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WA State Proviso 

• “… the university of Washington school of public health 
to study the air quality implications of air traffic at the 
international airport in the state that has the highest 
total annual number of arrivals and departures.  
 

• The study must include an assessment of the 
concentrations of ultrafine particulate matter in areas 
surrounding and directly impacted by air traffic 
generated by the airport, including areas within ten 
miles of the airport in the directions of aircraft flight 
paths and within ten miles of the airport where public 
agencies operate an existing air monitoring station… 
 



WA State Proviso 

• The study must attempt to distinguish between aircraft and other sources 
of ultrafine particulate matter, and must compare concentrations of 
ultrafine particulate matter in areas impacted by high volumes of air traffic 
with concentrations of ultrafine particulate matter in areas that are not 
impacted by high volumes of air traffic. 
 

• The university must coordinate with local governments in areas addressed 
by the study to share results and inclusively solicit feedback from 
community members.  
 

• By December 1, 2019, the university must report study findings, including 
any gaps and uncertainties in health information associated with ultrafine 
particulate matter, and recommend to the Legislature whether sufficient 
information is available to proceed with a second phase of the study.” 
 



Outline 

• Background on Ultrafine Particles  

• Previous Airport Studies 

• Health effects associated with Ultrafine 
Particle Exposure 

• Process for the WA state study 





‘Ultrafine’ Particles 



*search terms: “airports”& “ultrafine particles” 



Occupational exposures to UFP are known to 
be high in some settings. 

Moller et al (2014) PLoS ONE 9(9): e106671, doi:10.137/journal.pone.006671 

A map of personal 
exposure 
concentrations for 
workers at the 
Copenhagen airport in 
Autumn of 2012 is 
shown at right. 



A selection of cities with published 
studies of airport UFP impacts 

Distance from airport to monitoring site 

< 1km 1 to 10 km > 10 km 

Tianjin, China London, England Los Angeles, CA 

Rome, Italy Los Angeles, CA Amsterdam, NL 

Venice, Italy Norwich, England Atlanta, GA 

Taipei, Taiwan Boston, MA New York, NY* 

Oakland, CA Warwick, RI 

Santa Monica, CA 

*La Guardia 



Mobile Observation 



Hudda et al, 2014 

Sampling Routes near LAX 

USC platform 

UW platform 

both 



Examining Local Background Values 
Reveals the Aircraft Impacts 

• Apply rolling 5th percentile of 1 second data using a 30 
second window 

• This removes local scale impacts 

Hudda et al, ES&T 2014 



Hudda et al, ES&T 2014 

Area-weighted number concentration 
equivalent to ~ half the freeways in LA! 

103/cc 



Particles between ~10 and 20 nm diameter are present 
in high concentrations at ground level ~3 km downwind 
of northern runway at LAX 

N Hudda and SA Fruin (2016) ES&T 50, 3362-3370. 
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nm 

E.A. Riley (Atmospheric Environment, 2016) 

Particles between ~25 and 30 nm diameter reveal a 
downwind plume… 



For a given amount of soot in an air sample, the 
number of particles in that same sample is greater 

near the LAX airport than on a nearby freeway 

Number of 
particles per 
milligram of 

soot in the air 
Riley et al, Atmos. Env., 2106 



J. Hofman et al., Atmospheric Environment 136 (2016) 68-81 

Elevated UFP concentrations observed at fixed locations 8 
and 14 km downwind of Schiphol airport in Amsterdam. 

Particles with 
diameters between 
10 and 20 nm show 
higher number 
concentrations 
when the wind is 
coming from the 
airport 



https://www.flickr.com/photos/44
073224@N04/ 

“Vortices generated below about 1500 feet 

usually sink to just above the ground, 50 to 100 

feet. Their speed of descent varies with the type 

of aircraft and with the local atmospheric 

conditions. A figure of 450 feet per minute is 

typical of large sweptwing jet transports. As the 

vortices approach the ground, they spread apart 

and move sideways, at right angles to the 

runway, at the same 450 feet per minute, roughly 

5 miles per hour.” 

--Andrew S. Carten, Jr. (M.S., Tufts University) is Chief, 
Equipment Engineering and Evaluation Branch, 
Aerospace Instrumentation Laboratory, Air Force 
Cambridge Research Laboratories.  Available: 
http://www.airpower.maxwell.af.mil/airchronicles/aure
view/1971/jul-Aug/carten.html 



1 km 

P-Trak 

P-Trak 

Diffusion 
Screens 

>20 nm 

>50 nm 

DPN = (PN>20  –  PN>50) 



DPN 
(#/cc) 

Elevated UFP levels observed ~1 km North of Sea-Tac Runway 



Health Effects of Ultrafine Particles 



UFP Toxicological Characteristics 

• Small size, relatively large surface area 

• Small size facilitates uptake into circulation 
system, into cells, across blood-brain barrier. 



2009 US EPA  
Integrated Science Assessment 

• Evidence for a positive relationship between 
short-term UFP exposures and cardiovascular 
effects, including cardiovascular-related hospital 
admissions and emergency department visits.  

• Also evidence suggestive of a positive 
relationship between short-term exposure to 
UFPs and respiratory effects, including changes in 
lung function and pulmonary inflammation, with 
limited and inconsistent evidence for increases in 
emergency department visits and hospital 
admissions for respiratory-related events.  

 



2009 US EPA  
Integrated Science Assessment 

Some challenges noted: 

• Spatial/temporal data lacking on UFP 
concentrations. 

• Absence of national network of UFP monitors. 

• Most studies based on diesel exhaust, which 
involves various co-pollutants, creating 
uncertainty whether health effects due to UFP. 

 



Recent Studies of UFP and Health Effects 

• The study 
considered 
>100,000 female 
teachers in CA. 

• Positive association 
found between UFP 
and ischemic heart 
disease mortality, 
but not respiratory 
mortality (including 
lung cancer). 

 



Recent Studies of UFP and Health Effects 

• The study included 
1.1 million adults, 
and considered 
>12,000 cases of 
lung cancer. 

• Positive association 
found between UFP 
and incident Chronic 
Obstructive 
Pulmonary Disease 
(COPD), but not 
asthma or lung 
cancer. 



Recent Studies of UFP and Health Effects 

• Case-control 
study of prostate 
cancer, including 
>2000 subjects. 

• Positive 
association 
found between 
UFP and prostate 
cancer. 



Recent Studies of UFP and Health Effects 

• Case-control 
study of breast 
cancer, including 
>1200 subjects. 

• Weak, non-
significant 
association 
between UFP and 
breast cancer. 



Notes about these recent studies 

• Some are VERY large studies, yet have not found 
associations between UFP and certain health outcomes.   
 
→ It’s critical to have a clear understanding of variations in 
UFP concentrations to better design epidemiologic studies! 
 

• Mostly modeled UFP exposures, rather than measured. 
• Challenges with co-pollutant correlations, e.g., the breast 

cancer study also looked at NO2, which like UFP is a urban 
near-roadway traffic air pollutant.  Stronger associations 
were found for NO2. 

• Not aircraft-specific UFP. 



Recent Studies Suggesting Acute Health 
Effects in Susceptible Populations 

Exposures Documented 
with Personal Monitors 

Controlled Exposures to 
Concentrated Ambient 
Particles 



• Randomized crossover study of 21 non-smoking adults with mild to 
moderate asthma 
 

• 2-hr scripted, mild walking activity both inside and outside of the 
high LAX UFP impact zone (avg. difference ~30,000 /cc) 
 

• Mean particle size at LAX impact zone was 29 nm 
 

• Observed an increase in inflammatory blood markers and a 
reduction in lung function 
 

• “Preliminary data suggest a relationship between airport-related 
UFP exposures and adverse acute lung effects in asthmatics” 
 



MOV-UP Study 
 Mobile ObserVations of Ultrafine Particles (MOV-UP) Study  



Forming a Study Advisory Group 
• Panel members appointed by the Dean of the UW School of Public 

Health and Chair of UW DEOHS 
– US EPA Region X 
– WA Department of Ecology 
– Puget Sound Clean Air Agency 
– Seattle/King County Public Health 
– Port of Seattle 
– FAA 
– WA Depart of Health 
– Quiet and Healthy Skies Task Force 
– Department of Commerce 
– City of Burien 
– City of Des Moines 
– City of SeaTac 
– City of Federal Way 
– CHAC, Beacon Hill 
– Adam Smith’s Office - WA 9th Congressional District 



Update on the MOV-UP Study 

• Acquisition, calibration and testing of instruments for the mobile 
monitoring platform 
 

• Acquisition of flight path data for mobile monitoring route planning 
 

• Sampling to begin in early 2018, and continue in each season of the 
year. 
 

• Developing a website to keep stakeholders informed. 
• Developing schedule of regular Advisory Group Meetings and Public 

Meetings (planning to have first meetings in Dec-Jan). 
 



Southerly Winds 

Wind 
(majority) 

Aircraft 



Northerly Winds 

Wind 

Aircraft 



Summary 

• High concentrations of UFP downwind of busy airports (<20km) 
• Mobile monitoring data can reveal downwind footprint. 

 
• Health effects of UFPs is limited, but suggestive of cardiovascular, 

respiratory, and some emerging evidence possibly for certain 
cancers. 

• Only one airport UFP health effects study that we’re aware of. 
 

• Finalizing Study Advisory Group, plan to having first meeting in Dec-
Jan. 

• Sampling to begin in early 2018, and continue in each season of the 
year. 

• New website will keep stakeholders apprised of study progress. 




