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Example of size distribution (Number size distribution with three log-
normal modes measured in the Arctic (y-axis linear):
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O How do we measure particle number and particle size ?
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http://www.knovel.com/knovel2/Toc.jsp?BookID=1080

Link for

Aerosol Measurement - Principles, Techniques, and Applications (2nd Edition) �Edited by: Baron, Paul A.; Willeke, Klaus © 2001 John Wiley & Sons 
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Optical Particle Counter (OPC): ~ 100 nm to 5 um
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size limits defined by Mie scattering, which are used to interpret integrated scattered
intensity.
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Presentation Notes
Advantages:
Can detect very small particles
Non-intrusive
Instantaneous and continuous information
Disadvantages:
too sensitive to small changes in
refractive index
scattering angle
particle size
particle shape



Condensation Particle Counter

Saturate an aerosol with water or alcohol vapor

Cool by adiabatic expansion or flow through a cold tube
Nuclei will grow to ~ 10 um

Every nuclei grows to a droplet

Measure the number of droplets with an e.g. single particle
optical counter



Condensation Particle Counter (CPC): ~1.5 nm to 0.5 um

Topump Condensation Particle Counters (CPCs) detects

|1 particles by exposing them to a region that is
supersaturated with vapor (usually butanol),
o S || I || SO — thus aIIow[ng particles to grow to a size that
dectector photodiode can be optically detected.
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Functioning:

The aerosol flow is saturated with butanol in a slightly heated saturator.

The the temperature of the butanol-aerosol mixture is decreased by 17-27°C
in the condenser of the CPC.

Here, the butanol become supersaturated and condenses onto the particles.
The particles grow to droplets of several um in diameter.

The droplet flow is focused in a nozzle and introduced into a counting optic.
The droplets pass a laser beam, and each single particle creates a light pulse.
Pulses with an amplitude above a certain threshold are counted.

The particle number concentration can be calculated by knowing the
aerosol flow rate.



DMA - Differential Mobility Analyzer

Charged plate
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FIGURE 15.10 Diagram of a simple electrical mobility analyzer.

A charged particle will be pushed in the direction of V¢ by the
electric field E between the two plates.

Hinds



DMA - Differential Mobility Analyzer

Stokes Drag on a particle
F,=3nnVd/Cf
n = viscosity of air
V = transverse velocity (going from plate to plate)
d = diameter of the particle
Cf =1 + (mean free path of particle) /d  (correction factor)

Electric force on a particle with charge Q in electric field E is

QE
Equate the two forces , solvefor V=QECf/37nn d

V=QEB whereBis called the Mobility

Hinds



DMA + CPC = Scanning Mobility Particle Sizer (SMPS) or Differential
Mobility Particle Sizer (DMPS)

DMA
sheath air excess air
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impactor  neutralizer r ,
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DMPS:
* A pre-impactor removes all particles larger than the upper diameter of the size range to be
measured

* The particles are brought in the bipolar charge equilibrium in the bipolar diffusion charger.

* A computer program sets stepwise the voltage for each selected mobility bin.

*  After a certain waiting time, the CPC measures the number concentration for each mobility bin.
*  The result is a mobility distribution.

*  The number size distribution must be calculated from the mobility distribution by a computer
inversion routine.



Unipolar charger

charging efficiency

An efficient ambient
nanoparticle charger

~x10 more efficient than
bipolar chargers for
sub-20nm particles.

Voltages turned off for
particles >20nm due to
multiple charging.
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Differential Mobility Analyzer (shown below, a “Nano DMA”)

Efficiently size-selects charged
particles for collection and
analysis.
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Twin Differential Mobility Particle Sizer (TDMPS)
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A combination of two electrical mobility spectrometers allows to measure
the size distribution of the entire submicrometer size range.



Tandem Differential Mobility Analyzer (TDMA)

A TDMA is a system where two DMASs are applied in series.

A TDMA can measure the mixing state of a defined particle size in terms of
a certain aerosol parameter.

The first DMA selects a monodisperse aerosol out of the entire aerosol
population.

The monodisperse aerosol is modified in a conditioner
The new size spectrum is determined with the second DMA

Applications:

Bipolar charge distribution
Hygroscopicity

Volatility



Hygroscopicity-Tandem-Differential-Mobility-Analyzer (HTDMA)
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Examples of HTDMA measurement
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Volatility-Tandem-Differential-Mobility-Analyzer (VITDMA)
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Examples of VIDMA measurements:
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Volatility spectra of 30, 50, 80, and 150 nm particles measured near a
freeway for 280°C in comparison to 25°C.



Ion-DMPS: Detecting charging state of ultrafine particles

Bipolar charger ON } DMA CPC

Bipolar charger OFF I DMA CPC:

(a) positive (b) ncgative
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Multiple-instrument characterizations of nucleation events in
boreal forests (Hyytidla, Finland)

Differential/Scanning Mobility Particle Sizer (DMPS/SMPS)
DMPS Hyytiala 2003

Particle diameter [m]

Based on 3 years (2003 2006) of
continuous measurements of 1on
mobility spectrum, Hirsikko et al
(2007) concluded that 1ons are
involved 1in more than 90% of the
particle formation days that can be
clearly identified.

Air Ion Spectrometer
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Online datasets: Particle optical properties, mass
and number concentrations, and size

distributions
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GloSSAC  https://asdc.larc.nasa.gov/project/GloSSAC/GIoSSAC 2.0

The Global Space-based Stratospheric Aerosol Climatology,
or GIoSSAC, is a 40-year climatology of stratospheric
aerosol properties focused on extinction coefficient
measurements by the Stratospheric Aerosol and Gas
Experiment (SAGE) series of instruments through mid-2005
and on the Optical Spectrograph and InfraRed Imager
System (OSIRIS) and the Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation (CALIPSO) data thereafter.
Data from other space instruments and from ground-based,
air and balloon borne instruments to fill in key gaps in the
data set. The end result 1s a global and gap-free data set
focused on aerosol extinction coefficient at 525 and 1020
nm and other parameters on an ‘as available’ basis.


https://asdc.larc.nasa.gov/project/GloSSAC/GloSSAC_2.0
https://asdc.larc.nasa.gov/project/GloSSAC/GloSSAC_2.0
https://asdc.larc.nasa.gov/project/GloSSAC/GloSSAC_2.0

GloSSAC

- Global Satellite-based Stratospheric Aerosol Climatology

« 43-year climatology of stratospheric aerosol properties focused
on extinction coefficient (525 & 1020 nm)

Instruments and their role in GloSSAC
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Adapted from: Kovilakam, M., Thomason, L. W., Ernest, N., Rieger, L., Bourassa, A., and Millan, L.: The Global Space-based Stratospheric
Aerosol Climatology (version 2.0): 1979-2018, Earth Syst. Sci. Data, 12, 2607-2634, https://doi.org/10.5194/essd-12-2607-2020, 2020.



Monthly AEC(525nm)
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Stratospheric Aerosol Optical Depth (SAOD)
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EPA Air Data: Air Quality Data Collected at Outdoor Monitors
Across the US https://www.epa.gov/outdoor-air-quality-data

2 \‘.'.‘, Interactive Map of Air Quality [ = + ~ - O b4

&« C (@ O E] https:/fwww.epa.gov/outdoor-air-quality-data/finteractive-map-air-quality- B % Iy @ will

Air Data Home Interactive Map of Air Quality
:;c;:tznt Questions about Monitors

Learn about Air Data The AirData Air Quality Monitors app is a mapping application available on the web and on

I Interactive Map mobile devices that displays monitor locations and monitor-specific information. It also allows

the querying and downloading of data daily and annual summary data.
Pre-generated Data Files

] Map layers include:
Download Daily Data

s Monitors for all criteria

Download Raw Data (API)
pollutants (CO, Pb, NO2, Ozone,

Air Quality Index Report PM10, PM2.5, and S02)

Air Quality Statistics Report * PM2.5 Chemical Speciation Click to Tl e
Network monitors launch

Monitor Values Report ¢ IMPROVE (Interagency Monitoring AirData

MonitorValules Report - of P_ROtECtEd V'S'-'al. Map App

Hazardous Air Pollutants Environments) monitors

. ; . NATTS (Nati | Air Toxics Trend

Air Quality Index Daily Values * (National Air Toxics Trends

Stations)

Report

¢ NCORE (Multipollutant Monitoring Network)
Daily Air Quality Tracker

¢ PAMS (Photochemical Assessment Monitoring Stations)
Tile Plot - Multiyear ¢ Near road monitors
Tile Plot - Single Year ¢ Nonattainment areas for all criteria pollutants
AQI Plot ¢ Tribal areas

a Cardaral rClace | aranae fnastimsmn=al msrlie armd anldarmssces = rase )


https://www.epa.gov/outdoor-air-quality-data
https://www.epa.gov/outdoor-air-quality-data
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https://www.epa.gov/outdoor-air-quality-data
https://www.epa.gov/outdoor-air-quality-data
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http://www.esrl.noaa.gov/gmd/aero/net/
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(' @ www.esrl.noaa.gov/gmd/aero/net/ C Search ‘iﬁ' E e ﬁ' 4 'v;,_LI o m @ 9 =

2 Most Visited & Getting Started

I U.S. Department of Commerce | National Oceanic & Atmospheric Administration | NOAA Research

w Earth System Research Laboratory Search ESRL:

Global Monitoring Division Calendar | Peopld

Home  About - Research - Products - Observatories ~ Information - Site Map  Intranet
AERO . .
AERO Homepage Aerosol Sampling Stations

Research
Instruments

Data

Stations
Near-real-time plots
Data File Format
Data Archive
Software

Information

What's New

Highlights

Frequently Asked Questions
Presentations Legend

Related Links HOAA-‘ESEL
Collaboration

* Former Site

* Future Site

Surface aerosol stations as of August, 2013
Clickable map with near-real-time data plots.

Station Location Information
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& ESRL/GMD Aerosols Group % | =+

(- -) @ www.esrl.noaa.gov/gmd/aero/net/ (& Q, Search ﬁ E ﬁ 4 @ v E @ 9 E
El Most Visited .. Getting Started
YIAUVI LYealivin rrnvrnnianngtd
Baseline Stations:
Site Code Name Data Plots  Data Files Recent Data Files
BRW Barrow, Alaska, USA BRW-plots BRW-data Recent Data Files
MLO Mauna Loa Observatory, Hawaii, USA MLO-plots MLO-data Recent Data Files
SMO American Samoa SMO-plots SMO-data Recent Data Files
SPO South Pole Observatory SPO-plots SPO-data Recent Data Files
Regional stations :
Site Code Name Data Plots Data Files Recent Data Files
BND Bondville, lllinois, USA BND-plots BND-data Recent Data Files
LAB Laboratory data LAB-plots LAB-data Recent Data Files
SUM Summit, Greenland SUM-plots SUM-data Recent Data Files
THD Trinidad Head, California, USA THD-plots THD-data Recent Data Files

Mobile and cooperative platforms:

Site Name Data Data Recent Data
Code Plots Files Files
ALT Alert, Canada (cooperative with Environment Canada) AlLT-plots |ALT-data |Recent Data
Files

AMF ARM mobile facility, different location every year AMF-plots AMF-data Recent Data
Files

AMY Anmyeon-do, South Korea AMY-plots |AMY-data |Recent Data
Files

APP Appalachian State University, Boone, North Carolina, USA APP-plots |APP-data Recent Data
Files

ARN El Arenosillo, Spain ARN-plots |ARN-data |[Recent Data
Files

BEO Moussala, Bulgaria BEO-plots BEO-data Recent Data

Files
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https://armgov.svcs.arm.gov/data/

]
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« C O 8 armgov.sves.arm.gov/data/ B B % L @ signin Y
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World's premier ground-based observations facility advan€ing atmos

- ~ )

DATA DISCOVERY DATA SOURCES WORK WITH ARM DATA SCIENCE DATA PRODUCTS DATA QUALITY PROGRAM

Power Your Research with ARM Data

Atmospheric Radiation Measurement (ARM) User Facility data are collected through routine operations and scientific
field experiments.

Serving users worldwide, the ARM Data Center obtains and archives approximately 50 terabytes of data per month. Datastreams are generally available for
download within 48 hours.

Access the Data

All data obtained through ARM are monitored for quality and made available free of charge through the ARM

Data Center via Data Discovery. ARM USER PROFILE

@ Feedback




in-situ balloonborne size resolved aerosol concentration measurements

https://dataverse.arcc.uwyo.edu/dataset.xhtml?per
sistentld=do1:10.15786/wyoscholar/9897

Laramie Balloon Data
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https://dataverse.arcc.uwyo.edu/dataset.xhtml?persistentId=doi:10.15786/wyoscholar/9897
https://dataverse.arcc.uwyo.edu/dataset.xhtml?persistentId=doi:10.15786/wyoscholar/9897
https://dataverse.arcc.uwyo.edu/dataset.xhtml?persistentId=doi:10.15786/wyoscholar/9897

Model-observation comparisons
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Various field measurements, such as

=] &) NOAA CSL: Aerosol Properties £ X + ~ = O p 4
0O <« > C 0 8 czl.noaa.gov/groups/csl2/measurements/ B 2 % o @ signin 2] =
+ © The U.S. government is closed. This site will not be updated; however, NOAA websites and social media channels necessary to protect lives and property will be

maintained. To learn more, visit commerce.gov. For the latest forecasts and critical weather information, visit weather.gov.

=]
@ NoRA . .
~ N7 Chemical Sciences Laboratory

Group Home Projects

o]

# Home / Research / Programs [/ APP / Measurements

Aerosol Properties & Processes: Measurements

Aerosol properties and processes research relies on measurements of the chemical, physical, and optical properties of aerosol particles from aircraft, ships,
and ground sites as well as in the laboratory. By combining these with gas-phase and other measurements, we learn about the sources, sinks, and radiative
properties of these particles.

The NOAA WP-3D is used in many of our field campaigns, and group participating field projects have used the NOAA R/V %
Ronald H. Brown. Data archived from our major NOAA field campaigns, with instruments on aircraft and ship research 2
platforms, are available with the Tropospheric Chemistry research group (Collaborative Field Campaigns):

Campaign Season All Platforms Location Purpose

FIREX-AQ 2019 Summer MNOAA Twin Otter westemn US Understand impact of Morth American fire emissions on air quality.

FIREX FireLab 2016  Fall USDA Fire Lab western US Understand impact of North American fire emissions on air quality.

SONGNEX 2015 Spring NOAA WP-3D western US Study emissions of western US oil and shale gas basins.

SENEX 2013 Summer MNOAA WP-3D MNashville, TN Study interactions between natural and anthropogenic emissions and affects on

] climate change and air quality. !




Various satellite data, such as
St | https://pace.gsfc.nasa.gov/

Space Administration
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