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 Editorial: Measuring and monitoring in 
complex times - the case of air pollution 

Thomas Verbeek and Calvin Jephcote, Department of Sociology, University of Warwick

Air pollution is increasingly seen as a major public health issue, with new research 
outputs covered by international organisations and the national media every few weeks. 
The World Health Organisation (WHO) states that “clean air is a basic requirement of 
human health and well-being”. While the relationship between day-to-day exposure and 
cardiorespiratory conditions is firmly established, the effect of air pollution is far wider 
reaching, with emerging research demonstrating that exposure to air pollution harms 
cognitive performance. This has reignited the public debate and led to renewed calls for 
tackling the air pollution problem in our cities. 

In media coverage and public debate, numbers are an important means to convey a 
message and increase the awareness of air pollution. They can help to get an idea of the 
scale of the problem and make it more tangible. A good example is the highly cited 2015 
Nature article, which claims that outdoor air pollution causes more than 3m premature 
deaths a year, being the biggest single killer in the world (Lelieveld et al., 2015). 
However, in the context of air pollution, numbers and data are mainly used to quantify 
exposure levels in response to (legal) limit values, or to compare air quality across 
different cities and countries. 

While numbers and data are more and more readily available, at increasingly higher 
resolutions, they are also increasingly questioned by those not involved in data 
production. Citizens often distrust government data, politicians sometimes ridicule 
scientists, and measurements by citizens are in many cases not valued at all. The level 
of distrust was elevated following the modelling inaccuracies of major American and 
European projects, which evaluated the temporal burdens of air pollution within multiple 
urban locations. For instance, the ‘National Morbidity and Mortality Air Pollution Study’ 
(NMMAPS) of 90 US cities, originally associated a 0.41% increase in mortalities per 
10μg/m3 of PM10; yet in the reanalysis under more stringent conditions the estimate fell to 
0.21%.

While distrusting or ridiculing data may have strategic and political motivations (e.g. to 
downplay the seriousness of a problem), it also stresses the ambiguity and bias of any 
kind of indicator, measuring method or air quality standard. There is not one correct and 
objective way of measuring, monitoring and analysing a complex issue such as air 
pollution. Instead, evidence is always problematic, not a matter of simple fact and truth, 
but produced through social processes. In every quantitative analysis methodological 
choice is involved in shaping the scope and form of the evidence claims that can be 
made, and the knowledge that is generated and not generated (Walker, 2012). 

Apart from measuring or monitoring the exact exposure values at a specific location or 
for a specific person, the pathways to health effects are even more complex and the 
individual risk almost impossible to quantify. There is continuing disagreement about the 

http://www.stateofglobalair.org/sites/default/files/soga-2018-report.pdf
http://www.theguardian.com/environment/2018/jul/18/asthma-deaths-rise-25-amid-growing-air-pollution-crisis
http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://www.pnas.org/content/early/2018/08/21/1809474115
http://www.pnas.org/content/early/2018/08/21/1809474115
https://www.theguardian.com/commentisfree/2018/aug/28/the-guardian-view-on-air-pollution-its-time-for-politicians-to-clean-up
https://www.nature.com/articles/nature15371
https://www.theguardian.com/environment/2016/may/12/air-pollution-rising-at-an-alarming-rate-in-worlds-cities
https://www.theguardian.com/environment/2016/may/12/air-pollution-rising-at-an-alarming-rate-in-worlds-cities
https://www.healtheffects.org/system/files/TimeSeries.pdf
https://www.healtheffects.org/system/files/TimeSeries.pdf
https://www.healtheffects.org/system/files/TimeSeries.pdf
https://www.routledge.com/Environmental-Justice-Concepts-Evidence-and-Politics/Walker/p/book/9780415589741
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possibility of defining safe exposure levels to air pollution, with no evidence available 
about an acceptable concentration level at which there will be no adverse effects (Beelen 
et al., 2014). This also means that the standards we work with today do not really reflect 
health concerns, these are rather the result of political negotiations and strategies. This 
is clearly seen in the big difference between well-known limit values, such as the EU Air 
Quality Standards and the WHO guidelines. While the EU currently works with a 
maximum average annual exposure limit of 20 µg/m3 for PM2.5, the WHO advises a 
threshold of only 10 µg/m3. 

Tokyo traffic (Photo by Ryoji Iwata on Unsplash) 

In this Toxic News issue, we explore the role of data, indicators and quantitative 
analyses in today’s global air pollution problem. The different contributions show how the 

https://www.sciencedirect.com/science/article/pii/S0140673613621583
https://www.sciencedirect.com/science/article/pii/S0140673613621583
http://ec.europa.eu/environment/air/quality/standards.htm
http://ec.europa.eu/environment/air/quality/standards.htm
http://www.who.int/airpollution/publications/aqg2005/en/
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way we measure, monitor and analyse air pollution has a big impact on how the problem 
is perceived, framed and tackled. 

The opening article (Emma Garnett) deals with the elemental ambiguity of PM2.5, one of 
the most important indicators to measure and monitor air pollution. Emma shows how the 
choice of indicator and measurement affects our understanding of the world and framing 
of the problem. 

The second article (Nic da Schio) focuses on new ways of collaborative research and 
collaborative measuring of air pollution. This coproduction of knowledge would not only 
lead to a different research focus and other indicators, aligning with citizens’ daily 
concerns. The process itself could also lead to growing awareness and understanding 
and an alliance between researchers and citizens. 

The importance of collecting data and measuring air pollution is maybe never as clear as 
in the third article (Samuel Agyei-Mensah, Ayaga A. Bawah and Elvis Kyere Gyeabour), 
which presents an account of a data-poor region. It shows the role of data and 
monitoring in agenda setting and defining a problem, because when there is no data, 
there is no problem. In a way, the article forms a plea to invest in data collection in 
developing countries so that the problem may be recognised. 

The fourth contribution (Calvin Jephcote) broadens the scope of quantitative analysis by 
not only focusing on measuring pollution, but also including socio-economic variables 
and ethical principles (i.e. polluter pays). By combining these different kinds of variables, 
the aspect of environmental justice enters the discussion. 

In the final article (Heike Köckler) the complexity of environmental health and 
policymaking is narrowed down to a framework with a selection of straightforward 
indicators, combining environmental burdens and socio-economic vulnerability. It 
simplifies reality to support decision-making, but at the same time it puts a very high 
responsibility on the people who decide on which indicators count, how they are 
measured and how they are combined. 

We conclude with a list of emerging environmental health data sources, compiled by Jon 
Fairburn. 

(Featured Image: Warsaw smog, R. Kolakowski - Flickr)

http://toxicnews.org/2018/09/03/the-elemental-ambiguity-of-pm2-5/
http://toxicnews.org/2018/09/03/lair-dun-bruxellois-self-portraits-of-personal-exposure-to-air-pollution/
http://toxicnews.org/2018/09/03/challenges-of-monitoring-and-developing-environmental-policy-in-sub-saharan-africa-the-case-of-air-pollution-and-biofuels-in-ghana/
http://toxicnews.org/2018/09/03/post-industrial-structures-of-environmental-injustice-within-western-europe/
http://toxicnews.org/2018/09/03/decisions-for-a-healthy-and-just-city/
http://toxicnews.org/2018/09/03/emerging-environmental-health-data-sources/
http://toxicnews.org/2018/09/03/emerging-environmental-health-data-sources/
https://www.flickr.com/photos/radekkolakowski/22798350941/in/photostream/
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The elemental ambiguity of PM2.5

Emma Garnett, Research Fellow in the School for Population Health and Environmental 
Sciences, King’s College London

Contact:  emma.garnett@kcl.ac.uk / twitter: @emmargarnett

Introduction

Particle pollution in the air is a mixture of solids and liquid droplets. Comprised of 
particles of different sizes, air borne particulate matter (PM) includes ash and dust 
emitted by anthropogenic and non-anthropogenic processes and gas-particle conversion. 
Predominantly emitted during combustion, for instance through power generation, 
domestic heating and vehicle engines, PM has diverse sources and is an umbrella term 
for a range of different chemical constituents. The physical and chemical structure of PM 
is also the subject of on-going science-policy debate. This is because what kind of 
chemical PM is, is always shifting: PM cannot be individuated or materially defined in any 
simple or deterministic way. As a result, the toxicity of PM is difficult to estimate, which 
poses a challenge to governments responsible for ensuring healthy environments for 
their citizens. 

mailto:emma.garnett@kcl.ac.uk
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The sun has turned red over London today 

Quantifying particulate matter: size, mass, number

A central way in which particle pollution has been researched and governed is through 
the generation of measurements that are organised by particle size, specifically PM10, 
PM2.5 and PM1 (nanoparticles). The number represents particle diameter, which, at least 
for PM2.5 and PM10, are measured in the unit of aerodynamic micrometers. PM10 includes 
particles of a diameter of 10 micrometers in size and larger, and PM2.5 a diameter of 2.5 
micrometers or less. Nanoparticles are less than 1 micrometer in diameter and are 
measured in nanometers. PM10 and PM2.5 are often measured by mass; particles are 
weighed to determine their ambient concentration. Yet, nanoparticles are too small to be 
weighed. With growing concerns about finer particles, researchers are now claiming that 
particle count, source and duration of exposure could be more important for determining 
toxicity than particle mass. 

Particle size tells a history of environmental health science of air pollution, too. Broadly, 
PM10 was the problem particle size up until the late 1990s, and since then PM2.5 has been 
the main particle size of concern[1]. The health effects of PM10 and PM2.5 are highly 
correlated and their complex toxicity difficult to disentangle. What distinguishes PM2.5’s 
toxicity from larger particles, however, is the risk of these finer particles getting deeply 
lodged in people’s lungs, reacting with lunch tissue and absorbed into the blood stream. 
Nanoparticles bring further unknown health risks (see Walker’s ‘Sorting out the particles’, 
EASST 2018, Lancaster University). 

Chemical formations

https://www.tandfonline.com/doi/full/10.3109/08958378.2013.850127
https://www.tandfonline.com/doi/full/10.3109/08958378.2013.850127
https://www.gold.ac.uk/media/documents-by-section/departments/research-centres-and-units/research-centres/centre-for-urban-and-comm/barry.pdf
https://nomadit.co.uk/easst/easst2018/conferencesuite.php/panels/6259
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Although particle size has, to date, framed science-policy understandings of the chemical 
and physical properties of PM, the ‘matter’ of particulate matter also differentiates 
particles from one another. PM has primary and secondary emission sources. For 
instance, black or elemental carbon (soot) is formed during high temperature combustion 
of fossil and biomass fuels. Nitrate, in contrast, is secondary PM formed through the 
oxidation of nitrogen oxides (NOx) - nitric oxide nitrogen monoxide, (NO) and nitrogen 
dioxide (NO2) to form nitric acid - which reacts with ammonia (NH3) (emitted from 
agricultural fertilizers) to give ammonium nitrate. These two different chemical 
compositions of PM2.5 illustrate the complex chemistry of PM2.5 and how the formation of 
PM2.5 is closely tied to atmospheric conditions, different emissions sources and other 
elemental relations. 

Atmospheric conditions are not stable in space and time, and neither are particles, which 
means trying to measure and quantify relationships with health data is especially difficult. 
At the same time, attempting to manage and respond to these differences and 
divergences is part of conducting research of air pollution. As a science and technology 
studies researcher who examines the methods and technologies used to study and 
materialise air pollution, I have found the various situated actions and considerations 
taken when measuring air pollution useful for exploring the qualitative dimensions of 
numerical outputs. How we measure influences what we know and reflecting on that 
process an opportunity rises to think about the things we don’t know and what we might 
be overlooking. 

Ingress of particulate matter into the lungs - 3D rendering 

Ways of measuring PM2.5

Particles have piqued my interest during research with scientists and researchers of air 
pollution because they frequently challenge the expectations of those studying them. 
PM2.5 might ‘disrupt’ measurement practices by resisting the actions of those who 
attempt to contain them as discrete, quantifiable entities. In scientific research, 
responding to the material agency of PM is part of getting to know it, a process during 
which particles are often found to ‘behave’ in surprising ways. I am going to introduce 
three commonplace ways of measuring PM2.5 (with monitoring instruments, computer 

https://www.tandfonline.com/doi/full/10.1080/09581596.2017.1302562?needAccess=true&instName=King%27s+College+London
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models and through implementing standards) to examine more specifically what the 
challenges involved in measuring particles might tell us about the ways we research, 
engage and intervene with pollution. 

i. Monitoring instruments

Monitoring instruments determine the concentration of PM in outdoor air. The Automatic 
Rural and Urban Monitoring Network (AURN) in the UK started measuring PM2.5 in 2009 
(before that they only measured PM10), mainly in response to the 2008 EU Air Quality 
Directive requirement that member states reduce the exposure of the population to 
PM2.5. The reason for this uncertainty is partly due to the materiality of PM2.5 (the diverse 
physical and chemical composition of particles) and partly the result of PM2.5’s complex 
relations with wider atmospheric processes. In terms of the latter, numerical 
measurements do not tell us whether the particle is from a primary or secondary source, 
nor how particles change in concentration over time. This has led scientists to claim that 
measurements of particles are in fact effects of the measurement instrument because 
PM2.5 mass does not correspond to a definite physical or chemical component. 

Numerical measurements do not tell us whether the particle is from a primary or 
secondary source, nor how particles change in concentration over time. This has led 
scientists to claim that measurements of particles are in fact effects of the measurement 
instrument because PM2.5 mass does not correspond to a definite physical or chemical 
component. 

ii. Modelling atmospheres

Since PM episodes are strongly correlated with atmospheric and meteorological 
conditions, computer models and simulations of atmospheric processes have 
demonstrated the spatio-temporal ways in which particle compositions change. Unlike 
counting or weighing, models simulate the movement and fluctuation of particles and 
make visible its different emission sources. Measuring PM2.5 in this way evokes different 
questions and actions. For instance, by understanding where air pollution comes from 
and the ways it travels across borders means policies can be targeted and responsibility 
more directly apportioned. Recent research using models has shown that the chemical 
composition of PM2.5 during the 2014 Saharan dust episode in the UK was made up of 
anthropogenic as well as non-anthropogenic sources. It wasn’t only Saharan dust. The 
authors argue that the media’s framing of the episode as a purely natural phenomenon 
diminished opportunities for effective policy change. Not only are methods of 
measurement and measurements of particles closely entangled, but they also contribute 
to the construction of what kind of problem particle pollution is and thereby in what ways 
we can respond. 

Not only are methods of measurement and measurements of particles closely entangled, 
but they also contribute to the construction of what kind of problem particle pollution is 
and thereby in what ways we can respond. 

iii. Policy thresholds

https://uk-air.defra.gov.uk/library/reports?report_id=727
https://uk-air.defra.gov.uk/library/reports?report_id=727
https://uk-air.defra.gov.uk/library/reports?report_id=727
http://iopscience.iop.org/article/10.1088/1748-9326/11/4/044004/meta
http://iopscience.iop.org/article/10.1088/1748-9326/11/4/044004/meta
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Measurements are also closely tied to policy and governance; they can tell us about air 
quality and whether policies are improving it. Since much PM2.5 is emitted from vehicle 
emissions, policy changes and legislation influencing the fuel used by vehicles have 
altered chemical reactions of combustion and therefore the elemental composition and 
material form of PM2.5. Actions implemented to reduce emissions do not necessarily lead 
to a simple reduction in levels of ambient PM2.5. For example, there is a growing 
proportion of PM2.5 from road tyre and brake wear from zero emission vehicles. A policy 
implemented to improve one source of fine particles can unexpectedly lead to the 
revealing of another. 

Dirty dual exhaust pipes of car, failed emission test 

The systems used to regulate transport emissions and ensure emissions standards are 
met are also tied to particle behaviour. Back in late 2015 it was revealed that 
Volkswagen were cheating emissions testing of their vehicles by using defeat devices. 
Vehicles that passed emissions tests in the lab failed on the road tests, which meant NOx 

emissions were higher than previously thought. NOx is highly reactive and can form 
secondary PM2.5 and the number of airborne particles from the same source changed 
under these different measurement conditions. Consequently, the emissions tests 
became a problematic tool for testing a car’s performance and undermined the capacity 
of government and policy to regulate it in this way. Here, measurement practices became 
political sites where questions of governance and responsibility were played out. 

Thinking with particles

The elemental ambiguity of PM2.5 opens-up particle pollution to questions of social 
relevance and political and ethical responsibility. I have shown that these concerns might 
sometimes be brought into discussions of measurement, for example in response to on-
going inquiries around what metrics to use, or how to account for the inter-dependencies 
of different emission sources. Part of the challenge of particle pollution for environmental 
health, it seems, is that there are always going to be things we can’t measure, the 
negation of which may be to our own detriment. Thinking critically with these challenges, 
or ‘disruptions’, is an opportunity to consider what lies outside of measurement whilst 
also remaining attentive to the concerns of the measurement practice itself. Numerical 
measurements are important but cannot alone tell us all we need to know about air 
pollution, or indeed inform an effective response without the consideration of other 

https://uk-air.defra.gov.uk/library/aqeg/zero-emission-vehicles
https://www.bbc.co.uk/news/business-34324772
https://www.researchgate.net/publication/323029351_What_if_nothing_happens_Street_trials_of_intelligent_cars_as_experiments_in_participation
https://www.researchgate.net/publication/323029351_What_if_nothing_happens_Street_trials_of_intelligent_cars_as_experiments_in_participation
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things, people and processes. As each of the three examples highlight, measurements 
do not simply reflect pollution ‘out there’ but contribute to a situated and partial 
understanding of it. Describing these partial, uncertain and challenging dimensions of 
measurement are also opportunities for developing different ways of engaging with air 
pollution science and governance, that highlight its social, ethical and political 
implications and effects. 

As each of the three examples highlight, measurements do not simply reflect pollution 
‘out there’ but contribute to a situated and partial understanding of it. 

[1] Thank you to discussions during a related presentation I gave on the EASST 2018 panel, ‘Chemical 
Ontologies’ for elaborating this point. The panel was convened by Emma Cardwell and Claire Waterton 
and held in July 2018 at Lancaster University. 
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L’air d’un Bruxellois: self-portraits of 
personal exposure to air pollution 

Nicola da Schio (Cosmopolis, VUB)

with Arnaud Dubois, Cécile Herr, Katia Xenophontos, Lorenzo Glorie, Matthieu Coulonval. 

Pictures: ©FrancoisCorbiau & Aircasting.org 

We are thankful to Kobe Boussauw, Evi Dons, and Anna Plyushteva for their useful suggestions. 

Background

Air pollution was already discussed by an earlier post of Toxic News. By looking at the 
examples of Ghent and Antwerp, Thomas Verbeek emphasized (at least) three 
dimensions that characterise air pollution today: it is an urgent problem, it is a complex 
one, and it is increasingly being perceived as a priority by citizens around the world 
(Verbeek, 2017). My research takes place in a similar context, i.e. in Brussels, Belgium, 
where the question is not whether the city is polluted but how much it is polluted and 
what are its impacts (for an overview of air pollution in Brussels, see A brief guide to the 
air of Brussels by da Schio et al. (2017)). This post, in particular, illustrates a citizen 
science methodology for sketching a series of “exposure portraits” of Brussels’ residents. 

The AirCasting Brussels project

Since June 2016, I have been working on AirCasting Brussels. The project took the form 
of a Living Lab, i.e. a platform of cooperation between my research centre (the 
Cosmopolis Centre for Urban Studies -VUB), a local community-based organisation 
(BRAL) and various groups of citizens, to study air pollution in Brussels (to get to know), 
and to work together toward a cleaner air, mainly through advocacy and awareness 
raising initiatives (to let others know). 

To begin with, the project aimed to respond to questions such as: where are the hotspots 
of pollution in the neighbourhoods? Who is most exposed? What are the moments during 
the day when people are the most exposed? To answer these (and other) questions, 
Cosmopolis and BRAL invited various groups of citizens to participate in a series of 
workshops for 6-8 months. The groups represented different “communities of interest”, 
for instance the parents of the children of a certain school, residents of a neighbourhood, 
employees of a company, members of a local association…  Participants were given 
wearable devices to take measures of air pollution, both to satisfy their own curiosity 
(e.g. pollution in their garden vs. pollution indoor), and to respond to the group’s 
collective questions (e.g. pollution in front of the school at drop-off time). The workshops 
were useful to provide a brief training to newcomers and to exchange the devices among 
participants, given that less devices were available than interested people. During the 

http://www.cosmopolis.be/
https://toxicnews.org/2017/11/07/the-environmental-impacts-of-transportation-infrastructure-towards-a-new-relationship-between-government-and-citizens/
http://bco.bsi-brussels.be/a-brief-guide-to-the-air-of-brussels/
http://bco.bsi-brussels.be/a-brief-guide-to-the-air-of-brussels/
http://www.cosmopolis.be/research/aircastingbxl
http://www.cosmopolis.be/
http://www.cosmopolis.be/
https://bral.brussels/
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workshops, also, participants were encouraged to share their experience and 
observations, ask questions on relevant issues and try to respond together. 

As part of the project the different groups organised activities to share the knowledge 
with the general public, for instance through public events of experience-sharing and 
awareness-raising, creative mediatisation of the results, discussion with policy makers, 
pedagogical activities. The participants themselves would take the lead in deciding what 
activity was more suitable, given their findings, the local context and their availability. 
One of the groups, i.e. the “MiniBruxselAirs” initially issued from the Brussels cyclists 
association, decided to co-author a scientific paper on individual exposure to pollution: 
L’air d’un Bruxellois, self-portraits of personal exposure to air pollution. This post 
illustrates the methodology that was developed for it. 

Overall, the objective of the paper is to draw a series of portraits of Brussels’ residents, 
to illustrate their different exposure to air pollution, and to explain the differences on the 
basis of the different ways they experience the city. The paper, in particular, will explore 
and illustrate how personal exposure to air pollution can vary significantly between 
individuals, depending on their habits and routines (i.e. their spatio-temporal 
geographies); and how -in turn- these different levels of exposure result both from 
personal choices and from the social and built environment. 

The paper is at the intersect between three strands of research, namely: 

• activity-based personal exposure monitoring; 
• case-study geographical analysis; 
• and citizen science. 

Aircasting mobile app 
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Activity-based personal exposure monitoring

Activity-based approaches are usually adopted to cope with one of the main weaknesses 
of air pollution maps: pollution data at the home address are an insufficient surrogate for 
personal exposure. Most people, in fact, spend their time in various locations and 
microenvironments, and each of them is characterised by different levels of air pollution 
at different times (Panis, 2010). The main feature of activity-based approaches is that 
they “follow” people through their day and consider the various levels of exposure they 
are exposed to in various activities. Not only are people exposed to different levels of 
pollution at different points in time: there are also significant difference between people, 
precisely because of the different habits and routines they have. In a study on the 
exposure of eight Belgian couples, for instance, it was observed that personal exposure 
can vary up to 30% between partners, who live at the same address but have different 
professional status (in this case full-time workers vs. home makers) (Dons et al., 2011). 

To measure activity-based personal exposure, we use the AirCasting infrastructure. This 
consists of: 

1. wearable monitors (AirBeams); 
2. the participants’ smartphones (or smartphones made available through the 

project, for those who did not have one); 
3. and the AirCasting website and app (aircasting.org). 

Wearable air quality measuring device 

The AirBeams are used to collect pollution data (i.e. PM2.5 concentration) and the phones 
to record them, combine them with GPS and time tags, and upload them to the 
AirCasting server (see US EPA, 2016; Jiao et al., 2016 for details about the device’s 
performance). Participants use the AirBeams for periods of 2-4 weeks and record a 
number of sessions for each of the activities under scrutiny. To allow for a comparison 
between sessions taken in different periods, the measured data will be ‘corrected’ 
through a daily correction factor, based on background air pollution measured by the 
regional network. Personal exposure can change from location to location (e.g. when 

http://aircasting.org/map#/map_crowd?tmp=%7B%22tmpSensorId%22:%22%22%7D&data=%7B%22sensorId%22:%22Particulate%20Matter-AirBeam-PM%20(%C2%B5g%2Fm%C2%B3)%22,%22location%22:%7B%22address%22:%22Brussels,%20Belgium%22,%22distance%22:%2210%22,%22limit%22:true,%22outdoorOnly%22:true,%22s
https://www.epa.gov/air-sensor-toolbox/evaluation-emerging-air-pollution-sensor-performance
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people get closer to an emission source), but also from day to day, because of the 
varying background concentration. Including a correction factor would lower personal 
measurements for days with high background pollution, whilst increasing measurements 
for days with low background pollution) (see supplemental material of Dons, Int Panis, 
Van Poppel, Theunis, & Wets, 2012 for a complete explanation). 

Case study based geographical analysis

This research is based on a thorough and detailed study of seven cases. Case study 
analysis is considered to be particularly useful to understand concrete problems, and to 
incorporate the broad range of contextual influences that help explain a certain 
phenomenon (in our case air pollution exposure) (Baxter, 2010). A common criticism that 
is made to this approach is the lack of generalisability, due to a small sample. These 
criticisms, however, miss a key difference between quantitative and qualitative research. 
While a quantitative study aims for statistical generalisation and requires a representative
(usually large) sample, a qualitative study aims for analytical generalisation (or 
transferability) making use of a significant sample. 

What is important, is to carefully select the cases, and to generate explanations that are 
neither too abstract, nor too case-specific (Baxter, 2010). Flyvbjerg goes beyond and 
argues that “generalization, whether on the basis of large samples or single cases, is 
considerably overrated as the main source of scientific progress” (2006, p. 226). 
Conversely, concrete, context-dependent, knowledge can even be more valuable than 
general, theoretical (context-independent) knowledge, inasmuch as it recognises that the 
human condition cannot be meaningfully understood through general theories and rules 
– if these theories and rules exist at all in social science! 

In our research, the selection of the case studies followed two principles: four of the case 
studies were made on the project participants themselves, while three additional ones 
were made on participants’ acquaintances, whose personal situations were emblematic 
of different situations. To draw a personal exposure portrait, each participant identified 
four to six “meaningful activities”, i.e. activities that described them and their daily habits. 
We intentionally opted not to take the same set of activities for all participants, to account 
for the diversity that exists among people. Finally, participants drafted a description of 
each of their selected activities, providing a basis for comparison. At a later stage, when 
the profiles will be drawn and the differences and similarities will start to emerge, more 
in-depth information exchange will possibly be organized to collect more information on 
the sociology of the participants, and on the structural and behavioural dimensions of 
their habits and routines (e.g. by in-depth interviews, focus groups, go-along interviews, 
diaries…). 

Citizen science

The expression ‘citizen science’ typically refers to efforts to enhance the links between 
the scientific domain and the general public by increasing public participation in carrying 
out scientific research (very similar concepts are civil, participatory, stakeholder, or 
democratic science, or lay knowledge, see for instance Bäckstrand, 2011). While there 
are many different interpretations, in our research we define it as: “the scientific activities 
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in which non-professional scientists volunteer to participate in data collection, analysis 
and dissemination of a scientific project. […] These activities harness the expertise that 
exists among those who are traditionally seen as ignorant ‘lay people’ and in general the 
knowledge of local environments, and knowledge gained through experience” (Haklay 
2013; UWE 2013). 

Concretely, however, there are many possibilities to conduct citizen science, with 
different levels of lay people’s engagement, ranging from almost ‘business-as-usual’ 
science, where participants are engaged as volunteer data collectors, to a more 
egalitarian approach where they are involved in all stages (Haklay, 2013). Lower levels 
of participation make it easy to establish a standardised observation protocol, but they do 
not make use of participants’ capacity to develop and share their own understanding of 
the matter. Higher levels of participation, which is what we decided to adopt, imply a 
deeper and more direct engagement between the scientist and the public around topics 
of shared concern. In our exercise, taking a citizen science approach implies a 
continuous (and intense) process of re-definition of the research objectives and methods, 
considering all participants’ interests and ambitions, and the available time, skills and 
technologies. Most of all, though, it means to engage in a research deemed to be 
relevant and useful in the context of the civic mobilisation of the participants. 

Conclusion

This post presented the methodology of a research project that is still ongoing. The 
results – possibly available by the end of 2018 – will shed light on how and why different 
people are exposed to different levels of air pollution. The activity-based measuring 
method we use will provide a more realistic picture of personal exposure than ambient air 
pollution levels at the home address. The case-study approach, moreover, will allow to 
get insights in the reasons behind and the drivers of different exposure levels. 

In addition to generating new and more nuanced knowledge on personal exposure to air 
pollution in Brussels, we believe that the methodology itself is valuable and may be used 
for similar exercises. The citizen science approach can be useful to raise awareness and 
train the public about the science of air pollution. At the same time, it can help 
researchers to reach out a broader audience, through the public events and the greater 
media coverage, and to learn from different perspectives on their research field. Most 
importantly, though, the coalition between science and community that is being 
developed throughout the project carries a great potential in terms of political change, 
where both scientists and citizens find themselves more empowered in their struggles for 
a cleaner air. In a historical moment characterised at the same time by a growing 
scepticism toward science, and yet a (sometimes undemocratic) shift toward technocratic 
approaches to issues of public interest, testing the potential and the limits of new 
methods and epistemologies can provide illuminating sparks that cut through the fog. 
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INTRODUCTION

There has been an increasing concern about the state of air quality in many cities of the 
developing world, especially within an African context. This situation has arisen because 
of rapid population growth and its attendant increase in vehicle ownership, increased use 
of solid fuels for cooking and heating, and poor waste management practices (see Figure 
1). Industrial expansion is also a major contributor to the deteriorating level of air quality 
in these cities (Arku et al 2008; Amegah & Agyei-Mensah 2017). Consideration should 
then be made to the environmental issues associated with the growing demand for 
natural resources, such as mineral and biofuels. The  exploration of these resources 
demands  strong and supportive environmental policy, with a “firm legal, regulatory 
and   institutional framework” to ensure that national development does not hamper the 
environment and ultimately negatively affect the populations of African countries 
(Mabogunje 1988; Mpakati-Gama et al 2011). Effective monitoring and evaluation 
mechanisms need to be put in place to reduce emissions from increased vehicle 
ownership as well as clean energy use. 

In this paper, we focus on two areas of environmental monitoring in Ghana -- air pollution 
and the development of biofuels.  We focus on air pollution and biofuels because these 
are current issues of national and international interest. In parts of Ghana, air pollution is 
already reported at alarming concentrations (Arku et al 2008) and United Nations reports 
from as far back as 2007  have forecasted for astronomical increases in the use of 
biofuels  across Sub-Sahara Africa (SSA). The demand for biofuels in SSA is expected 
to grow by 170% between 2006 and 2010, with biofuel accounting for 25% of the world 
energy needs in the next 15-20 years (UN-Energy 2007).  Below, we elucidate the 
challenges for developing, monitoring and evaluating air pollution and biofuels policy in 
Ghana. 
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Some Sources of Air Pollution in African Cities

One of the major components of air pollution that affects human health is particulate 
matter. Anthropogenic particles are typically formed from incomplete combustion and 
mechanical wear. Particles with an aerodynamic diameter of up to 10 micrometers 
(PM10) may enter the respiratory system, with particles smaller than 2.5 micrometers 
being capable of lodging deep in the lungs and even entering the bloodstream (PM2.5) 
(Agudelo-Castaneda et al 2017). The World Health Organization’s air quality guidelines 
recommend that the annual mean concentrations of PM2.5 should not exceed 10 µm/m3

and 20 µm/m3 for PM10. Most low and middle-income countries in SSA do not have any 
measurement for PM10 and PM2.5 – this is irrespective of the direct links to estimates of 
health risks from exposure to these air pollutants (World Health Organization 2016). The 
lack of measurements for ambient air pollutants is largely responsible for the absence of 
air quality indexes in most developing countries, especially in SSA. The 2016 WHO 
Urban Ambient Air Pollution database estimated the average PM10 and PM2.5 

concentrations for Africa to be 119 µg/m3, also earlier studies by Brauer et al. (2012) 
estimated PM2.5 concentration in SSA at 100 µg/m3. These levels are about 80% higher 
than the WHO standard of 20 µg/m3, which is the safe exposure limit with little or no 
adverse health effect. 

Dionisio et al (2010b) in their study in Accra, Ghana found particulate matter with 10 
microns (PM10) levels to range between 39 µg/m3 for high socio-economic status area 
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and 96 µg/m3 for low socio-economic status location in the city. PM10 levels were even 
recorded as high as 400 µg/m3 at some monitoring locations (Arku et al 2008; Dionisio et 
al 2010a; Rooney et al 2012) . While there is evidence to suggest that breaches of the 
WHO air quality standards are widespread, unfortunately there is often lack of effective 
monitoring and evaluation mechanisms to ensure compliance (Mpakati-Gama et al 
2011). 

CHALLENGES OF IMPLEMENTING POLICIES 

The first challenge for developing and monitoring air pollution and biofuels policy in 
Ghana is the lack of research and appropriate data.  For instance, in countries such as 
China and India where air pollution are major problems, policy makers and scientists 
actively engage in and sustain research initiatives to find solutions to the problem. In 
contrast, South Africa is the only country in sub-Saharan Africa with an air-quality 
monitoring program (Wetsman 2018). 

Over the years there has been various attempts to institute an air quality monitoring 
program in Ghana. This however has not been a consistent program because such 
initiatives are largely funded by donor agencies and institutions, making them 
unsustainable over a long period. A case in point is a major study on air pollution 
undertaken by a team of researchers from Harvard University, Imperial College of 
London and the University of Ghana between 2007 and 2013, led by Prof. Majid Ezzati, 
and funded by the National Science Foundation. The results of this study show that PM 
in the four selected neighborhoods of Accra is substantially higher than stipulated in the 
WHO Air Quality Guidelines and in some cases even higher than the WHO Interim 
Target 1, with the highest pollution being recorded in the poorest neighborhood. The 
study has resulted in a number of publications and informed policy directions on air 
pollution reduction in Accra (Arku et al 2008; Dionisio et al 2010a; Dionisio et al 2010b; 
Zhou et al 2011; Rooney et al 2012). 

There is currently an air quality monitoring network run by the Ghana Environmental 
Protection Agency (GEPA) which covers mainly the Greater Accra Region, with periodic 
monitoring in three other regions also run throughout the year as a control measure. The 
monitoring network is made up of fourteen (14) monitoring stations in total, ten (10) of 
these stations are by the roadside to measure traffic generated air pollution and four (4) 
of the monitoring stations are at various industrial zones in the Greater Accra Region. 
This monitoring program is funded by the US EPA and World Bank for the period of 2014 
to 2019 measuring PM10 and Total Suspended Particles (TSP). 

In the specific case of biofuels, Jumbe et al (2009) refer to the Ghana poverty reduction 
strategy paper, highlighting the importance of energy for poverty reduction and the need 
to increase access to affordable energy sources for domestic and industrial use, in order 
to stimulate economic growth. However, while the document mentions specific strategies 
for biogas development, not much concrete action in terms of rigorous research has 
been undertaken to inform the development of the sector. 

The basic research and data problems are a spinoff from the inadequate financial 
commitment and allocation of resources to both tackle the air pollution problem and 
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develop the biofuel sector. Apart from academic research mostly funded by external 
international research funders and donors, successive governments have paid lip service 
in terms of allocation of financial and material resources to fund research and 
interventions that will simultaneously both promote the use of biofuels and deal with the 
problem of air pollution which has become a major issue of public health concern. 
Indeed, there is need for government to commit resources to undertake air pollution 
monitoring, particularly in the urban areas where there is increased motorization (with 
overage vehicles) and improper waste disposal leading to intolerable pungent air 
pollution with faecal and liquid waste matter. 

This lack of financial commitment can be seen in several air quality programs that have 
been initiated and stopped at various stages, due to a lack of financial resources. The 
Ghana EPA has been involved in more than 15 independent air quality monitoring 
programs largely with funding from international partners and donor agencies. This is 
because there are no government funded air quality monitoring programs, so each 
funding regime introduces its own air quality monitoring modalities and requirements 
instead of integrating them with an existing government air quality monitoring program. 
The current air quality monitoring program funded by World Bank & USEPA was initially 
covering SO2, NO2, PM10 and TSP but due to financial constraints and lack of 
governmental support the program only monitors PM10 and TSP. 

Associated with the issue of finance is also the lack of technical capacity and know-how. 
There is lack of appropriate equipment to monitor air quality for example, and to devise 
strategies to undertake air quality management. At the very minimum, there is need to 
develop technical staff to undertake activities such as sample analysis and station 
maintenance. 

This lack of financial capacity makes it almost impossible to plan and execute long-term 
nation-wide monitoring programs that will reliably generate the air quality indices required 
to support future formulation of environmental policies that may affect air quality. This is 
critical because if we are to develop the biofuels sector, we must also ensure that it is 
managed properly with the needed technical expertise to ameliorate potential negative 
side effects. 

Perhaps one of the biggest challenges for the development and implementation of 
policies related to the environment relates to the inabilities of many sub-Saharan African 
governments to deal with countries such as China. China has big commercial interests in 
the mining and mineral sectors of most countries in the region. With large investment in 
these countries, including Ghana, Chinese corporations and individual Chinese mining 
companies are engaged in policy violations and unethical practices that are creating 
major problems for the Ghanaian environment. 

Before concluding, we would like to point out that recently some governments in Africa 
have implemented policies that are aimed at addressing the issue of air pollution and 
traffic congestion in urban areas. One such policy that has been implemented is the Bus 
Rapid Transit system, which research has shown to have a wide range of benefits for 
improving the quality of life in cities, including reduction of greenhouse gases and local 
air pollution emissions (Naiker et al 2012; Wetsman 2018). However, its implementation 
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in Africa has been fraught with challenges that will need to be addressed if it is achieve 
these perceived benefits.  Some of these challenges include lack of political will, lack of 
dedicated bus lanes and conflict between government agencies and public transport 
operators. 

Attempts have also been made at introducing and promoting the distribution of improved 
cookstoves through formation of country alliances for clean cookstoves as well as the 
expansion of liquefied petroleum gas production facilities and distribution networks and 
harnessing renewable energy potential (Amegah & Jaakokola 2016). With regards to 
dealing with traffic emissions, Ghana has recently started a process of assessing road 
vehicle emissions and air pollution impacts in Accra, and other cities under the Transport 
Emissions Monitoring and Mitigation Project. The project involves gathering sample data 
on buses, taxis, cars and heavy goods vehicles with the aim of the development of 
standards appropriate for the country. 
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Post-Industrial structures of Environmental 
Injustice within Western Europe 

Dr Calvin Jephcote | Toxic Expertise Research Fellow | University of Warwick, UK

Approximately 33% of European citizens are exposed to air pollutant levels that exceed 
EU air quality standards, and 90% of urban residents experience levels of air pollution 
which the World Health Organisation consider as damaging to health. 

Particles below 10μm in aerodynamic diameter (PM10), are thought to be one of the most 
harmful anthropogenic air pollutants in the Post-industrial cityscape. When inhaled, a 
substantial proportion of these foreign particles can evade the respiratory system's 
natural defences and lodge deep in the lungs, hypothetically lowering the body's immune 
system and aggravating existing conditions in sensitive individuals. Exposure to 
environmental agents during childhood is of particular concern, with prolonged contact 
periods stunting the development of vital cardiorespiratory organs, causing ailments 
which may prevail throughout adulthood. 

Epidemiological studies have consistently demonstrated that numerous health problems, 
can be caused or worsened by exposure to particulates on a day-to-day basis. Seminal 
research from 90 US and 29 European locations, respectively identified a 0.3% and 1.0% 
increase in respiratory mortalities and hospitalisations for each 10μg/m3 increase in 24-
hour PM10 levels at city centre monitoring stations. On this basis, particulate pollution 
typically accounts for 1.7% of London’s respiratory related hospitalisations, rising to 9.8% 
during severe pollution events. However, personal exposure to environmental agents is 
rarely uniform – 20% of the UK’s most deprived citizens reside in neighbourhoods with 
high particulate pollution levels, compared to only 2% of those that are affluent. Across 

https://www.eea.europa.eu/publications/air-quality-in-europe-2013
https://www.healtheffects.org/system/files/TimeSeries.pdf
https://www.healtheffects.org/system/files/TimeSeries.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/0701110944_AQinequalitiesFNL_AEAT_0506.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/0701110944_AQinequalitiesFNL_AEAT_0506.pdf


toxicnews.org  12th Edition – September 2018 

©Toxic News 2018 12th Edition published 3 September 2018 23 

the UK, particulate matter is thought to contribute to 29,000 deaths per annum, 
contributing to more premature deaths than passive smoking and traffic accidents 
combined. 

The significant contribution of road-transport to air pollution within the post-industrial 
cityscape is widely acknowledged, with vehicles emitting vast quantities of particulates 
from incomplete combustion and mechanical wear close to residential areas. Of the 600 
local Air Quality Management Areas (AQMAs) declared in the UK – areas which breach 
UK national air quality objectives – some 94% are a result of transport activity. 
Furthermore, the historically confined nature of European intra-urban environments tends 
to create extreme spatial variations in traffic pollutant levels, which are often associated 
with a plethora of social disparities that collectively influence community wellbeing. 

Jephcote & Chen (2012, 2013) and Jephcote et al (2014, 2016) illustrate the importance 
of the spatial dimension, when exploring the relationship between health inequalities and 
exposure to road-transport emissions. Although it is useful for health practitioners to 
understand the citywide health burden of an air pollution event, the elevated impact on 
those most vulnerable communities – not representative of the general populace – is 
often lost. Through considering spatial variations in children’s respiratory health, this 
research aimed to address the inadequacies of traditional temporal modelling practices 
in capturing the ‘triple jeopardy’ of social, environment and health inequalities. 

This research explored the presence of environmental (in)justice within Leicester, an 
archetypal multicultural British city that is home to approximately 62,500 children aged 0-
15 years, of which 47% are from ethnic minority groups. The city is relatively deprived, 
ranked as the 31st poorest out of 354 Local Authorities in England. Leicester is currently 
ranked as the 98th most congested city in the world, with trips across the city’s highways, 
arterial and local roads taking on average 23% longer than expected, rising to 53% 
during peak flow periods. 

The analysis combined a road transport emission inventory formed from traffic count 
points, with demographic records from the UK census and National Health Service 
(NHS) for 187 intra-urban communities. Approximately 24,500 children’s respiratory 
hospital admissions were recorded over the 10-year study period of 2000-09, equating to 
an annual citywide rate of 394 respiratory hospitalisations per 10,000 children. 

Pattern detection statistics were used to describe the spatial structures across the city of 
Leicester, identifying whether neighbouring communities record an attribute of interest at 
a significantly higher or lower value than the citywide average. The resulting hotspots 
revealed that children from lower social class households tended to reside within areas 
experiencing relatively high levels of road-transport emissions and experienced the 
highest rates of emergency respiratory hospitalisations (see FIGURE 1). 

Further tests found that these peaks in road-transport emissions were responsible for 
elevated children’s respiratory admissions, within 283m of a pollution hotspot. This 
distance-response threshold was identified to reduce in relation to certain ethnic groups, 
which would imply that environmental injustices prevail within an integrated multicultural 
city. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.pdf
https://www.iom-world.org/pubs/IOM_TM0601.pdf
http://aqma.defra.gov.uk/aqma/home.html
https://www.sciencedirect.com/science/article/pii/S0048969711013544
https://www.sciencedirect.com/science/article/pii/S0277953613000579
https://www.sciencedirect.com/science/article/pii/S0143622814000538
https://www.sciencedirect.com/science/article/pii/S0966692316303362
http://casweb.ukdataservice.ac.uk/
http://casweb.ukdataservice.ac.uk/
http://webarchive.nationalarchives.gov.uk/+/http:/www.communities.gov.uk/communities/neighbourhoodrenewal/deprivation/deprivation07/
http://www.tomtom.com/en_gb/trafficindex/#/list
http://www.tomtom.com/en_gb/trafficindex/#/list
https://www.sciencedirect.com/science/article/pii/S0277953613000579
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In terms of local transport policy, it should be noted that the eastern section of the cities 
outer ring road remains incomplete and is unlikely to materialise any time soon, despite 
the routes continued safeguarding within local transport plans. Traffic is currently forced 
to leave the outer ring road and join a single carriageway to the city centre, bypassing 
some of the most affluent communities and causing congestion in central locations 
during peak hours. 

FIGURE 1: Hot-spot analysis of annual average children’s respiratory related 
hospital admissions and other socioeconomic factors of potential influence 

(Source: Jephcote & Chen 2013).

A regression analysis was then used to simultaneously explain how several 
socioenvironmental factors may influence respiratory hospitalisation rates. This process 
iteratively allocates a certain number of hospital cases to each competing 
socioenvironmental influence, until a stable estimate is established. 

https://www.sciencedirect.com/science/article/pii/S0277953613000579
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The models were designed to account for spatial dependency in the data and to embrace 
the possibility of geographically unique relationships existing across the city, following 
the detection of socioenvironmental structures. Reasons to suspect why any relationship 
may vary over space, include: 

1. Differences in sampling quality – i.e. traffic count points 
2. Relationships naturally change over space – i.e. behavioural, lifestyle choices and 

administrative structures may produce different responses to the same stimuli. 
3. “Spillover effects” – i.e. environmental burdens are not just experienced at the 

point of release, but across neighbouring communities. 

The localised regression models resulted in the formation of a dose-response 
relationship, which identified each tonne of residentially experienced PM10 road-transport 
emissions to be accountable for 54 respiratory hospitalisations per 1,000 children each 
year. 

The threshold for the occurrence of hospitalisation was identified to occur within areas 
experiencing annual rates of PM10 road-transport emissions above 0.9 tonnes per km2 – 
the citywide average emission rate is 1.1 tonnes per km2. To the authors knowledge this 
is the first time a dose–response relationship has been specifically associated with road-
transport emissions. 

Inner-city communities were typically exposed to an additional 0.8 tonnes per km2, which 
annually equates to 43 more respiratory hospitalisations per 1,000 children than what 
was recorded by other communities. 

Successive research identified a spatial association between acute infections of the 
upper (URTI) and lower (LRTI) respiratory tract, particularly within inner-city 
communities. URTIs and LRTIs were respectively found in 42% and 24% of children’s 
respiratory hospitalisations in the City of Leicester. It is theorised that exposure to 
detrimental socioenvironmental factors may initiate URTI episodes, with prolonging 
recovery times likely occurring from sustained exposures. If a sufficient level of recovery 
is not reached in time for the cold season, then the child may become host to a viral 
infection exacerbating previous respiratory complaints, potentially resulting in lower 
respiratory tract conditions of greater severity. 

This condition may be described as ‘Catarrhal Child Syndrome’ (CCS), which relates to 
the repeated access of medical services for respiratory related infections during 
childhood - caused by the susceptibility of a developing immunological system to 
external stimulants. Despite its frequency, affecting up to 80% of children, its causes 
remained uncertain and it is speculated that a combination of socioenvironmental and 
viral factors are at play. The presented findings merit further research, and further 
highlight the necessity to examine inequalities at a local scale. 

After establishing the link between respiratory health, deprivation and environmental 
exposures, the authors research sought to investigate the Polluter-Pays Principle (PPP) 
at a local scale – the notion that environmental actions embody mechanisms for 
assigning culpability, shifting the burden of mitigation to the polluters rather the polluted. 

https://www.sciencedirect.com/science/article/pii/S0048969711013544
https://www.sciencedirect.com/science/article/pii/S0143622814000538
https://www.sciencedirect.com/science/article/pii/S0966692316303362
https://www.sciencedirect.com/science/article/pii/S0966692316303362
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Community created road-transport emissions were estimated from DVLA vehicle records 
and census information on workforce trips by mode of transport – commuters represent 
the lion’s share of population movements. 

Pattern detection statistics identified inverse relationships between mobile polluters and 
communities characterised as either socially or environmentally burdened, confirming the 
existence of environmental inequalities (see FIGURE 2). Whilst some inner-city 
communities moderately contribute towards their environmental burden, these 
contributions were substantially outweighed by those made by external communities, 
whom appear to avoid the social, environment and physical cost of their actions. 

FIGURE 2 - The identification of polluting and burdened community hot-spots, 
travel patterns of commuters from polluting communities, and citywide plots 

providing a summary of the local Polluter-Pays Principle and “Triple Jeopardy” 
effect (Sources: Jephcote & Chen 2012, Jephcote et al  2016)

Commutes were shown to have a centric focus, with mechanical forms of road-
transportation from highly polluting communities passing through less affluent 
neighbourhoods – typically located within close proximity to places of work. It is likely that 

https://www.sciencedirect.com/science/article/pii/S0048969711013544
https://www.sciencedirect.com/science/article/pii/S0966692316303362
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the movement of commuting vehicles through these neighbourhoods would result in 
congestion, causing a localised increase in PM10 contributions. 

In contrast to their more affluent counterparts, residents of less affluent areas tended to 
use ‘greener’ and more active transport options, although any associated health benefits 
appeared largely offset by increased periods of environmental exposure. 

It is concluded that the creation of a traffic management scheme, which reduces the level 
of air pollutants and adheres to the PPP, can only be achieved from a combination of 
localised and citywide measures that collectively address the contributions of public and 
private transport. 

Lower level schemes would focus on the needs of individual communities, supporting the 
poorest communities with improved public transport - rerouting a centric focused bus 
network to out-of-town employment hubs – and schemes to help maintain their vehicles 
that have high polluting potentials. The negative stigma of public services amongst 
affluent communities also requires further investigation – although park and ride 
schemes are near to these peripheral communities, a lack of comfort, luxury and the 
prohibitive financial and time costs impede their uptake. For these communities, the 
design of local carpooling schemes could provide an acceptable and immediate 
response for mitigating their environmental contributions. 

In terms of higher level schemes, the implementation of a Scandinavian style ‘Passive 
Low emission Zone’ (PLEZ) based on window screen permitting could restrict the 
movement of those most polluting commercial and public heavy-duty vehicles. A central 
‘Bus Gate Enforcement’ zone would likely curb the magnitude of environmental burdens 
placed on vulnerable inner-city residents from peripheral communities, who could switch 
to using existing-park-and-ride infrastructure – this action is also dependent on the 
introduction of a cleaner hydrogen or electric bus fleet. 

However, the switch to an electric fleet is not without its own problems. There are issues 
relating to how this energy is sourced, especially when fossil fuels still account for 51% of 
electricity produced in the UK. Furthermore, the average lifespan of a vehicles lithium-ion 
battery is only 8-years, most of which will enter landfill where it may contaminate water 
supplies and impact local ecology, as no established recycling plans currently exist. 
Greater focus should be placed on achieving a hydrogen economy, although there are 
financial and political barriers which need to be overcome. Companies that have invested 
in the infrastructure of oil and gas are likely to resist such changes, as is local and 
national governance. The UK government currently collects approximately £28bn from 
duties on petrol and diesel, with local government pension schemes also seen to 
profiteer from investments in fossil fuels. While a fossil fuel economy is a valuable source 
of revenue, it flies in the face of the Paris Agreement, and contradicts efforts to reduce 
emissions locally. 

Completion of the outer ring road, included in a package of over £2,000,000 in road 
improvements across the city, would reduce the number of vehicles presently entering 
the city centre. However, such designs are unlikely to materialise - roadbuilding is not 
prioritised by central government, local authorities are faced with diminishing budgets 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/643414/DUKES_2017.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/643414/DUKES_2017.pdf
http://www.greencarreports.com/news/1107864_electric-car-battery-warranties-compared
http://www.greencarreports.com/news/1107864_electric-car-battery-warranties-compared
http://www.foeeurope.org/sites/default/files/publications/13_factsheet-lithium-gb.pdf
https://www.theguardian.com/politics/2017/jul/26/treasury-tax-electric-cars-vat-fuel-duty
https://www.theguardian.com/politics/2017/jul/26/treasury-tax-electric-cars-vat-fuel-duty
https://theecologist.org/2017/nov/09/councils-uk-invest-ps161-billion-fossil-fuels
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://www.leicester.gov.uk/media/177828/local-transport-plan.pdf
https://www.leicester.gov.uk/media/177828/local-transport-plan.pdf
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and a substantial carbon impact would have to be accommodated for during the 
construction phase. Thus, demonstrating the complexity of tackling both local and global 
pollution concerns. 
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Decisions for a healthy and just city 

Heike Köckler, Department of Community Health, Hochschule für Gesundheit, Bochum, Germany
Johannes Flacke, ITC, University of Twente, Enschede, The Netherlands 

A lot is known about environmental quality in cities and its health effects: noise causes 
sleep problems and has effects on blood pressure, toxic air emissions may cause lung 
disease and walkable neighborhoods invite everyday physical activities. We find many 
epidemiological studies that identify environmental stressors and resources. 
Furthermore, some of these studies reveal social inequalities with respect to health 
within cities: deprived people are more often exposed to environmental burdens, have 
fewer resources available to cope with or to escape from these burdens – they are more 
vulnerable – and do in the end face more illnesses or even live shorter lives than less 
deprived people living in the same city (CSDH 2008). 

The vision of environmental justice is to provide an alternative to this situation. 
Environmental justice addresses the unequal distribution of environmental resources and 
burdens. The distribution might be judged as being unfair because deprived people, 
people of a certain ethnic group, gender or age are more affected than the average 
population. In addition to this distributional injustice, procedural injustice is another pillar 
of environmental justice. Procedural justice deals with the fair treatment of all groups of 
society in environmental decision making and its results (Holifield et al. 2017). 

Heavy goods traffic in a residential street in the Ruhr area (Image Credit: Heike Köckler) 
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Local policy-makers can act on environmental injustices and the resulting health 
inequalities in their decision making. Urban development – and especially urban planning 
– plays a crucial role in local decision making on healthy urban development (Barton & 
Grant 2013, Baumgart et al. 2018).  As environmental justice and healthy urban 
development are usually wicked problems, decision making is often challenging. 

A wide range of quantitative measures can help to analyse such complex systems and 
related problems and support decision making (CSDH 2008, Corburn and Cohen 2012, 
Shrestha et al. 2017). 

The spatial urban health equity model (SUHEI model) was developed as a conceptual 
framework for indicator development to support local decision making (Flacke, Köckler 
2015). It builds upon existing indicator frameworks from health and environmental 
science (Morris et al. 2006, Briggs 2003) and aims at (a) providing spatial representation 
at neighborhood level using a geographical information system (GIS), (b) representing 
cumulative risks, and (c) targeting interventions leading to action (Flacke, Köckler 2015, 
368). Therefore the SUHEI model includes indicators that represent drivers, state and 
exposure of a certain system at hand. The state is divided into social context, 
environmental stressors and environmental resources (see Figure 1). 

Looking at the model in Figure 1, one can see that the SUHEI model does not include a 
category for health outcome indicators. This has two reasons. First, health outcome data 
fulfilling requirement of availability at the neighborhood level is not easily (publically) 
available. Second, the number of cases representing a certain health outcome is not 
large enough to fulfill requirements of epidemiological research. Therefore, the SUHEI 
model aims at integrating indicators on the state of social and environmental factors that 
have been proven to lead to health effects. If a study for example proved that exposure 
to noise causes problems for blood pressure this does not have to be proven again for a 
specific city. Based on such a study we can assume that noise could be one 
environmental stressor indicator. 

Figure 1. The SUHEI model: indicators for health promotion based on environmental justice (Flacke, Köckler 2015)
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The selection of indicators should be guided by evidence from health research, data 
availability in the city and specific local topics. In general, different stressors, resources 
and indicators representing the social context could be included. 

The model was applied to the city of Dortmund (Flacke et al. 2016). Figure 2 shows 
which indicators have been selected to apply the SUHEI model in this case study. 

Figure 2. SUHEI model application to the city of Dortmund (Flacke et al. 2016)

In the data analysis we were able to show exposure to environmental burdens using 
specific combinations, e.g. green area per child aged 6 to 14. We also identified 
neighborhoods with multiple burdens and combined this information with neighborhood 
deprivation (see Map 1). The map builds upon a categorization of single resources and 
stressors. This categorization represents unequal distribution of noise, air (PM10, NOx) 
and green areas in Dortmund. We used quartile scores to combine different levels of 
stressors and resources and compare different neighborhoods. If a neighborhood has a 
relatively low level of stressors and a high level of resources (in the 1st quartile) it has a 
score of 1. If it is the other way around it has a score of 4 (4th quartile). So a 
neighborhood with the lowest level of relative burden has as score of 4 – four indicators 
in the 1st quartile – while the highest possible score is 16 – four indicators in the 4th

quartile. In Map 1, a neighborhood that is characterized by relatively high levels of 
stressors and less resources is classified as extremely high with regard to multiple 
burdens. Additionally we integrated the social context, presented by dots in the map. 
Socio-economic disadvantage is presented by the indicator “sum of inhabitants receiving 
either unemployment benefits or social welfare aids”. Through combining social and 
environmental indicators we identified so-called hotspots: deprived, vulnerable 
neighborhoods exposed to multiple burdens. 
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These neighborhoods are marked with yellow borders. They are affected by distributional 
environmental injustice (for details on data and methods please see Flacke et al. 2016). 

Map 1. Environmental justice analysis for the city of Dortmund (Flacke et al. 2016)

Decision making for a more just and healthy city can be supported by information on 
distributional environmental justice.  This information can be used to prioritize actions in 
urban development and environmental planning. For example, noise action plans and 
clean air plans are mandatory instruments of environmental planning at the local level. At 
present these instruments consider a single environmental factor (noise or air quality) 
and do not take vulnerability of population into account. Information provided by the 
SUHEI approach offers the opportunity to take multiple burdens and social vulnerability 
into account. Such information gives a solid base to follow what Köckler (2014, 2017) 
calls the “vulnerability of population principle”. It aims at a systematic consideration of the 
environmental effects on vulnerable populations and furthermore of the factors that 
determine the vulnerability of this people. Coming back to the example of noise action 
planning, limited resources for a program on noise insulated windows or the 
implementation of speed reduction could be focused on neighborhoods which have been 
identified as hotspots of environmental justice. 

http://www.mdpi.com/1660-4601/13/7/711
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At this moment the presented approach is a purely scientific exploration. The city of 
Dortmund has not yet made use of it. Our next step is to apply the SUHEI model in a real 
world policy environment. At present some cities have started working with the model in 
the context of healthy urban development, for example the health department of the city 
of Nuremberg, south Germany. 

Finally we want to point out, that the use of data of a SUHEI model for local decision 
making is more precise if the level of spatial resolution is higher than in the Dortmund 
case study. In Germany social data is publically available on the district level only, 
sometimes on the level of statistical quarters. It would be more precise to apply the 
model at the level of blocks of houses. Such data is available to local administrations, 
consequently they could examine this data using the SUHEI model. 
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 Emerging environmental health data 
sources

Jon Fairburn, Professor of Sustainable Development, Staffordshire University, UK
Jon.fairburn@staffs.ac.uk

Here are some of the biggest ongoing projects which have a wealth of data and reports 
covering environment, health and equity issues. 

EuroHealthy is a recently completed Horizon 2020 project, which sought to develop 
policies that promote health equity across European metropolitan areas. Briefing notes 
and other publications are available on the site. 

One of the outputs of the project is an online geoportal, which maps data at two levels: 

- Regional level — 269 NUTS 2 regions of the 28 European Union countries 

- Municipal level — 540 municipalities of ten European metropolitan areas: Athens, 
Barcelona, Berlin, Brussels, Lisbon, London, Paris, Prague, Stockholm and Turin. 

mailto:Jon.fairburn@staffs.ac.uk
http://www.euro-healthy.eu/
https://healthyregionseurope.uc.pt/
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The Information Platform for Chemical Monitoring (IPCHEM) is an online resource 
provided by the EU Commission. IPCHEM is structured into four modules, according to 
the chemical monitoring data categorisation: Environmental monitoring, Human Bio-
Monitoring, Food and Feed, Products and Indoor Air. The site also acts as a 
repository for any relevant project data from any project. 

HB4MEU Human Biomonitoring for EU aims to coordinate and advance human 
biomonitoring in Europe. HBM4EU will provide better evidence of the actual exposure of 
citizens to chemicals and the possible health effects to support policy making. This is a 
5-year project involving all EU countries. 

The new Index of Multiple Deprivation for England should be out in Spring 2019 – Jon 
Fairburn is currently producing the air quality information for the Living Environment 
Domain. 

Notable publications in the last year

- One of the biggest drivers for Environment and Health policy is the signing of the 
Declarations at Ministerial Conferences which are held every 5 years. The latest event 
was the Ostrava Declaration in 2017. Details of the Declaration in several languages are 
available on the site. 

- Annual Report of the Chief Medical Officer Health Impacts of All Pollution: What we 
know (2017) 

- The Routledge Handbook of Environmental Justice (2018), edited by Holifield, 
Chakraborty and Walker, contains the insights of over 90 contributors.  It presents an 
extensive and cutting-edge introduction to the diverse, rapidly growing body of research 
on pressing issues of environmental justice and injustice 

https://ipchem.jrc.ec.europa.eu/RDSIdiscovery/ipchem/index.html
https://www.hbm4eu.eu/
http://www.euro.who.int/en/media-centre/events/events/2017/06/sixth-ministerial-conference-on-environment-and-health/documentation/declaration-of-the-sixth-ministerial-conference-on-environment-and-health
https://www.gov.uk/government/publications/chief-medical-officer-annual-report-2017-health-impacts-of-all-pollution-what-do-we-know
https://www.routledge.com/The-Routledge-Handbook-of-Environmental-Justice/Holifield-Chakraborty-Walker/p/book/9781138932821

