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ABSTRACT

The WHO Air quality guidelines for Europe were updated and
revised in 1996. They will form a basis for the derivation of
national or international air quality standards. Nevertheless,
simply adopting the WHO guidelines might lead to standards
that could not be achieved in practice at acceptable cost. To
provide guidance to countries on how to move from health-
based guidelines to legally binding standards, a working group
met to discuss the technical issues that need to be considered in
setting air quality standards, such as: analytical methodology,
technical feasibility, monitoring strategy, cost–benefit and cost–
effectiveness analysis, and stakeholder involvement. The
working group achieved its major goal in writing a report that will
serve as an integral part of the introductory chapter of the
revised WHO air quality guidelines.
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INTRODUCTION

The WHO Air quality guidelines for Europe (AQG), published in 1987, have provided a uniform
basis for the development of strategies for the control of air pollution, and have contributed to
the maintenance and improvement of public health in several countries. The WHO European
Centre for Environment and Health has updated and revised the AQG. The Final Consultation on
the WHO Air quality guidelines for Europe took place in Bilthoven, Netherlands, from 28 to
31 October 1996. The Consultation established air quality guidelines for a number of major air
pollutants.

The health-based AQG form a basis for the derivation of national or international standards.
Within the Region, the European Commission (DG XI) uses the AQG as a starting point for the
derivation of limit values in the framework of the Air Quality Directive. However, simply
adopting the AQG might lead to standards that could not be achieved in practice at acceptable
cost. In deriving standards from the Guidelines a number of factors should be considered such as
analytical methodology, technical feasibility, monitoring strategy, socioeconomic consequences
and public perception.

Various methods for setting standards are in use in different countries. The aim of the present
project is to collect information on these methodologies, to analyse their strengths and
weaknesses, and to provide guidance to Member States on how to move from health-based
guidelines to national air quality standards.

Based on the financial contribution of the German Ministry of the Environment, a meeting was
convened in Barcelona, Spain, from 12 to 14 May 1997, on guidance for setting standards with
regard to air quality. The meeting was hosted by the Environmental Department of the
Generalitat de Catalunya. It was attended by eight temporary advisers from seven countries,
three observers from the Generalitat de Catalunya and staff members from WHO headquarters
and the WHO European Centre on Environment and Health (WHO/ECEH) (see Annex 5 for list
of participants). Dr R. Maynard from the United Kingdom Department of Health and Ms Lynne
Edwards from the European Commission/DG XI were unable to attend, and unfortunately
Dr Williams of the United Kingdom Department of the Environment was only able to attend the
first day.

The meeting was opened by Dr R. van Leeuwen (WHO/ECEH) who welcomed the participants
and thanked the hosts for their helpful assistance in preparing the meeting. He said that the
meeting aimed to prepare a document giving guidance to Member States on the procedure and
critical steps in deriving standards for air quality. This document would form an integral part of
the second edition of the AQG and would, in addition, serve as a working document for a
meeting to be convened by WHO headquarters and IPCS in cooperation with WHO/ECEH later
this year on the globalization of the AQG.

Dr O. Puig I Godes, General Subdirectorate of Air Quality and Meteorology, Environmental
Department of the Generalitat de Catalunya welcomed participants on behalf of the hosts.
Professor B. Seifert was nominated chairman and Dr B. Achermann rapporteur.
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DISCUSSION

Four background papers had been prepared for the meeting dealing with general aspects of
standard-setting, national approaches and cost-benefit analysis (Annexes 1–4). Dr Achermann
presented the Swiss approach; Dr M. Williams highlighted some national aspects of standard-
setting in the United Kingdom and focused on general aspects of moving from guidelines to
standards; Dr A. Bartonova introduced the paper on the use of cost–benefit analysis; and
Mr H. Richmond presented the approach applied in the United States. It was agreed to use these
papers as well as further material, such as the introductory part to the AQG and the 1987 WHO
publication Setting environmental standards, in the preparation of an chapter of approximately
ten pages to be included in the second edition of the AQG.

The meeting accepted a proposal for the structure of the chapter. Following discussion and
amendment, drafts were prepared in subgroups on an introductory part including definitions of
guidelines/standards, on the legal framework aspects, on moving from guidelines to standards
(the main subject of the meeting) and on implementation aspects. The drafts were discussed in
plenary sessions and, where necessary, amended in the respective subgroups. It was agreed to
submit the final draft for review and comments to Ms Edwards, Dr Maynard and Dr Williams.
The final result of this process forms the rest of the report of this meeting.

SETTING AIR QUALITY STANDARDS

The primary aim of the AQG is to provide a uniform basis for the protection of public health and
of ecosystems from the adverse effects of air pollution, and to eliminate or reduce to a minimum
exposure to those pollutants that are known or likely to be hazardous. The AQG are based on the
scientific knowledge available at the time of their development. They have the character of
recommendations; it is not intended or recommended that they should simply be adopted as
standards, although countries may wish to transform them into legally enforceable standards.
This chapter discusses ways in which this may be done. The discussion is limited to ambient air
and does not include the setting of emission standards.

In the process of moving from a guideline or guideline value to a standard (see below for
definitions), a number of factors beyond the exposure–response relationship need to be taken
into account. These factors include the current concentrations of pollutants and exposure levels
of a population, the specific mixture of air pollutants, and the specific social, economic and
cultural conditions encountered in a country. In addition, setting standards may be influenced by
the possibilities of implementing them. These considerations may lead to a standard above or
below the respective guideline value.

In the next section, definitions are given to clarify the differences between a guideline, a
guideline value and a standard. Following a brief description of the legal implications relating to
the standard-setting procedure that may obtain in some countries, the factors that need to be
taken into account when moving from a guideline value to a standard are described, including
consideration of sensitive population groups and of the exposure situation in a country, and cost–
benefit analysis. Finally there is a discussion of aspects related to implementation.
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Definitions

Several terms are in use to describe the tools which are available to manage ambient air
pollution. To avoid confusion, definitions are needed with regard to the terms used here:
guideline, guideline value and standard. The definitions apply to the context addressed here.

Guideline The term “guideline” is defined as any kind of recommendation or guidance
on the protection of human beings or receptors in the environment from the
adverse effects of air pollutants. As such, it is not restricted to a numerical
value but might also be expressed in a different way, for example as
exposure–response information or as an unit risk estimate.

Guideline value A guideline value is a particular form of guideline. It has a numerical value
expressed either as a concentration in ambient air or as a deposition level,
which is linked to an averaging time. In the case of human health, the
guideline value provides a concentration below which adverse effects and, in
the case of odorous compounds, no nuisance or indirect health significance,
are expected, although it does not guarantee the absolute exclusion of effects
at concentrations below the given value.

Standard A standard is considered to be the level of an air pollutant, e.g. a concentration
or a deposition level, which is adopted by a regulatory authority as enforceable.
Unlike a guideline value, a number of elements in addition to the effect-based
level and the averaging time must be specified in the formulation of a
standard. These elements include:

−  measurement strategy
−  data handling procedures
−  statistics used to derive, from the measurements, the value to be compared

with the standard.

The numerical value of a standard may also include the permitted number of
exceedings.

Moving from guidelines to standards

Different countries usually have different political, regulatory and administrative approaches to
controlling air pollution, and legislative and executive activities can be carried out at various
levels, e.g. national, regional and local. For fully effective air quality management, a framework
is required to guarantee a consistent derivation of air quality standards and provide a transparent
basis for decisions with regard to risk-reducing measures and abatement strategies. In
establishing such a framework, several issues such as legal aspects, protection of specific
populations at risk, the role of stakeholders in the process, cost-benefit analysis, and control and
enforcement measures should be considered.

Legal aspects

A legislative framework usually provides the basis for the evaluation and decision-making
process in setting air quality standards at the national or supranational level. The setting of
standards strongly depends on the type of risk management strategy adopted. Such a strategy is
influenced by country-specific sociopolitical considerations and/or supranational agreements.
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Legislation as well as the format of air quality standards vary from country to country, but in
general the following issues should be considered:

−  identification and selection of pollutants to which the legislative instrument will apply;

−  the numerical value of the standards for the various pollutants or the process for making
decisions about the appropriate standards, applicable detection methods and monitoring
methodology;

−  actions to be taken to implement the standard, such as the definition of the time frame
needed/allowed for achievement of compliance with the standard, considering emission
control measures and necessary abatement strategies;

−  identification of responsible enforcement authorities.

Depending on their position within a legislative framework, standards may or may not be legally
binding. In some countries the constitution contains provisions regarding the protection of public
health and the environment. The development of a legal framework on the basis of constitutional
provisions generally comprises two regulatory actions. The first is the enactment of a formal
legal instrument, such as an act, a law, an ordinance or a decree. The second is the development
of regulations, by-laws, rules and orders.

Air quality standards may be based solely on scientific and technical data on public health and
environmental effects, but other aspects such as cost–benefit or cost–effectiveness may be also
taken into consideration in deriving these standards. In practice, there are generally several
opportunities within a legal framework to address the economic aspects as well as other issues,
such as technical feasibility, structural measures and sociopolitical considerations. They can be
taken into account during the standard-setting procedure itself or during the design of appropriate
measures to control emissions. These considerations might result in several standards being set,
for instance an effect-oriented standard as a long-term goal and less stringent interim standards
to be achieved within shorter time periods.

Standards also depend on political choices: which receptors in the environment should be
protected and to what extent. Some countries have separate standards for the protection of public
health and the protection of the environment. Moreover, the stringency of a standard can be
influenced by provisions designed to take higher sensitivities of specific receptor groups (young
children, sick and elderly people or pregnant women) into account. It might also be important to
specify whether effects are considered for individual pollutants or for the combined exposure to
several pollutants.

Air quality standards can set the reference point for emission control and abatement strategies at
national level. In the case of exposure to pollutants resulting from long-range transboundary
transport, however, adequate protection measures can only be achieved through appropriate
international agreements.

Air quality standards should be regularly reviewed and revised as new scientific evidence on the
effects on public health and the environment emerges.

Standards often strongly influence the implementation of an air pollution control policy. In many
countries, the exceeding of standards is linked to an obligation to develop action plans at the
local, regional or national level to reduce air pollution levels. Such plans often address several



EUR/ICP/EHPM 02 01 02
page 5

pollution sources. Standards also play a role in environmental impact assessment procedures and
in the provision of public information on the state of the environment. Provisions for such
activities can be found in many national legal instruments.

The role of stakeholders (e.g. science, regulators, public interest groups, industry) in standard-
setting also needs to be considered within national or supranational legislative procedures (see
below under Cost–benefit analysis).

Items to be considered in setting standards

Within established legal frameworks and using air quality guidelines as a starting point, the
development of standards involves consideration of several issues, in part determined by
characteristics of populations or physical properties of the environment.

Adverse effects on health
In setting a standard for the control of an environmental pollutant, the effects that the population
is to be protected against need to be defined. A hierarchy of effects on health can be identified
ranging from acute illness and death through chronic and lingering diseases, minor and
temporary ailments, to temporary physiological or psychological changes. The distinction
between adverse and non-adverse effects poses considerable difficulties. Of course, more serious
effects are generally accepted as adverse. Consideration of effects that are either temporary and
reversible, or involve biochemical or functional changes whose clinical significance is uncertain,
requires that judgement are made as to which of these less serious effects should be considered
adverse. With any of the definitions, a significant degree of subjectivity and uncertainty remains.
Judgements as to adversity may differ between countries because of factors including different
cultural backgrounds and different levels of health status.

In some cases the use of biomarkers or other indicators of exposure may provide a basis for
standard-setting. Changes in such indicators, while not necessarily being adverse in themselves,
may be predictors of significant effects on health. For example, the blood lead concentration can
provide information on the likelihood of impairment of neurobehavioural development.

Special populations at risk
Sensitive populations or groups are defined here as those impaired by concurrent disease or other
physiological limitations and those with specific characteristics which make the health
consequences of exposure more significant (e.g. the developmental phase in children, reduction
in reserve capacity in elderly people). Other groups may also be judged to be at special risk
because of their exposure patterns and due to an increased effective dose for a given exposure
(e.g. children, outdoor workers, athletes). The sensitive populations may vary across countries
due to differences in the number of people with inadequate medical care, in the existence of
endemic disease, in the prevailing genetic factors, or in the prevalence of debilitating diseases,
nutritional deficiencies or lifestyle factors. It is up to the politicians to decide which specific
groups at risk should be protected by the standards (and which should not be protected).

Exposure–response relationships
Another factor to be considered in developing standards is information about the exposure–
response relationship for the pollutant concerned. An attempt has been made to provide
exposure–response relationships for a number of pollutants in the revised version of the AQG.
Detailed tables specifying the exposure–response relationship for particulate matter and ozone
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are provided. For inorganic pollutants in general, this type of information is limited. For known
no-threshold compounds, such as the carcinogen benzene, quantitative risk assessment methods
provide estimates of response at different exposure concentrations.

In developing standards, regulators should consider the degree of uncertainty about exposure–
response relationships provided in the guidelines. Differences in the population structure (age,
health status), climate (temperature and humidity), and geography (altitude, different
ecosystems) that can have an impact on prevalence, frequency and severity of effects may
modify the exposure–response relationships provided in the AQG.

Exposure characterization
Important factors to be considered in developing standards are the number of people that are
exposed to concentrations of concern, and the distribution of exposure among various population
groups at present and at different pollution concentrations at which standards might be set. As
well as monitoring data, the results of exposure modelling can be used at this stage. The origin of
background pollution, including long-range pollution transport and its contribution to ambient
levels, should also be evaluated.

The extent to which ambient air quality estimates from monitoring networks or models
correspond to personal exposure in the population should also be considered in standard-setting.
This will depend on the pollutant in question (e.g. personal exposure to CO is poorly
characterized by fixed-site monitors) as well as on a number of local characteristics, including
lifestyle, climatic conditions, spatial distribution of pollution sources and local determinants of
pollution dispersion.

Other important exposure-related concerns include how much total human exposure is due to
ambient, outdoor sources as opposed to indoor sources, and how to apportion the regulatory
burden among the different routes of exposure (e.g. lead from air sources vs. lead from paint,
water pipes, etc.) for pollutants where multiple routes of exposure are important. These may vary
substantially across countries. For example, indoor air pollution levels might be quite substantial
in countries using fossil and/or biomass fuels in homes.

Risk assessment
Generally, the central question in developing air quality standards to protect public health or
ecosystems is the degree of protection associated with different pollution levels at which
standards might be established. In the framework of quantitative risk assessment various
proposals for standards can be considered in health or ecological risk models. These models
provide one tool that is increasingly used to inform decision-makers about some of the possible
consequences of pollution associated with various options for standards (or alternatively, the
reduction in adverse effects associated with moving from the current situation to a particular
standard). The first two steps in risk assessment, namely hazard identification and, in some
cases, development of exposure–response relationships, have already been provided in the AQG
and are discussed in greater detail in other chapters of the AQG. The third step, exposure
analysis, may predict changes in exposure associated with reductions in emissions from a
specific source or groups of sources under different control scenarios. Instead of exposure
estimates, ambient concentrations (based on monitoring or modelling) are often used as the
inputs for a risk assessment, because of the availability of information on concentration–response
relationships from epidemiology studies in which fixed-site monitors were used. The final step in
a regulatory risk assessment is the risk characterization stage, where exposure estimates are
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combined with exposure–response relationships to generate quantitative estimates of risk
(e.g. how many individuals may be affected). Regulatory risk assessments are likely to result in
different risk estimates across countries owing to differences in exposure patterns, in size and
characteristics of sensitive and populations at special risk.

It is important to recognize that there are many uncertainties at each stage of a regulatory risk
assessment. The results of sensitivity and uncertainty analyses should be presented so as to
characterize the impact of major uncertainties on the risk estimates. In addition, the methods
used to conduct the risk assessments should be clearly described and the limitations and caveats
associated with the analysis should be discussed.

Acceptability of risk
The role of a regulatory risk assessment in developing standards may differ between countries
due to differences in the legal framework and availability of information needed to carry out
quantitative risk assessments. Also, the degree of acceptability of risk may vary between
countries because of differences in social norms, degree of adversity and risk perception among
the general population and various stakeholders. How the risks associated with air pollution
compare with risks from other pollution sources or human activities may also influence risk
acceptability.

In the absence of clearly identified thresholds for the effects on health for some pollutants, the
selection of a standard that provides adequate protection of public health requires the regulator to
exercise informed judgement. Acceptability of the risks and, therefore, the standard selected will
depend on the effect, the expected incidence and severity of the potential effects, the size of the
population at risk, and the degree of scientific certainty that the effects will occur at any given
level of pollution. For example, if a suspected but uncertain health effect is severe and the size of
the population at risk is large, a more cautious approach would be appropriate than if the effect
were less troubling or if the exposed population were smaller.

Cost–benefit analysis

Two comprehensive techniques provide a framework for comparing the monetarized costs and
benefits of implementing legislation or policy: cost–effectiveness analysis (CEA) and cost–
benefit analysis (CBA). The techniques differ in treatment of benefits. In CBA, costs and
benefits (or avoided harm, injury or damage) of implemented control measures are compared
using monetary values. In CEA, the costs of control measures are reported in quantitative terms:
cost per ton of pollutant, or cost per exposure unit. The benefits are described in their own
physical, chemical or biological terms, such as reduced concentrations, reduced emissions, cases
of illness avoided, crop losses avoided, damage to ecosystems avoided, etc.

The following paragraphs briefly describe the steps and input data that are necessary in carrying
out CEA or CBA. The valuation of benefits does not apply, however, to CEA.

Analysis of control measures to reduce ambient pollutant levels.
The control measures to reduce emissions of many air pollutants are known. Different abatement
strategies for the direct reduction of emissions or for reduction of impact exist. Direct control
measures at the source are readily expressed in monetary values. Indirect control measures, such
as alternative traffic plans or changes in public behaviour, may not all be measurable in
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monetary terms, but their impact should be understood. Effective control measures should be
designed to deal with secondary as well as primary pollutants.

Cost identification should include present and future costs of investment, operation and
maintenance. Unforeseen effects, technical innovations and development, and indirect costs
arising during implementation of the regulation are additional complicating factors. Costs
derived in one geographical area may not be generally transferable to other areas.

Air quality assessment must provide information about expected air quality both with and
without implementation of control measures. Typically, the assessment will be based on a
combination of air quality monitoring data and dispersion modelling. These two assessment
methods are complementary, and must be seen as equally important inputs to the assessment
process.

Several types of data must be acquired for the assessment:

• measured concentrations for relevant averaging times (hourly, daily, seasonal), including
site classification;

• emission data from all significant sources, including emission conditions (e.g. stack height),
and with sufficient spatial and temporal variation;

• meteorological and topographical data relevant to dispersion of the emissions.

Defining the scope of and quantifying the benefits
The guidelines are based on a set of health and ecosystem endpoints determined by consensus.
This does not imply that other health and ecosystem effects which were not considered in the
guidelines may not occur. After assessing the local situation other health- and ecosystem-related
benefit categories may be considered for the analysis.

It is a difficult and comprehensive task to quantify the benefit categories included in a CBA.
Some indicators of morbidity can be quantified, such as the use of medication, number of
hospital admissions or days of labour lost. Other effects, such as premature death or excess
mortality, present more difficult problems. Wellbeing, the quality of life or the value of
ecosystems may be very difficult to monetarize. The values assigned to benefit categories might
differ substantially between countries due to different cultural attitudes. Despite these
uncertainties, it is better to include the relevant benefit categories, even if the economic
assessment is uncertain or ambiguous.

Comparison of benefits with and without control actions
This step involves combining the information on exposure–response relationships with that on
air quality assessment and applying the combined information to the population at risk.
Additional data needed in this step include a specification of the population at risk, and the
prevalence of the different effects on health in that population.

Comparison of costs and benefits
Monetary valuation of control actions and of the effects on health and the environment may be
different in concept and vary substantially from country to country. In addition to variations in
assessing costs, the relative value of benefit categories, such as benefits to health or building
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materials, will vary. Thus, comparisons of costs and benefits in two areas with otherwise similar
conditions may differ significantly.

The measures taken to reduce one pollutant may increase or decrease concentrations of other
pollutants. These additional effects should be considered, even if they result from exposure to
pollutants not under consideration in the primary analysis. Interactions between pollutants pose
additional complications. The effects of such interactions might lead to possible double counting
of costs or to disregarding some costly but necessary action. The same argumentation can be
used when estimating benefits.

Sensitivity and uncertainty analysis
Sensitivity analysis includes comparisons of the results of a particular CBA with those of other
studies, recalculation of the whole chain of the CBA using other assumptions, or the use of
ranges of values. Specifically, a range of values may be used, for example for value of statistical
life (VOSL). Owing to different levels of knowledge on the costs of control actions and the costs
of the effects on health and ecosystems, there is a tendency to overestimate the costs and to
underestimate the benefits. The costs of technical measures are usually known with less error,
but may be overestimated, e.g. due to technological developments not being accounted for. An
important reason for underestimating benefits is failure to consider some important benefit
categories because of lack of information. Another is the extreme variability of the databases
available for assessing benefits.

Many uncertainties are connected with the steps of CBA/CEA, e.g. exposure, exposure–
response, control costs estimates, benefits valuation. The results of sensitivity and uncertainty
analyses should be presented so as to characterize the impact of major uncertainties on the result
of the CBA/CEA. In addition, the methods used to conduct the CBA/CEA should be clearly
described and the limitations and caveats associated with the analysis should be discussed.
Transparency of the CBA/CEA is most important.

Stakeholder input in reviewing standard-setting, public awareness

The development of standards should encompass a process involving stakeholders that assures –
as far as possible – social equity or fairness to all the parties involved. It should also provide
sufficient information to guarantee understanding by stakeholders of the scientific and economic
consequences. A stakeholders’ review of the standard-setting process, initiated at an early stage,
is helpful. Transparency in moving from air quality guidelines to standards helps to increase
public acceptance of necessary measures.

It is strongly recommended that all those affected by the process of setting standards, such as
industry, local authorities, nongovernmental organizations and the general public, should
participate at an early stage of standard derivation. If these parties are involved early they are
more likely to cooperate.

Raising public awareness of air pollution-induced health and environmental effects (changing of
risk perception) is also an important way of obtaining public support for necessary control
actions, for instance with respect to vehicular emissions. Information about the quality of air
(e.g. warnings of episodes) and the risks entailed (risk communication) should be published in
the media to keep the public informed.
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Implementation

The main objectives of the implementation of air quality standards are (1) to define the measures
needed to achieve the standards, and (2) to establish a suitable regulatory strategy and legislative
instrument to achieve this goal. Long- as well as medium-term goals are likely to be needed.

The implementation process should ensure a mechanism for regular assessment of air quality, set
up the abatement strategies and establish the enforcement regulations. The impact of control
actions should also be assessed, both for public health and the effects on the environment
through the use of, for example, epidemiological studies and integrated ecosystems monitoring.

Assessment of air quality

Air quality assessment has an important role within the air quality management strategy. The goals
of air quality assessment are to provide the air quality management process with relevant data
through a proper characterization of the air pollution situation using monitoring and/or modelling
programmes and projection of future air quality associated with alternative strategies. Dispersion
models can be used very effectively in the design of the definitive monitoring network.

Monitoring methods
The monitoring method (automatic, semi-automatic or manual) for each pollutant should be
standard or reference methods, or validated against such methods. The full description of the
method includes the sampling and analytical method, the quality assurance and quality control
(internal and external) procedures, and a data management system (treatment, statistical methods
and validation).

Quality assessment/quality control (QA/QC) procedures are an essential part of the measurement
system, the aim being to reduce and minimize errors in the instruments and management of the
networks. These procedures should ensure that air quality measurements are consistent (and can
be used to give a reliable assessment of ambient air quality) and harmonized over as large a scale
as possible, especially in the area of the implementation of the standard.

Monitoring network design
An air quality monitoring network can consist of fixed and/or mobile monitoring stations. Such a
network is a fundamental tool for any air quality assessment, but its limitations should be borne
in mind.

In designing a monitoring network, a primary requirement is information about emissions from
the dominant and/or most important sources of pollutants. Second, a pilot (or screening) study is
necessary in order to obtain a good understanding of the geographical distribution of the
pollutant concentrations and to identify the areas with the highest concentrations. Such a study
can be carried out using dispersion models, with the emission inventory as input, in combination
with a screening study using inexpensive passive samplers in a rather dense network.

The selection strategy for site locations generally varies for different pollutants. The number and
distribution of sampling sites required in any network depend on the area to be covered, the
spatial variability of the emissions of pollutants being measured, and the purpose for which the
data should be used (protection of public health, ecosystems, etc.). Meteorological and
topographical conditions as well as the density, type and strength of sources (mobile and
stationary) must be considered.
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Different types of station are likely to be needed: regional, background, rural, urban, traffic-
related, source-oriented hot spots. The representativeness of each site should be defined and
assessed. Microscale conditions, including the buildings around the stations (street canyons),
traffic intensity, the height of the sampling point, distances to obstacles, and the effects of the
local sources must be kept in mind.

Air quality modelling
Air quality models are used to establish a relationship between emissions and air quality in a
given area, such as a city or region. On the basis of emission data, atmospheric chemistry,
meteorological, topographical and geographical parameters, modelling gives an opportunity to
calculate the projected concentration or deposition of the pollutants in regions (this is an aid to
decision-makers in assessing existing and future emission control strategies), and to predict the
air pollution level in those areas where air sampling is not performed.

Measured concentrations should be used for evaluation and validation of models, or even as
input data. These measurements improve the accuracy of the concentrations calculated by
models by allowing refinement and development of the modelling strategies adopted.

Abatement strategies

Abatement strategies are the set of measures to be taken in order to reduce pollutant emissions
and, therefore, to improve air quality. Authorities should consider the measures necessary in
order to meet the standards. An important factor in selecting abatement strategies is deciding the
geographical scope of the area(s) that are considered not to meet the standard(s) and of the area
which should be controlled. In defining the geographical scope for abatement strategies, the
extent of transport of pollution from neighbouring areas should be considered. This may involve
actions at supranational, national, regional or local level.

National measures to reduce emissions and their impact on public health and the environment on
a national (or supranational) level in a given period of time (short-, medium- and long-term)
must specify the amount of the reduction needed in each case, in addition to other measures such
as temporal or spatial patterns of emissions (e.g. a comprehensive traffic plan). The affected
area, legal authority responsible, roles and regulations and compliance schedule should be
considered.

Regional action is needed in areas where it is not possible to meet the standards through
implementing local measures alone. This should include a description of the affected area and
should predict concentration levels resulting from the lower emission levels required.

Local air quality management measures should include a description of the affected area,
emission inventories, and the various local strategies that will be used to reduce pollution. Air
quality and deposition models have a central role in this description. The plan should predict
concentration levels (e.g. through dispersion modelling) that result from implementing the
chosen emission controls. Immediate local action should be taken in areas with elevated
pollution or experiencing meteorological conditions promoting air pollution episodes.

In addition to the comprehensive programme of emission control reducing average pollution
levels and eliminating the risk of these episodes, short-term actions may be specified for periods
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when the pollution episodes may occur. Such actions, however, should be considered to be
applicable in a transitional period only or used as a contingency plan. The objective of measures
applied on a larger scale is to minimize the occurrence of local air pollution episodes. A link
between control of emissions and ambient air quality is required and may need to be
demonstrated. Emission-based air quality standards represent one possible step in this process.

Enforcement

The government of each country lays down the responsibilities for implementing the standards.
Responsibilities for overseeing different aspects of compliance can be distributed among
national, regional and local governments, depending at which level it is necessary to take action.

Successful enforcement of standards is influenced by the technology applied and availability of
financial resources from industry and the government. Compliance with applicable standards
may be ensured by various approaches (e.g. administrative penalties, economic incentives).
Sufficient staff and other resources are needed to implement the policy actions effectively.

Periodic reports on compliance and trends in pollutant emissions and concentrations should be
drawn up and disseminated to the public. These reports should also predict trends. It is important
that the public should be aware of the importance of meteorological factors (e.g. inversion
situation) in controlling pollution levels.
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Annex 1

SETTING NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS):
THE UNITED STATES APPROACH1

by
Harvey Richmond, US Environmental Protection Agency

Background

The US Environmental Protection Agency (EPA) set primary (health-based) national ambient air quality
standards (NAAQS) for six criteria air pollutants in April 1971 in response to the requirements set forth in
the Clean Air Act Amendments of 1970. The initial establishment of ambient standards was conducted
over a relatively short time frame and with minimal peer review and procedural requirements. The Clean
Air Act Amendments of 1977 did not fundamentally change the basis or criteria for setting NAAQS but
did add the requirement to review the NAAQS by 31 December 1980 and every five years thereafter, and
specified roles for a new independent scientific advisory committee (i.e. the Clean Air Scientific
Advisory Committee or CASAC) in the standards review process. These changes, new executive orders
affecting all regulatory programmes, and the evolution of the field of human exposure and health risk
analysis have all influenced the way ambient air quality standards are now set in the United States. This
working paper sets forth the framework currently used in the United States to review and revise NAAQS.

Legislative requirements affecting development and review of NAAQS

The Clean Air Act directs EPA to identify pollutants “which may reasonably be anticipated to endanger
public health and welfare” and to issue air quality criteria for those pollutants. These air quality criteria
are to “accurately reflect the latest scientific knowledge useful in indicating the kind and extent of all
identifiable effects on public health and welfare which may be expected from the presence of the
pollutant in the ambient air ...”. The Act directs the EPA Administrator to propose and promulgate
primary and secondary NAAQS for the pollutants identified. A primary standard is defined as one “the
attainment and maintenance of which, in the judgment of the Administrator, based on the criteria and
allowing for an adequate margin of safety, is required to protect public health.” Secondary standards are
set to address protection against effects on welfare which include, but are not limited to: effects on soils,
water, crops, animals, visibility, property, and personal comfort and wellbeing. The remainder of this
paper focuses exclusively on the framework for reviewing and setting primary NAAQS.

The Clean Air Act directs EPA to review the health-based standards at least once every five years to
determine whether or not revisions to the standards are necessary to continue to protect public health.

How the NAAQS review process works

EPA undertakes an extensive scientific and technical assessment process during the standard review for any
pollutant. The basic elements of the NAAQS review process described in this section have changed little
from that described in Padgett & Richmond (1983). The first major step in the process is the release of the
Agency’s “criteria document,” an extensive assessment of scientific and technical data pertaining to the
effects on health associated with the pollutant under review and scientific articles and peer-reviewed
literature related to air quality, human exposure, and health risk analyses. As soon as the criteria document
appears to be essentially complete, EPA’s Office of Air Quality Planning and Standards (OAQPS) then
prepares a document (known as a “staff paper”) that interprets the most relevant information in the criteria
document and identifies 1) factors to be considered in the standard review, 2) uncertainties in the scientific
                                               

1 Working paper ICP EHH 018 VD96.G/6.



EUR/ICP/EHPM 02 01 02
page 14

and technical data, and 3) ranges of alternative standards and forms of standards to be considered. The staff
paper also summarizes any air quality, human exposure, and/or health risk analyses that have been
developed for alternative standards and discusses the implications of these analyses for the review of the
standards. The staff paper assesses the policy implications of the science and is ultimately used as a basis for
recommendations to the EPA Administrator for decision-making.

Drafts of both the criteria document and the staff paper receive extensive review by representatives of the
scientific community, industry, public interest groups and the public, as well as the CASAC, which is part
of EPA’s Science Advisory Board. The CASAC typically issues separate “closure letters” addressed to
the EPA Administrator at the completion of its review of the criteria document and the OAQPS staff
paper. These closure letters indicate that the documents are adequate from a scientific/technical
perspective for the Administrator to proceed with decision-making on the standards being reviewed. The
closure letters will also often indicate the preferences of the Committee and/or the individual members as
to particular standard options or elements of the standards review (e.g. appropriate averaging time, level,
or form of the standards).

Based on the scientific assessments and taking into account the recommendations of CASAC, the EPA
Administrator must judge whether it is appropriate to propose revisions to the NAAQS. EPA staff prepare
a regulatory decision package that includes a draft Federal Register notice preamble, which explains the
Agency’s rationale for selecting a given NAAQS, and various technical analyses. The EPA staff also
conduct an extensive regulatory impact analysis (RIA) that is required for all major regulations under
Executive Order 12866. This analysis contains estimates of the national costs of meeting alternative
standards, the economic impacts on various industries and communities, and a comparison of costs and
benefits of alternative standards. While the Clean Air Act does not allow this information to be
considered in setting a NAAQS, it is useful to the general public and Congress in assessing the impacts
associated with alternative standards. The regulatory decision package and RIA undergo a thorough
review by various levels of management within EPA. The package is then forwarded to the Administrator
for final action after EPA management is satisfied that it provides a sound assessment of all the issues
involved in the regulatory action and contains the information needed by the Administrator to reach a
decision on the need for new or revised standards.

When the Administrator reaches a decision on the standard the regulatory package is forwarded to the
Office of Management and Budget (OMB) and other federal agencies for review. After considering any
comments from this review, the regulation is proposed by EPA in the Federal Register and public
comments are solicited. One or more public meetings are generally held subsequent to the proposal to
provide additional opportunity for public comment. All comments received are reviewed and a summary
of all the comments and the Agency’s responses to these comments is placed in a public docket along
with all other relevant information used or considered in setting the NAAQS.

After reviewing all the public comments and assessing any new or additional information submitted
during the public comment period, a final regulatory decision package is prepared. This final package
undergoes a review within EPA and then through the OMB and other federal agencies, similar to the
proposal package, prior to being promulgated in the Federal Register.

Key considerations in setting NAAQS

Under the Clean Air Act, NAAQS must be based on health protection. The courts have upheld EPA’s
interpretation of the Act as precluding the use of costs in setting primary standards. The ambient
standards must protect not just average people but sensitive subgroups such as children, the elderly, and
people with asthma, heart disease or other health problems. NAAQS must provide an “adequate margin of
safety” as a safeguard against uncertainties. The standards must be based on the best available scientific
and technical data and be re-evaluated every five years to reflect the most up-to-date science. Finally,
extensive peer review of the criteria document, staff paper and related analyses such as human exposure
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and health risk analyses are conducted. The sections below address in more detail the key considerations
in setting NAAQS.

Margin of safety

Considerable flexibility is granted the Administrator in how he/she addresses the requirement to set
primary standards that protect public health with an adequate margin of safety. The following passages
from court decisions on the ozone and lead NAAQS address the flexibility accorded the Administrator in
choosing an approach to providing an adequate margin of safety.

Adding the margin of safety at the end of the analysis is one approach, but it is not the only possible
method. Indeed, the Administrator considered this approach but decided against it because of
complications raised by multiple sources of lead exposure. The choice between these possible approaches
is a policy choice of the type that Congress specifically left to the Administrator’s judgment. This court
must allow him the discretion to determine which approach will best fulfill the goals of the Act. ( Lead
Industries, Inc. v. EPA, 1980, pp. 61–62).

This Court has already noted the paradox presented by Congress’ instruction, which seems to require
knowledge about unknown matters, but concluded that ... the term margin of safety is Congress’ directive
that means be found to carry out the task and to resolve the paradox. (EDF v. EPA, 1978) The only way
this can be done is to allow the Administrator latitude in assessing risks and making judgments which
‘err’ on the side of ‘overprotection’ with respect to known risks in order to provide safety from unknown
dangers. The margin of safety must be related to the degree of risk, the greater the perceived risk to the
susceptible population the greater the margin of safety must be to assure the absence of adverse effects. In
short, the margin of safety both requires and enables the Administrator, within the statutory time-frame,
to translate scientific uncertainty into the concrete standards required by Section 109. ( American
Petroleum Institute v. Costle, 1982, p. 58)

EPA has had a consistent approach to addressing the requirement to provide an adequate margin of safety
over the last 18 years that recognizes the need for informed judgment by the Administrator based on
several important considerations. These include the nature of the effects, size of the population at risk and
degree of exposure, and the degree of scientific certainty that such effects will occur upon attaining
alternative standards under consideration. EPA has consistently rejected the notion of a simple fixed
margin of safety in the context of NAAQS reviews. The following passage from the 1987 Federal
Register promulgation notice (52 F.R. 24641) for the particulate matter NAAQS review illustrates EPA’s
approach to the margin of safety requirement.

In the absence of clearly identified thresholds for health effects, the selection of a standard that provides
an adequate margin of safety requires an exercise of informed judgment by the Administrator. The level
selected will depend on the expected incidence and severity of the potential effects and on the size of the
population at risk, as well as on the degree of scientific certainty that the effects will in fact occur at any
given level of pollution. For example, if a suspected but uncertain health effect is severe and the size of
the population at risk is large, a more cautious approach will be appropriate than would be if the effect
were less troubling or the exposed population smaller.

EPA has repeatedly rejected claims that the lack of a clear discernible threshold requires the Administrator
to set a standard providing zero risk or requires consideration of costs.

The Clean Air Act ... does not permit him to take factors such as cost or attainability into account in
setting the standard; it is to be a standard that will adequately protect public health. He recognizes that
controlling ozone to very low levels is a task that will have a significant impact on economic and social
activities. This recognition causes him to reject as an option the setting of a zero-level standard as an
expedient way of protecting public health without having to decide among uncertainties. However, it is
public health, and not economic impact, that must be the compelling factor in the decision. Thus, the
decision as to what standard protects public health with an adequate margin of safety is based on the
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uncertainty that any given level is low enough to prevent health effects, and on the relative acceptability
of various degrees of uncertainty, given the seriousness of the effects. (44 FR 8213)

Adverse effects on health

The primary standards are not intended to protect against all identifiable effects, only those judged to be
adverse. EPA has consistently recognized that judgments are required about which effects and degree of
physiological responses should be considered as representing “adverse effects on health” against which
the NAAQS should provide protection. However, because the primary NAAQS were intended by
Congress to be precautionary and preventive, the Administrator is not free to define as adverse only those
effects which are clearly harmful or for which there is medical consensus about the degree of harm.
Rather, the Administrator must evaluate reasonable medical concerns and theory in deciding which
effects are significant enough to be considered adverse. The Courts have endorsed these views in their
decisions on the lead and ozone NAAQS.

... there is no clear threshold air concentration of ozone indicated by the data as the onset of adverse
health effects. It is EPA’s best judgment that physiological responses probably occur in extremely
sensitive persons at very low levels. At what point these responses become an adverse health effect and at
what level they most likely occur in sensitive persons must necessarily be an informed judgment. (44 FR
8215)

The Administrator notes that protecting the public from harmful effects requires decisions about exactly
what these harms are, a task Congress left to his judgment. He notes that the task of making these
decisions is complicated by the absence of any clear thresholds above which there are adverse effects and
below which there are none. ... Congress, the Administrator argues, was conscious of this problem, and
left these decisions to his judgment for this reason ... (Lead Industries, Inc. v. EPA, 1980, p. 41)

... we agree with the Administrator that requiring EPA to wait until it can conclusively demonstrate that a
particular effect is adverse to health before it acts is inconsistent with both the Act’s precautionary and
preventive orientation and the nature of the Administrator’s statutory responsibilities. ... We see no reason
why this court should put a gloss on Congress’ scheme by requiring the Administrator to show that there
is a medical consensus that the effects on which the lead standards were based are ‘clearly harmful to
health’. All that is required by the statutory scheme is evidence in the record which substantiates his
conclusions about the health effects on which the standards were based. (Lead Industries, Inc. v. EPA,
1980, pp. 46–47)

Protecting sensitive population groups

Legislative history and court decisions clearly indicate that NAAQS must be set to protect especially
sensitive population groups, but not the most sensitive or maximally exposed individuals.

 
... included among those persons whose health should be protected by the ambient standard are
particularly sensitive citizens such as bronchial asthmatics and emphysematics who in the normal course
of daily activity are exposed to the ambient environment. In establishing an ambient standard ... reference
should be made to a representative sample of persons comprising the sensitive group rather than to a
single person in such a group. (Senate Report on the Clean Air Act Amendments of 1970)

Elements of an ambient air quality standard

In setting an ambient air quality standard it is important to recognize that the standard is defined by more
than just its level. The following elements have been used in the formulation of air quality standards in
the United States:

• the pollutant indicator, e.g. ozone
• the level, e.g. 0.12 ppm
• the averaging time, e.g. 1 hour
• the NAAQS statistic, e.g. number of exceedances
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• the attainment test criteria, e.g. expected number of exceedances equal to or less than 1.0
• the length of the compliance period, e.g. 3 years, and
• data handling conventions, e.g. adjustments for missing monitoring data and rounding conventions.
The foremost consideration in evaluating alternative forms for a primary NAAQS is an assessment of the
adequacy of the health protection provided. The Agency also considers the feasibility of implementation
and the infrastructure needed to implement alternative forms, such as the adequacy of the current ambient
monitoring network. Other factors considered in evaluating alternative forms of standards include the
stability of alternative forms and the ease of communicating the form of the standard to the public.
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Annex 2

AMBIENT AIR QUALITY STANDARDS: THE SWISS APPROACH2

by
Gerhard Leutert, Air Pollution Control Division, Swiss Federal Office of Environment

Legal framework: Swiss law and the protection of the environment

The Federal Government has to set ambient air quality standards. The criteria for setting these standards
are laid down in the federal law on the protection of the environment.

The only criteria for setting ambient air quality standards are health and environmental aspects. The limit
values have to be as low as necessary to ensure the protection of human beings and the environment,
i.e. at a level where no adverse effects occur. Economic aspects are not considered when setting the limit
values. Cost-benefit is considered when discussing preventive measures to reduce emissions (as shown
below).

The impact of air pollutants shall be assessed for each pollutant alone, for the sum of the pollutants and
for their combined effects.

The law defines the proportion of the population to be protected. The whole population must be protected,
including sensitive groups.

Since the criteria for setting ambient air quality standards are fixed in the federal law, the consensus
approach in setting standards was not a political but a scientific discussion. The consensus was found in
an expert group (Federal Commission on Air Hygiene) where experimental and epidemiological studies
were considered. The most sensitive receptors (human beings or environmental receptors) were decisive
elements for the standard-setting.

Implementation of legislation and objectives

The federal law on the protection of the environment is source-oriented as well as effect-oriented. It is
based on a two-stage approach.

Stage 1: Irrespective of existing pollution, emissions have to be limited by early preventive measures as
much as technical and operating conditions allow without entailing excessive costs.

Stage 2: More stringent or additional measures have to be taken.

If ambient air quality standards are exceeded, stage 2 comes into force. Emissions have to be reduced to
the extent that the limit value is met (not regarding economic considerations). If the exceedance is caused
by a single source, the necessary emission reduction measures are taken at that source to meet air quality
standards. Where there are more than one source an action plan needs to be developed:

• Which sources emit how much?
• What measures can be taken?
• Implementation of measures to comply with air quality standards within five years.

The ambient air quality standard is the target. If this limit is exceeded there is a call for action.

                                               
2 Working paper ICP EHH 018 VD96.G/7.
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Swiss approach

Swiss legislation stipulates the setting of ambient air quality standards as a limit value at the effect
threshold (as defined in the Law on the Protection of the Environment). There are no guide or alert
values.

Advantages of the Swiss system

• Clear situation, clear message to population and politicians.

• Air pollution level higher than the limit value indicates a need for action.

• Air pollution level lower than the limit value guarantees the protection of human beings and the
environment.

Disadvantages of the Swiss system

• The limit value can be exceeded over a long period of time. This may lead to impatience in the
population and the embarrassment for politicians and regulators.
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Annex 3

MOVING FROM AIR QUALITY GUIDELINES TO STANDARDS3

by
Robert L. Maynard, Department of Health, and Martin L. Williams,

Department of the Environment (Transport and the Regions), United Kingdom

The WHO Air Quality Guidelines (AQG), published first in 1987 and recently revised, are intended to aid
in the process of setting Air Quality Standards. The relationship between the AQG and standards was set
out in the first edition of the AQG. The relevant passages are reproduced in Annex A. The AQG also help
those concerned with protecting the public health in other ways including the making of risk management
decisions and planning decisions at national, regional and local levels. The AQG have come to be
recognized as an authoritative source of information on the effects of air pollutants on health.

Nomenclature

A variety of terms have been used to describe the tools which have been developed to aid in policy
development. For the purposes of this paper only two terms will be used:

• guidelines, as defined in the WHO AQG

• standard, defined as a description of a level of air pollution which is adopted by a regulatory
authority as enforceable.

The definition of a standard as a description of a level of air pollution which is adopted by a regulatory
authority encompasses the possibility that different standards might be defensible in different countries.
This point was clearly made in the 1987 edition of the AQG. In discussing, there, the importance of
considering prevailing levels of pollution and environmental, social, economic and cultural conditions the
authors recognized that “in certain circumstances there may be valid reason to pursue policies which will
result in pollutant concentrations above or below the guideline values.” We take this to mean that there
may be circumstances under which it would be reasonable to set standards above or below the guideline
values.

This is a most important point. It leads to the view that there is no single right answer in setting a standard
for a particular air pollutant. Different countries will be likely to have different problems and different
costs of abatement and thus may, or rather should, expect to set different air quality standards, That one
country has a more demanding standard than another does not imply that an error has been made.

Specification of an air quality standard

At its simplest, an air quality standard should be defined in terms of a concentration and an averaging
time. In addition, many would add information on the form of exposure and monitoring which are
relevant in assessing compliance.

In some countries the standard is further qualified by defining an acceptable level of attainment or compliance.
This is done in the United States and in the United Kingdom in the Air Quality Strategy for the United
Kingdom. Levels of attainment may be defined in terms of percentiles of the fundamental units of definition
of the standard. For example, a standard might require that the maximum 8-hour average ozone concentration
on each day should not exceed 50 ppb on more that 3% of days: i.e. a 97th percentile requirement.

                                               
3 Working paper ICP EHH 018 VD96.G/8.
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In addition to the above some countries have included a date by which the standard should be achieved.

From guidelines to standards

As noted by WHO in the 1987 AQG publication, moving from a guideline to a legally enforceable
standard necessitates the consideration of prevailing levels of pollution, and environmental, social and
economic issues involved in the reduction of pollutant concentrations. These considerations can take
many forms, but one means of attempting to formalize the process has been through cost–benefit analysis.
The concept here is that pollutant concentrations are reduced so that the associated costs and benefits are
balanced (strictly, emissions are reduced until the marginal costs and benefits are equal).

However, the theoretical ideals are often in practice difficult or even impossible to attain. While
abatement costs are often relatively easy to quantify (although where non-technical measures are used this
may not be the case), it is generally much more difficult to put monetary values on all the adverse effects
which may be produced by air pollutants. Many aspects of morbidity can be quantified: for example, the
use of medication and hospital facilities. However, other effects such as mortality present more difficult
problems.

It may be enough to express the adverse effects on health in terms of numbers of people affected and the
likely extent of those effects. However, expressing such effects in monetary terms has been advocated as
a part of the cost–benefit analysis process. Allocating monetary values to effects on health ranging from
minor symptoms and restriction of activity to death has not proved easy and a range of estimates has been
produced. Some are based on willingness-to-pay studies, others on estimates of the costs of illness in
terms of loss of earnings and costs of looking after sick people. It is fair to say that more work is needed
in this area. Equally, effects involving such things as loss of amenity or quality of life, or effects on
natural ecosystems, are also difficult to value in monetary terms.

The strict theoretical precepts of cost–benefit analysis are therefore in practice supplemented by broader
social and economic considerations. These may be taken into account via a process of widespread public
consultation. This has recently been done in the United Kingdom as part of the development of the
National Air Quality Strategy. The overall process will, therefore, often involve a balance of all these
considerations.

Once this balance between cost and benefit has been struck, the standard can be defined. If the standard
contains a concentration/averaging time term and an attainment percentile term, the standard can be
presented in a number of different ways. For example, a low concentration/averaging time term might be
combined with a high compliance term or a higher concentration/averaging time term with a lower
compliance term. The two terms will generally have an inverse relationship to each other in terms of the
cost of meeting the standard.

Rather than arguing about the concentration/averaging time term, it might be sensible to adopt the AQG
for this and to put effort into defining the compliance term.

Defining the compliance term

Two processes are required: defining the adverse effects likely to be associated with possible levels of
compliance and defining the costs of such compliance. As discussed above, a balance between these costs
and benefits will then allow definition of the compliance term of the standard.

Defining the adverse effects likely to be associated with compliance with the standard

Defining the adverse effects of exceedance of an AQG requires information about the exposure–response
relationship for the pollutant concerned. An attempt to provide this for a number of pollutants has been
made in the revised version of the AQG. For particulate matter and ozone, detailed tables specifying the
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exposure–response relationship are provided. This is also the case with regard to carbon monoxide. The
picture for sulphur dioxide and nitrogen dioxide is less clear. For some inorganic pollutants no information
is provided. For known no-threshold compounds, such as the carcinogen benzene, the technique of
quantitative risk assessment automatically provides estimates of risks at different exposure concentrations.

The second step in calculating the adverse effects of exposure to pollutants is the estimation of the
population exposure. This requires information of the distribution of concentrations of the pollutant
across the country, data on the distribution of population and a model allowing prediction of numbers of
people exposed. Work on this has been done and information on modelling exposure has been provided in
reports prepared by the EC (DGXII) Cooperation on Science and Technology (COST) group on air
pollution epidemiology (613/2). However, much work still remains to be done in this area, especially in
estimating exposure to different averaging times of pollutants.
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Annex 4

THE USE OF COST–BENEFIT ANALYSIS IN THE SETTING OF AIR QUALITY STANDARDS,
AND THE UNCERTAINTIES RELATED TO THE METHODOLOGY4

by
Alena Bartonova, Jocelyne Clench-Aas and Steinar Larssen

Norwegian Institute for Air Research (NILU)

Introduction

Comparing favourable and unfavourable scientific and economic consequences of decisions involving
complex health, safety or environmental problems may provide valuable insight for public administrators.

Several methods for comparing positive and negative consequences have been developed. The methods
include impact assessment, risk assessment, cost–effectiveness and cost–benefit analysis. The methods
differ in their need for information and amount of analytical work, and they give different weight to
considerations of economic efficiency.

An air quality standard may be developed in several ways. Two extremes are to:

1. base decisions purely on health, cultural or environmental consequences with little weight on
economic efficiency, the objective being only to reduce the risk of harm to a socially acceptable
level;

2. base decision on a formal cost–benefit or cost–effectiveness analysis, the objective being to identify
the action that achieves the greatest net economic benefit or is the most economically efficient.

However, the true development of standards should account for both extremes. It should encompass a
process involving stakeholders that assures, as far as possible, social equity or fairness to all the parties
involved. It should also provide sufficient information to guarantee that the stakeholders understand the
scientific and economic consequences.

Two comprehensive techniques provide a framework for comparing monetized costs and benefits of
implementing legislation or policy: cost–effectiveness analysis (CEA) and cost-benefit analysis (CBA).
The techniques differ in the treatment of benefits. In CBA, costs and benefits (or damage avoided) of
the measures implemented are compared using a monetary measure. In CEA, only the costs of
measures are considered. The benefits are described in their own physical terms, such as reduced
concentrations, reduced emissions, cases of illness avoided, crop loss avoided, damage to ecosystems
avoided, or others.

There are definite uncertainties in setting values to benefits related to these methods. Problems are
connected to the choice of types of benefits to be considered. To give a monetary value to reduced
damage is often very difficult, and inaccurate. The reduced damage often includes important categories of
well-being that are not measurable in monetary terms but are socially or publicly important. In other
benefit categories, inaccuracies in methods of approximation of monetary valuation exist. Uncertainties in
dose–response relationships and the method for applying them may lead to imprecision in categories of
measurable benefits.

                                               
4 Working paper ICP EHH 018 VD96.G/9.
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It can thus be rather difficult to carry out and explain CBA. Nevertheless, CBA provides information that
has value in the decision-making process. It is a framework for organizing quantitative and qualitative
information on the positive and negative consequences of regulation. It should include both monetary and
non-monetary costs and benefits, including physical impacts on human health or safety.

This note reviews the steps in CBA based on Moore (1), Larssen et al (2), Kopp et al (3), and Aunan &
Seip (4). Parts of this note draw heavily on these references. It describes several issues involved in cost–
benefit studies regarding air quality assessment and health benefit quantification, but it does not focus on
the economic sections regarding valuation.

Steps in cost–benefit analysis

The CBA for setting air quality standards usually comprises the following steps:

• identification and cost analysis of measures needed to arrive at the goal; typically, such measures
will be different emission abatement scenarios;

• assessment of air quality and exposure, both with and without additional abatement measures;

• definition of the scope of benefits by identification and valuation of types of benefit category (such
as effects on health, damage to ecosystems and material damage);

• comparison of effects on target objects (humans, ecosystems, buildings) with and without additional
abatement measures;

• comparison of the estimated costs and benefits;

• sensitivity analysis.

One possible way to execute these steps is illustrated in Figs. 1 and 2 (adapted from (2)), where Fig. 2
shows the lower loop in more detail.

Fig. 1. The full cycle from pollution emissions through damage assessment
to cost–benefit pollution abatement measures
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Fig. 2. The cost–benefit analysis module

Abatement measures needed to reach the air quality goal

It is usually known what measures are available to reduce emissions of those compounds that influence
concentrations of given air pollutants. Different abatement strategies for directly reducing them or
reducing their impact exist. The direct measures taken to comply with the legislation are measurable in
monetary terms. Such measures must account for the secondary formation of pollutants in the atmosphere
and thus include implementation of emission abatement strategies for more compounds than those under
consideration.

Cost identification needs to include present and future costs of investments, operation and maintenance.
However, uncertainties arise due to the difficulty of predicting unforeseen effects. In addition, technical
innovations and development and indirect costs arising during implementation of the regulation may be
difficult to predict.

Several issues additional to the cost and benefit calculations must be considered, for example the
modifications necessary when transferring cost information from one country or geographical area to
another, annualization (comparing costs and benefits per year), discounting (adjusting the future value of
money to the current value), or correcting for inflation.

Assessment of air quality and determination of links between abatement measures and air quality

Air quality assessment plays a central role in CBA by linking costs to benefits. The data collected or
developed to assess air quality become the basis for assessing costs and benefits of control options. In air
quality assessment, air quality monitoring and dispersion modelling have complementary roles and are
equally important.

Air quality varies in time and space. The composition and strength of emission sources as well as their
impact on exposure vary with time of year and between urban and rural and industrial and non-industrial
areas. Exposure of members of the human population and of all natural or material objects depends upon
their location and/or movements with respect to the location and properties of emission sources.
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Air quality assessment has several components:

• air quality monitoring programme;

• air quality dispersion modelling programme, including both the modelling of pollution
concentrations and exposure of humans or other objects;

• projection of future development of the air quality situation.

Several types of data must be collected:

• measured concentrations of pollution from representative sites for key pollutants and for relevant
averaging times (hourly, daily, seasonal), and information characterizing monitoring sites;

• emission data from all significant sources, including emission conditions (e.g. stack height), with
sufficient spatial and temporal variation;

• meteorological and topographical data relevant to dispersion of the emissions.

Emission inventories are a compilation of all emissions of pollutants to air in specified geographic areas.
In recent years several international institutions have developed procedures for conducting these
inventories, such as WHO (5), OECD (6) and the CEC (7).

Dispersion models are the most common way to link pollution emissions to ambient air quality. They
estimate the influence of abatement measures on air quality, and complement measurements for assessing
regional, background, urban and hot-spot concentrations.

Probably the most used international regional model is the UNECE EMEP dispersion model (8). For hot
spots (urban or industrial areas), dispersion models are usually developed to account for contributions
from local sources. Specific submodels for traffic and for point sources are available, and some urban
models combine several types of submodels. Dispersion models used in Europe are currently being
reviewed (9). However, consistency and comparability should be taken into account when the results of
different dispersion models are compared.

Scope and estimation of benefits

In carrying out a CBA, the scope of benefits has to be defined. The benefit categories differ in type and
scope. The air quality guidelines are based on a set of health and ecosystem endpoints that are determined
by consensus. However, after assessing the local situation, other benefit categories related to health and
ecosystems may also be considered for the analysis. The benefits have to be assigned monetary value, and
the size of an effect has to be determined. None of these steps are straightforward.

Some examples may illustrate the problem in identifying benefit categories. In assessing the existing
standards on SO2, the EPA considered the benefit endpoints shown in Table 1 (adapted from (1)). This
table shows that benefits could be estimated for only eight benefit categories. In Europe, projects such as
the ExternE project (10) and a study commissioned by DGXI on evaluation of target values for SO2, NO2,
lead and particulate matter (EC DGXI, 1997, unpublished draft) considered similar situations. This latter
study has included the human health benefit categories as given in Table 2 and, in addition, benefit
categories for building materials. The human health benefit categories were mainly based on dose–
response relationships summarized by WHO (11) and Clench-Aas & Krzyzanowski (12), and on the
APHEA study (13). Other non-monetary cultural or ecological benefit categories were not included.

The benefits are monetized usually using direct methods (price lists for repairs of buildings, costs of
medical care) or surrogate methods (willingness to pay or willingness to accept).
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Table 1. Alternative potential benefit categories of SO2 national ambient air quality standards

SO2 SO4 Other particulate matter

Direct effects on health
• Mortality due to chronic exposure NP NP NP
• Mortality due to acute exposure E NP NP
• Morbidity due to chronic exposure NP NP E
• Morbidity due to acute exposure E NP E

Soiling and materials damage
• Residential facilities E NP E
• Commercial and industrial facilities NP NP NP
• Government and institutional facilities NP NP NP

Climate and visibility effects
• Local visibility NU E NP
• Non-local visibility NU NP NP
• Climate NP NP NP
• Visibility at parks NU NP NP
• Transportation safety NU NP NP

Non-human biological effects
• Agriculture E NP NP
• Forestry NP NP NP
• Fishing NP NP NP
• Ecosystem NP NP NP

E – Estimated but coverage limited
NP – Not estimated; benefits possible
NU – Not estimated; benefits unlikely

Source: US Environmental Protection Agency. Draft regulatory impact analysis on the national ambient air quality
standard for sulfur dioxide, 1987, p VI-4.

Comparison of benefits

In this step, it is necessary to combine the results of the air quality assessment with the exposure–effect
functions. The population (or stock) at risk has to be defined, and data on the prevalence of the different
effects on health in the population at risk have to be collected.

The use of epidemiological information, such as estimated exposure–effect functions to estimate the
increased risk associated with exposure to changes in air pollution concentrations, presumes several
concepts.

• Air quality is most often given as specific concentrations of an indicator component. However, at two
different locations, the indicator component may not be representing the same ambient air quality.

• Dose–response relationships derived at one location are not directly transferable to other locations
with different emission profiles or with different population characteristics.

• The effect of the pollutant on a given health endpoint is assumed to be linear, when in fact it is
usually represented by an S-shaped curve. Results obtained assuming linearity may be valid within a
restricted range of pollutant concentrations. However, at higher or lower pollutant concentrations,
they are usually not true. If this assumption is applied, it may lead to a significant overestimation of
pollution effects and consequent overestimation of benefits.

• The assumption of linearity of the exposure–effect relationship may lead to the overestimating or
underestimating of effects when converting changes in risk given, for example, change from per 1 µg/m

3

to change per 10 µg/m
3
. However, for small changes in risk, this kind of error is likely to be small.
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Table 2. Health endpoints considered and base-line risk

Health endpoint
Monetary

value SO2 NO2 PM10 Lead

Effects from short-term exposure
Total premature mortality E D D D
Premature mortality due to respiratory diseases D D D
Premature mortality due to cardiovascular disease D D D
Hospital emergency room admissions (respiratory disease) E D D D
Upper respiratory symptoms – adults E D
Upper respiratory symptoms – children E D
Lower respiratory symptoms – adults E
Lower respiratory symptoms – children E D
Symptom exacerbation (prevalence) among asthmatics – adults E
Symptom exacerbation (prevalence) among asthmatics – children E
Reduced activity – days per adult per year E D
Use of bronchodilator D
Prevalence of cough D
Decrement in peak expiratory flow D

Effects from long-term exposure
Mortality E D
Respiratory morbidity – adults (bronchitis) D
Respiratory morbidity – children (bronchitis) E D
Respiratory symptom prevalence – adults E
Respiratory symptom prevalence – children
Decrements in lung function lower than 85% of predicted – adults
Decrements in lung function lower than 85% of predicted – children D
Decrements in IQ – children E D
Cardiovascular mortality D
Cardiovascular mortality (change in blood pressure) D

E – Monetary benefit estimated.
D – Dose–response function identified.

Source: Adapted from EC DGXI (draft report).

• Measured prevalence of different health endpoints reflects both a baseline and a pollution-based
component. A hypothetical zero pollution concentration prevalence may have to be deduced from the
reported population prevalence using a mathematical model.

• The sub-population at risk for each health endpoint should be defined. The epidemiological studies
provide data from different sub-populations such as adults, children, and children with respiratory
disease. A disregard of which population is being referred to may lead to erroneous results.

• For short-term effects on health, the dose–response functions are usually derived from relations with
daily mean concentrations. These results should not be used with annual averages.

Comparison of estimated costs and benefits

CBA should provide a benefit–cost ratio based on monetized costs and benefits, accompanied by a
description of the non-monetized items identified as relevant to the analysis.

Monetary valuations are directly linked to lifestyle and standard. Monetary valuation of control actions
and of effects on health and the environment will differ in concept and vary substantially from country to
country. The proportions of the individual categories will also vary.

The measures taken to reduce one pollutant may increase or decrease the concentration of other
pollutants. These additional effects should be considered, even if they result from exposure to pollutants
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not under consideration in the primary analysis. Interactions between pollutants pose additional
complications. Their effects may lead to possible double-counting of costs, or to disregarding some
expensive but necessary action. The same argumentation can be used when estimating benefits.

The costs of an environmental policy measure may vary according to the level at which they are
calculated. A decision as to whether the financial costs should be corrected for transfer costs (taxes or
subsidies aimed at redistribution of costs) depends on the scale and level of decision-making. Similarly,
benefits may also be transferable between groups of subjects of natural or physical entities.

In comparing costs and benefits, the costs tend to be overestimated owing to the impossibility of
predicting future technological developments with confidence. The benefits, on the other hand, tend to be
underestimated, not least because it is impossible to consider all benefit categories. If, despite these
shortcomings, the analysis indicates a preponderance of benefit over cost, a strong case is made for
prompt action (14).

Sensitivity and uncertainty analysis

Some of the assumptions underlying a concrete CBA can be subjected to sensitivity analysis. Such
analyses provide valuable insight into the properties and assumptions underlying the results, but they have
to be carefully designed and require considerable resources. Transparency of the CBA is crucial if the
results are to be accepted and used. To achieve a sufficient level of transparency, a review process may be
needed as early as the analysis stage, before the final results of the analysis are available.

Sensitivity methods include comparisons with other studies, recalculation of the whole chain of CBA
using other assumptions, or the use of ranges of values in addition to a central estimate. Typically, a range
may be constructed using varying values of VOSL, or statistical variability in derived central estimates.
Monte Carlo simulations may be applied to individual steps to test their robustness. Another way of
conducting sensitivity analysis is to investigate the effect that the inclusion of additional benefit
categories would have on the result.

Concluding remarks

In this note we have summarized some issues to be considered when carrying out or interpreting CBA.
The steps involved in CBA have been subjected to varying amounts of peer review and constructive
criticism, so that for some steps the uncertainties are better known and documented than for others.

CBA is a highly interdisciplinary procedure. The different disciplines have only recently started to
interact more widely. Hopefully the inconsistencies between the way risk assessors estimate risks and the
knowledge about risks in order to evaluate risk reduction alternatives needed by the economists will
gradually be removed.

The following concluding remark is taken from the US Presidential/Congressional Commission on Risk
Assessment and Risk Management (15).

Nevertheless, the tools of economic analysis, when appropriately used, are legitimate and useful ways to
provide information for risk managers making decisions that will affect health and the environment.
Economic analysis should not be used as the sole or overriding determinant of those decisions, however.
Information about costs and benefits that cannot be assigned monetary values also must be explicitly
considered, along with information about risks and social and cultural concerns. Peer review should play
a critical role in evaluation of the quality of economic analyses and the technical information underlying
them.
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