
Occupational and Environmental Medicine 1995;52:709-714

Ventilation rate in office buildings and sick
building syndrome

Jouni JK Jaakkola, Pauli Miettinen

Abstract
Objective-To examine the relation
between ventilation rate and occurrence
of symptoms of the eyes, nose, throat,
and skin as well as general symptoms
such as lethargy and headache, often
termed the sick building syndrome.
Methods-A cross sectional population
based study was carried out in 399 work-
ers from 14 mechanically ventilated office
buildings without air recirculation or
humidification, selected randomly from
the Helsinki metropolitan area. The ven-
tilation type and other characteristics of
these buildings were recorded on a site
visit and the ventilation in the rooms
was assessed by measuring the airflow
through the exhaust air outlets in the
room. A questionnaire directed at work-
ers inquired about the symptoms and
perceived air quality and their possible
personal and environmental determi-
nants (response rate 81%). The outcomes
were weekly work related symptoms expe-
rienced during the previous 12 months
and symptom groups defined either by
their anatomical location or hypothesised
mechanism.
Results-In logistic regression analysis,
the adjusted odds ratio (OR) for any
symptom of interest was 3 03 (95% confi-
dence interval (95% CI) 1-13 to 8-10) in the
very low ventilaton category ofbelow 5 Us
per person and 2-24 (0-89 to 5-65) in the
high ventilation category of over 25 Us per
person compared with the reference
(15-<25 Us). The ORs for ocular (1.27,
1 11 to 1-46), nasal (1.17, 1-06 to 1.29), skin
symptoms (1*18, 1.05 to 1-32), and
lethargy (1.09, 1-00 to 1.19) increased sig-
nificantly by a unit decrease in ventilation
from 25 to 0 Us per person.
Conclusion-The results suggest that
outdoor air ventilation rates below the
optimal (15 to 25 Us per person) increase
the risk of the symptoms of sick building
syndrome with the sources of pollutants
present in mechanically ventilated office
buildings. The Finnish guideline value is
10 Us per person.

(Occup Environ Med 1995;52:709-714)
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Office workers commonly report the indoor
air quality to be unacceptable and experience

non-specific symptoms of the eyes, nose,
throat, and skin as well as general symptoms
such as lethargy and headache.'-8 The similarity
of the symptom pattern in different study pop-
ulations and their causal attribution to the
building environment has given rise to the
concept of the sick building syndrome.9

Air change plays a central role in lowering
the levels of indoor air pollutants emitted from
the indoor environment or produced by the
occupants or their activities such as smoking,
photocopying, or handling paper. It is com-
monly accepted that ventilation is necessary
for the wellbeing of the occupants. The role
of ventilation is complicated by the observa-
tions that workers in air conditioned build-
ings experience more symptoms than
workers in naturally ventilated buildings.7 10 1
Mechanical ventilation-that is, mechanical
supply and exhaust of air-has also been
related to these symptoms in some studies,67 10-1
but not in others.'3 14 Six earlier studies, five
experimental'5"'9 and one observational420
have assessed the relation between ventilation
rate and occurrence of symptoms. The results
are inconsistent, although the weight of evi-
dence has been interpreted to suggest that
ventilation rates below 10 1/s per person
would increase the risk of symptoms of
sick building syndrome.2' These results do
not provide sufficient information to deter-
mine the optimum outdoor ventilation rate
needed in the existing buildings to protect the
occupants from adverse health effects.
We examined the relation between ven-

tilation rate and occurrence of symptoms of
the sick building syndrome in office workers
in a population based cross sectional study
carried out in a Helsinki metropolitan area.

Methods
BUILDINGS AND STUDY POPULATION
A random sample of 50 office buildings with at
least 10 workers in each was selected from the
Helsinki Metropolitan Area Building Registry,
which included all the 894 office buildings in
the defined geographical region.'0 The owners
of nine buildings were not willing to partici-
pate in the study. The remaining 41 buildings
and their occupants were included in the
study, and a person registry was made of all
the workers. In six buildings a few firms, com-
prising only a small proportion of the workers,
did not participate. A self administered ques-
tionnaire was posted to 3317 workers. A total
of 2678 workers completed the questionnaire
(response rate 81%), 605 subjects did not par-
ticipate, and 34 returned an incomplete form.
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Table 1 Characteristics of the study population

Ventilation category (l/s per person)

Characteristic

Personal characteristics
Sex:

Female
Age:

< 24
25-34
35-44
45-54
>55

Professional education:
University or college
Vocational school
No
Other
Atopy

Smoking
Current
Former

Office environment, work:
Shared office
Passive smoking
Textile wall materials
Wall to wall carpets
Sealed windows
Handling of

self copying paper
VDT use (h/week,
mean (SD))

Photocopying (h/week,
mean (SD))

Psychosocial environment:
Atmosphere:

Satisfied or neutral
Unsatisfied
Very unsatisfied

Stress:
Slight, not at all
Moderate
Much, very much

Interest in work:
Often, almost always
Sometimes
Rarely, never

Very low
(< 5)
n = 53
(%o)

73-6

3-8
28-3
35.9
15-1
17-0

60-4
16-7
14-6
8-3

45-3

30-2
20-8

64-2
5-7

11-3
1-9

15-1
24-5

19-1
(12-4)
1-7

(1-8)

86-5
11-5
1-9

45-3
32-1
22-6

67-9
26-4
5-7

Low
(5-<15)
n = 171
(%/-)

56-1

11 7
36-3
28-7
20-5
2-9

64-9
11-3
16-1
7.7

29-8

32 2
18 7

643
0-6

13-5
5.9
9.4

26-9

19-4
( 1-9)
2-2

(6-0)

87-1
9.4
3.5

43-3
36-8
19-9

67-2
25-7
7 0

Medium
(15-<25)
n = 123
(Go)

43.9
4.9

28-5
31-7
26-8
8 1

80-5
8-1
5-7
5-7

37-4

34-2
21-1

38-2
1 6
8-2

17-9
9-8

29-3

18-8
(12-2)
1-8

(2-2)

84-6
14-6
0-8

45-5
390
15 5

70 7
24-4
4-9

High
() 25)
n = 52
(%O)

51-9

11-5
17-3
34-6
32-7
3.9

66-0
18-0
8-0
8-0

32-7

32-7
19-2

32-7
0.0

32-7
19-2
15-4
30-8

16-2
(9-5)
2-6

(6-1)

88-5
7-8
3.9

38-5
48-1
13-5

78-8
19-2
1-9

54-1

8-5
30 3
31-3
23-3
6-5

69-4
11-8
11-3
7-0

34-6

32-6
19-8

52-1
1-5

14-0
10-8
11-0
27-8

18-8
(11-8)
2-1

(4-7)

86-2
11-1
2-5

43-6
38-5
18-0

69-9
24-6
5-5

The present study focused on the mechani-
cally ventilated buildings (both supply and
exhaust) that were operated without air recir-
culation or humidification. A total of 14 build-
ings, were included; 10 buildings were fitted
with simple mechanical ventilation and four
were air conditioned. Simple mechanical ven-
tilation refers to buildings with ducted supply
and exhaust airflow, but no integrated heating
or cooling of air. Partial heating of incoming
air is included in this category. Buildings with
air conditioning but without humidification
are buildings with integrated heating and
cooling of incoming air. The study population
(table 1) consisted of 399 subjects, 183 men

(45.9%) and 216 women (54.1%).

OUTCOME CRITERIA
The outcomes were nine particular symptoms
compatible with those described in the sick
building syndrome,9 including: eye symptoms;
nasal dryness, itching or irritation; nasal con-
gestion (stuffy, blocked nose); nasal excretion
(runny nose); pharyngeal symptoms; skin
symptoms; headache; lethargy; and difficulty
in concentrating. Apart from particular symp-
toms, summary outcomes were also consid-
ered, based on either the anatomical location
of the symptoms (ocular, nasal, pharyngeal,
cutaneous, or general) or on the hypothesised
mechanism (mucosal irritation or allergic
reaction).

The outcomes were specified as appearing
at least weekly, being work related, and the
reference time period was the previous
year. The questions used are described in
detail elsewhere.'0 These weekly work related
symptoms were used in forming the summary
outcomes. The presence of one or more symp-
toms in the corresponding symptom group
indicated a positive response. Mucosal irritation
was based on reported dryness, itching or irri-
tation of eyes; nasal dryness; nasal congestion;
or pharyngeal irritation. Allergic reaction was
based on reported dryness, itching, or irrita-
tion of eyes; nasal congestion; nasal excretion
or pharyngeal irritation.

DATA COLLECTION
A self administered questionnaire asked
about the symptoms typical of the sick build-
ing syndrome and perceptions of odour and
thermal comfort. Personal factors, information
on health, smoking, and work environment
were also asked for in the questionnaire. The
questionnaire was distributed by post and
requested twice from the non-responders.

Basic information on the building, includ-
ing the size and type of building, was available
in the Building Registry. Further information
was collected in an interview with the land-
lords and custodians of the buildings and on
site visits.
The air change in the rooms was assessed

from November 1991 to February 1992 by
measuring the airflow through the exhaust
air outlets in the room. An anemometer tube
connected to a hot wire anemometer was used
in the measurements. The anemometer was
regularly calibrated in the laboratory, no drift
in the calibration of the anemometer was
discovered during the study. This method
gives a good estimate of the total air change in
a room, as all mechanically ventilated office
buildings in Finland are designed to have
negative pressure. The floor area and volume
of the rooms were measured at the same time
as the ventilation measurements. From these
figures, the ventilation rates per person in each
room were calculated.

STATISTICAL METHODS
The age (five categories) and sex standardized
prevalences of weekly, work-related symptoms
were estimated in four different ventilation
categories: very low (< 5 1/s per person), low
(5-< 15), medium (15-<25) and high (>25 1/s
per person). The relation between the level of
airflow and occurrence of symptoms was then
assessed in logistic regression analysis.22 23
Adjusted odds ratios (ORs) were computed
for the very low, low, and high ventilation
categories by the indicator technique with the
medium ventilation category as a control,
because of the lowest prevalences.22 The fol-
lowing covariates were included in the models:
age, sex, professional education, atopy (any
history of eczema, allergic rhinitis, conjunctivi-
tis, or asthma), personal smoking, type of
ventilation (mechanical or air conditioned),
number of workers in the room, passive smok-
ing, textile wall materials, wall to wall carpets,
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Table 2 Age and sex standardised prevalences (%) of weekly, work related symptoms
during previous 12 months in different ventilation categories

Ventilation category (i/s per person)

Very low Low Medium High
(<5) (5-<15) (15-<25) (, 25) Total

n = 53 n = 171 n = 123 n = 52 n = 399
(%) (C/) (%/0) (%/0) (0,0)

Eye symptoms 15-8 5-7 4-3 17-6 8-5
Nasal irritation 11-2 12-8 5-0 7-7 10-0
Nasal congestion 14-3 4-5 2-2 9-6 6-0
Nasal discharge 13-1 3-9 1-7 5-7 5-3
Pharyngeal symptoms 8-4 7-4 0 0 7-7 4-5
Skin symptoms 13-0 5-1 0 9 9 7 5 0
Headache 53 6-3 3-4 6-8 5-0
Lethargy 14-6 12-6 10-4 13-5 11-5
Difficulty concentrating 4-6 8-1 5-9 10-8 6-3

sealed windows, work with a video display
unit, handling of self copying paper, photo-
copying, satisfaction with psychosocial atmos-
phere, work stress, interesting work, average

weekly time in the office, and duration of
employment in the building. Finally, paramet-
ric models were fitted, when applicable, to
examine the form of the relation between in

odds of the outcome and ventilation rate. For
some outcomes a linear relation was found
between In odds and ventilation rate in the
range of 0 to 25 1/s per person. This corre-

sponds to an exponential relation between
the risk of symptoms and ventilation rate in
this range. When there were problems with
convergence of the full model, a forward
stepwise modelling approach was applied with
ventilation rate, sex, and age forced into the
model and other variates selected according to
the improvement of fit (0O25 significance level
as the criterion for entry and exclusion).2'

Results
STUDY POPULATION
The distributions of the potential confounders
varied to some extent among the ventilation
categories (table 1). The proportion of
women was considerably greater in the very

low (73-5%) and low ventilation categories
(56 1%) than in the medium (43-9%) and

high ventilation categories (51 9%), and the
age distribution varied among the ventilation
categories. Atopy, shared office, passive
smoking, sealed windows, and work stress
were more common in the low ventilation
categories, whereas textile wall materials, wall
to wall carpets, and handling of self copying
paper were most common in the high ventila-
tion category.

VENTILATION RATE AND SYMPTOMS
The median ventilation rate in the rooms was

13-8 1/s per person, 106 1/s per person for
buildings with simple mechanical ventilation
and 16 5 1/s per person for air conditioned
buildings. The proportion of subjects who
occupied offices with the ventilation rate
below 5 1/s per person was 13%, and 56% of
the subjects were in roons with the ventilation
rate below 15 1/s per person.
The age and sex standardised prevalences of

weekly work related symptoms were the lowest
in the medium ventilation category for all the
symptoms except for difficulty in concentrat-
ing (table 2). Ocular, nasal, pharyngeal and
skin symptoms and lethargy showed an

increasing trend from the medium to very low
ventilation category. The prevalences of symp-
toms in the high ventilation category were also
considerably greater than in the medium ven-

tilation category.
The adjusted risk estimates provided similar

evidence of the relation between ventilation
rate and risk of symptoms (table 3). The risk
estimates in the lowest ventilation category
were highest for skin (OR 41-0), nasal (7 7),
and eye symptoms (5-6), but also considerably
increased for general symptoms (2 1) when
compared with the medium ventilation cate-
gory. All except general symptoms were signif-
icant. The corresponding risk estimates in the
high ventilation category were also all raised,
ranging from 1-1 to 14-8, significant for eye

symptoms. The adjusted ORs for mucosal
irritation (OR 4-21, 95% confidence interval
(95% CI) 1-35 to 13-13) and allergic rea-

ction (7 04, 2-02 to 24 54) were significantly
increased.

Table 3 Adjusted ORs of weekly, work related symptoms during previous 12 months in very low, low, and high
ventilation categories compared the with medium ventilation category (n = 399; ventilation rates are in I/s per person)

Very low (<5) Low (5-<15) Medium (15-<25) High (>25)

OR* OR* Reference OR*

Point Point Point
estimate 95% CI estimate 95% CI estimate 95% CI

Eye symptoms 5-57 (1-16-26-79) 2-31 (0 58-9 29) 1-00 4-32 (1-01-18-59)
Nasal symptoms 7-66 (2-01-29-23) 5 90 (1-91-18-22) 1-00 2 15 (0 54-8 58)

Irritation 3-65 (0-80-16-59) 6-07 (1-78-20-71) 1-00 2-23 (0-48-10-26)
Congestion 19-20 (3-04-121-1) 2-83 (0-56-14-35) 1-00 3-15 (0-53-18-69)
Discharge 14-81 (1-72-127-7) 3-46 (0-46-26-2) 1-00 5-84 (0-61-55-75)

Pharyngeal symptoms - - 1-00 -

Skin symptoms 40-97 (2-15-781 2) 8-93 (0-63-126-0) 1-00 14 75 (0-92-237-5)
General symptoms 2-07 (0 68-6 26) 1-96 (0-85-4 57) 1-00 1-63 (0 56-4-76)
Headache 4-63 (0 66-32 38) 3-43 (0-63-18-68) 1-00 5-58 (0-84-37-14)
Lethargy 2-46 (0 73-8-32) 1-44 (0 54-3-88) 1-00 1-12 (0-31-4-09)
Difficulty concentrating 2-67 (0-39-18-20) 2-66 (0-69-10-30) 1-00 1-62 (0-27-9-81)

Any symptom 3 03 (1-13-8-10) 3-34 (162-6-91) 1-00 2-24 (0 89-5 65)
Mucosal irritation 5-26 (1-57-17-60) 5 30 (1-97-14-23) 1-00 4-21 (1-35-13-13)
Allergic reaction 8-96 (2-34-34-29) 5-24 (1-69-16-24) 1-00 7 04 (2 02-24 54)

*Adjustment was made in the logistic regression for age, sex, professional education, atopy (any history of eczema, allergic rhinitis,
conjunctivitis, or asthma), number ofworkers in the room, personal and passive smoking, type of ventilation, textile wall materials,
wall to wall carpets, sealed windows, work with a video display unit, handling of self copying paper, photocopying and satisfaction
with psychosocial atmosphere, job stress, interesting job, average weekly time in the office, and duration of employment in the
building.
tNo subjects with symptoms in the control group.
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Table 4 Increase in ORs of weekly, work related
symptoms during the previous 12 months per 1 1/s decrease
in ventilation rate between 25 to O is per person (n = 347)

OR*

Point estimate 95% CI

Eye symptoms 1-27 1l 1-1 46t
Nasal symptoms 1-17 1-06-1-29

Irritation 1-10 1-00-1-22
Congestion 1 30 1-13-1-50t
Discharge 1-17 1-05-1-32t

Pharyngeal symptoms 1-12 0-98-1-27
Skin symptoms 1-18 1-05-1-32t
General symptoms 1-05 0-97-1-14

Headache 1-01 0-89-1-15
Lethargy 1-09 1 00-1 19
Difficulty concentrating 1-02 0-90-1-15

Any symptom 1-09 1-02-1-17
Mucosal irritation 1-15 1-05-1-25
Allergic reaction 1-18 1-07-1-31

*As for table 3.
tStepwise modelling with age and sex forced into the model.

Logistic regression models indicated a
significant linear increase in the ln odds of
eye, nasal, and skin symptoms and lethargy by
a unit decrease in the ventilation rate from
25 1/s towards 0 (table 4). The risk estimates
are expressed as a change in OR per 1 1/s
decrease in the ventilation rate.

Discussion
In the present population based study, the risk
of work related symptoms, typical of the sick
building syndrome, was found to be related to
low outdoor air ventilation rate in the office.
Ocular, nasal, pharyngeal, and skin symptoms,
as well as lethargy were considerably more
common in the rooms with the ventilation rate
below 5 1/s per person compared with the
rooms where the rate was considered to be
optimal, from 15 to 25 1/s per person. The risk
of these symptoms was estimated to increase
exponentially by a unit decrease below the
optimal ventilation rate. The risk of symptoms
was also increased in the rooms with the venti-
lation rate above the optimum.

RELATION BETWEEN VENTILATION RATE AND
SICK BUILDING SYNDROME
The relation between the ventilation rate and
the occurrence of symptoms is complicated,
because it depends on several phenomena.
Exposure to several chemical and biological
indoor air pollutants can have adverse health
effects. Air change is essential in lowering the
air pollution levels and thus ventilation rates
that are too low can be related to adverse
health effects when exposure to these pollu-
tants is increased. High ventilation rates could
also be related to adverse health effects in two
ways. Firstly, outdoor air and the ventilation
system are sources of indoor air pollution to
the extent that an increase in ventilation rate
increases the exposure. Secondly, mechanical
ventilation changes the physical properties of
indoor air. Berglund and Lindvall suggested
that the human sensory system uses a pattern
recognition mechanism in the sensing of
indoor air with complex environmental
adaptation to the inhaled air.24 Use of high

ventilation rates can lead to extreme
homogenisation of air, causing sensory con-
fusion and strain on the system when it is trying
to interpret the signals. A possible hypothesis
is that sensory symptoms tied to sick buildings
of the irritant type 24 might be related to the
homogenisation of air.

VALIDITY OF RESULTS
The potential sources of systematic error in
the assessment of the relation between air
change and occurrence of symptoms include
selection bias, information bias, and con-
founding. There are two possible ways that
selection bias could have been introduced on
an individual level. On the one hand, individual
workers with work related dissatisfaction and
symptoms could have left work. Presuming
that either low or high air change is a determi-
nant of the symptoms, this type of selection
would lead to underestimation of the relation
between the air change and occurrence of
symptoms. On the other hand, the risk esti-
mates could have been overestimated, for
example if workers experiencing symptoms
and perceptions were more likely to complete
the questionnaire and the response rate was
related to low ventilation rate. This type of
selection was not likely, because the response
rate was high (81%). An excess of symptoms
in the high ventilation category compared with
the medium ventilation category could be
explained by a selective adjustment to increase
the ventilation rate as a response to occupant
complaints. The time sequence between expo-
sure and outcome can not be assessed in a
cross sectional design, and thus the results
should be interpreted cautiously.
The participants were informed about the

general objective of studying the environmen-
tal determinants of health and well being in
office buildings, but no special attention was
paid to the role of ventilation. Further, the
participants did not know the magnitude of
ventilation rate in their room. Thus, informa-
tion bias is an unlikely explanation of the
results.
The results, which indicated that the preva-

lence of symptoms is related to the magnitude
of ventilation rate, could be explained by
uneven distributions of other determinants of
the outcomes. Most of the known confounders
were taken into account in the multivariate
analysis. Other unknown confounders not
considered in the analysis could theoretically
explain our results, but these would have to be
both strong determinants of the outcomes and
be associated strongly with the ventilation rate.
Some random error was likely both in the

measurement of ventilation rates and out-
comes. The airflows were measured about a
year after participating in the survey. The
rooms, where renovation or adjustment of
ventilation had taken place after the question-
naire, were excluded from the study. Some
changes may have taken place in the buildings
without our knowledge. The non-differential
misclassification of both the ventilation rate
and the outcomes would have led to underesti-
mation of their relation.
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SYNTHESIS WITH PREVIOUS KNOWLEDGE
Three earlier studies that assessed the relation
between ventilation rate and occurrence of
symptoms'41518 20 reported a significant associa-
tion between low ventilation rates and the
occurrence of symptoms, and three studies'61719
did not.
Of the five experimental studies, only two

found an association between ventilation rate
and symptoms. These studies provided strong
designs for causal inference in the particular
buildings selected. A major limitation from the
public health point of view was that the studies
were only carried out in between one and four
buildings and thus the results can not be used
to evaluate the relation in the existing build-
ings given the current sources of indoor air
pollution. In the Finnish controlled parallel
group trial the average symptom score for sick
building syndrome increased when the out-
door ventilation rate was reduced from an

average of 26 1/s per person to below 7-5 1/s per
person.'5 In the American two part uncon-

trolled trial,'8 building occupants experienced
more symptoms at lower than at higher out-
door ventilation rates. The contrasts were 7-8
1/s and 17-9 1/s per person during the summer
and 5-8 1/s and 14-9 1/s per person during the
winter. In the Swedish controlled trial,'7 the
ventilation rate was altered between an aver-

age 12 1/s and 23 1/s per person, but the alter-
ation had no effect on the symptoms or signs,
such as blink rates of the eyes, tear film stabil-
ity, and visible signs of the eyes, lips, or skin.
In the Finnish four period crossover trial'9 no
difference was found in the occurrence of
symptoms between the average outdoor venti-
lation rates of 6 1/s and 20 1/s per person. Nor
did the similar Canadian six period crossover

trial'6 report any difference in the occurrence

of symptoms between the two compared levels
of airflows, 14 1/s and 30 1/s per person.
The limitations of non-experimental

studies, whether cross sectional or case-

control studies, include the problems of bias
and confounding, but a strength from the
public health point of view is the feasibility of
studying several buildings with population
based sampling. This was applied both in the
present cross sectional study and in the north-
ern Swedish office illness project with a cross

sectional'4 and case-control study.20 In agree-
ment with the present study, the Swedish
study reported an increased risk of symptoms
in the low ventilation category, below 8-5 1/s
per person (OR 1-87, 95% CI 1.02 to 3 4) and
in the medium ventilation category from 8 5 to
13-6 1/s per person (1-50, 0-84 to 2 7), com-

pared with the control category of 13-6 1/s per
person.
The range of outdoor air ventilation rate

considered in the studies is an important issue.
Based on his review of the six earlier studies,
Mendell suggested that ventilation rates at or

below 10 1/s per person were consistently asso-

ciated with an increased risk of symptoms,2'
with the Finnish crossover trial' as an excep-
tion. The present study is consistent with this
suggestion for the role of low ventilation rates.
It should be emphasised that as well as the

strength of elimination, the strength of emis-
sions also determines the level of exposure and
consequent health effects. The results of the
present study suggest that in office buildings
with current sources of pollution, the risk of
symptoms is already increased when out-
door air ventilation rates are below 15 1/s per
person.

CONCLUDING REMARKS
The amount of ventilation needed in a given
space depends essentially on the sources of
pollution in the indoor environment. Under
the most simple conditions, the subject him or
herself is the only source of air pollution. In
modem office environments, pollution sources
also include the usual human activities such as
smoking, handling of paper, photocopying,
and physical objects such as wall and floor sur-
faces, furniture, and textiles. The situation is
even more complicated when the air is recircu-
lated or the supply air is polluted.

Ideally, the interior materials should not
emit pollutants. The activities worsening the
air quality, such as smoking and photocopy-
ing, should take place in separate rooms, and
cleaning should be frequent enough to reduce
the amount of accumulating particles on the
surfaces. Although increasing the air change
should be a secondary precaution, the mini-
mum ventilation requirements should be
adjusted to the existing conditions in the office
environment. The present study was popula-
tion based and thus provides information on
the ventilation requirements in the existing
Finnish buildings. It seems that an outdoor air
ventilation rate below 5 1/s per person is a
strong determinant of ocular, nasal, pharyn-
geal, and skin symptoms, as well as general
symptoms, and ventilation rates up to 15 1/s
per person are likely to increase the risk of
the symptoms. The Finnish guideline value is
10 1/s per person.
The present study provides new evidence of

an association between high ventilation rates
and the risk of symptoms. This could indicate
that mechanical ventilation systems may affect
the indoor air quality by changing the physical
property of air or by being a source of indoor
air pollution. An alternative explanation is that
high ventilation rates indicate a reaction to an
existing indoor air problem. This observation
should be interpreted with caution, because of
the limitations of the study design.

This study was supported by the Ministry of Financial Affairs,
Finland.
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