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SICK BUILDING SYNDROME: A REVIEW

by

J M SYKES BSc. CEng. MIOH

SUMMARY

This paper reviews published information on 'sick building syndrome', the
cause of reputedly high incidence of sickness amongst occupants of sealed,
mechanically ventilated buildings. It discusses symptoms, common features of
'sick buildings' and possible causes. On the basis of reported cases, there
appears to be no single cause but a series of contributing factors.
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INTRODUCTION

Concern about the reportedly high incidence of
sickness amongst people who work in sealed
buildings, especially offices, has attracted
considerable attention. In the UK this 1is a

comparatively recent problem, most reports having
been published since 1980, but in other countries,
especially in North America and Scandinavia, the
problem was first reported some 30 years ago, both
in the workplace and the home.

Various terms have been used to describe the
phenomenon - ‘'building sickness', 'sick building
syndrome', ‘'sick office syndrome', 'tight building
syndrome', ‘'office eye syndrome' and others. None

adequately describe the condition but the term 'sick
building syndrome' has been accorded recognition by
the World Health Organisation (WHO)1 and is the most
widely used.

'Sick building syndrome' continues to attract both
speculation and controversy and, unfortunately, many
of the plethora of papers on the subject are devoted

more to speculation than to fact. Its nature,
prevalence, causes and even its existence are open
to debate. This paper reviews current published

information on the subject.
DEFINITION

'Sick building syndrome' is, by its nature, ill
defined. One definition used is "a building in
which complaints of i1l health are more common than
might reasonably be expected"?, This has some
drawbacks since it does not address the question of
whether such complaints are, or are not, justified.
However, the common feature of sick buildings is
that their occupants suffer, or appear to suffer, a
measurably higher incidence of illness than expected
for no readily identifiable reason. Clinically
diagnosed ilinesses which can be readily attributed
to a particular cause such as humidifier fever,
Legionnaires disease or to exposure to a toxic agent
in the environment are not usually regarded as 'sick
building syndrome'.

Various authorities and authors have attempted to
subdivide 'sick building syndrome' into different
categories. Most notably, WHO', differentiates
between 'temporarily sick buildings' where symptoms
decrease and disappear in time and 'permanently sick
buildings' where they persist, often despite the
most extensive remedial measures. Some researchers
and authors have postulated sub species of 'sick
building syndrome' based on their particular area of
interest“,s. Such an approach may have advantages if
the different symptoms suffered by the occupants of
sick buildings can be shown to have many different
causes.

REPORTED CASES

Reports of 'sick building syndrome' fall into two
categories - investigation of cases in order to
prescribe a remedy, and surveys of office and other
buildings to assess the extent of the problem and

its 1likely causes. Many in the latter category
usefully include 'sick' and 'control' buildings to
enable comparison. Appendix 1 lists the reports

considered and possible causes.

One noteable shortcoming is that few investigations
are completely multidisciplinary in approach so that
papers often consider separately the medical
aspects, measurement of airborne contaminants or an
assessment of the physical environment and the
ventilation or air conditioning system. Few
simultaneously study all three aspects of the
problem. This means that some investigations have
drawn conclusions which do not appear to be fully
supported by the reported facts, possibly because
not all of the information found in the
investigation is reported or possibly because the
investigators have made assumptions. Whatever the
reason, some conjecture appears to be subsequently
reported as fact, especially in the press.
Unfortunately, few investigations have conclusively
proven a cause by the successful application of
remedial measures in a controlled sequence.

investigation and studies, a
narrow

In addition to case
number of papers consider a particular,
aspect of 'sick building syndrome' or one postulated
Some provide a useful and detailed insight
in others it appears that
has used ‘'sick building
rather than a reason, for

cause.
into that aspect whilst
the particular author
syndrome' as an excuse,
the work.

SYMPTOMS AND PREVALENCE
Most reports of outbreaks detail a common list of
symptoms. These are summarised by wHo! as:

- eye nose and throat irritation

- sensation of dry mucous membranes and skin

- erythema (skin rash)

- mental fatigue

- headaches, high frequency of airway infections
and cough

- hoarseness, wheezing,
hypersensitivity

- nausea, dizziness.

itching and unspecified

Some investigations have produced more extensive

lists of symptoms including, for example, high blood

pressureG and miscarriages7. However, these are
mentioned as occurring amongst staff in sick
buildings; they are not specifically attributed to

'sick building syndrome'.



The range of symptoms and their prevalence may
depend, to some extent, on the questionnaire used.
Investigation of symptoms is often carried out by a
self administered questionnaire and the response
may, in some cases, be influenced by the number and
nature of the questions.

Studies in the UK 3%,%,%,%' %2 show a number of
patterns:

(a) Symptoms are most common in air conditioned
buildings but they also occur in buildings that are
naturally ventilated.

(b) Clerical staff are more likely than managerial
staff to suffer, and complaints are more frequent in
the public than the private sector. Complaints are
also more frequent in offices housing many staff.

(c) People with most symptoms have least perceived
control over their environment.
(d) Symptoms are more frequent in the afternoon
than the morning.

Some investigators have sought to show a link
between 'sick building syndrome' and performance/
neurological tests. Sterting and Sterling10 used
"tremor' tests and 'T crossing' tests but failed to
show a difference between the test and control
groups. Bergundll tested volunteers in 'sick' and
study buildings for stress, memory, vigilance,
reaction time and steadiness, again without finding

adverse effects. Although various papers have
discussed the effects of exposure to toxic
substances on behaviourlz,lh and mental fatigue is

one of the symptoms of sick building syndrome, those
studies by Sterling and Sterling and by Berglund
failed to show a measurable 1link between sick
building syndrome and performance. One major survey
does suggest a reduction in efficiency of 20%
amongst occupants of sick buildings, but this is
based on personal opinions of those showing symptoms
rather than on performance measurements.

The prevalence and overall effect of 'sick building
syndrome' are difficult to assess since most people
occasionally suffer from some symptoms whilst at
work, particularly headaches and chest complaints.
Except where the incidence of illness is compared
with a control, or it can be shown to change when
remedial measures are instituted, the findings are
of little value. Some papers suggest that up to 30%
of new and remodelled buildings (with recirculating
ventilation or air conditioning systems } have an

excess of illiness amongst staff and that up to 85%
of staff in such buildings suffer from some
symptoms®,?,'3.  There is little information on the

severity of symptoms although since relatively few
cases appear to cause extensive absence from work
(except some reported cases from the USA etc) it is

to be assumed that they are relatively mild.
However, reports on its prevalence suggests that the
total number of sufferers is great and despite the
inconclusive results from performance tests, some
reduction in personal performance and motivation
cannot be ruled out.

COMMON FEATURES OF SICK BUILDINGS

The WHO! identifies a number of features common to
sick buildings. Summarised, these are:

(a) They often have forced ventilation (WHO does
not make specific reference to air conditioning

although air conditioning will fall into this
general category).

(b) They are often of light construction.

{c) Indoor surfaces are often covered in textiles

(carpets, furnishing fabrics etc).

(d) They are energy efficient, kept relatively warm
and have a homogeneous thermal environment.

(e) They are airtight, ie windows etc cannot be
opened.

Subsequent comparative studies in the UK have tended
to confirm these common t”eatures’a,s,“,“2 although
sick building syndrome does not occur in all
buildings with these features Wilson and Hedge9 in
their survey of 46 buildings in the UK, considered
the building environment and air conditioning system
design in relation to the prevalence of symptoms and
found significant differences even amongst buildings
conforming to the WHO list of features. In general,

cheaply constructed buildings with poorer air
conditioning systems, especially public sector
buildings constructed in the 1970s, showed more

problems than well constructed buildings with more
expensive air conditioning systems dating from the
1980s. The type of glazing also appeared to be
significant - all of the least healthy buildings,
but none of the healthier buildings, had tinted
glazing.

POSSIBLE CAUSES

Many causes have been suggested for sick building
syndrome, including:

(a)

Airborne pollutants -

(i) chemical pollutants from the building
occupants, fabric and furnishings, office machinery
and from outside.

Airborne dusts and fibres.

(ii)



(fii) Microbiological contaminants from
furnishings, building occupants or
ventilation or air conditioning system.

carpets,
from the

These may heve a directly toxic, pathogenic or
irritant effect on occupants or they may have an
allergenic effect (ie once occupants are sensitised,
subsequent very small challenges may cause illness).

Odours

(b)

(c)

Lack of negatively charged small air ions

(d)

Inadequate ventilation/fresh air supply

(e) Low relative humidity

(f)

Poor working environment/discomfort due to

(1)

High temperatures.
(ii) Inadequate air movements/stuffiness.
(iii)Poor lighting.

(g) General dissatisfaction or psychosomatic

causes.

Many of these are interrelated subjects and 'sick
building syndrome' may well result from the
simultaneous effect of a number of challenges.
Except in a few cases where symptoms follow a
specific change in the working environment, eg. the
installation of a new carpet‘s, isolation of the

cause is notoriously difficult. Comparison studies
between 'sick' and ‘control' buildings will
highlight those features which are common to 'sick
buildings' and do not occur in others but
identification of the cause may well become a
procedure of 'trial and error' and since many
supposed causes would involve major and very

expensive remedies, such a course is rarely tried
and the cause remains a matter of conjecture.

The possible causes, as identified from published
papers, are discussed in the following paragraphs.

AIRBORNE POLLUTANTS

The potential range of pollutants in the office and
similar environments is enormous. However, levels
actually occurring have generally been found to be
minute, sometimes requiring techniques more
sensitive than normal occypational hygiene practice
for their measurement®. Hicks®? reports typical
levels of air pollution measured in 'tight building'
investigations (Table 1, Appendix 2).

can be

Various sources of airborne poliution

identified, the main ones being:

(a) Building Occupants

Pollutants released . by occupants of the building
include CO,, water vapour and microbial organisms
and matter.

Carbon dioxide levels due to respiration alone can
rise to several thousand parts per million in well
sealed buildings. Although there are no reports -of
levels above the occupational exposure limit (5000
ppm) levels of up to 1800 ppm have been reported17
and since, in some cases, building ventilation
systems are controlled by CO, monitoring with the
monitors set to operate at levels of up to 2,500
ppm, it is possible that CO, levels will, in some
circumstances, approach the exposure limit (this
will be discussed later with other aspects of
ventilation). Whilst it is unlikely that CO, at
these levels is itself the cause of illness it may
be an indicator for the presence of other airborne
pollutants. The Ontario Ministry of Labour®!, for
example, have adopted an indoor CO, standard of 600
ppm on this basis. However, such a standard will
only be valid if there are no other sources of CO,.

Smoking creates a much more considerable source of
airborne contamination. Table 2 (Appendix 2) lists
those gases to be found in cigarette smokela,zn.
There are many reports analysing pollutants from
tobacco smoke; a review by Brundrett2® 1isted carbon
monoxide, carbon dioxide, nicotine, furfal,
aldehydes, ammonia, phenols, hydrogen cyanide,
pyridines, oxides of nitrogen, acrolein and
particulates, many of which have toxic or irritant

properties.

symptoms caused to
Table 3)
'sick

Brundrett also lists physical
smokers and passive smokers (Appendix 2,
which bear similarities to some symptoms of
building syndrome'.

There is debate over whether smoking does contribute
to 'sick building syndrome' (or even whether it
contributes to airborne pollutant levels). Some
researchers have suggested that smoking does not
affect either contaminant levels or 'sick building
syndrome'; Sterling et al?',22 in reviews of NIOSH
and CDSC reports of 350 investigations found lower
levels where smoking was allowed than where it was
not atllowed. However, Sterling does not, in his
report, discuss the building ventilation rates.
Since 1981, the American Society of Heating,
Refrigeration and Air Conditioning Engineers
(ASHRAE)2® has advocated a much higher ventilation
rate where smoking is permitted (7.5 1/s/person)
than where it is not permitted (2.51/s/person) and
this may well account for these anomalies. Other
research in the USA by the Environmental Protection
Agency (EPA)2® identified higher Jlevels of



contamination in residential buildings where smoking
was permitted than where it was not permitted.

is difficult to show a link between
The evidence

In general, it
smoking and 'sick building syndrome'.
of field studies 1{s {nconclusive and many
researchers believe there is no 1link. However,
wHO!, 2 suggested that there should be more vigorous
efforts to curtail smoking, especially in public
places but admitted the need for more information on
health effects. The fourth report of the Frogatt
committee® also considered the effects of smoking
on non smokers, concluding that it presented some
hazard and advocated the segregation of smokers from
non-smokers at work etc.

(b) Building Fabric and Furnishings

Many sources of pollution have been attributed to
releases (or 'off-gassing') from the fabric and
furnishings of the building and in somé¢ cases a

strong link has been shown with building illness.
Pollutants include:
(1) Formaldehyde, especially from urea

formaldehyde
Formaldehyde

fnsulation and certain types of board.
is an irritant and may, therefore,
cause some symptoms similar to those of ‘'sick
building syndrome'. Its release from urea
formaldehyde insulation into domestic premises has
caused concern in some countries where measurement
by various researchers have revealed substantial
levels with peak values up to 2.8 mg/m®, 1,25-28 and

indoor air standards have been introduced, for
example, in Germany (0.12 mg/m*®), Netherlands (0.12
mg/m*) and Sweden (0.10 wmg/m*), although their

precise status is unclear. Other building materials
have also been shown to release formaldehyde; for
example, particle board has been shown to cause
levels of 1.0 ppm (1.25 mg/m®) when newly installed,
dropping with time and ventilation rate?®,2%. This
has prompted speculation that formaldehyde is a
cause of 'sick building syndrome"s,‘7. In one
investigation, pement?” found complaints of upper
respiratory and eye lirritation in a temporary
building with particle board panelling etc where
formaldehyde levels of up to 0.23 ppm (0.29 mg/m*)
were measured. On ‘'fumigation' with ammonia and
increased ventilation, formaldehyde levels dropped
to below 0.1 ppm and complaints subsided.

Whilst some reports from the USA and other countries
link formaldehyde with ‘'sick building syndrome',
other surveys, for example, by NXOSH15 have
discounted it. Studies in the UK have also
discounted it.

(ii) Organics and solvent vapours. These can be
produced from various sources including adhesives

used in furniture and for sticking carpets, floor
tiles etc. One outbreak of illness in the USA'S was
attributed either to the carpet or the adhesive used
but most investigations have failed to show the
presence of organic vapours in sufficient quantity
to cause illness. Several papers have attributed
symptoms to a 'photochemical smog' caused by the
action of ultraviolet light on organic contaminants
but these are based on a single study of two
buildingsln and the theory does not appear to have
been conclusively proven.

(iii) Dust and fibres. Some authors have
attributed 'sick building syndrome' to dust and
fibres from carpets, furnishings and insulating

materials®*. General papers also consider organic
dusts from carpets suggesting that they can harbour
organisms such as house mites that cause asthmatic

attacks or that dampness can lead to microbial
contamination which in turn causes illness amongst
building occupants3?™3%, Most papers are

speculative and some give more opinion than fact.
However, a few cases of 'temporarily sick buildings'
may have been caused by airborne dustls,’s.

(c) Office Machinery

Although photocopiers have been suggested as a cause
of building sickness, and pollutants such as ozone
can collect in very poorly ventilated photocopying
rooms3S, only one investigation links a photocopier
('wet type') with symptoms’7. Another
investigation, involving a large number of
buildings, discounts ozone from photocopiers. HSE
investigations have shown pollution levels in
photocopier rooms to be generally they
appear unlikely to be a major cause of symptoms
other, perhaps, than amongst some staff working in
poorly ventilated photocopier rooms.

low so

(d) Heaters

Direct fired heaters are able to release toxic gases
- particularly carbon monoxide and oxides of
nitrogen into occupied areas. Various studies of
airborne poliution in homes®®,3% have suggested that
nitrogen dioxide from combustion products may cause
illness amongst children and some outbreaks of
illness amongst building occupants investigated by
HSE have been attributed to products of combustion
from faulty heating equipment. However, there is no
evidence to 1link heating or combustion equipment
with published cases of 'sick building syndrome' and

such buildings are unlikely to have unflued
heaters.
(e) Ventilation and Air Conditioning Systems

conditioning
including

systems can
Legionnaires

Ventilation and air
transmit airborne disease



disease, humidifier fever, and various infections"®.
Some, particularly Legfonnaires disease, originate
outside the system. Others, of which humidifier
fever is the prime example, are caused by organic
and/or microbial growth in items of plant in the
system. Most of these {llnesses have readily
fdentifiable causes and their symptoms of for
example, Legfonnaires disease, are different from
those of 'sick building syndrome’.

However, there may be a link between some cases of
'sfck building syndrome' and humidifier fever.
Papers by Finnegan and others’,“l,“’ report two
cases of humidifier fever smongst the population of
a ‘'sick building', and a higher incidence of
respiratory symptoms amongst people in a humidified
building than a non humidified building. They did
not find a higher incidence of other symptonms.
Wilson and Hedge® also report a higher incidence of
symptoms amongst occupants of buildings with 'non
sterile' forms of humidification than those with
steam humidification.

Even where air conditioning systems do not contain
humidifiers, 1{tems of plant can act as breeding
sites for organic growth. This is true of items
such as cooling coils where condensed water can
collect, and these have been shown to release
micro-organisms into the airstream?, No link has
been shown between cases of 'sick building syndrome'
and other items of air conditioning plant although
Wilson and Hedges report different symptom rates
with different types of air conditioning system

which are not explained by differences in
temperature etc so a link cannot be entirely
discounted.

Some authors have attempted to link 'sick building
syndrome' with insulating materials associated with
building services and heating and ventilating
systems, particularly with asbestos", but this is
purely speculation and none have justified their
views.

It may be possible for ventilation or air
conditioning systems to transport contaminants or
pathogens from one area to another within a 'sick
building’'. Aerobiologists in the health service
have shown that pathogens can be carried in hospital
ventilation systems, thus spreading infection.
Despite some speculation, this has not been shown to
be a cause of 'sick building syndrome'. There is
also little evidence to suggest that outside
pollution drawn in through the ventilation system is
a cause of sick building syndrome. One reported
NIOSH'® case involves complaints of 'noxious' odours
possibly drawn in from a parking area but there is
no record of symptoms.

EFFECT OF AIRBORNE CONTAMINANTS

If alrborne contaminants are responsible for the
symptoms of 'sick building syndrome' whether acting
alone or synergistically as components of a complex

cocktail, this may be due to several mechanisms,
including:-
(i) Toxicity. All investigations where levels of

contamination are reported indicate that these are
low, and often very low indeed, in relation to the
appropriate occupational exposure limits. However,
whilst there is as yet no proven link between 'sick
building syndrome' and the toxic effects of airborne
pollutants, the toxicology on which exposure limits
are based is not necessarily relevant to the low
level, chronic exposure that might occur in sick
buildings, so the toxic effect of airborne

pollutants cannot be discounted.

(ii) Irritation. Several reports attribute 'sick
building syndrome', or some of its symptoms, to the
irritant effect of airborne contamination. Some of
the contaminants are known to have irritant
properties, formaldehyde for example. Frank"
specifically attributes eye symptoms to drying of
the eyes, possibly caused by the altered stability
and composition of the eye film due to irritants
such as formaldehyde, although he does not report
levels of contaminant in air. Molhave'® suggests
that levels of volatile organic compound between
0.16 and 2.0 mg/ms are responsible for mucous
irritation, and suggests that there should be future
investigations to establish a dose-response
relationship for organic compounds in sick
buildings. However, since Frank, Molhave and other
authors do not appear to have established these
links experimentally, their hypotheses are as yet

unproven.
(iii) Infection. Although micro-organisms can be
released from air conditioning systems etc, and

ventilation systems in hospitals have been shown to
transmit pathogens, there 1is 1little reason to
believe that 'sick building syndrome' is due to this
mode of cross-infection. Outbreaks of other illness
may occur amongst occupants, for example, influenza
or even Legionnaires disease but these are not to be
confused with ‘'sick building syndrome'. The
continuing nature of symptoms of ‘'sick building
syndrome' and the fact that they occur only when at
work, suggest that they are not due to infection.

(iv) Allergy. The nature of the symptoms suggests
that allergenic reaction to airborne pollutants,

whether chemical or microbiological agents, s
possible. The allergenic effect of many agents is
well recorded and sensitised people can be affected

by even minute quantities of some agents, which
might explain why symptoms occur even when air



sampling fails to reveal significant levels of
contamination. Unfortunately, unless the allergenic
agent can be traced and affected persons tested for
their reaction to {t, proof s particularly
difficult and the differences between 'sick' air
conditioned buildings and their naturally ventilated
controls cannot readily be explained as an allergy
unless the agent orfiginates in the air conditioning
system itself. A few investigators have indicated
such a link in particular cases but it has not been
universally established.

ODOURS

A few papers consider odours in relation to 'sick
building syndrome'. Bergund et al® discuss sensory
perception (including smell) and suggests that 'sick
building syndrome' 1{is caused by sensations to
imperceptibly small stimuli of all sorts; some case
fnvestigations mention odours but there is little
suggestion that they are, or might be, the cause of
symptoms. Two papers“’,'“ link odours with
outbreaks of psychogenic is no

illness but there
reason to relate such outbreaks to 'sick building
syndrome' . :

CHARGED AIR IONS

Small air ions are molecules of air which have
either 8 positive or negative charge. They occur
naturally by various means, or may be created

artificially using an air ioniser. Small numbers of
charged air fons exist in outside air, typically one
in 10*® molecules, but these become depleted indoors
to perhaps one tenth of the outdoor Tevel“S.
Several reasons are suggested for this depletion -
loss of ions in metal wventilation ducts, water
vapour, dust and smoke acting as condensation
nuclei, the depleting effects of VDUs.

ions are claimed to have a number of effects on
For example, medical
claim that during

Air
human physiology and health.
research papers from Isreal
certain weather conditions, the increased positive
ion concentration in air causes increased
neuroticism (Serotin Irritation Syndrome) which can
be overcome in some patients either by the use of
tranquillisers or by the generation of negatively
charged small air ions"‘,"7. Other researchers
suggest that negative air ions act as catalysts to
remove trace gases, kill micro-organisms, affect the
dispersal of aerosols containing micro-organisms,
and claim that they relieve anxiety in rats and mice
and reduce the death rates in rats and mice injected
with influenza virus“®, Negative ions have also
been shown to affect the mammalian respiratory tract
although the researchers doubted whether this would
also apply to man“®,%2, Some papers have shown that
positive ions increase air uptake in exercise®® and
there is some evidence, albeit conflicting, that air
jons may be beneficial to asthmatics®}.

some published information
interpreted to show that
Some suppliers

Considered selectively,

on this subject can be
negative ions have great benefits.
of negative ion generators have shown great
selectivity in their interpretation, <claiming
benefits for their products that include relief from
bronchitis, hay fever, catarrh, asthma, rheumatism,

headaches, colds, eczema, high blood pressure,
palpitations, conjunctivitis, and laryngitis, plus
resistance to influenza, increased ability to

concentrate and reduced fatigues’ and, of course, a
reduction in the incidence of ‘'sick building
syndrone's“. A number of such claims have prompted
action by authorities, particularly the US Food and
Drug Administration®3,%% who seized nine brands of
generator for misleading claims between 1959 and

1967, and the UK Advertising Standards Authority.

The claim in the UK that negative ion generators
have a beneficial effect on 'sick building syndrome'
is largely based on work by Hawkins at Surrey
University“s. However, in subsequent work, Hawkins
failed to vrepeat his earlier findings"s.
Investigation by other researchers showed either
that negative ions had no effect in sick buildings®®
or that they had no measureable effect on human mood
and performance®®. One investigation report®’,®®
gave higher negative ion concentrations in the
'sick' building than in the control.

There may be reasons, besides the obvious one, why
tests on negative ion generators have failed to show
benefit. Krueger and Reed“® suggested errors in
observation caused by poliutants (including 0, and
NO, from the generator) and failure to earth the
subject. Even if they were correct, their
suggestions do not auger well for the practical
benefits of negative ion generators. Whilst the
research shows that negative and positive ions may

well have some effect on comfort and well being -
either detrimental or beneficial - and it s
difficult to prove beyond all doubt that negative

ion generators have no benefit whatsoever, the
balance of evidence suggests that they are of little
practical benefit for dealing with 'sick building
syndrome’ .

INADEQUATE VENTILATION

of all the features common to 'sick buildings', the
system of ventilation is often regarded as most

significant; sick building syndrome generally
affects buildings which are sealed and have
mechanical ventilation or air conditioning. This

leads to a presumption that lack of fresh air is a
major cause of 'sick building syndrome'.



Mechanical wventilation of buildings differs from
natural ventilation in & number of ways, most
significantly:

- Whilst mechanical wventilation and air
conditioning can exercise more precise
overall environmental control only rarely do
they allow little personal choice or local

control.
- the wmake-up air supply into mechanical
ventilation systems can often be varied

during operation in order to increase the
proportion of air that is recirculated and
reducing the quantity of fresh air drawn in
from outside.

- mechanical ventilation and air conditioning
systems have components that are susceptible
to failure and to poor design or
installation.

- recirculating ventilation and air
conditioning systems can harbour organic
growth and may distribute contaminants from
one area throughout the building (this aspect
has already been considered).

Fresh air is required for various reasons, the main
ones being to supply air for respiration and to
dilute CO,, odours, cigarette smoke and other
contaminants. Ventilation, although not necessarily
fresh air may also be required to maintain personal
comfort, ie, for the control of air temperature.

Several standards have been set for ventilation and
fresh air supply rates to offices, usually based on
the air required to dilute cigarette smoke or body
odours. The Chartered Institution of Building
Services Engineers59 and BS5720%% set a standard
which ranges from 5 litres per second per person in
general offices up to 25 litres per second (1/s) per
person for personal offices .or boardrooms where
smoking is heavy. In the USA, the American Society
of Heating, Refrigeration and Air Conditioning
(ASHRAE)’“ standard is most widely accepted and has
been periodically revised downwards. In the early
1900s it is reputed to have been 30 cfm (15 1/s) per
person, which dropped to 10 cfm (5 1/s) in the 1930s
as a result of work by Yaglou on body odour, then to
2.5 1/s per person in 1981 (7.5 1/s per person for
offices where smoking was permitted). This 1last
rate was based on achieving an indoor CO, level of
2500 ppm; it also requires that 80% of the occupants
should be 'satisfied'. Fortunately this standard is
now being changed; the latest ASHRAE standard will
require 7.5 litres per second per person for all
offices, whether or not smoking is permitted.

The impetus to seal buildings and increase the
control over the environment is usually motivated

either by necessity ('deep' buildings with open plan
offices are difficult to ventilate naturally) or by
a desire to save energy (and money). The practice
of tight control over the indoor environment poses
problems if the ventilation or air conditioning
system is in any way imperfect. Tales of
dissatisfaction amongst building occupants because
of inadequacies in the ventilation etc system are
legion. Youle®? and Waller’ detail a number of
such problem buildings where an excessive number of
complaints were received because of inadequacies in
the ventilation or air conditioning systems due to
poor design, installation and maintenance. Since
the reports give no details of medical symptoms,
these cases cannot be considered as sick building
syndrome, but they do indicate a possible
contributory factor.

The practice, fortunately rarer in the UK than USA,
of using CO, monitors to control mechanical
ventilation rates may also cause problems. Jansen
and Hi11%! describe such a system set to operate at
2,500 ppm CO,, ie the system would not draw in fresh
air until the CO, level reached 2,500 ppm. However,
since CO, levels did not rise above 1800 ppm the
system did not draw in fresh air. The ASHRAE
standard of 2.5 litres/second/person was based on an
indoor CO, standard of 2,500 ppm.

The evidence suggests that inadequate fresh air is a
contributory factor rather than a sole cause of
'sick building syndrome'. Many authors have
advocated increased ventilation, either alone or in
conjunction with other precautions; few bhave
studied the direct effect of increased ventilation

rate in sick buildings. However, several
'temporarily sick buildings' have been 'cured' by
increased ventilation, amongst other measures®®.

Two papers dealing with buildings that appeared to
be 'permanently sick' were able to show a reduction
in symptoms with increased ventilation3’,'°. In
one, the fresh air rate was increased from 6 to 20
cfm per person; the fresh air rates were not given
in the other.

It would therefore appear that whilst some cases of
'sick building syndrome' are related to an
inadequate fresh air supply, this is not universally
true.

RELATIVE HUMIDITY

Various researchers have shown that low relative
humidity can lead to an increase in the incidence of
respiratory infection52,63,5". The CIBSE GuideS®
recommends that humidity should be maintained
between 40 and 70%.



The reasons for increased incidence of infection is
a subject for debate. Four possible reasons are
given:

(i) Humidity may affect the survival of bacteria
and viruses®?,®5,%% 5o airborne micro-organisms are
less likely to survive in relative humidities of the
order of 50%. However, it is also true that very
high humidities cause dampness which may encourage
the growth of micro-organisms®* and humidifiers can,

themseives, release airborne micro-organisms.

(ii) Higher humidities encourage the agglomeration
of airborne particles and these larger particles are
believed to be less likely to cause infection than
smaller particles®s.

(iii) Dry air may produce microfissures in the
upper respiratory tract which act as landing sites

for infection®’.

Increased mucous flow favours rejection of
micro-organisms. There is, however, some debate
about whether mucous flow increases at higher
humidities, which researchers finding both for and

(iv)

against the theory®®,®%,
1t is debatable whether much of this work s
relevant to 'sick building syndrome' since the

balance of evidence suggests that the syndrome is
not caused by infection.

Few investigations have included detailed
consideration of humidity and comparative studies by
Robertson et al“? showed similar relative humidities
in 'sick' and control buildings, suggesting that low
relative humidity was not the cause. However, low
humidity is known to cause some of the symptoms
noted in sick buildings. Erythema (skin rash) may
be caused by low humidity; Griffiths and Wilkinson’®
quote an incidence of itchy erythema of the face and
neck amongst factory workers which was cured by
raising the ambient humidity from 30-35% to 45-50%.
McIntyre’® was able to demonstrate some increase in

eye irritation at very low humidities (20%),
presumably due to drying effect. Thus, whilst low
humidity is unlikely to be a major cause, it may
sometimes be responsible for symptoms.

WORKING ENVIRONMENT, COMFORT AND  SENSORY
PERCEPTION

Various standards have been set for the optimum
comfort of building occupants, the most widely
accepted being that derived by Fanger and used as
the basis for IS0 7730-19847'. As with most such
standards, 1SO 7730-1984 sets an optimum temperature
(air, radiant, and radiant symmetry) range for
people at different metabolic rates and wearing
different clothing. Although the work is based on
sensory perception it draws up complex equations to

the 'operative
requirements,

allow for the calculation of
temperature'. Recommended comfort
from IS0 7730-1984, are:

(a) Operative temperature 20°¢c-24°¢ (22“61200).

(b) Vertical air temperature difference 1.1 m and
0.1 metres (head and ankle height) less than
3%. :

(c) Floor surface temperature 19-26°C (29°C with
floor heating systems).

(d) Mean air velocity less than 0.15 metres/sec.

(e) Radiant temperature assymetry (due to windows
etc) less than 10%.

(f) Radiant temperature assymetry from a warm

ceiling less than 596

The standard is based on the 'prediction mean vote'
(PMV) and the 'predicted percentage of dissatisfied’
(PPD) - and predicts conditions which are most
satisfactory to most people for most of the time.
'ldeal' conditions can vary from population to
population (surveys have shown optimum temperatures
ranging 17°¢ for English gentlefolk in winter to
37°% for Bagdhad office workers in summer) and from
person to person within a popuiation. Whilst the
preferred temperature may be influenced by
expectation and possibly by extreme outdoor
temperatures, these studies show that no single
thermal environment is ideal for everyone; even if
conditions are 'ideal', a percentage of occupants
will be dissatisfied.

Dissatisfaction with the thermal environment is a
greater problem in large air conditioned buildings
than in smaller and naturally ventilated buildings.
The standards set in ISO 7730-1984 are complex and
not easy to achieve. Whereas in a building with
opening windows and radiators the occupants are
able to vary the thermal environment to some
extent, if the air conditioning or heating system
in a large, 'tight' building fails to controi the
thermal environment, there is often little that the
occupants can do to improve conditions.

A sensation of 'stuffiness' may also play a part.
Stuffiness generally indicates dissatisfaction with
the environment. Bedford’? attributes stuffiness to
lack of stimulation, suggesting that a change of air
velocity will stimulate the nerve tactile endings in
the skin, which fits in part with the theory by
Berglund et al® that imperceptibly small stimuli may
be to blame. Two papers report investigations where
it was possible to reduce complaints of stuffiness
by the use of individual fans to increase the air



velocity from 0.05 to 0.6 metres/second7“ and by

reducing air temperature by 2°C75 (from 23°C to
0

21°C).

Clearly discomfort and dissatisfaction with the
thermal environment will lead to complaints and many
articles have equated 'sick building syndrome' with
those complaints. A building cannot be classed as
'sick' just because its occupants are uncomfortable
but some investigations have shown that symptoms are
more often prevalent where occupants find their
environment uncomfortable. However, others have
failed to link symptoms with comfort and in some
cases, 'sick building syndrome' has remained even
when problems of discomfort have been dealt with?7,
Comparative studies of 'sick' and 'control'
buildings often show similar thermal conditions in

both air conditioned and naturally ventilated
buildings.

LIGHTING

Poor lighting and glare are known to contribute
towards strain and headache. Robertson & Burge
considered glare in their investigationsss and
rejected it but Wilson and Hedge9 found the

greatest number of symptoms amongst occupants of
poorly iltuminated buildings, ie those with very
uniform artificial lighting, dull decor and tinted
glass windows that reduce the amount of daylight
entering.

One aspect that has received attention is the effect
of <certain types of 1light on indoor chemical
pollution. Several articles and paper‘s-’,s';,"","’,eS
have considered this point, postulating that ultra
violet rays in light from certain types of fitting
cause photosynthesis of chemical pollution to create
a photochemical smog that causes the symptoms of
'sick building syndrome'. This is based on work by
Sterling and Sterling7 in which they found that by
increasing the ventilation rate in the building and
by changing the 1lighting fittings to reduce the
ultraviolet 1light they were able to reduce the
incidence of symptoms. Despite being unable to
measure photochemical smog in the building
concerned, they assumed that this was the cause of
the problem rather than either the lack of fresh air
or the type of lighting.

VISUAL DISPLAY UNITS (VDUs)

There have been suggestions that VDUs can cause
adverse effects to their users due to the emission
of radiation. HSE®® considered these effects and
discounts any link between radiation from VDUs and
cataracts, miscarriages or facial dermatitis
(erythema), which is attributed to low relative
humidity or environmental agents.

DISSATISFACTION AND PSYCHOLOGICAL CAUSES

especially in
industries and
buildings, is
part of a

A popular and often expressed view,
the air conditioning and allied
amongst those responsible for 'sick'
that the causes are wholly or in
psychological nature.

Some outbreaks of illness amongst workers have been
attributed to psychological causes. Guidotti®’
describes an outbreak of illness in a telephone
exchange when 81 members of staff were taken ill.
Air sampling results were negative and the outbreak
was eventually attributed to an employee with a
"military history of involvement in psychological
operations”. Smith et al®? describe three outbreaks
of mass psychogenic illness in industrial plants
with many symptoms similar to those of 'sick
building syndrome'. These outbreaks were found to
affect workers in a predominantly female workforce
who were under some physical and psychological job
stress, and were triggered by a physical stimulus of
some sort, most commonly a strange odour (Guidotti
also mentions a strange odour in his paper).

similarities between
and those of
little

there are some
'sick building syndrome'
origin. However, there is
evidence to 1link sick building syndrome with
outbreaks of psychogenic illness of the type
reported by Guidotti and Smith et al. Pickering and
Finnegan"7 suggest that symptoms are only likely to
be of psychological origin in a small number of
cases. In further studies, Robertson et al found
none of the symptoms of mass hysteria amongst
workers examined and therefore conclude that the
symptoms are physical rather than psychological.

Clearly,
symptoms of
psychological

discounted, there is a
investigators that
working environment,

hysteria is
by some

Whilst mass
suggestion
dissatisfaction with the
especially with lack of control, and with other
working conditions may play some part in ‘'sick
building syndrome'. waller*® in a case study of a
large air conditioned insurance office attributes
complaints to frustration at lack of environmental
control, poor management, discomfort and dislike of
open plan offices. However, the paper does not
mention medical symptoms. WHO! also discusses
complaints and a 'negative attitude' towards air
conditioning, again without mention of symptoms.
Wilson and Hatch® consider the 1link between
symptoms and employees' working environment, their
perceived ability to control the environment and
their job satisfaction. They found more symptoms in
buildings where occupants had 1little perceived
control over the environment (temperature,
ventilation, lighting, noise etc) and the highest
rates were in public sector 'clerical factory'
environments.



CONCLUSION

From the many cases reported there can be little

doubt that the occupants of certain buildings suffer

from a higher incidence of illness whilst at work
than would normally be expected. Although symptoms

are generally mild, and there is little evidence in
most cases to suggest that they result in higher
rates of absenteeism, they do appear to cause
distress to a large number of people employed in
those buildings.

Despite the great number of papers on 'sick building
syndrome', no single cause has been identified.
Well documented illnesses such as Legionnaires'
disease and humidifier fever can be discounted in
most cases. Whilst airborne contaminants may
attribute for a few cases, especially of
‘temporarily sick' buildings reported from the USA,
few investigations have reported more than trace
levels of airborne poliution and a link between
poliutants and building sickness has yet to be
proven in most cases. The table in Appendix 1 gives
information on the results of many of the published
investigations into 'sick building syndrome'; few
common threads appear amongst their findings.

It therefore seems that this is a complex phenomenon
with a8 number of potential causes, possibly
exacerbated by the victim's reaction and attitude
towards the workplace environment. In some cases,
different stimuli may cause different symptoms, for
example, organisms or toxins from humidifiers may be
responsible for some chest symptoms.

whilst the evidence ié largely circumstantial, it is
useful to summarise the factors that may contribute
towards symptoms associated with building sickness.
These are:

Ventilation rates; in a number of cases
symptoms have been reduced by increasing the
fresh air input, although there is
insufficient evidence to stipulate a minimum,
safe rate.

(a)

Temperature and air movement; there is some
evidence to suggest that high, wuniform
temperatures and lack of air movement result
in more symptoms.

(b)

Humidity; low relative humidity may sometimes
cause erythema and eye irritation.

(c)

Lighting standards; symptoms have been shown
to be more prevalent in buildings with
certain types of lighting, especially where
the lighting and decor are dull and uniform
and there is little daylight.

(d)

(e) Airborne pollution; although pollutant levels

(

10

have been found to be very low, pollution may
have been responsible in some cases. The
mechanism is unclear; presumably symptoms are
due to irritation or sensitisation but this
is not proven.

Airborne organ ic matter from the air
conditioning system; matter of organic origin
from the air conditioning system, especially
from humidifiers, may be responsible for some
chest symptoms.

f)

Low morale and general dissatisfaction;
although 'sick building syndrome' is unlikely
to be a psychogenic illness, there is strong

(9)

evidence to suggest that it is partially
caused or exacerbated by general
dissatisfaction with work and/or the

workplace environment.

On the basis of current knowledge it seems unlikely
that building related sickness will be completely
eradicated since symptoms occur, albeit at a very

much lower rate, in control as well as in sick
buildings. However, if acceptable conditions can be
maintained for indefinite periods in such well
sealed environments as submarines®’ there is no
reason why they should not also be maintained in
sealed buildings. Even if future investigation
fails to identify a cause the problem can be

minimised in many cases by sufficient attention to
the design, construction and maintenance of air
conditioning and ventilation systems, to the general
working environment and to the morale of staff who
work in such buildings.
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University | 1982
3 | Brown— USA No 1 "
Skeers 1984
37 | Taylor USA 1 a -
et al 1984
41 | Pickering | (K Yes 2 289 b a a *om
et al 1984
42 | Robertson | K Yes 2 e b c a c c -
et al 1985
45 | Hakins UK No 1 a a -
1982
56 | Hmkins & | UK No c -
Morris 1984
57 | Finnegan K No 1 c c =
et al 1987
758 | Robertson | K Yes TV a c b/c blc < < -
& Burge 1986
73 | Waller UK a a -
1984
84 | Hanssen & No il i c c c e -
Rodahl 1984 |
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APPENDIX 2
TABLE 1 (WALLER, 1984)

AIR CONTAMINANTS DETECTED IN TIGHT BUILDING INVESTIGATIONS

Substance Concentration
Total dust 20-40 ug/m?
Respirable dust 10-25 ug/m?
Coal Tar Pitch Volatiles 0.05-0.02 ug/m®
Formaldehyde 5-40 ppb
Toluene 10-30 ppb
o,m,p-Xylene 10-20 ppb
Ethylbenzene 5=15 ppb
Hexane 10-25 ppb
1,1,1-Trichloroethane 50-150 ppb
1,1,2,2-Perchloroethylene 40-80 ppb
C,-C Alkanes 10-50 ppb
Ozone 5-10 ppb
NOx 200 ppb
Carbon Monoxide 2-5 ppm
Carbon Dioxide 0.05-0.09%

18



TABLE 2 (HOBBS, OSBORNE AND ADAMIK, 1956)

GASES FOUND IN CIGARETTE SMOKE

Threshold
limit Ratio Toxic
Conc. ppm | values for above action
8h threshold | on lung
exposure pm
Carbon monoxide 42,000 50 840 Unknown
Carbon dioxide 92,000 5000 18.4 None
Methane, ethane etc 87,000 500 174 None
Acetylene, ethylene 31,000 5000 6.2 None
Formaldehyde 30 2 15 Irritant
Acetaldehyde 3,200 100 32 Irritant
Acrolein 150 0.1 1500 Irritant
Methanol 700 200 3.5 Irritant
Acetone 1,100 1000 1.1 Irritant
Methyl ethyl ketone 500 250 2 Irritant
Ammonia 300 25 12 Irritant
Nitrogen dioxide 250 5 50 Irritant
Methyl nitrite 200 - - Unknown
Hydrogen sulphide 40 10 4 Irritant
Hydrogen cyanide 1,600 10 160 Enzyme
poison
Methyl chloride 1,200 100 12 Unknown
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TABLE 3 (BRUNDRETT 1975)

PHYSICAL IRRITATION CAUSED BY SMOKERS

BOGEN SPEER CAMERON "WHICH" CONSUMER MAGAZINE
1929 1968 1972 February 1975
U.S. Sample size not given U.S. 250 non-allergic, U.S. 1710 children British: 1155 adults
smokers non-smokers 7-15 yrs old non-smokers
Ill-effects: % population Ill-effects: % population Ill-effects: % population | Irritation type: % population
Non-allergic Allergic
Shortness of breath 35% | Eye 69% 73% Eye irritation 47% Stinging eyes 26%
irritation
Biting and irritation 30% | Nose symptoms 29% 67% Cough 37% Coughing 16%
Coughing 30% | Headache 32% 46% Headache 12% Difficult breathing 8%
Burning 15% | Cough 25% 46% Nasal irritation 11% Nasal irritation 6%
Nausea 10% | Wheezing 4% 22% Throat, nausea 5-10% Sore throat 6%
Palpatation of heart 5% | Sore throat 6% 23% Nausea 5%
Hoarseness 5% Nausea 6% 15% Headache 3%
Salivation 5% | Hoarseness 4% 16% Dizziness 1%
Dizziness 6% 5%
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