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Toxicity of airborne particles

Established evidence and knowledge gaps
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Cohort studies link PM, .

cardiopulmonary mortalit
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Ambient PM: toxicological
evidence

cardiovascular

lungs
system

* Contribution of oxidative stress to
mechanisms by which inhaled PM
induces CVD

- A complex series of interconnecting
mechanisms underlies the effects ===,
of inhaled PM on cardiovascular
morbidity & mortality

e

stroke

Miller 2020. Free Radic Biol Med Jan 7. pii: S0891-5849(19)32275-0
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Differential toxicity of ambient PM

* Represents one of the most challenging areas of environmental health research
* Has prompted momentous research efforts
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Differential toxicity: overall consensus
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October 2013

National Particle Component Toxicity (NPACT) Initiative:
Integrated Epidemiologic and Toxicologic Studies of the
Health Effects of Particulate Matter Comp

Morton Lippmann, Lung-Chi Chen, Terry Gordon, Kazuhiko Ito,
and George D. Thurston

NPACT Study 1. Subchronic Inhalation Exposure of Mice to
Concentrated Ambient P! rom Five Airsheds
Lung-Chi Chen and Morts

NPACT Study 2. InVi
Fine, and Ultrafine PM fro
Terry Gordon, M

is of Mortality, Hospi
ponents
ng Zhou, Arthur Nédas, Morton Lippmann,

NPACT Study 4. Mortality and Long-Term Exposure to PM, ; and
Its Components in the American Cancer Society’s Cancer
Prevention Study II Cohort

George D. Thurston, Kazuhiko Ito, Ramona Lall, Richard T. Burnett,
Michelle C. Turner, Daniel Krewski, Yuanli Shi, Michael Jerrett,
Susan M. Gapstur, W. Ryan Diver, and C. Arden Pope 1l

‘the studies do not provide
compelling evidence that any
specific source, component, or
size class of PM may be excluded
as a possible contributor to PM
toxicity’

HEI. 2013 National Particle Component Toxicity (NPACT)
Initiative
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Differential toxicity: overall consensus

Short-term Exposure to Particulate Matter Constituents and Mortality

in a National Study of U.S. Urban Communities

Jenna R. Krall,' G. Brooke And. TFr inici,?

L. Bell,? and Roger D. Peng'

1Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; 2Department of B
Harvard School of Public Health, Boston, Massachusetts, USA; #Yale School of Forestry and Environmental Studies, Yale Unix

New Haven, Connecticut, USA

Backcrounn: Although the association between PM, ; mass and mortality has been extensively
studied, few national-level analyses have estimated mortality effects of PM, 5 chemical constituents.
Ep]d.emm]ngn: studies have reported that estimated effects of PM, 5 on mortality vary spatially and

that iations between PM; 5 cunmmnu and mortality would not
if variation in chemical comp to variation in estimated

vary spauz]ly or
PM; 5 mortality effects.

OpjECTIVES: We aimed to provide the first national, season-specific, and region-specific associations
between mortality and PM; 5 constituents.

Meriops: We estimared short-term associations between nonaccidental mortality and PM, 5
constituents across 72 urban U.S. communities from 2000 to 2005. Using U.S. Environmental
Protection Agency (EPA) Chemical Speciation Network data, we seven constituents that
together compose 79-85% of PM, 5 mass: organic carbon matter (OCM), elemental carbon (EC),
silicon, sodium ion, nitrate, ammonium, and sulfate. We applicd Poisson. time-scries regression
models, controlling for time and weather, to estimate mortality effects.

Resurts: Interquartile range increases in OCM, EC, silicon, and sodium ion were associated with
estimated increases in mortality of 0.39% [95% posterior interval (P1): 0.08, 0.70%], 0.22%
(95% PI: 0.00, 0.44), 0.17% (95% PI: 0.03, 0.30), and 0.16% (95% PI: 0.00, 0.32), respectivly,
based on single-pollutant models. We did not find evidence that associations between mortality and
PM, 5 or PM, 5 constituenss differed by season or region.

Concrusions: Our findings indicate that some constituents of PM; 5 may be more toxic than others
and, therefore, regulating PM total mass alone may not be sufficient to protect human health.
Crration: Krall JR, Anderson GB, Dominici F, Bell ML, Peng RD. 2013. Short-term exposure

iculate matter constituents and mortality in a national study of U.S. urban communities.

to part
Environ Health Perspect 121:1148-1153; hup://dx.doi.org/10.1289/ehp.1206185

and California (Ostro et al. 2007
outside the United States (Cal
2009; Cao et al. 2012). Although 1
all estimated associations berwee
and individual PM, s constituents
constituents thar were associared
tality varied among the studies (¢
carbon (Cakmak et al. 2009; Cao
Tto etal. 2011), EC (Cakmak et al
eral. 2012; Ito er al. 2011; Ostro
Zhou et al. 2011), silicon (Ito ¢
Zhou et al. 2011), sulfate (Cao
Ito et al. 2011), nitrate (Cao ¢
Ostro et al. 2007), ammonium
2012). Thus, there is uncertaint
contributions of specific PM, ; cor
TM; s-related mortality.

A national study of moreality
constituents could provide impo
mation about the toxicity of PM,
tribute to the scientific evidence b
to develop more targeted reguladi
ent PM. Different chemical con
PM, 5 are generated by differen
sources. For example, EC and

‘Associations with a given PM, 5
chemical component should be
considered as potentially indicative
of associations with another
component or set of components
with similar sources’

Krall et al 2013. Environ Health Perspect 121:1148-1153
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Global pressures & challenges

Non-exhaust PM
at the roadside

burning
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UK emissions of PM, ;. from road transport
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Particles from brake, tyre & road
surface wear constitute (by mass):
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UK Air Quality Expert Group 2019. Non-exhaust Emissions from Road
Traffic. http.//uk-air.defra.gov.uk
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Brake abrasion dust (BAD)
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* At minimally cytotoxic doses DEP &
BAD perturbed bacterial clearance
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Selley et al 2020. Metallomics 12:371-386
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Microplastics

< 5 uym particles & fibres produced from
breakdown of larger items eg clothing, car
tyres & mismanaged urban waste

Concern stems from:
* Global mass production (> 320 Mt/y)

* Persistence in the environment &
synthetic physiological fluids
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Airborne microplastics in an urban environment
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Deposition rates: 575 - 1008 per m4/d

Wright et al 2020. Environ Int 136: 105411
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Are inhalable microplastics affecting our health?
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Flocker Worker’s Lung

Persistent dry cough, shortness-of-breath,
chest pain

Infection in the airway
Inflammation of tissues surrounding bronchi

‘Health hazard exists from occupational
exposures to flock—associated dust’
(National Institute for Occupational Safety &
Health)

Kern et al 1998, 2000, 2003
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Domestic wood burning

«  Commonplace for residential heating in
mid- & high-latitude climates

* Throughout N America, wood stoves
remain most commonly used type of
residential heaters

« Europe is experiencing a return to home
heating with solid fuels owing to
aesthetic appeal & quest to reduce
fossil fuel combustion
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PM, . from domestic combustion in the UK

* Domestic sector produces 40% of the 2o
UK’s PM, 5

» Over 3 times more than road transport

* Burning of wood is largest contributor =
to PM emissions in domestic sector

* Emission factors for PM in wet wood * -
substantially higher than dry wood 0
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Desert dust storms
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The wider threat to human health

In the womb Baby/toddler Child Adult Older person

Outdoor pollution: vehicle exhaust, industrial emissions Indoor pollution: tobacco smoke, household fumes*

Harms from H ' Harms from
high pollution A high pollution

Accelerated decline
in lung function

Harms from Harms from Harms from
high pollution high pollution high pollution

Accelerated decline
in lung function

n Asthma.

Type 2 diabetes
Poor cognition
ks bt

m Lung cancer

Developmental
problems

Slower development
of lung function

Asthma Asthma

Start of
atherosclerosis

D Smaller head B
Lower birth weight
@ atterm Mare wheezing h

More coughs

@08

Type 2 diabetes

Heart attacks

0
7
N\
Q
0

Start of lung cancer

Royal College of Physicians & Royal College of Paediatrics & Child Health. 2016
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Possible causal pathways

Magnetite pollution nanoparticles Ambient BC particles on fetal side
in human brain of human placenta

Maher et al 2016. PNAS 7713:10797-108017 Bove et al 2019. Nat Commun 10:3866
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Health effects of PM, ; ... harder we look the more we find

CCS Disease Absolute increase in risk of admission to hospital per 10 million
descriptions person days associated with each 1 ug/m?increase in lag 0-1 PM,
108 Congestive heart failure; non-hypertensive —_— 068052 t00.84)
122 Pneumonia —_— 063048 100.78)
° H t h 1 f | 1 f I 55 Fluid and electrolyte disorders* — 043(034100.53)
ypothesis free analysis of large = = |
159 Urinary tract infections* — 0390.280049)

0.36 (0.24 t0 0.48)
0.32(0.23t00.41)
0.29(0.17 t0 0.40)
0.26 (0.13 0 0.38)
50 Diabetes mellitus with complications 0.19(0.12t00.26)

- Discovered new causes of hospital et T

127 Chronic obstructive pulmonary disease and bronchiectasis
d ata S et 157 Acute and unspecified renal failure*

100 Acute myocardial infarction

106 Cardiac dysrhythmias

Deficiency and other anemia 0.18(0.13t0 0.24)
0.14(0.02t00.25)
0.13(0.06 t0 0.20)
0.11(0.03 to 0.20)
0.11(0.0300.19)
0.10(0.02t00.17)
0.09(0.02t00.17)

. L4 101 Coronary atherosclerosis and other heart disease
a d m I S S I O n S 197  Skinand subcutaneous tissue infections*
153  Gastrointestinal hemorrhage
131 Respiratory failure; insufficiency; arrest
145 Intestinal obstruction without hernia*

« Even at daily PM, 5 concentrations

135 Intestinal infection* - 00700110012
. . 117 Other circulatory disease —-— 007(00210012)
beIOW Cu rre nt WHO uldellne 118 Phiebitis; itis and ism* -— 005 (0.00t00.10)
95 Other nervous system disorders - 005 (0.00t00.10)
151 Other liver diseases - 005 (0,020 0.09)
154 Non-infectious gastroenteritis* - 005 (0.01t00.09)
211 Other connective tissue disease - 0.04(0.01t00.08)
130 Pleurisy; pneumothorax; pulmonary collapse - 004 (0.00 t0 0.08)
134 Other upper respiratory disease - 004 (0.02 t0 0.06)
252 Malaise and fatigue - 003 (0010 0.05)
246 Fever of unknown origin* - 003 (0.00t0 0.05)
248 Gangrene* - 003 (0.00t0 0.05)
79 Parkinson's disease = 002 (0.00t0 0.04)
115 Aortic; peripheral; and visceral artery aneurysms - -0.03 (:0.06 0 0.00)
123 Influenza = -0.03 (:0.06 to-0.01)
Negative outcome contro: injury and poisoning — -0.04(:0.23t00.15)
05 0 05 10

Wei et al 2019. BMJ 367:16258
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