Health Protection Research Unitin
Environmental Exposures and Health
at Imperial College London

Imperial College NIHR

Health Protection Research Unitin
Chemical and Radiation Threats and N I H R
London

Hazards at Imperial College London

The very large health impacts of very
small particles in the air.

MRC
lan Mudway Centre for Environment & Health

9th June 2022

Medical — |mperial College
Council London




Air pollution - the facts
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What are the harmful components of PM2.5?
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Black Carbon — a better health indictor?
Toxic component or source indicator?

C -
[E : 1 E -
Ni —_— v o
Nitrate *> Na® -

cl P e OCM - -

Na’ > Cu -

an Y T Ny —_——

Cu - cl —p—————

pb *> s' —_———

NH{ - Ti .
A - Mg -
OCM > Al = [/ \=S=

Fe > Nitrate .

As . K
Si —_———— In

CO - pb A3
K . As -

Sulfate > Fe o

Mg > Sulfate -

T - NH; -
I i 1 1 j 3 1 1 ! 1 | I 1
60 40 20 0 20 40 60 -1500 -1000 -500 0 500 1000
% increase in PM,  CVD nsk estimates per IQR in component % increase in PM, 5 respiratory risk estimates per IQR in componen!

Estimated county- and season-specific relative risks (RR) of cardiovascular and respiratory hospitalization
associated with PM, . components in 106 U.S. counties for the years 1999 through 2005



Short-term exposure to traffic-related air pollution
and daily mortality in London (2011—2012)

Total mortality Respiratory mortality
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NOx: General traffic indicator

CO: Petrol vehicle exhaust

EC: Diesel vehicle exhaust

BC: Diesel vehicle exhaust

Cu: Brake wear

Zn: Tire wear

Al: Road dust resuspension Atkinson RW, et al. Int J Hyg Environ Health. 2016;219(6):566-72
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Particle number
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Dementia Risk in London

A first recorded diagnosis of dementia and, where specified, subgroups of Alzheimer’s
disease and vascular dementia during 2005-2013.
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Adjusted HR (95% confidence interval)
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Air pollution linked to much greater risk
of dementia

Risk in over-50s increases by 40% where highest nitrogen oxide
levels exist, study shows

A King's College London study could not find factors other than pollution to explain higher incidence of dementia.
Photograph: Adrian Dennis/AFP/Getty Images

Air pollution may increase the chance of developing dementia, a study has
suggested, in fresh evidence that the health of people of all ages is at risk
from breathing dirty air.



Impacts on mental health

Overall sample (n=1052) Non-Movers (n=754)
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Magnetite pollution nanoparticles in the human brain
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RAPTES study

36 healthy subjects: 11 male, 25 female Mean age: 22 years

5h with intermittent , il
. N — “" L - Q o A‘Aér 4‘
exercise I g— : by Th it

Medical | PM

Exam Exposure

v

S : ?:.’ . :
2h 17.5h Underground platform
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Nasal Lavage Time
Pts.

Nasal Lavage (NAL) Measurements:
Trace Metals — Fe, Cu, Zn, Pb, Ni, Cr, Al, V (endogenous/dietary and ambient PM
sources) Ba, Sb (no endogenous form but ambient PM sources)

Cl, Br, Ca (endogenous forms and weak ambient PM source)
Metal Handling Protein — Transferrin

Strak M, Hoek G, Godri KJ, Gosens |, Mudway IS, van Oerle R, Spronk HM, Cassee FR, Intersection Urban Background
Lebret E, Kelly FJ, Harrison RM, Brunekreef B, Steenhof M, Janssen NA.



PM Concentration (ug m")
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Trace Metal Responses - Fe

qUF = PM, 15
aPM =PM; 15,5
cPM =PM, ¢ 1,

PM Fe (ng m3)

Nasal Lavage Fe (ng mL1)
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Trace Metal Responses - Gu

qUF =PM, 14
aPM =PM; 15,5
cPM =PM, ¢ 1,

PM Cu (ng m3)
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Trace Metal Responses - Sh

qUF = PM,, 14
aPM =PMg 15,5
cPM =PM, 1,

PM Sb (ng m-3)

NAL Sb (ng mL?)
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Transferrin Response

Urban Background Intersection Underground
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* Irrespective of the elevated Fe dose associated with exposure at the Underground, a homogeneous temporal
response was observed across sites.

* It is unclear if transferrin was capable of binding the increased Fe PM concentrations deposited in the upper
airway following an Underground exposure challenge.



Assessment of Redox Activity
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Ascorbate Depletion Rate (nM second?)
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