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Air Pollution and Health

*  Globally, air pollution is the largest environmental risk to health

*  WHO estimate that 4.2 million premature deaths every year can be
attributed to ambient (outdoor) air pollution

* Over 99% of people worldwide are exposed to levels of PM, . above
the WHO Air Quality Guidelines

* Understanding the links between air pollution and health require
detailed information of exposures to air pollution

= Clean Air
—~Programme

MANCHESTER

1824
The University of Manchester

AIR POLLUTION - THE SILENT KILLER

Air pollution is a major environmental risk to
health. By reducing air pollution levels, countries
can reduce:

Every year, around

7 MILLION
DEATHS

are due to exposure
from both outdoor

and household air
pollution.

REGIONAL ESTIMATES ACCORDING

TO WHO REGIONAL GROUPINGS: Over 2 million
Lo in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

in Africa Region

About 500 000

deaths in Eastern Mediterranean Region

About 500 000

deaths in European Region

More than 300 000
in the Region of the Americas
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Air Pollution and Health

Accurate estimates of exposure to air pollution are required
— Global, national and local levels
— Measures of uncertainty
How do we estimate exposures to air pollution?
— Multiple data sources and products
— Data is often out of date for decision making
— Lack of disaggregated/detailed information
What type of exposure
— Population level

— Personal level
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AIR POLLUTION - THE SILENT KILLER
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A realistic estimate of exposure?

* Majority of research related to the health effects of air pollution DEATHS LINKED TO OUTDOOR
has been at a population level AND HOUSEHOLD AIR POLLUTION

— Measured or modelled concentrations of ambient pollution -
& - 7 mI"IOI'I people die prematurely every year

. . ol 2 - fr I bothh hold and outdoor.

— Matched to residential address {1 e

Among these deaths:
* This does not necessarily reflect individual’s exposures to

different levels of air pollution throughout the day 21%6 o setosmen
* People move through a series of micro-environments with m 20% o
different levels of pollution
" 34%
— Work, home, school, outdoor, car, etc... et
.

(1\7% 8
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Data Integration Model for Exposures (DIMEX)

The University of Manchester

* The aim is to estimate personal exposures to air pollution

DESTRIAN

*  Framework for integrating data on air pollution concentrations
with population demographics, activities, locations and other
factors affecting individuals' exposures

e TRUCK

* Simulate the daily exposure of different population groups | | A= \ E

using agent-based modelling |
r

» Differences between personal exposures and concentrations

* Consider all information relating to individual's exposure to
pollutant in question

— Irindividual factors, e.g. age and sex
— E: external factors, e.g. pollution, temperature

— B: human behaviour

~=f= Clean Air UK Research
~\&—Programme == Met Office and Innovation

6



. . MANCHESTER
Framework for Personal Exposures Estimation {54

The University of Manchester

*  DIMEX consists of structural linkages between the model
elements and builds upon previous exposure simulators,
including pCNEM, SHEDS, APEX

* Incorporates new modelling techniques and increasing T - I —
. oy opulation and S - . " o " . ]OULI'?J‘S:
availability of data " ime frame — dsrbt
— Demographic information o e -
* Time period M~ Hourly
*  Age Study period and Tirrzs:;s:)ata Micro— ; personal
.« . e Sex area environments exposures
— Activity patterns « Employment :
* Socio-economic
. H . :lt::rt:ts:er of 2.l — .
— Micro-environments chmbies resars —
required (SPENSER) — (HSE) temperature data

* Generates a sequence of pollutant concentrations to which a

randomly selected individual is exposed over time ik i i
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* Estimates of personal exposures aggregated to populations

=
[e)]
f

— Measures of uncertainty

N
~
-

— Individual’s personal trajectory maps

=
N
N
o

— Map differences between personal exposures and
concentrations

iy
o

[0¢]

* Can be used as inputs for health impact analyses and
epidemiological risk models
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*  Population Data

— Sampled from an underlying synthetic population
(SPENSER) from the area of interest.

— SPENSER combines census data with other surveys and
datasets to create a geo-referenced synthetic population
forecast.
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Data Integration Model for Exposures (DIMEX)

*  Population Data

— Sampled from an underlying synthetic population
(SPENSER) from the area of interest.

— SPENSER combines census data with other surveys and

datasets to create a geo-referenced synthetic population
forecast.

Activity Sampler

— UK Time Use Survey provides information on how people in
the UK spend their time.

— Diaries consists of sequences of activities and the locations
that they take place in.
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*  Population Data

— Sampled from an underlying synthetic population
(SPENSER) from the area of interest.

— SPENSER combines census data with other surveys and oo
datasets to create a geo-referenced synthetic population o \/ V
forecast. e
« Activity Sampler ea
— UK Time Use Survey provides information on how peoplein .. \/ v \/ \/ \Jf _
the UK spend their time. oo
— Diaries consists of sequences of activities and the locations ol Loy A /\\% /\2%: géég e
that they take place in.
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Data Integration Model for Exposures (DIMEX)

*  Population Data

— Sampled from an underlying synthetic population
(SPENSER) from the area of interest.

— SPENSER combines census data with other surveys and
datasets to create a geo-referenced synthetic population
forecast.

e  Activity Sampler

— UK Time Use Survey provides information on how people in
the UK spend their time.

— Diaries consists of sequences of activities and the locations
that they take place in.

— Locations were categorised into four “micro-
environments”: Home, Indoor-not-home, Outdoor and
Transport.
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Micro-environments

]

!

]

Home

Indoor-not-home

* Home
* Other people’s home
* Second home or

weekend house

* Arts or cultural centre
+ Hotel, guesthouse, or

camping site

= Other specified location

(not travelling)

* Restaurant cafe or pub
+ Shopping centers,

markets, or other shops

* Sports facility
* Working place or school

Outdoor

* Parks, countryside,

seaside beach, or coast

+ Travelling by bicycle
* Travelling on foot

Transport

* Travelling by aeroplane,

* Other specified

* Unspecified transport

boat, bus, car, coach,
lorry, moped,
motorcycle, motorboat,
ship, taxi, tractor, train,
tram, van, or
underground.

transport mode

mode
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* Exposures

— Activity sequences matched to concentrations of air
pollutions in each micro-environment. O r— March - Api

-
™

— Modelled as a function of the ambient and/or non-ambient
sources of air pollution.

-
w

— OQOutdoor concentrations come from ground measurements
or EMEP model.

-
~

o

SURF_ug_PM25 [ug/m3]

o
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* DIMEX was used to estimate personal exposures for simulated

individuals in Greater Manchester, UK i i
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— 10 metropolitan boroughs

— 364 MSOAs

Bolton

* Used modelled concentrations from EMEP for January — March
2021

St Helens Newton-le-Wilty
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Case Study: Greater Manchester

*  DIMEX outputs hourly estimates of personal exposures that
can be aggregated over space and time

* Compare personal exposures and ambient concentrations
temporally

— Differences of up to 15 ug/m3 for days with high
concentrations

* Compare personal exposures and ambient concentrations
spatially

— Largest differences between the personal exposures
and the ambient concentrations in urban areas

*  Personal exposures are generally lower
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* |t’simportant that we accurately estimate exposures to air pollution
* Many different data sources, types and products all telling the same thing
* Data Integration can be used to bring many of these sources together
— Data Integration Model for Exposures (DIMEX)
*  Many more things to do can be done
— Linking directly with health
— Short-term exposures
— Other pollutants/exposures

* Requires collaboration
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Thank you! Any questions 2

The University of Manchester

. Get in touch: matthew.l.thomas@manchester.ac.uk
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