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LINKS BETWEEN NOISE AND AIR

Executive Summary

POLLUTION

AND SOCIOECONOMIC STATUS

Links between noise
and air pollution and
socioeconomic status

Air pollution and noise pollution have a negative impact on all of society — but some groups are more affected
than others. Lower socioeconomic status is generally associated with poorer health, and both air and
noise pollution contribute to a wide range of other factors influencing human health. But do these health
inequalities arise because of increased exposure to pollution, increased sensitivity to exposure, increased
vulnerabilities, or some combination? This In-depth Report presents evidence on whether people in deprived
areas are more dffected by air and noise pollution — and suffer greater consequences — than wealthier

populations.

Air and noise pollution have many of the same sources,
such as heavy industry, aircraft, railways and road vehicles.
Research suggests that the social cost of noise and air
pollution in the EU — including death and disease — could
be nearly €1 trillion. For comparison, the social cost of
alcohol in the EU has been estimated to be €50-120 billion
and smoking at €544 billion.

Air pollution and noise pollution have negative health
impacts on all socioeconomic groups, rich and poor.
However, the risks may not be evenly shared; it is often
society’s poorest who live and work in the most polluted
environments. Furthermore, these same people may be
more impacted by pollution’s damaging effects than more
advantaged groups of society.
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Executive Summary

This In-depth Report from Science for Environment Policy
explores scientific research into the relationship between air
and noise pollution, socioeconomic factors and health. In
particular, it considers whether some socioeconomic groups
suffer worse health as a result of greater exposure and/or
vulnerability to air and noise pollution. Particular attention
is paid to the situation in Europe, although the report draws
on global experiences.

Exposure to air and noise pollution have many demonstrable
effectson ourhealth, both physicaland mental. These include
respiratory health issues (such as asthma), cardiovascular
health problems (such as heart disease), anxiety, depression
and sleep disturbance.

It seems likely that some groups of society are more affected
than others by these health impacts. However, these
‘health inequalities’ may arise as a result of either increased
exposure to pollution, or increased sensitivity to pollution,
or increased vulnerabilities, or, perhaps most likely, a
combination of all three.
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POLLUTION AND SOCIOECONOMIC STATUS

Health research already shows that people of low
socioeconomic status face a greater risk of heart disease,
mental health problems and poor sleep. These are also
some of the most commonly studied health impacts of air
and noise pollution, which seem also to be exacerbated by
greater pollutant exposure.

Research from around the world provides many examples
of disadvantaged communities who are exposed to higher
levels of air and noise pollution than more advantaged
groups. These studies are largely focused on specific regions
or cities, and a large number of studies focus on traffic as a
pollution source. This is not a universal pattern, however,
and the evidence on exposure in European cities is somewhat
more mixed. A number of studies show that polluted city
centre locations are often favoured by affluent groups, for
example.

Lower socioeconomic status is associated with poorer health
in a more general sense. Numerous studies have shown
increased health effects or deaths in deprived populations

City Pollution and Environmental Data Infographic © filo @iStock, 2015.
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associated with noise and air pollution, compared with
wealthier populations. Again, studies tend to be carried out
in specific regions or cities, with a few exceptions at national
levels.

Noise and air pollution contribute to a wide range of factors
influencing the health of populations, from aspects of the
built environment to individual lifestyle choices. Although
their specific contributions may be difficult to measure,
‘multiple risk exposures’ are thought to accumulate in
deprived populations in a fairly linear fashion, contributing
to ‘causal pathways” towards negative health impacts. These
pathways may also involve socioeconomic factors, such as
income and education, lifestyle factors, such as diet and
exercise (which are linked to socioeconomic factors) and
exposure to other kinds of environmental stress.

From the evidence presented here, it looks likely that
deprived populations living in areas that are exposed to
high levels of pollution, or are exposed over a long duration,
will assuredly experience the worst effects. Studies to
date (although limited in number) also suggest that more
advantaged communities are not as likely to suffer pollution-
related health impacts as poorer communities, even where
the advantaged communities live in more polluted areas.

This potentially means that deprived populations are cither
more sensitive to the effects of noise and air pollution
(e.g. through existing long-term health conditions, or less
healthy lifestyles), or that more affluent populations are less
vulnerable (e.g. through paying for better healthcare and
lifestyle goods). For instance, despite living in a polluted
arca, wealthier residents may be able to afford better-
constructed housing, and they may be more likely to work
indoors and use private transport, avoiding negative health
impacts.

Thisreporthighlightssome of the methodological challenges
faced by researchers in this field; an understanding of these
issues can help policymakers, planners and organisations
interpret and compare study results. For example, different
studies define socioeconomic status in different ways. They
also assess exposure and impacts at different scales; existing
research tends to focus on average exposure and impacts at
the local or neighbourhood scale, but geographical units
of study (i.e. the ‘length size’ ranging from tens of meters
or kilometres) are very various. Overall, very few studies
consider the European or global picture.

POLLUTION

AND SOCIOECONOMIC STATUS

The existing evidence on this topic should be treated with
some caution due to a lack of consistency in study methods.
It is currently difficult to compare and contrast results
between studies, or to draw wider conclusions about the
role of socioeconomic status in exposure to noise and air
pollution and resulting health impacts.

Further studies directly measuring both exposure and
health impacts are needed to explore associations between
socioeconomic status and noise and air pollution in Europe.
Longitudinal studies — involving multiple rounds of data
collection — are required to understand the long-term
consequences of exposure to air and noise pollution. Also
needed are studies investigating the effects of moving
between areas with different socioeconomic characteristics
and with different levels of exposure to pollution.

Despite these uncertainties, there is plenty of evidence
to enable action; it is evident that reducing noise and air
pollution will have a positive impact on health for all. In
addition to universal measures, targeted measures designed
to reduce exposure particularly in deprived populations will
reduce the risk of the poorest in society suffering greater
health consequences related to noise and air pollution.

Promoting and adopting more sustainable forms of
transport could, for instance, reduce both noise and air
pollution from traffic, whilst intelligent use of spatial
planning tools and data could separate living and working
areas from polluted areas. More stringent limits on both air
and noise emissions, including combined emissions, would
also reduce health impacts for everyone. Also, the evidence
supports targeted measures to reduce the wvulnerability
of socioeconomically deprived populations to the health
impacts of polluted environments, to ensure that they are
not subjected to greater risks via lack of resources, greater
sensitivity and greater exposure.

Policies which tackle a broader spectrum of socioeconomic
and health inequalities could have co-benefits. For example,
public campaigns to reduce smoking addiction would likely
have a positive effect on a variety of health outcomes. Also,
encouraging more active travel (walking and cycling) could
reduce greenhouse gas emissions and reliance on non-
renewable fuels, in addition to reducing inequalities in
exposure to air and noise pollution.
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POLLUTION

AND SOCIOECONOMIC STATUS

The toll of air and noise
pollution: who is most

affected?

Air pollution and environmental noise present significant
risks to our physical and mental health. Heart disease,
respiratorydisease and anxiety are just some of the conditions
associated with either, or both, of these environmental
burdens. In the World Health Organization (WHO)
European region, nearly 600 000 premature deaths annually
are linked to outdoor air pollution (WHO Regional Office
for Europe, OECD, 2015). In addition, environmental
noise causes at least 10 000 cases of premature death in
Europe each year (EEA, 2014).

However, the risks from noise and air pollution are not
evenly shared throughout society. Social inequalities affect
where and how people live and it is often society’s poorest
who live and work in the lowest quality environments.
This means that some socioeconomic groups may live in
more polluted areas than other groups. More deprived
socioeconomic groups are also more likely to have
underlying health conditions that may make them more
vulnerable to pollution’s effects.

This In-depth Report explores scientific research into the
relationship between socioeconomic factors, health, and air
and noise pollution. In particular, it considers whether some
socioeconomic groups suffer worse health as a result of greater
exposure and/or vulnerability to air and noise pollution.

There are considerable difficulties in carrying out studies on
this topic. The pathway from the source of the pollution to
exposure, and from exposure to health impact, is complex.
It is also difficult to predict the impact of specific levels
of air or noise pollution or for an individual without
detailed knowledge of that person’s living situation and
lifestyle. Difliculties also exist on the socioeconomic side;
in particular a lack of ‘stable’ metrics for demonstrating
social equality makes it difficult to draw conclusions across
various metrics and studies.

L. bttp://eur-lex.europa.cu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0
050&from=en

2. http://ec.europa.en/environment/air/clean_air_policy.htm

Air and noise pollution are regulated separately. In the EU,
the Air Quality Directive (2008/50/EC)" has set targets
for concentrations of various air pollutants to be met by
2010, or 2015 at the latest. Many EU Member States are
not currently fulfilling their legal duties; to help, the Clean
Air Policy Package? sets out a programme towards broad
compliance by 2020, together with measures to achieve more
ambitious health impact reductions by 2030 (the proposal
for a revised National Emission Ceilings Directive, and the
now-adopted Medium Combustion Plants Directive (EU)
2015/2193%).

The Environmental Noise Directive (2002/49/EC)* aims
to reduce the harmful effects of noise. It requires Member
States to map noise levels from transport (road, rail and
airports) and industry and to draw up action plans to
address excessive noise pollution. The Directive does not
set any limits or targets or prescribe specific measures to be
taken, but leaves these decisions to the Member States.

Dealing with health inequalities in relation to noise and air
pollution depends not just on international and national
level commitments, but also on local measures to reduce
exposure and vulnerability among the most exposed people
in society, irrespective of social status.

Measures may prioritise the most at-risk groups through
targeted interventions to improve living conditions and
pollution levels for these people. Spatial planning to
identify priority areas, building design and protection and
enhancement of quiet areas may also play a role (Harris and
Pinoncély, 2014; Pope et al., 2014). Meanwhile, action to
tackle congestion and promote more sustainable forms of
transport can have joint benefits — for all sectors of society
— by helping to reduce both air and noise pollution, and
their impacts on physical and mental health.

3. bttp://eur-lex. mrg[)a.a’u//e@z/»mntmt/]:l\’/ TXT/2uri=CELEX:320151.2193
4. bttp://ec.europa.eu/environment/noise/directive_en.htm
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Part 1: Noise and air pollution and socioeconomic status

Many different types of air and noise pollution can have

many different effects on our health. Part 1 of this report Ga PM,,

introduces the problems of air pollution and noise pollution 900

in a changing world. It considers these in relation to the ?g L —
socioeconomic factors that affect exposure and vulnerability |

to these pollutants. 500 \_\__
400
1.1 Global trends S T

200+
Urban populations 1D§1 -
Air and noise pollution concentrate around cities, though —,’Qﬂj "&d}- 19@ n,@b ’v@ 15? .1‘@% ,19“‘6 .,5:?’\ FL:}"'L
are not exclusive to urban areas. At the beginning of the 20th
century, less than 14% of the world’s population lived in urban
environments (PRB, 2015). Today, more than half live in a Gg PM
city. In industrialised nations, the number of urban dwellers is 800- #s
much higher (80%) (Grimm ez 4/., 2008), with Europe’s urban 00—
population predicted to exceed 580 million across 48 nations 600+
by 2050 (United Nations, Department of Economic and Social jgg 1

Affairs, Population Division, 2014). Urban living brings people

3004
closer to jobs and allows industry and creativity to flourish, but 200 __-—_-_-ﬁ";:;__‘._—:_

it may be associated with a more stressful social environment 1001

and greater social inequalities. People living in cities also face 0 — :

an increased risk of chronic health disorders, and growing up in 3 ge & N
growingup 1@@};.1‘3?,19{?,@?@@@1@

acity is linked to higher stress levels (Lederbogen ez 4/, 2011).
It has been estimated that the risk of anxiety disorders is 21%

higher and the risk of mood disorders 39% higher for those G NO
Lo . : X
living in the urban environment. & 000 4

. 5 000 4
Sources and levels of pollution

4000

Historically, air pollution has increased alongside 3 000 |
industrialisation and the development of more technically 2 000 4
advanced transport systems. However, in Organisation | 000 | —
for Economic Co-operation and Development (OECD)?
countries (mcl.udmg a number .of. EU Member States? the S PP F DSOS > D
trend is reversing as tighter emissions standards and limits FFFFIIT TS

come into force (OECD, 2014).

— T rt
The main air pollutants that pose a risk to human health _|,:33:f;
are nitrogen oxides (NOX), particulate matter (PM2.5 Other _
d PMIO) . heri ( 41 1) (03) d = Commercial, institutional and household fuel combustion
an , tropospheric (ground-level) ozone an == Solvent and product use
sulphur dioxide (SO2). Exposure to PM2.5 and PM10, for Energy ex. industry
example, is associated with mortality from cardiovascular — Agriculture

. . = Total
and respiratory diseases and from lung cancer, as well

as respiratory and cardiovascular morbidity, such as

aggravation of asthma, and respiratory symptoms (WHO, Figure 1: Contributions to EU-28 emissions from main
2013a). source sectors (gigagrams (Gg)/year — 1 000 tonnes/

year) of PM10, PM2.5, NOX (2003-2012) © European
Environment Agency, Air Quality in Europe — 2014
report. EEA Report No. 5/2014.

S. bttp://www.oecd.org/about/membersandpartners/
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Overall, commercial, institutional and household fuel-
burning is the main source of primary (i.e. directly released)
PM10 (43%) and PM2.5 (58%) in EU countries. This is
followed by industry and then transport, which both emit
less than half the total PM of fuel-burning (EEA, 2015a).
However, secondary particles (i.e. those that are formed in
the air through chemical reactions of gaseous pollutants),
originating from agriculture, energy, transport or industry
sectors, make up a significant proportion of total PM.
Secondary particles are the largest relative contribution to
PM in Europe, even in urban areas (Lelieveld ez al., 2015).
Agriculture is also now the third most important source of
primary PM10 emissions in the EU, after the ‘commercial,
institutional and houschold fuel combustion’ and industry
sectors. The energy sector accounts for the highest

proportion (56%) of sulphur oxides (SOx) (EEA, 2015a).

Road transport, shipping and aviation are together
responsible for more than half of all European NOx
emissions in Europe (33 countries), with the energy sector
contributing approximately half as much and industry and
fuel-burning emitting smaller amounts again (EEA, 2015b).
(Sectoral emissions of PM and NOx for 2003-2012 are
shown in Figure 1). The same transport sectors emit smaller
proportions of the other key pollutants, and are also a source
of harmful noise emissions.

Cities remain air pollution hotspots, with driving habits
largely determining daily and weekly patterns of pollution
levels (Grimm ez al, 2008). In recent years, traffic
restrictions have been imposed in some EU cities during

high PM episodes (EEA, 2014b).

Meanwhile, noise pollution has also been increasing with
industry and transport growth. However, in contrast with
air pollution, noise pollution continues to increase in EU
countries (WHO, 2011). Despite this increase, there are still
no strict limits for community noise levels (Pope, 2015).6

b2

6. (dir quality standards, by comparison, have become increasingly stringent.)
The WHO Regional Office for Europe is currently in the process of developing
environmental noise guidelines which update its community noise guidelines of 1999.
These will provide advice for its Member States on limiting the harmful effects of noise
pollution (WHO Europe, 2015).

POLLUTION
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Health inequalities exist at both global and local levels. The
urban environments in EU Member States can be safer and
healthier places to live than in many lower-income countries.
However, within any one European city there are those who
are exposed to far greater risks from pollution compared with
others living in the same city. These health inequalities can be
a result of social inequalities.

Consideringair quality ata regional level, O, concentrations
are highest in southern EU countries, whilst northern Italy
and Eastern Europe have the highest concentrations of
PM10 (Pearce et al., 2013). Low-income populations tend
to live in poor-quality buildings, with greater exposure to
adverse environmental conditions, and less access to open
space than those with higher incomes.

A lack of financial capital and resources reduces their
opportunities to move to areas with lower levels of pollution
(Harris and Pinoncély 2014). This is true at both regional and
neighbourhood levels within the EU.

Deciding at which scale (regional or neighbourhood areas,
for example) to measure pollution and health impacts is
a topic of debate for researchers in the field (Putrik ez al.,
2014). Air pollution levels vary at the national, regional
and even very local level. As an added complication,
units of area are not standardised across all studies. For
example, researchers may study areas that are based on
historical or administrative borders, or they may even rely
on participants’ own perceptions of where the borders lie.
These differing research approaches make interpreting and
comparing results on health impacts more complicated, and
it can be difficult to reach firm conclusions on the effects of
living in more deprived or more polluted areas.

For this report, we identified a very limited number of
studies which focus on how socioeconomic factors may
lead to differences in exposure to noise and air pollution
at the European or global levels. Most studies focus on
socioeconomic differences at local and neighbourhood
scales. This focus, of the research carried out so far, limits
the drawing of firm conclusion about the chain of effects
or causation between pollution levels, socioeconomic status
and health implications. However, some indications can be
understood from the more local-scale studies; the larger-
scale questions would need to be answered with larger-scale
research. Evidence from all studies is discussed in section
3.2. Section 3.1 considers some of these methodological
difficulties in more detail.
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Table 1 lists some of the most important anthropogenic sources of air and noise pollution along with types of emissions for
air pollution. As shown, several sectors contribute to both air pollution and noise emissions. Although greenhouse gases
(GHG:s) are listed here to provide an overall picture, they do not form part of the main discussion of this report, as they
have a more climatic-level impact on health than other emissions. NOx gases and PM tend to be the most widely researched
pollutants, with PM associated with some of the most severe health effect (Lee ez al., 2014).

Transport o Aircraft
o Road traffic
e Rail
e Ports, docks and shipping

Industry (non-farming) e Heavy machinery

o Construction

e Energy generation including from o

wind turbines

Agriculture o Heavy machinery

e Livestock

Household and e Musicand TV
neighbourhood e People — at home, school and
(minimal contribution) workplace

o Pets

o Garden equipment
e Church bells

e Entertainment venues

Table 1: Sources and types of air pollution and noise emissions

An exhaustive review of the many different impacts of noise
and air pollution is beyond the scope of this report, which
focuses on socioeconomic influences. However, some
background is necessary. Table 2 provides a brief overview
of the main impacts of noise and air pollution as indicated
by research featured in this In-depth Report

Air and noise pollution can affect our physical and mental
health, as well as behaviours that may have indirect effects

e Particulate matter (PM), especially from road
transport

e Volatile organic compounds (VOCs)
¢ Carbon monoxide (CO)
e Nitrogen oxides (NOX), especially from diesel

cars

e Sulphur oxides (SOx), especially from
shipping

e Greenhouse gases (GHGs) from all sources

(74% of CO2 from road sources, 12% from

aviation)

¢ SOX from burning of fossil fuels and industrial
processes

PM from commercial/institutional fuel
burning

o GHGs from burning of fossil fuels

e Methane from livestock and manure

e Nitrous oxide (N20) from soil management
practices

e PM from houschold fuel-burning

e GHGs from home and community energy use

on health. Noise can also have an impact on our productivity
levels (in the workplace, for example), through cognitive
effects. Simply stated, it is difficult to concentrate in noisy
environments (Treasure, n.d.) or if you have not slept well
due to excessive noise.

Details of impacts on cardiovascular health, mental health
and sleep are expanded further in Part 2 of this report.
There are differences between the types of impacts caused
by noise and the types of impacts caused by air pollution,
as well as key overlaps. For example, although anxiety is
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Physiological / physical

AND AIR POLLUTION

Heart disease

Hearing loss
Psychological / Depression
emotional Anxiety
Behavioural Sleep disturbance
e Annoyance
o Aggression
Cognitive e Productivity levels

e Learningdisturbance

Table 2: Main health impacts of noise and air pollution

more commonly linked with noise pollution, it has also
been linked with PM (Power et al., 2015), and studies on
associations between noise and heart disease are becoming
just as common as they are for air pollution.

Perhaps the most obvious reason for treating noise and air
pollution as linked is that they often come from the same
sources. Heavy industry, aircraft, railways and road vehicles
(see Table 1 in 1.3) all contribute to both noise and air
pollution emissions.

However, one problem with a joint focus is that it can be
difficult to separate their similar impacts, certainly in the case
of transport emissions. This is referred to as ‘multi-causality’
in epidemiological terms.

A UK report on the health effects of aircraft noise cited
several studies where it was difficult to separate effects
that were due to noise emissions from aircraft and those
that were due to air pollution emissions (Civil Aviation
Authority, 2014). One of those cited, Floud ez /. (2013),
looked at associations between aircraft and road trafhic
noise and heart disease across six European countries. This
study found a potential link between exposure to both road
traffic and aircraft noise and heart disease and stroke. The
association between aircraft noise and health impacts was
not affected by air pollution, but the researchers could not
separate the effects of noise and air pollution (NO2) ffrom
road traffic on health. A separate study on the impacts of
aircraft noise carried out at Heathrow Airport, UK, also
found a link between noise and heart disease even when
the effects of PM and other air pollutants were considered
(Hansell ez /., 2013).

AND SOCIOECONOMIC STATUS

Heart disease

e Respiratory disease

Asthma

Anxiety

Physical activity levels

According to a 2013 report of the European Network on
Noise and Health (Lekaviciute ez al, 2013), although
"disentangling the effects of noise and air pollution is a
challenging task’, it is possible to separate out their effects.
The report estimates the correlation between trafhc-related
noise and traffic-related air pollution exposure at 0.3-0.6
(where a correlation of 1.0 indicates a perfect association).
This range indicates that the two may be quite weakly or
moderately associated, depending on the specific urban
environment. The researchers therefore suggest that it
is possible to determine, for instance, what proportion
of heart disease cases may be attributed to air pollutant
emissions from road vehicles and what proportion may be
attributed to road traffic noise.

A large number of studies that consider socioeconomic
differences focus on exposure to traffic pollution. Thus
traffic pollution forms an important part of the discussion
in this report.

Many studies have shown that living closer to main roads
increases health risks for a wide range of conditions. These
increases are seen in both deprived and privileged areas,
but more deprived populations may be at greater risk.
Both air and noise pollution from road trafhc appear to
lead to health effects. Road transport was named as the
most concerning source of air pollution source by 100
experts who completed a WHO Europe ‘Health Risks
in Air Pollution’ survey in 2013 (Henschel and Chan,
2013). Alongside the development of chronic diseases and
increased risk of respiratory illness via exposure to trafhic-
related air pollution, the WHO has classed diesel exhaust
as carcinogenic’.

7. bttps://www.iarc.fr/en/media-centre/pr/201 2/ﬁz{f€/p7'2 13 E. 170‘[}“
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Transport-related pollution is subject to regulations, such
as vehicle emissions controls and vehicle noise limits. The
Euro 6 standard?, introduced in 2014, is the current set of
limits for air pollution emissions from cars and other light-
duty road vehicles. It includes limits for CO, PM, NOx and
hydrocarbons. New limits for vehicle noise have recently
been adopted under Regulation 540/2014° on the sound
level of motor vehicles. However, in some cases, real world
pollution emissions have not reduced in line with the limit
values (in particular for diesel emissions of NO2). Moreover,
limits on individual vehicles — and other emissions sources
— do not take into account a person’s overall exposure to
pollution from all sources.

Urban sprawl and inadequate spatial planning have created
a situation in many cities where it is more convenient
for people to drive than to use more sustainable forms of
transport (Harris and Pinoncély, 2014). In established
cities, public and industrial infrastructure has already
created physical boundaries for noise and air pollution to
some extent. However, it is possible to reduce the social
inequalities that put the most deprived communities at the
greatest risk from pollution by prioritising neighbourhoods
for action (Pelletier, 2013).

“There is a social gradient in health — the lower a
person’s social position, the worse his or her health.”

Marmot ez a/. (2010)

There is now a significant body of evidence which shows
that people in lower socioeconomic groups have a higher
risk of various health problems. For instance, less educated
groups were shown to be at higher risk of stroke, diseases of
the nervous system, diabetes and arthritis in eight European
national health surveys conducted in the 1990s (although
more educated groups were at greater risk of allergy)
(Dalstra et al., 2005). This evidence base has been much
strengthened in the past two decades.

The ‘socioeconomic status-health gradient’ is an important
concept. It refers to this known link between socioeconomic
status and health — that health tends to be better in people
of high socioeconomic status and worse in those of low
socioeconomic status. However, there are many factors
which affect this health gradient; ‘socioeconomic status’ is
just one possible influence.

8. http://eur-lex.ecuropa.eu/legal-content/EN/TXT/?uri=uriserv:[28186
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It is often society’s poorest who live and work in the lowest
quality environments, areas that are experience the highest
levels of pollution and have the least access to open spaces
(Harris and Pinoncely, 2014; Kjellstrom ez 4/., 2007). Areas
already exposed to high levels of transport noise and air
pollution, such as near busy roads, airports and railway
lines, may also be more affordable to poorer residents.

Whilstitis clear thatboth rich and poor are affected negatively
by pollution, it is not clear whether both are affected to the
same extent. Exposure, sensitivity and vulnerability are
three key concepts regarding pollution’s potential impacts on
health. Is a person or community more likely to be affected
by pollution because they are more exposed to it, because
they have increased sensitivity, or because they are more
vulnerable to its effects? Although these concepts are linked
(high exposure or sensitivity can increase vulnerability; high
exposure can also increase sensitivity, for instance), it is also
important that they are differentiated. As some studies show
(discussed in Part 3 of this report), people exposed to high
levels of pollution do not necessarily have a higher risk of ill
health than people exposed to lower levels of pollution.

Increasingly studies are secking to understand whether
socioeconomically  disadvantaged  populations
consistently exposed to higher levels of air and noise
pollution, and, if so, whether there may be long-term
negative health consequences for these populations (see
Part 3 for further discussion of these studies). Studies to
date suggest that more deprived communities are more
likely to be more exposed to air and noise pollution.

are

There are many interacting factors that affect exposure to
noise and air pollution, and its impacts: ranging from the
political economy to aspects of the built environment.
Monetary wealth is one important factor, but it is not the
only factor. In social research, privilege or deprivation status
is calculated by combining a number of different factors to
generate indices of deprivation (Pelletier e al., 2013). See
section 3.1.1 for further details of deprivation indices.

The associations between exposure, health outcomes and
socioeconomic status are very complex due to these many
interacting variables. Thus, health outcomes must be viewed
in a wide context of all possible factors, especially as it is
difficult to separate the influence of some these factors in
studies carried out in real-life settings (CSDH, 2008).

9. http://eur-lex.europa.en/legal-content/EN/TXT/?uri=uriserv:OQLL_.2014.158.01.0131.01.ENG
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1.6.3 Socioeconomic status and vulnerability

Socioeconomically deprived populations may suffer
increased health problems related to noise and air pollution
compared withlesssocioeconomically deprived populations,
not only because they are exposed to higher levels of
pollution, but also because they are more vulnerable tro
the effects of pollution (WHO, 2010). This ‘vulnerability
hypothesis’ was proposed in the 1990s but it is still less well
understood than exposure effects in deprived populations.

The health of deprived populations tends to be worse overall
than that of more affluent populations (WHO, 2010). The
risk of chronic diseases, such as heart disease — associated
with both noise and air pollution, is already higher for
people of low socioeconomic status, for instance (see 2.2~

2.4 for further details).

Together, evidence from studies could suggest that deprived
populations suffer worse health effects from noise and
air pollution through increased exposure and increased
vulnerability to the effects of exposure. Evidence for this
proposed ‘double burden’ is considered in further detail in
sections 3.2.1 and 3.2.2.

Lifestyle and behavioural factors, which are linked to
broader factors, such as income and education, may also
play a role in vulnerability. They also make the picture
more complex by adding to the many risk factors (see
3.3) experienced by deprived populations (WHO, 2010).
These include diet, commuting times, smoking (and passive
smoking) and alcohol consumption, and other lifestyle
factors like physical and sports activity.

Bilger and Carrieri (2013) posit that low quality
neighbourhoods are strongly health-damaging. They also
cite several studies which support the assertion that a high
concentration of poor, less-educated individuals living in
an area might negatively affect health due to the unhealthy
lifestyles that are more common among people in deprived
socio-economic circumstances (in addition to pollution
levels and other neighbourhood factors). On the other
hand, people who are already healthier or more physically
active — through self-selection based on their initial health
status — may be more likely and able to live in healthier
neighbourhoods with better access to green spaces and
sports facilities (Bilger and Carrieri, 2013). This bias may
make it more difficult to assess the effects of socioeconomic
status on pollution-related health effects, with respect to
either exposure or vulnerability. However, few studies have
attempted to deal with this issue.

A person’s coping strategies and resources may also reduce
their exposure to pollution and thus their vulnerability.
For instance, Hajat ez /. (2015) ccomment that higher
socioeconomic groups are more likely to be able to afford
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to live in better constructed houses. In addition, they
have more ‘social capital. Social capital, in this case, may
be political influence used to prevent polluting land uses,
such as factories and roads, from being built in the local
community.
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Traffic jam on German highway /A100 in Berlin ©
querbeet @iStock, 2013.
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Part 2: The possible contribution of noise and air pollution

to health impacts

As outlined in Part 1, exposure levels and vulnerabilities of
different socioeconomic groups to noise and air pollution
may vary, leading to unequal health impacts. Therefore, in
order to inform the later discussion on health inequalities,
Part 2 of this report outlines proposed pathways towards the
negative health consequences of noise and air pollution, as
well as some of the most likely health impacts.

2.1 Pathways to poor health

Air and noise pollution contribute to ‘causal pathways’ towards
negative health impacts, that is, they are part of a combination
of risk factors which may lead to poor health. These pathways
may also involve socioeconomic factors, such as income and
education, lifestyle factors, such as diet and exercise (which
are linked to socioeconomic factors) and exposure to other
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Streets and neighborhoods of Athens, Greece. © Starcevic @iStock, 2016.
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Figure 2: Association between road traffic noise and myocardial infarction (heart attack). © European Union, Lekaviciute
etal., ENNAH - European Network on Noise and Health, EU Project no. 226442, JRC Scientific and Policy Reports

EUR 25809 EN (2013). Redrawn.

environmental stresses (Lekaviciute ez /., 2013). Thus multiple
pathways, involving both increased exposures and increased
vulnerabilities, could lead towards a health outcome, such as
heart disease.

Figure 2 outlines possible causal pathways between road
traffic noise and myocardial infarction (heart attack). Many
factors are shown to add to the pathway and affect the risk.
As well as air pollution, they include diet, job-related stress
and BMI (body mass index). Socioeconomic factors are
represented as socioeconomic indices (SEI) and may be
important in understanding an individual’s risk, because
they affect the lifestyles and behaviours (e.g. diet) that
determine exposure and vulnerability to pollution for each

person.

This section introduces four areas of health affected by noise
and air pollution: respiratory health, cardiovascular health,
mental health and sleep disturbance. Outside of these four
areas, there are many other known and proposed health

impacts of air and noise pollution. There are three possible
reasons for a correlation of increased health impacts with
low socioeconomic status. Firstly, increased exposure to the
pollution. Secondly, people of lower socioeconomic status
could be more sensitive to each health problem, because
of underlying or associated illness, life habits or addictive
behaviours, such as smoking. Thirdly, given the lack of
resources or access to deal with health problems, higher
workplace, indoor and outdoor exposure from the living
and working environment, and lower mobility, they could
also be more vulnerable to pollution’s effects. Most studies
seem to acknowledge all aspects to an extent; evidence so
far suggests that these interweaving factors are still being

unpicked.
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Various studies show that there is an association between
exposure to common air pollutants and an increased risk of
viral respiratory infections, chronic cough and bronchitis,
pneumonia and influenza (Kelly, 2014). Looking at
individual pollutants’ effects, PM2.5 and PM10 can lead
to illness and death from lung cancer, asthma aggravation
and other respiratory and cardiopulmonary diseases and
increased risk of viral respiratory infections SO2, NOx
and ground level O3 can also worsen asthma symptoms

(NRDC, 2015).

Noise pollution has also been related to respiratory illness,
although there is much less research on this than for air
pollution. A study in Madrid, for example, found that
higher noise levels were associated with a significantly
increased risk of respiratory mortality in people aged over
64 years. This was even after the researchers had taken
account of the effects of air pollution (PM2.5 and NO2).
The researchers suggest that this association is linked to
high levels of cortisol (the ‘stress hormone’) being released
during stressful situations, which can increase the risk of
asthma and chronic bronchitis (Tobias ez 4/, 2013).

There is some debate among scientists over whether asthma
and respiratory allergies are more likely to occur among
higher or lower economic groups (Hedlund ez 4l., 2006;
Poyser ez al., 2002; Hancox ¢t al., 2004; Eagan ¢t al., 2004).
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Opverall, however, respiratory diseases do appear to be more
common among lower socioeconomic groups for a number
of reasons; air pollution and possibly noise pollution are
two of the many risk factors.

It should be noted
between respiratory and cardiovascular diseases, as the

cardiopulmonary (heart and lungs) system is highly
connected (WHO, 2013a).

that there are some crossovers

Research indicates that both air and noise pollution are
contributory factors to cardiovascular disease. A growing
body of epidemiological and clinical evidence, for example,
has increased concerns about the potential relationship
between air pollution and heart disease and stroke (Brook
et al., 2004). PM and CO increase blood pressure and a
number of studies show that the risk of both heart disease
and mortality increase with greater exposure to PM2.5
and PM 10 (Zeka et al., 2004; discussed in Lee et al., 2014;
Maté ez al., 2010).

For noise effects, there are some high-quality, population-
level studies linking heart disease to environmental noise
(WHO Europe, 2011), although two recent papers argue
that the evidence for the link between traffic noise and
heart disease still needs to be strengthened (Banerjee ez al.,
2014; Vienneau ez al., 2015). The so-called ‘general stress

NOISE LEVEL AVERAGED EXPOSURE HEALTH IMPACTS
OVER 1 YEAR
30dB Natural sounds
35dB
WHO recommended limit for
40dB night-time noise
45dB Sleep is disturbed
50dB Street with Many people have to adapt their
some traffic lives to cope with noise at night
1 in 4 EU citizens is exposed to noise -
ot Heart-attack incidence increases
levels above 55dB every day (24 hours)
Psychiatric disorders.
Road with 1 in 13 EU citizens is exposed to noise

heavy traffic

levels above 65dB every day (24 hours)

Figure 3: Links between noise levels, exposure and health impacts (adapted from Biamp Systems (n.d.). Redrawn.)
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model’ may explain the potential link between noise and
heart disease. This describes the way that the body responds
to stress and it has been suggested that noise activates the
nervous system and triggers the release of stress hormones
(Hansell ez al., 2013; Lekaviciute e 4., 2013). One of the
main outcomes of these stress processes is thought to be
raised blood pressure.

from  lower
backgrounds  are
more vulnerable to coronary heart
discase due to a wide range of
reasons. In developed countries, low
socioeconomic status is associated
with a number of risk factors for
heart disease, including high blood
pressure, diabetes and  obesity
(Mackay and Mensah, 2004). Higher
levels of air and noise pollution, and
increased duration of exposure, add
to these risk factors.

Again, people

socioeconomic

2.5 Mental health

Vulnerable groups, such as those
living in poverty or with long-lasting
illnesses, may be more sensitive
or vulnerable to mental health
problems (WHO, 2013b). Noise
and air pollution may increase this risk of mental illness. It
is not entirely clear how exactly they affect mental health,
but it is possible that annoyance in the case of noise and
tissue damage or inflammation in the case of air pollution
may play a role.

Stansfeld and Matheson (2003) suggest that annoyance
caused by noise can lead to more serious or less serious
psychological effects, but that this risk is influenced by
an individual’s perceptions and coping strategies. Thus,
noise’s impacts are very unique to the individual, even
if there are also are socioeconomic and community
influences. Some evidence for differences in vulnerability
to mental health problems in relation to socioeconomic
status and noise/ air pollution is discussed in sections
3.2.1and 3.2.2.

Air pollution is not usually thought of as being linked
to mental health problems. However, a survey of 71 271
women found increased symptoms of anxiety among those
exposed to high levels of PM2.5 over the long-term (Power
et al., 2015). The study’s authors suggest that PM2.5 may
cause anxiety through oxidative stress (damage caused by
reactive oxygen) and generalised inflammation, although
this theory is not yet proven.

POLLUTION
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2.6 Sleep issues

There is good evidence for the impacts of noise on sleep
(Stansfeld and Matheson, 2003). The links between air
pollution and sleep are not well studied, although there is
some evidence that being exposed to higher levels of PM may
reduce the duration and quality of sleep (Fang ez /., 2015).

Hours of sleep by ashleyamos @Pixabay, 2014.

Poor sleep is linked to a range of other health impacts, such
as hypertension, diabetes, a weakened immune system and
mental health problems, including depression and anxiety
(Arber et al., 2009; Robotham ez 4/., 2011). Therefore, the
impacts of noise on sleep cannot be considered in isolation,
but rather as part of a range of possible health problems
that may interact with each other. There appears to be little
research to date which has measured both noise exposure
and its impacts on sleep in different socioeconomic groups.
However, selected studies are discussed in section 3.2.1
along with other evidence for exposure and vulnerability
differences in deprived populations.

One important factor when considering socioeconomic
differences in sleep patterns is shift work, which is more
likely to be conducted by people from lower socioeconomic
groups. This may make minority, low-income and less
educated populations more vulnerable to sleep problems
(Givens et al., 2015).
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In the third part of this report, we take a more detailed
look at the existing evidence for possible links between
socioeconomic situation and the health outcomes of noise
and/or air pollution. We explore multiple components of
socioeconomic status, recognising that income alone cannot
determine exposure to pollution or pollution’s impacts.
We also consider how socioeconomic factors fit within a
wider range of interrelated factors that potentially influence
health, including individual lifestyles and behaviours.

Studies in this field use a wide variety of methods to
measure aspects such as exposure and socioeconomic status,
and collect data from study participants. There are varying
ways to record metrics on exposure assessment, and this
results in some incoherence between studies. The variety
of qualitative and semi-qualitative socioeconomic metrics
has emerged as a significant issue, as it makes meta-analyses
and horizontal comparisons difficult or less meaningful. For
every study it is necessary to look in detail at the way impacts
were measured as each method has different advantages and
disadvantages. This understanding of study design can help
users of research interpret findings and consider whether
and how to compare the results of different studies.

Different studies define socioeconomic status in different
ways. Definitions may include one, some or all of the
following factors:

e Income

o Education

e Property ownership

e Type of housing

e Employment

e Other measures of deprivation/privilege

Within these categories, indicators are used to estimate
levels of deprivation/privilege. The estimates could be for
individuals or households, or for broader scales, such as
neighbourhoods and regions.

Some studies use just one measure of socioeconomic status.
For example, Pearce ez al.’s 2013 study, which investigated
social inequalities in exposure to air pollution in the EU,
used one indicator: gross domestic product (GDP) per
capita (results are presented in section 3.2.2).
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Other studies may consider larger numbers of indicators to
create combined measures of socioeconomic status.. These
indices may be additive, meaning results are calculated
simply by adding up the scores from a set of indicators, or
multidimensional, meaning that the relationships between
the different indicators are first analysed before the most
relevant indicators are selected (Pelletier e 4/., 2013).

An example of a study which used an index is Battaner-
Moro (2010) which explored access to quiet areas in a UK
city. This used the English Indices of Deprivation which
includes 38 indicators under seven domains; Income;
Employment; Health and Disability; Education, Skills and
Training; Barriers to Housing and Other Services; Crime;
and Living Environment (McLennan ¢ al., 2011) (section
3.2.1 describes the results).

Socioeconomic factors, such as low income, do not
have direct impacts on health. Instead, they may lead to
increased exposures to risk factors that in turn increase
the risk of certain impacts. Proving cause and effect is not
straightforward, and more long-term research (see 3.1.3) is
needed to track changes in exposure and health status over
time.

Putrik ez al. (2015) describe different examples of how
socioeconomic status may influence health in relation to
pollution. One possible explanation for increased exposure
linked to lower socioeconomic status is that people on
lower incomes choose to move to deprived and polluted
areas as a way of living cheaply near to a place of work. This
explanation refers to a ‘compositional’ or ‘selective’ influence
on neighbourhood health, in which people moving in may
already be in poor health due to factors linked to their
lower socioeconomic status. This explanation is relevant
to particular regions and property markets — for example,
in areas under flight paths near to Paris and its airports
(Pelletier ez al., 2013). An alternative explanation, favoured
by Putrik ez al. (2015), is the ‘contextual’ effect, where it is
the local environment that causes the poor health.

A combination of both effects could occur in areas affected
by noise and air pollution. People on lower incomes are
more likely, for example, to live near main roads where
rents may be cheaper (Schmit and Lorant, 2009). Deprived
and low-quality environments may also expose the local
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population to higher levels of noise pollution due to poor
sound insulation and higher population density. In Europe,
the association is a mixed one. For example, in London,
both traffic density and most air pollutant concentrations
are highest in the east, where many poorer population
groups live (Forastiere ez al., 2007). Also, the most deprived
areas of Paris — i.c. in the northern and eastern fringe, along
the périphérique (ring road) — overlap somewhat with the
areas most polluted by NO2 — along the périphérique
and the Seine river, and in the north-western parts of the
city. Overall, people in low SES areas were shown to be
more vulnerable to high air pollution episodes (Deguen
et al., 2015). Note, however, that wealthier residents in
desirable, city centre locations may also be exposed to
high levels of air and noise pollution, as in Rome, Bristol
and Rotterdam (Forastiere et al., 2007; Fecht et al. 2015)
(see 3.2.2), for instance. From a different perspective, in a
cohort study of air pollution and mortality in Oslo, there
was no relation shown between exposure to NO2 at home
and socioeconomic status (Forastiere ez /., 2007).
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3.1.3 Methodological challenges in study
design

We consider here some of the challenges researchers face in
carrying out studies in this field.

Cross-sectional vs. longitudinal research

In terms of how data are collected, being able to distinguish
between two types of study design — cross-sectional and
longitudinal — may be useful for this report.

Cross-sectional — these studies collect data from participants
ata particular point in time as a snapshot of a study population
(Payne and Payne, 2004). It is difficult to build strong
associations between cause and effect from these kinds of
studies because the data only represent the situation at a
certain time. The data may be subject to random variations and
potentially unknown external influences at that time. It would
be possible to make links between symptoms and social factors,
such as deprivation levels, within a cross-sectional study, but
not to show how symptoms increase or decrease over time as
the social environment changed.
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Longitudinal — these studies collect data from the same
participants or locations a number of times over a certain
period. They allow researchers to track the effects of social
change or change in exposure levels over time (Payne and
Payne, 2004). In a 2013 report, the European Network on
Noise and Health called for more longitudinal, as opposed
to cross-sectional, studies in research on the impacts of noise,
because longitudinal methods are ‘more robust’ (Lekaviciute
et al., 2013). However, opportunities for longitudinal
studies are rarer because they are more expensive and time-
consuming, and data may not be available for analysis for
many years (Payne and Payne, 2004).

Self-reported data

One common problem with research in this field is the use
of subjective measures, as with self-reported noise levels.
Air and noise pollution levels can be measured objectively
through pollutant concentrations and decibel measurements.
However, for certain studies, self-reported data may be
considered more appropriate. For example, an individual’s
perception of noise gives a better picture of the discomfort
it may cause, since some people are more sensitive to certain
noises than others (Schmit and Lorant, 2009). Self-reported
data may also be provided on the health effects of noise,
even though it is not always the case that self-reported and
objectively measured data on health issues agree, including on
heart disease (Mosca ez al., 2013) and sleep disorder (Landry
et al., 2015). In some cases, a person’s ‘world view” may bias
the information they provide on pollution levels and its
effects — perhaps because they have a very negative or very
positive view of their life and surroundings. This is referred to
as ‘one-source bias (Putrik e 4/, 2015).

Individual exposure

Even where more objective measurements are used, these do
not necessarily represent the levels of air or noise pollution
that individual study participants are actually exposed
to. Most studies in this field look at average exposures,
across a neighbourhood or city, for example. Furthermore,
researchers often assume that people spend most of their
time at home (Tenailleau ez al., 2015). However, what is
not often considered is the impact of exposures at work and
when commuting to work, whether different socioeconomic
groups spend different proportions of their time at work and
whether lower socioeconomic status carries an increased
risk of working in a polluted environment. ‘Exposure’ is
typically measured in terms of average conditions for a
specific area or region, and not all members of the study
population will be exposed to the same level of pollution
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(Pearce er al., 2013). In addition to different exposure
levels at work or while commuting, other, seemingly minor
differences in housing conditions, urban design or lifestyle
may have a large impact on exposure levels and are linked
to socioeconomic factors, but are not often taken into
account. For example, Banerjee ez al. (2014) collected data
on outdoor noise levels and even modelled noise levels at
specific locations corresponding to the participants’ own
homes, but did not account for building parameters such
as storey, or consider how different participants would be
affected due to different working hours.

Other methodological issues
Other potential problems with studies in this field include:

e low numbers of participants making it difficult to show
effects (Stansfeld and Crombie, 2011);

e confounding variables, as in studies on air pollution that
do not take into account the effects of noise pollution,
and vice versa, as well as other factors that may be
unaccounted for;

e unconfirmed physiological (and other) effects of
pollutants, which have, for instance, only been studied at
high exposure levels (Hansell ez a/., 2013);

o studies that are undertaken in a specific country, region or
neighbourhood may be of limited use to understanding
the factors — including socioeconomic factors — that
affect other locations (Miles, 2012). For example, much
of the evidence exploring links between socioeconomic
status and mortality comes from the UK, perhaps
because socioeconomic differences have traditionally
been of interest in this country (Prescott and Vestbo,
1999). Thus, local municipalities and practitioners must
gain an understanding of local influences on noise and
air pollution exposures and impacts in order to address
pollution at a local level.

Existing research, summarised in the following sections,
tends to find that disadvantaged communities are often
exposed to higher levels of air and noise pollution than
more advantaged groups. However, this is not a universal
pattern and there are some notable exceptions to this
general picture; for instance, many city centre locations are
very desirable for wealthier residents. Importantly, exposure
to pollution alone does not determine health outcomes.
Rather, those who are more vulnerable to its effects appear
more likely to suffer poor health from the onset.
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Figure 4. WHO framework model on social inequalities and environmental risks. © World Health Organisation,
Environment and health risks: a review of the influence and effects of social inequalities, WHO, 2010.

As explained in section 3.1, many different types of studies
are used to assess exposure and vulnerability to noise and
air pollution and to make links to socioeconomic factors.
It is therefore important to consider the methods used on a
case-by-case basis and to appreciate that the links between
pollution and socioeconomic status are not straightforward.

3.2.1 Noise pollution

Although there is less research on links between noise
pollution and socioeconomic factors, compared with
corresponding air pollution studies. Many existing studies
have identified deprived areas that are noisier outdoors
than affluent areas. Dale e# 4/ (2015), found that there was
a strong correlation between noise exposure and all low
socioeconomic indicators studied for Montreal. However,
given the inconsistency with a number of other studies,

they suggest that the links between socioeconomic status
and noise exposure are likely to be highly dependent on the
local situation in each area studied.

Exposure

We consider here studies that explore differences between
socioeconomic groups in exposure to noise pollution. One
study that found a link between deprivation and exposure
is Pelletier ez al. (2013), which looked at noise and air
pollution near to three French airports. The researchers
created noise maps (to satisfy the requirements of the
European Noise Directive) which could show noise levels
for individual buildings. They used an additive deprivation
index (with four variables), as well as a multi-dimensional
deprivation index (21 variables) using data from a national-
level population census. The results show that the most
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deprived areas contained higher concentrations of people
living in houses exposed to levels of air and road traffic noise
above certain thresholds.

Some other studies from around the world provide
examples of lower socioeconomic groups being exposed
to higher levels of noise pollution. For instance, Dale ez al.
(2015) suggest that noise exposure in Montreal, Canada,
increases in a largely linear fashion as socioeconomic status
decreases. This cross-sectional study assessed socioeconomic
status using five different indicators as well as two different
deprivation indices combining multiple indicators. The
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authors measured outdoor noise levels at 87 sites via decibel
measurements during a two-week period.

Elsewhere, 2 2003 study based on German Federal Health
Survey statistics from the 1990s suggests that people of
low socioeconomic status face an increased burden from
traffic noise and feel more affected by it (Hoffman ez 4/,
2003). Noise exposure is hard to measure; individuals’
perceptions of how affected they are by noise may provide
important information about exposure levels, but it should
be remembered that these perceptions are very subjective.
A second German study found that among 7275 survey

Dale et al. (2015)

Pelletier ez al. (2015)

Huss ez al. (2010)

Hoffman ez /. (2003)

Kohlhuber ez /. (2006)

Fyhri and Klaeboe
(2006)

Kamphuis ez al. (2013)

Putrik ez al. (2015)

Arber et al. (2009)

Saremi ez al. (2008)

Neighbourhood level study on SES

and noise levels in Montreal, Canada.

Neighbourhood level study on SES
and noise levels around three French
airports.

Nationwide survey of aircraft noise and
air pollution in relation to heart attack
death in Switzerland.

Self-report survey of German citizens

collecting data on SES and health.

Nationwide survey of SES and
environmental exposures, including
noise, in German households.

Survey of traffic noise annoyance
combined with building-level noise
measurements in Oslo and Drammen,
Norway.

Self-report survey of life-course risk
factors for heart disease death in
Eindhoven, Netherlands.

Self-report survey of neighbourhood
nuisance, including traffic noise, and
depressive symptoms in Maastricht,
Netherlands.

Self-report study, representing
UK population, on SES and sleep
problems.

Self-report survey of sleep problems
and noise exposure at French chemical

plant.

Lower SES linked to higher noise exposure.

Greater deprivation linked to higher levels of
noise exposure.

Lower SES linked to higher noise exposure but
not to higher risk of heart attack death. Living
longer in an exposed location increases risk.

Lower SES linked to greater exposure to traffic
noise pollution.

Lower SES linked to greater self-reported
exposure to noise.

High-income populations can afford to live
centrally in quiet neighbourhoods within small-
and medium-sized cities. Not confirmed in large
cities.

SES in men, neighbourhood noise and traffic
noise linked to risk of heart disease death.

Greater exposure to car and railway traffic, and
lower educational status, linked to increased
depressive symptoms.

Lower SES linked to increased sleep problems.
Multiple contributing factors, including
neighbourhood noise.

Shift workers suffered more from noise-aggravated
sleep problems compared with day workers. Older
workers more vulnerable to noise/shift work
effects.

Table 3: Summary of cited studies on socioeconomic status and noise pollution. SES = socioeconomic status.



LINKS BETWEEN NOISE AND AIR

respondents, those of lower educational and occupational
status, those who had lower incomes and those living in
poorer housing conditions were more likely to report higher
levels of noise exposure (Kohlhuber ez 4., 2006).

Exposure to quiet areas may also affect wellbeing. One
UK study considered inequalities in access to quiet
arcas (defined in response to the Environmental Noise
Directive) in the city of Southampton (Battaner-Moro,
2010). The results indicated that those living in more
deprived areas had less access to quiet areas. The study used
the English Indices of Deprivation to estimate deprivation
status; that is 38 indicators under seven domains: Income;
Employment; Health and Disability; Education, Skills
and Training; Barriers to Housing and Other Services;
Crime; and Living Environment (DCLG, 2011). Different
domains have different weights —income is weighted at
22.5%, whilst Living Environment is weighted at 9.3%.
Living Environment incorporates the condition of social
and private housing, as well as indicators relating to central
heating, air quality and road traffic accidents.

A number of studies have found that many city-centre
locations are favoured by wealthier residents. This was
found to be the case in Oslo and Drammen, Norway, for
example, by Fyhri and Klacboe (2006). Although people on
higher incomes in this study lived closer to central areas that
were noisier on average, they were more capable of ‘paying
themselves out of the noise’ because they could afford to
live in relatively quiet locations in the centre. The point
about people being able to pay to mitigate the effects of
noise is crucial, i.e. they are less vulnerable, but is still largely
an assumption, however, which needs to be supported by
further evidence.

Vulnerability

We consider here studies that explore differences between
socioeconomic groups in their vulnerability to noise
pollution. It makes sense to expect the health impacts of
noise pollution to be more common and more severe in
lower socioeconomic groups, for whom health is, on average,
poorer. Indeed there is evidence for increased vulnerabilities
in a number of deprived populations. For example, one
Dutch study of over 10 000 residents of Eindhoven
city found that socioeconomic status in childhood was
associated with heart disease deaths in adulthood, but only
in men (Kamphuis ez /., 2013). (Women made up 53% of
the study sample.) Material, behavioural and psychosocial
risk factors associated with heart disease were largely
responsible for inequalities in heart disease deaths. Material
factors included neighbourhood and traffic noise. These risk
factors were linked to men’s socioeconomic status as adults,
which was strongly influenced by their socioeconomic
status as children. In this case, socioeconomic status was
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assessed at 12 years of age by their father’s job and in
adulthood by educational achievement. This study suggests
that socioeconomic status, noise and a range of other
risk factors contribute to a ‘pathway’ to death from heart
disease. According to the researchers, the lack of a similar
pathway in women may simply be due to larger numbers of
missing data for childhood socioeconomic status. However,
a recent review also suggested that men face a greater risk
of noise-related heart disease than women (Vienneau et 4.,
2015). These results illustrate how noise may only be one
risk factor among many that contribute to health impacts.

Turning to impacts on mental health, a self-report study
based on datafrom 9879 residents of the Dutch municipality
of Maastricht found that residents of neighbourhoods
exposed to more car traffic and railway ‘nuisance’ reported
worse mental health — ‘nuisance’ in this case referred to
noise as well as smell and aggressive driving (Putrik e 4/,
2015). Symptoms of depression were more commonly
reported by people with lower levels of education. This
suggests residents of lower socioeconomic status are more
vulnerable to depression. Although the researchers used self-
reported data, they note that they used a statistical model
designed to reduce the effect of individual perceptions on
the results.

Some studies have provided of lower
socioeconomic groups who suffer sleep problems which are
possibly — and partly — caused by noise. In one UK study,
for example, results from a survey of 8580 people found that
self-reported sleep problems were more common for people
who are on lower incomes, poorly educated, unemployed or
living in public housing (Arber ez /., 2009). The researchers

say that neighbourhood noise is one of many factors that

examples

could have been responsible for this association between
socioeconomic status and sleep quality, however, it was
not measured in the study itself. The researchers drew on
evidence from other studies to explain the association
between low socioeconomic status and disturbed sleep.
Factors other than noise include crowding, poor insulation,
anti-social behaviour and anxiety about unemployment or
income.

Another sleep-focused study by Saremi er 4l (2008)
found that exposure to industrial noise at work aggravated
fatigue more for shift-workers than for day workers. Older
workers were more susceptible to the combined effects
of noise and shift work. Although the researchers did not
assess socioeconomic status, these results suggest another
potentially complex interaction between noise, sleep,
socioeconomic status and lifestyle factors, as shift-working
may be more common in deprived populations.

Not all studies find a link between socioeconomic status,
exposure and vulnerability. For instance, a large study (on
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both aircraft noise and air pollution) of 4.6 million Swiss
citizens measured aircraft noise levels (in decibels) in
conjunction with heart attack deaths (Huss ez 4/, 2010).
Socioeconomically deprived houscholds tended to be in
areas exposed to higher levels of aircraft noise than the
population in general. However, they did not appear to
be at increased risk of dying of a heart attack. Rather, the
association was strongest for people who had lived at the
same highly exposed location for at least 15 years, with no
differences between socioeconomic groups. These results
indicate that it is the duration of exposure that is linked to
heart attack death. They also found an increased incidence
of heart attack in people living close to a major road, and
suggest that high levels of traffic noise might explain this
finding (or they also posit the increased risk may be due to
ultrafine particles, which they did not test for).

3.2.2 Air pollution

As with noise pollution research, results of studies
which explore potential links between air pollution,
socioeconomic status and health vary by region, locality and
neighbourhood. In some parts of the world there is good
evidence that people from lower socioeconomic groups are
exposed to higher levels of air pollution, although the latest
research suggests that this is not always the case in Europe,
or in all cities globally. Regardless of exposure levels,
however, the health effects may still be worse for deprived
populations due to their increased vulnerability.
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Exposure

We consider here studies that explore differences between
socioeconomic groups in exposure to air pollution. A recent
global review analysed evidence from 37 relevant studies,
with the vast majority (32) coming from North Americaand
Europe (Hajat ez al., 2015). Overall, the North American
studies showed that people of lower socioeconomic status
were exposed to higher concentrations of air pollutants
than people of comparably higher socioeconomic status.
Exceptions to this pattern were New York City, Toronto
and Montreal, where it seems central locations are still
desirable to the cities’ wealthier populations. A limited
number of studies from New Zealand, Asia and Africa
also provide examples of lower socioeconomic groups
who are exposed to more pollution. European studies
revealed mixed results. In Europe, several studies observe an
association between lower socioeconomic status and high
pollution exposure, but some other studies find people of
higher socioeconomic status living in polluted areas. This
may be due to gentrification of inner city areas (Fecht ez al.
2015). However, living in areas with higher pollution levels
does not necessarily equate to higher exposure levels at an
individual level. As Hajat e /. (2015) point out, people
from higher socioeconomic groups may have the resources
to protect themselves, for example, through paying for
private transport and working indoors, or through access to
better medical care.

Air Pollution Level 5 London, UK, April 30 2014. CC BY 2.0 David Holt, Flickr, 2014.
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Hajat ez 4. (2015)
air pollution.

Pearce et al. (2013)
and in PM10 and O3 levels.

Fecht et al. (2015)

Netherlands and England.

Goodman et al. (2011)
concentrations in London, UK.

Tenailleau et a/. (2015)

deprivation and pollution concentrations in

Besangon, France.

Gray et al. (2013)

and pollution concentrations, in North

Carolina, USA.
Suetal (2011)

Forastiere et al. (2007)
associated deaths in Rome, Italy.

Romieu ez 4. (2012)

Huss ez /. (2010)

pollution in relation to heart attack death in

Switzerland.

POLLUTION

Global systematic review of studies on SES and

EU-wide study on regional differences in SES

Neighbourhood-level study of deprivation
and PM10 and NO2 concentrations in the

Postcode-level study of deprivation and NOx

Neighbourhood and building-level study of

Investigation of links between SES and race,

Neighbourhood-level study of SES and

pollution concentrations in Los Angeles, USA.

City-level study of SES, PM10 exposure and

City-level study of SES and health impacts of
PM10 and O3 in Latin American cities.

Nationwide survey of aircraft noise and air

AND SOCIOECONOMIC STATUS

Trend for lower SES to be linked to higher exposure, but
with mixed results in European region.

Lower SES linked to higher exposure to PM10 and O3.

Greater deprivation linked to higher exposure to PM10 and
NO2.

Greater deprivation linked to exposure to higher levels of
NOx overall. Some affluent groups had high exposures.

Relationship between SES and exposure depends on

measurement scale.

Lower SES linked to higher PM2.5 exposure but lower O3.

Lower SES linked to higher NO2 and PM2.5 exposure, but
not to higher O3.

Lower SES linked to lower PM10 exposure but higher
associated risk of death.

Lower SES linked to higher risk of dying from chronic

obstructive pulmonary disease.

No link between heart attack death and SES, air pollution
or education.

Table 4: Summary of cited studies on socioeconomic status and air pollution. SES = socioeconomic status.

Another European study (Pearce ez /. 2013) (not included
in Hajat ez al’s 2015 review) looked at geographical and
social differences in exposure to air pollution across the
EU. It assessed deprivation levels based on GDP per
capita. Although it only considered differences in exposure
between relatively large regions, it is one of very few studies
considering social inequalities across Europe. It shows
that deprived populations in Europe are likely to live in
areas with higher average air pollution levels than more
privileged populations. The researchers averaged pollution
concentrations across areas containing 150 000-800 000
people or 800 000-3 000 000 people, over the short-
term (daily) as well as the long-term (yearly). Although
PM10 and O3 were broadly within EU limits in 2006
and 2010, PM10 levels were around 30% higher in the
most socioeconomically disadvantaged regions compared
with the least socioeconomically disadvantaged regions,
over both the short- and long-term. Furthermore, this gap
remained stable between 2006 and 2010, despite overall
pollution levels becoming lower. For O3, concentrations
were 30-40% higher in disadvantaged regions over the
long-term.

Fecht ez al. (2015) is another example of a European study.
The researchers analysed PM10 and NO2 concentrations
experienced by different socioeconomic, ethnic and age
groups in England and the Netherlands. Overall, the most
deprived neighbourhoods were exposed to the highest
concentrations of PM10 and NO2 in both countries.
In England neighbourhoods in the most deprived
neighbourhoods, compared with the least deprived,
experienced, on average, 2.6 ug/m® higher levels of PM10
and 7.9 ug/m’ of NO2. For the Netherlands, the figures were
0.3 ug/m? higher for PM10 and 6.1 ug/m? for NO2. In the
Netherlands the association with deprivation was mainly in
urban, ethnically-diverse areas. There were some exceptions
to the general pattern, however, particularly for two cities:
Bristol in England and Rotterdam in the Netherlands.
Here, the most and least deprived neighbourhoods were
exposed to similar concentrations of PM10 and NO2. This
may also be due to the desirability of city centre homes
for more affluent people. These results were produced
by calculating annual mean pollutant concentrations for
areas of 100 m* within geographical units with an average
population of 1500. As an indicator of deprivation, the
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Lichens by makamukiO @Pixabay, 2016.

researchers used the percentage of people in each unit who
were receiving income support (in England) or benefits (in

the Netherlands).

London-based research by Goodman ez 4/. (2011) provides
some indication of how results can vary according to the
methods used, even within a single study. The authors
assessed traffic-related air pollution exposure in relation to
socioeconomic status, modelling NOX concentrations for
186 424 postcodes. Overall, the results, which included
individual-level data collected from 3654 city centre
residents, suggested that people of low socioeconomic
status were exposed to higher levels of NOx. However, the
researchers used two different measures of socioeconomic
status. The first was based on deprivation scores obtained
using the Index of Multiple Deprivation, which
encompasses indicators for income, employment, health,
education, crime, housing, services, and indoor and outdoor
environment. Using this method, NOX concentrations
increased with increasing deprivation scores. There were
also associations between NOX exposure and more specific
aspects of deprivation. For example, areas with poor housing
quality had more air pollution. However, using a second
system of socioeconomic classification called ACORN™,

10. http://acorn.caci.co.uk/downloads/Acorn-User-guide.pd,

which sorts people into 17 groups based on UK census and
public survey data, the researchers found that some of the
more affluent groups were exposed to higher levels of NOx.
They suggest their study highlights the need to employ
more than one method of assessing socioeconomic status,
if possible, and to explore the reasons behind exceptions to
general trends, for example, affluent city centres.

The effects of conducting research at different geographical
scales are demonstrated by Tenailleau ¢z 4/ (2015). The
researchers studied the links between neighbourhood
characteristics, including deprivation and levels of PM10,
NO2, benzene and PM2.5, in the city of Besan¢on, France.
They estimated pollutant concentrations for 4 m2 units
and for each of the city’s 10 825 residential buildings. In
order to assess how different measurement scales affected
the relationship between exposure and socioeconomic
variables, they tested different ‘buffer’ zones for pollutant
concentrations ranging from SO to 400 metres around
buildings. They found that, in affluent areas, estimated
exposure levels tended to decrease as larger scales were used,
whereas in deprived areas estimated exposure levels tended
to increase at larger scales. Their results show that selecting
appropriate measurement scales is a key consideration when
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trying to assess socioeconomic differences in exposure.
Similarly, Richardsonezal. (2013) found that,across Europe,
exposure to PM10 was correlated with low household
income. However, the study says that the association
primarily reflected east-west inequalities. There appeared to
be no association when the researchers considered western
and eastern European regions separately. Notably, some
of the most polluted western European regions were also
among the richest. PM10 air pollution was more strongly
related to mortality in Eastern Europe, probably due to
higher ambient concentrations.

Other, non-EU, studies support associations between
socioeconomic status and exposure to air pollutants, but
the associations may be different for different pollutants.
One study in the state of North Carolina, USA, found that
areas of lower socioeconomic status and areas with higher
proportions of people from minority ethnic groups were
exposed to higher levels of PM2.5 but lower levels of ozone
(Gray et al., 2013). Another USA study, Su ez al. (2011),
found that Los Angeles neighbourhoods that were home to
greater numbers of residents of low socioeconomic status or
from minority ethnic groups were exposed to higher levels
of NO2 and PM2.5 but, again, not higher levels of ozone
(but note, ozone is usually spatially inverse to NO2 due to
atmospheric chemical reactions).

Most of the existing studies on air pollution exposure (and
many on noise pollution exposure) focus on transport-
related emissions. In a review of inequities in exposure
to traffic and air pollution, Pratt ez al (2015) suggest
that transport infrastructure can be a major source of
socioeconomic differences. In their study of air pollution
exposure in Minnesota, USA, deprived populations living
close to urban centres tended to drive less but were exposed
to higher pollution concentrations. Conversely, less
deprived populations living further from
the centre drove more and were exposed to
less pollution.

Vulnerability

Here we explore studies that consider
differences between socioeconomic groups
in vulnerability to air pollution. Many
studies convincing
between socioeconomic
and certain health conditions that air
pollution can affect. For example, using

show associations

lower status

a longitudinal study with a large number
of participants, Propper and Rigg (2006)
found significant social inequalities in three
respiratory conditions in middle childhood.
Prescott and Vesbo (1999) argued that the
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socioeconomic gradient for chronic obstructive pulmonary
disease (COPD) seemed as great, if not greater, than any
other disease, after adjusting for other influencing factors on
COPD development. They concluded that socioeconomic
status is the second biggest impact factor (after smoking)
on respiratory symptoms, lung function and COPD illness
and mortality.

More recently, a Finnish study of 6525 people found that
there was an association between lower education levels
and COPD, and an association between household income
and adult asthma (Kanervisto ez a/., 2011). The analysis was
adjusted for the effects of gender, age, smoking history and
BMI.

Studies also provide some evidence for increased
vulnerability to the effects of air pollution in deprived
populations due to existing disease and risk factors for
diseases related to lifestyle differences. For example, one
study on 83 253 residents of Rome, Italy, found that people
of higher socioeconomic status were exposed to higher levels
of PM10 because they lived in more central city locations
with high traffic volumes (Forastiere ez a/.,2007). However,
people of lower socioeconomic status, who generally lived
on the outskirts of the city, were more likely to die from
diseases associated with the effects of PM10, such as heart
failure and chronic obstructive pulmonary disease, than
the wealthier residents in the more-polluted city centre.
The researchers concluded that PM had a stronger effect
on deprived populations due to their greater susceptibility.
This vulnerability was potentially associated with existing
chronic diseases, as well as lifestyle factors, such as smoking,
lack of physical activity and exposure at work. They also
suggested that very wealthy residents spend less time in
their official residences in the city centre, as they may have

second homes elsewhere.

Ashtray by mikegi @Pixabay, 2014.
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Similarly, Romieu ¢z /. (2012) found that people of lower
socioeconomic status living in cities across Latin America
were more susceptible to the effects of PM10 and O3 than
people of high socioeconomic status living in the same cities.
In particular, they were more likely to die from COPD.

On the other hand, Huss e 4/ (2010) (see also 3.2.1 for
noise results) found no links between heart attack death, air
pollution and socioeconomic factors in Switzerland. This
suggests that associations between socioeconomic status
and the health impacts of air pollution vary across different
countries and geographic scales.

Limited evidence suggests that health inequalities and
vulnerabilities could be perpetuated in future generations
via epigenetic effects. Epigenetic changes to DNA are non-
coding changes to its structure inside cells that determine
which genes are active or become active. Some changes to
gene ‘expression’ can be inherited and a review by Syed e al.
(2013) cites research which suggests that the effects of air
pollution in one generation could be passed on to the next,
via changes to the expression

of genes. For example, one

exploratory study by Perera ez al.

(2009) suggested that increased

exposure to PAH (polycyclic

aromatic hydrocarbons) in a

sample of New York women

was associated with increased

epigenetic changes to the

asthma-related gene ACSL3

and subsequent increases in

reports of asthma symptoms

among the women’s children.

3.3 Multiple risk
exposures

Within our environments, we
face a multitude of different
risks every day. Noise and air
pollution are just two of many
risks that may accumulate
to result in greater impacts
on socioeconomically
disadvantaged populations.
Evansand Kim (2010) reviewed
studies on the links between
socioeconomic  status and
health, suggesting that there is
a linear relationship between
socioeconomic and
multiple risk exposures. Risks
do not accumulate dramatically
in  deprived  populations;

status
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instead, it is thought that the risks increase quite gradually
as socioeconomic status decreases. These multiple risk
exposures provide a convincing explanation for health
gradients. They include differences in exposure to housing-
associated risks, pollutants and toxins, overcrowding,
congestion, noise and neighbourhood quality

It seems likely that those who are exposed to high levels of
transport-related air pollution would also be exposed to
high levels of transport-related noise pollution. However,
most studies assess noise and air pollution exposures
separately and it is therefore difficult to understand the full
extent of multiple transport-related air and noise pollution
exposures, and any associated social inequalities.

One exception is Pelletier ez a/. (2013) (see section 3.2.1),
which analysed links between socioeconomic factors and
air traffic emissions (air and noise pollution) near French
airports by integrating socioeconomic data from the French
National Institute for Statistics and Economic Studies,
geographical information system (GIS) data from noise

Cityscape with air pollution © Magdevski @iStock, 2016.
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maps and air quality data from monitoring networks. The
study concludes that “the relationship between people that
are over-exposed to noise and/or atmospheric pollution, and
the level of social deprivation... cannot be coincidental”.

Putrik er al. (2015) used self-reported data to analyse
multiple environmental risk exposures in the municipality
of Maastricht in the Netherlands. They claim their study
is “one of the few to have explored a nearly comprehensive
list of perceived environment indicators studied in relation
to both mental and general health”. The list of risk
exposures included aspects of the physical environment,
such as trafhic, green space, railway noise and availability
of various public facilities, as well as aspects of the social
environment, which include nuisances caused by people
and feelings of safety.

The links between socioeconomic status and risk exposures
are not straightforward, or consistent across all cities and
regions. It is easy to equate living in congested, overcrowded
areas with pollution and poor health, but the disadvantages
must also be weighed against the potential health benefits.
For example, densely populated areas may be noisier and
have poorer air quality, but they may also provide more
opportunities for meeting neighbours (Miles ¢z al., 2012).
A lack of social networks may be a risk factor for mental
health problems, such as depression. Equally, living in more
affluent areas does not necessarily mean better access to
quiet or green spaces or less traflic congestion, as shown
in the case of Southampton, UK, by Battaner-Moro ez al.
(2010), where many affluent areas are near to motorways.
However, wealthier people may, for example, be better able
to mitigate exposure to pollution as they can afford noise
insulation or escape from the city more regularly.

The bigger picture still suggests that social deprivation
is linked to multiple increased exposures, but it is also
important to recognise and account for the finer brush
strokes which reveal contextual details.

This report finds some studies linking differences in
socioeconomic status to differences
pollution exposure, and some studies linking differences
in socioeconomic status to relevant health impacts.
However, there are relatively few studies that attempt to
link socioeconomic status to both exposure and impacts.
Undoubtedly, this is because the indirect nature of the links
makes it extremely challenging to show strong associations,
but it does mean that the precise links remain unclear.

in noise or air

Moreover, every city, region and country faces different
social circumstances and, therefore, the results of existing
studies may be difficult to generalise or act upon. There
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is also little evidence for socioeconomic differences
in exposure at regional, European or global levels. In
addition, whilst there is an abundance of cross-sectional
studies looking at exposures and impacts at specific time
points, there is a lack of longitudinal research examining
how exposures and impacts vary with time. Longitudinal
research could focus on changes within the same regions
over longer time periods, or on the same people exposed to
different environments as they move.

Schmitand Lorant (2009) point to a general lack of research
on socioeconomic aspects related to noise pollution.
Meanwhile, considering noise and health research more
widely, Lekaviciute ez 4. (2013) suggest that noise mapping
methods need to be harmonised across different countries
and that the level of detail in strategic noise maps required
by the Environmental Noise Directive should be increased
to help assess health effects. In addition, new methods are
needed for measuring total noise exposure — from more
than one source — and to separate the effects of exposures
from different sources, such as traffic and industry
(Lekaviciute ez al., 2013). The decibel measurements used
in some studies do not differentiate between noise sources.

Noise measurements in scientific studies largely focus
on transport sources, such as road traffic and aircraft,
but often also include noise from other sources, such as
neighbours. There are some regions and localities where
lower socioeconomic status can be linked to higher noise
levels, but links tend to be to outdoor noise at a local or
building level, which does not account for differences in
housing quality or use, or for differences in the noise levels
away from home. No studies are identified by this report
that assess noise exposure inside the home or for residents
atindividual levels. Whilst it may be assumed that buildings
in more affluent areas are better insulated from noise, or
that residents can better afford to mitigate the effects, this
remains to be proven.

Finally, Hajat ez al (2015) suggest that further, more
rigorous research is needed to understand the associations
between air pollution and socioeconomic status in
Europe. They emphasise that even when people of high
socioeconomic status live in areas with high pollution
concentrations, this does not necessarily mean that they
are exposed to high levels of pollution, since they may have
greater resources than deprived populations to protect
themselves, for example, by paying for private transport and
better housing,
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Part 4. Reducing exposure to noise and air pollution

This section considers approaches to reducing exposure
related to noise and air pollution relevant to urban design,
planning and development. It also explores how we value
the social costs of these health impacts..

Due to the significant negative health impacts of noise
and air pollution on the population as a whole, policies
addressing pollution and the aspects of living environments
that expose us to pollution will benefit everyone. As Marmot
et al. (2010) point out, while health inequalities do result
from social inequalities, the focus must not be on deprived
populations only.

Universal approaches that improve the quality of the living
environment for all are of utmost importance. This would
include taking measures to reduce the levels of and exposure
by air pollution and noise. Moreover, measures to tackle the
root causes of inequality — for instance, through providing
fair education and employment (Marmot ez 4/., 2010) —
may reduce the range of health inequalities, including those

related to pollution. However, targeted measures may also
be needed to reduce the vulnerability of socioeconomically
deprived populations to the health impacts of polluted
environments, and to ensure that they are not exposed to
greater risks.

4.1 The influence of urban planning and
development

How do urban design and form affect exposure to noise and
air pollution? According to Harris and Pinoncély (2014),
poorly designed developments, urban sprawl and poor
quality housing are major causes of increased exposure to
air pollution. This may also be true for noise pollution,
especially given that the source — trathc — is very often
the same. For example, urban sprawl and inadequate public
transport systems may lead to large numbers of people
commuting into city centres by car, increasing traffic-related
air pollution and noise emissions. Poor governance and
inadequacies in spatial planning may contribute to this
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Figure 5: The determinants of health and wellbeing in settlements. Source: Barton and Grant (2006) A health
map for the local human habitat, modified from Dahlgren and Whitchead (1992).
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Smart fox by Lupus, Brussels, Belgium, Le.Mat CC BY-NC 2.0 @Flickr, 2012. Cropped.

situation. Unfortunately, the outcomes of poor planning,
i.e. poorly designed infrastructure, are not easy to reverse.

How do planningand developmentaffect the socioeconomic
health gradient? Figure 5 shows how health within urban
settlements is determined by a complex range of factors,
including broader social, political and economic factors,
the structure of the built environment and factors related
to people and their lifestyles, community and the local
economy.

Knock-on effects occur between the different layers, which
emphasises the role of planners in determining health
(Barton and Grant, 2006). For example, a new road would
affect people’s travel behaviour (‘Activities’), which would in
turn affect air and noise pollution (‘Natural Environment’)

and thereby health.

Individual building design and use also have an important
impact on exposure levels, and are not often accounted
for in studies on noise and air pollution. Orientation of
bedroom windows may be a ‘significant effect modifier’ for
heart disease linked to noise pollution from road traffic,
according to Banerjee (2014). Stansfeld and Crombie (2011)
suggest that, in addition to bedroom orientation, living room
orientation, as well as window-opening habits, may also affect
noise exposure. The potential influence of window-opening
habits is a reminder that ‘Lifestyle’ (see Figure 5) may also
play an important role in exposure.

4.2 Improving urban design, planning
and development

Although noise and air pollution are addressed by separate
Directives at a European level, there are obvious reasons
for jointly addressing them at a local level as they often
derive from the same sources, such as traffic and industry.
Improvements in urban design, planning and development
play an important role in reducing both noise and air
pollution, and could also play a part in reducing related
social and health inequalities. These improvements will need
to incorporate both industrial and residential development
decisions.

Within the EU, spatial planning is recognised as an
important tool for integrating social and environmental
policy agendas and could help translate between
international/national-level and regional/local-level policy
(Elbakidze ez al., 2015). However, planning systems differ
substantially between European countries. Guidance from
Environmental Protection UK and the Institute of Air
Quality Management suggests that spatial planning could
be better used to address air quality and to reduce exposure
to air pollution (Moorcroft and Barrowcliffe, 2015). Also,
the Joint Air Quality Initiative (JOAQUIN) has created a
decision-support tool to help choose the best-fit measures
to improve air quality traffic policies, to help address some
of these differences.
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One recent study (Rodriguez ez 4l., 2016) highlights the
important influence of urban form on concentrations of air
pollutants, showing that, for example, highly fragmented
EU cities have higher concentrations of NO2 and PM. They
argue for spatial planning that favours well-connected urban
development, which could also reduce dependence on cars.
Pelletier ez al. (2013) suggest that a combination of noise
and air pollution monitoring, and GIS mapping, could
be used to help local authorities prioritise their actions to
protect exposed populations. Harris and Pinoncély (2014)
go further in arguing that policymakers need access to
centralised spatial analysis maps.

Noise is often given little consideration in planning (Biamp
Systems, n.d.). Schmit and Lorant (2009) highlight urban
planningas akey component of public environmental policy
in terms of reducing inequalities in noise exposure. Pope
et al. (2014) developed an urban design toolkit for future
cities, outlining 23 ‘tools’ for improving urban soundscapes.
A number of these relate to traffic and could therefore
also improve air quality. They include zoning that places
residential homes close to city centres and places of work
— potentially reducing traffic — but away from industrial
noise sources, as well as improving public transport links
in areas of high population density. Clearly, some of these
measures are already being adopted to some extent, while
others, such as absorbent building facades, are very rarely

used (Pope, 2015).

R
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Within a neighbourhood or city, levels of noise and air
pollution are influenced by the balance of car use compared
with more sustainable forms of transport. Neighbourhood
form — including density of housing, mix of different land
uses and availability of facilities — may also, in turn, play
a part in determining levels of car use (Miles ez 4/, 2012).
However, the relationship between neighbourhood form
and healthismore complex thanjustitsinfluence onexposure
to environmental pollutants. For example, some sustainable
building ratings systems, such as Leadership in Energy &
Environmental Design (LEED)", promote high-density
living based on the assumptions that it will limit sprawl, use
existing infrastructure and increase the likelihood of social
and community interactions, which would be beneficial for
health. However, high-density housing may also increase
noise from neighbourhood sources.

Some aspects of the built environment cannot be easily or
quickly changed in established cities and thus options for
reducing pollution levels within and around the existing
infrastructure may be preferable. Sustainable, affordable
public transport, and safe cycling and walking routes,
alongside strict vehicle emissions standards, will be key
to improving air quality and reducing traffic noise. In the
meantime, intelligent route planning may help citizens to
avoid the most polluted routes. For example, one recent
study describes a Google Maps-based app designed to
help Montreal-based cyclists choose routes with lower

11. www.usgbc.org/leed
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exposure levels (Hatzopoulou ez al, 2013). Several EU
cities, including Madrid, Dublin and Paris, already have
plans to pedestrianise central areas (Jaffe, 2015). Low
emission zones, traffic calming measures and restrictions
on fuel-burning may help to alleviate air quality problems
in the worst-affected areas, according to Cartier e# al.
(2015). Roadside vegetation can also help to disperse air
pollutants and improve air quality near to roads, although
the characteristics of individual sites need to be carefully
accounted for in the design of vegetation barriers (Tong ez
al.,2016).

Meanwhile, for noise pollution, the possibilities for
retrofitting existing buildings to reduce noise could also be
explored further. Sound absorbent surfaces are commonly
used in hospitals and one trial in a school in Essex, UK,
suggests noise reduction approaches could improve
concentration levels (Biamp Systems, n.d.). Building
renovations may also need to consider safe heating and
cooking options in view of a potential increase in pollution
from burning wood — a cheap fuel — as fossil fuel prices
continue to rise (Fuller ez 4l., 2014).

Contact with nature and access to parks is widely believed
to have mental health benefits. Green and quiet spaces
may provide opportunities for stress relief and recovery
from mental fatigue (Miles ez al., 2012). However, some
people may enjoy spending time in more lively, bustling
environments, such as busy city centres. Andringa and
Lanser (2013) emphasise the benefits of exposure to a range
of different types of environment. Marmot ez 4/ (2010)
advise that access to high-quality green spaces should be
improved across the social gradient, ensuring resources are
allocated proportionately to deprivation levels. Despite the
need to supply affordable new housing, green spaces must
be protected, particularly within deprived neighbourhoods.
New green spaces should be targeted at more highly polluted
areas (Cartier et al., 2015).

As well as policy interventions, evaluation tools for
assessing the impacts of interventions on health inequalities
are needed. Cartier ez al (2015), for example, recently
published a study outlining a tool designed for non-experts
to use in evaluating the health and equity impacts of urban
air quality interventions. They describe how the tool helps
decision-makers identify relevant questions for evaluating
their specific interventions and how it may, in turn, lead to
better-designed interventions (see Box 1).

In addition to what policymakers can do, Pratt ez a/. (2015)
recommend actions that individuals can take to reduce their
personal exposure to air pollution, for example, choosing
to walk or cycle along less polluted routes or considering
traffic impacts on housing choices. The US National
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Resources Defense Council suggests that citizens should
take “any steps [they] can” to ensure that new schools and
housing developments are not situated near busy roads or
industrial areas where exposure to noise and air pollution is
likely to be high (NRDC, 2015). However, these types of
recommendations can be seen to encourage a reactionary,
rather than early-engagement, approach to involving
citizens in local planning. As well as more participatory
approaches, local communities may also benefit from better
integration of planning policy with local environmental,
health and transport policy (Marmot ez al., 2010).

Noise and air pollution are part of a wider spectrum of risks and
need to be addressed as such. Kjellstrom ez 4/. (2007) promote
a view of the ‘health-supporting physical living environment’
as a dimension of poverty, whilst Putrik ez a/. (2015) call for
local policymakers to recognise that health inequalities can
only be reduced by designing policies that target a whole range
of social determinants of health, including environmental and
individual factors. There may be a need for greater awareness and
recognition within evidence-based policymaking of the fact that
differences in environmental exposures — including to noise and
air pollution — contribute to and exacerbate health inequalities
(Pratt et al., 2015).

Marmot et al. (2010) and Hutton and Chan (2013)
emphasise the importance of looking beyond economic
values of development and growth, and considering
alternative indicators that incorporate health and wellbeing.
More specifically, Battaner-Moro ez al. (2010) suggest that
measurements of access to quiet spaces should be developed
as indicators of deprivation in indices of socioeconomic
status that incorporate both wealth and health.

People of low socioeconomic status living in low-quality
environments are exposed to increased risks from multiple
sources, with noiseand air pollution contributing to the overall
toll on their health. Therefore, policies designed to tackle a
broader spectrum of socioeconomic and health inequalities
could have co-benefits (Marmot ez 4/., 2010). For example,
encouraging more active travel (walking and cycling) could
reduce GHG emissions and reliance on non-renewable fuels,
in addition to reducing inequalities in exposure to air and
noise pollution. Meanwhile, incentives could be provided
for using less polluting, low-carbon transport technologies,
such as electric and hybrid vehicles, although they may still be
less affordable to the socioeconomic groups most affected by
transport pollution (Pratt ez al., 2015). Improving access to
green space could provide opportunities for physical activity,
as well as quiet spaces for relief from noise pollution.
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Improvingaccess to green space could provide opportunities
for physical activity, as well as quiet spaces for relief from
noise pollution.

Accordingto the WHO, inter-sectoral policymakingis crucial
to progress on the social determinants of health (WHO,
2010a). The EU follows a Health in all Policies (HIAP)
approach'? to policymaking that emphasises the importance
of all public policies and decisions in influencing health
impacts (Leppo ez al., 2013). The HIAP approach recognises
that it is not just decisions within health policymaking that
affect public health, but also decisions within areas such as
taxation, education and the environment. Extending this
approach into national, regional and local policy means that
EU Member States must adopt joined-up policy initiatives
to tackle the health inequalities associated with unequal
exposure to noise and air pollution, whilst ensuring that
decisions within policy sectors outside the health sector do
not have harmful or unfairly distributed impacts on public

health.

Placing a value on the social cost of pollution helps us to
understand its full impact, compare it with other social
problems and appraise the potential benefits of policy
measures designed to reduce its impact. The European
Commission estimated the social cost of road traffic noise in
the EU — including death and disease — at approximately
€40 billion per year (European Commission, 2011). An
estimated 90% of this cost is related to passenger cars and
goods vehicles. Meanwhile, Yim ez 4/ (2015) put the cost
of deaths in Europe related to PM2.5 and O3 exposure due
to aircraft alone at $9-10 billion (€8-9 billion) per year.
The overall health-related costs of air pollution, including
€15 billion due to lost workdays, are estimated at between
€330 and €940 billion for the EU (European Commission,
2013). The total cost of noise and air pollution in the EU
may therefore be approaching €1 trillion. For comparison,
the social cost of alcohol in the EU, including all alcohol-
related disease, effects on employment and productivity
and crime, is estimated to be €50-120 billion (Rehm et 4/,
2012) and smoking at €544 billion (Jarvis, 2012).

Social costs can be calculated by a number of methods. Some
of these distinguish solely between life and death, while
others distinguish between better and worse states of health

12. http://ec.europa.eu/health/health _policies/policy/index_en.htm
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(Australian Government, 2008). The value of a statistical
life (VSL) is based on the willingness of individuals or
society to pay for avoided death and is also used in health
decision-making to compare the effectiveness of life-saving
interventions (Hammit, 2007). A potentially more useful
measure is the value of a statistical life year (VSLY), which
places a value on one year of human life; this is often the
more practical measure for decision-making about health
interventions, as most diseases are not immediately fatal
(Australian Government, 2008). One problem is that richer
nations generally place a higher value on statistical human
life and thus it is difficult to compare impacts between
countries.

For estimates based on health and wellbeing, rather than
avoided deaths, researchers and governments tend to
use Quality Adjusted Life Years (QALYs) or Disability
Adjusted Life Years (DALYs). Whilst the cost of deaths
related to air pollution exposure might be better valued by
the VSL approach — asin Yim eza/.’s 2015 study — the cost
of annoyance or sleep loss related to noise pollution might
be more appropriately valued using DALYs. The European
Environment Agency (EEA) recommends the use of DALYs
in its Good Practice Guide on Noise Exposure and Potential
Health Effects (2010). As the document suggests, it may be
difficult to produce accurate estimates, not least because
values are based on subjective weightings for different health
conditions. Death is weighted at 1.00, whilst heart disease
might, for example, be given a weight of 0.35 compared
with 0.07 for sleep disturbance. However, these kinds of
valuations do at least provide scope for ranking different
policy interventions and different environmental stressors.

Based on DALY valuations, the EEA’s rankings suggest
that the effects of environmental noise cause greater losses
in health and wellbeing than ozone and the short-term
effects of PM, but that the long-term effects of PM take a
much greater toll. According to these rankings, particulates
cause a greater loss of health and wellbeing than even traffic
accidents.

Socioeconomic differences mean that noteveryone is willing
or able to pay the same amount to save a life, or improve
their quality of life (Australian Government, 2008). The
purpose of public health systems is to fill the gap, ensuring
that everyone is able to access the same standard of care

(Whitehead and Dahlgren, 2007).
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Part 5: Summary

Air pollution and noise pollution have a negative impact on all
sectors of society, rich and poor. However, it seems likely that
some groups of society are more affected than others. These
health inequalities may arise as a result of increased exposure
to pollution, increased sensitivities, increased vulnerabilities,
or a combination of all three.

Some studies suggest that people in deprived areas are exposed
to higher levels of air and noise pollution. These studies are
largely focused on specific regions or cities, and on trafhic as
a pollution source. Other studies provide counter-examples
of high-income groups being exposed to higher levels of
pollution.

However, lower socioeconomic status is associated with
poorer health in a more general sense. This potentially means
that deprived populations are more vulnerable to the effects of
noise and air pollution, for instance, through
existing long-term health conditions. Health
research already shows that people of low
socioeconomic status face a greater risk of
heart disease, mental health problems and
poor sleep. These are also some of the most
commonly studied health impacts of air and
noise pollution, which could be exacerbated
by exposure.

Studies have shown increased health effects
or deaths linked to noise and air pollution
in deprived populations compared with
wealthier populations, although, again,
studies tend to be carried out in specific
regions or cities, with a few exceptions at
national levels. Thus, while there is not yet
conclusive evidence for a ‘double burden’
exposure and increased M
vulnerability in all deprived areas of Europe,
it is likely that deprived populations living
in areas that are exposed to high levels of
pollution will experience the worst effects.

of increased

Noise and air pollution contribute to a wide range of factors
influencing the health of populations, which include aspects
of the living environment to individual lifestyle choices.
Although their specific contributions may be difficult to
measure, ‘multiple risk exposures’ are thought to accumulate
in deprived populations in a fairly linear fashion. Lower
socioeconomic groups thus face a greater risk of poor health
for a variety of reasons. Addressing this socioeconomic—
health gradient is complex since it requires all sectors of
society to have access to the same resources and standards of
living,
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Further studies directly measuring both exposure and
health impacts are needed to explore associations between
socioeconomic status and noise and air pollution in Europe.
Longitudinal studies — involving multiple rounds of data
collection — are required to understand the long-term
consequences of exposure to air and noise pollution. Also
needed are studies investigating the effects of moving between
areas with different socioeconomic characteristics and with
different levels of exposure to pollution.

The existing evidence on this topic should be treated with
some caution due to a lack of consistency in study methods. It
is currently difficult to compare and contrast results between
studies, or to draw wider conclusions about the role of
socioeconomic status in exposure to noise and air pollution
and resulting health impacts.

almo, Sweden. Taken during the 2014 assessment visit of Malmo for
The European City of the Year award. By The Academy of Urbanism, CC.
BY-NC-ND 2.0 @Flickr, 2012.

Reducing noise and air pollution will have a positive impact
on health for all. Promoting and adopting more sustainable
forms of transport could, for instance, reduce both noise
and air pollution from traffic, whilst intelligent use of spatial
planning tools and data could separate living, working
and commuting areas from polluted areas. More stringent
limits on both air and noise emissions, including combined
emissions, would also reduce health impacts for everyone. In
addition to universal measures, targeted measures designed to
reduce exposure particularly in deprived populations will help
to ensure that the poorest in society do not suffer the greatest
health consequences related to noise and air pollution.
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