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Executive Summary

In March 2014 Bristol City Council published a report setting out the health impacts of air pollution
in the City of Bristol. The report set out the extent to which deaths in Bristol could be attributable to
exposure to fine particulate matter. It concluded that:

fi é an additional 188 deaths of Bristol residents (over the age of 30) were attributable to air
pollution in 2010 (range 65-328), with 24 of these attributable to local road traffic emissions. This
compares to an average of 9 people killed each year in road traffic collisions on roads in the City of
Bristol.0

Since then, there has been growing evidence that further deaths in the City of Bristol could be
attributable to air pollution, through exposure to the gas nitrogen dioxide. The Committee on the
Medical Effects of Air Pollutants has provided a means of calculating the deaths attributable to
nitrogen dioxide, as well as the combined number of deaths attributable to both nitrogen dioxide
and fine particulate matter.

Bristol City Council has commissioned Air Quality Consultants to update its previous work to
include the effects of exposure to nitrogen dioxide on deaths attributable to air pollution in the City
of Bristol.

The new results show that around 300 deaths each year in the City of Bristol can be attributed to
exposure to both nitrogen dioxide and fine particulate matter. This represents about 8.5% of
deaths in the City of Bristol being attributable to air pollution.

The proportions of deaths attributable to air pollution vary across the City in relation to pollutant
concentrations, from around 7% in some wards to around 10% in others. Concentrations are
highest in the centre of the city and therefore so are deaths attributable to air pollution. Road traffic
is the dominant local source of emissions contributing to the deaths.

J1899 2 0of 29 February 2017
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In March 2014 Bristol City Council published a report setting out the health impacts of air pollution
in the City of Bristol. It concluded that:

fi € an additional 188 deaths of Bristol residents (over the age of 30) were attributable to air
pollution in 2010 (range 65-328), with 24 of these attributable to local road traffic emissions. This
compares to an average of 9 people killed each year in road traffic collisions on roads in the City of
Bristol.0

This conclusion was reached on the basis of exposure to fine particulate matter, represented by
PM, s (particulate matter with an aerodynamic diameter of less than 2.5 microns). There has been
growing evidence over recent years that the pollutant nitrogen dioxide is also contributing to
deaths. The Committee on the Medical Effects of Air Pollutants (COMEAP) has provided a means
of calculating the deaths attributable to nitrogen dioxide, as well as the combined number of deaths
attributable to both nitrogen dioxide and fine particulate matter (COMEAP, 2015).

Bristol City Council has commissioned Air Quality Consultants Ltd. to update its previous work to
include the effects of exposure to nitrogen dioxide on deaths attributable to air pollution in the City
of Bristol. At the same time, the calculation of deaths attributable to PM, s has been updated to
take account of more recent data on PM, 5 concentrations. As before, the deaths attributable to air
pollution have been determined for the wards across the City on the basis of the distribution of
pollutant concentrations. The new base year for the analysis has been 2013.

4 of 29 February 2017
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The Air Quality Strategy published by the Department for Environment, Food, and Rural Affairs
(Defra) has a primary objective to ensure that all citizens have access to outdoor air without
significant risk to their health, where this is economically and technically feasible (Defra, 2007a).
The document provides air quality standards and objectives for key air pollutants, which are
designed to protect human health and the environment. The Strategy describes the Local Air
Quality Management (LAQM) regime that has been established, whereby every authority has to
carry out regular reviews and assessments of air quality in its area to identify whether the
objectives have been, or will be, achieved at relevant locations, by the applicable date. If this is
not the case, the authority must declare an Air Quality Management Area (AQMA), and prepare an
action plan which identifies appropriate measures that will be introduced in pursuit of the
objectives. Through this process, Bristol City Council has identified the need to declare parts of
the City an AQMA for exceedences of the annual mean and hourly nitrogen dioxide objectives, and

on a precautionary basis for PMy, (Bristol City Council, 2015).

The 2007 Strategy also introduces a new approach for controlling exposure to particulate matter
that recognises that there is no threshold for the effects, i.e. there is no safe level for exposure.
This approach, which is applied to PM,5, is to require a reduction in average exposure across
urban areas, rather than at hotspots. This should produce a greater reduction in health effects of

air pollution than the current focus on hotspots.

Public Health Framework

Proposals foranew approach to public health were set out

Heal t hy (P @opernmeént, 2010) and subsequently within the Health and Social Care Act
2012 (HM Government, 2012). Changes came into force on 1% April 2013, which included a new
executive agency, Public Health England, with local authorities taking the lead for improving public
health. Directors of Public Health are responsible for exercising the local authorities new public
health functions and they lead on driving health improvement locally. In addition, Health and
Wellbeing Boards have been established to increase the influence of local people. The Public
Health Outcomes Framework set out key indicators of public health, which range from the wider
determinants of public health through to those which are aimed at reducing premature deaths.
There is one indicator for air quality, which is based on the fraction of deaths attributable to

particulate air pollution.

5 of 29 February 2017
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Air Quality in Bristol

Bristol operates a number of monitoring sites, with six real time analysers for nitrogen dioxide and
an extensive network of passive samplers (diffusion tubes), also for nitrogen dioxide. Defra
operates an urban background site in Bristol, which monitors nitrogen dioxide, PM,, and PM,s.
Bristol complies with all of the objectives for all the regulated pollutants other than those for
nitrogen dioxide, for which an Air Quality Management Area (AQMA) has been declared. The
AQMA also covers PMyo, which was included on a precautionary basis. Currently there is no
evidence that there are exceedences of the PMy, objectives at locations with relevant exposure.
Figure 1 shows the boundary of the AQMA, superimposed on the wards within the Bristol City
boundary.

Legend

7] Bristol AQMA_2012
[ Bristol Wards (2016)

Figure 1: City of Bristol Boundary, Ward Boundaries and Air Quality Management Area

Background concentrations of PM, 5 and nitrogen dioxide across Bristol are shown in Figure 2 and
Figure 3. These maps have been derived from the national 1x1 km maps of background
concentrations made available by Defra. The maps for 2013 are presented, as this is the year for
which they were calibrated against monitoring data. Maps for more recent years are available, but

these have been extrapolated from 2013, and are thus considered less reliable.

6 of 29 February 2017
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Background Nitrogen Dioxide Concentrations 2013 (ug/m?’)
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Sources of Air Pollution

PM_s

Particles, both as PM;o and PM, s have many different sources, both natural and anthropogenic.
These can be primary, with the particles emitted directly into the atmosphere, or secondary, with
particles formed from precursor gases through atmospheric reactions. Sources of primary
particles include road vehicles, industrial sources and power stations, domestic heating and
shipping.  Natural sources of particles include sea salt. The formation of secondary particles
happens relatively slowly (hours to days), thus secondary PM,s is found well downwind of the
sources of emission of the precursor gases. The management of exposure to particles is
particularly challenging, given the wide variety of sources.

Within the City of Bristol, the population weighted total PM, s concentration is 11.45 pg/ms. Of this,
the majority (81%) is anthropogenic, with 50% of the anthropogenic fraction being secondary PM, 5
and 23% regional primary. This leaves 27% of the anthropogenic fraction being effectively from
local sources, which can be considered to be potentially locally controllable. Just under half of this
locally controllable PM, 5 is associated with local road traffic.

Nitrogen Dioxide

Nitrogen dioxide concentrations are determined by emissions of nitrogen oxides®, mainly from
combustion processes. Road transport and the electricity supply industry are the main sources in
the UK as a whole. Within Air Quality Management Areas (i.e. where nitrogen dioxide objectives
are not being achieved), road transport is the main contributor.

Within the City of Bristol, the population weighted total nitrogen dioxide concentration is
20.06 ug/m3. All of this is treated as being anthropogenic. Of this, around 74% are effectively from
local sources, which can be considered to be potentially locally controllable. Over half (59%) of
this locally controllable nitrogen dioxide is associated with local road traffic.

The term nitrogen oxides (NOXx) covers both nitrogen dioxide (NO>) and nitric oxide (NO). Once emitted there are

chemical reactions that transform some of the nitric oxide to nitrogen dioxide. The proportion of NO, within NOx is
thus variable, tending to increase with distance from the emission source.

J1899
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Particulate Matter

3.1 The earliest understanding of the role of air pollution in contributing to deaths focussed on
particulate matter. The Committee on the Medical Effects of Air Pollution (COMEAP) has worked
on quantifying the size of the health impacts of air pollution over many years. lIts first report, issued
in 1998, was limited to quantifying the effects of short-term exposure to particles, sulphur dioxide
and ozone on deaths and hospital admissions. More recently it has quantified the effects of long-
term exposure, derived by collating the results of several large epidemiological studies (using a
meta-analysis of the results of the different studies) (COMEAP, 2009). The 2009 report focusses
on particulate matter, represented as PM,s, as this is the pollutant that was most strongly
associated with the increased risks of deaths. A subsequent report in 2010 quantified the overall
number of deaths in the UK arising from exposure to PM,s (COMEAP, 2010b).

3.2 Public Health England (PHE) used the national quantification work carried out by COMEAP to
prepare a health outcomes indicator for application at the local level (PHE, 2014a). This indicator
formed part of the Public Health Outcomes Framework for England 2013-2016, launched by the
Department of Health in January 2012°. More specifically, indicator 3.01 set out the draction of
Mortality Attributable to Particulate Air Pollution6and was based on background anthropogenic
PM, s concentrations®. The values of the indicator for each individual local authority for 2010 and
2011 are provided as part of the Public Health Outcomes Framework Data Tool (PHE, 2014a).
The indicator has not been updated since its original publication.

3.3 A recent PHE report describes how to estimate local mortality burdens associated with particulate
matter (PHE, 2014b). This methodology has been applied to this assessment.

Nitrogen Dioxide

3.4 In the last few years epidemiological studies have provided evidence that nitrogen dioxide is
having an independent effect on deaths. COMEAP has been, and still is, reviewing the evidence
to provide its best advice on quantifying the number of deaths attributable to nitrogen dioxide. It
has produced an interim advice note on this guantification and also how to combine the deaths
attributable to particulate matter with those due to nitrogen dioxide (COMEAP, 2015).

3.5 The Greater London Authority has also addressed the combined impact of nitrogen dioxide and
particulate matter in a report produced in July 2015 (Walton, Dajnak, Beevers, Williams, Watkiss, &

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/216159/dh 132362.pdf

Concentrations of anthropogenic, rather than total, PM, s are used as the basis for this indicator, as burden
estimates based on total PM;s might give a misleading impression of the scale of the potential influence of policy
interventions (Department for Health, 2014).

J1899 9 of 29 February 2017
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Hunt, 2015). The authors used a different, higher, risk coefficient than that recommended by
COMEAP. The assessment presented here uses the more conservative COMEAP risk coefficient,
as used by the Government.

Quantification of Deaths Attributable to Air Pollution

3.6 The epidemiological studies have been used to provide risk coefficients for deaths attributable to
particulate matter and nitrogen dioxide. The values used in this study are presented in Table 1.
They are the officially-recognised risk coefficients used by the UK Government to quantify deaths
due to PM, 5 and nitrogen dioxide.

Table 1: Quantified Risk Coefficients for Exposure to Different Pollutants
Risk Coefficient per 10 pug/m?®°
Pollutant Exposure | Health Endpoint ?
Value to use range
Fine Particles (PM,5) Annual Deaths (all causes) 6% 1% - 12%
Nitrogen Dioxide Annual Deaths (all causes) 2.5% 1% - 4%
& Based on deaths for those over the age of 30 years.
®  Risk coefficients taken from (COMEAP, 2015) and (PHE, 2014b)
3.7 The calculations that follow use what is termed as the Relative Risk (RR). The Relative Risk is

normally defined for a 10 ug/m3 concentration increment (RR)) is given as 1 + the risk coefficient
per 10 ug/m3, with the risk coefficient expressed as an absolute value rather than a percentage. In
other words for PM, 5 the equation is:

RR@oppmz2s i1s 1 +0.06 = 1.06 (range 1.01 to 1.12)
while for nitrogen dioxide the equation is:

RR1gno2 for nitrogen dioxide is 1 + 0.025 = 1.025 (range 1.01 to 1.04).

J1899 10 of 29 February 2017
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The quantification carried out is based on a well established methodology set out in the PHE
document destimating Local Mortality Burdens Associated with Particulate Air Pollutiond (PHE,
2014b)).

The calculations are based on applying the fractions of deaths attributable to air pollution (the
Attributable Fraction (AF)) to the total all-cause deaths for people over 25 years of age in Bristol*:

Deaths attributable to pollutant P = AFp x All-cause deaths

The all-cause deaths for the City of Bristol have been provided by the Public Health Intelligence
Unit of Bristol City Council. There were 3,487 deaths for the year 2013°.

The Attributable Fraction (AF) values have been derived from the Bristol specific Relative Risk
(RRg)) values for the two pollutants nitrogen dioxide RRgnoz and PM; s RR@g)pvz.5 together with the
population weighted concentrations of the pollutants:

AF = (RRg- 1)/RRg

The RRg values have been derived from the published RR(q values for a 10 ug/m3 change in
concentration (see para 3.7) using the population weighted concentrations for nitrogen dioxide and
PMj 5 for the City of Bristol (Cg)):

RR(B) - RR(lO) (C(B) /10)
The RRg) values used in this assessment are those used by the UK Government (see Table 1).

The population-weighted concentrations for Bristol (Cgnoz and Ceg)pmzs) have been derived from
the national maps of pollutant concentrations for 2013. These maps are available on a 1x1 km grid
square basis. These concentrations have then been applied to the populations within the Output
Areas (from the Office for National Statistics census data for 2011). The populations in these
areas have been assigned the concentration of grid square or squares in which they lie, with the
assignment of the population to a grid square concentration on the basis of area. The population-
concentration values have also been assigned to wards (using the recently redefined ward
boundaries). The basis of the derivation of the population-weighted concentrations is illustrated in

Figure 4. In this figure, the output area is shown in red, while the ward boundary is shown in blue.

Strictly, the AF should be applied to the total all-cause mortality for people over 30 years of age (as this is how the

published RR values have been derived), but this statistic is not available in the UK. PHE recognises this to be the
case and says that it will only make a small difference (section 2.2.2. in (PHE, 2014b)).

J1899

This year has been used to be consistent with the year for which the AF values have been derived.
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The populations in sub areas (a) to (d) are derive by an area weighted apportioning of the
population in the output area. Populations (a) and (b) are assigned concentration (1) while
populations (c) and (d) are assigned concentration (2). Ward A is assigned the populations (a) and
(d) with their respective concentrations, while Ward B is assigned the populations (b) and (c) with
their respective concentrations. These calculations are repeated for the whole of the area within

the City of Bristol boundary.

Ward A

Conc 1

Figure 4. Derivation of Population Weighted Concentrations (see text).

Deaths Attributable to Nitrogen Dioxide

The calculation of the deaths related to nitrogen dioxide in 2013 is based on the following steps:
The RR(1) value for nitrogen dioxide is 1.025 (see Table 1).

The population weighted concentration (Cg) of nitrogen dioxide for the City of Bristol is

20.06 pug/m?.
The RRgyo2 Value for Bristol is thus:
RR@noz = RRag) “® 9 = 1.025 #2919 = 1 05078
The AF for nitrogen dioxide is thus:
AF = (RR gnoz2 T 1) / RR gnoz = (1.0578 1 1) / 1.0578 = 0.04833

The deaths attributable to nitrogen dioxide are thus:

12 of 29 February 2017
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Deaths attributable to NO, = AF x All-cause deaths = 0.04833 x 3487 = 169.

Deaths Attributable to PM;5
4.9 The calculation of the deaths related to nitrogen dioxide in 2013 is based on the following steps:
The RR(1g) value for PM; s is 1.06 (see Table 1).

The population weighted concentration (Cg) of anthropogenic PM, 5 for the City of Bristol is 9.291
ng/m®, derived by subtracting the non-anthropogenic concentration of 2.1572 pg/m® from the total
PM, s, the latter value being taken from the local authority data sheet made available on the Defra
website at: http://uk-air.defra.gov.uk/datastore/pcm/popwmpm252013byUKIlocalauthority.csv.

The RR@g)pm2.5 value for Bristol is thus:

RR @)pwzs = RRg) “®71% = 1.025 ©#*/19 = 1 0556
The AF for nitrogen dioxide is thus:

AF = (RR @pm25 T 1) / RR @g)pm2s = (1.0556 1 1)/ 1.0556 = 0.05270
The deaths attributable to nitrogen dioxide are thus:

Deaths attributable to PM, 5 = AF x All-cause deaths = 0.05270 x 3487 = 184.

Combined Deaths Attributable to Nitrogen Dioxide and PMz 5

4.10 COMEAP recognises that there is a potential for double counting if the individual values for PM, 5
and nitrogen dioxide are simply added together. It advises that the risk coefficient for nitrogen
dioxide is reduced by 33%, i.e. RR(q becomes 1.0167. The revised calculation of additional
deaths attributable to nitrogen dioxide therefore becomes 114, which is added to 184 deaths from
PM,s to give total combined deaths of 297 (based on unrounded numbers). This represents
8.53% of deaths in the City of Bristol being attributable to the combined effect of exposure to

nitrogen dioxide and PM, s.

Spatial Distribution of the Health Effects of Air Pollutants Across Bristol

4.11 The distributions of the fraction of deaths attributable to PM, 5 and nitrogen dioxide across Bristol
have been derived for each of the wards following the methodology described above. For each
ward a population-weighted concentration has been derived (see para 4.6) and used to produce an
AF for that ward (see para 4.8).

Uncertainties

4,12 There are various uncertainties that affect the calculated deaths, which are summarised below.

J1899 13 of 29 February 2017
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Uncertainties in the Concentrations

4.13  The concentrations used are all based on national modelling, which will give rise to greater
uncertainty when applied at a local level.

4.14  The concentrations used are background values for a 1x1km grid square. These background
values will reflect the contributions from traffic and other sources within the grid square, but do not
take account of the fact that concentrations will be higher for people living close to busy road. This
will have led to an underestimate of the population weighted concentrations and hence the
calculated number of deaths.

Uncertainty in Deaths

4.15 The main uncertainty relates to risk coefficients. Wide confidence intervals are cited for both
pollutants; in the case of PM,s: 6% with a range of 1 t012% (PHE, 2014b); in the case of nitrogen
dioxide: 2.5% with a range of 1% to 4% (COMEAP, 2015). Applying these ranges gives the
following results for attributable deaths in 2013 in the City of Bristol:

PM, s alone: 32 7 348 deaths
NO, alone: 691 264 deaths

Combined PM, s and NO,: 1017 612 deaths

4.16 There are additional uncertainties in any assessment of PM,s effects at concentrations below
around 5-10 ug/ms, as the epidemiological studies generally do not include concentrations below
these levels. The assumption made is that impacts are linearly related to concentrations down to
zero, i.e. with no threshold.

4.17  There is uncertainty around the appropriate risk coefficients for nitrogen dioxide, and in particular
whether it is appropriate to assume no threshold, i.e. effects continue down to zero. The study
carried out by the GLA for London (Walton, Dajnak, Beevers, Williams, Watkiss, & Hunt, 2015)
included a sensitivity test with a cut-off of 20 pg/m®, below which no effects were assumed.
However the same study used a higher risk coefficient of 5.5%, as compared with the value used
in this study. The calculations for the City of Bristol have been based on the more recent interim
advice from COMEAP (2015), which recommends no cut-off should be used, but with a lower risk

coefficient of 2.5%.

4.18  The distribution of the AF values across the wards makes no allowance for the different age

structures and sensitivities of the populations in these wards.
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51 Annual mean of population-weighted anthropogenic PM, s concentrations are shown in Figure 5,
for the wards across the City of Bristol, with population adjusted nitrogen dioxide concentrations
shown in Figure 6.

5.2 The exposure to both PM; s and nitrogen dioxide in the City of Bristol is greatest in the city centre.

Figure 5: Population-Weighted Anthropogenic PM,s Concentrations in City of Bristol
Wards, 2013 (pug/m°®)
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