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Air pollution and human health:
a national problem but a global crisis

Estimated 8M premature deaths annually globally

Mortality rate attributed to household and ambient air pollution, by WHO region, 2012*
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Low-iIncome countries

are worst affected
(92% of pollution-related deaths)
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evels in Cambridge
on one afternoon

with a microscope. PM can be made up
of different chemicals.
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NOXx ( NO + NO2)

Primarily emitted by cars and trucks
Associated with asthma  attacks,
respiratory illness and cardiovascular
effects

Particulate Matter (PM)

Emitted directly or formed in the atmosphere
Particles less than 2.5 micrometers in
diameter, (fine particles or PMz2s), pose the
greatest risk to health.



Particulate Matter (PM)

Particle size is important:

Respiratory System

« Affects transport
« Time suspended in the air

* Related to chemical composition
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Measurement techniques for air quality

Reference-qgrade
Instrumentation

Expensive to set up and
maintain

Require roadside infrastructure
to house them

* Well-quantified accuracy
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Measurement techniques for air quality

Reference-grade _90
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« Expensive to set up and

maintain — Less resources
* Require roadside infrastructure Where mOSt needed

to house them

* Well-quantified accuracy
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Air pollution and human health:
what do we know?
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Air pollution and human health:

N

-

% T = dira. o I}
85 onr Sateliig oy e
S e e e N
AT
N e

] -
BreptPark

23 UNIVERSITY OF

a9 CAMBRIDGE

what do we know?

» Single and dual pollutant models for NO, and PM, .
all only explain the same fraction of health
outcomes..... (UK COMEAP)

Lags of 1,2,3days  All these show the same effect - why?

Published in: Faraday Discussions, 2020
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Vs
« Some studies suggest surface O; can have a

protective effect? ...O, often anti-correlated with other
pollutants

= Cannot reliably distinguish causal links
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Critical knowledge gaps:
personal and indoor exposure
.\’35 ~ .+ Activity patterns
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State-of-the-art health models: the next step

Anrvasl Nean NO, Modeled uring ADMS-Urban

1. Sensor networks

Published in:
Chatzidiakou et al., Atmos. Meas. Tech., 2019

3. Automated time - 4. Novel health and exposure
activity patterns metrics
= // 5 Mode of commuting Ambient Relative (hesith) risks of different pollutants
® walking :%:&:arnﬁisl:a;gzr-l:iy? ’ - YSAmbienf measurements

\ Ambient
10 haymful {] * I
cycling 0, can have a profective : (RS 1

(=]
. effect? ...O; often anti- 5 l 3
W Tunning correlated with other 5| beneficial HE
pollutants PM,; CO NO  NO, 0,
car Personal measurements
® bus PM, 5 harmful... w[ Farmfal { ] l T
Personal : [ } Hl e %
® tube NO, no longer statistically | beneficial ]H
significant......
train PM,. CO NO NO, O

Published in: Faraday Discussions, 2020

Published in:
Chatzidiakou et al., BMC
Env. Health, 2022

» “Everyone’s disease is the product of the
individual history of exposures, superimposed
on their underlying genetic susceptibilities”

* Beyond hard and rare outcomes...
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Sensor networks
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Sensor technologies
Increase spatial and
temporal resolution in a
way not possible before



Data assimilation methods (indoor air)

(A) Inert pollutant

A simple model to estimate
iIndoor air pollution levels

Indoor sources
(cooking, cleaning,
smoking etc)

concentration / a.u.

L

Ou
ger

tdc

el

)Or-
ated

Ventilation to outdoors (B) Reactive pollutant

Ventilation and other

5/10 15 20 25 3

AN
I

confentration / a.u.
L4

TTTTTTT T T T T T T T T I T T TITITTT1
00:00 06:00 12:00 18:00 00:0C exposure

processes (indoor
sinks) k
1=I_IIIIIIII|IIIII.IIIIII.I
@B UNIVERSITY OF 00:00 06:00 1200 18:00 00:00

4¥P CAMBRIDGE time

Out
gen

tota

door-

Emlated

total
exposure



Data assimilation methods (indoor air)

(A) Inert pollutant

Location, building ;0 |

characteristics, materials, P

operation and maintenance = E o

Large variation between and g 2 L Jk&
within microenvironments 0 g e
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00:00 06:00 12:00 18:00 00:0C exposure

Examples of a “Victorian” and contemporary school with (B) Reactive pollutant
notable differences in indoor air pollution (London)
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Data assimilation methods (indoor air)

Location, building h
characteristics, materials, G{{a l‘edi an

operation and maintenance = T
Large variation between and . , utdo

o : : Air pollution worse inside London
within microenvironments classrooms than outside, study finds

Exclusive: study of schools in capital finds dangerous levels of fine
particulate pollution within classrooms, putting children at risk

Examples of a “Victorian” and contemporary school with
notable differences in indoor air pollution (London)

© The mayor of London, Sadiq Khan, has announced a £1m fund to help tackle air pollution in
schools. Photograph: Stefan Rousseau/PA Images




Outdoor measurements vs

personal exposure (school)

Qutdoor CO; levels Indoor CO, levels
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Modelled CO, levels
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Outdoor measurements vs

personal exposure (home)

Personal measurements Monitoring station Outdoors
(A) Inert pollutant
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Outdoor measurements

VS personal exposure (sensor network)

(a) 3D view, short term exposures removed
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(b) frontal view, including short-time exposures
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Personal exposure +
Outdoor exposure



Automated time-activity patterns

Geo-spatial p -

and temporal \C
clustering RS

Mode of commuting

Lv."'v".“‘r‘»,«(a) |

® walking
Mode of transport | o o
classification - running
(Al algorithm) B =

® tiube

® ftrain

= Automated interpretation with advanced spatial analysis, Al
and innovative methods

1‘1 ] UNIVERSITY OF Chatzidiakou et al., BMC Environmental Health., 2022
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Automated time-activity patterns

Activity log
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Deployment of a PAM: illustrative example

gy | CEIVITIES J\ m Peak exposure events
e ] | | | | due to local outdoor
%0 | accelerometer (traffic) and indoor
i35 1 threshold 1 _ M ' Ki
91 N " e (cooking) sources
2° T background noise canc?ot be captllj(red with
] outdoor networks
e JU_A_LJM@._M_M_H u,,.."WLNMUE !
™o 120 o ! ‘
3 ERLLEE cookin
= B0
% =
0= | I J‘L [ [ I I I I
800 . : d e gl B
g 07 Carbon monoxide no S § N ; -’ Q
2 o | Nitric oxide U cycling ‘w b e R TR
o 30: ) 1 | : e %o n ome
80 I I I I I || I i ancazster @ Carbus
o 60+ Nitrogen dioxide li | T ¥ Eﬂilﬂi?yi?e
8 | LN T o
: : — B ""'-u,,_n.w-"""“'--‘. e e R 1 W "n\_ﬁ,...Jl-.-'T",. i oo : . [ o label
0300 0600 0900 1200 15:00 18:00 2100 0000 0075 000 kln 0150 075
Time series of PAM parameters during a typical day Visited locations and commuting
,t i UNIVERSITY OF mode during one typical vvzezek
a9 CAMBRIDGE



Why physical activity important?
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Physical activity
important for dose!!!
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work |
shopping
home

Activity weighted
dose estimation

Mean dose Mean dose

estimation estimation

inhalation rates

Activity weighted
dose estimation
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Why physical activity important?

LTQ-Orbitrap Mass

Different sources operate in different
~ P Spectrometer @UCAM.

microenvironments
— Affect chemical composition
= Particle toxicity is very different !!!

The oxidative potential of inhalable airborne

particles is a measure of their ability to directly 12 200
cause oxidative stress in the lung by depleting 135;%%;;3_:3220 e
the antioxidants naturally present e e A o TR ° e
flwds T e . WY\l ,,K/- //"’f. 20
. Extractlon of mhalable and resplrable S B o -4 /://E/ B -so§
~ PM samples in_a surrogate lung fluid &= %1 ‘?/j.//
| containing glutathione and @scorbid) | W vap BTN —— S
acid (natural antioxidant).” = ™ R =3 1 aiy — 0
.« ,HPLC MS analysrs of the extracts o o PM o[::iemramfi]nSELFii?mL-') o
. ‘Measurements of the kinetics of the Example of depletion kinetics

depletion of the natural antioxidants. from Shahpoury et al. 2019

_ Atmos. Meas. Tech., 12, 6529-
al. s 24
C AMBRIDGE 6539, 2019.




Personal exposure +
Personal dose



The AIRLESS project
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« Parallel medical monitoring

Journal of Exposure Science & Environmental Epidemiology (2020) ) 30.981-9 89
g 038/541370-020-0259-6

ARTICLE

Using low-cost sensor technologies and advanced computational
methods to improve dose estimations in health panel studies:
results of the AIRLESS project

Lia Chatzidiakou™' - Anika Krause' - Yigun Han™* - Wu Chen’ - Li Yan™ - Olalekan A. M. Popoo
Mike Kellaway® - Yangfeng Wu® - Jing Liu’ - Min Hu®*® - AIRLESS team - Ben Barratt™® - Frank J. |
Tong Zhu** - Roderic L. Jones'
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Chatzidiakou et al., 2020

[ Medical parameters ]
1

Clinical monitoring

Health Outcomes

To establish more reliable links between
air pollution exposure and health (in China)

§ UNIVERSITY OF

26




Urban Beijing Peri-urban Beijing (Pinngu)
High-rise residential blocks Agriculture activities

Centralised heating Biomass burning for domestic energy
o LT (cooking, heating)

sl LREL 2

Atmos. Chem. Phys., 19, 7519-7546, 2019 Atmospheric

hitps://doi. org/10.5 1947acp-19-7519-2019
® Author(s) 2019. This work is distributed under Chemistry
the Creative Commans Atiribution 4.0 License. and Physics

U N IVE RS ITY O F Introduction to the special issue “In-depth study of air pollution
' sources and processes within Beijing and its surrounding region 27
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Personal activity vs ambient monitors...

1) Over 80% of time 2) Large spatial 3) Diurnal patterns
spent indoors coverage
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Personal activity vs ambient monitors...

1) Over 80% of time
spent indoors

c° NO.
E s
(@)
3 3 —
(0]
fa) 8 ,
Time budget of o) i = A: ambient
participants 2 — ts +
o A B A B measgre_men |
B Other: 10% urban peri-urban generic inhalation
} ] I:)M2.5 =
Home: 84% Eol = B: personal
>° | .
2 i monitoring +
Transit: 2% Q 4 aCUVlty
g Other: 7% Dg i
< A B A B
5 urban peri-urban
Q.

Home: 91%

2) Exposure not well represented
(overestimated) by outdoor air
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The AIRLESS project: personal dose

(a) Weekly pollutant dose by participant (b) Density plots
12 M Home I Train/tube PM .
o0 Bl Sleep [l Motorcycle urban 2.5 perl-urban PM
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The home microenvironment was the most
8 UNIVERSITY OF important modifier of personal dose
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How does this compare to the UK?

(a) Absolute concentrations

PM, . Pollutants  monitored  with
1251 Tr o 1il |PAMs in 250 AIRLESS
100/ J : participants and 35 London
T ; ' participants during a week.
.g_ - 751 "
o = .
P~ L& 50‘
S -3 i
o 251
o1 B
&S
&
&
H AIRLESS (China) . mean outdoor levels AIRLESS
[ Pilot (UK) - --- mean outdoor levels Pilot

1) Outdoor affects personal exposure
2) CHINA: home exposure high
3) UK: PMin underground high

4% CAMBRIDGE 31



How does this compare to the UK?

(a) Absolute concentrations

PM, . Pollutants  monitored  with
1257 101 il |PAMs in 250 AIRLESS
100 : J ; participants and 35 London
T : ' participants during a week.
% 50-. .
= | -
~ 251
o] i
cﬁ“@\“"lf (b) Normalised dose
[ Plot () - mesn utdoor el it CHINA UK
100% — R
80% — .
1) Outdoor affects personal exposure 60% —
2) CHINA: home dominates exposure 40% —
3) UK: PM in underground very high 20%
4) UK: commuting significant faction 0 ! . -
~ 5 = O O
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Relative (health) risks of different pollutants
(using ambient air measurements)

Mixed effect linear models
ingl |
Lags of 1,2,3 days (single pollutant)

Published in: Faraday Discussions, 2020

harmful * : - l IH ______________________ o

-5

beneficial .10 l } I

PM,. CO / NO NO, O,

C-reactive protein (CRP) is released into
the blood within a few hours after tissue
injury, the start of an infection or other

* PM, ., CO, NO and NO, all show significant harmful infiammation.
associations (proxies?)

* O; shows significant beneficial outcome (?) Analysis and
graph by Yigun
Han 34




Relative (health) risks of different pollutants
(using personal measurements)

Mixed effect linear
Lags of 1,2,3 days models (single pollutant)

\ _ Publ_ished in: Faraday Discussions, 2_020
10 ]
harmful : HI I I I ] ______________________ %
beneficial s I I I

PM,. CO NO /NO, O,

C-reactive protein (CRP) is released into
the blood within a few hours after tissue

Key difference: NO, risk no longer statistically [ he startotaninfection orother
significant......

inflammation.

Analysis and
graph by Yigun
Han 35




Relative (health) risks of different pollutants

Lags of 1,2,3 days

0.3
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Mixed effect linear
models (single pollutant)

Indoor-generated CO a

proxy for indoor combustion

sources?
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Relative (health) risks of different pollutants

Lags of 1,2,3 days

0.3

Mixed effect linear
models (single pollutant)

Indoor-generated CO a

proxy for indoor combustion

sources?

Qutdoor-generated NO, a

proxy for traffic intensity

harmful ,, ixg] EII CO
0.1
KXyl *aw
0.0 o
) _ .
U)O 15 Ey i;I N
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Relative (health) risks of different pollutants

Lagsoczf 1,2,3 days Mixed effect linear
harmful .| £44  iEd CO models (single pollutant)

0.1

s xS = = Indoor-generated CO a
Q5 if? NO proxy for indoor combustion
S < " sources?
2 @ o it NO, — Qutdoor-generated NO; a
q.) CG . . .
S 2 o IIT 1o proxy for traffic intensity
O @ T 1ty i1 — Single-pollutant models
1
i HI O3 cannot control for
beneficial |~ ** I e correlation (or anti-
30 H correlation) between
generated generated
5.8 UNIVERSITY OF .




Relative (health) risks of different pollutants

Lags of 1,2,3 days
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Mixed effect linear
models (single pollutant)

Indoor-generated CO a

proxy for indoor combustion

sources?

Qutdoor-generated NO, a

proxy for traffic intensity

Single-pollutant models

cannot control for

correlation (or anti-

correlation) between

pollutants
Qutdoor-generated PM more
toxic than previously
thought
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Personal monitoring vs
ambient measurements

— Health risk assessment bias from
exposure ‘error’
— Effects of source-related exposure on

health?
— Improved statistical methods!

= understanding and policy
iImplications....
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Measurements and models: the next steps

(a) Outdoor dispersion modelling

‘;;/\; . 10.0-
I 0 12.5-

Il 17.5
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— Extrapolate personal exposure in large-
scale health studies to create more reliable

12.5
15.0 2 = .
175 | (b) Indoor air pollution modelling
Outdoor PM2.5 levels (modelled)
(C) Indoor PMzs Ievels(measured)
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(c) Activity modelling

health-response functions

by | UNIVERSITY OF
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= Advanced scientific knowledge for

efficient policy and decision-making

= Empower individuals/communities to

reduce environmental health risks

= Societal gains
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+ teams!!

APHH project
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