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tmospheric pollution can have significant
impacts on human and ecosystem health,
visibility, and climate. Control strategies
require knowledge of the chemical and physical
transformations that pollutants undergo as they
are transported downwind of emission sources.
Cloud water plays an important role in the transformation of atmospheric pollutants, including their
removal from the atmosphere via wet deposition
and the scavenging of gases and aerosols by cloud
droplets, within which aqueous chemical reactions
can occur.
Whiteface Mountain (WFM), one of the highest peaks in the Adirondack Mountains in the
northern part of New York State, has a long history of reactive trace gas and cloud water chemical measurements. The isolated peak of WFM
sits at an altitude of 1,483 m, while summertime
cloud-base height in this region typically sits
at 1,100 m, resulting in clouds intercepting the
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Photo taken September 2017 by Carl Heilman II

summit 20%–60% of the time throughout the
summer months, making WFM an excellent location for long-term studies of aerosol–cloud interaction processes. Continuous observations from
a fixed remote site like WFM and other mountaintop sites have been used to unravel complex
multiphase interactions in the past, particularly
the conversion of gas-phase emissions of SO2 to
sulfuric acid within cloud droplets in the presence of sunlight. These scientific insights led to
successful control strategies and implementation
of federal and regional air quality standards that
reduced fine particulate matter, especially in the
eastern United States, largely through reductions
in sulfate aerosols. The collective effect of these
trends has resulted in steady improvement in air
quality in both urban and rural regions across
the United States. Since the acid rain problem has
been “solved,” nearly all cloud water monitoring
programs in the northeastern United States have
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subsequently been discontinued, and the multidecades-long cloud water monitoring program at
WFM (supported by the State of New York) was
gradually cut back to reduce costs associated with
site visits and chemical analysis.
Meanwhile, cloud chemistry research has experienced a resurgence in scientific interest due
to the potential for aqueous chemical processes to
help fill the gap between modeled and observed
organic aerosol mass as well as because of the
ubiquity of organic aerosol in recent years, which
is largely thought to be secondary organic aerosol
(SOA) produced in the atmosphere from gas-phase
precursors. A wide array of natural and anthropogenic emissions are involved in SOA formation,
and chemical aging impacts the chemical properties of individual organic compounds in different
ways. The resulting changes to the hygroscopicity
and volatility of organic compounds in the atmosphere impact the particle-size distribution and
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within Clouds (CPOC) pilot study, which took
place in August 2017 at WFM. A specific goal
for the study was to evaluate meteorological
conditions and suitability of the WFM site for
assessing cloud processing of organic compounds.
CPOC was a first step toward experimentally evaluating the chemical processing of
organics within clouds, using existing infrastructure and instruments from the University
at Albany’s Atmospheric Sciences Research
Center (ASRC). The ASRC Sprinter van was

Photographs showing key aspects of the
CPOC pilot study: (a) in situ meteorological
observations on the roof of the ASRC summit
research observatory, (b) the relative locations
of two primary measurement locations during
the CPOC pilot study and their respective
altitudes, and (c) a close-up view of the ASRC
Sprinter van, with unobstructed view of Lake
Placid in the distance, and the HR-ToF-AMS
deployed from the Sprinter van (inset shows Jie
Zhang, who operated the HR-ToF-AMS during
CPOC).

(a) The initial concept behind the CPOC pilot
study experimental design was to compare
below-cloud aerosol measurements (from the
Sprinter van) with between-cloud aerosol measurements (obtained at the summit). However,
orographic uplift precluded time periods
between clouds at the summit. (b) The revised
conceptual model for fair-weather meteorological conditions at WFM during the summertime,
instead, is that cloud base (which tends to
lower during the night and rise during the day)
dictates whether or not clouds will be intercepting the WFM summit at any given time,
even when there are clear-air patches upwind
of the summit.

atmospheric lifetime of aerosols, with implications for visibility, climate, and human health.
As organics become an ever-larger fraction of
atmospheric pollutants, it is increasingly important to understand their sources, detailed
composition, transformation, and fate.
As part of this effort, we designed and carried out the Chemical Processing of Organics
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deployed to the site housing a number of instruments and served as a measurement platform for below-cloud aerosol measurements
during select time periods.
During the pilot study, aerosol cloud activation efficiency, particle size distribution,
and chemical composition measurements
were obtained below-cloud for comparison
to routine observations at WFM, including
cloud water composition and reactive trace
gases. Specialized in situ instruments were
deployed to the WFM site for the first time
during CPOC, including a high-resolution
time-of-flight aerosol mass spectrometer (HRToF-AMS), Fast Forward Scattering Spectrometer Probe (FFSSP), and cloud condensation
nuclei counter (CCNc), which complemented
the long-term measurements routinely obtained at WFM and provided valuable additional information about aerosol chemical
composition, cloud microphysics, and cloud–
aerosol interactions. Additional instruments
deployed included a Doppler lidar, sun photometer, and radiosondes to assist in evaluating the meteorological context for the below-cloud and summit observations.
Episodes of relatively high black carbon
(BC) mass concentrations were observed
throughout the summer and typically remained elevated for more than one day, and
at least one of these episodes was captured
during the pilot study. Elevated cloud water
potassium ion (K+) concentrations were also
observed during the pilot study, generally
corresponding to time periods with elevated
BC. During CPOC, nearly half of the 12-hourly cloud water samples had K+ concentrations
exceeding 1 µM, suggesting that biomass
burning was a significant driver for cloud
water chemistry at WFM throughout the summer of 2017. In addition, ozone concentrations
tended to be elevated in air masses with elevated BC and cloud water K+ concentrations,
suggesting a common influence. Back trajectory analysis indicated smoke transport from
western Canada to WFM during at least one of
these episodes. The most striking observation
during the pilot study was the dominance of
organic aerosol mass throughout, averaging
66%–78% of PM 2.5 during urban-influenced
periods and 83%–93% during biogenic-influenced periods. These observations are in
stark contrast to observations in the northeastern United States in past decades when
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Instruments and inlets on the roof of the
ASRC summit research observatory (also known
as the Silo building) and housed within the top
floor of the Silo building during the CPOC pilot
study. (b) Instruments housed within the ASRC
Sprinter van.

sulfate dominated the submicron aerosol
mass loadings.
Organic aerosols and clouds were both
found to be ubiquitous during the pilot study,
underscoring the potential importance of their
interactions and the utility of the WFM site for
measuring these interactions. However, we
found that stratocumulus clouds intercepting
WFM were neither fully convective nor fully
orographic, preventing us from measuring
between-cloud aerosols at the summit to compare with the below-cloud aerosol measurements and also from confidently measuring
cloud-processed aerosols at a downwind site.
We conclude that sampling of cloud droplet residuals would be a key addition for future field
campaigns at WFM targeting aerosol–cloud interactions, as a means for more clearly identifying and targeting cloud-processed aerosols.
In conjunction with the cloud water composition, these measurements would also provide
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valuable information about gas–aerosol and
gas–cloud water phase partitioning. Measurements of volatile organic compounds would
further fill the gap between the cloud water,
droplet residual, and below-cloud aerosol
measurements. Future focused papers discussing other aspects of the CPOC pilot study
in more detail are expected.
While air quality has improved over the
past several decades due to targeted emissions
reductions, our understanding of multiphase
chemical processes, especially in relation to

organics, remains incomplete. Human emissions also continue to evolve, even as ecosystems continue to respond to previously emitted
pollutants. Significant advancements in measurement capabilities with respect to organic
compounds in both the gas and particle phase
have been made over the past several decades.
The WFM research observatory provides a
powerful platform for using new tools to tackle
chemically complex processes occurring within
clouds, both in future coordinated campaigns
and with routine long-term measurements.

METADATA
BAMS: What would you like readers
to learn from this article?
Sara Lance (University at Albany,
State University of New York):
Chemistry occurring within cloud
droplets is unique and can have a
significant impact on aerosol chemical composition and size, thereby
impacting the lifetime, optical properties, and chemical reactivity of
aerosols. While sulfate and nitrate
are well-known products of “cloud
processing,” organic compounds are
poorly understood.
BAMS: How did you become interested in the topic of this article?
SL: For my graduate and postgraduate studies, I focused on how
aerosol particles influence clouds
through their role as cloud condensation nuclei. When I started
working at SUNY Albany, I became
intrigued by the role that clouds
play in the chemical transformation
of aerosols. Ultimately, better understanding of aerosol–cloud interactions requires exploring pathways
in both directions to accurately predict the impact of human emissions
on air quality and climate. Though
underutilized in recent years, the
Whiteface Mountain Research
Observatory is a prime location to
study cloud processing of aerosols,
and it was at the forefront of such
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research in decades past when
sulfate was a major concern for the
eastern United States. I decided to
make it a focal part of my research
as a junior faculty member at SUNY
Albany’s Atmospheric Sciences
Research Center.
BAMS: What surprised you the most
about the work you document in
this article?
SL: The mass of organic aerosol was
surprisingly high, averaging 78%
throughout the pilot study, increasing to 83%–93% during biogenic
influenced periods. This contrasted
with aerosol mass spectrometer
measurements conducted in New
York State 13–15 years prior to this
study that indicated organic mass
fractions lower than 50%, even in
background rural sites. More recent
studies at Whiteface Mountain
showed an increase in aerosol
organic mass fraction over the previous decade, but likewise estimated a
low value (~50%) from 2008 to 2014.
I was also surprised that pollution events could be so common
at a remote site like Whiteface
Mountain in the heart of the
Adirondacks, with very high concentrations of cloud condensation
nuclei, fine aerosols, and ozone
throughout the summer. I was
further surprised at how well black
carbon, apparently associated with

biomass burning smoke, was scavenged by clouds.
BAMS: What was the biggest challenge you encountered while doing
this work?
SL: We found that the mountain
influenced the clouds more than
expected, leaving us with very few
instances of “clear sky patches”
at the summit during the study.
This made interpretation more
challenging because we were
unable to obtain simultaneous
measurements of unambiguously
cloud-processed air masses to compare to the below-cloud measurements, as initially intended with
our two-site experimental design.
Instead, we were forced to assume
that measurements obtained at the
summit after the cloud base had
lifted (resulting from growth of
the boundary layer throughout the
day) represented cloud-processed
air. The time offset between the
before- and after- cloud processing states makes it a less desirable
comparison than our initial experimental design. However, consistency between the below-cloud
and summit measurements helped
us to have more confidence in our
measurement interpretation and
allowed us to infer cloud supersaturation, for which no direct measurements are available.

APRIL 2021
Unauthenticated | Downloaded 01/10/23 12:55 AM UTC

