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Motivation
•Measurements: aerosol concentrations, wet and dry deposition, even far from 
point sources

•Human exposure: Airborne PFAS contributes directly (through inhalation) and 
indirectly (through deposition to watersheds and water supplies) 

•Sources: Production facilities (e.g., Chemours), use of PFAS-containing products 
(e.g., firefighting foams; household products), waste streams (e.g., contaminated 
soil, wastewater, landfills)

• Atmospheric PFAS Transformations: Limited knowledge regarding PFAS atmospheric 
reactions and drinking water impacts

•Elevated concentrations: indoors, near industrial sources, in urban areas 

Fate and effects of atmospheric PFAS are poorly understood: 
they depend on PFAS chemistry and properties



Research Questions
What PFAS compounds are present

in ambient NC air?  
in wet/dry deposition?

What is the geographic distribution and 
what does this tell us about sources? 

What is the contribution of wet/dry 
deposition to the Cape Fear watershed?

How does gas-to-particle conversion 
(multiphase atmospheric chemistry) 
during air mass transfer alter the fate 
of certain PFAS species?



Planned Approach
1. Event-based wet/dry deposition sampling: in Wilmington and selected other 

stations

2. Integrated gas and particle sampling: Weekly 6 day periods for one year. 
Wilmington, RTP, Charlotte, Greenville, Fayetteville

3. Real-time measurement of highly polar gases: 1-2 weeks (exact mass chemical 
ionization mass spectrometry)

4. Chemical analysis: Isolation and analysis by UPLC-ESI-HR-QTOF-MS. UPLC-ESI-
QqQ-MS

5. Calculate: deposition to Cape Fear watershed 

6. Examine: influence of back trajectory, geography, season, sources

7. Laboratory experiments: of multiphase chemistry of hexafluoropropylene oxide
(HFPO) 



Sample Stations

UNCW Wet/Dry 
Deposition and 
Gas/Particle Phase

BHI Wet/Dry Deposition

ECU Wet/Dry Deposition

GRV Gas/Particle Phase
RTP Gas/Particle 
Phase

UNCCH Wet/Dry Deposition

Fayetteville Works

FAY Gas/Particle PhaseCHR Gas/Particle Phase

UNCC Wet/Dry Deposition

App State
Wet/Dry Deposition



pDR-1500 
PM2.5 Neph

¼”OD SS inlet

PFAS sampler inlet

Slanted inlet prevents rain water being 
aspirated

NC Department of Environmental Quality
Division of Air Quality
Thanks to 
Joette Steger & Mitchell Revels
Fayetteville Regional Office
Site Address
John Griffin Middle School
8943 Fisher Road
Fayetteville, NC 28304

FAY
Operational since 
11/16/2018

Example Aerosol Station



WIL
Operational since 
12/21/2018

Drs. Kieber & Skrabal
Center for Marine Science
5600 Marvin Moss Lane 
Wilmington, NC  28409-5928

Example Aerosol and Wet/Dry Deposition Station



Sample Collection and Analysis

Wet/Dry Deposition Collector

Gas/Particle Phase  Collector

Extraction Analysis by mass spectrometry to identify 
compounds and report concentrations



Timeline of Sampling

Dec 18 - Mar 19 April 19 - May 19 May 19 – Sept 19 Oct 19 – Dec 19

Collect wet/dry deposition at Wilmington site xxxx xxxx xxxx xxxx

Collect wet/dry deposition at other locations 3 collections 3 collections

Gas/Particle phase collection xxxx xxxx xxxx xxxx

Airborne gas/particle collection real time xxxx

GRV Gas/Particle Phase

ECU Wet/Dry Deposition

UNCCH Wet/Dry Deposition

RTP 
Gas/Particle 
Phase

App State
Wet/Dry Deposition

UNCC Wet/Dry Deposition

CHR Gas/Particle Phase

FAY Gas/Particle Phase

Fayetteville Works UNCW Wet/Dry 
Deposition and 
Gas/Particle 
Phase

BHI Wet/Dry Deposition



Example of Data: Air Mass Back Trajectory and GenX Rainwater 
Concentration

E 1775
11/21-22/17
GenX <3  ppt (ng/L)
0.26 inches at UNCW
pH not analyzed

E 1781
12/8-9/17
GenX >500  ppt (ng/L)
1.8 inches at UNCW
pH4.68



Outcomes
• The proposed research will provide critical and transformative 
information regarding the atmospheric reactions, transport and 
deposition of PFAS to surface and ground waters that feed drinking water 
supplies. 

• There is limited to no information on the atmospheric reactions these 
PFAS compounds undergo during long range transport influencing 
deposition. 

• Ultimately, the knowledge gained from this research will benefit 
stakeholders within NC and beyond.

• Results will be presented in peer reviewed publications and shared with  
local, state and federal agencies
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Extra Slides



PFAS Atmospheric Transformations on Surfaces

Styler et al. Environ. Sci. Technol. 2013, 47, 6358−6367



Wang et al   Environ. Sci. Technol. 2017, 51, 2508−2518

Several of these PFAS sub-classes have 
been detected in atmospheric samples.
Do members of these classes decompose 
in the atmosphere or undergo other 
transformations? Do these compound(s) 
impact drinking water through wet/dry 
deposition?



Wet/Dry Deposition of GenX near 
Fayetteville Works Facility

Data from NC DAQ 



Wet deposition of poly- and perfluorinated compounds in Northern Germany

Dreyer et al. 
Environmental Pollution 158 (2010) 1221–1227

Rainwater PFAS Concentration 
in Literature 



Atmospheric Particulate Organic Matter (APM)

Yu et al.       Environ. Sci. Technol. 2018, 52,8205-8214



Environment International 94 (2016) 315–324

PFAS in House Hold Dust



Multiphase Environmental Concentrations of 
PFAS 

Kim and Kannan              Environ. Sci. Technol. 2007, 41, 8328–8334



Landfill Atmospheric Emissions

Atmospheric Environment 45 (2011) 935-941



Landfill Emissions Impacts Atmospheric 
Concentrations of Neutral and Ionizable PFAS 
in China

Tian et al.      Environ. Sci. Technol. 2018, 52, 1301−1310
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Hexafluoropropylene oxide (HFPO)
CAS # 428-59-1

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)propanoic acid
CAS #  13252-13-6



Figure 2:  Global wet deposition site collections and the volume weighted ethanol concentrations at 

each site represented by proportional red circles. Felix et al., 2018

• Wet deposition is estimated to remove 
6%-16% of ethanol emitted to the 
atmosphere annually. The large range 
indicates uncertainty in global models 
with limited wet deposition 
concentrations

• Global wet deposition flux of ethanol 
from storms with terrestrial derived back 
trajectory 1.99 Tg/year and marine 
derived back trajectory 0.44 Tg/year
Total flux: 2.43 Tg/year

Example Research: Removal of 
Atmospheric Ethanol by Wet Deposition


