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Overview of Today’s Talk

o How we measure ice nucler and infer sources and
characteristics in the atmosphere

o [he characteristics of ice nuclei based on
measurements over the last decade or so
— Concentrations
— Sizes
— Compositions
. Some present limitations on assessing the likelihood

that bic-aerosols play a role as ice nuclei (sizes
measured, appearance, where/When sampled)
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Measuring ice nuclei: Continuous flow
diffusion chamber (CFDC)

Impactor Removes
Particles > 1um

aerosol

F’ar‘ticle_ sheath
Nucleation Jl

and Growth

Droplet
Evaporation

Secti
ection ~_—~Optical

Particle
Counter

Temp (FC); Vel cms™)

Detail View

Impactor Collects
Crystals > 2um
on TEM grid
0.0 0 0.4 0.6 0.8 1.0

Fractional Distance from Cold Wall

2erosol ' Activated [N

XXIV IUGG - Biologicall Ice July 10, 2007 Perugia, Italy

Nucleators in the Atmosphere Author: Paul DeMott




What ice nucleation mechanisms do we measure?

Aeresols nucleate ice by vared
meChanismS, MOSL depending Key: O : dissolved solute % - Ice particle
on If, some on RE as well o :non-dissolved solute or °

omogeneous Heterogeneous

Noiinstrument yet capable: of freezing (<$ggc)
measunng allfmechanisms

: Insoluble particle

WWhat can a CEDC measure?

IS Immersion freezing a singular
Process onthe time scale of
measurement?

Contact freezing nucler should loe

gleflned_by the to_tal numb_ers _Of Solute Deliquescen¢e Condensation &
Immersion freezing nuclerractive at dilution limited immersion freezing
Semewhnat Iower temperature?
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Sampling in various locations in various seasons from
the surface and from aircraft

raft aerosol sample inlet
Sampling at surface sites

CVIl inlet (aerosol

from evaporated
cloud particles)

Compact
instrument
certified for
sampling on any
aircraft platform
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What are the concentrations of ice nuclei
in the atmosphere?
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IN concentration dependence on
temperature
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IN concentration dependence on
supersaturation with respect to ice
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Cumulative distribution of [IN] and
sampling conditions in many projects

MPACE: Arctic Fall INSPECT-2: Western U.S. Spring Increasing dust
CRYSTAL-FACE: Florida July particle impacts
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Do ice nucleil relate to ice in
clouds?
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Winter Icing in Storms Project (1994)
wave cloud [ice (*50 um)] versus [IN]
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IN data versus ice in clouds for Arctic
stratus (spring versus fall seasons)

2Dc > 125 um ice versus IN —=— MPACE ice clouds
& MPACE IN

—o— FIREACE ice clouds
- FIREACE IN
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Where do IN come from? What are their
physical and chemical characteristics?
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Ice nuclei physical size from TEM
analyses in several programs

Range of 50% size-cut
used for pre-CFDC
impactor in various studies
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Relation of IN to larger aerosol using a variety
of data sets
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Mineral dust and metallic particles dominate
IN compositions (Cziczo et al. 2003;
Richardson et al. 2007

100

o 15 .- Results from PALMS
@ | £ | (Particle Ablation Laser
f w0l e ' Mass Spectrometry)

analysis of ambient
aerosol particles

20

0

Mineral Dust/Fly Ash
] et PALMS analyses of IN

(residues of ice crystals)
activated in the CFDC
and aerodynamically
extracted from flow.
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IN composition (TEM/EDS) in several studies
(arctic, subtropics, midlatitudes represented)

W
)
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C: Carbonaceous as inferred by
absence of elemental signature
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Many laboratory studies support the role of mineral dusts as IN, but
our data suggests larger dusts particles needed to account for ice
formation at very warmest temperatures

Homogeneous freezing of sulfates
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Role of carbonaceous particles as IN
(TEM vs PALMS apparent discrepancy)

PALMS INSPECT Stuclies TEM INSPECT Studies TEMALL Studies

5 5

—— Si,metal oxide-particles

c
o
-
(&]
@©
S
Y—
o
>
=
©
>
=
>
O

1 = sulfatestorganics 5 = “other”

—- C-particles

2 = carbonaceous

3 = minerals
4 = metal (oxides) Length (um)

XXIV IUGG - Biologicall Ice July 10, 2007 Perugia, Italy

Nucleators in the Atmosphere Author: Paul DeMott




What are these carbonaceous IN?

irregular

structure

Lab graphitized soot
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Biomass burning smoke particles tested in

laboratory only rarely a source of
measurable IN

Most smokes froze at low temperature at Utah sage/rabittbrush mix indicates apparent
the conditions identified for homogenoeus = modest numbers of freezing nuclei (only one
freezing of soluble haze particles of more than 40 tested)
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PACDEX vertical profile over Central
Pacific Ocean (May 23, 2007)
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Some present limitations

We are designing instruments to detect ice
formation by larger aerosols, but by removing
the distinction of ice and aerosol by size, how
do we extract ice crystals to measure IN
composition?
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New detectors should allow elimination of
activated IN detection by size alone

To pump or to

XXIV IUGG - Biologicall Ice July 10, 2007 Perugia, Italy
Nucleators in the Atmosphere ¢ Author: Paul DeMott




Some present limitations

e We are designing instruments to detect ice
formation by larger aerosols, but by removing
the distinction of ice and aerosol by size, how
do we extract ice crystals to measure IN
composition?

* We have not sampled much directly in
regions likely to have strong biological inputs

(lower altitude areas over oceans and source
plant surfaces)

 How best to identify “biological’’ IN?
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Summary

 IN concentrations in the atmosphere range from below
0.0001 cm to as high as a few cm-3. Nevertheless,
typical values are 0.001 to 0.0 cm-3 and rarely exceed a
0.lcm-3.

Lower IN concentrations are found particularly in cold
seasons/regions and at times through elevated layers of

the atmosphere. Desert dust is usually responsible for
highest [IN].

IN compositional measurements confirm sources from
mineral dusts, metallic particles (some may be
anthropogenic) and substantial but variable and
unidentified numbers of carbonaceous particles.
Biomass smokes are mostly poor sources of IN.
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Summary (continued)

* IN, while having mode sizes between 0.2 - 0.5 um,
extend into the supermicron range where we have
the weakest instrumental capabilities for identifying
their compositions.

Niether the apparent physical morphology, nor
typical sizes of IN support a strong biological source,
but measurements have not emphasized the
expected size range of these and sampling has not
focused very much on seasons and locations where a
strong bio-input is most expected.
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