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A study of perceived air quality, reported symptoms, lµld_~neraj comfort was 
conducted during 8 months in a 5-year old library buildin-g-which had been 
classified as sick by health authorities. In total, 7000 questionnaires were filled in 
two ti.mes a day by staff (no:o60) and visitors (n=lOO). The results show that 3 
environmental variables ranked worst in degree for both staff and visitors: too 
dry, stuffy and dusty. The staff and visitors agreed in their symptom reports and 
the momentary reports were found to be more reliable than retrospective ones 
(last 3 weeks). The library staff gave consistantly higher and the visitors higher 
or equal symptom frequencies as the occupants of 4 reference healthy buildings. 
Eight symptoms showed a significant increase in frequency from morning to 
afternoon. These are believed to be critical symptoms ill the sick building 
syndrome be~ause they include all 5 symptoms defmed by WHO. The symptom 
prevalence showed a high correlation with the percentage of persons being 
satisfied with the indoor climate but the library does not meet the ASHRAE 
criteria of 80% satisfied; the change over the day being 71 to 62% for the 
visitors and 54 to 41 % for the staff. A promising finding is that the prevalence 
change over the day of the 8 SBS symptoms shows a strong linear relationship 
with the mean concentration of 34 VOCs as measured in exhaust air (r=<>.96). 

INTRODUCTION 

Recent research indicates th.at physical , chemical, psychological and physiological 
variables are involved in sick building problems and that these variables interplay 
in a complex way (7, 10, 12, 13, 14, 15, 16, 17, 19). Furthermore, the air 
quality of a building is not static - it changes all the time due to changes in 
outdoor climate, ventilation setting, use of the building, etc. Effects on humans 
caused by the physical environment are also affected by many other factors like 
host sensitivity, environmental experience, work place conditions., capacity for 
coping, etc (3, 8,11). So far, most published studies of sick buildings can be 
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characterized as cross-sectional, that is the buildings and their occupants have 
been studied at one occasion. Very little is known about the variability in 
occupant reports and in the behavior of a specific building over time as reflected 
in chemical/physical measures. Thus, results of case studies as well as cross
sectional studies may present interpretation problems both with regard to 
sensitivity and specificity of the methods of measurement and with regard to 
representativeness of results. It seems imperative that longitudinal studies of 
occupants and buildings over pro-longed periods of time are a necessary 
supplement to the cross-sectional ones. The aim of the present study was to 
describe variability and relationships be-tween occupant symptoms, perceived air 
quality and chemical/physical environ-mental variables in one sick library 
building during a fall-winter-spring period. 

METHOD 

The study was conducted in a 5-year old, six stories, energy-efficient concrete university library 
building (4, 6). The building volume is 100,500 m3 and the floor-area 23,500 m2. The length of 
book shelfs is 52,000 m, 1,200,000 books are srored. and there arc about 930 seats for reading. 
Every day of the week, between 9 a.m. and 5 p.m., there are ca. 3,500 visitors, mostly university 
students. In a week day, ca. 60 out of 120 staff members are ptesent in the library. The supply air 
is panicle filtered, and optionally preheated and/or humidified. The ventilation system is run 24 
hows a day, all days of the week. For 8 months (fall, winter, spring) the building was studied 
with regard to indoor air quality and self-reported symptoms. Two main ventilation settings were. 
studied: 75% return air or no return air (100% outdoor air). For a description of the chemical and 
physical measurements of i;a. volatile organic compounds (VOC), see (5). 

Every Tuesday during the 8-rnonth study period, questionnaires were distributed to both staff and 
visitors. Immediately after aaiving in the morning, the staff answered the questionnaire and before 
leaving in the afternoon they filled in another version of the questionnaire. 

Almost all visitors were university students, from whom 100 volunters were selected in the 
morning (9-11 a.m.) and in the afternoon (12 a.m. - 5 p.m.) according to the principle first come 
first serve. The visitors answered individually while seated in different parts of the library 
building. In the afternoon group, the visitors had to stay indoors in the library building for at least 
3 hows before they were allowed to respond on 1he questionnaire. The morning visitors were 
requested to respond within half an hour after a.triving. The evaluations made by staff and visitors 
refer to the piesence of specific symptoms at the moment of filling in the questionnaire (right now) 
as well as how frequent each symptom has occurred during the last 3 weeks (often, sometimes, 
seldom). The symptoms asked for were [1) mental fatigue, (2) sensation of pressUie in bead, [3) 
headache, [4) feeling sick and dizzy, [5] problems to concentrate, [6] itching, smaning and 
irritation of eyes, [7] congested and running nose, [8] frequem colds, [9] sinusitis, [l OJ dryness, 
hoarseness and sore throat, (11) hacking cough, [12] dry skin in face, [13] dry skin on hands, 
[14] face erythema, [15] scaling and itching scalp or ears, [16] itching, stinging, tightness, and 
feeling of wannth in face without visible skin rash. Furthennore the questionnaire comprised 
questions on whether the respondents were satisfie.d with the indoor climate (yes or no) and (on a 
7-poini category scale from good to bad), the percieved working situation, the general impression 
of the environment, and the momentary perception of the environmental variables: stuffiness, odor 
strength, dustiness, draft, temperature (good to too warm/cold), humidity (good to too 
humid/dry), light (good to too light/dadc), and loudness (good to too silen!/noisy). 

RESULTS AND DISCUSSION 

The two groups of respondents, the staff and visitors were somewhat different: 
The mean age among the staff was higher compared to the visitors (44 and 24 
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years, respectively) and there were more women among the staff (85 and 40%, 
respectively). Concerning time spent in the library, the groups were comparable 
(study mean: 6 ha day, 5 days a week for both staff and visitors). 

Comparison of reports from staff and visitors. The staff and visitors differ only 
marginally in their perceptions of different climate variables. They all judged the 
air to be too dry, stuffy and dusty. Both groups agreed that stuffiness, dustiness, 
and warmness became worse during the afternoon compared to the morning 
(paired t-test, p<0.001). The staff also reported dryness and the visitors reported 
odor and draft as becoming si~cantly worse from morning to afternoon. 

The prevalence of the 16 symptoms varied during the 8 months, but a common 
feature was that the symptoms became more frequent in the afternoon, for both 
staff and visitors. In Table 1, the mean of the 16 symptom reports are giv.en for 
the staff and visitors. In the table the symptom frequency for 4 typically healthy 
buildings is given for comparison (1 ). Probably due to the repeated building 
exposure of the staff, they reported a higher mean frequen~y of symptoms 
during the last three weeks as compared to the visitors. This interpretation is 
supported by the result that the symptom frequency is about the same for staff 
and visitors when the momentary symptom perception is reported (right now). 
Furthermore, the staff and visitors agreed more in _reported symptom profiles 
for the question right now (r=0.84; p<0.001) than for the question referring to 
the last three weeks ((r=0.54; p<0.05). Although these coefficients of 
correlations, at most reflect 70% common variance, the results indicate that 
momentary perceptions are more reliable than retrospective judgements (last 3 
weeks) for characterizing the indoor climate. 

The symptom frequency from the retrospective judgements of the staff is 
consistantly higher than for the occupants of the reference healthy buildings. The 
visitors give consistantly higher or equal symptom frequency compared to the 
referents. 

The change over the day of the visitors symptom reports (morning frequency 
subtracted from the afternoon frequency) may be assumed to be a measure of 
building-related reactions. Eight symptoms showed a significant change from the 
morning to the afternoon. Five of these symptoms were classified by WHO (17) 
already in 1983 as typical for sick buildings (marked with an asterisk in the 
following list): *mental fatigue (p=0.0001), sensation of pressure in head 
(p=0.0001), *headache (p=0.0001), problems to concentrate (p=0.0001), *eye 
irritation (p=.0001), *dryness, hoarseness, sore throat (p=0.001), *face erythema 
(p=0.002), and itching, stinging, tightness, and feeling of warmth in face without 
visible skin rash (p=0.0001). Thus, the symptom pattern of this building coinci
des with the WHO definition. In addition, the prevalences of the 8 critical symp
toms are higher compared to the referents, the healthy buildings. Taken together, 
these two results support the diagnosis of the library building being sick. 

We are inclined to believe that a sick building is characterized more by the 
profile of symptoms than the high prevalence of specific symptoms (7). In this 
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Table 1. Symptom reports for different groups and conditions. 'Often' and 'right now' siiinds for 

the percentage of the group reporting that they have perceived the symptom 'often during 
the last 3 weeks ' and 'right now at the moment in the afternoon when filling in the 
questionnaire' , respectively. 

Symptom Referents Staff Visitors 
Often Right Often Right Often Right 

now now now 
(n=196) (n==l67) (nz2500) 

I. Mental fatigue 13 32 31 29 35 
2. Sensation of pressure in head 10 20 19 17 24 
3. Headache 06 15 08 08 07 
4. Feeling sick and dizzy 02 09 01 02 03 
5. Problems to concentrate 02 10 04 21 22 
6. Eye irritation 07 . 35 25 16 25 
7. Congested and running nose 04 38 22 10 21 
8. Frequent colds 03 15 05 05 08 
9. Sinusitis 01 10 04 02 02 
10. Dryness, hoarseness, sore throat 06 25 19 09 22 
11. Hacking cough 03 11 07 05 06 
12. Dry skin in face 12 39 21 19 26 
13. Dry skin on hands 16 34 23 16 18 
14. Face erythema 04 13 07 07 08 
15. Scaling and itching scalp or ears 07 16 11 09 10 
16. Itching, stinging, tightness, and 

feeling ofwannth in face without 
visible skin rash 05 28 19 08 13 

Mean of the 16 symptoms 06 22 14 11 16 

Note. The referents refer to the study by Andersson et al. (1). 

case, the typical symptom profile of the so called sick building syndrome (SBS) 
would include the 5 WHO symptoms supplemented by another 3. Since the 8 
symptoms referred to have not been investigated over the time of the day in 
other buildings, further studies are required before the results can be judged 
conclusive. It is still an open question whether the significant increase in 
symptom frequency over the day is typical for the sick building or is a· common 
characteristic of individuals staying in any building. 

Dissatisfaction and prevalence '~'r symptornS. The correlations between symptom 
prevalence and the percent of the visitors or the staff being satisfied with the 
indoor climate were high for the afternoon data (visitors: r=~0.80, p<0.001; 
staff: r=-0.79; p<O.l). Thus, the symptom piev3.lence among occupants accolints 
for 64% of the variance of the (dis)satisfaction reports. For the morning, data _is 
only available for visitors, and the correlation was then weak (r= -Q.51). ~~
change in~UIDp.tom prevalence over the day correlated strongly with the abso~9te 
prevalence of satisfaction with the indoor climate in the afternoon~ ,For_·t!i.~ 
visitors the coefficient of correlation was -0.7l(p<0.001). 

. - . - . ,{ .. .... w 
Both ASHRAE and WHO have suggested as criteria for acceptable jndoor;.Jir1 
quality, a minimum percentage of persons reporting that they are· satisfied: 
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!l\SHRAE (2) suggests that 80% should not be dissatisfied and WHO (18) 
suggests that 95% should not be annoyed. Later, WHO (19) have argued that 90% 
bould be free of mucosal irritation and 50% should be free of involuntary odor 

of the indoor air. The indoor air quality in the present library b~ilcling ~oes not 
meet the two suggested criteria values for persons not being dissatified. Already 
in the morning, only 71 % of the visitors and 54% of the staff were satisfied. As 
expected the satisfaction went down during the day to the figures 62% and 41 % 
for visitors and staff, respectively. .. 

If extrapolations are made from the data in this study, the mean prevalence of the 
g' symptoms considered critical for the sick building syndrome is about 10% 
when 80% of the visitors were satisfied with the indoor climate in the afternoons . 
. -
Covariation between syrrwtoms. satisfaction reports and VOCs. In searching for 
psychophysical dose-response relationships, the highest positive correlation is 
found between prevalence change over the day of the 8 SBS-related symptoms 
(visitors) and the mean concentration of 34 volatile organic compounds as 
measured in exhaust air (r=0.96; p<0.001). The plot behind this relationship 
shows no systematic curvature and will therefore be considered linear: Since 
symptom prevalence correlates highly with percent dissatisfied, a linear but less 
strong relationship is also found between percent dissatisfied and mean 
concentration of the 34 VOCs (r=-0.67). This latter relationship is comparable to 
Fanger's (9) plots relating percent dissatisfied to his dilution factor expressed in 
1/s,olf. However, the two relationships carry no resemblance at all. In Fanger's 
data, the percent dissatisfied decreases with increased dilution of the air. His 
relationship is characterized by a strong deceleration while our data show a clear 
linearity for the same range of percent satisfied/dissatisfied. 

"' 
Since our data were collected longitudinally, the form of the relationships has to 
be interpreted with caution because there is a possibility that the time of the year 
will causatively influence both the feeling of well being of persons and the 
concentration of voes in air, in such a strong way that the two latter mainly 
reflect this reality. Furthermore, the VOCs admittedly only represents a fraction 
of the contaminants present in indoor air. Although the neat, linear relationship 
found between symptom prevalence and voe concentration is intriguing, it is 
not yet proven that any Voes cause the SBS. 
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