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Summary

APHEKOM project has analysed the short-term impacts of ozone and PMip on mortality and

morbidity, as well as the long-term impacts of PM2 5 on mortality and life expectancy in populations 30
years of age and older in the Metropolitan area of Bilbao (population 706533) during the period 2004-
2006. Average concentrations for PM10 and PM2.5 were 36 and 16 pg/m3 respectively.

Short- term impact. A decrease of 5 pg/m3 in annual average PM1g concentration, which represents a
14% decrease in relation to current levels, would postpone 17 deaths/year (2.5/100000 inhabitants),
81 respiratory hospitalizations/year and 20 cardiac hospitalizations/year. Furthermore, complying with
WHO guidelines would postpone 56 deaths/year (7.9/100000 inhabitants), 260 respiratory
hospitalizations/year and 63 cardiac hospitalizations/year.

Long-term impact. A decrease of 5 ug/m3 in annual average PM2 5 concentration, would postpone 172
deaths/year (34.1/100000 inhabitants), 104 due to cardiovascular causes. A gain of 4.3 months in life
expectancy at 30 would be derived. Complying with WHO guidelines would rend slightly higher
benefits: it would postpone 195 deaths/year (38.6/100000 inhabitants), 104 due to cardiovascular
causes, and a gain in life expectancy of almost 5 months.

The economic annual benefits derived from a better air quality down to WHO guidelines in Bilbao area
would be €6 millions in the short term and more than €7 hundred millions in the long term. A better
quality in exposure indicators has pictured a more precise evaluation of the derived health benefits,
which would be of considerable importance.

Furthermore, the additional long-term impact on the development of chronic diseases from living near
busy roads has been assessed in the city of Bilbao (population 351.179) for year 2006. In Bilbao 14%
of asthma cases (age 0-17), 23% of chronic obstructive pulmonary diseases (age =65) and 31% of
coronary heart diseases (age 265) are attributable to living near busy streets (within 150 m of a road
that bear more than 10 000 vehicles/day).

Acronyms

APHEKOM : Improving Knowledge and Communication for Decision Making on Air Pollution and
Health in Europe

APHEIS. Monitoring the effects of air pollution on health in Europe
ENHIS. Environment and Health Information System

HIA: health impact assessment

03 : ozone

PM,, : particulate matter with an aerodynamic diameter <10 ym

PM, 5 : particulate matter with an aerodynamic diameter <2.5 ym

Introduction

Much has been done in recent years in European cities to reduce air pollution and its harmful effects
on health. Yet gaps remain in stakeholders’ knowledge and understanding of this continuing threat
that hamper the planning and implementation of measures to protect public health more effectively.

Sixty Aphekom scientists have therefore worked for nearly 3 years in 25 cities across Europe to
provide new information and tools that enable decision makers to set more effective European,
national and local policies; health professionals to better advise vulnerable individuals; and all
individuals to better protect their health.



Ultimately, through this work the Aphekom project hopes to contribute to reducing both air pollution
and its impact on health and well being across European cities.

Chapter 1. Standardised HIA in 25 Aphekom cities

Health impact assessments have been used to analyze the impact of improving air quality on a given
population’s health. Using standardised HIA methods, the preceding APHEIS project (1)
(www.APHEIS.org) showed that large health benefits could be obtained by reducing PM levels in 26
European cities totalling more than 40 million inhabitants (2;3). APHEIS thus confirmed that, despite
reductions in air pollution since the 1990s, the public health burden of air pollution remains of concern
in Europe.

The Health Department of Basque Government has participated in the European projects with data
from Bilbao Metropolitan area. Results from a previous HIA conducted in Bilbao in 2004 for APHEIS
project rendered that 2002 PM,, annual mean was 32.2 ug/m3; both short and long term effects of
PM,, were assessed. As short term effects are concerned, in 2002 daily PM,, levels above 20 pg/m3
would have triggered 127 respiratory and cardiac hospital admissions, and brought forward 62 deaths.
Long term effects were an order of magnitude larger. If annual mean of PM;y were reduced to 20
ug/m°®, 584 deaths/year would be delayed and, approximately, 2700 years of life saved, what would
imply an increase in lifetime expectancy of 0.9 years at the age of 30.

A further HIA within ENHIS project found that as short term effects of O3 were concerned, each
reduction of 10 pg/m3 in maximum daily 8-hour moving average concentrations would delay 9
deaths/year in the study area, 4 from cardiovascular diseases, and 3 from respiratory causes.

Building on the experience gained in the earlier APHEIS project, Aphekom conducted a standardised
HIA of urban air pollution in the 25 Aphekom cities totalling nearly 39 million inhabitants: Athens,
Barcelona, Bilbao, Bordeaux, Brussels, Bucharest, Budapest, Dublin, Granada, Le Havre, Lille,
Ljubljana, London, Lyon, Malaga, Marseille, Paris, Rome, Rouen, Seville, Stockholm, Strasbourg,
Toulouse, Valencia and Vienna. In each participating centre, the project analysed the short-term
impacts of ozone and PMy, on mortality and morbidity, as well as the long-term impacts of PM2.5 on
mortality and life expectancy in populations 30 years of age and older.

For APHEKOM project, availability of better pollution indicators in Bilbao Metropolitan area have
allowed for a more precise HIA for the period 2004-2006 .



Predicted average gain in life expectancy (months) for persons 30 years of age and older in 25
Aphekom cities for a decrease in average annual level of PM,sto 10 uyg/m3 (WHO’s Air Quality
Guideline)
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Average PM; < (ug/m®) Predicted gain in life expectancy (months) from complying with WHO's Air Quality Guideline (AQG)
2004-2006

1.1. Description of the study area

The Greater Bilbao has approximately 890 000 inhabitants and it is made up of Bilbao and
neighbouring municipalities at both banks of the Nervion River. The stu dyarea is defined to represent
the estimated average exposure of the population; the municipalities were selected because they
make up one urban area, affected by the same pollution and meteorological phenomena, and they are
Bilbao, Barakaldo, Getxo, Erandio, Leioa, Portugalete, Santurtzi and Sestao. The total area is 118,6
Km?; Bilbao is the biggest town with 41,3 Km? . (Figure 1).

Figure 1 — Map of the study area



Climatology

The climate is oceanic, with high rainfalls and mild winters; sea-land and land-sea local breeze are the
predominant winds. In 2009 the mean temperature was 14.9 °C, the mean of minimum temperature
was 10.2 °C and the mean of maximum temperature was 19.9 °C; total annual precipitation was
1136.86 mm.

Population in the study area

The study area sums up a population of 706533. Population over 65 years is 142288 (20,1%).. The
population density of the study area is 5998,3 inhabitants/Km?, the most heavily populated is
Portugalete with 15349,38 inhabitants/Km?, whereas Erandio is the least populated (1314
inhabitants/Km?).

1.2. Sources of air pollution and exposure data
Sources

Although, in the past, industry was the most important source of air pollution in the Metropolitan Area
of Bilbao, with very high levels of SO,, since the 90s traffic has become a very important source.

Exposure data

In the Metropolitan Area of Bilbao the pollution indicators are measured by an automatic network
managed by the Environment Department of the Basque Government.

APHEKOM guidelines (“Data request for health impact assessment of air pollution en the Aphekom
cities, 2010”) were followed and monitoring stations were selected for the period 2004-2006 if more
than 75% of hourly values were available; monitors that did not overlap the interquartile range of the
other monitors were excluded. All of them are representative of the area, situated in residential
settings and they are not directly influenced by local sources of air pollution and showed very good
correlation coefficients.

A total of 7 monitors for PM,y and 4 for PM,s were used (B absorption method). PMy, data were
corrected for the standard method using the factors available for each monitoring station (Environment
Department). For ozone a selection of 9 monitoring stations with UV absorption method was used.
The 8 hour moving averages of each day have been calculated and selected the maximum, to create
the series of 8 hr daily maximum moving average.

PM,, levels are very similar to those in 2002 and above WHO guidelines. Graphs 3 and 4 show great
variability among daily concentrations and many days with very high levels; 20 % of days PM,q was
higher than 50 pg/m?® ( daily maximum level according to Directive 2008/50), similarly to 2002 data.

Smaller particles PM2.5 data were not available in 2002 but a conversion from PM;, was used;
average concentration in 2004-2006, 16 pg/m3 , is higher than WHO guidelines which is 10 pg/m3'.

Graph 2 shows the seasonal pattern of ozone. In Bilbao Metropolitan area average concentrations
comply with European Directive and WHO guidelines.

Table 1 — Daily mean levels, standard deviation and 5" and 95" percentiles for air pollutants
(2004-2006)

Pollutant Daily mean Standard 5" percentile 95" percentile
(ng/m®) deviation (ng/im®) (ng/m’)
(ug/m’)
Ozone (daily 8h max) 61 21 21 94
PMyo (daily average) 36 17 15 70
PM, s (daily average) 16 9 5 33
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Figure 2 — Ozone concentration in the study area
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Figure 3 — PM;o concentration in the study area
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1.3. Health data

We used mortality data of 2004-2006, provided by the Mortality Register of the Basque Autonomous
Community. The register used ICD10 and has a quality control programme; its completeness is 100%.

Hospital admissions data of years 2004 to 2006 came from the Hospital Discharge Register of the
Basque Autonomous Community and they were coded using ICD9. A Quality control programme is
run; the completeness of the Register is 99.9% and the percentage of missing data in cause
admission was 0.3%.

Table 2 — Annual mean number and annual rate per 100 000 deaths and hospitalizations
(2004-2006)

Annual Annual
Health outcome ICD9 ICD10 Age mean rate per
number 100 000
Non-external <800 A00-R99 Al 5840 827
mortality
Non-external <800 A00-R99 > 30 5793 1147
mortality
Cardiovascular 545 45 100-152 > 30 1883 373
mortality
Cardiac 390-429 100-152 Al 6541 926
hospitalizations
Respiratory 460-519 J00-J99 All 14387 2036
hospitalizations
Respiratory 460-519 J00-J99 1564 yrs 2502 367
hospitalizations
Respiratory 460-519 J00-J99 > 65 yrs 4685 663

hospitalizations

* Non-external mortality excludes violent deaths such as injuries, suicides, homicides, or
accidents.

1.4. Health impact assessment

Aphekom chose different scenarios to evaluate the health impacts of short- and long-term exposure to
air pollution. The scenarios are detailed below for each air pollutant. The HIA method is detailed in
Annex 1.

NOTE: Under no circumstances should HIA findings for the different air pollutants be added together
because the chosen air pollutants all represent the same urban air pollution mixture and because their
estimated health impacts may overlap.

1.4.1. Short-term impacts of PMy,

For PM,,, we first considered a scenario where the annual mean of PM10 is decreased by 5 ,ug/ms,
and then a scenario where the PM10 annual mean is decreased to 20 pg/m3, the WHO annual air
quality guideline (WHO-AQG).

A decrease of 5 pg/m3 in annual average PM,o concentration, which represents a 14% decrease in
relation to current levels, would postpone 17 deaths/year (2.5/100000 inhabitants), 81 respiratory
hospitalizations/year and 20 cardiac hospitalizations/year. Furthermore, complying with WHO
guidelines would postpone 56 deaths/year (7.9/100000 inhabitants), 260 respiratory



hospitalizations/year and 63 cardiac hospitalizations/year; benefits from the latter scenario are thrice
the former.

Table 3 — Potential benefits of reducing annual PM,, levels on total non-external* mortality

Annual number of
Total annual number

Scenarios deaths postponed
of deaths postponed per 100 000

Decrease by 5 pg/m® 17 25

Decrease to 20 ug/m® 56 7.9

* Non-external mortality excludes violent deaths such as injuries, suicides, homicides, or
accidents.

Table 4 — Potential benefits of reducing annual PM,, levels on hospitalisations

Respiratory hospitalisations Cardiac hospitalisations
Scenarios Total annual Annual number Total annual Annual number
number of cases of cases number of cases of cases
postponed postponed per postponed postponed per
100 000 100 000
Decrease by 5
3 47,8 6,8 20 2.8
pg/m
Decrease to
20 pglm3 153,2 21,7 63 8.9

Short-term impacts of PM10

Annual number of cases (/100 000)
L)
o

10 4
54
0

Decrease by 5 pg/m3 Decrease to 20 ug/m3

‘ @ Non-external mortality ® Respiratory hospitalizations 0O Cardiovascular hospitalizations ‘

Figure 5 — Potential benefits of reducing annual PM,, levels on mortality and on
hospitalisations

1.4.2. Short-term impacts of ozone

For ozone, WHO set two guideline values for daily the maximum 8-hours mean. The interim target
value (WHO-IT1) is set at 160 pg/me’. The purpose of the interim value is to define steps in the
progressive reduction of air pollution in the most polluted areas. The second value, the air quality
guideline value (WHO-AQG) is set at 100 pg/m®.

We first considered a scenario where all daily values above 160 pg/m3 were reduced to WHO-IT (160
pg/m3), then a scenario where all daily values above 100 pg/m3 were reduced to WHO-AQG (100
pg/m3), and lastly a scenario where the daily mean is decreased by 5 ug/m3.

As our city complies with WHO references no benefits could be derived from the first scenarios. A
decrease of 5 ug/m3 in annual average O3- concentration, would postpone 9 deaths/year (1.3/100000
inhabitants), and 1.3 and 11.7 respiratory hospitalizations/year from those of 15-64 and over 64 years
old respectively.



Table 5 — Potential benefits of reducing daily ozone levels on total non-external* mortality

Total annual Annual number of
Scenarios number of deaths  deaths postponed
postponed per 100 000
8h max daily values >160 pg/m°= 160 pg/m’ 0 0
8h max daily values >100 pg/m®= 100 pg/m® 0.5 0.1
Decrease by 5 ug/m® 9.0 1.3

* Non-external mortality excludes violent deaths such as injuries, suicides, homicides,
or accidents.

Table 6 — Potential benefits of reducing daily ozone levels on hospitalizations

Respiratory hospitalizations Respiratory hospitalizations
(15-64) (>64)

Total annual N° Annual N° of Total annual Annual N° of

Scenarios of cases cases potsponed N° of cases cases potsponed
potsponed per 100 000 potsponed per 100000

8h max daily values
>160 pg/m®= 160 pg/m’ 0 0 0 0
8h max daily values
>100 pg/m°= 100 pg/m® 0.1 0 0.6 1.4
Decrease by 13 0.3 11.7 8.2

5 ug/m®

Short-term impacts of Ozone

Annual number of cases (/100 000)
o = N W A 00O N ® ©

8h-max daily Values >160 8h-max daily Values >100 Decreased by 5 ug/m3
Hg/m3 = 160 pug/m3 Hg/m3 = 100 pg/m3

‘D Non-external mortality m Respiratory hospitalizations (15-64) O Respiratory hospitalizations (>65)

Figure 6 — Potential benefits of reducing daily ozone levels on mortality and on
hospitalisations

1.4.3. Long-term impacts of PM, 5

For PM2.5, we first considered a scenario where the PM2.5 annual mean is decreased by 5 pg/ms,
and then a scenario where the PM2.5 annual mean is decreased to 10 pg/m® (WHO AQG).

A decrease of 5 pg/m® in annual average PM2.5 concentration, would postpone 172 deaths/year
(34.1/100000 inhabitants), 104 due to cardiovascular causes. A gain of 4.3 months in life expectancy
at 30 would be derived. Complying with WHO guidelines would produce slightly higher benefits: it
would postpone 195 deaths/year (38.6/100000 inhabitants), 104 due to cardiovascular causes and a
gain in life expectancy of almost 5 months.



Table 7 — Potential benefits of reducing annual PM, 5 levels on total mortality and on life

expectancy
Scenarios Total annual N° of Annual N° of deaths Gain in life
deaths postponed postponed per 100000 expectancy (years)
Decrease by 5 pg/m® 172 34.1 0.36
Decrease to 10 ug/m® 195 38.6 0.41

Table 8 — Potential benefits of reducing annual PM, s levels on total cardiovascular mortality

Scenarios Total annual number of Annual number of
deaths postponed deaths postponed
per 100 000
Decrease by 5 ug/m® 104 21
Decrease to 10 pg/m* 117 23

Long-term impacts of PM2.5

N° of cases (/100 000)
N
(4]

Decrease by 5 pg/m3 Decrease to 10 pg/m3

‘ @ Total mortality m Cardiovascular mortality ‘

Figure 7 — Potential benefits of reducing annual PM, ;5 levels on mortality
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Figure 8 — Potential benefits of reducing annual PM, 5 levels on life expectancy

1.4.4. Economic valuation

These HIAs provide short- and long-term potential benefits on mortality of reducing air pollution as well
as the short-term potential benefits on hospitalisations.

Mortality

The monetary values chosen to assess mortality benefits depend on the short- or long-term nature of
the exposure to air pollution (see Appendix 2). The gain in life expectancy estimated is detailed in
Appendix 2.

10



NOTE: the valuation of mortality benefits is based on stated preferences studies and will use common
values for all cities together. Indeed, accounting for differences in country’s GNP per capita seems
ethically unacceptable to stand for the valuation of life benefits.

Hospitalisations

The standard cost of illness approach is used for short-term hospitalisations, and consists in applying
unit economic values to each case, including direct and indirect costs.

Spain average lengths of stay and costs have being used for Bilbao area economic valuation (see
Appendix 2). The economic benefits related to a reduction in air pollution exposure are then computed
by multiplying the number of hospitalisations by the corresponding unit economic value.

Table 9 .Economic benefits of lowering suspended particles (PM 10 short term and PM2.5
long term effects) in €

Short term effects Long term effects
Deaths Hospitalizations Deaths Life expectancy
Decrease by 5 ug/m® 1,5E+06 2,2E+05 2,8E+08 3,6E+08
Decrease to 20 pg/m3 4,9E+06 7,5E+06 3,2E+08 4,1E+08

1.4.5. Interpretation of findings

The number of deaths that would be postponed in the short term if Bilbao levels of PM,, were lowered
to WHO guidelines, 56 per year, is similar to the results obtained in our previous HIA as exposure
levels are comparable and concentration —response function (CRF) has been the same.

Most robust available CRFs for respiratory and cardiovascular hospitalizations have rendered higher
number hospitalizations avoided per year in Bilbao, up to three times for respiratory hospitalizations.

Ozone levels are lower in urban areas, like our study area, than in the periphery of the city and in
some parts of the countryside, places where urban citizens may actually go to on a regular basis,
particularly in summer. A consequence of this is that the use of urban average ozone levels may
underestimate the actual exposure.

The benefits of lowering air suspended particles measured as PM, 5 below the WHO guideline, 10
pg/m3, would represent that 195 deaths/ year would be postponed and the life expectancy at 30 would
increase 5 months. The fact that in 2004 HIA within APHEIS the gain in life expectancy was twice as
high come from the uncertainties in exposure estimation as PM,s monitoring stations were not
available in 2002. A better quality in exposure indicators has pictured a more precise evaluation of the
derived health benefits, which are in any case of considerable importance.

The short and long term economic annual benefits derived from a higher air quality down to WHO
guidelines in Bilbao area would be €6 millions in the short term and more than €7 hundred millions .

Some of the uncertainties of previous HIA have been solved, as seen in the exposure estimation or
some CRFs. Furthermore the high quality of our registries of mortality and hospitalizations makes that
baseline data for estimation of attributable cases are very reliable.

Chapter 2. Health Impacts and Policy: Novel Approaches

Pollutants such as ultrafine particles occur in high concentrations along streets and roads carrying
heavy traffic. And evidence is growing that living near such streets and roads may have serious health
effects, particularly on the development of chronic diseases. Until now, however, HIAs have not
explicitly incorporated this factor.

11



For this purpose, Aphekom has applied innovative HIA methods to take into account the additional
long-term impact on the development of chronic diseases from living near busy roads. We also
evaluated the monetary costs associated with this impact.

We first determined that, on average, over 50 percent of the population in the 10 European cities
studied lives within 150 metres of roads travelled by 10,000 or more vehicles per day and could thus
be exposed to substantial levels of toxic pollutants.

Streets with ;
>10,000 vehicle per
day
] L 10 ]
/ L] L 10 ]
/ - 1 CfErt
75m. |
150m
City Population [PM10 annual|% population|% population|
(Million. average | within 75m |within 150m
Hab) (ug/m”) (average (average
29%) 52%)
Granada 0.24 34 14% 28%
Ljubljana 0.27 32 23% 47%
Bilbao 0.31 27 29% 59%
Sevilla 0.7 41 20% 38%
\Valencia 0.74 46 44% 71%
Brussels 1.03 29 37% 64%
Stockholm 1.3 17 14% 30%
Barcelona 1.53 33 56% 77%
\Vienna 1.66 25 36% 62%
Rome 2.81 37 22% 43%

Figure 9 — Estimated percentage of people leaving near busy roads

In the cities studied, our HIA showed that living near these roads could be responsible for some 15-30
percent of all new cases of: asthma in children; and of COPD (chronic obstructive pulmonary disease)
and CHD (coronary heart disease) in adults 65 years of age and older.

Barcelona
Valencia
Brussels
Vienna
Bilbao
Ljubljana
Rome
Sevilla
Stockholm

Granada

Coronary heart disease (age = 65)

M Chronic obstructive pulmonary disease ( age = 65)

M Asthma (age 0-17)

0% 10%

20%

30%

40%

Figure 10 — Percentage of population with chronic diseases whose disease is attributable to
living near busy streets and roads in 10 Aphekom cities

Aphekom further estimated that, on average for all 10 cities studied, 15-30 percent of exacerbations of
asthma in children, acute worsening of COPD and acute CHD problems in adults are attributable to air
pollution. This burden is substantially larger than previous estimates of exacerbations of chronic

12



diseases, since it has been ignored so far that air pollution may cause the underlying chronic disease
as well.

M Assumes air pollution only causes exacerbation of existing chronic disease (traditional approach)

M Assumes air pollution causes both development of the chronic disease and episodes of exacerbation of the disease

Episodes of bronchitis
among asthmatic children (age 0-17)

Asthma hospitalizations
among asthmatic children (age 0-17)

Bronchitis among adults with chronic obstructive
pulmonary disease - COPD (age > 65)

COPD hospitalizations
among adults with COPD (age 2 65)

Myocardial infarction (non-fatal) among adults
with coronary heart disease - CHD (age 2 65)

Mpyocardial infarction hospitalizations
among adults with CHD (age 2 65)

Stroke hospitalizations
among adults with CHD (age 2 65)

0% 5% 10% 15% 20% 25% 30% 35%

Figure 11 — Comparison of impact of air pollution on chronic diseases calculated using two
different HIA approaches in Aphekom

In addition, for the population studied Aphekom estimated an economic burden of more than €300
million every year attributable to chronic diseases caused by living near heavy traffic. This burden is to
be added to some €10 million attributable to exacerbations of these diseases.

The economic valuation is not sufficiently robust at the city level from a HIA as well as an economic
perspective to allow for local computations.

Chapter 3. Overview of findings and local recommendations

A better estimation of the exposure assessment to air pollutants has allowed a more reliable
assessment of the benefits derived of lowering suspended particles in Bilbao area. Complying with
WHO guidelines for PM4o and PM, 5 would save, at least, more than 320 hospitalizations and would
delay around 200 deaths per year; that would mean an increase in life expectancy of almost 5 months.

Current levels of PM;g seem not have changed in the whole area for the last years; however average
PM.oin 2008 in the city of Bilbao is 20% lower than in the whole area. Although traffic through nearby
motorways and heavy roads has not diminished, Bilbao city centre yes has suffered a transformation
during the last years when many streets have become pedestrian and the suburban network has
extended. However 29% and 59% of Bilbao city population lives yet within 75 m or 150m respectively
of roads which bear more than 10 000 vehicles/day. Although local baseline prevalence of evaluated
chronic diseases evaluated were not available, the health impact assessment of this smaller scale air
pollution can not been neglected; local strategies for limiting traffic in the city centres will have
quantifiable health and economic benefits

In any case, smaller reduction in average suspended particles, as 5 pg/m3 of PM;, would bring
measurable and not negligible benefits.
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Appendix 1 — Health impact assessment

For each specific relationship between health outcomes and pollutants, the health impact function was
Ay = Yo (1_ e_ﬂAx)

where Ay is the outcome of the HIA

Yo is the baseline health data

Ax is the decrease of the concentration defined by the scenario
B is the coefficient of the concentration response function ( B=log(RR per 10 pg/ma)/‘IO)

The impact of a decrease of the pollutant concentration on the life expectancy was computed using
standard abridged (5-year age groups) life table methodology, using the mortality data for each age

group. We applied a reduction factor to the mortality rate, noted n Dx, according to
impacted __ oy
nD)l(mpace _an*e X

Ax is the decrease of the concentration defined by the scenario
B is the coefficient of the concentration response function.

Concentration response functions (CRFs) were selected from the literature, favouring multi-cities
studies located in Europe (Table 1).

Table 9 — Health outcome and relative risks used in the HIA

HIA Health outcome  Ages RR per 10 Ref
pg/m’

Short-term Non-external All 1.006 (4)

impacts of mortality [1.004-1.008]

PM;o
Respiratory All 1.0114 (5)
hospitalizations [1.0062-1.0167]
Cardiac All 1.006 (5)
hospitalizations [1.003-1.009]

Short-term Non-external All 1.0031 (6)

impacts of O;  mortality [1.0017-1.0052]
Respiratory 15-64 1.001 (4)
hospitalizations [0.991-1.012]
Respiratory >=65 1.005 (4)
hospitalizations [0.998-1.012]

Long-term Total mortality >30 1.06

impacts of [1.02-1.11] (7)

PM2.5 Cardiovascular >30 1.12 (8)
mortality [1.08-1.15]

PM;,

For PM10, we first considered a scenario where the annual mean of PM10 is decreased by 5 pg/m?,
and then a scenario where the same PM10 annual mean is decreased to 20 ug/m®, the WHO air
quality guideline (WHO-AQG).

The exposure indicator of PM10 was the annual mean, calculated as the arithmetic mean of the daily
concentrations of the selected stations. The corresponding Ax for the two scenarios are:
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Scenario 1, Ax = 5 pg/m®
- Scenario 2, Ax =([PM10]mean — 20 Hg/m?>).
Ax = 0 if [PM10]mean <20

Ozone

For ozone, WHO set two values for the daily maximum 8-hours mean. The interim target value (WHO-
IT1) is set at 160 ug/m The purpose of the interim value is to define steps in the progressive
reduction of alr pollution in the most polluted areas. The air quality guideline value (WHO-AQG) is set
at 100 ug/m°.

We flrst considered a scenario where all daily values above 160 pg/m were reduced to WHO-IT (160
ug/m ), then a scenario where all daily values above 100 ug/m® were reduced to WHO-AQG (100
g/m ), and lastly a scenario where the daily mean is decreased by 5 pg/m

The exposure indicator of ozone was the cumulated sum over defined thresholds, calculated using
8hours-daily values.
2.0

The corresponding Ax for the two Ax=-=

scenarios are;

- Scenario 1, if [03]2160 ug/m 0Oi=([03)-160)
if [03]<160 ug/m?, 0i=0

- Scenario 2, if [03] 100 pg/m Oi=([O5]-100)
if [03]i<100 ug/m?, Qi=0
- Scenario 3, where the ozone yearly mean is decreased by 5 pg/m®. Ax = 5 ug/m®

PM2.5

For PM2.5, we first considered a scenario where the PM2.5 annual mean |s decreased by 5 pg/m
and then a scenario where the PM2.5 annual mean is decreased to 10 pg/m® (WHO annual AQG).
The exposure indicator of PM2.5 was the yearly mean, calculated as the arithmetic mean of the daily
concentrations of the selected stat|ons The corresponding Ax for the two scenarios are;
Scenario 1, Ax=5 pg/m
- Scenario 2, Ax = ([PM2.5]ean— 10 pg/m )
Ax = 0 if [PM2.5]1ean <10
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Appendix 2 — Economic valuation

Because the air pollution measures as well as epidemiologic data cover the 2004-2006 period for most
of the cities, all costs are consequently expressed in euros 2005. Similarly, the average lengths of
stay in hospital required for the benefits computations are for 2005.

Valuation of mortality benefits

Regarding mortality, we follow the standard valuation procedure adopted in Cafe (2005), NexExt
(2003), ExternE (2000), which consists in using a Value of a Statistical Life (VSL) and a Value of a
Life Year (VOLY) derived from stated preferences surveys, hence relying on preference-derived
values rather than market-derived values. We chose to rely on values obtained in recent European
studies (see final Aphekom report for more details).

The choice of the monetary value to assess mortality benefits associated to a decrease in air pollution
level depends on the type of impact.

- For short-term mortality calculations, the annual number of deaths postponed per year is used.
Because the gains in life expectancy corresponding to each of these postponed deaths can be
considered in the range of a few months, certainly lower than one year (Cafe 2005, Vol 2, p. 46), a
VOLY of €86,600 is applied to each deaths postponed to compute annual benefits.

- For long-term mortality calculations, the magnitude of the gain in life expectancy related to the
deaths postponed is considered as higher than a year (see Ezzati et al., 2002; Hurley et al. 2005;
Watkiss et al. 2005; or Janke et al., 2009). A VSL of €1,655,000 is applied to each deaths
postponed to compute annual benefits.

- For long-term life expectancy calculations, an average gain in life expectancy for persons 30
years of age is also computed using life tables and following a cohort until complete extinction.
The annual corresponding benefits are obtained by multiplying the average gain in life expectancy
by the number of 30-year-old individuals in the city, and by the VOLY. This corresponds to the
benefits (in terms of life expectancy) 30 year-old people would gain over their lifetime if exposed to
the 10 ug/m® average annual level of PM2.5 (WHO’s Air Quality Guideline) instead of the current
existing air pollution level in the city.

Valuation of hospitalisations benefits

The standard cost of iliness approach is used for acute hospitalisations, and consists in applying unit
economic values approach to each case, including direct medical and indirect costs.

The direct medical costs related to cardiac and respiratory hospitalisations are computed as the cost
per inpatient day times the average length of stay in hospital. These cost data are taken from CEC
(2008) for all twelve countries where the cities analysed in Aphekom are located (see Table 1). The
average lengths of stay in days are obtained from the OECD Health Database (2010) for all countries
except Romania (which is imputed from the population weighted average lengths of the 11 other
countries).

The indirect costs are computed as the average gross loss of production per day times twice the
average length of stay in hospital. Since we cannot control whether these days were actual working
days, we then compute the daily loss of production as the average gross earnings in industry and
services (full employment) obtained from Eurostat (2003) for each country, expressed in 2005 and
divided by 365 days.

The total medical costs for cardiac and respiratory hospitalisations are obtained by adding together the
direct and indirect components.
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Table 1 Average lengths of stay, daily hospitalisation costs and work loss, and total hospitalisations
cost per patient.

Average length of stay in| Average cost per Total costs related to
days® day (€ 2005) hospitalisation (€ 2005)

Country Circulatory Respiratory Hosp. Work | Circulatory Respiratory
system system all causes® loss"® system system
Austria 8.2 6.6 319 83 3,977 3,201
Belgium 9.2 8.8 351 98 5,032 4,814
France 7.1 7.1 366 83 3,777 3,777
Greece 7.0 5.0 389 48 3,395 2,425
Hungary 7.4 6.5 59 18 703 618
Ireland 10.5 6.9 349 81 5,366 3,526
Italy 7.7 8.0 379 62 3,873 4,024
Romania 8.5 7.4 57 6 587 511
Slovenia 8.6 7.3 240 34 2,649 2,248
Spain 8.5 7.4 321 55 3,664 3,189
Sweden 6 5.2 427 92 3,666 3,177
United Kingdom 11.4 8.0 581 116 9,268 6,504
Mean' 8.5 7.4 373 73 4,411 3,840

Sources: ¥ OECD Health Data (2010); " CEC (2008), annex 7, cost/bed/day corr; ' Eurostat (2003);
population-weighted average, 2005 population data from OECD Health Data (2010).

For instance, based on Table 1, the average direct cost of a cardiac hospital admission is:
8.5 days x € 373=€ 3,171
and the corresponding indirect cost related to work loss is:
2 x 8.5 days x € 73=€ 1,241.
Overall, the unit economic value related to a cardiac hospital admission is € 4,412.

For city-specific valuation, the last two columns of Table 1 provide average hospitalisation costs
computed following the same rationale but using country-specific average lengths of stay, cost per day
of hospitalization and daily work loss.

Valuation of the benefits of EU legislation to reduce the sulphur content of fuels

The legislation has two potential effects on mortality: short-term and long-term. It has been decided
that, to take a conservative standpoint, mortality effects will be considered as short-term effects.
Consequently, a VOLY of €86,600 is applied to each premature deaths to compute the benefits of the
legislation. The economic evaluation thus constitutes a lower bound of the mortality benefits of the
legislation.

References

Ezzati, M., Lopez, A., Rodgers, A., van der Hoorn, S., Murray, C.J.L. and the Comparative Risk
Assessment Collaborating Group. (2002), Selected maijor risk factors and global and regional
burden of disease. The Lancet, 360, 1347-1360.

Hurley, F., Cowie, H., Hunt, A., Holland, M., Miller, B., Pye, S. and Watkiss, P. (2005), Methodology for
the Cost-Benefit analysis for CAFE, Volume 2: Health Impact Assessment.

Janke K., Propper C., and Henderson J. (2009). Do current levels of air pollution kill? The impact of air
pollution on population mortality in England. Health Economics, doi:10.1002/hec.1475.

Watkiss, P., S. Pye and Holland M. (2005), CAFE CBA: Baseline Analysis 2000 to 2020 Service
Contract for Carrying out Cost-Benefit Analysis of Air Quality Related Issues, in particular in the
Clean Air for Europe (CAFE). Programme AEAT/ED51014/Baseline Scenarios, issue 5, AEA
Technology, April, 122 p.

19



The Aphekom collaborative network

The authors would like to thank the Aphekom collaborative network for its invaluable contribution to
the project, in particular:

* FRENCH INSTITUTE FOR PUBLIC HEALTH SURVEILLANCE, InVS, Saint-Maurice, France — Sylvia Medina,
Kanwal Eshai, Christophe Declercq, Agnés Lefranc, Myriam Blanchard, Sophie Larrieu, Tek-Ang
Lim, Alain Le Tertre, Laurence Pascal, Mathilde Pascal, Magali Corso, Aymeric Ung.

= UMEA UNIVERSITY, Umea, Sweden — Bertil Forsberg, Lars Modig, Kadri Meister, Hans Orru

= MEDICAL UNIVERSITY OF VIENNA, Austria — Hanns Moshammer, Manfred Neuberger, Daniela Haluza,
Hans-Peter Hutter

= BARCELONA PUBLIC HEALTH AGENCY, Spain — Manuel Nebot, Anna Perez, Natalia Valero

= CENTRE FOR RESEARCH IN ENVIRONMENTAL EPIDEMIOLOGY, CREAL, Barcelona, Spain, SWISS TROPICAL
AND PUBLIC HEALTH INSTITUTE and UNIVERSITY OF BASEL, Basel, Switzerland — Nino Kiinzli, Laura
Perez-Grau, Xavier Basagafa, David Agis Cherta

= DUBLIN INSTITUTE OF TECHNOLOGY, Ireland — Patrick Goodman, Susann Henschel
= ST. GEORGE’S, UNIVERSITY OF LONDON, United Kingdom — Richard Atkinson

= DEPARTMENT OF HYGIENE, EPIDEMIOLOGY AND MEDICAL STATISTICS, MEDICAL SCHOOL, UNIVERSITY OF
ATHENS, Greece — Klea Katsouyanni, Antonis Analitis, Konstantina Dimakopoulou, Alexandros
Gryparis, Eva Kougea, Xanthi Pedeli

= CENTRE OF ECONOMICS AND ETHICS FOR THE ENVIRONMENT AND DEVELOPMENT, C3ED, UNIVERSITY OF
VERSAILLES SAINT-QUENTIN-EN-YVELINES, UVSQ, France — Yorghos Remvikos, Delphine Delalande,
Jeroen Van der Sluijs, Martin O’Connor

= VALENCIAN SCHOOL FOR HEALTH STUDIES, EVES, AND CENTRE FOR RESEARCH ON PUBLIC HEALTH,
CSISP, Valencia, Spain — Ferran Ballester, Carmen liiguez, Marisa Estarlich

» BRUSSELS INSTITUTE FOR THE MANAGEMENT OF THE ENVIRONMENT, Belgium — Catherine Bouland

= BASQUE FOUNDATION FOR HEALTH INNOVATION AND RESEARCH, Vitoria-Gasteiz, Spain — Teresa
Martinez-Rueda, Koldo Cambra, Eva Alonso, Sausan Malla, Francisco Cirarda

= ANDALUSIAN SCHOOL OF PUBLIC HEALTH, EASP, Granada, Spain — Antonio Daponte, Piedad Martin-
Olmedo, Alejandro Lopez-Ruiz, Marina Lacasafa, Pablo Sanchez-Villegas

= NATIONAL INSTITUTE OF PUBLIC HEALTH, Bucharest, Romania — Emilia Maria Niciu, Bogdan
Constantin Stolica, loana Pertache

= INSTITUTE OF PUBLIC HEALTH OF THE REPUBLIC OF SLOVENIA, Ljubljana, Slovenia — Peter Otorepec,
Katarina Bitenc, Ana Hojs

= NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH, Budapest, Hungary — Anna Paldy, Janos Bobvos,
Gizella Nador

= ROME E HEALTH AUTHORITY, Italy — Francesco Forastiere, Giulia Cesaroni, Chiara Badaloni

The Aphekom Scientific Committee

= UNIVERSITY OF BATH, United Kingdom — Alistair Hunt

= INSTITUTE OF OCCUPATIONAL MEDICINE, Edinburgh, United Kingdom — Brian Miller, Fintan Hurley

» WHO EUROPEAN CENTRE FOR ENVIRONMENT & HEALTH, Bonn, Germany — Michal Krzyzanowski

= WHO EUROPEAN CENTRE FOR ENVIRONMENT & HEALTH, Rome, ltaly — Martin Krayer Von Krauss
= EUROPEAN COMMISSION DG JOINT RESEARCH CENTRE, Ispra, Italy — Peter Part

= SPANISH NATIONAL RESEARCH COUNCIL, CSIC, Barcelona, Spain — Xavier Querol

= MAILMAN SCHOOL OF PUBLIC HEALTH, COLUMBIA UNIVERSITY, New York, United States of America —
Patrick Kinney

20



Other Aphekom contributors

= BRUNEL UNIVERSITY, London, United Kingdom — Ariana Zeka
= NATIONAL CENTER FOR SCIENTIFIC RESEARCH, GREQAM AND IDEP, Marseille, France — Olivier Chanel

= REGIONAL HEALTH OBSERVATORY OF THE PARIS ILE-DE-FRANCE REGION, ORS, Paris, France — Sabine
Host, Edouard Chatignoux

= SAKLAD CONSULTANTS FOR COMMUNICATIONS STRATEGY, Paris & New York — Michael Saklad

= STOCKHOLM ENVIRONMENT ADMINISTRATION — Christer Johansson and Boel Lovenheim
= WWAM WRITERS LTD., Birmingham, United Kingdom — Geoff Davies
Coordination

* FRENCH INSTITUTE FOR PUBLIC HEALTH SURVEILLANCE, InVS, France - Sylvia Medina
= UMEA UNIVERSITY, SWEDEN - Bertil Forsberg

Funding and support

The Aphekom project has been co-funded by the European Commission’s Programme on Community
Action in the Field of Public Health (2003-2008) under Grant Agreement No. 2007105, and by the many
national and local institutions that have dedicated resources to the fulfilment of this project.

To learn more

www.aphekom.org

Teresa Martinez-Rueda principal investigator Bilbao Aphekom centre. t-martinez@ej-gv.es

HEALTH AND CONSUMER AFFAIRS DEPARTMENT. BASQUE GOVERNMENT
C/ IXER Ne 2. 48340 AMOREBIETA-ETXANO (BIZKAIA)
TF. 94436 7208 FAX 94 43671 52

21


http://www.aphekom.org/

	Summary  
	Acronyms 
	Introduction 
	Chapter 1. Standardised HIA in 25 Aphekom cities 
	1.1. Description of the study area  
	Climatology 
	Population in the study area  

	1.2. Sources of air pollution and exposure data 
	Sources 
	Exposure data  


	1.3. Health data 
	1.4. Health impact assessment  
	 
	1.4.1. Short-term impacts of PM10 
	 
	1.4.2. Short-term impacts of ozone 
	1.4.3. Long-term impacts of PM2.5 
	1.4.4. Economic valuation  

	Table 9 .Economic benefits of lowering suspended particles (PM 10 short term and PM2.5 long term effects) in € 
	1.4.5. Interpretation of findings  

	Chapter 2. Health Impacts and Policy: Novel Approaches 
	Chapter 3. Overview of findings and local recommendations 
	Acknowledgements 
	Appendix 1 – Health impact assessment 
	 

	 
	 Appendix 2 – Economic valuation 
	 The Aphekom collaborative network  
	The Aphekom Scientific Committee 
	Other Aphekom contributors 
	Coordination 
	Funding and support 
	To learn more 


