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Aerosols; Particulate Matter (PM)

https://www.fs.fed.us/fire/fmt/contest/2006-
secondwinners.html

https://www.wmo.int/pages/prog/arep/
wwrp/new/source.html

https://www.nps.gov/grsm/learn/nature/air-quality.htm

• Diverse sources, impacts on climate and human health
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Intergovernmental Panel on Climate Change

Effects of Aerosols on Climate
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Effects of Aerosols on Health
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More than 90% of air pollution 
deaths are attributed to PM2.5

Air pollution contributed 
to 8.1 million deaths

State of Global Air, HEI, 2024 



Chemical Diversity of PM2.5
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Data from 
Atlanta



• Aerosol Mass Spectrometer (AMS): Organics, Sulfate, Nitrate, Ammonium, Chloride
• Organics account for ~50% of submicron non-refractory PM mass (Zhang et al., 2007)

6

Organic and Inorganic Aerosols



Organic Aerosols: Primary vs. Secondary
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Anthropogenic 
VOC
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Decadal Aerosol Measurements in the southeastern U.S.
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Xu et al., PNAS, 2015; Xu et al., ACP, 2015; Xu et al., ACP, 2018; Chen et al., ACP, 2020; Chen et al., ES&T, 2021; Joo et al., ACS ESC, 2021

High Resolution Time-of-Flight Aerosol Mass Spectrometer 
(HR-ToF-AMS) 
• Bulk aerosol chemical composition
• Non-refractory aerosols: Organics, Sulfate, Nitrate, 

Ammonium, Chloride



Increasing Dominance of Organic Aerosols
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• Sulfate fraction decreased from 26% to 12%
• Organics fraction increased from 63% to 81%
• “Trading” sulfate for organics
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UNPUBLISHED DATA, Liang et al., in prep. 



Positive Matrix Factorization (PMF) is a bilinear mixing 
model in which a dataset matrix is assumed to be 
comprised of the linear combination of factors with 
constant profiles that have varying contributions across 
the dataset. 

Ulbrich et al. 2009, ACP

Source Apportionment Analysis of Organic Aerosols
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COA: Cooking OA
HOA: Hydrocarbon-like OA
LO-OOA: Less-oxidized oxygenated OA
MO-OOA: More-oxidized oxygenated OA
Isop-SOA: Isoprene-SOA (biogenics)

SOA

Unique mass spec 
features, diurnal trends, 
correlations with 
external tracers, etc.

POA

Different Subtypes of Organic Aerosols



Source 
Apportionment

OA
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Source Apportionment Analysis of Organic Aerosols



OA Source Apportionment in the southeastern U.S.

• Small contributions of HOA 
(primary OA)

• Cooking OA present in urban areas
• BBOA present most of the time

• Majority of OA is SOA

• Isoprene-SOA only present in 
summer

• LO-OOA and MO-OOA
• Present all year round
• Large contributions

Xu et al., PNAS, 2015
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Changes of POA and SOA over the Last Decade

• Increasing dominance of SOA (84% in 
2022)

• Contribution of POA decreased over 
time
•  Reductions in primary emissions
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UNPUBLISHED DATA, Liang et al., in prep. 



https://saportareport.com/atlantas-urban-tree-canopy-leads-
nation-trees-not-protected/columnists/maria saporta/

https://www.gpb.org/news/2022/06/21/three-georgia-power-plants-land-on-list-of-
nations-dirtiest

A story of trees and  
power plant emissions
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Isoprene-SOA  Formation is Controlled by  Sulfate

• Isoprene-SOA formation mechanism is 
controlled by sulfate (Xu et al., PNAS, 2015; 
Xu et al., JGR, 2016)
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Xu et al., JGR, 2016

UNPUBLISHED DATA, Liang et al., in prep. 

• Reducing SO2 emission from power plants is an effective 
way to reduce Isoprene-SOA (tree emissions)

• 1 µg m-3 decrease of sulfate is accompanied by ~0.7 µg m-3 
decrease of Isoprene-SOA



https://www.ajc.com/news/local/atlanta-traffic-among-worst-the-world-study-finds/C6JR110E1z9xZeGGmjJ2HM/
https://saportareport.com/atlantas-urban-tree-canopy-leads-
nation-trees-not-protected/columnists/maria saporta/
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Vehicle exhausts
NOx

Monoterpenes (C10H16)

Isoprene (C5H8)

A story of trees 
and  

vehicle emissions Max NO2



R = 0.71

LO-OOA and Organic Nitrates

Xu et al., PNAS, 2015; Chen et al., ACP, 2020; 
ES&T, 2021
 

Monoterpenes are the largest source of summertime OA in the SE US (Xu et al., ACP, 2018)

Monoterpene + OH/O3 + NOx (daytime)  LO-OOA + Organic nitrates

Monoterpene + NO3 (nighttime)               LO-OOA + Organic nitrates

(biogenic)      (anthropogenic) 17



Organic Nitrates
Ng et al., ACP, 2017

% of organic nitrates in total OA
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Organic Nitrates: Impact on NOx recycling, Ozone, SOA

Takeuchi and Ng, ACS Book Chapter, 2018
Takeuchi and Ng, ACP, 2019
Wang et al. ES&T, 2021
Wang et al. J Phys Chem A, 2023 
Takeuchi et al., AS&T, 2024

• Formation and fates of organic nitrates
• Main uncertainty in NOx recycling comes from organic nitrates (RONO2)

19



Organic Nitrate Photolysis and Ozone Formation

• Photolysis of organic nitrate
• Master Chemical Mechanism (MCM) 
      and our proposed mechanism

• Organic nitrate was converted into:
• NOx (2.8% mass of reactive nitrogen)
• Inorganic nitrate (gaseous HNO3, 

96.8%) 
• Small fraction (0.40%) remained in the 

form of organic nitrates

• O3 increased
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OH

ONO2

Wang et al. J Phys Chem A, 2023 
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Toxicity of Different PM2.5 Components
  (Organic Aerosols)

https://www.verywellhealth.com/what-are-macrophages-200997



Linking Organic Aerosol Subtypes to Toxicity 

High-resolution 
Aerosol Mass 
Spectrometer

(Organic Aerosols)

HOA

Isop-OA

BBOA

LO-OOA

MO-OOA

Cellular 
Reactive Oxygen 

Species (ROS)

Multiple linear 
regression analysis 

COA

HOA: Hydrocarbon-like OA; COA: Cooking OA; BBOA: Biomass burning OA; Isop-OA: Isoprene OA
LO-OOA: Less-oxidized oxygenated OA; MO-OOA: More-oxidized oxygenated OA  these are surrogates of SOA

PMF

Tuet et al., AE, 2016; ACP, 2017ab
Liu et al., ES&T, 2022, 2023
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Toxicity of Different Organic Aerosol Subtypes

• MO-OOA (more-oxidized oxygenated 
OA) is the most toxic OA subtype

• Toxicity of OOA could arise from aged 
biomass burning aerosols / 
combustion-related aerosols

24



Atmospheric Science and Chemistry 
mEasurement  NeTwork 

Principal Investigator: Nga Lee (Sally) Ng, Georgia Institute of Technology

Co-PIs: Ann Dillner, University of California Davis; Roya Bahreini, University of California Riverside; Ted Russell, Georgia Institute of Technology

https://ascent.research.gatech.edu

• First, long-term, ground-based, high time-resolution aerosol measurement network in the United States
• 12 Sites; urban, rural, remote sites
• Process level understanding of aerosols
• New opportunity in understanding aerosol sources, composition, properties, climate and health impacts 

across scales; model development; satellite validation

Mid-scale Research 
Infrastructure Program 

https://ascent.research.gatech.edu/


• Leverage Existing Sites/Infrastructure

• NCore: National Core Network
• PM2.5 mass and speciation;          

O3, CO, SO2, NO, and NOy

• PAMS: Photochemical Assessment 
Monitoring Stations, VOCs

• IMPROVE: Interagency Monitoring of 
PROtected Visual Environment network

• PM2.5 mass; gas-phase 
measurements

• SCAQMD: South Coast Air Quality 
Management District 

• NEON: National Ecological Observatory 
Network

• HNET: Houston Network of 
Environmental Towers

Delta Junction, AK, 
Jingqiu Mao

Joshua Tree NP, 
Lelia Hawkins

Cheeka Peak/Makah,
Joel Thornton

Rubidoux, Roya Bahreini

Los Angeles-Pico Rivera, 
John Seinfeld & Rick Flagan

Pittsburgh,
Albert Presto

& Allen Robinson

Yellowstone NP, 
Shane Murphy

Houston, 
Jimmy Flynn & Rob Griffin

Great Smoky Mountains NP,
Jason Surratt

Atlanta, 
Nga Lee “Sally” Ng

Denver,
Jose Jimenez

NYC, 
Drew Gentner

ASCENT Site Map

MAIA Target Areas
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ASCENT Instrumentation

Instrument Model and 
Manufacturer Measurements

Aerosol Chemical 
Speciation Monitor 

(ACSM), PM2.5

ToF-ACSM, 
Aerodyne Research

Organics, sulfate, nitrate, 
ammonium, chloride

Xact, PM2.5

625i, 
Cooper 

Environmental

Trace metals: Sb, As, Ba, Cd, Ca 
Cr, Co, Cu, Fe, Pb, Hg, Mn, Ni, Se, 

Ag, Sn, Ti, Tl, V, Zn, more 
available

Aethalometer, PM2.5
AE33, 

Magee Scientific

Wavelength-dependent 
absorption;  

black and brown carbon

Scanning Mobility 
Particle Sizer 
(SMPS), PM1                   

3938W89, 
TSI

Particle number size distribution, 
number concentration
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• Quantitative, continuous measurement of submicron non-refractory aerosols

• Organics, Sulfate, Nitrate, Ammonium, Chloride

• Built upon the same technology as the widely used Aerodyne Aerosol Mass Spectrometer (AMS)

• Designed to be smaller, lower cost, and simpler to operate than the AMS

• Designed for long-term, autonomous, and stable field measurements of ambient aerosols

Aerosol Chemical Speciation Monitor (ACSM)

28
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Timeline

• Project funded in October 2021
• All instruments delivered to universities in January 2023
• Sampling started at all sites in May 2024

6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Delta Junction
Cheeka Peak/Makah
Pico Rivera
Rubidoux
Joshua Tree
Yellowstone
La Casa, Denver
Houston
Lawrenceville
Queens College
South DeKalb, Atlanta
Great Smoky Mountains

2022 2023 2024

Request preliminary data 
 ASCENT website  Database
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UNPUBLISHED DATA



Los Angeles Fires NYT
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Palisades fire

Eaton Canyon fire

ASCENT LA Site at Pico Rivera

~14 miles south of Eaton Fire
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Baliaka et al., CDC MMWR, 2025

Approximately 110-fold increase in PM2.5 lead levels
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ASCENT Website  Database
Real-time lead, chlorine, bromine data from the three ASCENT sites in CA
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Summary; Looking Forward

Dominance of Organic 
Aerosols in PM2.5

• Increasing dominance of OA, especially SOA
• Critical to understand sources and properties of OA and 

particularly SOA to control PM2.5

Biogenic/Anthropogenic 
interactions

• Reducing SO2 and NO2 are effective measures to control 
aerosol formation from biogenic emissions (natural tree 
emissions)

• High-time resolution; process level understanding
• Air quality, climate; model development; satellite validation
• Health effects: composition, particle size
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Thank you for your attention!

Ng Group ASCENT Team
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(Just 
Published)
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