell et al., in prep.




Science questions — understanding the sources and variability
of INPs at the ARM Southern Great Plains

« What are the main particle sources of INPs at SGP at both colder freezing
temperatures (ca. -30°C) and warmer freezing temperatures (> -25°C)?

» What is the role of different land surfaces, aerosol types, and meteos

conditions in driving day-to-day variability in INPs at SGP?

» Can INP parameterizations developed in ict INP

concentrations in the atmosphere?
|




Case study day — April 11

o

Pacific
Northwest

NATIONAL LABORATORY

changes in aerosol size distribution

A short-term peak in INP concentrations on
Sunday evening appears to be associated with a
precipitation event

No obvious increase in total
aerosol concentrations that
could explain this spike (APS)

INP measurements appear uncorrelated with

Preliminaryresults — ==TNEE

"AGINSGP" campaign, PINE-05-02 — dN
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number concentration {L'1 )

Fluorescent particles — which are often biological — are
uncorrelated with total particle concentrations

Previous studies have found that subclasses of fluorescent
(bio-) aerosol are predictive of warm-temperature INPs

WIBS measurements of fluorescent (bio-)aerosol
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Size-resolved aerosol composition differs between samples from the surface and aloft

Ground samples: 04/11/2022; 13:39-21:39 (UTC)
Includes high-INP episode (15:00-18:00)

Samples aloft (250-500 m ascending): 04/11/2022 21:15-0:04
Collected after high-INP episode (15:00-18:00)
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Ground and Tethered Balloon System sampling of
Pacific size-resolved composition and INPs

Northwest
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Ice-nucleating particle (INP)

Science questions:
concentrations from the ARM Ice

¢ Are INPS and aerOSOIS We”'mlxed In Nucleation Spectrometer
the boundary layer? 10— ;
» Are near-surface measurements of
aerosols/INPs representative of

aerosols/INPs aloft?

» Are aerosols/INPs influenced by the
same sources in near-surface air and
aloft?

INPs (L)
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Talk by Gavin
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session in
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Northwest  OQpen questions and ongoing/future work

 What is the role of different land surfaces or meteorological conditions in driving day-to-day
variability in INPs at SGP?

= Continuing analysis of observed features correlated with INP concentrations
= Connect observations with source regions and meteorological conditions via back-trajectory analysis

« Can INP parameterizations developed in the lab be used to successfully predict INP
concentrations in the atmosphere?

= From ground-based observations of aerosol properties?
* From TBS-based observations of aerosol properties
= Using simulated aerosol properties?
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Thank you
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