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Research has implications for large populations near airports:
communities rank high on adverse environmental metrics
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ADVERSE HEALTH CONDITIONS ARE PREVALENT AT
HIGHER INCIDENT RATES IN NEAR-AIRPORT
COMMUNITIES

= Exposure to elevated levels on noise, air pollution or simply
residential proximity to airports has been associated with
increased rates of:

hypertension

rates of hypertensive medication prescription
cardiovascular disease incidence
cardiovascular disease related hospitalization
adverse learning outcomes in children

lately, pre-term birth and brain cancer

and another set of studies that focuses specifically on ultrafines.



CONTENTS

 Ultrafine particles and airplane exhaust

e Summarize some characterization studies

e US: Boston; Los Angeles; Seattle
» Europe: Schiphol (Amsterdam); Berlin, Heathrow (relatively near-field), Zurich

 Summarize some health-effect investigations
* Lots of literature investigates adverse health effects near airports
 Relatively little investigates association with ultrafine particles in particular
* A decade of evolution of LAX-related studies
 Summary of other efforts — Schiphol, Berlin, etc.

* Future Opportunities



ULTRAFINE PARTICLES: NUMBER AND SIZE ARE USED AS
MARKERS OF FUEL COMBUSTION

e Ultrafine particles are:
.« PM
P\ A smaller than 100 nm
raﬁne parthu_lates .
7L HR (IjCTns) Xt qameter reported as a count in one cm?3
markers of fuel combustion emissions

or 100 nanometers and less
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HUMAN HAIR o e organia emitted in huge numbers by jet planes!
50-70um < 2.5um (microns) in diameter
(microns) in diameter
» PM1O elemental carbon core

Dust, pollen, moid, etc.
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the Air” https://now.tufts.edu/articles/toxic-air-we-breathe



AIRPLANE EXHAUST IS A COMPLEX MIXTURE OF

POLLUTANTS.
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Masiol et al., 2014, Atmospheric Environment

Ultrafine particles (UFP):

* I|tis physical, size-based lens to

look at this complex mixture.

* There is some very involved chemistry in size
distribution, chemical composition, plume
dynamics and evolution!

 Furthermore, it is the physical

form of pollution that is
abundantly present near airports
because it is abundantly emitted
from airplanes.



QUESTIONS THAT INFORM A HEALTH STUDY

What is the spatial extent of the impact?

What is the impact — characterization or
guantification or exposure assessment?

Who and how much questions that can be answered
by taking many different, situation-specific
approaches.



WHAT IS THE SPATIAL
EXTENT OF THE IMPACT?

* Answering this question requires sorting
out the impacts from confounding
sources. For example,

* Transportation infrastructure that
supports an airport

* Nearby highways

* In 2012, an opportunity presented itself
at LAX:

* |-405 in Los Angeles was shut-down
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LOS ANGELES INTERNATIONAL AIRPORT IMPACT

EXTENDS TO DISTANCES GREATER THAN 10 MILES
FROM THE AIRPORT

Aviation activity at Los Angeles
International Airport (LAX)
produces ground-level ultrafine

\
particle concentrations more [
than twice the nearby ambient

levels at distances up to 16 km e
away from the airport.
H July 17, 2014 1340 - 221L) hours
PNC 5.0-7.5 @ 2&:2\06
<1.5 7.5-10.0 ® 30.0 5
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LOS ANGELES INTERNATIONAL AIRPORT IMPACT
EXTENDS TO DISTANCES GREATER THAN 10 MILES
FROM THE AIRPORT

Hudda et al. 2014 EST [@®
Qcmncel;lm: nJrlﬂqu
Emissions from an International Airport Increase Particle Number

pubs.acs.org/est
Concentrations 4-fold at 10 km Downwind
< T o b 2 A8 X i R oA A
Neelakshi Hudda,” Tim Gould,* Kris Hartin,® Timothy V. Larson,” and Scott A. Fruin* I
"Keck School of Medicine, Department of Preventive Medicine, University of Southern California, Los Angeles, California 90089,
United States
iI.)t:p:u'(mm'u of Civil and Environmental Engineering, University of Washington, Seattle, Washington 98195, United States

§Dcp.n'tmv:nl of Environmental and Occupational Health Sciences, University of Washington, Seattle, Washington 98195, United
States

© Supporting Information

ABSTRACT: We measured the spatial pattern of particle number (PN)
concentrations downwind from the Los Angeles International Airport ¢ |
(LAX) with an instrumented vehicle that enabled us to cover larger areas - N\ SAuscw

than allowed by traditional stationary measurements. LAX emissions }
adversely impacted air quality much farther than reported in previous
airport studies. We measured at least a 2-fold increase in PN
concentrations over unimpacted baseline PN concentrations during
most hours of the day in an area of about 60 km” that extended to 16 km
(10 miles) downwind and a 4- to 5-fold increase to 8—10 km (5—6 3

miles) downwind. Locations of maximum PN concentrations were | D 8 |
aligned to eastern, downwind jet trajectories during prevailing westerly | ™S Basgrns 8 -4 xNoms
winds and to 8 km downwind concentrations exceeded 75 000 particles/ 3 YN 4 Mol
e¢m®, more than the average freeway PN concentration in Los Angeles.
During infrequent northerly winds, the impact area remained large but shifted to south of the airport. The freeway length that
would cause an impact equivalent to that measured in this study (i.e., PN concentration increases weighted by the area impacted)
was estimated to be 280—790 km. The total freeway length in Los Angeles is 1500 km. These results suggest that airport
emissions are a major source of PN in Los Angeles that are of the same general magnitude as the entire urban freeway network.
They also indicate that the air quality impact areas of major airports may have been seriously underestimated.
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gcvllliﬁcll!.!lﬂ]c m&lﬂ Hudda et al. 2016 EST

pubs.acs.org/est

International Airport Impacts to Air Quality: Size and Related

Properties of Large Increases in Ultrafine Particle Number
Concentrations

N. Hudda and S. A. Fruin®'

Keck School of Medicine, Environmental Health Division, University of Southern California, Los Angeles, California 90033, United

States

© Supporting Information

ABSTRACT: We measured particle size distributions and spatial pattems of
particle number (PN) and particle surface area concentrations downwind from
the Los Angeles International Airport (LAX) where large increases (over local
background) in PN concentrations routinely extended 18 km downwind.
These elevations were mostly comprised of ultrafine particles smaller than 40
nm. For a given downwind distance, the greatest increases in PN
concentrations, along with the smallest mean sizes, were detected at locations
under the landing jet trajectories. The smaller size of particles in the impacted
area, as compared to the ambient urban aerosol, increased calculated lung
deposition fractions to 0.7—0.8 from 0.5—-0.7. A diffusion charging instrument
(DiSCMini), that simulates alveolar lung deposition, measured a fivefold
increase in alveolar-lung deposited surface area concentrations 2—3 km
downwind from the airport (over local background), decreasing steadily to a
twofold increase 18 km downwind. These ratios (elevated lung-deposited

surface area over background) were lower than the corresponding ratios for elevated PN concentrations, which decreased from
tenfold to twofold over the same distance, but the spatial patterns of elevated concentrations were similar. It appears that PN

concentration can serve as a nonlinear proxy for lung deposited surface area downwind of major airports.




RUNWAY UTILIZATION AND WIND DETERMINE LOCATION
OF IMPACT

Wind dictates which
_ Boston community is impacted and
presents some challenges:

;- | L Shifting winds
—y .
=i = d Multiple runway
e BOUTH - e BOUTH. - . .
: configurations
Aﬂ(]n’rq__ v . Chicago g
------- N o ' .
& ] Resulting impacts are

intermittent and
dispersed over many
downwind sectors.
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WHAT IS THE IMPACT —
CHARCATERIZATION or
QUANTIFICATION

e Answering this question similarly requires

sorting out the impacts from confounding
sources.

* Representative measurements and
robust modeling

T X T L T e (TrrvL

- Measurements that reflect
variation (diurnal, seasonal, intra

and inter-annual, meteorological
factors, terrain, etc.)
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IN NEAR-LOGAN COMMUNITIES, BOTH AMBIENT AND

INDOOR CONCENTRATIONS HIGHEST WHEN HOMES WERE

DOWNWIND OF THE AIRPORT
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WHEN JETS LAND OVERHEAD, INDOOR CONCENTRATIONS IN A
NEAR-AIRPORT HOME CAN BE SAME AS THAT ON A HIGHWAY

a ——PNC outdoor ——PNC indoor |:|Takeuﬁ‘s on 27 + Landings on 33L |:|Landings on 27 +Takeoffs on 33L D CO n Ce nt ratio n S e I evated

PNC (n umben’cma}
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Hour (local time)

Hudda et al., 2020 EST

1 when home is downwind of
the airport

J Concentrations elevated by
10X fold and same as that
on a busy highway when
jets are landing overhead.

1 Flight activity and runway
utilization make a
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0000 remarkable difference
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DEVELOPMENT OF AIR QUALITY CHARACTERIZATION
AND EXPOSURE ASSESSMENT STUDIES AT LAX

 LAX studies began ~ 10 years ago

= Mobile Monitoring

= Mobile allows us to capture spatial
variation (>temporal information) in

the study area.
= Fast response to changes

= Real-time measurements: aim is to
characterize the spatial patterns

= To capture temporal patterns, we conduct
a systematic campaign with mobile labs

= Systematically capture seasonal,
diurnal and meteorological influence.




Preterm birth rates among mothers exposed to ultrafine
particles from jet exhaust (Wing et al. EHP, 2020)

Est/mated UFP" exposure. qagrt//es j% AERMOD res'ﬁ/ts ‘A
* The highest quartile of pregnancy-average Wing et al 2020658/ 7\ .

UFP exposure was associated with a 1.32 T S S g
(Cl: 1.27-1.39) odds ratio (OR)* in

oW / —— ~—
s - -(r\(_:'os’{.osAngv‘Js @ S—

comparison with the lowest quartile. Py
v‘ Downay b"‘
uartiles of
e Controlling for covariates (demographic Pl e FEOexuoosure
: : : : 9 P N cunrtie
risk factors, traffic pollution and noise) the e — -
OR fOr PTB in the higheSt q ua rtile Of U FP Table 2. Adjusted odds raties (ORs) [95% confidence intervals (Cls))
eXposu re Was 1 * 14 (CI : 1 '08-1 * 20) Variahle Unadjusted model Adjusted model 3
UFP
ComparEd to IoweSt' Quartile | {=35.340 panicles/cc) Ref Ref
Ouartile 2 {5,340-8,600 particlesico) LIT (L1, 1.22) 103 (098, 1.08)
Quartile 3 {8,600-14,600 particlesicc) 127 (1.22, 1.33) LS8 (102, 1.13)
Quartile 4 = 14,600 particles /cc) 1.3201.27, 1.39) L.14 (108, 1.2
N
Quullilu 'I| ifll.?i[:pk:-] — . Rul' .
*The OR represents the odds that an outcome will occur given a particular g:::t::t 3 51.’3153::1?;1 _ TR
exposure, compared to the odds of the outcome occurring in the absence of that E"mi'ud-' (=255 I’:*klidﬂ CNEL — ::“ : 09, 1.22)
“Kposed [ OOLRE >0 iy | = . — Al Ek, 1LY

exposure. Szumilas M. 2015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2938757/ 16



Corresponding peer-reviewed publication:

Wing, S. E.; Larson, T. V.; Hudda, N.; Boonyarattaphan, S.; Fruin, S.A., Ritz, B. Preterm Birth among Infants Exposed to
in Utero Ultrafine Particles from Aircraft Emissions. Environ. Health Perspect. 2020, 128 (4), 047002.
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP5732

Also see: Move Over, Traffic: Aircraft Emissions and Preterm Birth, Konkel et al., EHP Science Selection, 2020
https://doi.org/10.1289/EHP7161
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Professor, Dept. of Civil and Environmental Engg.
Univ. of Washington, Seattle, WA

Scott A Fruin
Assistant Professor, Dept. Of Preventive Medicine
Univ. of Southern California Los Angeles, CA

Beate Ritz
Professor, Dept. Of Epidemiology
Univ. of California Los Angeles, CA
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Association between Airport-Related Ultrafine Particles
and Risk of Malignant Brain Cancer: A Multiethnic Cohort
Study (Wu et al. Cancer Research 2021)

[ Malignant brain cancer risk in all
subjects combined increased 12%
per interquartile range (IQR) of
airport-related UFP exposure
(~6,700 particles/cm3) for subjects
with any address in the grid area
surrounding the LAX airport. °E

O In race/ethnicity-stratified analyses,
African Americans, the subgroup
who had the highest exposure,
showed a OR of 1.32 for malignant
brain cancer per IQR in UFP
exposure.

https://cancerres.aacrjournals.org/content/81/16/4360



Aircraft noise and vehicle traffic-related air pollution
interact to affect preterm birth risk in Los Angeles, CA
(Wing et al STOTEN 2022)

d Although exposure to both noise and air
pollution are known risk factors for PTB,
our results suggest a possibly important
synergism between multiple transportation
related sources of exposure for women
living close to LAX that negatively impact
pregnancy.

d Most importantly the synergism detected
was concentrated in low SES
neighborhoods.

The adjusted odds ratio (aOR) for PTB from high noise exposure (i.e. > 65 dB) was 1.10
(95% Cl: 1.01-1.19). Relative to the first quartile, the aORs for PTB in the second, third,
and fourth TRAP quartiles were 1.10 (95% Cl: 1.05-1.16), 1.11 (95% Cl: 1.05-1.16), and
1.15 (95% Cl: 1.10-1.22), respectively. When stratifying by increasing TRAP quartiles, the NO2 LUR Annual Average
aORs for PTB with high airport-related noise were 1.04 (95% Cl: 0.91-1.18), 1.02 (95% o igh 334156
Cl: 0.88-1.19), 1.24 (95% Cl: 1.03-1.48), and 1.44 (95% Cl: 1.08-1.91) (p-interaction =

0.06).

LAX Monitoring Area

44444
- Low : 14.8377



A comprehensive set of studies around Amsterdam
Schiphol Airport

_ ) OPEN ar ekt
MEnvlronmental Health Perspectives ACCESS =nter search ter

o SR 1, Health effects of short-term exposure to ultrafine particles around Amsterdam Schiphol airport

N. Janssen, G. Hoek, M. Oldenwening, F. Cassee, A Lammers, M. Gerlofs-Nijland, R. He, D. van Dinther, R. Keuken, and s. van der Zee
T e 18 Abstract

L4 [
Background: Studa.f@vegzbesecrcvat 'f@an alles(ﬁfarbu,tﬂemlrladt)we health effects of
Environmental Health Perspectives is pleased UFP, particularly from aviation. We evaluated the health effects of short-term exposure to UFP around Schiphol Airport, The Netherlands.

to present this abstract on behalf of the
International Society for Environmental

Epidemiology (ISEE). This abstract was including weekly lung function and exhaled NO measurements at school (161 children) and daily lung function and symptom recording at home
presented at an ISEE annual meeting and

has not been peer reviewed. (all 191 children). zmr t osureiﬁ W|th[Jheal dults, including 2-5 re eated 5- hour e osures in a mobile laboratory directly
next to Schiphol, [é MQS d blood pressure.3. Toxicological study

with human bronchial epithelial cells (Calu-3), using UFP collected directly next to Schiphol as well as UFP collected from a turbine engine, and

Methods: We conducted three studies, with different designs: 1. Observational study with 191 schoolchildren in residential areas near Schiphol,

assessment of cell viability, cytotoxicity and inflammatory potential.Results: In children, we found statistically significant associations between

exposure to UFP and an increase in daily respiratory symptoms and bronchodilator use. These associations were observed for UFP from aviation
as well as UFP fro adt 1 E[e adults e ostﬁjﬁjffonba j iategwi

decline in lung fu n{wmxjﬁd Qgtw UFP f(tﬁga s¥cia Qlwgﬁﬁblood
pressure. In Calu-3 cells, expfi lo UFP resulteda:ell damgge and relea5f£r -inflammatory markers, with no significant differences in

reactivity betwee hrda :lJG taFn 5|a lECera show that short-term increased exposure to UFP, as occurs

around Schiphol, is associated with acute health effects. We found no indications that effects of UFP from aviation are substantially different

from those of UFP from road traffic.

Jansen et al., 2020, EHP



Controlled exposure - Amsterdam (Lammers et al 2020)

Methods

O 21 healthy non-smoking volunteers (18—35 years) were
repeatedly (2-5 visits) exposed for 5 h to ambient air near
Schiphol Airport while performing intermittent moderate
exercise (i.e., cycling).

[ Pre- to post-exposure changes in cardiopulmonary
outcomes (spirometry, forced exhaled nitric oxide,

e Contents lists available at ScienceDirect . ;:
s ‘
S ezl Environment International ‘
journal homepage: www.elsevier.com/locate/envi

\.!:
Schiphol Airport

Fig. 1. Exposures were conducted in an exposure laboratory right next to Schiphol Airport (A). It consisted of two chambers: one chamber in which subjects were

electrocardiography and blood pressure) were assessed ang e o e oo nontors casomen 3

Road 1

related to total- and size-specific particle number
concentrations (PNC).

O Short-term exposures to aviation-related UFP near a major airport, was
associated with decreased lung function (mainly FVC) and a prolonged
QTc interval in healthy volunteers.

L The effects were relatively small, however, they appeared after single
exposures of 5 h in young healthy adults.

O As this study cannot make any inferences about long-term health impacts,
appropriate studies investigating potential health effects of long-term
exposure to airport-related UFP, are urgently needed.




Unique opportunities to quantify impacts and health
effects: Natural experiments or opportunistic studies

“In 2020, the largest airport in Germany’s capital, Berlin-Tegel Airport (TXL), was relocated from
the north of the city 26 km to the south. This provided a unique opportunity to measure PNCs on
the airfield of TXL before and after it was closed.”

Original Research

¥ trontiers | Froners i S
“We observe a of
TXL. The hourly mean PNCs dropped by 41%, and the maximum
concentrations from 102,800 # cm-3 to 41,300 # cm-3. We ) Chook for updtes Impact of the closure of Berlin-
Tegel Airport on ultrafine particle
during airport number concentrations on the
operations. N—— airfield

pronounced: Average PNCs dropped by 70% and maximum
PNCs by 85% after the closure of the airport. We cannot find — ot foush
statistically significant changes for wind from the direction of the Sabine Fritz, Sebastian Aust and Tobias Sauter
mOtOFWé\V-" Frontiers in Environmental Science, 2022

Sabine Fritz'*, Sebastian Aust? and Tobias Sauter*




The Berlin-Brandenburg Air Study — a natural experiment
investigating health effects from changes in airport-
related exposures

Arnt Diener, Sarah Lucht, Sabine Liichtrath, Lina Glaubitz, Kay Weinhold, : .FFDF.
Ulf Winkler, Alfred Wiedensohler, Josef Cyrys, Petra Gastmeier, Miriam & henith & Socety
Wiese Poselt’ and Barbara Hoffmann The Berlin Air Study - a natural experiment investigating health effects from changes in airport-related

exposures (BEAR Study)

Air pollution is a relevant risk factor for cardiovascular and respiratory diseases,

. o c for diabetes and reduced birth weight. Ambient ultrafine particles seem to be very [ 4
° The Berhn_Bra ndenbu reg Air Study (BEAR) |nvolves harmful. Due to their small size, UFP can be inhaled deeply into the lungs, enter @@@J
[ 4

the alveoli and penetrate biological membranes, enabling them to pass into the

. systemic circulation, overcome the placental barrier, and finally diffuse info all

800 e I e m e nta ry SCh OOI Ch I Id re n (ages 8' 12) organ systems including the brain and nervous system. Several studies have
already shown that long-term particulate matter pollution is associated with an

atte n d | ng a |t0get h er 1 2_ 1 6 SC h 00 I S near th e accelerated decline in neurocognition in old age and a slowed cognitive

development in children. In the vicinity of large airports ambient UFP

. . . concentrations are strongly elevated. A sysler_na_lic measurement and health evaluation of ultrafine dusts from road
closing Tegel (TXL) airport, near the opening i i oyl .S 1 1w whehr Al skl 0o onc
X politan area is facing a unique situation, which provides a perfect
. . . setup for a natural experiment for studying Aircraft-UFP. The move of Berlin's air traffic from Airport Tege! (TXL) to
Be I"l IN- B ra n d e n b u rg ( B E R) a | rpO rt, a N d N CO nt rO I Berlin-Brandenburg (BER) Airport at the end of 2020 will cause a significant change in the UFP concentrations in
parts of the Berlin city area. The Berlin Air (BEAR) study aims to assess the concentration changes in emissions
1 from both airport areas in TXL and BER and to investigate the short and long-term health consequences of these
a re a S (CT L) away fro m bOt h a Ir po rts a n d changes for children. To assess the health consequences of changing air pollution concentrations in Berlin we will
. . . examine altogether 800 schoolchildren aged 8-12 years in schools downwind of TXL and BER (approximately 2-6
adSSOClI ate d alr corri d ors. km downwind of the airports) and in schools located in a control area not affected by changes in aircraft traffic or
other airport-related exposures. Repeated measurements during a time period of 2 years are planned, in order to
Q assess baseline conditions as well as conditions during and after the relocation of aircraft traffic.
* We will analyze short-term effects of UFP as well
. Funding
as long-term effects on lung growth and cognitive Duration 01102018 01102023
. . . Team Barbara Hoffmann, Vanessa Soppa, Anna Buschka
d eve I O p m e nt Co m p a rFin g g ro Wt h t raJ e Cto rl eS External collaborators Alfred Wiedensohler (Leibniz Institute for Tropospheric Research), Andreas Held
(Institute of Environmental Technology, Berlin), Christoph Schneider (Geography
a C rOSS t h e t h re e SC h OO I a rea S . Department, Humboldt-University Berlin), Josef Cyrys (Institute of Epidemiology,

Helmholtz Center, Miinchen), Petra Gastmeier und Miriam Wiese-Posselt
(Charite Berlin), Martijn Schaap (TNO, Netherlands Organization for Applied
Scientific Research, Eindhoven NL), Stephan Weber (Technical University,
Braunschweig)

Publications



Study before and after expansion:
for example, at Tweed Airport in New Haven

* Tweed Airport in New Haven,
Connecticut plans to extend their
runway, expand their facility, and
increase their daily number of
flights.

* Alocal group — 10,000 Hawks — is
working with community science
organizations to document
observed emissions of ultrafine
particles and NOx.

24



Future Work

1. What is an efficient strategy for characterizing aircraft emissions impact on ground-

level air quality?

Data collection =2

models =2 exposure assessment = health-effect investigations

— mitigation strategy evaluations

Stationary, Mobile, Hybrid, Networks....

Latest work with drones

Use of a UAS (drones) to measure aviation plumes

* Research question: can drones deliver the data needed to
understand the dynamics of aircraft pollutant plumes?

time

* Study area: Boston Logan Airport

* Pollutant:

* Ultrafine particles (< 100 nm in diameter)
* Present in high concentrations in aviation emissions

25



Future Work

2. The chemical composition of particles and toxicology remain unstudied except
perhaps in very near-field.

Fushimi, A., Saitoh, K., Fujitani, Y., and Takegawa, N.: Identification of jet lubrication oil as a major
component of aircraft exhaust nanoparticles, Atmos. Chem. Phys., 19, 6389-6399,
https://doi.org/10.5194/acp-19-6389-2019, 2019.

“Using size-resolved particulate samples collected near a runway of the Narita
International Airport, Japan, we clearly demonstrate that organic compounds in the
ambient nanoparticles (diameters: <30 nm) were dominated by nearly intact forms of
jet engine lubrication oil.”

3. What changes should be expected from changing fuel-mix, newer standards, and
shift to SAF?

26
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