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ABSTRACT

Indoor air quality has a special role as health determinant, and management of indoor air quality requires
different approaches than outdoor air. Therefore the working group of the recently published Global
Update of the WHO Guidelines for Air Quality (WHO, 2006), recommended development of WHO
guidelines for indoor air quality.

Based on this recommendation World Health Organization convened a working group meeting for the
development of indoor air quality guidelines representing scientific expertise in epidemiology, toxicology,
exposure assessment, developing country issues, indoor combustion, biological agents, building
construction, ventilation and indoor air quality management. The working group outlined the tasks
required for the guideline development in 2007-2009 and recommended a list of special chemicals for
which numerical guidelines can be prepared. It also proposed ways to define guidelines allowing for
reduction of health risks due to biological contamination of indoor air and due to indoor combustion of
solid fuels.
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Background

The WHO Air Quality Guidelines (AQG) are designed to offer guidance in reducing adverse
health impacts of air pollution based on expert evaluation of current scientific evidence. An
assessment of the global and regional burden of disease due to air pollution organized by WHO,
focused attention on the geographic distribution of the problem and its scale: more than 2 million
premature deaths each year are attributed to urban outdoor air pollution and indoor air pollution
from the burning of solid fuels, and more than half of this burden is borne by the populations of
developing countries (World Health Report, 2002).

Various problems in indoor air quality are recognized as important risk factors for human health
in both developing as well as developed countries. One of the regional priority goals of the
Children’s Environmental Health Action Plan for Europe (CEHAPE), adopted by the Fourth
Ministerial Conference on Environment and Health in Budapest in June 2004, is the reduction of
adverse effects of air pollution on children’s health. The basic right for, and importance of,
healthy indoor air has been emphasized also by the World Health Organization (WHO, 2000a).

Importance of indoor air is magnified by the substantial fraction of time populations spend
within buildings. Indoor combustion is a source of pollution causing severe burden to health,
especially for children and women in developing countries. In residences, day-care centres,
elderly people homes and other special environments, indoor air pollution affects population
groups that are especially susceptible due to their health status or age. Well established evidence
on health effects of air pollution comes from outdoor air studies, but health effects of same
pollutants are expected to be similar also indoors. There is also a substantial body of research on
health effects of indoor exposures. There are many potentially hazardous compounds released
indoors due to combustion, emissions from building materials, household equipment and
consumer products. Microbial pollution comes from hundreds of species of bacteria, fungi, and
moulds growing indoors. Indoor air quality management is made difficult not only by the large
number and variation of indoor spaces but also the complex relations of indoor air quality and
the building design, materials, operation and maintenance, ventilation and behaviour of the
building users.

The recent update of the WHO AQGs (WHO, 2005, 2006) for particulate matter, ozone, nitrogen
dioxide, and sulfur dioxide specified that the AQGs applied in all non-occupational
environments, including indoors in households, schools, vehicles, etc. Although, such
traditional AQGs in the form of concentrations for specific pollutants based on scientific review
and assessment of health effects have been widely used in outdoor air quality management, they
have had relatively little impact on management of indoor air quality in most countries.
Recognizing that management of air quality indoors requires different approaches to those
applicable to outdoor exposures, the recent AQGs update recommended that WHO explore
development of AQGs specifically designed to facilitate management of indoor air quality
around the world.

Scope of the meeting

In response to the recommendation by the global update working group (WHO, 2005), the
European Centre for Environment and Health convened this planning meeting with the objective
to discuss the role of WHO guidelines in reduction of health risks due to pollution of indoor air,
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and to agree on the recommended scope and format of the WHO guidelines for indoor air
quality. The meeting was also requested to recommend the background material to be developed
before the guidelines are formulated as well as to discuss the most efficient organization of the
process of the guidelines formulation.

WHO took as a starting point the principles that the guidelines should address various level of
economic development, cover all relevant population groups and enable feasible approaches to
reduce health risks from indoor air pollutants. Existing national and international experiences in
indoor air quality regulation and conclusions of completed international projects provided the
background information to the discussion of the working group. The target date for publication
of the guidelines for indoor air quality was set for the years 2008-9 and would depend on the
availability of funds for project coordination and implementation.

Process

Based on the recommendations of the steering group of the global update of the WHO Air
Quality Guidelines, as well as following informal consultations with several experts involved in
assessment and management of risks due to indoor air quality, WHO invited ca. 50 experts to
join the Working Group. The experts were asked to identify existing national guidelines or
standards, as well as reports from projects addressing indoor air quality regulations. Copies of
these documents were made available through the restricted-access web page, and a summary of
most of them was distributed directly to the experts in advance of the meeting. The list of the
background materials is presented in Annex 1.

In October 23-24, 2006, the working group meeting in Bonn gathered 38 experts, representatives
of International Agency for Research on Cancer, European Commission and WHO, as well as
observers from US-EPA and the Shell Foundation. Annex 2 presents a full list of the meeting
participants. Dr Matti Jantunen and Dr Ross Anderson co-chaired the meeting, and Dr Kwok
Wai Tham acted as the meeting rapporteur.

In a series of plenary discussions and small drafting group sessions, the Working Group
reviewed the general approach to the guidelines’ formulation, discussed their scope and format,
and agreed on the general contents of the background material. Initial recommendations were
proposed by sub groups addressing:

A. Guidelines for specific agents / substances (chaired by B. Chen)
B. Biological agents (chaired by A. Nevalainen)
C. Combustion of fuels indoors (chaired by K. Smith).

The final recommendations concerning the guideline development were made in plenary by
consensus. This report summarizes the Working Group discussions and presents the work plan
for developing the guidelines for indoor air agreed by the Working Group. It includes the
corrections received from the WG members resulting from their review of the first version of the
report distributed after the meeting.

The meeting was supported by the funds received by the WHO European Centre for
Environment and Health, (Bonn Office) from the,German Federal Environment Ministry, which
is gratefully acknowledged.
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Summary of the discussion

The meeting started with introductory presentations to mediate the discussion on the current
knowledge on health effects of indoor air pollution (Isabella Annesi-Maesano and Kurt Straif),
exposures (Matti Jantunen, Kalapana Balakrishnan, and Lidia Morawska), and existing work on
indoor air guideline development (Paolo Carrer, Jarek Kurnitski, Bingheng Chen, and Heather
Walton).

Presentations

Health effects. Air pollution increases premature mortality caused by lung cancer and other
respiratory and cardiovascular diseases. Subjects with respiratory conditions experience
symptoms due to exposures to air pollution, leading to increased medication use, sick leaves, and
lowered performances in learning and working. In the World Health Report, 2002, it was
estimated that 1.6 million premature deaths are caused annually by indoor air pollution (WHO,
2002). Certain population groups, like women and small children, are vulnerable to the effects of
indoor air pollution because their daily activities include exposure to cooking fumes from
unvented combustion of solid fuels for most of the day. This applies to a large fraction of homes
in the developing world. International Agency for Research on Cancer recently classified smoke
from indoor combustion of coal as carcinogenic for humans, and indoor emissions from
household combustion of biomass fuel (primarily wood), as probably carcinogenic for humans
(IARC, in press, Straif et al., 2006).

Indoor exposures. A substantial fraction of mankind is exposed to levels of a number of
chemicals and pollutants which are higher indoors than outdoors. While most of the air pollution
epidemiology is based on using outdoor measurements of pollutant levels in the analysis of the
association between exposures and health outcomes, there is no reason to assume that health
effects would be associated with exposures to these pollutants only when outdoors. Available
studies on effects of indoor exposures confirm this assumption. The enclosed nature of indoor
spaces leads easily to very high indoor exposures when indoor sources are present. Even
substantial part of exposures to air pollution from outdoor air occurs indoors as outdoor air enters
indoors via infiltration and ventilation. Review of the occurrence of indoor sources of various
chemicals and the chemicals’ toxicity leads to identification of certain compounds for which
indoor sources and exposures are driving the health risks of specific population groups in
Western countries.

Developing countries. Indoor exposures in the developing world are affected especially by the
use of solid fuels. It has been estimated that at least 3 billion people are exposed to smoke from
coal and biomass in their homes. Use of such fuels affects also the outdoor air quality and
therefore merely venting the smoke outdoors may not be a sufficient long-term solution, even
though it effectively reduces pollutant levels indoors. Especially developing countries seek
WHO guidance in setting priorities and recommending the most effective feasible ways to
reduce health risks. In these countries indoor air quality problems are attributable to the lack of
technology necessary to eliminate indoor air pollution (e.g. chimneys, hoods; use of clean fuels).
Such situations have been linked with a wide range of health effects including mortality, and
therefore the formulation of feasible and effective guidelines must not be limited to setting
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concentration limits for selected pollutants, but may also include guidance on the use of
appropriate fuels, pollution control and exposure reduction.

Biological agents. Biological factors of health relevance exhibit enormous heterogeneity,
ranging from spores emitted outdoors to fungal growth indoors and across a wide variety of
microbes and allergens spreading from person to person. Due to this heterogeneity and the
difficulty of accurately estimating exposure levels, it is difficult or impossible to attribute the
burden of disease to single factors like species of microbes. However, microbial growth in
indoor environment is dependent on the availability of moisture and on temperature. Therefore
the use of correct building design and ventilation procedures to remove dampness from surfaces
has been shown to be both the most efficient technique reducing the health risk associated with
biological factors, and the moisture is the best indicator of the increased risk.

Building codes and ventilation. Building codes and building material classification systems
provide tools to reduce building material emissions and improve indoor air quality especially in
developed country settings. Sufficient mechanical or natural ventilation is a key element in
removing humidity, carbon dioxide, bioeffluents and other pollutants from indoor air.
Requirement for 2-way mechanical ventilation, driven mainly by energy efficiency reasons,
ensures adequate ventilation rates for all rooms and provides also opportunity to apply air
filtration. but it also can be a source of some indoor air quality problems. Unfavourable
combinations of air humidity and temperature differences in building structures may lead to
condensation of water on surfaces and microbial growth with the potential of building material
decomposition. When mechanical ventilation is applied, ventilation ductwork and filters
contaminated by deposited materials may become sources of mineral fibres, volatile organic
compounds, other emissions and odours if not properly maintained.

Prioritization of compounds. The European Commission project for critical appraisal of the
setting and implementation of indoor exposure limits (INDEX) applied a three-tiered risk
assessment for prioritization of single chemical pollutants present in indoor air. From the 41
potentially hazardous first phase pollutants 14 compounds were selected for a more detailed
analysis and based on the exposure and toxicity data 5 priority compounds were identified:
formaldehyde, nitrogen dioxide, carbon monoxide, benzene, and naphthalene. Recommendations
listed for indoor air quality management included indoor air quality guidelines,, building codes
and ventilation standards, equipment standards and permits, mandatory maintenance and
inspections, labelling and reporting of the contents of, or releases from building products,
furnishing materials, equipment, and consumer products, and raising public awareness on the
emissions and the importance of good indoor air quality.

National standards. In countries of fast development like China and India, fast urbanization
changes the environment rapidly by increasing traffic, energy consumption and crowding.
Economical development, usually associated with improvements in environmental health, may in
such situations lead also into deterioration of indoor air quality because of the use of new
materials such as the use of chipboard in China leading to high emissions of formaldehyde in
modern homes. In some countries, including China, Singapore, Canada, United Kingdom and
Germany, air quality guidelines have been developed or suggested also for indoor air, however
exhibiting a large heterogeneity of compounds and factors considered and in some cases using
not only health-based approaches, but also technical approaches and feasibility.
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Relationships of guidance, guidelines, and standards

Existing recommendations for indoor air guidelines list a number of pollutants that may require
attention. Some of the existing guidelines are, however, not health based and do not belong to the
scope of this WHO work. Furthermore, some national assessments reflect national or regional
(e.g. continental) conditions and do not necessarily include settings that need to be covered by
the global WHO guidelines.

Development of the WHO guidelines for indoor air quality must be based on systematic review
of the scientific evidence on health relevance of various pollutants in the indoor air and factors
affecting indoor air quality. The principles of such a systematic review for health impact
assessment are presented in the WHO guideline document (WHO, 2000b). Indoor combustion of
solid fuels and dampness in building structures have been consistently associated with indoor air
quality problems and consequently well documented health hazards. These factors cannot be
fully characterized using a concentration-based approach in the guideline formulation that has
been used in the previous WHO guidelines (WHO, 1987, 2000c, 2005, 2006). Therefore the
indoor air guideline work needs to consider also qualitative indicators of health hazards and
address them using guidance based on indicators of the hazards. Interim targets introduced in the
Global Update of the WHO Guidelines for Air Quality (WHO, 2005, 2006) may also be a
promising tool in supporting policy development in especially developing areas of the world.

WHO guidelines are recommendations based on scientific evidence on health effects of certain
exposures. Formulation of guidelines as exposure levels gives an objective measure of health
risk that can be used as a reference point for design and maintenance of safe indoor
environments. The use of the guidelines to create national and international legislation and
standards needs to consider feasibility of various approaches besides direct control of indoor
concentrations, including taxation of fuels and products, product and equipment use,
maintenance, product composition, labelling, building construction, ventilation and education of
professionals and the public to account for the importance of the indoor air quality for public
health.

Work in small groups

To select the specific agents and factors to be included in the guidelines and to define the format
of guidelines for various groups of agents, the working group was divided into three subgroups
for more detailed and focused discussion and formulation of specific recommendations. The
discussions and recommendations of each of the sub groups are summarized below. The tasks of
the sub groups were to:

1. Confirm the health relevance of the group of agents or factors for which the scientific
evidence on the relationships between exposures and adverse health effects attributable to
these factors is well established, warranting their inclusion in the WHO guidelines

2. Recommend formats of the guidelines, including for example guideline concentrations
levels, interim targets or technical solutions

3. Recommend actions needed to develop the guidelines for these agents, including the needs
for systematic reviews of the scientific evidence and existence of relevant published reviews.
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Group A. Air pollutant specific guidelines

Traditional approach to setting guidelines for air quality has been based on identification of
specific compounds, assessment of exposures, determination of dose-response relationships, and
evaluation of the overall health risks. The task of the sub group was to identify those specific
pollutants and agents that would require specific attention due to the characteristics of indoor
environments.

A.1 Identification of pollutants

The group specified the following criteria for selection of compounds for the development of
WHO guidelines for indoor air

- Existence of indoor sources
- Availability of toxicological and epidemiological data (e.g. NOAEL, LOAEL")
- Indoor levels exceeding the levels of NOAEL and/or LOAEL

Based on these criteria, pollutants considered by the sub group were divided into two categories
(Table 1). Group 1 includes pollutants for which WHO guideline for indoor air is needed and
WHO should plan their development. 'Group 2 includes pollutants of potential interest but the
group concluded that further investigation would be needed before it was clear whether there
was sufficient evidence to warrant their inclusion in the guidelines. According to publication of
new evidence their role may need to be reconsidered at a later stage of the process.

The group concluded that the WHO guidelines for environmental tobacco smoke (ETS)
published in WHO Air Quality Guidelines for Europe, 2™ Edition (WHO, 2000c) and stating
that there is no evidence for safe exposure level are clear and still valid. Therefore ETS does not
need to be included in the current work. Plenary discussion concluded that the guidelines for
other pollutants should be developed based on the assumption that ETS is eliminated from the
indoor spaces.

A.2 Format of the guidelines

The group recommended the following outline for the format of each of the pollutant specific
chapters:

For each pollutant

1. General description of the compound

2. Indoor sources and pathways of exposure

3. Current indoor levels and relationship with outdoor levels

4. Kinetics and metabolism

5. Health effects (non-cancer and carcinogenic effects) (for general population and
identified susceptible groups)

6. Evaluation of human health risk

7. Guidelines and guidance

8. References

'No observed adverse effect level; Lowest observed adverse effect level.
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A.3 Work plan and existing systematic review

The group identified a number of relevant systematic reviews and risk assessments of pollutants
present in indoor environments, some of which are listed in Table 1. These reviews should be
used as inputs to the development of the indoor air quality guidelines. One of the issues to be
considered is the use of information from epidemiological studies based on ambient pollutant
levels as exposure indicator.

Table 1. Identification of pollutants recommended for guideline development (group 1) and
those with not sufficient scientific evidence and corresponding systematic reviews (group 2).

(+ indicate the source of the evidence identified by the WG)

WHO IARC INDEX US-EPA  IEH  Germany
A0G UK

Group 1 pollutants: Development of guideline recommended

1.1 Formaldehyde + + + + + +
1.2 Benzene + + + + +

1.3 Naphthalene + + +
1.4 Nitrogen dioxide (NO,) + + + +
1.5  Carbon monoxide (CO) + + +
1.6  Radon (Rn) + +
1.7 Particulate matter (PM, s and PM,) + +

1.8  Halogenated compounds + +

(tetrachloroethylene, tricholoethylene)
1.9 Polycyclic aromatic hydrocarbons (PAH), + +

especially Benzo-a-pyrene (BaP).

Group 2 pollutants: Current evidence uncertain or not sufficient for guidelines

2.1  Toluene + + + +
2.2 Styrene + + + +
2.3 Xylenes + +

2.4 Acetaldehyde + +

2.5 Hexane

2.6 Nitric oxide (NO)

2.7 Ozone (O3) +

2.8  Phthalates

2.9  Biocides, Pesticides

2.10  Flame retardants +

2.11  Glycol ethers

2.12  Asbestos
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Group 2 pollutants: Current evidence uncertain or not sufficient for guidelines (continued)

2.13  Carbon dioxide (CO,) +
2.14  Limonene, pinene + +
2.15  General recommendations TVOC + +

WHO AQG: WHO Air Quality Guidelines, 2000, 2006

IARC: International Agency for Research on Cancer; monographs 29 and 88

INDEX: Critical appraisal of the setting and implemantation of indoor exposure limits in the EU.
US-EPA: US Environmental Protection Agency;

IEH UK: www_silsoe.cranfield.ac.uk/ieh/publications/airpoll.html

Germany: recommended guideline values listed in http://www.umweltbundesamt.de/uba-info-
daten/daten/gesundheit/irk.htm

Group B. Biological agents

B.1 Identification of factors

Exposures to biological agents in indoor environments were identified as a significant health
hazard causing a wide range of health effects. There is vast evidence on hazards of several
biological agents listed in Table 2. However, the group concluded unanimously that it is not
possible to identify individual species of the microbes or other specific biological agents
responsible for the health effects. The exceptions are some common allergies, which can be
attributed to specific agents or exposures, such as house dust mites or pets.

Biological agents in the indoor environment are attributable to dampness and inadequate
ventilation. Excess moisture on any material leads to growth of microbes such as moulds, fungi
and bacteria, which subsequently emit spores, cells, fragments and volatile organic compounds
into the indoor air. Moreover, dampness initiates chemical and/or biological degradation of
materials which also causes pollution of the indoor air. Dampness has been therefore suggested
to be the strongest and most consistent indicator of risk for asthma and respiratory symptoms
(e.g. cough and wheeze).

Inadequate ventilation is strongly associated with adverse health (sick building syndrome,
inflammation, infections, asthma, sick leave, etc.) and reduces work performance in office
buildings and learning capacities of students in schools. Proper ventilation is an important
control for humidity, and prevention of condensation.

The group recommended guidelines to be developed for the following factors related to
biological agents:

a. Dampness and mould

b. Ventilation

c. Allergens
i.  Allergens from house dust mites
ii. Allergens from pets

It was pointed out that ventilation system may act as a source of health hazard e.g. in case of
microbial growth and VOC emissions from accumulated sediments in the ventilation systems,
but that overall ventilation should be seen as the solution for most indoor air quality problems,
including those associated with biological agents.
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B.2 Recommendations for the format of the guidelines

Various technological and lifestyle recommendations and guidance were identified as effective
measures available to control health risks caused by biological agents. Concentration based
guidelines cannot be given at this time. Individual susceptibility was identified as an important
issue in the formulation of the guidelines.

The sub group discussed the formatting of the guidelines especially regarding biological agents
as guidance, or as qualitative identification of risk factors and giving recommendations on
indicators and actions to avoid/reduce the health risks. Traditionally air quality guidelines have
been formatted as acceptable concentration levels of specified pollutants or other measures of air
quality. Expansion of the air quality guidelines for biological agents as well as indoor
combustion related issues warrants widening the formats of the WHO recommendations as
defined as guidance related to indicators, risk factors and feasible actions.

The sub group discussed the outline of the guidelines by e-mail after the meeting and
recommended the following structure:

Dampness and mould
1 General description

2 Effects of dampness on sources of exposure

3 Health effects associated with mould and dampness
4  Evaluation of human health risks

5 Guidelines

6 References

Ventilation

1 General description

2 Ventilation as a solution for indoor air quality problems
3 Ventilation as a source of exposures

4  Health effects associated with ventilation

5 Evaluation of human health risks

6  Guidelines

7 References

Allergens

General description

Sources and routes of exposure
Kinetics and metabolism

Health effects

Evaluation of human health risks
Guidelines

References

NN DN B W
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B.3. Work plan and existing systematic reviews

Guidance can be developed based on re-evaluation and updates of the existing scientific
evidence. Development of quantitative guidelines requires further research for all agents
evaluated. The existing draft for WHO Guidance on Biological Agents compiled in 2003 is
useful background material for development of the guidelines.

Table 2. Identified sources of systematic reviews and recommendations for biological agents.

Agent Systematic Evidence Guideline Guidance
reviews Needs can be can be
existent systematic proposed provided

re-
evaluation

Pathogenic agents e.g. viruses & bacteria Y Y N Y
Bacteria (non pathogenic) N Y N Y
Fungi Y Y N Y
Toxins & other microbial products (e.g. N Y N Y
MVOCs), microbial components

Algae and amoebae etc. N Y N Y
Mites (e.g. HDM, storage mites) Y Y N Y
Pet allergens (e.g. cats, dogs) Y Y N Y
Pest allergens (e.g.. Cockroaches & other Y Y N Y
insects, rats)

Pollen N Y N Y
Fungal allergens (e.g. Alternaria, Y Y N Y
Cladosporium)

Birds N Y N N
Ventilation (Humidity control, Pollutant Y N Y Y
removal)

Ventilation (Components — as sources of N Y N Y
contamination (e.g. filters, ductworks, coils,

condensation pans, etc...)

Dampness & Health Y Y N Y
Moisture control (envelope & building N Y N Y
systems and components)

Condensation N Y Y Y
Chemical degradation and microbial growth N Y N Y
Hygiene & cleanliness (Lack of) Cleaning Y Y N Y
Use and mis-use of cleaning & disinfection Y Y N Y

products

<
z
Z
<

Air fresheners
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Group C. Combustion of solid fuels and kerosene

C.1 Identification of factors

Particulate matter (PM;¢ and PM,s) as well as carbon monoxide (CO) are good indicators of a
large group of pollutants emitted in combustion of solid fuels. The group recognized that the
current air quality guidelines for PM provide targets which are also valid for indoor
environments. However the current guidelines for carbon monoxide (WHO, 2000c) need to be
updated to reflect new information on chronic effects and to assure sufficient protection against
acute poisoning in solid-fuel using households.

There are big differences in exposure levels to pollutants from solid fuel use between developing
and developed countries. The group recognized that measurements of indoor air quality are
difficult to be performed especially in developing countries, and that substantial improvements in
reducing exposures can be achieved merely using indicators like “use of solid fuels indoors
without proper ventilation / chimney” for identification of the need for action and formulation of
corresponding technological recommendations regarding fuels, stove types, venting etc.
However, when available, measurements of indoor air quality provide quantitative information
on the exposures, and in case of interventions allow assessing the efficiency of the selected
actions. There is much room left for technological solutions in exposure reduction (particularly
for cooking) as relatively few resources have yet been applied.

The group set the focus of the development of indoor air quality guidelines on exposures to
emissions from household use of solid fuels and kerosene, not just for heating and cooking but
including also e.g., lighting and small commercial activities in households. The group also
recognized that the health relevant exposure to combustion products is affected also by the
outdoor air quality. While moving pollution emitted indoors to the outdoor air with venting
radically improves indoor air quality, it still causes harmful exposure to people both outdoors as
well as via outdoor pollution infiltrating back indoors. Therefore the reduction of the emission
should be an objective of the health relevant actions. In some areas processed solid fuels, e.g.,
charcoal and “clean coal” may be part of the solution. Control of household use of “poisonous
coals”, i.e. those contaminated with S, F, As, Pb, Hg, etc. needs to be considered as an important
aspect as well.
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C.2 Recommendations for the format of the guidelines

The group deliberated on plausible technical solutions to effectively control the sources and
exposure pathways and listed the following processes/solutions to be considered in the
guidelines for indoor air quality:

* Stove Venting
—  Flues
— Hoods
* Household ventilation
—  Natural
—  Forced
» Combustion quality, particularly to improve technology of combustion of biomass and coal
—  Stove types
—  Burning temperature
—  Air to fuel ratio
—  Fuel consumption (smoke=unburned biomass, lost energy)
* Cleaner fuels
—  Processed biomass
—  Liquid fuels
—  Gas fuels
—  Electricity

The review of each option should include:

- Short description of the purpose of the process

- Possible technical solutions

- Evidence on impacts on indoor air quality (PM, CO, other pollutants)
- Evidence on total exposure reduction for various population groups

- Comments on practical limitations (costs, feasibility).

C.3. Work plan and existing systematic reviews

The recommended main effort in guidelines preparation is the review and evaluation of the
technical options available. The effects of the application of these options on indoor air quality,
total exposures, and health risk reduction must be documented by the systematic review of the
literature and based on studies using scientifically sound validation methods and field
measurements. Many completed studies were not reported in peer reviewed journals so the
evidence from “grey literature” should be critically reviewed and evaluated.
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Conclusions

The working group agreed on the role of indoor air quality as a significant determinant of
population health. The development of WHO guidelines specific for indoor air quality are
recommended for several reasons:

- Wide range of sources of air pollution specific to indoor spaces;

- Specificity of some exposures in indoor spaces in terms of pollution composition and
exposure levels;

- Large fraction of time spent indoors affects population exposures;

- Separation of indoor and outdoor spaces which modify the exposures to a number of
pollutants;

Formulation of WHO guidance or guidelines supporting protection of public health in both
developed and developing world will require systematic evaluation of the health effects of the
indoor exposures. Besides the health-based recommendations for concentration levels not to be
exceeded, the guidelines may formulate recommendations concerning indoor air quality
problems using qualitative indicators, such as existence of dampness in the building structures
leading to microbial growth or use of solid fuels in indoor spaces.

Definition of indoor spaces to be included

The working group discussed how to define the indoor spaces that should be covered by the
guidelines. It was concluded that the WHO guidelines for indoor air quality should cover indoor
settings in which the general population or especially susceptible population groups like
children, elderly, asthmatics etc. are potentially exposed to indoor air pollution. These include
homes, schools, day care centres, public places as libraries or institutionalized settings like
nursing homes. However, conditions that are specific to exposures in industrial settings,
agriculture, mining and in other occupational settings where the exposure is related to the
occupational activity of the occupants cannot be adequately addressed in the general guidelines
for indoor air quality. Such settings are typically covered by work safety legislation or guidance.

Relationship to existing AQ guidelines

The working group acknowledged the existence of air quality guidelines for a substantial subset
of the chemicals and factors identified. It was unanimously agreed that the existing air quality
guidelines and recommendations are potentially applicable for indoor air and should be applied
and accounted for as such in the development of the WHO guidance specific to the indoor air
settings.
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Selection of issues to be covered by the Guidelines

The recommendations for pollutants, agents, and factors to be included in the WHO guidelines
for indoor air were discussed in detail in the sub groups for agent specific guidelines, biological
agents, and combustion of solid fuels. The recommendations of the small groups were presented
in the plenary, discussed and finally agreed on. The pollutants and factors to be included in the
guidelines are presented in Table 3. The discussion has also decided that inclusion of all factors
in one, comprehensive document (and not in several parts covering selected issues only) is
advisable. The review of individual issues will be preceded by a short introductory section
addressing:

- Differences in the approaches to management of indoor and outdoor air quality
- General recommendations for indoor air quality.

Table 3 Summary of factors to be included in the Guidelines on IAQ.

Group A Group B Group C
Pollutants Biological agents Indoor combustion
Formaldehyde Dampness and mould Stove venting
Benzene - flues
Naphthalene - hoods
Nitrogen dioxide (NO>) Ventilation Ventilation
Carbon monoxide (CO) - natural - natural
Radon (Rn) - forced / mechanical - forced
Particulate matter' Combustion quality
Halogenated compounds Allergens Fuels
PAH?, especially BaP? - from house dust mites - solid
- from pets - processed solid

- liquid

- gas

- electricity

! PM, s and PM,, 2 Polycyclic aromatic hydrocarbons, * Benzo[a] pyrene

The structure of the chapters should follow recommendations presented in reports from the
subgroup discussion.



Development of WHO Guidelines for Indoor Air Quality
page 15

Follow up activities

The working group agreed that the development of the guidelines is an ambitious task and will
require a substantial effort from the scientific community as well as WHO coordination. The
following steps were recommended by the working group:

A small steering group should be established to guide WHO through the process of
Guidelines development and assure its scientific reliability and relevance to the public
health needs.

- WHO was requested to search for relevant funding enabling implementation of the
process, covering costs of the working group meetings as well as man-power required by
the secretariat for the process coordination.

- After the necessary fundraising (6 months), the scientific work for the actual
development of the guidelines should be planned for ca. 18 months, followed by process
to publish the guidelines as an official WHO document.

- Recommendations of the working groups formulated at various stages of the process
should be published electronically before the actual guidelines are published.
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