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Abstract
Objective-To evaluate the effect of
humidification on the odour, acceptabil-
ity, and stuffiness ofindoor air.
Methods-In a six period cross over trial at
the Pasila Office Center, Helsinki, the air
of two wings of the building in turn were
ventilated with air of 30°/6-40% humidity.
A third wing served as a non-humidified
control area. The quality of indoor air was
assessed weekly by a panel containing 18 to
23 members. The intraindividual differ-
ences in the ratings for odour, stuffiness,
and acceptability between humidified and
non-humidified wings were used to assess
the effect of humidification. The roles of
sex, current smoking, and age as potential
effect modifiers were assessed by compar-
ing the mean intraindividual differences in
ratings between the groups.
Results-Humidified air was found to be
more odorous and stuffy (paired t test
P = 0.0001) and less acceptable than the
non-humidified air (McNemar's test
P < 0.001).The differences in odour and
stuffiness between humidified and non-
humidified air were greater for women
and for non-smokers, and greatest differ-
ences were in the youngest age group, and
least in the oldest age group. The differ-
ences were not significant.
Conclusions-An untrained panel of 20
members is able to differentiate a slight
malodour and stuffiness in indoor air. The
results suggest that steam air humidifica-
tion decreases the perceived air quality.
This effect is strongest in women and
young subjects.

(Occup Environ Med 1997;54:322-327)
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Dryness is one of the most common complaints
about indoor air quality in offices in Finland
when buildings are heated. None the less,
humidification has not been widely used in air
conditioning systems because of lack of infor-
mation about its benefits and possible adverse
effects on human health and comfort. In our
previous cross sectional study and a six period
crossover trial, we found that humidification
alleviated sensations of dryness of the skin and
mucosae and the sensation of air dryness expe-
rienced by workers in the Pasila Office
Center.' 2 On the other hand, the humidified air

felt more stuffy than the non-humidified air.
Not many experimental studies have been
made on the effects of humidification on symp-
toms and perceived indoor air quality. In a
Swedish experiment it was found that humidifi-
cation decreased the sensation of dryness,
symptoms of sick building syndrome, and also
malodour.3
The objective of this study was to evaluate

the effect of humidification on the perception
of odour, odour acceptability, and the stuffiness
of indoor air.

Methods
BUILDING
The study was carried out at the Pasila Office
Center in January and February 1989 in con-
nection with a six period crossover humidifica-
tion trial. The building consists of six
symmetric wings with a total of 2150 clerical
workers. The entire building has a mechanical
ventilation system that supplies air through
ducts into corridors in each wing. A more
detailed description of the building and its ven-
tilation system is included in the previous publi-
cation about the humidification trial.'

Temperature and relative humidity were
measured continuously in three rooms in each
wing. Chemical and microbiological compo-
nents were measured in the building, and mete-
orological data on the period of the study were
obtained. These data are described in the previ-
ous publication.'

STUDY DESIGN AND OUTCOMES OF INTEREST
Three wings of the building were used in this
study. During the preceeding control period of
one week, no humidification was used in the
two experimental wings (A and B). During the
first week of the experiment, after random
selection, one of the experimental wings (A)
was ventilated with air of 30%-40% humidity,
whereas no humidification was used in the
other wing (B). A third wing (C) served as a
non-humidified control throughout the study.
The relative humidity in the non-humidified
wing was determined mainly by natural condi-
tions. The operation of the humidification sys-
tem was switched between wings at the
weekend, and a similar crossover was carried
out four more times. The panellists did not
know which of the wings was being humidified.
Once during the experiment the humidification
was switched off by accident the day before the
test. The results from this week were therefore
excluded from the analysis of the overall effect
of air humidification.
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Table 1 Characteristics of the study population in different one-week periods: control and six experimental periods

Control
period week 1 week 2 week 3 week 4 week 5 week 6 Total

Characteristic n (°O/) n (0%,) n ('Io) n (n1o) n (0,,) ((0,) n (%)) (0,)

Total 23 23 20 18 18 19 20 141
Sex:
Men 15 (65-2) 14 (60 9) 11 (55 0) 12 (66-7) 11 (61 1) 12 (63-2) 15 (75-0) 90 (63 8)
Women 8 (34 8) 9 (39-1) 9 (45 0) 6 (33-3) 7 (38-9) 7 (36-8) 5 (25-0) 51 (36 2)

Age:
< 24 7 (30 4) 7 (30 4) 6 (30-0) 6 (33-3) 6 (33-3) 4 (21 1) 5 (25 0) 41 (29-1)
25-34 11 (47-8) 11 (47 8) 9 (45 0) 7 (38-9) 6 (33-3) 9 (47 4) 9 (45 0) 62 (44-0)
) 35 5 (21-7) 5 (21-7) 5 (25-0) 5 (27-8) 6 (33 3) 6 (31 6) 6 (30 0) 38 (26-9)

Current smoking:
No 16 (69-6) 17 (73 9) 14 (70 0) 13 (72-2) 12 (66-7) 12 (63 2) 13 (65 0) 97 (68 8)
Yes 7 (30 4) 6 (26-1) 6 (30-0) 5 (27 8) 6 (33 3) 7 (36 8) 7 (35 0) 44 (31-2)

The quality of indoor air was assessed by
untrained odour panels. The number of par-
ticipants in the weekly panel varied from 18 to
23. The members of the panel were recruited
through an advertisment at the Helsinki
University of Technology. They were students
and members of the staff of the University.
The members of the panel varied weekly so
that some of them were present every time,
some others participated only once.
On Fridays of each week the participants of

the panel were assigned randomly into three
groups, each entered the wings of the building
in a random sequence. The outcome of interest
was perceived indoor air quality measured as
ratings of odour, stuffiness, and the acceptabil-
ity of odour. The panellists filled in a question-
naire about the quality of both outdoor and
indoor air. They were asked to report on per-
ceived intensity of odour (structured answers:
1 = no odour, 2 = weak odour, 3 = moder-
ate odour, 4 = strong odour, 5 = very strong
odour, 6 = intolerable odour), acceptability
of the odour (0 = acceptable, 1 = not accept-
able), and stuffiness (1 = very fresh, 2 =
fresh, 3 = neutral, 4 = slightly stuffy, 5 =
stuffy) outside and in two corridors in each
wing. To avoid adaptation to odour, the pan-
ellists went outside between changing wings
and corridors.

Statistical methods
The means of the outcome ratings were calcu-
lated for each week separately and for the
humidified and non-humidified periods in the
experimental wings.

In the statistical analysis, ratings for the out-
come variables of every panellist were consid-
ered as paired observations in comparing the
three pairs of wings (A v B, A v C, and
B v C), and the overall effect of humidifica-
tion. The paired differences calculated from

Table 2 Temperature (T) and relative humidity (RH) in the study areas on the odour
panel days

Experimental wings Control wing

WingA Wing B Wing C
Humidified

Period wing T ('C) RH ("a) T ('C) RH ("a) T ('C) RH (0/")
Control None 28-0 26-3 23.0 27-0 22 3 31-1
1 A 22 0 32-1 22 5 27-4 218 29 5
2 B 21-8 28 3 22-5 317 218 30 1
3 A 21 8 34-6 22-5 25-2 21 8 27-5
4 B 21 5 28-3 23-5 29-1 21 7 29 1
5 None 21-8 27-1 22 3 218 217 22-7
6 B 21 5 23 7 23 0 36-5 21 5 26-6

the ratings of the individual panellists were
considered as independent observations in
comparing the differences between wings and
the humidified and non-humidified periods.
The significance of the intraindividual dif-

ference between the weekly mean ratings for
odour and stuffiness in the two experimental
wings, and between the experimental wing
with no humidification and the control area
was assessed by a two tailed paired t test. The
significance of the difference between the
experimental and control wings in the propor-
tion of subjects who found the indoor air
odour acceptable was assessed by McNemar's
test.
The relations between the odour and stuffi-

ness of indoor air and the humidification were
studied by comparing the mean intraindivid-
ual difference of the ratings during the humid-
ified and non-humidified periods, and testing
with the paired t test to find if the mean
intraindividual difference of the outcomes was
different from zero. To assess the role of sex,
current smoking, and age as potential modi-
fiers of the effect of humidification, the mean
intraindividual differences of the outcomes
between men and women, non-smokers and
smokers, and three age groups: < 25; 25 to 34;
and > 35 were calculated, and the signifi-
cance of the differences was assessed in the
linear regression that adjusted for other modi-
fiers.

Results
PANELS AND EXPERIMENTAL CONDITIONS
Table 1 shows the characteristics of the weekly
panels. Nine questionnaire forms were
rejected because of incomplete information
about either outdoor or indoor variables. The
total number of accepted forms was 280 for
wing A, 279 for wing B, and 276 for wing C.
The material used in the analysis of the

overall effect of humidification consisted of
194 pairs of formulae. Of this population 70
(36%) were women and 124 (64%) men.
There was no significant difference in the
smoking habits of women and men. The age
distribution was different. Forty per cent of
the women and 25% of the men were in the
youngest age group, and 29% of the women
and 51% of the men were in the middle age
group. Smoking habits were different in the
age groups, so that non-smokers were almost
equally distributed in the three groups, but
over half of the smokers were in the middle
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Table 3 Means, 95% CIs, and P values of the indoor air odour ratings for the three wings, and intraindividual difference between the experimental areas A
and B and between the non-humidified and control wings

Group means of the ratings

Experimental
wings A and B Control Intraindividual difference (A.A-) between experimental wings (A-B)

Humidified wing C
Period wing x 4,X( n, AI., (95% CI) P.sB

Control None 2 42 2 20 2 14 45 0 22 (-0 07 to 0-51) 0 14
1 A 2 51 2 07 2-20 45 0 44 (0-21 to 0 68) 0 001
2 B 2 00 2 44 1-92 39 -0 44 (- 069 to 018) 0 002
3 A 2-28 1 81 200 36 047 (0-16 to 079) 0006
4 B 1 86 2 11 1 91 35 -0 26 (-053 to 0-01) 0 71
5 None 1 89 2-00 1-92 38 -0 11(- 035 to 0 14) 0 40
6 B 1 92 2-33 2-08 39 -041 (0-74to 008) 0019

PAIS = significance of the t test between the intraindividual difference of perceived indoor odour in the wings A and B; PAC = significance of the t test between the intrain-
dividual difference of perceived indoor odour in the wings A and C; P,, = significance of the t test between the intraindividual difference of perceived indoor odour in the
wings B and C; n, = number of answers obtained in the comparison between the wing A and B; n, = number of answers obtained in the comparison between the wing A
or B against C; *x B in the comparison = 2 19; fx ,, in the comparison = 2 09.

Table 4 Means, 95% CIs, and P values of the ratings for indoor air stuffiness for the three wings, and intraindividual difference between the experimental
areas A and B and between non-humidified and control wings

Group means of the ratings

Experimental
wings A and B Control Intraindividual difference (AA B) between humidified and non-humidified (A-B)

Humidified wing C
Period wing x, x C n, A., , (95% CI) Pv3

Control None 3 51 3 58 3 35 45 -0-07 0-33 to 0 19) 0i61
1 A 3 64 3 42 3 43 45 0-22 (-003 to 0 48) 0 13
2 B 3 33 3.87 3-18 39 -0-54 (-0 81 to -027) 0 0003
3 A 3 67 3-25 3 33 36 0 42 (0-14 to 0 69) 0-005
4 B 322 371 325 35 -049 (- 076 to 021) 0.001
5 None 3 32 3-39 3 26 38 -0-08 (-0-33 to 0 17) 0 54
6 B 3 33 3 87 3 17 39 -0 54 (- 080 to- 028) 0 0002

PAB = significance of the t test between the intraindividual difference of perceived indoor air stuffiness in the wings A and B; PAL = significance of the test between the
intraindividual difference of perceived indoor air stuffiness in the wings A and C; PBC = significance of the t test between the intraindividual difference of perceived indoor
air stuffiness in the wings B and C; n, = number of answers obtained in the comparison between the wing A and B; n2 = number of answers obtained in the comparisonbetween the wing A or B against C; *x< , in the comparison = 3.45.

age group, the rest being equally distributed in
the other groups.
The relative humidity in the non-humidified

areas was 21 %-31% and in the humidified
areas 30%-35%. Table 2 shows the means of
the point measurements of temperature and
relative humidity during the days of the exper-
iment.
The panellists reported that outdoor air had

mostly no or little odour (95-8%), and it was
mostly very fresh, fresh, or neutral air
(96.9%), and its odour was acceptable
(97 6%). There were no major changes in the
outdoor air quality during the experiment.
Outdoor air variables did not differ either
between the three wings or during change over
of corridors.

Indoor air was mostly reported to have no

or little odour (21-2% little and 51-5% none),
23'2% rated the odour as being moderate,
3-7% strong, and 0 4% very strong. In 87-2%
of the questionnaires odour was considered to
be acceptable. Indoor air was not considered
to be very fresh. In 6- 1% of the questionnaires
the scoring was fresh, 50 9% neutral, 36-3%
slightly stuffy, and 6-7% stuffy. The differ-
ences between wings A, B, and C in the mean
ratings for odour and stuffiness during the
control week were not significant (analysis of
variance: odour P = 0-18; stuffiness P =
0-23). There were no significant differences
between any of the weekly means of the ratings
during the experiment in the wing C (analysis
of covariance, controlling for sex, age, and
current smoking: odour P = 0-63; stuffiness
P = 0 69).

Table 5 Acceptability of indoor air odour by period
Numbers of answers to the question "Wouldyou accept this indoor air odour?"

Experimental wings

WingA Wing B Control wing C

Humidified Acceptance Acceptance Acceptance
Period wing Yes No (o/0) Yes No (0/") P11,, Yes No ("o/) PA(C PB(
Control None 37 8 82 2 41 5 89 1 0 41 41 3 93 2 0 34 0-481 A 37 9 80 4 41 4 91-1 0-13 42 3 93.3 0-262 B 36 3 92-3 28 12 70 0 0 013 34 4 89 5 0 70
3 A 31 5 86 1 34 2 94.4 0-32 32 4 88-9 0 414 B 34 2 94.4 28 7 80-0 0 025 32 3 91 4 0-66
5 None 36 2 94.7 33 5 86 8 0-26 37 1 97.4 0-56 0 0466 B 35 5 87 5 25 14 64 1 0 012 34 6 85-0 0-66

PIS = significance of the McNemar test wing A v B; PA, = significance of the McNemar test wing A v C; P,, = significance of the McNemar test wing B v C.
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Table 3 continued

Intraindividual difference between non-humidified
experimental wing (A or B) and control wing (C)

Period n2 A,C (95% CI) PA( AS1, (95% CI) PBC

Control 43 0-26 (- 004 to 0-55) 0 09 0-05* (0-24 to 0.33) 0-75
1 44 - 0fIt 0 40 to 0-17) 0 44
2 37 0-08 (0-16 to 0 33) 0-52
3 36 -019(-045 to 006) 0-15
4 35 -0-06 (0-31 to 0 20) 0-66
5 38 -0-03 (0-28 to 0-23) 0-83 0-08 (- 0-17 to 0 33) 0 54
6 39 -0-15 0-44 to 0-14) 0-32

Table 4 continued

Intraindividual difference between non-humidified
experimental wing (A or B) and control wing (C)

Period n2 AA, (95% CI) PAC A,,4 (95% CI) PBC

Control 43 0-16 (-0-10 to 0-42) 0-22 0-23 (-0-07 to 0 53) 0-13
1 44 0-02* (- 027 to 0-31) 0-88
2 37 0-19(-010to048) 0-21
3 36 - 0-08 (- 039 to 0 22) 0 59
4 35 -003( 023 to 0-18) 079
5 38 0 05 (0-16 to 0-26) 0-62 0-13 (-0 10 to 0-37) 0-28
6 39 0-15 (-0 07 to 037) 0-18

EFFECT OF HUMIDIFICATION

The panellists reported, on average, more

odour in the indoor air during the humidified
weeks. The intraindividual difference in
assessment of odour intensity reached signifi-
cance (paired t test P < 005) during all but
the fourth week of the experiment. The ratings
for odour were similar between the non-

humidified experimental wing and the control
wing (table 3).

Humidified air felt more stuffy than non-

humidified air. The difference in the means

reached significance (paired t test P < 0 05)
during all but the first week of the experiment.
The ratings for stuffiness between the non-

humidified experimental wing and the control
wing were similar (table 4).

Table 5 shows weekly numbers of positive
and negative answers to the question: "Would
you find the odour of the indoor air accept-

able, if there was as strong an odour in your

working place as there is here?" The intraindi-
vidual difference within people in the accept-

ability between humidified and non-

humidified air was significant during the three
experimental weeks when wing B was being
humidified (McNemar test P < 0-05). The
overall acceptability of the non-humidified air
was 906% and of the humidified air 76-4%
(McNemar test P < 0 00 1).
The humidified air was perceived to be

more odorous and stuffy than the non-humidi-
fied (paired t test P = 0 000 1, table 6).
Women's ratings for odour were lower for

both humidified and non-humidified air. But
the adjusted intraindividual difference in
women's ratings between humidified and non-

humidified periods was greater for both odour
and stuffiness although only nearly significant
for stuffiness (odour P = 0-68, stuffiness P =

0-060). So women experienced humidified air
to be more odorous and stuffy than men (table
6).

During the non-humidified period there
was no difference in the ratings for odour and
stuffiness between current smokers and non-

smokers. Both groups reported more odour
and stuffiness during the humidified period.
The intraindividual difference in the ratings
was greater but not significant among the non-

smokers than smokers (table 6).
The panellists in the age groups < 25 and

> 35 reported less odour and stuffiness in the
non-humidified period than panellists in the
age group 25 to 34. The proportions in the
absolute ratings were the same in the humidi-
fied period. The intraindividual difference in
the ratings between non-humidified and
humidified periods was greatest among the

Table 6 Determinants ofperceived indoor air odour and stuffiness and differences in the effect of humidification by sex, smoking, and age

Odour Stuffiness

Group means during non- Mean intraindividual Group means during non- Mean intraindividual
humidified and humidified period difference humidified and humidified period difference

Dermninant n x 0 x, A PA n x 0 x, A PA

Humidification 194 1-94 2-35 0-41 0.0001* 194 3-32 3-75 0 43 0.0001*
Sex:
Women 70 1-86 2-29 0-44 70 3-41 3-99 0-58
Men 124 1 99 2-37 0-38 0-68t 124 3-28 3-62 0 34 0-060t

Current smoking:
No 137 1-94 2-39 0 34 137 3-33 3-82 0-49
Yes 57 1-95 2-24 0-29 0-26t 57 3 30 3-58 0-27 010t

Age:
<25 59 1-83 2-28 045 59 3-00 3-63 0-63
25-34 83 2-18 2-57 0 40 83 3-65 4 03 0-39
> 35 52 1-70 2-06 0-36 0-86§ 52 3-18 3-45 0-27 0-066§

*P= significance of the paired t test with Ho: the mean of the intraindividual difference of the scores between humidified and non-humidified is equal to 0.
tP= significance of the linear regression with Ho: the mean intraindividual difference in perceptions of odour and stuffiness is equal between men and women,
controlling for smoking and age.
*P = significance of the linear regression with H0: the mean intraindividual difference in perceptions of odour and stuffiness is equal between smokers and non-

smokers, controlling for sex and age.
§P = significance of the linear regression with H0: the mean intraindividual difference in perceptions of odour and stuffiness is equal between the three age groups,
controlling for sex and smoking.
x = the mean of the score during non-humidified period, x, = the mean of the score during humidified period, A = mean intraindividual difference of the scores
during humidified and non-humidified periods. Mean scores for men and women, smokers and non-smokers, and for different age groups are adjusted for
potential confounders.
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youngest and least among the oldest age
groups for both odour and stuffiness. The dif-
ferences for stuffiness approached significance
(P = 0-066, table 6).

Discussion
We used untrained panels of visitors to assess
the intensity of odour and stuffiness of the
indoor air and the acceptability of the odour in
blinded controlled experiments in the office
environment with and without humidification.
The mean ratings of odour and stuffiness were
consistently greater when the areas were
humidified than when there was no humidifi-
cation. The panellists also considered the
odour of the humidified air less acceptable
than that of the non-humidified air. These
findings are in line with the results of the con-
current six period crossover trial, in which the
occupants reported the air to be significantly
more stuffy during the humidified than the
non-humidified period.' Humidification also
slightly increased, non-significantly, the un-
pleasant odour perceived by the workers. At
the same time humidification was found to
alleviate the sensation of dryness as well as its
symptoms of the eyes, skin, and respiratory
tract. The effect of humidification on stuffi-
ness perceived by the panellists was modified
by both sex and age, so that the effect was
stronger in women and younger panellists.
The results of the panel and the epidemiologi-
cal studies are not directly comparable,
because the panellists were sniffing air in corri-
dors where air is conducted from an air condi-
tioning device, whereas the workers were
evaluating air quality in their offices.' 2

VALIDITY OF RESULTS
The experimental design ensures the study's
validity in several ways. The randomisation of
the panel and intraindividual comparison of
symptoms between humidified and non-
humidified conditions eliminated potential
confounding due to personal characteristics.
The sequence of the entry was also ran-
domised and the participants were not told
about the humidification, and thus the infor-
mation from the different wings was compara-
ble. The panellists went outside between visits
to different areas to eliminate the effects of
exposure in one wing being carried over into a
subsequent wing. Also randomisation of the
order of visiting the wings for each panel
member would decrease the role of any carry-
over effect. The use of a non-humidified con-
trol area enabled the assessment of potential
confounding by changes in the external condi-
tions.

SYNTHESIS WITH PREVIOUS KNOWLEDGE
The effects of humidification on the symptoms
of the sick building syndrome and perceived
indoor air quality were studied in a recent
humidification experiment carried out in
Swedish hospitals.3 The study design was a
parallel four group experimental study with
two humidified buildings and two non-humid-
ified controls. In that experiment humidifica-

tion seemed to decrease rather than increase
the sensations of odour and stuffiness; the dif-
ferences were not significant, which is contrary
to both our panel study and the cross sectional
trial. It is possible that there were some differ-
ences in the study populations or the buildings
causing the humidified air to feel less odorous
and stuffy, or possibly the longer period of
humidification alleviating the symptoms of
dryness made the indoor air more acceptable,
which was interpreted as feelings of less odour
and stuffiness. In a chamber study with a
temperature range of 20-270C and relative
humidity of 20% to > 65%, the air quality was
judged to be unacceptable when the relative
humidity exceeded 50%, and the air was per-
ceived to be less stuffy with decreasing tem-
perature and humidity.4 These findings are in
line with our results.

Humidification tended to raise the tempera-
ture in wing B which may be the cause for the
humidified air being less acceptable than in
wing A. In an odour panel study performed in
office buildings in Denmark high temperature
was found to be associated with odour inten-
sity.5
Men reported the non-humidified air to be

more odorous but less stuffy than women. On
the other hand exposure to humidified air
caused a greater rise in the sensations in
women than men. In an olfactometric experi-
ment with a population sample of 134 Swedish
men and 130 women in the age groups 18-24,
25-50, and > 51, studying the odour thresh-
old of dimethyl monosulphide, Lindvall found
that odour sensitivity was somewhat higher for
women than men although the difference was
not significant.6 It is possible that in our popu-
lation men had a different scale in evaluating
the quality of indoor air, but if we consider
sniffing humidified air as exposure to a poten-
tial odorant the effect is similar to the finding
of Lindvall.

In our study panellists in the age group
25-34 evaluated the indoor air odour and
stuffiness to be stronger than did the younger
and older panellists. The difference in the per-
ceptions within individual people was greater
for the younger and diminished in the older
age groups. This finding is in line with
Lindvall's. In his olfactometric experiment
sensitivity of both sexes to odour was highest
in the age group 18-24 and lowest in the age
group > 51.6

Conclusions
An untrained panel of 20 members is able to
differentiate a slight malodour and stuffiness
in indoor air. The results suggest that steam
air humidification decreases the perceived
indoor air quality. This may be due to changes
in emission rates from the building materials
and the air conditioning device, or sensation of
odour, or both these factors, even though the
measurements did not show any difference in
the chemical composition between humidified
and non-humidified air. The effect of humidifi-
cation seems to be modified by sex and age so
that the perceptions of women and younger
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panellists during humidification are stronger
than those of men and older panellists.

This study was supported by The Finnish Work Environment
Fund.
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