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order to meet experts involved in the evaluation of health effects of air pollution and in the 
development of air pollution regulations. 
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Acronyms and abbreviations - 

Acronyms and abbreviations 

APHEA: Air Pollution and Health, a European Analysis 

AQS: Air Quality System 

0 BACT: Best Available Control Technology 

CASAC: Clean Air Science Advisory Comity 

CAA: Clean Air Act 

EPA: Environmental Protection Agency 

GAM: Generalized Additive Models 

HEI: Health Effects Institute 

HIA: Health Impact Assessment 

LAURE: Loi sur 1’Air et l’utilisation Rationnelle de 1’Energie (Law on Air and Rational Use of 
Energy) 

NAAQS: National Ambient Air Quality Standards 

NMMAPS : National Morbidity, Mortality and Air Pollution Study 
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NRC : National Research Council 

PDU: Plan de Diplacements Urbains (Urban Mobility and Transportation Plan) 

PPA: Plan de Protection de 1’Atmosphkre (Air quality Protection Plan) 

PRQA: Plan RCgional pour la Qualiti de 1’Air (Regional Plan for Air Quality) 

RR: Relative Risk 

SIP: State Implementation Plan 

TCP: Transport Control Plan 

VSL: Value of a Statistical Life 

WTP: Willingness to pay 

8 



0 Introduc tioii 

Introduction 

9 



Air pollution 

Figure 1: Daily mean pollution concentration and daily number of deaths during the London fog 
episode of 1952 (from Wilkins 1954) 
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0 Introduction 

Environmental health is defined by the World Health Organization as comprising “those aspects 
of human health and disease that are determined by factors in the environment. It also refers to the 
theory and practice of assessing and controlling factors in the environment that can potentially 
affect health”’. Among theise environmental factors, air quality is very important as it represents a 
source of exposure which is very difficult to escape. 

The atmosphere is a mixture of various gases. Human activities and some natural processes 
generate some compounds that are rejected in the atmosphere. Multiple definitions can be proposed 
for air pollution. Some authors rely on the human origin of the substances to define them as 
“pollutants”, whereas some others clearly take into account the potential harmful effects of the 
substances to define air pollution. Using this second criterion, Thad Godish (2003) proposes the 
following definition: “Air becomes polluted when it is changed by the introduction of gas- or 
particulate-phase substances or energy forms (heat, noise, radioactivity) so that locally, regionally, 
or globally altered atmosphere poses harm to humans, biological systems, materials, or the 
atmosphere itself ’. This very general definition allows taking into account in a single definition 
very different problems such as the effects on humans, plants, animals and buildings of gaseous and 
particulate air pollutants, the “greenhouse” effect of carbon dioxide or methane, the harmful effect 
of CFC on the ozone layer., etc. 

In the following parts of this report, “air pollution” will be restricted to the gaseous and particulate 
air pollutants. 

The health effects of air pollution have been suspected for a very long time, especially afler 
dramatic air pollution episodes such as the ones encountered in the Meuse Vall6e (Belgium, 1930), 
in the Donora Valley (U.S.A., 1948) and in London (UK, 1952, see Figure 1). During each of these 
exceptional air pollution episodes, excess deaths were recorded. But both decision makers and 
pollution emitters have not always been convinced of the relationship between the presence of 
pollutants in the air and these health effects (for more information, see Davis 2002). 

One of the first attempts to study scientifically the link between air pollution and health with the 
help of statistical methods was conducted by two econometrists, Lave and Seskin. They published a 
book in 1977, after more than 10 years of work, including peer reviews and reanalysis in order to 

See http://www.euro.who.int/eprise/main/WHO/rogs/HEP/200306 12-1 
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answer the criticisms emitted by various people (Davis 2002). This book contains an entire section 
(section IV) discussing the policy implications of the links observed between air pollution and 
health. Originating fkom the economy field, the two authors used a cost-benefits analysis of air 
pollution abatement measures as a base for their discussion. This lund of approach is still in use 
today. 

The recent advances in environmental epidemiology have given tools that allow quantifying more 
and more precisely the intensity of the relationships between pollutants levels in the air and both 
short- and long-term health effects in humans. But even with these very powerful methods, 
uncertainties remain at various levels. Klapp (1 992) distinguishes four types of uncertainties 
affecting risks that may delegitimize regulatory decisions based on them: 

- The “extrapolation” uncertainty, that occurs when scientists disagree over whether findings 
concerning risks in one species can be extrapolated to another (typically from animals to 
humans), 

- The “data” uncertainty, that occurs when scientists disagree about what data, types of 
sample, or number of studies to use to analyze a risk, 

- The “model” uncertainty occurs when scientists disagree over which parameters should be 
included in models of risk, 

- The “parameter” uncertainty occurs when scientists disagree over how to estimate the same 
parameter within a model. 

Risk evaluations concerning the health effects of air pollution can be affected by any of these lunds 
of uncertainties. 

These uncertainties are however more and more precisely quantified and can hence be taken into 
account during the process of decision making. 
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0 Introduction 

In order to study how results from epidemiological studies are used to analyze the public health 
implications of proposed air pollution regulations, and therefore helps decision makers to design 
policies, this report is going to present successively: 

- The main epidemiological methods presently used for the assessment of short- and long- 
term health effects of air pollution. 

- The public policies used to control air pollution in France and in the United-States. 

- The methods used to assess the public-health benefits of air pollution regulations, and 
how the uncertainties inherent in these methods may affect the regulatory decisions. 

The aim of this report is not to provide extensive information about the health effects of the 
pollutants themselves, this information will hence not be directly reported in the different parts. 0 
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0 Studying the health effects of air pollution 

I. Studying the health effects of air 
p o llu t i on 

The recent advances in environmental epidemiology and 

biostatistics provide powerful tools to study the links a 
between air pollutants levels and health outcomes. Most of 

these analyses give always the same result: there is a 

signlJicant link between air pollution and health. But the 

nature of the data and of the methods used makes it 

impossible for the moment to get rid of certain uncertainties. 
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e Studying the health effects of air pollution 

Studying the effects of air pollution can be done through various approaches. One is the 
experimental study of the effects of controlled amounts of pollutant on animals’ health. This is an 
approach commonly used in toxicology, and it usually gives very interesting results. But when this 
approach is used, the results by themselves can not be used in order to take a public-health 
regulation decision. In this case, the interpolation incertitude would be too important: one could 
easily object that, as animals and humans biology is at least slightly different, one compound having 
a harmful effect in animals could be innocuous for humans (and reciprocally). 

Experimental studies in humans can not be done in most cases for evident ethic reasons. In order to 
evaluate the risks associated with exposure to air pollutants, one hence has to use, among others, the 
results of environmental epidemiology studies. The general aim of these studies is to analyze 
relationships between environmental exposures and human diseases. 

Environmental epidemiology studies 

The general framework for these analyses is to. apply statistical methods to data concerning the 
health status of a population (e.g. mortality or morbidity data), its exposure to potentially harmful 
components and potential confounding factors. For example, in the case of air pollution, health data 
could be the number of deaths registered in a city, the exposure data could be the levels of 
pollutants monitored in the air, and confounding factors could be factors linked to both exposure 
and health outcomes, such as temperature and humidity.. . 

The results from these analyses usually provide useful information on possible causal relationships 
between air pollutants exposure and health effects. They do not provide by themselves a guarantee 
that a causal relationship exists between these two variables, but when pooled with other results 
(including results from tolxicology studies) and compared to certain viewpoints, they can give a 
good indication that such causal relationships exist (Bradford Hill 1994, Weed 2000, Parascandola 
and Weed 200 1, Weed 2002). 
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Concerning the health effects of air pollution, many different study designs can be used: 

- Cross-sectional designs: these designs assess the relationship between pollutants exposures 
and health across a population. Typically, in such a study, death rates of people living in 
highly polluted areas are compared with the ones of people living in low pollution areas. 
This kind of study can be found in the primer work of Lave and Seskin (1977), and has 
been used many times since. 

- Longitudinal designs: in these designs, exposure and health status is evaluated in the same 
population over a period of time. The relationship between these two variables is then 
evaluated through the use of appropriate statistical methods. This kind of method has also 
been used in the work of Lave and Seslun (1977), but since then, many refinements have 
been introduced in the methodologies used. 

Analyses concerning the links between air pollution and health can also be classified into two 
categories, depending on the kind of effects they are studying: 

- Short-term studies concentrate on the short-term effects of air pollution. “Short term’’ 
usually corresponds to a time lag of less than two months between the exposure to air 
pollution and the health effect. Mainly two designs can be used to study the short term 
health effects of air pollution: 

Panel studies concern a small group of volunteers in which symptoms (e.g. 
cardiovascular or respiratory symptoms), andor measures of physiological 
functions (e.g. cardiac function or lung function) are recorded during a short period 
of time for every person on a daily or weekly basis, and then studied in relation 
with air pollution exposure. 

0 Ecological time-series studies concern an entire population in which the number 
of health events (e.g. deaths or hospital admissions), aggregated at the population 
level, is recorded during a long period of time. The day-to-day variations in the 
number of health events are then studied in relation with day-to-day variation in air 
pollution. 
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a Studying the health effects of air pollution 

- Long-term studies, in which association between long-term exposure to air pollution and 
life shortening or morbidity is studied. Usually this is done through cohort studies, in 
which a group of persons is followed during years. The following process involves 
obtaining information concerning both the health status and exposure to air pollution of 
each person. These data are then analyzed in order to see if air pollution exposure has long 
term effects on mortality or morbidity risks. 

The results obtained from e:ach of these kinds of study have of course different signification (Kunzli 
et al. 2001a). 

In this report, ecological time-series analysis and to a less extend cohort studies are going to be 
presented with more details, as they represent a large proportion of the studies available today. 

e Time-series studies 

Studies of the short-term effects of air pollution can be conducted at a large scale, using measures of 
exposure supposed to represent the mean exposure across the population, and seeking for a 
correlation between this mean daily exposure and the daily number of deaths or hospital admissions 
in the same population. This kind of ecological time-series studies has been widely used since the 
beginning of the 90’s. 

The general principle of these studies is to analyze the relation between day-to-day variation in air 
pollutants concentrations and day-to-day variations in number of health events (deaths, hospital 
admissions, etc.), taking into account confounding factors such as the meteorological parameters, 
time trends, infectious diseases and pollination periods (see Figure 2 on page 20). 
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Figure 2: General framework for a time-series analysis (data from the ERPURS study - Paris 
metropolitan area - ORs) 
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a Studying the health effects of air pollution 

Exposure to air pollutants 

A first source of uncertainty in these analyses comes from the variable used as the exposure 
variable: usually, data concerning the actual exposure of the population are not available. Hence, 
the exposure is generally assessed under the two following assumptions: 

- It is possible to define a geographical area in which population’s exposure to air PO 
can be considered cis homogeneous. 

In this area, background levels of air pollution can be considered as reliable indici 
individuals’ air pollution exposure. 

- 

lutants 

tors of 

Hence for time-series analysis, exposure is usually assessed by averaging the daily values recorded 
by background air quality monitoring stations situated within the study-area. This study-area is 
designed in order to ensure that background air pollution levels do not differ drastically within it. 

Of course, these two assumptions are questionable. Exposure is assessed using outdoor measures, 
whereas the time spend iriside buildings can represent up to 90% and varies among individuals. 
However, studies (Janssen et al. 1998, Rojas-Bracho et al. 2000, Sarnat et al. 2000, Harrison et al. 
2003) have shown that, at least for fine particulate matter, outdoor background levels are reliable 
indicators of mean personal exposure. What is more, if some differences exist between individual 
and measured exposures, they may only induce an underestimation of the effects of air pollution on 
health (Linacker et al. 2000). 

e 

The representativeness of‘ the daily average of values recorded by the background monitoring 
stations also depends on the number and the repartition of these stations within the study area. 
Usually, the more stations available, the more representative the estimated exposure will be. 

Health variables 

Health variables must conicem the population living in the exact same area used for the evaluation 
of exposure to air pollution. 
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Usually, mortality data are easily available, reliable and exhaustive, at least in countries such as 
France, or the U.S, where data collection and coding of deaths causes are done through a well 
defined and quality insured process. However, even in these conditions, misclassification of death 
causes may happen, especially between cardio-vascular and respiratory causes (NRC 2002). 

When one wants to study morbidity, obtaining relevant daily data can be more complicated. 
Hospital admissions data are sometimes available, but they are often non exhaustive (they may 
concern only a subset of the hospitals, or a subset of patients), and may present some reliability 
problems. Some other indicators are also sometimes studied as morbidity indicators: sales of drugs, 
doctor's house calls (Medina et al. 1997). . . 

Confounding factors and other factors sources of bias 

Many factors may act as confounding factors if they are correlated with both the pollution' 
exposure and the health variable. If they are not taken into account in the analysis, they may induce 
a bias: the effects observed and attributed to air pollution may in fact be due to these factors. 

These factors may include individual sensitivity, age, existing disease, gender, race, socioeconomic 
status, tobacco smoking, lifestyle, occupation (Godish 2003). But the incidence of all these factors 
within the population studied is not changing from one day to another, and if there are some long 
term changes, they are taken into account in the model through the use of time-trends (see Figure 2 
on page 20). Hence, in an ecological time-series analysis, these factors do not act as confounding 
factors. 

On the other hand, meteorological factors are of course correlated with both the pollutant exposure 
and the health variable, and vary from day to day. Hence, they are to be taken into account during 
the statistical analysis (see Figure 2 on page 20). 

Some other factors may also induce some bias in the results of the analysis by interacting with the 
exposure variable or the health variable. This is the case, for example, of infectious diseases, such 
as influenza, and pollination periods, which are both known to have a very important effect on 
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respiratory health outcomes. When data concerning these factors are available, they are hence to be 
taken into account in the analysis (Braga et al. 2000). 

Another issue somewhat related to confounding factors concerns the correlations between the levels 
of the various pollutants. Usually, mono-pollutant models are constructed, and the level of the other 
pollutants are not taken into account. This represents a problem, because this kind of model does 
not allow adjusting for simultaneous exposure to a mixture of pollutants that may interact in their 
health effects. Multi-pollutants models have sometimes been used, but the high correlation between 
pollutants levels leads to results difficult to interpret. 

Statistical method 

The method currently used usually involves Generalized Additive Models (GAM, Hastie and 
Tibishirani 1990). This method has been used for nation-wide studies such as the European 
APHEA2 study (Atkinson et al. 200 1, Katsouyanni et al. 200 I, Samoli et al. 200 1, Aga et al. 2003, 
Sunyer et al. 2003), or the U.S. NMMAPS study (Samet et al. 2000a, 2000b). This method has also 
been used for many local analyses, such as the one made in Paris (Campagna et al. 2003). 

Briefly, in this method a rnodel linking the number of daily health events to the daily levels of air 
pollution is built. This model also takes into account the time-trends and all the other confounding 
factors. Usually, a Poissoin link function is used, because the health events have a low incidence, 
and the total population is large. 

The originality of GAM models when compared to other models such as Generalized Linear 
Models is to allow modeling of non-linear effects by using non-parametric smoothing functions. 
These non-parametric smloothing functions can be locally weighted smoothing functions called 
loess that allow a very flexible modeling of various trends and effects. When these non-parametric 
smoothers are used, the estimation of both coefficients of the variables introduced in the model and 
standard-errors involves an iterating process, which stops when a convergence criteria is reached. 

Recently, two potential biases incurred when using this method have been found. One, reported by 
Dominici et al. (2002) is related to the default setting of the convergence criteria in the software 
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commonly used for these analyses (S-Plus) and may lead to incorrect estimations of the 
coefficients. The other one, reported by Ramsay et al. (2003) is related to the method used in S-Plus 
for the estimation of the standard error of the estimated coefficients when loess non-parametric 
smoothers are involved. This bias may induce an underestimation of the value of this standard error. 

Much has been written about these two problems and their consequences for the results of 
epidemiological studies using this method (Katsouyanni et al. 2002, Samet et al. 2003, Lumley and 
Sheppard 2003). Finally, a complete reanalysis of NMMAPS and of 37 other time-series studies, 
taking into account these two problems, was published by the Health Effects Institute in May 2003 
(HE1 2003). These re-analyses show that the importance of the biases due to the lack of stringency 
of the convergence criteria vary greatly across studies, but even in the most affected studies, this 
does not drastically change the conclusions that can be drawn from the study. The bias affecting the 
standard error was also found in the re-analyses, but its impact on statistical significance of the 
results was minor (HE1 2003). 

Anyway, in order to get rid of these uncertainties, models used for the analysis of time-series now 
frequently use semi-parametric functions, such as p-splines (HE1 2003) instead of non-parametric 
loess functions. 

Some authors (Lumley and Sheppard 2003) have also underlined that, apart from there two 
problems, GAM modeling implies some potentially more important flaws. As an example, control 
of seasonal effects is a very important point in GAM modeling, as these effects are much larger than 
air pollution effects. This is usually done in GAM modeling by using some smooth functions of 
time. The problem is then to choose the appropriate degree of smoothing for these functions. Today, 
there is no objective way of selecting the degree of smoothing. Hence, selection of the 
“appropriate” model usually involves both taking into account some subjective assumptions, and 
screening multiple analyses. This may probably be a source of bias and of increase of the type I 
error due to multiple testing.. . As written in the HE1 statement (HE1 2003), as there is presently no 
methods to get rid of these uncertainties, “demonstration of sensitivity or lack of it, to a range of 
sensible smoothing choices seems a reasonable approach”. 
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Relative Risks evaluations provided by time-series analysis 

Time-series analyses have proved to be very powerfid tools to detect small associations between air 
pollution and health effects;. Reviews of these results can be found in various publications, such as 
the recent review articles by Brunekreef and Holgate (2002) or Veda1 (2002), or for each pollutant, 
in the criteria documents published by the U.S. Environmental Protection Agency'. 

Usually, time series analyses provide a Relative Risk (RR) associated with air pollution, which is 
significantly larger than 1 if there is a significant acute adverse effect of air pollution on the studied 
health outcome. Usually, a 95% confidence interval, derived from the estimated standard error, and 
corresponding hence to the: random sampling error of the RR estimate is also given for this relative 
risk. 

a Time-series analyses and the shape of the exposure-response relationship 

Time-series analyses also allow exploring the shape of the exposure-response relationship 
between ambient air pollutant concentrations and health outcomes (Daniels et al. 2000, Arden Pope 
2000). The shape of the e:xposure-response relationship is an important issue, as it conditions the 
risk associated to each concentration of pollutant. 

The methodology used in GAM, by allowing flexible modeling of this dose-response relationship, 
when combined with complementary analyses, allows an efficient exploration 'of the shape of this 
curve. However, the knowledge on this shape obtained from time-series analyses can be less 
reliable for very low and. high concentrations of air pollutants, as usually fewer data points are 
available for the extreme ends of the concentrations range. 

The knowledge of the lo.wer part of the exposure-response curve is especially of interest, as this 
shape will determine if there is a threshold under which the pollutant does not have any harmful 
effect. During the last years, this question received a lot of attention, especially in the case of 

All criteria documents are available on line http://www.epa.gov/ttdoarpg/t 1 cd.html 
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particulate matter, and statistical methods were developed for this purpose (Smith et al. 2000, 
Schwartz and Zanobetti 2000, Daniels et al. 2000). 

Mortality displacement and time-series analyses 

One concern about the results of time-series analyses is the signification of the excess death 
observed following high levels of air pollution. Do these excess deaths correspond to a mortality 
displacement, i.e. were the people dying on these days about to die anyway? This hypothesis is 
called “harvesting”, and would totally change the interpretation and the implications of the results 
of time-series analyzes if it was true. 

According to studies conducted on this subject (Kelsall et al. 1999, Zeger el a1 1999, Schwartz 
2000a and b, 2001, Dominici et al. 2003a, 2003b, Zanobetti 2003), the harvesting hypothesis does 
not seem to be true. The methodology used in some of these studies has been discussed (Smith 
2003), but the fact that different methodologies lead to the same result, Le. the lack of significant 
harvesting effect, indicates that harvesting effect does not account for most of the effects observed 
in time-series analysis. 

The excess deaths recorded in time-series analyzes following high air pollution days hence seems to 
correspond to deaths advanced by months to years. 

The time-lag between air pollution exposure and health effects 

The earlier studies using time-series analyzes concentrated on the association between daily deaths 
and air pollutant concentrations recorded on the same or one to two days before. Usually a few lags 
were tested and the one giving the “best” result was chosen. This method was criticized, as it 
involved multiple testing and may tend to overestimate the effect of air pollution. 

Today, flexible distributed-lag models (Zanobetti et al. 2000) allow talung into account lags up to 
40 days, in a single model. The results of the analyzes using this method (Zanobetti et al. 2002, 
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2003) have shown that the cumulative effect of air pollution over this longer period was usually 
higher than the one obtained with ccclassical’’ fixed lags models. Moreover, these results have also 
contributed to show that air pollution effects observed in time-series studies are not due short-term 
mortality displacement (see above). 

Time series and meta-analyses 

Recently, meta-analyses have been conducted on time-series analyses results. These meta-analyses 
allow combining RR obtained in various places in order to obtain RR estimation for an entire 
country or continent. This has been done for the U.S. in the NMMAPS study (HE1 2003), for 
Europe in the APHEIS study (Katsouyanni et al. 1997), and for France in the PSAS-9 study 
(Cassadou et al. 2002). 

Meta-analyses offer the interest of combining a large amount of data, and hence provide a powerful 
source of information to estimate the RR associated to air pollution (Dominici and Burnett 2003). 
What is more, between-study variability can be explored in order to determine which factors can 
influence the relationship between air pollution and health (Levy et al. 2000). 

0 

Time series analyses arid particulate matter air pollution 

One example of a potential source of variation between studies is specific to particulate matter air 
pollution, and deserves to be underlined here. 

The term “particulate matter” can in fact cover a wide variety of both solid- and liquid- phase 
substances that vary in size and density (Godish 2003). Some of them are directly emitted by 
pollution sources (primary particles), whereas some others are produced as a result of chemical 
reactions involving gaseous pollutants and water vapor. 

The common methods for quantitatively assessing the concentration of particulate matter in the 
ambient air discriminate only on the size of the particles. For example, the total amount of particles 
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less than 10pm wide can be measured (this measure is called PMio), or the total amount of particles 
less than 2.5pm (called PM2.5). Concerning the health effects of particles, it is known that smaller 
particles are able to penetrate deeper into the respiratory tract of humans, and can then have more 
important health effects (McClellan 2002). But this assessment does not take into account the fact 
that for a gwen size, particles composition, and hence chemical properties may certainly vary. 

Time-series analyses concentrating on particulate matter health effects have non-surprisingly found 
some variability in the strength of the association between particulate matter concentrations and 
mortality or morbidity among locations (Levy et al. 2000, Samet et al. 2000a and b, Katsouyanni et 
al. 2001, HE1 2003). Among other factors, such as differences in the gravimetric distribution of the 
particles (PMIOIPMZS ratio, Levy et al. 2000) and effect modification due to interactions with other 
pollutants or climate (Levy et al. 2000, Katsouyanni et al. 2009, the composition of the particles 
mix is often thought has having an important role in this heterogeneity (Samet and Pope 2003, 
Dominici and Burnett 2003). 

These uncertainties concerning particulate matter effects apply to time-series studies, but the exact 
same questions can also be asked concerning the long-term cohort studies, most of which actually 
concentrate on the effects of particulate matter. 

Cohort studies 

Cohort-studies are designed to study the long-term effects of air pollution. In order to do so, these 
studies need to be pursued during a long period of time, especially if they are studying mortality 
effects. 

As in time-series analysis, the aim is to study the relationship between air pollution levels and a 
health outcome, often mortality. But in cohort studies, it is not the death itself that is considered as 
the health variable, but the time to death (Kiinzli et al. 2001a). 

Usually, in a cohort study, a group a volunteers is followed during years, and the relationship 
between their life expectancy and their exposure to air pollution is studied. The two main studies of 
this kind were published during the 90’s (Dockery et al. 1993, Pope et al. 1995). The first one 
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involved 8,111 adult subjects in northeast and midwest of the U.S. that were followed during 14 to 
16 years. In the second one, 552,138 adult subjects from 154 U.S. cities were followed from 1982 to 
1989. 

Both studies found a significant link between levels of exposure to air pollution (particulate matter 
and sulfur dioxide) and total and increased risks of death for cardio-pulmonary causes. But soon, 
some critics concerning the methodology used in these studies were raised, especially when the 
results of these studies were used by the U.S. EPA to set the new Air Quality Standards for 
particulate matter in 1997. 

These studies were hence subjected by the HE1 to a reanalysis, published in 2000 (HE1 2000). This 
reanalysis concentrated on various factors that could have introduced flaws in the original results: 

- Quality of the original data 

Quality of the original analysis: using the same statistical methods, the data were 
reanalyzed. 

- 0 
- Alternative risk models: the original analyses were conducted using a model that assumed 

that the relative increase in the death rate associated to pollutants concentrations was 
constant throughout the period of the follow-up. Models allowing for more flexibility were 
used to reanalyze the data. 

- Identification of sensitive subgroups: stratified analyses were conducted during the 
reanalysis, in order to determine if some population subgroups were responsible for most of 
the effect observed in the original analyzes. 

- Occupational exposures: the confounding effect of occupational exposure was taken into 
account in the original analyzes, but during the reanalysis, more indicators of environmental 
exposure were used in the analyses. 

- Flexible exposure-response models: the original analyses constrained the shape of the 
exposure-response curve. Flexible exposure-response models were hence considered during 
the reanalysis. 
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- Time dependent covariates: in the original analyses, smoking habits and weight were 
introduced in the model as constant over time for each individual. Reanalysis were 
conducted introducing some time-dependency for these variables. Reanalysis also included 
the introduction of time-dependency for the average level of air pollutants in each city. 

- Population mobility: in the original studies, population mobility was not taken into 
account. 

- Ecologic covariates: for the reanalysis, various ecological covariates (demographic factors, 
socioeconomic factors, availability of health services, climate, physical environment and 
gaseous pollutants) were introduced in the model, in order to see if they could possibly act 
as confounding or modifying factors. 

This complete set of reanalysis showed that the results obtained were very similar to the ones 
obtained in the original analysis, apart fEom the fact that education may have a modifying effect. 
The interpretation of this finding is still rather unclear and one may suggest that in this case 
education acts in fact as a “proxy” for another determinant that has a modifLing effect (possibly 
socioeconomic status, which is known to be correlated with health status). 

Today, these results are now widely accepted, and cohort studies have been conducted more 
recently (Hoeck et al. 2002) and are currently conducted, with more and more sophisticated designs 
(Tager 2003) in order to study the effects of air pollution on a wide range of health outcomes, from 
death to bronchitic symptoms (McConnell et al. 2003) or lung function (Gauderman et al. 2002). 

Causality 

All the results obtained from observational studies such as time-series or cohort studies raise an 
interrogation concerning the signification of the observed associations. 

Usually, several guidelines are used to assess whether an association between a risk factor and a 
health effect can be interpreted as a cause-effect relationship. 
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Among the many and differing frameworks proposed to assess the probability of a cause-effect 
relation ship when an association is observed, the “Bradford-Hill viewpoints” are among the most 
widely used (Bradford-Hill 1994): 

- Temporal sequence of the associations (exposure precedes effect). 

- Consistency of the findings in different studies (using different methodologies). 

- Size of the effect. 

- Monotonic exposure-response relationship 

- Coherence of the study results 

- A plausible biological mechanism 

- Specificity of outc,ome 

- Analogy with similar exposures 

- Evidence of change following anjntervention. 

These viewpoints are not criteria stricto sensu, as none is sufficient, and only one is necessary (the 
temporality) to establish causality. The use of these viewpoints has been discussed (Weed 2000, 
Parascandola and Weed 200 1, Weed 2002), but usually there is a consensus toward their use. 

Anyway, concerning air pollution, most of these viewpoints are reached. Time-series studies show 
that there is an exposure-response relationship and a consistency of effects (Bates 1992). More 
generally, there is a specificity of the outcome (cardiovascular and respiratory health outcomes are 
more affected). There is an analogy between air pollution exposure and environmental tobacco 
smoke exposure. Recent studies have shown that interventions were associated with a significant 
change in population health status (Pope 1989, Hedley et al. 1996, Heinrich et al. 2000, Friedman et 
al. 2001, Clancy et al. 2002). However, concerning particles, the toxicology and biology studies 
have not been able to determine the particle characteristics or biological mechanisms by which 
particles may affect human health (McClellan 2002). 
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Even before the very sophisticated and convincing studies published during the last ten years, a lot 
of works demonstrated the adverse effects of air pollution on health. These results represented the 
context in which a lot of early air pollution regulations were developed in both U.S. and France. 
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11. Air pollution controls in France and 
in the United States 

The frameworkjbr air pollution regulations is established in 

the US.  by the Clean Air Act ( C A ) ,  and in France by the 

(( Loi sur 1 ’Air et I’Utilisation Rationnelle de l’Energie )) 

(LA URE) . 

Both texts make explicit references to the principle of public 

health preservation. 

In both countries, air pollution regulations involve both the 

national and local authorities. 
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Table 1: Key laws controlling air pollution in the U.S. and in France 

1955 Air Pollution Launches the first federal efforts to study and remedy 
the problem of air pollution, produced mainly by coal- 
fired industrial plants and vehicle exhaust 

Control Act 

1961 Loi sur l’air 

1963 Clean Air Act 

1965 Motor Vehicle 
Air Pollution 
Control Act 

1967 Air Quality Act 

1970 Clean Air Act 
Amendment 

1976 

1977 Clean Air Act 
Amendment 

Funds research and enables federal, state, and local 
government to issue regulations to curb hannful 
emissions 

Authorizes the Department of Health, Education and 
Welfare to set standards for hydrocarbons and carbon 
monoxide emitted by new cars. 

Authorizes the federal government to identify 
metropolitan air quality regions and to issue and enforce 
federal pollution standards if the state fails to do so. 

Authorizes the government to set air quality standards 
for six major air pollutants and requires the states to 
devise plans to meet them. 

Authorizes the government to issue standards for 
pollutants emitted by cars, plants and buildings. 
Authorizes the government to define geographical 
zones where the air pollutants emissions can be tightly 
regulated. 

Loirelative aux Authorizes the government to set standards for the 
installations emissions of plants, factories and commercial 
classees buildings. Authorization required before setting up for 

these installations. 

Relaxation of previous auto emission requirements, 
prevention of significant deterioration for nonattainment 
areas 



1980 Acide Development of a long-term research plan 
Precipitation Act 

Amendment 
1990 Clean Air Act Strengthen the EPA’s enforcement powers and provides 

greater flexibility for meeting air quality standards 

1996 Loi sur l’air et 
l’utilisation 
rationnelle de citizens. 

Defines the principles for monitoring of air quality and 
its effects on health. Results must be available for the 

i j ener gi e &quires ciai na~~iizl rk qafiQ cbj&l;e~  re 
according to those set by the European community and 
WHO. 
Requires that each region prepares its PRQA, which is 
a framework for a regional air quality policy, aiming at 
reaching the national air quality standards. 
Requires that each metropolitan area of more than 
250,000 inhabitants prepares a PPA, which defines 
precisely the actions that can be taken to reach the air 
quality objectives. 
Requires that the PDU take into account both the needs 
for efficient transportations and the protection of 
environment and public health. 

2002 Clear Skies Amends Clean Air Acts and cuts power plant emissions 
of sulfur dioxide, nitrogen oxide and mercury by 70% 
by letting individual companies trade pollution credits. 

Initiatives 

Sources: 
CQResearch Volume 7, No. 9 “New Air Quality Standards?‘, 1997 
CQResearch Volume 12, No. 37 “Bush and the Environment”, 2003 
APII[EIS Health Impact Assessment of Air Pollution in 26 European Cities. Second year report, 2000-2001. Institut de Veille Sanitaire, Saint- 
Maurice, September 2002 
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Both US .  and France have a whole framework for the control and monitoring of air pollution. In 
both countries, this framework involves both local (state, or “region”) and national institutions. 
Concerning France, the European Community also intervenes in the domain of air pollution 
regulations. 

In both countries, air pollution regulation ftameworks deal with three main points: monitoring of air 
quality, setting of ambient air quality standards, and design of implementation plans to reach these 
standards, including emission regulations. 

Monitoring ambient air quality and informing citizens 

In both countries, the technical issues requirements for air quality monitoring are uniform within the 
country. 

In the U.S., according to the section 31g3 of the Clean Air Act (see Table l), the Environmental 
Protection Agency is in charge of “promulgating regulations establishing an air quality monitoring 
system throughout the United States which 

- Utilizes uniform air quality monitoring criteria and methodology and measures such air 
quality according to a uniform air quality index, 

- Provides for air quality monitoring stations in major urban areas and other appropriate 
areas throughout the United States to provide monitoring such as will supplement (but not 
duplicate) air quality monitoring carried out by the States required under any applicable 
implementation plan, 

- Provides for daily analysis and reporting of air quality based upon such uniform air 
quality index, and 

See http://www.epa.gov/air/caa/caa3 19.txt 3 
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- Provides for recordkeeping with respect to such monitoring data and for periodic analysis 
and reporting to the general public by the Administrator with respect to air quality based 
upon such data.” 

Practically, there is a national monitoring network (National Air Monitoring Stations, NAMS), 
but monitoring networks are also developed and operated by the states (States and Local Air 
Monitoring Stations, SLIMS), which are funded by EPA to do so. For the SLAMS, there are 
some nationally defined design and quality assurance requirements that must be met. These 
networks must monitor highest pollutant concentrations, representative concentrations in the areas 
of high population density, the impact of major emission sources and regional background 
concentrations. All the data are centralized and kept in a national database, the Air Quality System 
database (AQS), operated by the EPA. 

In France, air quality nionitoring is operated in each “region” by an organization. State 
representatives, local governments in the “region”, representatives from the different business 
contributing to the emissions of pollutants, approved organizations for the protection of the 
environment and qualified key figures are members of this organization. Together, these different 
entities decide on the general terms for the air monitoring policy, according to the standards issued 
by the French government and the European Union. These standards, as in the US.  include quality 
assurance requirements, and the necessity of monitoring background, regional and highest 
concentrations of air pollutants. 

8 

Apart from monitoring air pollution, and according to the terms of the “Loi sur l’air et l’utilisation 
rationnelle de l’hergie” (1996, see Table l), this organization is also entitled to forecast air 
pollution episodes, assess the impact of emission reduction measures and give the results of these 
measurements to local governments and .general public 

In both countries, the resiults derived from the air quality monitoring networks are compared with 
the national ambient air quality standards, in order to see where these standards are reached, and 
where they are overshot. 
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Figure 3: Review process for NAAQS (source H. Richmond, EPA) 
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National ambient air quality standards 

The U.S. National Ambient Air Quality Standards 

In the U.S., air quality standards are now set at the national scale. This was not the case before the 
1970 amendments to the Clean Air Act (CAA). 

Since these amendments, the Environmental Protection Agency is in charge of setting National 
Ambient Air Quality Standards (NAAQS). The EPA administrator is required to prescribe 
national primary and secondary ambient air quality for the six criteria pollutants (particulate matter, 
sulfur dioxide, carbon monoxide, nitrogen dioxide, lead and ozone). These criteria pollutants are 
ubiquitous, have multiple sources and “may reasonably be anticipated to endanger public health or 
welfare” (section 108 of the CAA4). 

According to the section 109 of the CAA5, primary standards “shall be ambient air quality standards 
the attainment and maintenance of which in the judgment of the Administrator [of the EPA], based 
on such criteria and allowing an adequate margin of safety, are requisite to protect the public 
health”. Secondary standards “shall specify a level of air quality the attainment and maintenance of 
which in the judgment of the Administrator, based on such criteria, is requisite to protect the public 
welfare fkom any known or anticipated adverse effects associated with the presence of such air 
pollutant in the ambient ail?’. Both .definitions make explicit reference to public health, whereas they 
do not take into consideration economic costs. 

e 

According to these definitions, NAAQS for each pollutant are set through a review process that 
includes scientific expertise and peer review (see figure 1). 

First of all, an EPA (office of air quality planning and standards) workgroup manage the review of 
Scientific work available. ‘&is includes work concerning: 

- Background information on physical and chemical properties of the pollutant; sources 
and emissions; atmospheric transport; transformation and fate of the pollutant; 

See http://www.epa.gov/air/caa/caa 108.txt 4 

See http://www.epa.gov/ait./caa/caal09.txt 

0 
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methods for the collection and measurement of the pollutant; and ambient air 
concentrations. 

- Environmental effects of the pollutant on vegetation and ecosystems, impacts on man- 
made materials and visibility, and relationships to global climate change processes, 

- Exposure of the general population to this pollutant, and factors affecting this exposure, 

- Health effects of the pollutants, including the nature of these health effects, judgments 
about adversity and severity and exposure-response relationships. For this purpose, 
toxicology, controlled human exposure and epidemiology studies are considered. 

The workgroup produces a document synthesizing this review, which is called “criteria document”6. 
This document is then reviewed by an external group of experts: the Clean Air Science Advisory 
Comity (CASAC), and may be modified and reviewed several times. 

When a stable version of the “criteria document” is reached, a “staff paper” is written. Using the 
information contained in the “criteria document”, the “staff papers” synthesizes the scientific data 
and identifies factors to consider in setting standards. The “staff papers” includes: 

- Air quality characterization, including sources, measurement methods, trends and spatial 
patterns, relationships between human exposure and ambient and central monitor 
measurements. 

- Characterization of health effects, including the nature of these effects, the sensitive 
subgroups of the population. 

- Characterization of health risks, including risks estimates for the current air quality and 
just meeting current and alternative standards. 

For an example, see 2003. AIR QUALITY CRITERIA FOR PARTICULATE MATTER (FOURTH 
EXTERNAL REVIEW DRAFT). USEPA EPA/600/P-99/002aD and bD.. 0 1 Jun 2003. U.S. Environmental 
Protection Agency, Office of Research and Development, National Center For Environmental Assessment, 
Research Triangle Park Office, Research Triangle Park, NC, . 
http://c~ub.epa.gov/ncea/cfm/recordisplay.cfm?deid=5 8003 
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- Characterization of welfare effects, including effects on materials, vegetation, ecosystem 
and climate change. 

- Conclusions and recommendations on NAAQS. 

The “staff document” goes through the review process, and then the EPA can propose air quality 
standards. After this proposition, the EPA holds hearings to solicit public comments before issuing 
a final decision on Standards. 

The ambient air quality standards in France 

In France, the air quality objectives mentioned in the 1996 “Loi sur Yair et l’utilisation rationnelle 
de I’Cnergie” are in fact set at the European scale. The European directive setting the framework of 
European air quality policies (Framework Directive 96/62/EC on ambient air quality assessment 
and management7, 1996) indicates the following general principles for setting the European air 
quality standards of 6 criteria pollutants (sulfur dioxide, nitrogen dioxide, fine particulate matter, 
suspended particulate matter, lead, and ozone): 

- Objectives for ambient air quality should be designed to “avoid, prevent or reduce harmful 
effects on human health and the environment as a whole”. 

- “limit value” shall mean a level fixed on the basis of scientific knowledge, with the aim of 
avoiding, preventing or reducing harmful effects on human health and/or the environment 
as a whole, to be attained within a given period and not to be exceeded once attained; 

- “target value” shall mean a level fixed with the aim of avoiding more long-term harmful 
effects on human health andor the environment as a whole, to be attained where possible 
over a given period; 

See 
http:l/europa.eu.int/smartapi/cgi/sga-doc?smartapi! celexapi!prod! CELEXnu1lidoc&lg=en&numdoc=3 1996LO 
062 e 
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- “alert threshold” shall mean a level beyond which there is a risk to human health from 
brief exposure and at which immediate steps shall be taken by the Member States as laid 
down in this Directive; 

- “margin of tolerance” shall mean the percentage of the limit value by which this value 
may be exceeded subject to the conditions laid down in this Directive; 

- “When setting the limit value and, as appropriate, alert threshold, the following factors may, 
by way of example, be taken into account: 

0 degree of exposure of sectors of the population, and in particular sensitive sub- 
groups, 

0 climatic conditions, 

0 sensitivity of flora and fauna and their habitats, 

historic heritage exposed to pollutants, 

0 economic and technical feasibility, 

0 long-range transmission of pollutants, of which secondary pollutants, including 
ozone.” 

One of the differences between this European directive and the CAA is that economic and technical 
feasabilities are cleearly to be taken into acount in the process of setting numerical values for the air 
quality objectives in Europe. 

This framework directive was followed by “daughter directives” that set the numerical limit or 
target values for each of the identified pollutants. Besides setting air quality limit and alert 
thresholds, the objectives of the daughter directives are to ensure that standards methods and quality 
insurances are used acros Europe. 

As in the U.S. system, the development of daughter legislations is being supported by expert 
working groups. They prepare their “position papers” that the Commission uses as a basis to draft 
legislation. The working groups consist of technical experts from the Commission, Member States, 
industry and environmental non gouvernmental organizations and are supported as appropriate by 
the European Environment Agency, the World Health Organisation, the United Nations Economic 
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Commission for Europe and consultants involved in cost-benefit analysis studies, among others. A 
Steering Group comprising: representatives fi-om these stakeholders and supporting institutions is 
guiding the work. 

The “position papers”’ contain information on: 

- Pollutant descripltion, including sources, current ambient concentrations, trends in 
emission.. . 

- Risk assessment, including exposure of the general population to the pollutant and factors 
affecting this exposure, health effects of the pollutant, sensitive subgroups, and 
environmental effects. 

Measurement, including the measurements methods and monitoring network design. - 

- Costs implications. 

- Recommendationis for limit values, alert threshold and air quality objectives. 

A “daughter directive’’ is then issued, taking into account the information contained in the position 
paper. Member states are then supposed to issue a national law in order to conform to this directive. 
In France, the European daughter directive 1999/3O/CE concerning the standards ambient values for 
sulphur dioxide, nitrogen dioxide, fine particulate matter and lead is applied through a “dkcret” 
issued in 2OOZ9. 

For an example see the position paper on PMlO (1997) 
http : //eur op a. eu . intlcommlenvir onment/air/pd f/ppqm. pdf 

DCcret no 2002-213 du 15 fkvrier 2002 portant transposition des directives 1999/3O/CE du Conseil du 22 
avril 1999 et 2000/69/CE du Parlement europCen et du Conseil du 16 novembre 2000 et niodifiant le d6cret no 
98-360 du 6 mai 1998 relatifa la surveillance de la qualitk de Pair et de ses effets sur la santC et sur 
l’environnement, aux objectlfs de qualit6 de l’air, aux seuils d’alerte et aux valeurs limites. 
http://www.legifrance.gouv. fi/WAspad/Visu?cid=297 134&indice=l &table=JOW&ligneDeb=l## 

8 
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Table 2: Major air pollution abatement strategies (from KUnzli, 2002) 

General policies Application of the “polluter pay principle” 
Energy/hel pricing 
Ecotaxes 
Prioritize public transport systems 
Urban planning 
Favor renewable energies to replace fossil fuels 

Stationary sources Emission control in industries, power plants, incineration 
Regulation of solvent use 
Fuel production and distribution 
Coal, coke, oil reformulation for power plants, industrial boilers, etc. 
Modification of combustion processes 
Closed circuit in dry cleaning 

Mobile sources Catalyst and particle filters for heavy duty traffic, cars, trains, motorcycles, 
off-road engines 
Taxing kerosene for aircrafis 
Low- or no-emission engine 
Traffic regimens (car share, rush-hour toll, etc.) 
Fuel consumption dependent taxes 

Products Solvent replacement in paints, adhesives, etc. 
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Implementation plans 

Outdoor air pollution abatement strategies consist into reducing the emissions. 

The national plans for reducing emissions 

In both countries, national plans and regulations are designed to reduce emissions. They mainly 
consist into: 

- Emissions limitations for mobiles sources (cars, new and “in use”, etc.). 

- Emissions limitations for stationary sources (power plants, industries and incineration). 

These limitations can be reached by use of alternative fuels, by use of control technologies, or by 
renovating combustion installations. 

Usually, the laws concerning these emissions limitations give a threshold that should not be 
exceeded. If this threshold is overshot, then penalties are incurred. 

Specificity in the U. S. ernission reduction program concerns the emission trading scheme for 
sulfur dioxide (Ortolano, 1997). It was introduced by the 1990 Clean Air Acts Amendments (see 
Table 1 page 34). Emissions of sulfur dioxide can be carried over long distances, and then deposit 
(“acid rains”), causing damages to the ecosystems. The 1990 Clean Air ,4cts amendments 
encourage cost-effective reduction of sulfur dioxide emissions: coal-fired power plants included in 
the acid rain control program were allowed to buy and sell sulfur dioxide emissions allowances. 
Each utility received a certain number of emissions allowances (1 emission allowance = right to 
emit one ton of sulfur dioxide during one year), according to its baseline fuel consumption. If at the 
end of a year a utility has emitted more sulfur dioxide than its allowances can cover, it faces a 
penalty and allowances from the following years are used to cover the difference. Each year, there 
is an EPA auction, where allowances can be bought from the EPA “special allowance reserve”, or 
from privates parties that have not used all the allowances they were initially given. Organizations 
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can also negotiate private trades. This system of tradable pollution permits, with other measures 
inciting to limit emissions leaded to a 54% decrease of average ambient sulfix dioxide 
concentrations between 1983 and 2002. 

The extension of the use of tradable emission allowances to some other pollutants (nitrogen oxides) 
is currently discussed in the U.S. 

The local plans for compliance with the national air quality standards 

In both countries, local governments are responsible for reaching the air quality standards in 
their area. 

The local governments, by the mean of State Implementation Plans (SIP) and Transport Control 
Plans (TCP) in the US., and “Plan Rbgional pour la QualitB de 1’Air” (PRQA), “Plan pour la 
Protection de I’Atrnosphh-e” (PPA) and “Plan de DBplacements Urbain” (PDU) in France, have the 
authority to decide on how to achieve locally the national air quality standards. 

However, local governments are not entirely free to make decisions, because in the US. for 
example, all these plans are subject to federal approval. Of course, local regulations must be 
compliant with the national ones. 

These plans contain: 

- Emission inventories. 

- Comparison of the monitored air quality in the area with the national air quality 
standards. 

- Regulations and incentive in order to: 

0 Reduce the number of vehicles miles traveled (car pooling, flex time, priority lanes 
for buses, parking regulations, developing and improving public transit systems). 
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0 Enhance vehicle emissions inspection and maintenance. 

0 Apply national emission reduction measures. 

- Projected emission inventories (with and without the regulations measures proposed). 

- Projected air quality (with and without the regulations measures proposed). 

These plans are usually written by working groups that involves local governments’ representatives, 
government’s representatives, industry representatives, non governmental organizations 
representatives, public health, epidemiology and toxicology experts.. . 

Air pollution regulations as risk management policies 

Air pollution clearly represents a risk to human health, and in both countries, very similar 
approaches have been chosen to manage this risk. 

According to Wilson and Crouch (2001), various criteria may be used to decide how to manage 
risks: 

- Zero risk: any action which involves any risk should be rejected. This is clearly not 
possible for air pollution, as there does not seem to be a threshold under which no harmful 
effects on health could be recorded, and getting totally rid of air pollution seems absolutely 
improbable. 

- As low as reasonably achievable: risk should be made as low as reasonably achievable 
through the regulation process. This criterion requires a decision rule to specify what is 
“reasonable”. 

- Best available control technology (BACT): the best available technology should be used 
to reduce the risk. Here, a definition of ‘‘best available technology” is needed. In air 
pollution regulations, it usually means a technology commercially available at a reasonable 
cost. Explicit rekrence is made to this criterion in the Clean Air Act, where it is stated that 
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in regions compliant with the NAAQS, the BACT must be used. The European law 
concerning the setting of ambient air quality standards also makes a reference to 
“technological feasibility”, which can be related to the BACT. 

- Cost-benefits analysis: valuation of benefits and costs of the regulation should be studied 
in order to take a decision. This criterion is used as a way of designing ambient air quality 
standards in Europe, where costs are explicitly to be taken into account when setting these 
standards. In the US., the balance between costs and benefits is implicitly taken into 
account when a regulation is issued, and may also affect the timing for compliance with 
standards. Furthermore, the federal law requires a Regulatory Impact Analysis to be 
performed if the consequences of a regulation would cost more than 500 millions dollars. 

Setting a standard for an air pollutant suggests that under this standard, the great majority of the 
population will not suffer fiom adverse effects. But many recent studies (HE1 2000, 2003, Krewski 
et al. 2000, Hoeck et al. 2002) show that significant effects, both acute and long-term, occur at 
current ambient concentrations, and at concentrations lower than the various standards and 
guidelines. According to these studies, it seems that no threshold of effect can be defined at the 
population level. This represents a challenge for the design of regulations, especially the one 
concerning ambient air quality standards. In this case, forgetting about technological feasibility and 
costs, one may wonder how to set the numerical value of the risk that would be “acceptable”. 

Air quality standards are often considered as playing a central role in regulating air pollution. 
However they are not the only usefil approach for this purpose (Maynard 2003, Raizenne 2003) 
and epidemiological results underline the need for a whole set of policies directed toward reduction 
of air pollutants ambient concentrations. 

During the whole process of designing air pollution regulations, results from epidemiology and 
toxicology studies are clearly taken into account (Morrone and Lohner 2002). Knowledge of the 
exposure-response curves can help the regulators to devise rational policies for dealing with 
pollutants, by giving an appreciation of the benefits likely to accrue by a reduction in levels of these 
pollutants. 
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111. Estimating the public health 
benefits of proposed air pollution 
regulations 

The US. Ofice of Technology Assessment provided a list of e 
factors that influence regulatory decisions: legislative and 

political factors, social factors, economic factors, technical 

feasibility, risk assessment and research. 

Results from environmental epidemiology study can be used 

for risk assessment and cost-beneJits analysis, especially 

through the Health Impact Assessment methodology. 
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Figure 4: Position of the HIA in the risk assessment and management process (source: EPA) 
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Figure 5: The determinants of determinants (adapted from Joffe and Mindell 2002) 
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Figure 6: Altering the determinants of determinants (from Joffe and Mindell 2002) 
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The framework off the Health Impact Assessment 

Results from epidemiological studies Concerning air pollution are of course used to inform the 
general public and the decision makers of the qualitative links between the air quality and many 
health outcomes. Today, a majority of people are aware of this relationship, event if this has not 
always been the case (Davis 2002). 

The most recent advances in environmental epidemiology now allow giving more quantitative 
estimations of the effects of air pollution on health. More precisely the Health Impact Assessment 
(HIA) method provides a framework for the quantitative analysis of the consequences of decreases 
or increases of air pollutants concentrations. This method can hence be used during the process of 
assessing and managing risks (see Figure 4). Together with risk characterization, the HIA is used to 
help decision-makers to make choices concerning regulations. 

Generally, the HIA is defined (WHO 1999) as “a combination of procedures, methods and tools by 
which a policy, program or project may be judged as to its potential effects on the health of a 
population and the distribution of those effects within a population”. As underlined by Joffe and 
Mindell (2002), one of the main differences between HIA and epidemiology is that in HIA, “risk 
factors, exposures or deteiminants are not just taken as given, but are considered in the context of 
their own underlying causes” (see Figure S ) ,  and policy options are considered as potentially acting 
on some of these underlying causes (see Figure 6). 

Many different kinds of health impact assessments can be performed, depending on their aim. 
Concerning air pollution, HIAs can be conducted in order to analyze the health effects of attaining 
targets values, during the process of settings NAAQS for example, or to analyze the.health benefits 
of emission regulations. In the case of NAAQS, estimations of the health impacts of reaching policy 
targets for exposure levels are conducted, without necessarily specifying the policy options used to 
achieve them. 
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The principles of air pollution HIA 

The principle of these HIAs is to use exposure-response relationships in order to forecast the health 
effects of proposed ambient air quality standards, or other air pollution regulations. Usually the 
approach used for the HIA can be decomposed into three points (Martuzzi et al. 2003): 

- Definition of the relevant health endpoints: the health endpoints should be known to be 
associated with the pollutant studied. 

- Identification of an exposure-response relationship, of the associated relative risk and its 
confidence interval. 

- Estimation of the proportion of the health events observed in the study population which are 
attributable to pollutant’s concentration, or attributable cases. 

The choices made at each of these three steps can be questioned. 

General principles 

The relevant health endpoints are usually chosen taking into account both the known biological 
effects of the pollutants studied and the availability of exposure-response relationships. Data 
concerning the frequency of these health events in the population studied must also be available. 

The exposure-response relationships are usually obtained from the epidemiological literature. 
When more than one study is available for one pollutant and one health effect, their results can be 
pooled in order to obtain a “combined estimate”. This method attributes a different “weight” to the 
various studies according to the precision of their estimates. A single relative-risk can hence be 
obtained for each health endpoint and each pollutant. Usually, the magnitude of the effects is very 
low, and hence the relationship can be taken as linear (Martuzzi et al. 2003). It is then possible to 
infer an associated increase per unit change in exposure level from the relative risk. . 
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The rate of the health event in the population must also be known. It is hence necessary to have 
data concerning both the demography of the population (population size, total or age-stratified, 
etc.), and the epidemiology of the health outcome (incidence, prevalence, etc.) 

The change in air pollution concentrations influences the outcome of the HIA. If the purpose is to 
compare various policy options, then one HIA may be conducted for each of these options. What is 
more, target values or val.ues expected with different policies may be compared to the current 
measured values, but they can also be compared to forecasted values “without regulations”. 

Conducting a HIA also requires the time period of the assessment to be defined: are the attributable 
cases going to be considered over a one-year or a ten-year period? If a long period of time is to be 
considered, demographic projections may be necessary to estimate the size of the exposed 
population for remote years. 

The estimation of the proportion (or absolute number, also known as “attributable cases”) of 
health events observed in the study population which are attributable to the pollutant levels can be 
calculated with the following formula: 

E = dRR x B X  C X  P 

where E is the number of attributable cases, dRR is the associated increase of RR per unit change in 
exposure level, B is the rate of the health event observed in the population, C is the change in air 
pollution concentrations and P is the size of the population exposed to C. This equation supposes 
that the exposure-response relationship is linear. 

What is more, the HIA process assumes that there is a cause-effect relationship between exposure 
to air pollution and health endpoints, 

53 



Air pollution 

Uncertainties in air pollution HIA 

The HIA method has been widely used for policies evaluation in both U.S. and France. After some 
critics were raised concerning this method, a complete review of HIA uncertainties was conducted 
in the U.S. (NRC 2002). Here are presented a few major sources of uncertainty in HIAs. 

The random sampling error and the uncertainty inherent to the epidemiological 
studies 

The 95% confidence interval surrounding the RR estimate obtained from epidemiological studies 
represents only the random sampling error. Hence the 95% confidence interval for the attributable 
cases derived from the confidence interval of the RR does not take into account all the potential 
sources of uncertainty coming from the RR estimate. 

Possible confounding effects in the epidemiological studies may add some uncertainties in the 
results of these studies, and of course, the uncertainty concerning the causality of the observed 
relationship remains as important as in the epidemiological studies. As there are no clear criteria 
that would ensure that an observed relationship is causal, this point remains one of the most 
discussed concerning HIA (Kiinzli 2002). 

Extrapolation of risks 

Time series analyses of short-time effects of air pollution are not available in every location, and 
very few cohort studies are available. It is then quite always necessary to extrapolate results across 
locations or time. 

This may represent a source of uncertainty for the following reasons: 

- Usually, RRs link ambient concentrations of air pollutants to health effects. But the 
relation between ambient concentrations and individuals’ exposure may differ 
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according to ways of life, climate or other factors. Hence, the RRs obtained in one location 
may not be applied directly in another location. 

- Population susceptibility may differ from one location to another, according to their 
demographic and socio-economic characteristics, and this may influence the issue of the 
HIA (Levy et al. 2002) 

- The baseline incidence rate of some diseases may differ greatly between populations, and 
this may affect the relevance of spatial extrapolation (NRC 2002, Roosli et al. 2003). 

- If pollutants concentrations are really different between the original location and the 
location where the HLA is conducted, extrapolating the slope of the exposure-response 
relationship may not be relevant. In this case, it can be worth trying to find at least one 
epidemiological study that could give some information about the shape of the exposure- 
response relationship in this domain of concentrations, in order to see if the extrapolation 
seems relevant. 

. 

- Concerning particulate matter, the effects may depend on the composition of the 
particulate mix. 1.t has been shown that this composition can differ across locations. Hence 
using the results obtained in one location to assess the health impact of particulate matter in 
another location may give incorrect results. 

The necessary extrapolation of RRs across locations and time may hence be a source of uncertainty 
in HIA results, even if it does not seem to be the most important one (Kunzli 2002). 

Meta-analysis vs. local RRs? 

The shape of the exposure-response relationship can represent a source of uncertainty. Each 
epidemiological study gives an exposure-response relationship that is supposed to represent the 
“best estimate” of the true relationship for the population studied. 
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When generalizing the exposure-response hnction to another population, another location or 
another time, uncertainty increases (see “extrapolation of risks”). Using results fiom meta-analyses 
might be a way to limit this source of uncertainty, as these results represent an “average” among 
different populations and locations, which may hence be less sensitive to this kind of extrapolation. 

However, considering that air pollution composition and baseline incidence rates of health 
outcomes may differ greatly from one location to another, if local estimates of exposure-response 
relationships are available, it may be preferable with regard to the uncertainties to use them than to 
use meta-analysis estimates. 

Much has been written about the choice of epidemiologrcal studies used for the HIA, and it seems 
that it is not possible to define criteria that could always justi@ the inclusion or exclusion of some 
epidemiological studies for the purpose of any HIA (NRC 2002). Anyway, for a particular HIA, 
some criteria may be defined (see for example Ostro and Chestnut 1998). 

Short- vs. long term risks estimates? 

The effects of air pollution are usually sorted into two categories: short-term effects, analyzed with 
time-series analyses for example, and long-term effects, analyzed with cohort studies for example. 
Both kinds of effects can be associated with a corresponding relative risk. But when doing an HIA, 
which of these two kinds of relative risks should be used? 

This question has been discussed by many authors (McMichael et al. 1998, McMichael et al. 1999, 
Quene1 et al. 1999, Ostro and Chestnut 1999, Kunzli et al. 2001a and b, Martuzzi 2001, Burnett et 
al. 2003). Kunzli et al. (2001a) underline the following differences between time-series and cohort 
studies: 

- In time-series studies, the relation between the temporal variability of exposure and the 
temporal variability of health outcomes is studied. Exposure duration taken into account in 
these studies varies from 1 day to two months. The RR obtained from a time-series analyses 
hence does not take into account the deaths corresponding to people that developed frailty 
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following chronic eixposure to air pollution and whose death occurred in a timing unrelated 
to daily variations of air pollution levels. 

- In cohort studies, short term effects of air pollution are impossible to disentangle fiom long- 
term effects, but both are taken into account. Even if the short-term effects of air pollution 
can not be quantified in a cohort analysis, most of these deaths are taken into account in the 
global RR associated to air pollution. In a cohort study, most of the possible effects of air 
pollution are hence taken into account. Furthermore, the apparition of frailty, and its 
association with air pollution exposure can also be studied. Cohort studies also give 
information on the number of years of life lost due to air pollution effects. 

According to these descriptions, in order to take into account most of the effects of air pollution and 
to be able to calculate a number of years of life lost, Kiinzli et al. (2001a and b) concluded that 
cohort-estimated RRs should be used for HIA. More recently, Bumett et al. (2003) showed that it 
was also possible to calculate a number of years of life lost using time-series-estimated RRs under 
some particular hypo thesis . 

The estimation of future concentrations of pollutants, future populations’ sizes and 
future baseline incidence rates 

When the aim of the HIA -is to compare the health benefits expected in the future with and without a 
regulation, it is necessary to use some projections of the air pollutants levels under these two 
hypotheses. Usually, very complex models are used for this purpose, and of course, the results of 
these models are surrounded by a certain uncertainty. 

It can also be necessary to have projected values of population sizes and baseline incidence rates. 
Of course, all these data :are usually obtained through modeling, and they hence carry an intrinsic 
uncertainty that is transmitted to the results of the HIA. 
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Table 3: Key sources of uncertainties in the Tier 2 benefits analysis (from NRC 2002) 

- 
- 
- 
- 
- 

The value of ozone- or particulate mattercoefficient in each C-R function 

Application of a single C-R knction to pollutant changes and populations in all locations 

Similarity of future year C-R relationships to current C-R relationships 

Correct functional form of each C-R relationship 

Extrapolation of the C-R relationship beyond the range of ozone or PM concentrations observed in the study 

- 
- 

Estimating future-year baseline and hourly ozone and daily PM concentrations 

Estimating the change in ozone and PM resulting from the control policy 

- No scientific literature supports a direct biological effect for observed epidemiological evidence 

- 
- 

Direct causal agents within the complex mixture of PM responsible for reporter health effects have not been identified 

The extent to which adverse health effects are associated with low levels of exposure that occur many times in the year vs. peak 

exposures 

Possible confounding in the epidemiological studies of PM2.5 effects with other factors (such as other air pollutants, weather, 

indoor and outdoor air) 

The extent to which effects reported in long term studies are associated with historically higher concentrations of PM rather than 

concentrations occurring during the period of the study 

- . Reliability of the limited ambient PM2.5 monitoring data in reflecting actual PM2.5 exposures 

- 

- 

- What portion of the PM-related long-term exposure mortality associated with changes in annual PM levels would occur in 

subsequent years 

- 
- 
- 

Some baseline incidence rates are not location-specific and might not accurately represent the location-specific rates of interest 

Current baseline incidence rates might not approximate baseline incidence rates in the year 2030 

Projected population and current demographics - used to derive incidences - -might not approximate future-year populations and 

demographics 
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The time lag between polllution reduction and health benefits 

When studying long-term effects of air pollution, it is very difficult to assess the time lag that would 
take place between a change in air pollutants concentration and a change in the studied health 
outcomes. This represents a problem in the context of a HIA, because usually, the HIA is conducted 
for a precise year, separated from the regulation application by a precise duration, It is hence very 
difficult to decide whether all health benefits would be expected to be present immediately after the 
decrease of air pollution, or if these benefits would appear progressively, and if so, how 
progressively? 

As an illustration, a list of all sources of uncertainties listed by the EPA for its “Tier 2 analysis’’ (a 
HIA to assess the health be:nefits of a regulation concerning PM and ozone) is presented in Table 3. 

Estimating the uncertainties 

It is hence clear that the 95% confidence interval around the central estimate derived from the 
confidence interval of the RR does not take into account most of the uncertainty of the HIA 
estimate. Some of these uncertainties can be quantified, and hence reported in the uncertainty 
surrounding the HIA. Reporting some of these uncertainties can be done using some sensitivity 
analyses that “examine the sensitivity of estimated benefits results to less plausible alternatives to 
the assumptions used in th.e primary analysis” (EPA). Practically, this means doing a HIA using an 
alternative value for the parameter whose uncertainty is to be taken into account. With this method, 
usually only a single source of uncertainty can be examined at a time. 

Some more complicated methods that allow taking into account multiple sources of uncertainty at a 
time exist. For example (Ostro and Chestnut 1998), for each parameter introduced in the HIA 
calculation, central, low ,and high estimates can be selected. When the final health benefits are 
assessed, each of these estimates (high, low and central) is assigned a probability weight and this is 
used to compute a probability distribution for the total health benefits. A simpler method would 
have been to calculate a low estimate of the total health benefits by using the low estimates of each 
parameter, and a high estimate of the total benefits by using the high estimates of each parameter. a. 
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However, with this method, the uncertainty would be highly overestimated, as it is very unlikely 
that all the low (or high) estimates would be correct. 

The difficulties in this method arise from the selection of the low and high estimates for each of the 
parameter, and the choice of the probability weighting. Concerning the low and high estimates, 
one can choose to use: 

- the lowest and the highest values available for this parameter from previous studies, 

- the most likely range of variation for this parameter (hence not taking into account studies 
that does not seem relevant), 

- when a single study is available, high and low estimates can be generated using the standard 
errors provided in the study. 

Concerning the probability weighting, it is ultimately a decision of the scientist, guided by the data 
available on the subject. This parameter is hence highly dependant fiom the expert opinion and 
choice. Hence, different experts may use different probability weighting, and hence generate 
different estimates for the final estimated health benefits. The NRC (2002) recommended the use of 
expert judgment for the purpose of uncertainty analyses in HIA. However, for parameters 
distributions which are only or mainly based on expert judgment, the NRC recommended to 
conduct some sensitivity analysis, confronting opinions fiom various experts. 

Appropriate estimation of the uncertainty is fundamental. Under estimating the uncertainty may 
lead decision makers to be too confident in the central estimations provided by the HIAs, hence 
biasing their decision-making. Furthermore, if the uncertainty analysis shows that even taking into 
account uncertainties, the same regulation decision should be taken, this is a very informative result 
for decision makers. As a conclusion, the NRC committee (2002) recommended that more sources 
of uncertainty should be included in the HIAs, and that all these sources of uncertainty should be 
documented when the results of the HIA are given to the decision makers. 
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From HIA to costl-benefits analyses 

When a quantified health benefit is obtained from a HIA, it is possible to attribute an economic 
value to these cases, and to compare it with the cost of the proposed air pollution regulation. 

Valuation of health benefits 

One problem is then the valuation of life and health. Ideally, this valuation should include both 
tangible costs, such as medical costs and lost of income, and costs more difficult to assess 
objectively such as effects on the well-being. Usually, the Willingness to Pay (WTP), 
corresponding to what indjwiduals would be willing to pay to reduce their risk of illness and death, 
is used. Concerning death risks, the measure used is the Value of a Statistical Life, i.e. the WTP to 
save a statistical life which is equal to the sum across different individuals of WTPs for risk 
reduction that together equal one statistical life. Of course, the VSL is subject to many discussions 
and cautions (Wilson and Crouch 200 1). Other approaches involve health-based measures such as 
Quality Adjusted Life Years (QALYs) or Disability Adjusted Life Years (DALYs) that can be 
related to the number of years of life lost, and given a price. But these last health-based measures 
are less relevant for economic valuation and are hence less used for cost-benefits analysis (Levy 
2003). 

0 

The WTP can be difficult to estimate for some of the health outcome associated with air pollution, 
for which there are no esltimates of what people would be ready to pay to avoid effects on their 
well-being, or to reduce a risk. In these cases, the WTP evaluated for the health outcome usually 
only takes into account the medical costs and the lost of incomes. 

According to economical theories, the WTP for a particular health outcome should increase with 
income, whereas the VSL should decrease with age. Hence, one may wonder if separate health- 
benefits analyses should be done for each socio-economic and age strata of the population. This 
raises an important equity issue, and usually, no socio-economic stratification is used, but benefits 
in terms of avoided deaths are presented by age stratum. 
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When an international point of view is applied to these issues, other problems arise: the valuation of 
life, the cost of medical care may differ drastically between countries, as do political, institutional 
and technological frameworks, health and welfare systems. Hence, studies should give a precise 
description of the uncertainties incurred when transferring valuation fkctions from one country to 
another (Bell et al. 2002), and the equity issue could also be discussed in this case. 

Another difficulty concerning cost-benefits analysis concerns the range of health benefits that 
should be explored: if mortality and hospital admissions are health outcomes for which both data 
and RRs are available, this is not the case for other endpoints (Krupnick and Morgenstern 2002). 

The use of economic valuation may hence add some uncertainties to the ones preexisting in the 
epidemiologic and HIA results. For this reason, it seems important to give an indication of the 
uncertainty surrounding cost-benefits results (Krupnick and Morgenstern 2002), and to increase the 
communication and the collaboration between public health researchers, epidemiologists and 
economists in order to improve the methodology (Bell et al. 2002). 

Valuation of regulation-associated costs 

Concerning the evaluation of the costs associated with the air pollution regulations, valuation of 
technological costs may seem more straightforward than valuation of health effects, but when 
forecasted values of technological costs are needed, which is often the case when a proposed 
regulation is assessed, it can be difficult to take into account all the implications of the regulation. 

Many a posteriori reanalysis, that compared forecasted and real costs associated to some air 
pollution regulations showed that important discrepancies could exist between these two values. 
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Apart from the technical difficulties enumerated above, one may also have more ethical 
considerations concerning the use of cost-benefits analysis for policy evaluation: for example, other 
kinds of analysis integrating equity issues may be more relevant for this purpose 

The most important and general cost-benefits analysis realized were the ones conducted by EPA in 
1997 and 1999 to comply with the section 812 of the 1990 amendment to the Clean Air Act”. Both 
analyses considered the almost entire range of health and environment endpoints for the past (1997 
study) and the future (1999 study) years. Another example of a recent large cost-benefits analysis of 
regulations, including air pollution regulations is the one realized by the Office of Management and 
Budget (2003)” that showed that among the many regulatory policies existing in the U.S., the ones 
concerning air pollution clearly implied some economic benefits. This information was largely 
relayed in the media**, showing that this methodology, even it is intrinsically associated with very 
large uncertainties and hypothesis questionings presents a great interest for both decision makers 
and general public. 

lo Section 8 12 of the Clean Air Act requires the EPA to conduce periodic, scientifically reviewed studies on 
the effects of the Clean Air Act on the “public health, economy and the environment of the United States”, see 
http://www.epa.gov/oar/caa/caaa.txt 

Informing Regulatory Decisions: 2003 Report to Congress on the Costs and Benefits of Federal Regulations 
and Unfunded Mandates on State, Local, and Tribal Entities. Office of Management and Budget, Office of 
Information and Regulatory Affairs. Available online at http://www.whitehouse.gov/omb/inforeg/2003~cost- 
ben-final-rpt.pdf 

See for example The Washington Post, 12/27/2002, A Section, Pg.A1 “Study fmds net gain from pollution 
rules; OMB overturns past findings on benefits” or The Baltimore Sun, 09/28/2003, A section, Pg.9A 

11 

12 

“Environmental rules’ benefits said to exceed costs” 0 
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Table 4: Major criteria in judging the public health relevance of environmental exposure (from Kiinzli 
2002) 

Expo sure Probability of exposure 
Intensity of exposure 
Frequency of exposure 
Life period of exposure 
Number of people exposed 
Degree of choice (voluntary exposure) 
Benefit of the source that causes exposure 

Health effect Type of health effect 
Degree and intensity of effect 
Size of effect (Relative risk) 
Specificity of effect 
Acute vs. chronic effect 
Frequency of health outcome among nonexposed 
Reversibility of effect 
Acceptance of effect 
Cost of effects 

Abatement / prevention Number of susceptible among exposed 
Feasibility of abatement strategies 
Costs of abatement 
Benefits of abatement 
Specificity of the abatement strategy 
Reversibility of health problems 
Time of benefit of abatement 
Acceptance of abatement strategy 
Level of abatement (individual behaviour vs. structural) 
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Comparing risks 

Today, there is a large concern for various environmental problems: not only air pollution, but also 
water, soil and food pollution are subjects on which the public asks policy makers to take decisions. 

Of course, there is a limited amount of economic resources available for all these issues. One may 
hence wonder what would1 be the better way to allocate these resources, in order to obtain the 
greater public health benefit available (Morrone and Lohner 2002, Maynard et al. 2.003). 

Kunzli (2002) gives a list of criteria that can be used to asses the public health relevance of 
environmental exposures (see Table 4). Concerning air pollution itself, these criteria may be used to 
define the most relevant regulation strategy. For example, if a pollutant has a low toxicity, but is 
present in large amounts in the air and is easy to control, should a regulation affecting the emissions 
of this pollutant be prefemed to another one affecting the emissions of a pollutant with a high 
toxicity, but present in very low concentration and difficult to control? The answer to this question 
is not always obvious and furthermore, pollutants may interact between them in their health effect 
(Maynard 2003). 

0 

In such cases, or when very different risk factors are to be compared, formal comparative risk 
assessment may hence be used. For example, comparative risks assessment have been conducted by 
the WHO (Ezzati et al. 2002), using the methodology used for the Global Burden of Disea~es’~. The 
results obtained with these methods are interesting, but it is important to remind that for all studied 
risk factors, uncertainties comparable, or even larger than for air pollution are present in these 
calculations (Powles and Day 2002). 

l 3  See http://www3 .who.int/.whosis/menu.cfm?path=evidence,burden 0 
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Conclusions 

Epidemiology aivd Health Impact Assessment methods can 

provide useful information for the design of regulation 

policies. But all the results obtained with these methods are 0 
surrounded by a: great amount of uncertainty. 

How should these uncertainties been taken into account 

during the process of policy-making? 
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Science and environmental policy 

The articulation between science and policy has always been very important in the environmental 
health domain. This link is so important that many opponents to environmental policies argue that 
these policies are base on “junk science” (Morrone and Lohner 2002, Davis 2,002) in order to 
criticize the policies themselves. 

A recent example of the very tight link existing between policies and the underlying 
epidemiological results comes from the software glitch discovered in S-Plus and affecting the 
results of the GAM models (Dominici et al. 2002). Articles were written in general newspapers 
about this apparently very technical issue14. This may seem surprising, but in fact most of the 
articles concentrated on the signification of this methodological issue affecting RRs estimation for 
environmental health policies. Of course, opponents to air pollution regulation policies were very 
prompt to (mis)use these results in order to criticize these policies. 0 
This is a recent example of a discussion that has lasted for the past 20 years, and that has certainly 
not reached its end, because policy making in the field of environmental health and science are 
definitively intricate. Morrone and Lohner (2002) distinguish three stages in the malung of an 
environmental policy: 

- Identification of ;a problem: this stage usually involves public and politicians who become 
concerned about a specific situation. Scientists then help to frame the problem, advise the 
public and politicians of existing studies that address the problem, and conduct research to 
evaluate human and environmental effects (HIAs for example). This should give 
policymakers an understanding of the magnitude of the problem 

- Policy making can then begin. It usually involves administrative agencies and 
governmental organization that develop environmental regulations and policies. Scientists 
may be consulted to give advice on the technical feasibility of some regul.ations, or the costs 
of the regulations.. . 

~ 

* 4  See for example The New York Times, 06/05/2002, Section A, page 23 “Data revised on soot in air and 
deaths”, or The Ottawa Citizen, 06/29/2002, page A7 “Studies on smog deaths flawed: health risk might be 
overstated in Canada by 25 to 100 per cent, research journal says” e 
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- The last stage is evaluation, where science plays an important role in evaluating and 
monitoring the effects of the policies. 

Hence, science plays a role during each stage of environmental policy making, and as underlined by 
Morrone and Lohner (2002), “to further complicate the use of science in environmental decision 
making, stakeholders who have special interests can manipulate, and sometimes distort, scientific 
information to affect outcomes”. 

It’s in this context that in the U.S., a special institute, the “Health Effect Institute’’ (HEI) has been 
created in 1980 “to provide high-quality, impartial, and relevant science on the health effects of 
pollutants fi-om motor vehicles and from other sources in the environment”. In order to make sure 
that no conflicts of interest interfere with this aim, this institute is funded jointly by the EPA and by 
the industry. The HE1 can then fund some studies, and ensure a high-quality scientific reviewing 
process on some particular topics (see HE1 2000 and HE1 2003 for examples). 

Anyway, in a domain such as air pollution, where there are so many sources of uncertainties, it is of 
course very easy for stakeholders to use these uncertainties as opportunities to criticize and try to 
refuse air pollution regulations (Klapp 1992, Davis 2002). On the other hand, policy makers can 
feel uncomfortable with decision making because there are so many uncertainties and unknown 
things about the effects of air pollution on health. 

Necessary decisions 

“All scientific work is incomplete-whether it be observational or experimental. All scientific work 
is liable to be upset or modified by advancing knowledge. That does not confer upon us a freedom 
to ignore the knowledge we already have, or to postpone the action that it appears to demand at a 
given time” (Bradford Hill 1994). 

This advice can of course be applied to the air pollution issue, and is actually given under slightly 
different forms in recent publications (Kunzli 2002, Levy 2003, Martuzzi et al. 2003). 
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Today, the amount of results showing that air pollutants, even at very low concentrations, have a 
significant harmful health effect can not be ignored. Even if each of these studies taken individually 
does not prove that there :is a strong causal link between air pollution and health endpoints, the 
reunion of all of them gives a significant scientific base to say that such a causal relationship exists. 

What is more, scientific studies show that some subpopulations are more at risk than others when 
facing similar levels of air pollution. This represents an opportunity for targeted interventions and 
prevention actions (for example, giving recommendations to asthmatics to consider increasing 
levels of medication when pollution level is high) that may induce relatively important public health 
benefits (Maynard et al. 2003). 

However, both the uncertainties and the complex concepts involved in the epidemiologica1 analyses 
of air pollution health effects can blur the understanding that decision makers have of these results. 

Communicating epidemiology and HIA results to public and 
decision makers 

Policies intended to reduce the levels of air pollution usually imply some very important changes in 
the way people live, travel and work. Hence these policies do not have any chance of success if they 
do not have a strong pu’blic support. It is then very important to have a good communication 
between scientists, policy makers and the public (Maynard and Cohen 2003). 

Medical doctors have been often identified as a good relay between scientists and general public. 
Medical doctors are usually trusted by their patients, they can transmit results concerning the health 
effects of air pollution and give useful prevention recommendations. It can hence be fruitful to 
direct specific communication actions toward medical doctors in order to have them then 
transmitting this information to the general public (such an action is currently done in Paris 
metropolitan area). 
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Table 5: Items to be reported in the summary of a benefits analysis of an air pollution control 
regulation (from NRC 2002) 

Describe each regulatory option: 
- Geographic scope 
- Timing 
- Parties affected 

Describe the boundaries of the 
analysis: 

- Time period of benefits 

- Intervals at which 
analysis 

benefits are calculated 
- Pollutants evaluated 
- Degree of compliance 

with regulation 

Describe the regulatory baseline: 
- Conditions without 

regulations, including 
other regulations in place 
and assumptions about 
the economy and 
population 

Summarize emissions at the 
national level by sector and 
without the regulation 

- Compare baseline 
emissions to historical 
trends 

Summarize ambient air quality by 
region and at the national level 
with and without regulation 

Report as population 
weighted averages 
Compare baseline air 
quality to historical 
trends 
Present pollution changes 
associated with the 
regulation in absolute 
and percentage terms 

List health outcomes evaluated 
and describe each 

Indicate time path of avoided 
cases for each outcome 

For quantified outcomes at each 
time period for which results are 
presented, the following 
information should be presented: 

- Size of exposed 
population 

- Baseline number of cases 
(per 100,000) 

- Coefficient of 
concentration response 
function 

- Number of avoided cases 

For avoided mortality and chronic 
morbidity, information should be 
presented by age at onset and 
remaining life expectancy 

Highlight any assumptions that 
have a substantial impact on the 
results of the analysis 
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More generally, results froin epidemiological studies and HIA should be given in the clearest way 
available, but without omitting the hypothesis on which are based these estimates, and the 
uncertainties that surround the results (NRC 2002, Maynard et al. 2003). Giving a clear view of 
the results of an epidemiological study to public or decision makers can be very difficult, because 
they are usually not very familiar with the scientific concepts and vocabulary, especially the ones 
concerning uncertainties, or the meaning of an HIA. Epidemiologists should hence do their best in 
order to ensure that the way they are communicating the results of their studies can not be 
misunderstood. 

Concerning the results of the HIAs, taking into account the very large uncertainties inherent in this 
method may induce giving; an order of magnitude of the number of attributable cases rather that the 
exact value of the central estimate for this number. When an exact central estimate is given, only 
this number tends to be remembered. As an alternative, Maynard et al. (2003) also propose to give a 
“distribution of plausible risks” in order to give information on the uncertainties. e 
As an illustration, concem.ing the benefits analyses of air pollution control regulations, the National 
Research Council (2002) gave the recommendations summarized in Table 5 for the elements to be 
reported. 

It hence seems very important to improve and develop: 

- The methodologies used in epidemiological studies, in order to get accurate risks 
evaluations and to identify the sources of uncertainty. Concerning the source of risk 
variation, it is important to distinguish between differences in exposure and susceptibility, 
that induce some variability, and that can not be reduced with additional studies and other 
“true” sources of uncertainty. 

- The methods that allow to take into account and to quanti@ all the sources of uncertainty 
during a HIA. 

All these aspects concern the communication of scientific results from epidemiological or HIA 
studies. One may wonder if the scientists should also give policy recommendations. Much has 
been written about that (see Begier and Samet 2002 for a review of bibliographic references), and 
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both points of view seem defendable. One argument against the release of policy recommendations 
in scientific papers is that policy statements could jeopardize scientific objectivity and trivialize 
complicated police issued. From an opposite point of view, policy statements could help to clarify 
policy implications of scientific results, and replace them in a public health context. 

It seems clear that scientists, when reporting results from scientific studies should not discuss 
details of policy recommendations, as usually these details are very complicated and can not be 
derived from the results of a single scientific study. However, it seems totally relevant in a scientific 
paper to give some “general” policy implications. Giving a review of policy options available (see 
for example Kiinzli et al. 2003) provides useful information about the public health and regulation 
context of the scientific results. 
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