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SICK BUILDINGS AI\D TIIE EXPERIMEDIT¡ÀI
APPROACTI

Dluo P. lrYou

Naüonal Swedish In¡titutc for Buildlng R¡¡carch, Bor ?t6, g01 29 Gåvl¡, Sï.d.n
(Rcctived 28 Fcbruary t992; Aæc{ld 12 Mush lg92)

ABSMACT

lvhen dealing with i¡door air pollutioa prcbleur c¡u¡sd by rubrüracc¡ knowu üo br ûo¡ic, lleld
experimontetion has bcea úrtuelþ ruled out by ethical con¡ider¡tion¡. Ev¡¡ ùh¡ onl¡¡ba of
rcncdial DGaru¡er for experimental purpoees can bo ¡aid to be uneühic¡!. If,h¡t ron¡lar t¡ the
descripùivc approach, i¡ which the occr¡rreace of toxic subgta¡cs¡ and the occulr\gDqt of synpùomr
ofill healtb a¡e measr¡¡ed and related to each other. T\is approach ir ethically unoxceptúood" b1¡t
leaves much to be desired in terms of scieotiflc proofi, unless the mechani¡or of üoxicity ¡rc wcll
understood. When applled to the elusive Sick Building Syndrome (SBS), it ir frtally fhwcù tb
toxic subeùancee ínvolved, and the mechanísms for üheir action, are noü known, and thc ¡ub-
clinic¡l synPtoms are usually measurable only ae rubjective cooplaínir. In drrcrlptlw
sureay6, complointa can be manipulated by alarmict reports and by deliborat¡ camprlgu; thcy
may even be used by subJecta nerely as a vote for romething to be dooe. Thfu i¡ oot thc caro 1¡
properly conducted lield erperinents, where subjecto know theü they may well be prrt of tb
reference goup. SubJec{ive a¡sessments of symptom lntensity may therefore bs us€d a¡ v¡lid
dependent variables, and the e¡rtenü to which they ore ellected by experiaeltelly crtablirhcd
conditions may be exami¡ed. Ptovided that the experimental ondÍtion¡ ¡n¡y or mey aoü br
beneficial, the experimental approach is ethically defensible. The recent ¡erier of field
experimentr at Malmö General Hospital (MAS) in Sweden i¡ uged to deoon¡trete thc porcr of thr
approach.
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INIR'ODUCTION suffererg. Such a conflict situation cen v.r:t
quickly eacalate, reeulting in thc adopdon of
untenably extreme poeitionr by both ¡idc+ sith
demands from one side, for example, tlhet ttr
building must be evacuated or pullcd down, and
claimg from the other side that all ig for thc bcst
in the beet of all possible buildÍngs. I'hi¡ can bc
vEry expensive to resolve in terms of rcaourcG¡
and prestig-e, and may even be irnposriblc to
resolve merely by appealing to exiating
knowledge, without new information.

In order to justify expensive and cnergr-
consuming technical measurea, it should idcdty
be demonstrated that they will reduce complaints
indirectly,, that is, by affecting thc indoor
climate, and not just by thcir effect on opinion,
for in the latter case PR meaeures might be urorc
cost-effective. firey would certainly be quicker
and would uee legs onerg:y. An agreed procodurc
for proving that the propored technical moarurcs
really do alleviatc reported s¡rmptomr by
m.ani of their cffect¡ on thc indoor clim¡to ir
thereforo required. fiúr paper rddrc¡¡o¡ that
rrquírcmcnt.

If e "sick buildíng" is defined as one where
many people experience unpleasant symptoms, it
is obviously possible to increaee the number of
auch buildings by spreading rumours. SBS is
evon dàfìned ae a set of sub-clinical symptoms
with no ídentified cause, and if the cause of any of
them becomes known, the dose-response
relationship is given another name. In order to
bc sure that the unknown cause is some factor in
the building it iE necessary that the syrnptoms
disappear when the person experÍencing them
leaves ühe building, and in conventional
questionnairo suneys of SBS the responsibility
for determining that this is the case is always
delegatnd to the suffercr. This i¡ why campaigns
can and do alter the number of buildings
clascifìod as "sick", and why thoee responsible
for making investment decisíon¡ to allevilte SBS
in e rpociflc building elmo¡t invariably find that
thcir c¡ution in committing the ofton vory largc
sunis íniolved is taken to indlcate ¿isUå¡ief oe
the rcelity of the rymptoml rrported by thc
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rhe mosr eoÍnmon rosponeo ro an sBS 
:i,:r"'ïiïäJffi;"J":]ï:tåii:ffiiJi:'i
so, because there is no cortain knowlodge that it
will have any elfect at all' fire precondítions for

an empirical experirnent are thon fulfrlled'

E{GINIEERTNGOPITON{I

a number of reasons why this approach will often

fail. firs quootionnairo reeults rnay be biased by aye have a number of

a nu¡nber of situational factora, and may thus be a building' end many

useleeE for comparison wÍth any "normalo to modify or rebuild

it. It is obviously essential to begin by ensuring

that the buililing is being operated as deoigned'

example, vary Eêaeonally, or be affected by

activitios carriod out only intennittently in the

buitding. It ie lo to afford all

the phlsical, c miero-biological'
meaaurements ailablo, and 8t

selection of thoEo to be made is based only on an

was involved.

tho r¡¡ost co¡nmon result is that "all meaeuree

appoartobewithinpermittedlimits"'-EvenifBACKGROL'IìIDTOIHEMAfiSII'DY
thãre is suffisient variation within the building

A large proportion of the c'1000 people

working in tft" surgical wing of Malmö General

Hospital (lvfAs) in 198? wore dissatiafied with the

indoor conditions in this relatively new

factor.

gN{ICAL CONSIDERATIONS

B.Andersson & M. Söderling) examined every

would obviously be unethical to exporiment with part of the air distribution system' and found that

oithor in the freld. However, in the opecial ease it *r" functioning according to specifrcationo'

of Sick Building Syndroma, nothing is yet known that filterg were changed as prescribed' ducts

of the eausative aubatancee, which may be

ae€umod to occur in a wido range of buildinga in
¿u¡rrsnt uee, and the s¡mrptorns involved a¡e sub-

clinical, í'e. they d.o not indieate the exi¡tence of

clínical dise6ae. If it can be ohown to be uceful to

experiment with remedial measureE' ueing

one more of the many clacsed as "sick" during
that year, in which it wac claimed that "80% of
buildings owned by the local authority" were
'sick". It was both deeirable and necesoary to
undertaks some technicel meaeuros to alloviate
the symptoms experienced by tho staff, but the
problem was to know which one of many proposed
meaðures would in fact help.

AII of the reported s¡rrnptoms were of the SBS
type, and ag the building was now, built and
equipped to a very high standard, and apparently
in good working order, the probability of being
able to identify the caueative factor or factors
simply by measuring evory available physical
and chemical parameter of the indoor
environment was judged to be very low. Staff
representativos expreseed their view that
humidification of the air and artificial
ionísation would alleviate the symptome. A
literature survey showod that the presence of
humidification in a building is ollen associated
with SBS, and that although humidification does
reduce complaints of dry air, a small
temperature reduction may be expected to have
an equivalent effect, without causing an
increase in complaints of high humidity [1,2].
Humidification is a relatively expensive
m€aeure to install and run, consumes a great
deal 'of energ:y, and improperly inetalled or
maintained humidification equipment has been
associated with many serious epidemics of
respiratory infection.

Ionisation of indoor air is a well-
establiehed technique in southern and eastern
Europe, but in the view of the author has never
been satisfactoriìy demonstrated to have any
effect at all on man, except, historically, in
asthma therapy, and to reduce airborne infection
in the treatment of burns, where ionisation
contributes to air hygiene by enauring that
airborne particles are charged and are therefore
more rapidly deposited on surfaces bearing an
opposite charge. This physical effect of
ionisation would be a suflìcient explanation
for every reported case of an apparent effect
of ionieation on man. More speculative
explanationg are unn€cessary and urfustified
unless the presence of respirable dust and the
nature of the electrostatic fields in the vicinity of
the subjects are eufficiently well documented for
the simpler explanation to be ruled out. No
published studies of the possible effects of
ionieation on SBS could be found. The decigion
was taken to set up well-controlled field trials of
the efîecta on SBS, if any, of the three above-
mentioned measuroE, and of the effects of six

other technical mee¡ureg which might, according
to other hypotheses of cause and effect, be
expected to alleviate SBS. The effects of all nine
technical measuros wero to be studied
empirically in the wards of the surgical wing at
MAS, with SBS symptom intensity and frequency
of occurtence as the dependent measureo.

PRCI'EgT@AI.s

1. To determine.which of nine selected technical
moasuroa, if any, have a meaeurable effect on
SBS atMÀS.

2. To determine whethsr available objective
measures of SBS s¡rmptom intensity co-vary
with subjective symptoms, between psrsons
under reference conditiono, and/or in
renponso to the tschnical moaaurea.

3. To separate any offects of the technical
measures mediated by oxpectation or
imagination from any effects mediated by
their effect on indoor climate.

4. To exclude the effects of external influences,
such as seaEon, weather, opidemics, public
debate or pross campaigns, on the results.

5. 1o develop a aimplified procedure for
identifying effective technical measures in
buildings subject to similar complaints.

lhe above goals were explicitly stated at the
outset to be more important than the scientific
goal of investigating the underlying mechanisme
for any effects discovered, or of ideñtifying the
air pollutants presumed to be causing the
problems. As 20 years of world-wide SBS
research directed towards these scientific goals
has not yet succeeded, the chances of deriving the
necessary basis for investment decisions by
adopting them once more were assumed to be
small.

DESIGNOÍ'THESTUDY

Table 1 lists the nine different technical
moasuroE whose effects on SBS were to be studied,
the reforencs groups for each condition, and
those three cases in which it was possible to
ostablish a placebo condition. The study was
carried out in consecutive stages in a number of
different wards on floors 4-6 of the surgical
wing, as shown in the Tablq, as a comparison
between one ward where sþecifïed technical
m€asures had been taken to àlieí the indoor
climato, and another where 'àothing had been
done. SBS__ 
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among thc stafr in both ward¡ were quantified in
the Eame way on alternate dayo during the last
week of the three-week period in which each
moaauro wae appliod. Slhere this wæ possible
and dseirableo the etaff in a third (placebo) ward
were given ro&{ron to believe that the same
technical mosaureE aa had genuinely been
undertaken in the experimental ward, had also

been tahen in their ward, and their SBS symptoma
were evaluated concurently with thoee of their
colleaguee in the reference and oxperi'mental
warda. No placebo ward was nocessary in the
case of altered airflow rates, or ín the caee of
cleaning routines ueing fewer chemicals, for
example, ag tho etaff could not deterrnine whether
thoy ur6ro working under reference or
experime ntal conditiono, and no placebo
condition was posaible in the case of air
tamperature reduction, as the staff could easily
dotemrine the temperatureg to which they were

exposed, but placebo aircleaners were installed,
which resembled real aircleaners and sounded
like them, but were not fitted with filters, placebo

antistatic' mbasurds were' taken (the' staff were
provided with untreated clothing as ifit had been

specially' treated, and: surfaceÊt'wero not in fact
treated although they were stated to have been

Table 1. Experimental conditions'.'in comparable-;'wards..,

Condition Period Description

1. Low airflow
Reference

2. High airflow
Roference

8. Aircleaners
Reference
Placebo

4. New cleaning routines
Reference

5. Low temperatures
6. fuitístaüic moasures

Refsrence
Placebo

7. Reduced glare
Reference

8. Air ionigation
Reference
Placebo

9. Humidification
Reference r : r;

881121-881211
(same weeks)

8901Ít0-890219
(same weekg)

890220-890312
(same weeka)
(same weeks)

89010L890129
(same weeks)

(same weeke)

890227-890319
(same weeks)
(same weeks)

900116-900204
(eame weoks)

900122-90021r.
(same weeks)
(same week¡)

900212-900304
(same weeks)

70% of normal airflow
Nornal airflow

L40% of normal airflow
Normal airflow

Freestanding aircleaners
No aircleaners
Simulated aircleaners

Reduced use of chemicals
Normal cleaning

1.5oC lower room T
Ctothing & surfaces treated
Normal clothing etc.
Simulated measureg

Modified lightfìttings
Normal lighting

lonisers in operation
No ionieere installed
Ionisers disabled

Steam humidifrcation +16%RH
No humidiñcation
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troated to reduce static charge), and placebo

ioniserg were inetalled, which looksd identical
and even had light emitting diodes to indicate
operation, br¡t which did not in fact produce any
ione.

By evaluating SBS s¡rmptonr concurrontly
in the experimental, reference and placebo
conditions, external influences such as soason'
weather, epidemics, prees reports, etc. affect all
conditions equally and cannot affoct the
differences between them. Conventional before'
and-afler studies can easily be sabotaged by such

influences, which are not always detected. By
including placebo conditions, any offects of
expectation or irnagination can be separated
from genuine effects.

SBS-STMPTOM EVALUATTON

All staff members were exarnined
individually by a trained nurse (4. Nilsson)
from the Industrial Health Senríce in a room in
the ward where they worked except in a few cases

where the examination was ca¡ried out by one of
the named co-investigators. Each examinetion
took 15-20 minutes per'p€rson. The eubject fi.rst
sat at a PC computer and answered 28 questions',',

by marking a scale on the scroen conesponding
to the experienced intenaÍty of various SBS

symptoms: the subject could move a cursor by
operating a "mouss" control, and marked the
scale by pressing the button on the control. A nsw
gcale was then indicated. Eighteen of the gcales

represented conventional SBS symptoms,
similar but not identical to those used in a

queationnaire that has been widely used for
retrospective studies of the frequency of
occurronce of SBS in Sweden (lTvfK Örebro). The

scales wers of the vigual analogue, polar
adjective type, and had no markings between the
endpoints, which were about 100 mm apart. The

questions were formulated to elicit an eetim¿te
of the subject's symptom intensity at the time of
the interview, whereas the YI\{K questionnaire

asks about the subject's experienco over several

months, i.e. how hq usually feels in the

environment under investigation, and assumes

that the subject can allow for the variable effects

of season, weather, health, fatigu.e, etc., and can

remember which symptoms usually, often or

sometimes disappear when he leaves the
building. There would aPP€ar to be a certain risk
that the questionnaire tends to elicit only
preconceived, subjective opinions, rather than
the empirical observations on which objective
opinions can later be based.

,White working at the PC, each'subject's'face
was video-filmed in closeup, with their consent,

so that blinkrates could later be' quantified'by
observation of the taped record. An observer
prebsed the space bar on the computer each time
the subject blinked, and each inter-blink
interval was stored in milliseconds, Deecriptive
statistice euch as the mean and standard
deviation of the inter-blink interval were added

to the subject's record in the computer. Ten other
observations of behaviour and appearanco wero

made from the tape by using a checklist
procedure, such as whether the subject coughed,

yawned, wetted his lips or breathed through his
mouth. the tape wae then immediately erased, as

staff representatives made this an exPresg

condition for agreeing to be fïlmed. Personal
data on smoking habits, wearing glasses or
contact lenses, age, sex, employment category,

etc. were obtained, by question and answer where

necoasary, and noted. The observer then
examined eyes, lips and facial skin, and made
notos of any visible symptome or signs. Nasal
congestion was examined by obeerving the
condensation pattern on a mirror placed below

the subject's noso, and noted. The subject was

agkod without forewarning to empty hie mouth of

saliva into a weighed container, which was later
reweighed, and then to swallow a vitamin pill ae

quíckly as posaible while the obseryer measured

the time taken to achieve this with a stopwatch.
Thirst was investigated empirically by offering
the subject a weighed glasa of water at this point,

and allowing it to remain within easy reach until
the end of the oxamination, when it was

reweighed.
Tear-film stability was estimated by using

a variant of the so-called BUT-tegt (Brealc-Up-

Time) that was developed for group studies, in
which the subject is taught to report the
discomfort experienced when the tear-frlm
ruptures during a period in which blinking is
voluntarily suppreseed [3]. The subject's nails
were inspected and the number of perfect nails
(0-10) was noted. fhy skin on the fingers was

similarly observed and noted, and an objective
test was performed to detect skin imperfection:
the subject wag asked to draw Each hand acroEs a

small cushion of nylon material held close to the
observer's ear, to determine whether Either hand

"caught" audibly in the material. The subject was

asked to state whether lip-salve, hand-cream,
throat tablste or aspirin (for headache), had been

used that day. The senae of smell was
investigated using five small containers
presented'in random' order, in four of which were

concealed household substances such as coffee,

tea, fresh onion and cinnamon. The fifth wag

empty. Conecü, identifìcation' was noted in each

caso. This concluded the examination and

interview. All the above measurements,
observations and answers were subaequently
added to the subject's file on the computer that had
been used to obtain subjective estimates, and
later transferted to a larger computer for
statistical analysis.

I¡¡DEPE¡{DENT MEAST'RF-g

The nino experimental conditions woro
eetablished for three-week periods as ghown in
Table 1, during the course of the 88/89 and 89/90

heating soasons.

1. Reduced airflow: supply and exhaust airflows
were reduced,by 30%.
2. Increased airflow: supply and exhaust
airflows wore increased to their design
maximum, an increase oî 407o from normal
practice.
S. Ajr filters: 40 free-standing aircleaners
were inetalled in the various roomt of the
eiperimontal ward. Each unit was equípped with a
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fan which paeced roorn air through a pre-{ilter
and a fÌne filter. In tho placebo condition, 34
apparently identical unÍts woro similarly
installed, but the hlters had in fact been
rernoved. Howover, the ñoiee level f¡om the fane
was too high in both wards (54dBA), especially at
night when the ambient noise level was low
(26dBA), and the nursing gtaff was obliged to
reduce the fanspeeds for the sake of the patiente.
The noise level at 40% fanspeed wae gtill 50dBA,
end it has been estinnated that 95% of the unitg
were set at minirnum fanspeed fot 95% of the
experimental poriod, and thereforo had a
negligiblo offect sn air quality. No reduction in
particle density could be detectod in the
airsampleo that w€re taken during the
exporiment. thie phase of the expariment haa
therofore been treated in the analysis aE an
unintended opportunity to study differences
botwsen three parallel røference wards, all
subject to the samo oxtornal influences from
weather, aeason, etc.
4. Now cleaning routinee: floors, furniture and
shelvøs rvore cleenod only with water, i.e.
withor¡t tho normal eleaning and disinfectant
agents. Sanitary installations were clsaned in
the normal way and then wiped, with eloths dipped
only in clean wator.
5" Roduced roorn temperatureE: set values for
supply air wers reduced by 3oC, and radiator
therrnontatic valve sottings wete roduced by 2'C.
îhe mcrasured reduction in room temperature
averaged 1"5'C.
6. Antistatic treatmont: eonvsntional m€asures
were takon to reduce gtatÍc olectric aharging by
treating floora, equÍpment and clothing" The
gtatic electrieal charge measured on staff
members during their work was thoreby reduced
frorn 2-4000 V in tho rsference ward, to <100 V in
the oxperimental ward. Tho experimental
procedures wers simulated in the placebo ward,
and díd not reduco otatic charging measurably.
7. Reduced lighting glare: the lighting unita in
the warde were frtted with baftles to reduce glaro,
but those were of a reflecting material which still
appeared very bright. In the oxperimontal ward
thego bafilos wers exchanged for baflles paintod
a brownish yellow, whieh decreaeed glare
conoidorably. The moaoured lux-valus waa
reduced by L3%, luminanco by 33%. lhe ståfr of
the oxporimental wa¡d havo requeeted that these
baflles be retained.
8. Ionisation: 37 emall air ionisation unitg
were installed in the various rooms of the
eNperimental ward, sach unit supplying negative
íong to the room air and having a smrall poaitiveþ

charged external panel maintained nominally at
8000 V. The units had no moving perte, i.e. they
did not draw roorn air through thorn or increaee
air movement in the ward. gT apparently
identical units were installed in the placebo
ward. Thoee ¡¡nits wore connecÈod to the mains
supply and a red light<mitting diodo on each unit
apparently índicated that they wers in operation,
but they had been dÍsabled and did not in fact emit
negative ions or charge their extornal panels.
The measured concentration of'negative iong wag
26000 cm'3 in the experimental ward, and 60 cm'
3 in the reference and placebo wards. The
corresponding measured levqla of positive
ionisation \,vere 0 cm'3 and 160 cnr' 3,

respectively. Filter paper placed on the
poaitively charged panels wÂs obaerved to
become rapidly discoloured, and waa regularly
changed. At the end of the experimental poriod,
when the ionisers wero removed, the staff of both
experimental and placebo wa¡ds protested, which
was taken to indicato that they had not detected that
the placebo units were dummies.
9. Humidifìcation: ¡iteam humidifÌcation was
provÍsionally installed in the pressure chamber
of one of the two ventilation syetemg of the
building, sorving half of the warde. Tho staff
immediately objected strongly when the relative
humidíty in the warda. was raised to 50%, and
would not accopt 457o as an alte¡native. 40% RH
was roluctantly acceþted for the three-week
experimental period only, i.e. a l5% increase
from the 25% Rtl in the other half of the building
where outside air without humidification was
supplied ae usual during ths sa^sre period.

REÍ¡IJLTI¡

A detailed report was prepared for the
funding agenciee and is available in Swedish
from Malmö General Hospital [a]. The following
conclusions may be drawn in relation to the five
gtated goals for the project set out above:

Gæl 1:
SBS-symptoms wero not signifrcantly

affected by increasing or decreasing the
ventilation rate, by reducing the amount of
chemical¡ used in cleaning, or by the reduction
of personal static charge. A signíficanù poaitivo
efïect wag obtained by roducing the room
temperahrre by 1.5"C (P<0.02) end by reducing
lighting glare (P<0.02). Humidifìcation of the
air (+15%RH) significantly reduced the
measured severity of SBS-symptoms (P<C.001),
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as shown in Figurc 1, but the observed effects
u¡sre not only positive: the staff reported
signifìcantly more subjectively experienced
"str€sso, Ionisation with negative ions (26000

cm'3) together with the presence of 8kV anodes

had a highly significant and beneficial effect on

SBS-symptoms (P<0.002),. in comparison with
the placebo condition, as shown in t'igure 2. The
effects wer€ nurnerous, large and statistically
significant, and no negative effects of ionisation
wore observod. SBS-eymptoms measured
concurently in the same way in the referencs
ward did not differ significantly from thoee
measured at other times in other reference
wards.

Goal2
A total of 222 subjects wero examined in the

8 reference wards, and in these data, subjects who

experienced subjective symptoms were mors
often found to have objectively observable
symptoms: this association. was signifìcant for 8

different measuros, relating to 6 different SBS-
symptoms. Thus a subjectively dry mouth was
associated both with a reduction of objectively
measured saliva quantity (P<0.06) and with an
increase in the time taken to swallow a vitamin
tablet presented unexpectedly (P<0.001);

subjectively dry lipa were aseociated both with
objective observation of dry lipe (P<0.001) and
with reported uge of lipsalve (P<0'01); objectivo
observation of dry lipe was associated with
roported uee of lipsalve that day (P<0.001);

subjective eye discomfort was associated with
reduced BUT (P<0.05); subjective headache was

associated with reported use of aspirin that day
(P<0.001); and a subjective feeling of being
leavy in the head' (a common Swedish
expresaion distingrrishable ftom a true headache)
was also associated with reported use of aspirin
that day (P<0.05).

A total of 339 subjects were examined in the
12 experimental and placebo wards. In six
different cases, where the experimental
conditions were found toi significantly affect
subjecüivo symptoms, it was possible to show that
corresponding changes in objectively observable
symptoms had'also taken place. Thus a
subjectively dry' throat was significantly
alleviated by ionisation (P<0.05), and reported
use of throat pastilles. lhat day was also
significantly re{uced in the samo poPulation
(P<0.05); subjectively , dry lips were
signifïcantly alleviated by ionisation (P<0.001),

and the number of objective observations of dry
lÍps iir the same population tended also to be
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period, eliminated any such influence on the
reported regulte.

Gæl 5:
As the available objective mea!¡ures tended

always to confìrm the reality of the subjectÍvely
experienced symptoms, as obtained by asking
subjects to mark visual analogue, polar adective
scales, it should be possible to use the 18 SBS-
symptom scales in practical trials of proposed
technical meaauros to alleviate SBS-symptoms.
It is not recommended that subjects should be

asked to mark the scales on the screen of a PC, as

they did in the prosent experiment: too many of
them were unfamiliar with the use of a mouno
control, and tended to place the marker in the
middle or at one end of the scale. The resulting
responso distributions are more difficult to use
in statistical analysis than the Normal or J-
form distributions that are routinely obtained
when subjects mark polar adective scales of this
type using pencil on paper.

DIíCUSSOII

The approach followed in this study may be

said to have succeeded, as all five project goals
were attained. For the first time, subjective
symptoms of SBS were found not only to be
correlated with objective signe in a given
population, as demonstrated for "office eye
syndrome" [5], but also to co-vary with thom in
¡esponse to changes in the physical conditions
under which the subjects workod. SubjectÍve
estimates of cunent symptom intensity, obtained
by the use of visual analogue scaler, may
therefore be used with confidence in
experimental field studies, provided that proper
placebo techniques are used to separate real from
expected and imagined effects. Technical
measureE which may or may not improve the
indoor environment may be tested empirically

on a limited scale to see whether they do,
regardless of whether the mcchanisms by which
the measures are supposed to have their effeet are
properly understood. Scientific study of cause
and effect can then proceed after the necesEary
measuroa to alleviate SBS have been tahen, Ín an
atmosphere of inquiry rather than of mutual
recrimination, and without the time prossure
associated with providing a rational basie for
urgently needed and often very large investments
in improving the building stock.

That humidification and ionisation should
have been found to be the most effective of the I
measures that were evaluated in terms of their
measurable effect on SBS, was unexpected, to say
the least, and must be carefully confumed in
follow-up studies over longer periods. The
underlying mechanisms for the observed
positive effects on SBS-symptoms are believed to
be, for ionisation, a reduction in the density of
airborne respirable particles, caused by the
deposition of charged particles on charged
surfaces of opposite sign, mainly walle, floor
and ceiling, but including the ionisers' own
positive plates; for humidifìcation and for
reduced room temperature, a direct and poaitive
effect on the moisture balance of the mucus
membranes, and thereforo on mucus flow rates
and their ability to deal with airborne particles;
and a reduction of glare effecte (the staff were
significantly less ofìen observed to have red eyes
in the experimental lighting conditÍon). It should
be emphasised that thege are only hypotheges to
explain the observed empirical effects of the
technical meaÁruroE on SBS.

CONCÏ,USIONS

Field experiments, in which the effects of
various technical measuros on SBS are studied
empirically, can provide a cost-effective basis
for investment decisions, whether or not the
underlying cause of the problem is understood.
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reduced (P<0.f0h subjectively dry skin was
significantly allsviated by raiEed humidity
(P<0.01), and dry skin on the fingere was
observed eignifìcantly less often Ín the eame
population during raiscd humidity (P<0.02);
subjectÍvely dry skin wea aignificantly
alleviated by ionisation (P<0.001), and dry skin
on the fingers tended to be observed lesg often in
the same population during ionigation (P<0.10),

in comparison with the placebo condition;
subjeetively brittle nails woro affected
poeitivoly by ionieation (P<0.02), and cracked or
broken nails were objectively observed lone
ofìüen in the same population during ionisation
(P<0.05); subjectively dry oyes were
significantly allsviated by ionisation (P<0.02),
and the objectively measured inter-blink
interval of subjects exposod to ionisation of the
air was significantly increased (P<0.001), in
comparison w'ith measurements made in the
placebo condition.

Objective moasures have thus been shown to
sonfirm subjective SBS-symptoms, both betwesn
people under refersnce conditions, and in
rorponce to environmental changes.

Gool 3:
In the ionÍsation experiment, 4 significant

and pooitive effects of expectation or
imagination were found, three of which were of
reported mood or attitude to work. The 15

significant effects of air ioniaation, in
comparison with the placebo condition, were all
on specific SBS-symptoms.

Gool 4:
firere u/ers no eignificant differences in

any of the subjective or objoctive moasures
between the three warde where the non-+xistent
physical effects of dieabled aircleaners were
unintentionally studied during the same period.
However, there woro significant differences
between different reference wards wherr they
were studied consecutively, but only in terms of
symptomo relating to the lipa, facial skin, and
the use of lip-salve, all three of which are
typically influenced by weather and time of year.
The experimental design, in which symptoms
experienced under experimental conditions were
always compared with symptome experienced
under reference conditions during the eame

1

2

3
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ABSIÎACT

The epidemiological data with respect üo long-term elnects of ETS exposure on adult asthmatics
are inc¡nclusive. Experimental studies of ¡cute elfects of ETS exposure in asthmatíc adults have
produced equally inconclusive results. A small subeet of individuals with asthna may react
adversely to ETS exposure, The basis of these ¡eactions remains to be determined. I'he data with
respect to potential efTects of exposure to ETfl on COPD and other chronic respiratory disorders

are virtually non-existent. Studies conaistently have failed to f¡nd any correlation between
subjective complaints of sensitivity to tobacco smoke and either skin or serologic tegts of
immunologic reactivity to tobacco.related antigens. ETS can cause aunoyance, most likely
related to odor perception, and eye and upper respiratory irritation, most likely oû a non-
specihc, non-inmunologic irritant bagis. It has not been convincingly demonstrated that certain
individual¡ are particularly hypersenaitive or susceptible to cuch effectg on any physiological
basis. Exposure to ETS has been included among the vsrious oxposures alleged to precipitate
symptomr or perpetuate ch¡onic illne¡s in indivíduals said to suÍfer from so-called MCS.
However, the unscientillc nature of these "data", make ít very diflicult to conclude thaù

individuals said to have MCS are more susceptible to claimed health rÍsks of ex¡nsure t¡ ETS than
the general population.

INI]R,ODUCTION Of some concern has been the question of
whether or not there are individuals who are
particularly seneitive or susceptible to possible
adverse health effects ofETS exposurs [13]. In the
United Statee, the enactment into law of the
Americans with Disability Act of 1990, which
mandates accommodation of disabled persons,
has raised questions regarding defìnitions of
disability and susceptibility, as well as issues
relative to the exposures and conditions under
which susceptible individuals may be at risk [14].

This paper and a subsequent paper to follow
[15] are intended to provide a comprehensive,
critical roview and analysis of the scientific
literature relative to the issue of whether certain
groups of individuals are more ausceptible than
the general population to possible advorse health
effects as a reault of short- or long-torm
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The question of whether or not exposure to
environmental tobacco smoks (ETS) poses a riik
of acute or chronic disease or physiological
impairment in non-smokers has engendered
considerable discussion in the scientific
literature, resulting in the conve4ing of a
number of meetings and considerable
publication, including a number of
comprehensive symposia and reviews
addressing various aspects of the issue [1-41.
Major areae of recent focus and controversy have
included: riek of lung cancer associated with
spousal smoking; prevalonco of respiratory
symptoms/illness in children whose parontg
smoke; and risk of cardiovascular disease [5-
L2l.


