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PREFACE

Nina Dawidowicz, Thomas Lindvall and Jan Sundell

The Swedish Council for Building Research,
The Karolinska Institute and the
National Institute of Environmental Medicine, Stockholm

Over the last decade, interest in environ-
mental hygiene in buildings has grown after
many years of indifference. There are two
main reasons for this: the rapid developments
in building materials and in materials used for
interior furnishings and fittings, and the
overall interest in energy conservation. Prob-
lems such as radon, formaldehyde, mildew,
asbestos, airborne ions, dry air, symptoms and
complaints in child day-care centres and
offices, self-copying paper, VDU terminal
work and so on have been brought to the fore
by the mass media and public debate. Re-
search has been concentrated primarily on
investigations, identification of sources of pol-
lution in problem buildings and specific prob-
lems linked to individual factors such as
radon, release of formaldehyde from building
materials, moisture damage and mildew or the
use of self-levelling liquid fillers.

Hitherto, thete has not been any coherent
view, or even concept, of the primary question
of how a healthy building should be construct-
ed, and of how such a building should be used
and maintained in order to remain healthy. To
a modest extent, efforts have been made to
build healthy buildings, e.g. the Healthy
Building Project linked to the 1985 Swedish
Homes Exhibition, the Healthy Child Day-
Care Centre project in Stockholm and a num-
ber of low-allergy building projects in the
other Nordic countries, i.a. in Aarhus, Den-
mark.

As part of the preparations for the CIB
Healthy Buildings '88 Conference, which is
arranged by the Swedish Council for Building
Research (BFR) and the National Institute of
Environmental Medicine (SML), a Nordic

seminar on the theme of The Healthy Building
was held in March 1987 in Upplands Visby,
Sweden. BFR, which hosted the seminar with
SML as co-arranger, has assigned priority in
the current 3-year plan to the subject of “Cli-
mate and Environment in Buildings”. Re-
search and development projects within this
priority area have the following goals,
among others:

® to bring about interdisciplinary long-term
establishment of knowledge, with con-
tributions from medicine, chemistry, psy-
chology, sociology, architecture, techno-
logy and so on,

® to establish how exposure to individual
environmental factors and combinations of
factors influences users’ health and well-
being, and

® to develop methods of dealing with hazard-
ous environmental factors and their in-
fluence on buildings and their occupants.

The goal is to arrive, within the period of the
programme, at designs and/or methods of
constructing buildings that do not involve a
health hazard for their occupants. One step
towards this goal is to learn from the experi-
ence accumulated in the Nordic countries. A
further step will be taken with the internation-
al Healthy Buildings 88 Conference in Stock-
holm, to be held on 5-8 September 1988.
The objectives of the Nordic Healthy Building
seminar were:

e to summarize selected elements of know-
ledge and research in the Nordic countries
in the fields of air quality and thermal
climate:



¢ to bring about a discussion of what ‘new’
environmental requirements are necessary
in respect of buildings in the light of
research findings in this field, and

* to indicate the ‘healthy’ design features
and methods that are already available or
that can be expected within the near
future.

Nordic research scientists who have been
active in this problem area were invited to
attend the seminar. The Nordic approach is
only natural in this context, as the problems
are virtually the same in all the Nordic
countries, there are only a few research
workers in this field in each country and there
is a very healthy tradition of inter-Nordic co-
operation in this area. The seminar was
interdisciplinary, with participants from
widely differing flelds such as chemistry,
physics, medicine, psychology and techno-
logy.

In order to get the seminar off to a flying
start, the participants were invited to submit
written replies in advance to the following
questions:

e What requirements can be imposed on the
indoor environment in the light of the
writer’s research experience?

® What technical design features should
characterize healthy buildings?

e What commonly encountered technical or
design features do you object to because of
their effect on health?

® What research could be expected to pro-
vide results within the near future in terms
of improved knowledge of how to build and
maintain healthy buildings?

The written replies are presented in a report,
published in Swedish (Report G20:1987). The
report also presents the conclusions and
recommendations reached by working groups
and in plenary discussions. This publication is
a summary of the seminar report. The chair-
man of the seminar was Thomas Lindvall,
M.D., and the rapporteur was Jan Sundell,
M.Sci.

The Healthy Building seminar demonstrat-
ed that the subject is very extensive, that
many questions as yet remain unanswered
(particularly in concrete, quantified terms)
and that there is a considerable need for
further R&D efforts. At the same time, it was
evident from the seminar that there is actually
a vast amount of knowledge among re-
searchers and consultants in the various
areas. Taken together, this pool of knowledge
can provide sound and welcome guidance for
those concerned in the building sector in their
efforts to build and maintain healthy
buildings. This is illustrated not least by the
fact that the seminar participants were agreed
on joint statements concerning two central
problem areas; namely the use of recirculated
air and air humidification. The seminar gives
every promise of continued success in Nordic
and interdisciplinary cooperation in this
field.
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CONSENSUS STATEMENTS ON
AIR RECIRCULATION AND
HUMIDIFICATION

By the participants at the
Nordic Healthy Building seminar
in Upplands Vdsby, Sweden, 1987

After thorough plenary discussions, the participants in the Nordic seminar “The Healthy
Building” agreed unanimously on the following statements concerning air recirculation and

air humidification.

Air recirculation

“Air recirculation is not recommended in
public premises as a normal method on
account of the risk of spreading gases and
fumes, and in the light of practical experience
of shortcomings in application and main-
tenance. Air from ’polluted’ rooms, such as
rooms used by smokers, must not be recircu-
lated. In existing systems, air recirculation
may be used, but the condition of filters and
settings of fresh air supply systems must be
checked at frequent intervals. For new

systems, it is recommended that other means
of heat recovery be employed. Air recircu-
lation systems can be used as a method of
mixing fresh air and room air when this is justi-
fied in practical terms, e.g. for thermal
reasons. If air recirculation is used in new
building developments, special requirements
must be fulfilled in respect of adjustment,
regular performance checking and cleaning of
ducting systems.”

Air humidification
“General air humidification is not recom-
mended for hygienic reasons. Such humidifi-
cation can result in side-effects such as the

- growth of dust mites, humidifier-fever and

other allergies. ‘Dry air’ symptoms should be
countered preferably by other means than air
humidification. Selective humidification may
be required for special individuals/environ-
ments/processes: it is then important that a
‘safe” method is selected.



HEALTHY BUILDINGS
CONCLUSIONS AND
RECOMMENDATIONS

Thomas Lindvall and Jan Sundell

Karolinska Institute and the
National Institute of Environmental Medicirie

Introduction

Hitherto, there has been very little con-
temporary research or discussion concerning
how buildings should be constructed and
managed in order to promote health. As yet,
only sporadic trials of ideas on this subject
have been carried out on full scale, and there
has not been time to evaluate their results. Itis
easy to get the impression that we do not know
how to build healthy buildings, other than
from the overall ‘self-evident’ respects. In par-
ticular, it seems to be difficult to agree on the
design features that give rise to healthy or sick
buildings. This, however, is a reflection of the
construction process as such: when correctly
applied in the right context and properly used,
most solutions can give good end results.
Nevertheless, certain solutions are more
sensitive to the common faults which occur in
planning, construction, operation and use.
‘When these ‘risky’ systems or arrangements
. are used, therefore, checking and inspection
~ at the various stages must be more compre-
hensive. If there is any reason to suspect that
such checking or inspection may not be as
thorough as necessary, such risky solutions
should be avoided. Experience from the large
numbers of sick buildings that have been
| studied in recent years also shows that the
problems often depend on disregard of proven
experience.

In the following, conclusions and recom-
mendations concerning healthy buildings
should considered against the above back-
zround as well as in the light of the fact that
ime has not been wasted on discussing
natters considered to be self-evident. Conse-
_juently, factors which play an important part
‘with regard to the overall health of a building,

e.g. architectonic design, lighting or noise con-
ditions, have therefore been dealt with only
marginally, This also reflects the fact that the
ongoing debate about sick and healthy
buildings has been concerned primarily with
the various new manifestations such as “sick
building syndrome” that have largely been
traced to causes such as inadequate venti-
lation, moisture damage and mildew, as well
as the release of pollutants from building
materials etc.
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Building siting
and local climate

Ground conditions at the prospective building
site should be carefully investigated. Ground
that is waterlogged, has high radon levels, that
is subject to risk of slips or subsidence or
where there may be sources of pollution (e.g.
sites that have previously been used for indus-
try) must be avoided.

The building and, whatever the circum-
stances, the fresh air inlets must be sited

where outdoor air quality is good and can be
expected to remain good, i.e. away from busy
roads, parking lots, industrial plants, etc.

The building should be orientated with due
regard to sun, wind, outdoor environment and
need of contact with the surroundings. These
considerations are of importance in terms of
health, social welfare, energy economics and
aesthetics.




Building physics/
Building technology

A general requirement of construction is that a
building should be constructed in such a
manner that it is and will remain dry. Water
must be led away, wherever it may occur or be
encountered: on the roof, in the foundations, in
bathrooms, around windows, in exterior walls
and so on. External designs or features that are
sensitive to moisture must be thermally insu-
lated on the cold side, which will result in a war-
mer and drier structure. Features that need to
be ventilated must be ventilated. Such ventila-
tion today is often effected by means of fans, i.a.
in consequence of the high insulation standards
applied. Typical examples are wide-span roofs
with little slope and underfloor spaces.

Risky design features are:

e horizontal roofs

e foundation slabs/rafts with insulation on
top

¢ suspended floors above foundation slabs/
rafts, and

¢ floating floors on foundation slabs/rafts.

R&D is needed for such purposes as:

¢ development of design programs to predict
moisture conditions and to investigate
design prerequisites, and

® investigation of absorption and diffusion
processes in various design arrangements.

CAUSE OF DAMAGE No. of cases
100 lSJO_

Ground moisture |

Construction damp

Poor ventilation

Capillary suction

Driving rain

Hot pipes

Condensation of indoor air

Convection

Surface growth of mould

Fault in drain line
Other smell than mould

CONSTRUCTION YEAR

Number of cases
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Joisted floor on concrete slab on the ground is
one example of a construction which, in nor-

mal circumstances, is sufficiently moist to
give rise to problems.
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Horizontal roof with roof drains at high
points. Residual water forms a coating of ice
during the winter to the felt covering.

A concrete slab that is thermally insulated
underneath will remain warm and dry. Once
the construction damp has dried out there is
very little risk of damage. It is best to also
thermally insulate the upper side for com-
fort reasons. Note! This principle is appli-
cable to small buildings and not to large
industrial premises.




Climate technology

Ventilation and air quality

A basic requirement for a healthy building is
that the room air must not cause illness or dis-
comfort during normal use. The building must
also be able to withstand a fair amount of mis-
use by its occupants without giving rise to
health hazards. Ventilation, for example, must
have some surplus capacity, and be “forgiving”
in its operation. These basic requirements can
be translated into performance requirements
that can be expressed in terms of air quality or
ventilation, quantified in respect of aspects
such as:

® permissible limits for air pollutants,

¢ flow requirements for air of various qualities
(outdoor air or supply air),

® requirements in respect of limitation of
emissions of pollutants from various
sources, and

* specific requirements in respect of design
features that experience has shown to be
essential for a good indoor climate.

The present situation calls for a combination of
these different types of requirements. Max-
imum permissible values should be specified
for commonly encountered and well-research-
ed pollutants such as humidity, formaldehyde,
man-made mineral fibres (MMMF), radon,
asbestos, NOy and total organic substances, as
well as for indicators such as COz (occupants)
and CO (tobacco smoke, vehicle exhausts).
However, owing to the lack of knowledge of
interaction between pollutants, it is difficult to
specify values for many substances (e.g.
amines, phthalates etc.) that would ensure a
healthy building.

Requirements for maximum permissible
emission levels of selected types of pollutants

must be specified. A proposal for a standard
Nordic test method (Nordtest) is under de-
velopment. A draft test method relating to
particle emission from materials also exists
in Denmark.
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Specific flow, n (house volumes/hour)

Outdoor air flow specified as specific flow n
for one-storey and two-storey houses. The
houses have been divided into groups, based
on the year of construction. Ventilation sys-
tem; S-system.
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Ventilation design features that can be
recommended are:

e those in which pollutants are captured
directly at source by encapsulation, local
extraction etc.,

e those that feature simplicity, flexibility in
respect of changed use of the premises,
individual controllability and ease of un-
derstandability for individual users,

¢ those that can withstand windows being
opened,

® those of which the performance can be
easily checked (fixed instrumentation/
measurement points), that can be easily
adjusted and cleaned, and those which are
accessible and easily replaceable,

° decentralised, symmetrically designed
systems, having well-placed fresh air inlets,
good filter performance (minimum F45)
and high air change rates and ventilating
performance,

® gystems that are quiet in operation, with-
out low-frequency noise,

¢ balanced ventilation systems with heat
recovery that does not recirculate pol-
lutants.

The following ventilation design features

are risky:

® recirculatory systems,

¢ natural draught systems (inadequate ca-
pacity, no routing to individual rooms,
draughts),

¢ mechanical exhaust systems (no routing to
individual rooms, draughts),

e air humidification, and particularly
systems that supply water in droplet
form,

® warm air systems (spread of pollutants, not
easily controlled),

e rotating heat exchangers (recirculation of
pollutants),

e heat exchangers that cannot be bypassed
during the summer, (temperate climate
zZones), .

* insensitive or excessively sensitive con-
trol equipment,

e all systems that are inadequately main-
tained, badly adjusted, incapable of being
cleaned or with night set-back or weekend
set-back of air flow rates when the building
s new,

¢ ventilation ducts embedded in floor/ceiling
structures.
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As far as air humidification is concerned,
the 1987 Nordic Healthy Building seminar
unanimously adopted the following resolu-
tion: '

“General air humidification is not recom-
meénded for hygienic reasons. Such humidi-
fication can result in side-effects such as the
growth: of dust mites, humidifier-fever and
other allergies. ‘Dry air’ symptoms should be
countered preferably by other means than air
humidification. Selective humidification may
be required for special individuals/environ-
ments/processes: it is then important that a
‘safe’ method is selected.

As far as air recirculation is concerned, the
seminar adopted the following resolution:
“Air recirculation is not recommended in pub-

-

Major R&D effort in the field of air quality is
required, including the following:

® surveys of the air pollution situation in
present-day buildings,

¢ identification and surveying of sources of
indoor pollution,

® epidemiological investigations of the link
between ill-health and design features, and
also between ill-health and pollutants
encountered in non-industrial indoor en-
vironments,

¢ investigation of depot effects of pollutants
in indoor environments,

¢ development of standardized methods of

lic premises as a normal method on account of
the risk of spreading gases and fumes, and i
the light of practical experience: of short-
comings in application and maintenance. Air
from ‘polluted’ rooms, such as rooms used by
smokers, must not be recirculated. In existing
systems, air recirculation may be used, but the
condition of filters and settings of fresh air
supply systems must be checked at frequent
intervals. For new systems, it is recommended
that other means of heat recovery be em-
ployed. Air recirculation systems can be used
as a method of mixing fresh air and room air
when this is justified in-practical terms, e.g. for
thermal reasons. If air recirculation is used in

~ new building developments, special require-

ments must be fulfilled in respect of adjust-
ment, regular performance checking and
cleaning of ducting systems.”

sampling and analysis, suitable for both
routine measurements and research
purposes,

¢ intercalibration of
mea§ured data,

¢ investigation of ventilation requirements in
different types of premises,

® investigation of the efficiency of air change
in real situations,

® investigation of recirculation of pollutants
caused by various types of heat exchanger
under field conditions, and

¢ investigation of the ‘dry air’ symptom, in-
cluding the effect of air humidification.

laboratories and
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Thermal

indoor climate

Basic performance requirements are given in
NKB Report No. 41 (published by the Nation-
al Board of Physical Planning and Building in
1981) or in ISO Standard 7730. Heating and
ventilation systems must be planned and in-
stalled so that they can be adjusted and
checked regularly to ensure that the required
thermal performance in the dwelling zone is
maintained.

R&D is needed for the development of:

¢ instruments and methods that will permit
the end user to check climatic condi-
tions, and

® climate control systems and instructions
that will allow the end user to control his/
her own local climate conditions.

: f‘-“Eyo lrrlt-tlon" 3

s it Satitles =
e gaseous irritants

® heat radiation pmadi s
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Other climatic

factors

It is important that the requirements of all
important climatic factors are fulfilled simul-
taneously. Air quality, thermal climate, noise
and lighting conditions etc. must all lie within
their permitted ranges at the same time.

Ion generators are considered to be a risky
solution.

R&D is needed in respect of:

® the influence of low-frequency sound and
infrasound,

® the perceived mental fatigue of ventilation
noise and

® interactive effects between climatic fac-
tors.
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Building materials

For healthy buildings it is essential to choose
building materials with a minimum pollutants
emission to the indoor air. According to a draft
proposal for a Nordtest method, materials
may emit a maximum of 0.15 mg/m? formalde-
hyde and 2.00 mg/m?® TVOC (total volatile
organic compounds) when tested. “The air
from the test chamber must not be deemed to
be unpleasant or annoying.”

Materials to be recommended are ones

that are:

¢ proven and found to be low-emittant,

® accompanied by a statement of contents in
respect of pollutants emissions,

¢ stable, lasting and durable under the con-
ditions likely to be encountered, and

¢ free from heavy metals, asbestos, bio-

cides, radioactivity.

The following solutions are considered to

be risky:

* materials with a large surface area, such as
wall-to-wall carpets in public premises; if
materials of this kind are essential in view

of, for example, persons suffering from
impaired hearing, the cleaning level must
be raised,

® materials that are not accompanied by a
“statement of contents” in respect of
health importance or have been “tried and
proven” for a long time,

® materials containing substances that may
be suspected of being toxic in the concen-
trations concerned,

e plastic wall coverings and painted glass-
fibre woven fabrics in wet spaces,

® raw materials liable to cause charges of
more than 1000 volt at 22°C, 25 % RH,
and

¢ use of protective agents against biological
degradation; the building shall be con-
structed so that such agents are super-
fluous.

R&D is needed for:

* gstudies of sorption and diffusion processes
in different materials, and

¢ development of methods for testing of
degasification from materials for both
laboratory and field conditions.

Diagnosis of
malfunction

In the light of experience from investigations
of “sick buildings”, buildings affected by
mildew, etc., an investigative and action pro-
cedure that is carried out in stages is consid-

ered to be appropriate. It is of particular
importance to use uniform questionnaires and
measuring procedures in order to allow com-
parisons and to build up a larger bank of
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experience more quickly. Such knowledge as
is already available today must be passed on
to doctors to a greater extent than hitherto in
order for them to be able to concentrate their
work increasingly on preventive health care
or, in other words, to eliminate the causes of
the problems (“to cure the houses”) instead of
treating the people on a symptomatic basis
only.

R&D is needed for, among other things:

¢ testing and further developing the invest-
igative and action methods used today,

e checking in adequate studies the results of

completed actions in buildings with en-
vironmental problems,

e development of methods for identification
and characterization of sources of pol-
lution,

e development of methods for compilation
and evaluation of sensory reaction patterns
and reaction intensity, and

® development of objective clinical methods
for investigation of symptoms included in
“sick building syndrome” and other
symptoms of ill health associated with
buildings.

Operation and maintenance,
the building process

Purchasers/users of buildings must learn to
express quantified requirements that can be
checked, and also to check that the require-
ments have been fulfilled. Maintenance and
operational aspects must be considered
throughout the building process. In this con-
text, the working environment of the opera-
tional and maintenance personnel, as well as of
their need of training, must not be forgotten.
Technical descriptions and instructions for the
user must be prepared towards completion of
the building process.

Design features/measures that are recom-
mended are:

e the use of well-proven design solutions
and materials,

e allowing sufficient time for thorough per-
formance of the work of both planning and
construction, including time for drying out,
adjustment, performance checking and
remedying of faults (quality assurance),

¢ ensuring smooth cooperation between the
various parties involved in the building pro-
cess; one person should provide the link
throughout the entire process from
planning to occupation and by all means
also during a follow-up phase,

® not to make the building too dependent on
sensitive technology that could easily fail to
work properly, )

® to prepare maintenance routines as early as
during the planning phase,




* HEALTHY BUILDINGS
CONCLUSIONS AND:

RECOMMENDATIO

¢ to provide a long guarantee period in order
to ensure time in which to discover
hidden faults,

e to allow the building process to compete in
terms of quality instead of just in terms
of price,

¢ to maintain a high cleanliness level without
the use of hazardous cleaning agents,

¢ to teach operating and maintenance per-
sonnel (and also their superiors) that cli-
matic and hygienic aspects are more im-
portant than energy aspects, and

e to carry out regular performance checks.

R&D is needed in various areas, including:

® investigation of factors that prevent, say,
ventilation systems from receiving suf-
ficient maintenance.

Requirement specification

Projecting (planning)

Installation
(air technology)

Operation and maintenance

Function
(climate - environment)
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Standards and other
social steering means

Over the last ten years, the building debate
has been concerned largely with energy
aspects. This has resulted in standards and
propaganda efforts (“conserve energy!”) in-
tended to direct building along the path of
more airtight buildings with lower energy con-
sumptions. This has been the direct cause of
many of the problems encountered in sick

buildings. Uncritical energy conservation
often results in major risks of greater damage
and symptoms or other problems for users.
The public incentives and steering system
(standards, loan conditions, information to
property-owners and users etc.) must there-
fore be reviewed so that the primary hygienic
aspects are better considered.

A checklist
for healthy buildings

It is suggested that the following questions
should be answered:

e Is the building suitably sited in view of
external environmental factors?

¢ Do ceiling heights, room shapes and
colours provide a good -environment
(generous with daylight)?

¢ Can the technical solution chosen lead to
problems with moisture penetration into
the building, or with condensation etc.?

e What is the risk of water damage? Is it
possible to detect water damage in time?

¢ How does the technical solution/material
chosen affect pollution levels in the room
air?

e Has the building been designed with a hol-
istic approach to acoustics?

e Do the various design features also make
allowance for individual requirements
(e.g. allergics)?

e Have designs and materials been tested on
a large scale?

® Has sufficient time been allowed for care-
ful planning and construction work, as well
as for drying-out?

o Are all the parties of the building process
working smoothly together?

e Is the building excessively dependent on
technology that can fail? Does it have a
sound default state?

e Have maintenance routines been planned
during the planning phase?
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