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Foreword

This document provides guidelines for public-healtbfessionals who wish to perform
health impact assessments (HIAs) of urban air pohult follows the general framework
recommended by the World Health Organisation fofopming HIAs, and applies
classical methods in the field of urban air poduti

The guidelines start with a general overview offtkealth impacts of air pollution
(Chapter 1). Chapter 2 details the uses and retégasof HIAs in the field of air

pollution, and Chapter 3 discusses the two appesatiat can be used to perform an
HIA. Chapter 4 describes all the practical steps sihould be implemented to perform an
HIA, while Chapter 5 discusses interpretation @ tHA results, Chapter 6 the
uncertainties, and Chapter 7 the communication.

For each key step in the HIA process, theoretioakilerations are described, and
practical aspects are summarised in text boxes.

The guidelines develop the methods, tools and sioanidat the Aphekom project used
to perform HIAs in 25 European cities. However, thethods can apply to other
pollutants and other health outcomes providedtti@televant data and concentration
response functions are available.

The guidelines are accompanied by two Excel spresals that include all the equations
needed to perform a complete HIA. One is for catng short-term impacts, and one for
calculating long-term impacts. Instructions on ltowse the spreadsheets appear in
Appendixes 1 and 2.

Finally, the guidelines focus on calculation ofuamber of health outcomes associated
with air pollution. This number can then be valeednomically. The method for doing
so is described in Aphekom Deliverable D6: Guidsdimn monetary-cost calculations
related to air-pollution health impactsWw.aphekom.org)

We tried to be as clear as possible in these gon@ebhnd the Excel spreadsheets so that
these tools can be easily adapted to other singtio

1. What are the health impacts of air pollution?

Each day, adults inhale 10 000 to 20 000 litresipofdepending on their morphology and
physical activities. Beside oxygen and nitrogeniclvliepresent on average 99% of the
composition of the air, pollutants from human aatunal sources are also present in the
air.

Because the mixture of pollutants in the air is ptaxr, epidemiological studies focus on
a few pollutants, such as particulate matter (PM) @zone, which are used as
markers/indicators of the air pollution mixture.



Since the 1990s, these indicators have been censisassociated with several health
impacts. These impacts can occur within a shoraftay exposure (short-term impacts),
or as a These impacts can occur within a shorafiey exposure (short-term impacts), or
as a cumulative exposure to air pollution over t{foag-term impacts). Considering the
short-term impacts of air pollution, strong eviderstipports a link between exposure to
ozone and particulate matter and daily mortalitg emorbidity. The Aphena project
compared the results obtained by multicity analyséaurope, in the U.S. and in Canada.
It found that estimates were relatively robust asrstudies (Katsouyanni, 2009) (Samoli,
2005). Considering the long-term impacts of aityimn, several cohort studies found
evidence of an impact on mortality of exposureddipulate matter (Brunekreet al.
2009; Pope and Dockery, 2006). The literature piswides evidence of observed
benefits of reducing air-pollution levels (Claretyal.2002) (Bayer-Oglesbgt al.2005)
(Heinrichet al.2002).

2. Why perform a health impact assessment of air po  llution?

Several scientific findings point to a causal rielaship between exposure to air pollution
and health. They also show that current levelsrgg@lutants observed in European
cities are associated with health risks. The impéatte effects at the individual level
may appear low compared to other risk factors. H@nesince the whole population is
exposed to air pollution, this impact results imo@-negligible public-health burden. Any
reduction in air pollution would therefore benefitarge number of people and would be
associated with large health gains.

Drafting policies to reduce air pollution is not @asy task because many considerations
are at play, such as economic and social constrgintitical orientations and urban
planning, as well as health. For the latter, heiatihact assessments (HIAS) provide an
objective estimate of the impacts of improvementsir quality on a given population’s
health. HIAs use available epidemiological studaggether with routine environmental
and health data to help decision makers plan aptemrent measures to protect public
health more effectively.

To achieve this goal, HIA methods must be transgaard HIA findings understandable.
This is why any HIA should use a rigorous methaathsas the ones described in these
guidelines.

3. Which HIA for which purpose?

Several approaches can be used for assessingatie ingpact of air pollution (Kunzli et
al., 2008):

- apredictiveapproach, where we want to knavaat will be the health of the
population in a given time framework in the futifree decrease pollutants leveThis
approach assesses the difference in health outdoatesen what will be observed in the
future if pollutant levels remain the same and whiltbe observed if pollutant levels
decrease for example as the result of a given @nis®ntrol scenario. This is the richest
approach, because it aims to assess the futuréh lveglact of a given policy, which is



the classical definition of a health impact assesgrn(HIA) (Mindell et al, 2003). On the
other hand this approach requires making assungébaut the future trends in
population and health events, about the time reduw achieve the decrease of pollutant
levels, and about the lag between the decreasalirtant levels and the occurrence of
health benefits (Milleet al, 2003). This was the approach used for examplealCAFE
cost-benefit analysis (Hurlest al, 2005) and in the first part of the recent COMEAP
report on the mortality effects of long-term exp@sto particulate air pollution in the
United Kingdom (COMEAP, 2010). The approach alspunes sophisticated tools like
the IOMLIFET tool developed by the Institute of Occupationahltte(Miller et al,

2008) or the older AIR®software developed for WHO.

- acounterfactuabpproach, which is a related but different appnadtindell et
al., 2003).This approach assesses the difference in heditbrmes between what is
currently observed and what could have been obdehadr-pollutant concentrations had
been lower and the benefits for health effectslieseh achieved for the different age
groups of the population. This approach gives aa of thecurrentburden of air
pollution on healthwith the assumption that policies targeting reiums in pollutant
levels could lead to a reduction in the assessafthhieurden. The approach builds on the
epidemiological concept of an attributable fractitefined at the population level as the
proportion of disease cases that can be attriiotadyiven exposure level (Benichou,
2001). This was the approach used by the AphejegrfMedinaet al, 2009; Apheis,
2005; Boldeet al.,2006; Ballesteet al.,2008) This was also the approach used in the
second part of the COMEAP report (COMEAP, 2010) antthe WHO Global Burden of
Disease project (Cohezt al, 2005).

In Aphekom WP5, we used the latteounterfactuabpproach to update the Apheis
results. Our aim was to assess the burden of pkat&cmatter and ozone on mortality and
hospitalisations by comparing current levels osthpollutants with WHO air quality
guidelines (WHO, 2006). We also assessed the bdadenfixed decrement in pollutant
levels.

4. Guidelines for performing an HIA of the healthi  mpacts of
urban air pollution

The general principle of an HIA is to use a concdign-response function (CRF)
linking the concentration of pollutants to whicle thopulation is exposed with the
number of health events occurring in that poputati®his CRF is expressed in terms of
a percent change in the number of health eventarpechange in the pollutant
concentration. This CRF is derived from epidemiaagstudies in a given population.
Applied to a pollutant concentration and a basdhealth outcome, the CRF allows
computing the change in the health outcome assatwith a change in the
concentration of the pollutant. This process issiitated in Figure 1.

1 IOMLIFET version 2008 is available at http://wviem-world.org/research/iomlifet.php

2 AIRQ version 2.2.3 (2004) is available at httpwitv.euro.who.int/en/what-we-do/health-
topics/environmental-health/air-quality/activitiggantification-of-the-health-effects-of-exposureaio
pollution-the-air-quality-health-impact-assessmsoftware-airg-2.2/installation-instructions



Current (2004-06) air Current (2004-06) health outcomes,
pollution levels, e.g. [PM, ] || e.g. mortality

A 4

Air pollution change for
two types of scenarios

- decrease by a fixed
amount,

e.g. [PM,.]-5 pg/m3

- decrease to the WHO air
quality guidelines
(WHO-AQQG),

e.g. [PM, ;] =10 pg/m?3

Concentration-response
function = % change in health
'| outcome per unit change in
pollutant levels

A 4

Impact = change in health outcome associated with the
change in pollutant levels

Figure 1: Basis of HIA method

Performing an HIA requires the following steps, e¥hare detailed below;

1 - Definition of a study period

2 - Definition of a study area

3 - Selection of air pollution indicators, collawtiof environmental data and assessment
of the exposure to air pollution

4 - Selection of health outcomes and collectiohelth and population data

5 - Selection of CRFs

6 - HIA calculations, using a standardised methogipl

An HIA is an iterative process, and the steps sthaol be considered as independent, or
to be performed in a chronological order. In féog main underlying rule of an HIA is to
obtain the greatest similarity between the data us¢he epidemiological study that
provided the CRF and the data collected to perfinerHIA. Therefore, the choices made
in step 5 determine all the choices made in stepsoligh 4.



4.1. Definition of the study period

The study period is defined according to the abdits of environmental and health
data. Whenever possible, environmental and healt should be collected for the same
period. If a common period does not exist, thebatyveen the collection period of
environmental and health data should not exceed/eacs.

The objective is to obtain data representativédnefusual situations observed in the cities.
The minimum study period should cover a whole adéeryear. However a period of two
to three consecutive years is advisable in ordentooth year-to-year variations in
pollutant concentrations associated with meteoro&@gonditions.

Considering environmental data, it is advisabl&at@ur periods when several
monitoring stations are available for one pollut@ing so will allow calculating an
average exposure across the city. Consideringthdatg, it is advisable to select those
years for which the coding methods for mortalitymoorbidity are identical.

The study period should exclude years that have bsgociated with unusual health
events that may interfere with the health basdkng., the management of the HIN1
pandemics may have interfered with hospital admissdata). Similarly, years
associated with unexpected meteorological epis(algs heat waves), or unusual air
pollution (e.qg., forest fires lasting several weeitsould be excluded.

In practice:

- Select a common study period for environmental and health data. If not possible, the lag
between the two periods should not exceed two years.

- Favour two to three consecutive years with more than one air-pollution monitoring station
available.

- Check that no unusual health, environmental or meteorological events were observed during the
study period.

- Compare the meteorological characteristics of the study period with the usual climatic means.

4.2. Definition of the study area

The definition of the study area is a key steghm 1A process. The objective is to
obtain a study area where the average of polllgaets measured at fixed monitors will
be a good estimate of the average population expo$his means that:
- no part of the area is under the influence of gdatationary source, which would
result in high heterogeneity of the pollutant lesvel
- there is no rupture of urbanisation within the gtadea, i.e., urban density is
relatively homogeneous
- there are no main changes in topography that woaldify the dispersion and
concentration of pollutants
- a majority of the population lives and works withine study area.



In addition, health data must be available on aygmahical scale consistent with the
study area.

Finally, the choice of the study area should aé@ tinto account policy considerations
(i.e. administrative boundaries, areas subjectedgsame policies...

In practice:

- Collect useful data that will help characterise the study area. This can include :
- a precise and recent map of the urban area (scale 1/25,000) with topographic curves
and indications on the urbanisation
- Information on prevailing winds
- List of the urban area’s municipalities
- Inventory of all urban background and suburban air monitoring stations and a map of
their locations
- Inventory of the main industrial plants emitting air pollution and a map of their locations
- Population data for each municipality in the urban area
- Data on daily commuting between home and place of work
- Inventory of air monitoring stations and a map of their locations
- Inventory of hospitals with cardiovascular and/or respiratory activity and a map of their
locations.

- Define a first area, named zone 1, following the administrative boundaries of the city,

- Using data on commuting, you may include surrounding municipalities where more than 60% of
inhabitants commute daily to zone 1. Doing so enables taking into account municipalities where
significant portions of the population are exposed to central-city pollution on a daily basis.

- Check that relevant health data are available for the study area, especially if working with
hospitalisation data.

- Take advice from experts at the air quality monitoring network of the area in order to check that
calculating an average air-pollution-exposure level makes sense for the population’s exposure of
the whole selected area.

4.3. Exposure assessment

The exposure indicators must be representativieegpdpulation’s average exposure to
air pollution. Therefore, a discussion with the pledn charge of the measuring network
in the city can help select the relevant monitostagions.

The hourly or daily data collected for each statimnst be averaged to give an estimate
of global pollution. The indicator should be assed@s possible to the one used in the
epidemiological studies from which the CRFs areveel.

Rarely are series of data complete, i.e., withoytraissing values. To substitute missing
values we propose a method that works using thiéaal@adata. .
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Finally, when performing an HIA simultaneously affetent cities, the indicators should
be calculated using the same protocol for all €iteebe able to add the results for each
city together and to compare results between cities

4.3.1. Selection of the stations

Since the objective is to obtain an indicator & thean exposure to air pollution, only
monitoring stations representing background patushould be included in the study.
For PM10 and PM2.5, this means that urban backgrousnitors should be selected; for
ozone, urban and suburban background monitors dlb@uselected. Traffic and
industrial monitors should never be included inghely. The expertise of the people in
charge of the monitoring network should be usedeatify the correct stations. As some
stations may be incorrectly labelled or may betjawle propose using simple criteria to
help decide if a station should be included or not:

Whenever possible, at least two monitors shoulavadable, which allows averaging the
concentrations to obtain a better estimate of ¥p®sure.

In practice:

- List all the available stations in the area:
« Urban background stations for PM10 and PM2.5
« Urban and suburban background stations for ozone

- Exclude stations with not enough data
« Only stations with less than 25% missing data should be used

- Exclude stations that may not be representative of the mean exposure:
 Exclude the stations if the interquartile range (P25-P75) of the data from one
monitor does not overlap with the interquartile ranges of the other monitors.
« Exclude the station if its correlation coefficients with the other stations are
lower than 0.6

- Try to have more than one station per pollutant

- Validate the choice with an expert from the monitoring network

4.3.2. Computation of the exposur e indicators

In this section we develop examples for calculagrgosure indicators for the pollutants
used in the Aphekom project, PM and ozone. Howetiermethodology can be applied
to other pollutants.

The exposure indicators are calculated by averadieglata measured by the different
monitoring stations. The indicators should be daked to be as close as possible to the

11



indicators used in the epidemiological studies fahich the CRFs are derived. The
main aspect to consider is the comparability ofrtteasurement techniques.

Measurement technique can be an issue for PM, asepaemiological studies calculate
the CRFs using concentrations measured with thergedric method. However, many
cities routinely used the tapered element osailgathicrobalance (TEOM) of the 13-
attenuation method to monitor PM. TEOM measurementierestimate semi-volatile
components of the PM. To allow the application &HS from studies using gravimetric
methods, it is then necessary to correct TEOM daadplying a correction factor to
compensate losses of volatile particulate mattesome cities, TEOM are real-time
corrected using a gravimetric reference site dF@MS device. If there is no real-time
correction, a local correction factor can be estatdy the local monitoring networks
based on local measurement campaigns. The comdatitor may vary between seasons.
Otherwise, a 1.3 European default correction factost be applied as recommended by
the EC Working Group on Particulate Matter
(http://europa.eu.int/comm/environment/air/pdf/fingteporten.pdt

In some places, PM2i8& not measured routinely. It is possible to estariae PM2.5
concentrations based on the PM10 using a convefaaor. In Aphekom, we set this
factor at 0.7, unless local data were availablevéieer, doing so introduces large
uncertainties in the HIA, so measured concentratgould be used when available,.

When working with PM, the exposure indicator is tladly or the annual mean calculated
as the arithmetic mean of the daily concentratafred| the monitoring stations included
in the study.

For ozone, we used the daily maximum 8-hour averagé the WHO air quality
guidelines (WHO, 2006). It is calculated as thé&hanetic mean of the maximum 8-hour
moving averages (daily maximum of the 24 8-hounimg means) of the selected
stations.

Monitoring stations can measure concentrationsfigrent time intervals, e.g., every 15
minutes, 30 minutes, every hour, etc. Whateveirtezval, the rule of more than 75%
non-missing values should be applied. For exanfigen hourly data to daily averages, if
data are available for less than 18 hours in angilag, the daily value of this day must be
considered missing.

The daily exposure indicator for PM10 and PMZ&.Balculated as the arithmetic mean of
the daily concentrations of the selected stations.

In practice:
- Check that the measurement methods are consistent with the ones used in the
epidemiological studies providing the CRFs.

- If needed, correct PM data obtained with TEOM data, applying a correction factor that
can be obtained via the monitoring network

- For each station and each pollutant, aggregate the data to obtain daily data, applying
the rule of more than 75% non-missing values

12



- For each pollutant, aggregate the daily data across all the stations using the arithmetic

mean. When you have missing values, you can substitute them in accordance using the

following procedure: The value X; in a day i with missing data in a monitoring

station j in the year k will be replaced by:

_ X * Xk

ST
k

Xik is the mean value on day i of year k among all monitors reporting

Xjk is the mean value for monitor j in year k

Xk and is the overall mean level in year k.

- For each pollutant, use the daily time series to calculate the relevant exposure
indicator in agreement with the epidemiological studies providing the CRFs. It may be
an annual mean of the number of days above a specific threshold.

4.4. Choice of the health outcomes and population data

The health outcomes should be chosen based oadtability in agreement with the
data used in the epidemiological studies providirlgCRFs. For the Aphekom project,
the selected health outcomes are reported in Tlable

When using mortality data, they should be seleotethe main cause of death of the
residents living in the study area regardless efplace of death.

When using hospitalisations data, only hospitalblje and private) located in the study
area should be considered to avoid hospitalisatroasother city during holidays for
example. The place of hospitalisation must be dogke place of residence, because
patients have to be exposed to air pollution leiretbe study area in the few days
preceding the hospital admission. However, accgrtbrthe attractiveness of some
hospitals located outside of the area of studyeisriby municipalities, hospitalisations of
residents in these hospitals may be selected. terehe hospitals included in the
analysis must be representative. Due to the differe in health-care systems and the
roles of hospitals, in Aphekom we do not recommemiparing HIA findings on
hospitalisations across cities.

To provide standardised rates, population dataldimiobtained for the same period, the
same area and the same age groups.

In practice:
- Identify the relevant health outcomes in the epidemiological studies providing the CRFs
- Check data availability and quality
- Collect the data at the relevant geographical scale

- Collect corresponding population data (age-groups) that will be used to calculate
standardised rates.

13



4.5. Choice of the concentration response functions

CRFs should be chosen favouring meta-analyses bicemnitre studies in European cities
when available. The HIA relies on the assumptiat the chosen CRF is linear at the
population level and lies in the range of concerns observed in the original studies.

The choice of the CRFs directly affects HIA resuBigice several studies provide
estimates of CRFs in the literature, we recommertbpming sensibility analyses to
report how HIA findings vary when applying diffetedDRFs.

Selected health outcomes and associated relasik® are presented in Table 1.

For long-term effects of PM2dn all-cause mortality, we suggest using a RR per 1
ng/m°=1.06 (1.02 to 1.11) from the American Cancer Syaiehort study (Popet al.,
2002; Popest al, 2004) as done by Apheis (Mediegal, 2009) and by other recent HIA
studies in Europee( g.COMEAP, 2010). Due to its statistical power, the ACRF
remains the best evidence we have on the long-ééeuts of chronic exposure to
mortality. This estimate has been confirmed bycamére-analysis of the ACS American
cohort study data (Krewslki al.,2009). It is interesting to note, though, that 8rgs
European cohort results support the use of ACSteefar HIA. For example the results
of the European NCLS-AIR study in the Netherlar8iselenet al.2008) which found a
RR=1.06 (0.97 to 1.16).

For the long-term impact of PM2.5 on cardiovascutartality, we suggest using the
results from Popet al (2004). A recent update of the analysis of theSAQudy provides
a very close estimate (RR=1.15 instead of 1.12){H®IRR estimated in the NLCS-study
(Beelenet al, 2008) is smaller (RR=1.04).

For the short-term effects of PM10 on non-accidentartality we suggest using a RR
per 10pg/m*=1.006 [1.004 to 1.008], from the WHO metaanalyaisdersoret al.,
2004). Other recent European studies have founiesirasults, the Aphena project on
12 European cities (Katsouyargtial.,2009) reported slightly lower RR, ranging from
1.0027 to 1.0062 depending on the modelling styatiegl 0 Italian cities, the EpiAir
project reported a RR of RR=1.0069 (1.0040 to 18)@Stafoggiaet al.2009).

For the short-term effects of PM10 on cardiac hadipations, we suggest using a RR per
10 pg/m®=1.006 (1.003 to 1.009) from the analysis by Atkimst al (2005) on 8 APHEA
cities. Similar RR were found in 8 French citiefRReR..008 (1.002 to 1.014) (Larriext

al. 2007), and in the EpiAir project (RR=1.0069 (1.0833.0103) (Colaiet al.2009).
Larger estimates were found in the Emecas proj@dtdoSpanish cities (RR=1.0156
(1.0082 to 1.0231) (Ballestet al.2006).

For short-term effects of PMIih respiratory hospitalisations, we suggest usiRéRger
10 ug/m®=1.0114 (1.0062 to 1.0167) from the analysis byirstnet al. (2005) on 8
APHEA cities. Similar RR were reported in the Epigities (RR=1.0078 (1.0040 to
1.0116) (Colaist al.2009).
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For short-term effects of 0zone on non-externaltatity, we suggest using a RR=1.0031
(1.0017 to 1.0052) from the work by Gryparis et(2004) on 21 APHEA cities. This

was the estimate reported in this study for theraem(April-September) period, but we
decided to apply it to the whole year, as the wiestimate was very close after
adjustment on PM10 or CO. This estimate is lowanttihe RR reported in EpiAir (1.007
(1.002 to 1.0121) (Stafogget al.2009) but higher than what was observed in the
Aphena project, with RR ranging from 0.9998 to 1.80depending on the modelling
strategy (Katsouyanmt al.2009).

For short-term effects of ozone on respiratory itagations, we suggest using a RR of
1.001 (0.991 to 1.012) for people aged 15-64 yeanrd,1.005 (0.998 to 1.012) for people
older than 65 years (Andersehal, 2004).These values are similar to those fourten
EpiAir project 1.0045 (0.9959 to 1.0131) (Stafogeial.2009).

For long-term effects of ozone, the recent reduts the ACS study (Jerrett al, 2009)
on the link between average summer exposure toeoand long-term respiratory
mortality needs to be further explored for its irsellAs as it is a result on only one
study and the evidence is weaker than for PM.

These examples show that CRFs derived from muyltesialyses in Europe are consistent
for short-term and long-term effects of PM and azorhe relative risks we chose may
underestimate the risks compared to those fouthier studies, so the results of our
HIAs can be interpreted &at least” estimates.

In practice:
- Perform a literature review to identify relevant publications
- Select the study most consistent with your needs

- Identify the CRFs and the associated health outcomes and exposure indicators.

- Select alternative CRFs to perform the sensitivity analysis
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Table 1: Health outcomes and associated relative ri

long term effects of air pollution

sks (RR) used in the Aphekom HIA for short and

Short—term impacts of PM10

Health outcome ICD Codes Ages RR per 10 ug/m° Reference
Non-external mortality ICD9 001-799 All 1.006 (Anderson et
ICD10 A00-R99 [1.004-1.008] al. 2004)
Respiratory ICD9 460-519 All 1.0114 (Atkinson et
hospitalisations IDC10 J00-J199 [1.0062-1.0167] al. 2005)
Cardiac hospitalisations ICD9 390-429 All 1.006 (Atkinson et
ICD10 100-152 [1.003-1.009] al. 2005)
Short-term impacts of ozone
Health outcome ICD Codes Ages RR per 10 ug/m* Reference
Non-external mortality ICD9 001-799 All 1.0031 (Gryparis et
ICD10 A00-R99 [1.0017-1.0052] al. 2004)
Respiratory ICD9 460-519 15-64 1.001 (Anderson et
hospitalisations IDC10 J00-J199 [0.991-1.012] al. 2004)
Respiratory ICD9 460-519 >=65 1.005 (Anderson et
hospitalisations IDC10 J00-J199 [0.998-1.012] al. 2004)
Long-term impacts of PM2.5
Health outcome ICD Codes Ages RR per 10 pg/m ° Reference
Total mortality ICD9 000-999 >30 1.06 (Pope, Ill et al.
ICD10 A00-Y98 [1.02-1.11] 2002)
Cardiovascular mortality ICD9 390-459 >30 1.12 (Pope, Ill et al.
ICD10 100-199 [1.08-1.15] 2004)

4.6. Definition of the scenarios

The choice of a scenario of change in air pollutewels is a key step in the HIA process,
and different scenarios can be considered to Gketihis change. Two types of scenarios

can be distinguished:

- scenarios where the concentrations are decreasadiXsd amount, for instance a
decrease by fg/n?

- scenarios where the concentrations are decreaseddb a specific value, for
instance a decrease to reach the WHO air qualitletjoes value.

In Aphekom, we applied scenarios using a fixed el#se in the concentrations, and
decreasing the concentration to the WHO air qualitiglelines. Scenarios are reported in

Table 2.



Table 2: Scenarios used in the Aphekom HIA

HIA Scenario

Short-term impacts of PM10 Scenario 1: Decrease by 5 pg/m3

Scenario 2: Decrease to the WHO air quality guidelines (WHO-AQG) of
20 pg/m?®

Short-term impacts of Ozone Scenario 1: All daily maximum values exceeding 160 ug/m3 are
decreased to the WHO-AQG of 160 pg/m’

Scenario 2: All daily maximum values exceeding 100 ug/m?® are
decreased to the WHO-AQG of 100 pg/m°

Scenario 3: Annual mean decreased by 5 pg/m3

Long -term impacts of Ozone Decrease by 5 ug/m°® in the April-September average levels

Long-term impacts of PM2.5 Scenario 1: Decrease by 5 pg/m3

Scenario3 2: Decrease to the WHO air quality guidelines (WHO-AQG) of
10 pyg/m

In practice

- Define the scenarios consistently with the local needs and interests

4.7. Calculating the number of cases

For each health outcome and pollutant, the headffact is computed using the following
health impact function;

Ay =y, ([L- e-BAX)

Where;

Ay is the decrease in the health outcome associated with the decrease in pollutant concentrations
Yo is the baseline health outcome

Ax is the decrease in the pollutant concentration in a given scenario

B is the coefficient of the concentration response function

A confidence interval (Cl) of Ay can be calculated using the confidence interval of §, i.e.

A)/sup =Yo (1_ e (,6‘—1.963)A><)
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Aysup — yo (1_ e (ﬁ+1965)AX)

sis an estimate of the standard errofdilote that the Cl only takes into account the
uncertainty in the estimaggin the original study but does not take into aceaither
sources of uncertainty (exposure assessment, érainsin the context of the original
study to the context of the city where the HIA esfprmed, etc.).

When assessing short-term impacts of air pollutdraseline health-outcome data should
be calculated using the same years as for air{umildata.

When assessing long-term impacts of air pollutdrdseline health outcome data can be
estimated using all available years, implicitly smtering that the estimated chronic
exposure from the available years is representafitiee cumulative average population
exposure.

Aphekom has developed two Excel sheets to calcthatshort- and long-term impacts
of air pollutants. These sheets focus on the deom-impacts of ozone and PM10 and
the long-term impacts of PM2.5. Guidance on howde these tools appears in
Appendixes 1 and 2. An HIA online tool is also po®d on the Aphekom Web site. The
Excel can also be modified for use for other paihis.

4.8. Calculations of the gain in life expectancy

When long-term impacts of exposure are considehedHIA findings for a given

scenario can be expressed in terms of annual nuofleraths as a measure of the burden
of air pollution on mortality. The impacts in terrogains in life expectancy can also be
estimated (Brunekreef et al., 2007; Miller et &03).

There is a debate on which is the better way ofesging the long-term HIA findings
(see section interpretation of findings). In Aphekave decided to use both, as they
complement each other and provide two interesiipgg of information for stakeholders.

The impact on life expectancy of a decrease irptiitant concentration can be
calculated using a standard abridged life-tablehoulogy.

Mortality data must be collected by age groups.

The life expectancy at 30 is calculated as detdikddw, starting with a hypothetical
cohort of 100,000 persons aged 30:

Y is the number of years used in the HIA.

X is the starting age in each group

N is the duration interval of each age group

Nax is the average number of years lived by those who died during the interval [., .+n), which is estimated
by n/2
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n Nx is the population in each age group.
n DxiS the total number of deaths in each age group averaged over Y years.

n M x Is the mortality rate in each age group, calculated as

nx is the probability of dying in the age
group estimated as
j— nxn M X

T (-n M,

For the last age group, which is open, nUx =1, since everybody will die.

Ix is the number of people alive in the age group.

The number of people alive in the other age groups is calculated as:

IX+n = IX (1_rqu)

ndx is the number of people who died in the age group calculated as:

n dX = | X* n qX

n ins the number of person-years lived in each age group calculated for all age groups except the last one,
LX = n* Ix+n + nax*ndx

n

For the last age-group,

nTX is the number of person years that the hypothetical cohort lives after reaching age x and is calculated
recursively from the Ly ;

T)( = TX+I’] +an

€,,is the life expectancy at age 30 calculated as

T30
€ = N
30
The impacted life table, i.e. the life table modified by the change in air pollutant, is calculated using the same

method, except that n DxiS estimated by:
impacted— * A~ A3
n Dx “n Dx €

The tool calculates the average gain in life exgoecy at 30€s0), and the gain in annual
total life years €5 multiplied by an estimation of the population ag&) by comparing
the impacted and the base life tables. They ate aghmaries of the impact of the

scenarios on the mortality experience of the spajyulation.
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As we said in section 2, our Excel sheets are atedar doing a&ounterfactuaHIA, as
in Aphekom WP5. If you want to dopaedictiveHIA to asses health benefits in a given
time framework in the future from a decrease tadgyollutant levels, you will have to
use tools like IOMLIFET or AIRQ (Miller, 2008).

5. Interpretation of HIA findings

HIA results from our counterfactual approach shdddonsidered as “at least” estimates
of the impacts of air pollution for two main reason

- The use of a single value to represent exposuira Whole city certainly smoothes the
exposure indicators, and does not take into acaeithin-city gradients of pollution.
These gradients may be significant, with peaksofiipon especially near traffic. Taking
into account within-city contrasts of exposure wbréquire environmental data that are
not routinely available in most cities. Aphekom W& explored interesting new
avenues in this direction (see Aphekom Web siterfore information).

- Air pollution is likely to produce a wide rangéleealth effects. As we are focusing on
the most adverse ones (mortality and hospitalisajiove missed a large part of the
population affected by less severe symptoms (esfricted activities, reduced
performance, medication intake, changes in the@aadcular function, impaired
respiratory function, etc.).

Interpretation of HIA findings should consider thaurces of uncertainty in the HIA
process including, among others, the question waléy between air pollution and
health, uncertainties in exposure assessment atith leeitcomes, and the choice of the
CRFs. Also, a qualitative assessment of these taiates is proposed in Aphekom WP7
(see Aphekom Web site for more information).

6. Uncertainties

Following are some elements that can be takencimsideration when discussing
uncertainties in HIA.

The first issue is to distinguish between the uraceties that can be reduced using
careful design, and the uncertainties that arererti¢o the methodology and cannot be
avoided. It is essential to communicate both tygfamcertainties and do whatever is
possible to reduce manageable uncertainties.

Among the uncertainties that cannot be reducedueikéy assumption that causality
exists between exposure to air pollution and healtcomes. The number of cases
attributable to air pollution can be estimated ahthere are strong arguments for this
causality as defined by Hill (Hill, 1965). In thase of air pollution, the most important
arguments for this causality are: consistency afexpiological findings reproduced over
different geographic areas, periods and study desimpherence of the observed effects;
biological plausibility strengthened by clinicaldatoxicological studies; more recently
the demonstration through intervention studies ¢hanging the exposure causes a
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change in the outcome and the analogy found wgarette smoking (Pope, kit al.
20009).

6.1. Uncertainty in exposure assessment

Within-city contrasts

To limit the bias of transferring CRFs from the smustudies, you can estimate the
average exposure for the population in each citgd®raging data from fixed monitors,
as in the original studies. Doing so you probabigierestimate the impact of chronic
exposure to PM, since there can be significantimatity contrasts of exposure, notably
in relation to road traffic, that are not takeroiaiccount.

Some recent epidemiological findings suggest thtimvcity contrasts can be even
larger than between-cities contrasts and that ubiese within-city contrasts could give a
higher estimate of the impact of PM2.5 on mortalitgrrettet al, 2005).

Taking into account within-city contrasts of expastequires extensive work on local
environmental data but Aphekom WP4 has exploregtesting new avenues in this
direction (visitwww.aphekom.ordor more information).

There is a clear need for robust CRFs applicablattun-city contrasts of exposure and
health outcomes. Hopefully, the results of the Beem Escapeproject will be useful for
this purpose, as this project is investigating wmHtities contrasts of exposure, combining
field PM and NQmeasurements and land-use regression modellingk(etcad, 2008).

Correction factors

Various methods can be used to measure PM. The TE®Mod underestimates the
semi-volatile components of PM and various corcgtimay be applied:, real-time
correction with data from a station using a gravimenethod or an FDMS correction
device; or fixed seasonal correction factors edtshérom a local field study comparing
TEOM and gravimetric methods. Sensitivity analysisesults to the correction method
used can be performed if raw and corrected dateasable.

Where PM2.%lata is not available, it ispossible to estimate?2PMevels from PM10 data
using a 0.7 conversion factor, that was recommebgdtie Apheis exposure-assessment
working group (Apheis, 2005). Earlier work by thph#eis project showed that this
conversion can cause a small overestimation oPM2.5 levels. For this reason and
given the large share of PM2.5 in our HIA resultsitine PM2.5monitoring should be
extended to more European cities.

3 See the Escape project webwitgtp://www.escapeproject.eu/
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PM chemical composition

Particulate matter is a complex mixture of primamgl secondary components whose
toxicity likely varies with its composition. As Pbbmposition is also an indication of its
source, better knowledge of PM composition andnizact on the health effects is
needed, and some recent epidemiologic resultsrareiging in this direction (Lippman
et al, 2009). In particular, results from a recent edgsis of the ACS cohort study
suggest it could be useful to use exposure to ldadkon and sulfates in HIAs (Smih
al., 2009). This research opens opportunities for nesmags for future work, provided
that data on PM chemical composition becomes aMeifar European cities.

Natural dust

In Athens and other southern cities a few days wetty high levels of PM may be

caused by Saharan dust episodes. In Aphekom, weodlieixclude these days from the
analysis, implicitly considering that Saharan chest the same health effects as other PM
components. Our decision is justified by recentingirowing short-term effects of
Saharan dust-related PM on mortality and hospaadias (Pereet al.,2008; Middleton

et al, 2009). Also considering long-term exposure, ediclg the peak PM days would
have had a minor influence on the average PM2&dev

Nitrogen dioxide

Nitrogen dioxide(NOy) is a toxic gas with effects on respiratory hed#itit have been
clearly demonstrated by toxicological and epideogatal studies (WHO, 2006).

However, it is generally agreed, that at the leeblserved in an urban setting, which are
lower than levels used in controlled human studhesresults of the (hnumerous)
epidemiologic studies showing a link between,N&Yels and various health effects,
notably respiratory effects (see the recent religWSEPA, 2008), could be due in part
to other traffic-related pollutants,g.ultrafine particles, for which N£s a proxy (HEI
panel on the health effects of traffic-relatedpalution, 2010; Searl, 2004).

Also, performing HIAs on both N£and PM can lead to do double counting, so for the
time being we advise not to peform both HIAs, efewme probably underestimate the
health impacts of urban air pollution, particularythe short term.

Nevertheless, as NQevels are currently increasing in Europe, duartancreasing trend
in traffic-related primary N@emissions (Carslaet al, 2007), the use of NOn HIAs
should be examined further in future work.

6.2. Uncertainty in health outcomes

Mortality

Mortality remains our first choice for outcomeschese it is robust, easy to obtain and,
for all-cause mortality, not subject to misclagsifion. The impact on mortality accounts
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for the larger share of the effects of air pollatishen measured in economic terrssgq
www.aphekom.org).

Cause-specific mortality is more prone to misclassion, but chronic PM effects on
cardiovascular health are now well documented, éthie CRFs vary between studies
(Brooket al, 2010).

Hospitalisations

To broaden the picture, we can also includein Bxah estimation of the acute effects
of PM and ozone on cardiac and respiratory hosggiibns. For comparison between
cities hospitalisation data can be quite heterogaselhis can be due to differences in
the coding practices or due to differences in e af hospitalisation in the health-care
systems. However locally, hospitalisation datavslaable indicator of the health
impacts of air pollution beside mortality.

Other morbidity indicators

If available the impact of air pollution on chromliseases would be a valuable
information. Aphekom WP4 explored new avenues amdstigated the impact of air
pollution related to traffic on chronic diseased aracerbations using the concepts
framed by Kiinzleet al.(2008) (to learn moresww.aphekom.orj

6.3. Uncertaintiesin the CRFs

The uncertainty in the CRFs should be taken intmaist when interpreting HIA

findings. Considering the long-term impact of PM@bmortality, the 95% confidence
interval in the RR from Popet al. (2002) is (1.02-1.11), which means 4% less or more
than the central estimate (1.06). In terms of estiés of the total number of deaths
postponed related to a decrease of PM2.5 leveletdVHO AQG, This translates into a
range from 6,597 to 32,434 deaths (central estimi&&01). In terms of median gain in
life expectancy at age 30 in the 25 Aphekom citieis, translates into a range from 2.0 to
10.5 months (central estimate: 5.8)

The original confidence interval, which reflectg timcertainty of the estimate for one
particular study, does not capture uncertaintiEged to other aspects, such as
representativeness of the population, shape d€RIe, omitted confounding variables or
exposure misclassification.

Kinneyet al (2010) have shown how eliciting expert judgen@nthe uncertainty of the
CRFs can inform HIA interpretation. As an indicatiof the benefits of using this
elicitation approach, we used the results of woriCOMEAP (2009), which aimed to
elicit the view of seven of its experts on the utaiaty surrounding the CRF for long-
term effects of PM2.6n total mortality. The aggregated 95% plausibiliterval ranged

4 Adetailed sensitivity analysis using 95% coefide of RRs in the original studies for all polhttand
health outcomes used in Aphekom WP5 is presenttitkiDeliverable D7b.
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from 1.00 to 1.15i. e.approximately from 6% below to 8% above the cergssimate
(1.06). Translating that into the total number e&ths postponed would lead to a range
from 0 to 42,229.65, and to a median gain in awetdég expectancy at age 30 of 0 to
14.1 months.

7. Communicating HIA findings

HIAs should serve the information and decision-mgkieeds of multiple stakeholders
including, among others, policy-makers, health @sefonals and the general population.
As such, at Aphekom we feel careful attention stidnd paid to expressing HIA findings

in terms that are as simple and clear as poss#ihg language and concepts that all these
audiences can easily understand, and expressirigthregs with minimum use of

scientific jargon.

We also suggest that your HIA findings be discussitid a view to their relevance for
local policy making.

When communicating HIA findings, it is also impartdo detail the HIA process to
ensure its transparency and the reproducibilithhefexercise.

At Aphekom we provide detailed guidelines for pemiong HIAs of urban air pollution.

We also produce single-city reports applying thgsidelines that describe the study area,
the sources of air pollution, characteristics @f population, data sources and quality
controls, and main sources of uncertainty; andusisdocal findings. These city reports
are posted on the Aphekom Web site.

7.1.Choosing the metrics for reporting mortality results

As the main burden is on the long-term effectsfdhronic exposure on mortality, it is
important to carefully choose the metrics for rejpgrmortality HIA results. This was
the subject of a workshop Aphekom organized a20@9 ISEE Conference (see
proceedings on the Aphekom Web site).

There is a long tradition of using the number dfrflautable” or “postponed” deaths to
report the results of assessments of the burdéwalth of major risk factors (e.g.,
tobacco, alcohol and obesity) and also of air piolfu(Kinzli et al. 2000). It is true that,
after the effects on mortality of a decrease in BM@vels are achieved, as mortality
rates decrease so does the annual number of dBathis.the long run, decreasing
mortality rates will make the population live lomghus increasing the annual number of
deaths (Milleret al.,2003). This fact has led some authors to prefarding on the

impact on life expectancy, because this impact palsist in the long run (Brunekresf

al., 2007).

Period life expectancy at a given age, as a crestesal indicator, is both a good
summary of the population mortality experience given year, and an estimate of
average life expectancy for a subject at a given Hdnas, for example, been used by
Popeet al.(2009) to assesx posthe impact of the PM2&ecrease in recent decades in
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the U.S. In Aphekom, we suggest to focus on thigimen terms of the potential
average gain in period life expectancy in a givearyas an indicator of the burden of
PM2.5 on mortality.

We use life expectancy at age 30 to make it cleatrwe only considered the impact after
30 years of age by applying the results of Petpa. (2002, 2004) on the population 30
years of age and over. For example, we do not denghe effects of PM on infant
mortality (Lacasafat al, 2005), both because the evidence is less robustms of

CRFs and because data on the first year of lifestatestically less reliable when working
with local life tables.

Readers should be aware of the difference betwkeaxpectancy at birth and life
expectancy at age 30. The latter is a conditiafeakkpectancy, applicable for people

still alive at 30. However, as the PM impact istba group 30 years of age and older, the
difference between gain in life expectancy at bamid gain in life expectancy at 30 is
negligible (results not shown).

We also go beyond the average impact on life empegtand quantify the total impact
on the population in terms of the potential gaitotal life years in the population
(Brunekreetfet al, 2007). This is needed, in particular, for purgosteconomic
valuation.

To quantify this total impact, some authors havétiplied the number of “attributable”
deaths in each age group by the conditional lifgeetancy at this age (COMEAP, 2010).
This is hard to grasp, because it mixes the cusiumtion with what the current situation
will become when the benefits of the PM decreaseaahieved.

In Aphekom we chose a different method buildinglmn difference between two period
life tables — the observed one and the counterdhote — that could have been observed
if the PM effects of the decrease in PM levels baen achieved. Our method essentially
consists of multiplying the average gain in lifgpegtancy at the starting age (here 30) by
the size of the population at this starting agee fdsult can thus be interpreted as a
summary indicator of the burden of PM on mortailityhe given period.

Further work on comparing the different approadibesompute gain in total life years
will be useful.

In these guidelines we also present the impaarimg of number of postponed deaths.
Doing so enables your results to be compared wekipus results using this metric.
Indeed, the number of postponed deaths is alsefalusdicator of the burden of air
pollution on mortality.

Both metrics complement each other and provideitt@yesting types of information for
stakeholders.
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Appendix 1 — Guidelines for using the Aphekom HIA's  hort-term
tool

1. Objectives

The Aphekom HIA Excel sheets were developed as tools for performing standardised health impact
assessments (HIAs) of air pollution using the latest scientific evidence. In order to use this tool, routine
health and air quality monitoring data are required. Guidelines for creating appropriate databases are part of
the WP5 deliverables.

The present document provides information on how to use the Excel sheet for calculating:
- the short-term impact of PM10 on total non-external mortality and on cardiac and respiratory
hospitalisations
- the short-term impact of ozone on total non-external mortality and on cardiac and respiratory
hospitalisations

While the tool has been designed to suit the objectives of the Aphekom project, particular attention was
given to make it as flexible as possible, so that it can easily be adapted to other pollutants, scenarios, etc.

2. Methods
2.1. The health impact function

For the different outcomes, the health impact function will be:
Ay =y,d- e-BAX)

Where Ay is the outcome of the HIA as a decrease in the number of health events
Yo is the baseline health data

Ax is the decrease in the concentration defined by the scenario.

B is the concentration response function.

RR per 10 pg/m® =exp(10* B)

The results are then adjusted on the number of years N to give a yearly estimate

scenario
A scenario — Ayoutcome
youtcomeyearly - N

The results are then adjusted on the total population to give a yearly estimate per 100 000.

scenario
Ay scenario — AyOUtcomeyearly
outcomeyearlypop
pop

The method for calculating Ax differs for different pollutants.

2.2. The short-term impacts of PM10

Ax is calculated on yearly averages. Only the N years with less than 25% of missing values will be used for
calculating the environmental data (Ax) health reference data (yo).

Two scenarios are considered:

Scenario 1, where the PM10 yearly mean is decreased by 5 pg/mB. In that case, Ax =5 pg/m3
- Scenario 2, where the PM10 yearly mean is decreased to 20 pg/ms. In that case,
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AX = ([PM10]mean — 20 pg/m?)
Ax = 0 if [PM10]mean < 20

2.3. The short-term impacts of ozone

Ax is calculated on the accumulated excess concentrations above a threshold, using the ozone 8-hour -daily
values. We used the days for which a valid ozone concentration is available, within the years for which we
have more than 75% of valid data. Please check that missing data are not concentrated during the
summer .

Three scenarios are considered:
- Scenario 1, where all the maximum 8-hour concentrations >160 are decreased to 160 pg/mB. In
that case, for each day i,
if [03]2160 pg/m?®, Oi=([0s]-160)
if [03]i<160 pg/m®, 0i=0

N
Oi
Ax =L —
N
- Scenario 2, where all the maximum 8-hour concentrations >100 are decreased to 100 pg/mB. In

that case
if [03]2100 pg/m?®, Oi=([0s]-100)
if [03]i<100 pg/m°, 0i=0

Scenario 3, where the ozone yearly mean is decreased by 5 pg/ms. In that case, Ax =5 pg/m3
Concentration-response functions (CRFs) are detailed in Erreur ! Source du renvoi introuvable.

Table 1- CRFs used in the Excel sheet.

HIA Air  pollution Health outcome Ages RR per 10 B Ref
metrics pg/m?
Short - Annual average All non-external All 1.006 [1.004- WHO,
term mortality 1.008] 0.000598207 2004
impacts Annual average All  respiratory All 1.0114 [1.0062- Atkinson
of PM10 hospitalisations 1.0167] et al,
0.001133551 2005
Annual average All cardiac Al 1.006 [1.003- Atkinson
hospitalisations 1.009] et al,
0.000598207 2005
Short - Daily max-8h All non-external All 1.0031[1.0017- Gryparis
term concentrations mortality 1.0052] et al,
impacts 2004
of O3 0.00030952
Daily max-8h All  respiratory 15-64 1.001 [0.991- WHO,
concentrations hospitalisations 1.012] 0.00009995 2004
Daily max-8h All  respiratory >=65  1.005[0.998- WHO,
concentrations hospitalisations 1.012] 0.000498754 2004
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3. How to use the Excel tool

The tool requires macros to work correctly. In Excel, you can set the level of security that is applied to a
macro. We suggest that you set a medium level of security when you use the tool, and that you enable the
macros.

To set the level of security, go to Tools -> options -> security -> macro security

3.1. Format

The Excel file comprises four sheets and uses a colour code:
Green = sheets that need your input: environmental data, health data and population data

= sheets containing the hypothesis that will be used for the HIAs. By default, all parameters are set to
the ones defined in the Aphekom project. However, you can modify these parameters. Red = results

A similar code is applied to the cells.

3.2. Input data

Prior to using the tool, you must define your study area and collect the environmental and health data as
specified in the main section of this report.

In the examples below, we use data from Marseille for the years 2004-2006.

3.3. Sheet “1-Environmental data”

It is extremely important to respect the format of this sheet when inputting your data. Otherwise, the
calculations may not work.

You must input your data column by column:
- dates column A, from cell A4
- Oz concentrations column B, from cell B4

- PM10 concentrations column C, from cell C4

If you need to apply a correction factor to the PM data (correction from the TEOM to the gravimetric
method), you have to input the factors in cells C1 (for winter) and G1 (for summer).

The sheets will clean your data, removing text values like NA for instance, and create two columns of valid

concentrations for the HIA, labelled O3(year) and PM10(year). The tool will also calculate values of ozone
for scenario 1, labelled O3 (year)-S1, and for scenario 2, labelled O3(year)-S2.

3.4. Sheet “2-Health data”

Again, it is extremely important to respect the format of this sheet when inputting your data. Otherwise, the
calculations may not work.

You must input the annual number of cases for each of the health outcomes and age groups, and for years
2004 to 2006, as illustrated below:

Health Outcome ICD-9 Codes go'?j':f Age Group 2004  |2005  |2006
Total Non-external Causes

Mortality 001-799 A00-R99 All Ages 8 182 8371 8 126
Cardiac Hospital Admissions  390-429 100-152 All Ages 12528 12986 13525
Respiratory Hospitalisations

Admissions 460-519 J00-J99 All Ages 9 851 9 946 9673
Respiratory Hospital

Admissions 460-519 J00-J99 15-64 3550 3590 3563
Respiratory Hospital 65 and

Admissions 460-519 J00-J99 over 3456 3 668 3273
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3.5. Sheet “3-Population data”

Don't forget, it is extremely important to respect the format of this sheet when you input your data.
Otherwise, the calculations may not work. Fill in the green cells as appropriate.

Total Population of the study Area

All Ages 955 702
15-64 614 045
65 and over 170 302

3.6. Sheet “4-Hypothesis”

This sheet summarises the scenarios applied and the RR that will be used. If you want to modify the years
used in the HIAs, the scenarios or the RR, please do it on this sheet only, and do not modify the others.

You can modify the years used in the HIA.

Years used
in HIA

2004
2005
2006

If you want to modify the scenarios, you should change the parameter column.

Scenarios

Ozone Description of scenario Parameter
Scenario 1 Values >160=160 160
Scenario 2 Values >100=100 100
Scenario 3 Annual mean decreased by 5 5

PM10 Description of scenario Parameter
Scenario 1 Annual mean decreased by 5 5
Scenario 2 Annual mean decreased to 20 20

If you want to change the RR, you can use the RR columns. Be careful that RRs should be per 10}.|g/m3

RR per 10 pg/m3
Pollutant Indicators Lower Central Upper Ref
Total non-external
03 mortality 1.0017 1.0031 1.0052 Gryparis and al, 2004
Respiratory
hospitalisations (15-64) 0.991 1.001 1.012 WHO, 2004
Respiratory
hospitalisations (65 and
over) 0.998 1.005 1.012 WHO, 2004
Total non external
PM10  mortality 1.004 1.006 1.008 WHO, 2004
Total respiratory
hospitalisations 1.0062 1.0114 1.0167 Atkison and al, 2005
Total cardiac
hospitalisations 1.003 1.006 1.009 Atkison and al, 2005

3.7. Sheet “PM10 results — Scenario 1"

The tool automatically gives an overview of the exposure data for the whole year and by season (winter =
October-March, summer = April-September), for all the years and year by year.
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Distribution of exposure indicators

2004 2005 2006
Exposure data PM10 (all period) AM10 PM10 PM10
Number of day 1096 366 365 365
Minimum 4 5 8 4
Percentile 5 14 13 14 14
Percentile 25 20 20 21 20
Median 27 27 28 27
Percentile 75 35 35 34 35
Percentile 95 48 48 a7 48
Maximum 111 111 59 86
Daily mean 29 29 28 29
Standard deviation 11 12 10 12
% Valid data 100 100 100 100

Below you will find a summary of the number of days with valid data per year. The HIA only uses years with
more than 75% of valid data. The annual means of PM10 per valid year are also reported.

Number of data (N) and the % of available data by y

ear and by pollutant

Annual mean
Number of days with valid data % of days with valid data Year used in the |of PMI0 f_or
HIA years used in
the HIA
366 100.00% Yes 32
365 100.00% Yes 32
365 100.00% Yes 33

For the same N years, the tool reports the total health outcomes. You can check the values for all non-
external mortality Yomon, all respiratory hospitalisations yoresp and all cardiac hospitalisations Yocar.

2004 2005 2006 Annual mean
,;I]Ieé\l)on -external Ca uses Mortality (All 8182 8371 8126 8226
Cardiac Hospitalisations  (All ages) 12528 12986 13525 13013
Respiratory Hospitalisations  (All ages) 9851 9946 9673 9823

The sheet will calculate the annual mean and the associated Ax,

Scenario 1
[PM10]Jmean 32
AX 5

If you want to modify Ax, please modify the 4-hypothesis sheet and not this one.

Results are presented for each cause of death, with the lower and upper estimates corresponding to the

IC95% of the RR.
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All non A, non All non
external external external
mortality - i mortality -
lower mortality u
pper

Total number of deaths avoided ( Ay) 73.9

Yearly number of deaths avoided ( Ay yearly) 24.6

Yearly number of deaths avoided per 10 0 000 (Ay

yearly/pop) 2.6

3.8. Sheet “PM10 results — Scenario 2”
The process is similar to the one described in scenario 1.
3.9. Sheet “Ozone results — scenario 1”

As for PM10, the tool automatically gives an overview of the exposure data for the whole year and by
season (winter = October-March, summer = April-September), for all the years and year by year.

You can use this table to check that the number of missing values is not concentrated during summer, which
might impair interpretation of the results.

The sheet calculates the accumulated concentration above 160 pg/m3 and the associated Ax.

Accumulated value >160 24

AX 0.02

If you want to modify Ax, please modify the 4-hypothesis sheet and not this one!

Results are reported as a total outcome, outcome adjusted on the number of years, and on the population
/100 000 inhabitants, similar to PM10.

3.10. Sheet “Ozone results — scenario 2”

The process is similar to the one described in Ozone results - scenario 1.
3.11. Sheet “Ozone results — scenario 3”

The process is similar to the one described in PM10 results - scenario 1.
3.12. Graphs and summary tables

The tool produces graphs of the daily concentrations of PM10 (sheet Graph_ PM10) and ozone (sheet
Graph_0Ozone) and summary tables and graphs (sheet summary).
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Appendix 2 — Guidelines for using the Aphekom HIA | ong-term
tool

1. Objectives

The Aphekom HIA Excel sheets were developed as tools to help perform standardised health impact
assessments (HIAs) of air pollution using the latest scientific evidence in the Aphekom project. The HIA
requires routine health and air quality monitoring data. Guidelines for creating appropriate databases are
part of these WP5 deliverables.

The present document provides information on how to use the Excel sheets for computing the long-term
impacts of PM2.5 on total non-external mortality and cardiovascular mortality.

While the HIA long-term tool was designed to suit the objectives of the Aphekom project, particular attention

was given to make it as flexible as possible, so that it can easily be adapted to other pollutants, scenarios,
etc

2. Methods

The Excel tool includes a calculation of the loss of life expectancy.

The period life expectancy is calculated using standard actuarial methodology for 5-year age groups life
tables as detailed below

Y is the number of years used, here 3

X
n

is the starting age in each group
is the duration interval of each age group

Nay is the average number of years lived by those who died during the interval [., .+n), which
is estimated by n/2

n Nx is the population in each age group
n DxiS the total number of deaths in each age group for years 2004, 2005 and 2006

n M x Is the mortality rate in each age group, calculated as

nx is the probability of dying in the age group estimated as
nxn M X
+ (n - nax )xn M

nqx _1

X
For the last age group, which is open, nUx =1, since everybody will die.

Ix is the number of people alive in the age group. We start from a hypothetical cohort of 100 000 people
being alive at 30. The number of people alive in the other age groups is calculated as:

IX+n = |X (1_nqx)

ndx is the number of people who died in the age group calculated as:
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d, =1*.0,

n=—x X

n Lx is the number of person-years lived in each age group calculated as:

— n* *
an_n I><+n+r]a>< ndx

For the last age-group:

Tx is the number of person years that the hypothetical lives after reaching age x and is calculated

recursively from the n Lx :

TX = TX'H'I +an

€sis the life expectancy at age X calculated as:

The impact life table is calculated using the same method, except that n Dxis the total number of deaths in
each age group for years 2004, 2005 and 2006 when the concentrations of the specific pollutant are
decreased.

impacted_— * A=K B
an _an €

Ax is the decrease in the concentration defined by the scenario
B is the concentration response functions.
RR per 10 pg/m® =exp(10* B)

For PM2.5, two scenarios are considered
- Scenario 1, where the PM2.5 yearly mean is decreased to 5 pg/mg. In that case,
Ax =5 pg/m®
- Scenario 2, where the PM2.5 yearly mean is decreased to 10 ug/m°. In that case,
Ax= ([PM2.5]mean— 10 pg/md).
Ax =0 if [PMZ.S]mean <10
Scenarios and concentration-response functions (CRFs) are detailed below and in Table 1.

Final results are expressed as reduction in the annual number of deaths per 100 000. For total mortality,
results are also expressed as gains in life expectancy.
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Table 1. Scenarios and CRFs used in the Excel sheet

HIA Air Scenariol Scenario 2 Health Ages RR per 10 B Ref
pollution outcome pg/m?
metrics
Long - Annual Decrease Decrease All including >30 1.06 Pope
term average by to non-external [1.02-1.11] 0.0058269 et al,
impacts 5 ug/m?® 10 pg/m?® mortality 2002
of Annual Decrease Decrease All >30 1.12 Pope
PM2.5 average by to cardiovascular [1.08-1.15] 0.0056664 et al,
5 ug/m® 10 pg/m?® mortality 2004

3. How to use the Excel tools

The tools require macros to work correctly. In Excel, you can set the level of security that is applied to the
macro. We suggest that you set a medium level of security when you use the tools, and that you enable the
macros.

To set the level of security, go to Tools -> options -> security -> macro security

3.1. Format

The Excel file comprises four sheets and uses a colour code:
Green = sheets that need your input: environmental data, health data and population data

= sheets containing data that you do not need to input, but that will be used in the calculations
Red = results

A similar code is applied to the cells.

3.2. Input data

Prior to using the tool, you must define your study area and collect the environmental and health data as
specified in the main section of this report.

In the examples below, we use data from Marseille.

3.3. Sheet “1-Environmental data”

It is extremely important to respect the format of this sheet when you input your data. Otherwise, the
calculations may not work.
You must input your data column by column:

- Dates: column A, from cell A4

- PM2.5 concentrations: column B, from cell B4

- PM10 concentrations, if you don’t have PM2.5 concentrations; column C, from cell C4

You can add a correction factor for the PM measurement method.

If you wan to use PM10 to estimate PM2.5 concentrations, you can modify the conversion factor in the

tool.
Conversion factor PM10/PM2.5 0.7
PM correction factor (summer) 1.0
PM correction factor (winter) 1.0
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The sheets will automatically summarise the period available, the total number of days and the number of
days with valid data (i.e., not empty and not text).

3.4. Sheet “2-Health data”

Again, it is extremely important to respect the format of this sheet when you input your data. Otherwise, the
calculations may not work.

You must input the annual number of cases for each group and age groups, and for years 2004 to 2006 as
illustrated below. The total between 2004 and 2006 is automatically calculated.

3.5. Sheet “3-Population data”

Don't forget, it is extremely important to respect the format of this sheet when you input your data.
Otherwise, the calculations may not work. Fill in the green cells as appropriate.

Total population of the study area

30-34 63 741
35-39 66 215
40-44 66 161
45-49 62 875
50-54 60 041
55-59 57 183
60-64 46 607
65-69 40 160
70-74 40 826
75-79 37 366
80-84 29 838
85 and over 22 113

3.6. Sheet “4-Hypothesis”

This sheet is for information purposes only and summarises the scenarios applied and the RR that will be
used.

You can modify the parameters to change the scenarios or the years used in the HIA.
Scenarios

PM2.5 Description of scenario Parameter
Scenario 1 Annual mean decreased by 5 5
Scenario 2 Annual mean decreased to 10 10

Years used in HIA
2004
2005
2006

3.7. Sheet “Descriptive data”

The tool automatically gives an overview of the exposure data for the whole year and by season (winter =
October-March, summer = April-September), for all the years and year by year.
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Exposure data PM2.5
Number of days 748
Minimum 3
Percentile 5 7
Percentile 25 11
Median 16
Percentile 75 23
Percentile 95 35
Maximum 77
daily mean 18
Standard deviation 10

You can check the number of days available each year and the annual means of PM2.5 for these years.

Numb er of data (N) and the % of available
data by year and by pollutant
Annual
vear Total mean of
% of . number of PM25 Number  of
N_PM2.5 . used in
available_PM2.5 days used for years |years
the HIA . .
in the HIA used in
the HIA
2004 348 95.08% Yes 348 17.45
2005 313 85.75% Yes 313 17.22
2006 87 23.84% No
Total 748 661 17.34 3
The tool also gives you an overview of the data used in the HIA
Total gr;r;l:]al of Annual
% of | Year used in number  of Number of | number of
N_PM2.5 . — PM25 for
available_PM2.5 the HIA days used in years cases Ccv
the HIA years used mortality
in the HIA
2004 348 95.08% Yes 348 17.45 2398
2005 313 85.75% Yes 313 17.22 2424
2006 87 23.84% Yes 87 24.92 2 397
Total 748 748 19.86 3 7219

3.8. Sheet “PM2.5-Results-Total-Mortality-S1”

- — A k
You can check the scenario and the impact factor, calculated asimpactfacor = e™ i you want to
modify the scenario, please use the hypothesis sheet.

[PM2.5]|mean |20
A X 5
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All (including external) mortality

lower central upper
RR 1.06
0 0.0058269
Impact factor 0.971286

The tool will automatically calculate the period life table from the population and health data.

NB: For convenience purposes, the period life table and the impacted life table are hidden in the results

sheets. You can display them by doing the following;
- select the first twolines, which correspond to line 3 and line 65
- right click, and select “display”

Results are summarised as:

lower central upper
Period Life Expectancy 52.11
Impacted Life Expectancy 52.47
Life Expectancy Gain 0.37
lower central upper
Current Annual Number of Deaths 8226.33
Impacted Annual Number of Deaths 7990.12
Reduction in the Annual Number of Deaths (number) 236.21
Reduction in the Annual Number of Deaths (rate per 100,000) 39.82

3.9. Sheet “PM2.5-Results-Total-Mortality-S2”
This sheet presents the results for PM2.5, total mortality scenario 2.
3.10. Sheet “PM2.5-Results-Cardiovascular-S1”

This sheet presents the results for PM2.5, cardiovascular mortality scenario 1.
Life expectancy is not calculated for cardiovascular mortality.

3.11. Sheet “PM2.5-Results-Cardiovascular-S2”

This sheet presents the results for PM2.5, cardiovascular mortality scenario 2.

3.12. Graphs and summary tables

The tool produces graphs of the daily concentrations of PM2.5 (sheet Graph_PM2.5) and summary tables

and graphs (sheet summary).

37



References

Anderson, H. R., Atkinson, R. W., Peacock, J. L., M arston, L. & Konstantinou, K.  (2004). Meta-analysis
of time-series studies and panel studies of Particulate Matter (PM) and Ozone (O3). Report of a
WHO task group. WHO Regional Office for Europe.

Atkinson, R. W., Anderson, H. R., Medina, S., Ifiigu ez, C., Forsberg, B., Segerstedt, B., Artazcoz, L.,
Paldy, A., Zorrilla, B., Lefranc, A. & Michelozzi,  P. (2005). Analysis of all-age respiratory hospital
admissions and particulate air pollution within the Apheis programme. In APHEIS Air Pollution and
Information System. Health Impact Assessment of Air Pollution and Communication Strategy.
Third-year Report, (Anonymous), pp. 127-133. Institut de Veille Sanitaire.

Ballester, F., Rodriguez, P., Iniguez, C., Saez, M. , Daponte, A., Galan, I., Taracido, M., Arribas, F.
Bellido, J., Cirarda, F. B., Canada, A., Guillen, J . J., Guillen-Grima, F., Lopez, E., Perez-
Hoyos, S., Lertxundi, A. & Toro, S. (2006). Air pollution and cardiovascular admissions
association in Spain: results within the EMECAS project. J Epidemiol Community Health 60, 328-
336.

Bayer-Oglesby, L., Grize, L., Gassner, M., Takken-S ahli, K., Sennhauser, F. H., Neu, U., Schindler, C.
& Braun-Fahrlander, C. (2005). Decline of ambient air pollution levels and improved respiratory
health in Swiss children. Environ Health Perspect 113, 1632-1637.

Beelen, R., Hoek, G., van den Brandt, P. A,, Goldbo hm, R. A, Fischer, P., Schouten, L. J., Jerrett, M .,
Hughes, E., Armstrong, B. & Brunekreef, B. (2008). Long-term effects of traffic-related air
pollution on mortality in a Dutch cohort (NLCS-AIR study). Environ Health Perspect 116, 196-202.

Benichou J. A review of adjusted estimators of attr ibutable risk. Stat Methods Med Res 2001;10:195-
216.

Brunekreef, B., Beelen, R., Hoek, G., Schouten, L., Bausch-Goldbohm, S., Fischer, P., Armstrong, B.,
Hughes, E., Jerrett, M. & van den, B. P. (2009). Effects of long-term exposure to traffic-related air
pollution on respiratory and cardiovascular mortality in the Netherlands: the NLCS-AIR study. Res
Rep Health Eff Inst , 5-71.

Clancy, L., Goodman, P., Sinclair, H. & Dockery, D. ~ W. (2002). Effect of air-pollution control on death
rates in Dublin, Ireland: an intervention study. Lancet 360, 1210-1214.

Cohen, AJ, Anderson HR, Ostro B. Pandey KD, Krzyzan owski M, Kinzli N, Gutschmid, K, Pope CA,
Romieu I, Samet JM, Smit, K. The global burden of d isease due to outdoor air pollution. J
Toxicol Environ Health A 2005;68:1301-1307.

Colais, P., Serinelli, M., Faustini, A., Stafoggia, M., Randi, G., Tessari, R., Chiusolo, M., Pacelli, B.,
Mallone, S., Vigotti, M. A., Cernigliaro, A., Galas si, C., Berti, G. & Forastiere, F. (2009). [Air
pollution and urgent hospital admissions in nine Italian cities. Results of the EpiAir Project].
Epidemiol Prev 33, 77-94.

COMEAP. The mortality effects of long-term exposure to particulate air pollution in the United
Kingdom. Oxon: Committee on the Medical Effects of Air Pollutants, 2010.

Declercq C, Pascal M, Corso M, Ung M, Medinal S, on behalf of the Aphekom WP5 team. Health
impacts of urban air pollution in 25 European citie s, 2011. Aphekom Deliverable D7, 2011.

Funtowics, S. O. & Ravetz, J. R. (1990). Uncertainty and Quality in Science for Policy. Dordrecht.
Gryparis, A., Forsberg, B., Katsouyanni, K., Analit is, A., Touloumi, G., Schwartz, J., Samoli, E.,
Medina, S., Anderson, H. R., Niciu, E. M., Wichmann , H. E., Kriz, B., Kosnik, M., Skorkovsky,

J., Vonk, J. M. & Dértbudak, Z. (2004). Acute effects of ozone on mortality from the "air pollution
and health: a European approach” project. Am J Respir Crit Care Med 170, 1080-1087.

38



Heinrich, J., Hoelscher, B., Frye, C., Meyer, |, P itz, M., Cyrys, J., Wjst, M., Neas, L. & Wichmann, H. E.
(2002). Improved air quality in reunified Germany and decreases in respiratory symptoms.
Epidemiology 13, 394-401.

HILL, A. B. (1965). THE ENVIRONMENT AND DISEASE: ASSOCIATION OR CAUSATION? Proc R Soc
Med 58, 295-300.

Hurley F, Hunt A, Cowie H, Holland M, Miller B, Pye S, Watkiss P. Methodology for the Cost-Benefit
analysis for CAFE. Volume 2: Health Impact Assessme nt. Oxon: AEA Technology
Environment, 2005.

Katsouyanni, K., Samet, J. M., Anderson, H. R., Atk inson, R., Le, T. A, Medina, S., Samoli, E.,
Touloumi, G., Burnett, R. T., Krewski, D., Ramsay, T., Dominici, F., Peng, R. D., Schwartz, J.
& Zanobetti, A. (2009). Air pollution and health: a European and North American approach
(APHENA). Res Rep Health Eff Inst , 5-90.

Krewski, D., Jerrett, M., Burnett, R. T., Ma, R., H ughes, E., Shi, Y., Turner, M. C., Pope, C. A, Ill ,
Thurston, G., Calle, E. E., Thun, M. J., Beckerman, B., DelLuca, P., Finkelstein, N., Ito, K.,
Moore, D. K., Newbold, K. B., Ramsay, T., Ross, Z., Shin, H. & Tempalski, B. (2009). Extended
follow-up and spatial analysis of the American Cancer Society study linking particulate air pollution
and mortality. Res Rep Health Eff Inst , 5-114.

Kunzli, N., Kaiser, R., Medina, S., Studnicka, M., Chanel, O., Filliger, P., Herry, M., Horak, F., Jr. ,
Puybonnieux-Texier, V., Quenel, P., Schneider, J.,  Seethaler, R., Vergnaud, J. C. & Sommer,
H. (2000). Public-health impact of outdoor and traffic-related air pollution: a European assessment.
Lancet 356, 795-801.

Kinzli N, Perez L. Health risk assessment, in Baker D, Nieuwenhuijsen MJ(Ed.). Environmental
epidemiology. Study methods and applications. Oxfor d: Oxford University Press, 2008: 319-
348.

Larrieu, S., Jusot, J. F., Blanchard, M., Prouvost, H., Declercq, C., Fabre, P., Pascal, L., Tertre, A . L.,
Wagner, V., Riviere, S., Chardon, B., Borrelli, D., Cassadou, S., Eilstein, D. & Lefranc, A.
(2007). Short term effects of air pollution on hospitalizations for cardiovascular diseases in eight
French cities: the PSAS program. Sci Total Environ 387, 105-112.

Medina S, Le Tertre A, Saklad M, on behalf of the A pheis Collaborative Network The Apheis project:
Air Pollution and Health, A European Information Sy  stem. Air Qual Atmos Health 2009;2:185-
498.

Middleton, N., Yiallouros, P., Kleanthous, S., Kolo kotroni, O., Schwartz, J., Dockery, D. W.,
Demokritou, P. & Koutrakis, P. (2008). A 10-year time-series analysis of respiratory and
cardiovascular morbidity in Nicosia, Cyprus: the effect of short-term changes in air pollution and
dust storms. Environ Health 7, 39.

Miller B. IOMLIFET version 2008. Spreadsheets for | ife-table calculations. Edinburgh: Institute of
Occupational Medicine, 2008.

Miller BG, Hurley JF. Life table methods for quanti  tative impact assessments in chronic mortality. J
Epidemiol Community Health 2003;57:200-206.

Mindell, J, Ison E, Joffe M. A glossary for health impact assessment. J Epidemiol Community Health
2003;57:,647-651.

Perez, L., Tobias, A., Querol, X., Kunzli, N., Pey, J., Alastuey, A., Viana, M., Valero, N., Gonzalez-
Cabre, M. & Sunyer, J. (2008). Coarse particles from Saharan dust and daily mortality.
Epidemiology 19, 800-807.

Pope, C. A, lll, Burnett, R. T., Krewski, D., Jerr ett, M., Shi, Y., Calle, E. E. & Thun, M. J. (2009).
Cardiovascular mortality and exposure to airborne fine particulate matter and cigarette smoke:
shape of the exposure-response relationship. Circulation 120, 941-948.

39



Pope, C. A, lll, Burnett, R. T., Thun, M. J., Call e, E. E., Krewski, D., Ito, K. & Thurston, G. D.  (2002).

Lung cancer, cardiopulmonary mortality, and long-term exposure to fine particulate air pollution.
Jama 287, 1132-1141.

Pope, C. A, lll, Burnett, R. T., Thurston, G. D., Thun, M. J., Calle, E. E., Krewski, D. & Godleski, J. J.
(2004). Cardiovascular mortality and long-term exposure to particulate air pollution: epidemiological
evidence of general pathophysiological pathways of disease. Circulation 109, 71-77.

Pope, C. A. & Dockery, D. W. (2006). Health effects of fine particulate air pollution: lines that connect. J Air
Waste Manag Assoc 56, 709-742.

Stafoggia, M., Faustini, A., Rognoni, M., Tessari, R., Cadum, E., Pacelli, B., Pandolfi, P., Miglio, R
Mallone, S., Vigotti, M. A., Serinelli, M., Accetta , G., Dessi, M. P., Cernigliaro, A., Galassi, C.,
Berti, G. & Forastiere, F. (2009). [Air pollution and mortality in ten ltalian cities. Results of the
EpiAir Project]. Epidemiol Prev 33, 65-76.

WHO. Air quality guidelines. Global update 2005. Pa rticulate matter, ozone, nitrogen dioxide and
sulfur dioxide Copenhagen: World Health Organizatio ~ n Regional Office for Europe, 2006.

40



