Indoor Air 2001; 11: 223-231
http:/fjournals.munksgaard.dk/indoorair
Printed in Denmark. All rights reserved

Copyright © Munksgaard 2001

INDOOR AIR
ISSN 0905-6947

Sign of Eye Irritation in Female Hospital Workers and the

Indoor Environment

HaNS THORE SMEDBOLD™, CATRINE AHLEN?, DAN NORBACK® AND BjorN HiLT!

Abstract The relationships between indoor environment factors
and signs of eye irritation were studied in a sample of female per-
sonnel with (n=112) and without (n=64) mucous membrane symp-
toms working in 36 nursing departments at geriatric hospitals in the
municipality of Trondheim, Norway. The indoor climate was
characterised by high room temperature (interquartile range 23.0-
23.7°C), low relative air humidity (interquartile range 17-26%) and
high outdoor airflow rate, as indicated by low indoor levels of car-
bon dioxide (interquartile range 490-650 ppm). An altered mi-
crobial flora was observed in nine of the departments, and Aspergil-
lus fumigatus was found in three of these. Five of the hospitals were
situated in urban parts of the municipality near roads with heavy
traffic. In the initial analyses decreased tear-film stability (BUT) was
observed in subjects working in departments with increased dust
settlement rate (P=0.03), in hospitals situated in urban areas with
heavy traffic (P<0.001), and in subjects working in departments
with presence of A. fumigatus (P=0.04). Increased conjunctival
staining (CS) wasrelated to alteration of the microbial flora. In the fi-
nal multivariate analyses statistically significant relationships were
observed between BUT and dust settlement rate and urban vicinity
of workplace and between CS and alteration of the microbial flora.

Key words Tear-film break-up time; Vital staining; Microbial flora;
Traffic pollution; Dust settlement.

Practical Implications

Clinical tools such as measurements of break-up time and vital
staining of the cornea might be useful tools in documenting en-
vironmental effects on the eyes, not only in chamber studies but
also in the field. The results illustrate the significance of good
hygienic standards causing low concentrations of airborne par-
ticles, prevention on microbial growth in buildings and venti-
lation systems, and suggest that improvement of ambient air
quality could be positive from a health point of view.

Received for review 12 May 2000. Accepted for publication
3 December 2000.
© Indoor Air (2001)

Introduction

Eye irritation is a common complaint in the general
population and particularly in certain indoor climates
(Norback and Edling, 1991; Wieslander et al., 1999). In
indoor climate surveys eye symptoms have often been
studied as a part of the so-called sick-building syn-
drome (SBS), a concept established from observations
of increased occurrence of a certain type of symptoms
in people occupying some type of buildings (WHO,
1983, 1986; Apter et al., 1994). In a random sample of
the general Swedish population, the prevalence of eye
symptoms was 16% and of swollen eyelids 6%
(Norback and Edling, 1991). In the same study the
prevalence of eye symptoms among health care and
social workers was 20%. Another Swedish study
among workers at geriatric hospitals showed a preva-
lence of eye symptoms of 36% with a great variations
between different building ranging from 0-71%
(Nordstrém et al., 1999). In a Norwegian office study
the reported prevalences of eye irritation among men
and women were 24% and 37%, respectively (Lenvik,
1993).

Objective methods to study the external parts of the
eyes have seldom been applied in epidemiological
studies of environmental effects. The application of
such methods in epidemiological studies may increase
the understanding of the aetiology and mechanisms
behind indoor environmental symptoms. Measure-
ments of tear film break-up time (BUT), as well as self-
reported break-up time, have been performed in
studies in offices, hospitals, and experimentally (Norn,
1969; Franck, 1986; Wong et al., 1996). Stability of the
tear-film measured by BUT was reduced in personnel
working in sick-buildings (Franck, 1986; Muzi et al,,
1998) and in buildings with increased concrete hu-
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midity (Wieslander et al., 1999). Staining of the con-
junctiva has been used to study epithelial desqua-
mation (v Bijsterveld, 1969; Norn, 1973). Increased con-
junctival staining has been related to sick-buildings
(Franck, 1986) and to increased dust exposure
(Kjeergaard, 1992).

In buildings with mould growth in the ventilation
system or on internal surfaces, increased counts of
fungi may be observed, with the increase in Aspergillus
spp. and Penicillum spp. being particularly noticable
(Flannigan and Miller, 1994). These characteristics have
been utilised by consultants in practical investigations,
by qualitative and quantitative comparison of the in-
door and outdoor microbial flora (Flannigan, 1992). An
approach based on viable sampling and cultivation at
room temperature and 37 °C have been described (Ahl-
en, 1995). Among the Aspergillus species, A. fumigatus
is reported to be the most important potential patho-
gen for persons with reduced immunity (Pieckova and
Jesenska, 1999).

There is a growing concern about particulate pol-
lution and cleaning in the indoor environment (Raw et
al., 1993; Gyntelberg et al., 1994). Methods for assess-
ments of dust settlement rate and cleanliness have
been developed based on the collection of dust on foils,
where the amount of dust is determined as area cov-
ered by dust in percent of total surface area. A guide-
line for indoor environment quality proposes 1-1.5% as
a limit for surfaces close to persons or easily accessible
(Schneider et al., 1994).

In this study, we focused on eye irritation as ex-
pressed by tear film stability and vital staining of the
conjunctiva and indoor temperature, humidity, carbon
dioxide, dustiness, micro-organisms, and the influence
of urban vicinity of the workplace. The aim of the
study was to investigate possible relations between
these factors and the physiological measures of eye ir-
ritation.

Material and Methods

Subjects

This investigation was performed as part of a study of
complaints related to the indoor climate in the staff at ge-
riatric hospitals in the municipality of Trondheim (145,000
inhabitants) which is situated in the middle part of Nor-
way (at 63°N). A self-administrated questionnaire, with
symptom questions identical to those of the MM-040B
Orebro-questionnaire (Andersson and Stridh, 1992; And-
ersson, 1998), was used to identify subjects with and with-
out mucous membrane symptoms (MMS). The ques-
tionnaire was posted to all female employees at the nurs-
ing departments (n=1,165) of 14 geriatric hospital units,
during the spring of 1995. There were 821 persons (70%)
who responded.

224

The study population consisted of 197 female nursing
respondents, who reported at least one mucous mem-
brane symptoms (MMS) of the eyes, nose or upper air-
ways every week during the last three months, and 144
females who reported no such symptoms giving a total of
341 subjects. Of these, 176 responders (52%, 112 with and
64 without MMS) volunteered to participate in clinical ex-
aminations. Two subjects were excluded from the study
because of fever during the week prior to the examination.

The clinical examinations were performed at the De-
partment of Occupational Medicine at the University Hos-
pital of Trondheim, from November 1995 to March 1996,
in a period with cold weather (monthly mean temperature
—3.2 to 0.9°C) making artificial heating necessary. The
temperature at the Department of Occupational Medicine
was constant during the clinical examinations (22.3%0.3
°C), while indoor relative humidity varied (range: 12 to
35%) mainly depending on the outdoor temperature.

Personal characteristics

Among the participants (n=174) the median age was 43
years (range: 22-64 years), 36% of the subjects were cur-
rent smokers, and there were 13% who in the initial ques-
tionnaire stated to have had a history of childhood ec-
zema. Among those who did not participate (n=165) the
median age was 42 years (range: 20-67 years), 52% of the
subjects were current smokers, and there were 8%, who
in the initial questionnaire stated, they had a history of
childhood eczema.

Ocular measurements

The two conditions investigated were tear film stability
measured by break-up time (BUT) and epithelial desqua-
mation measured by degree of conjunctival staining (CS).

Measurement of BUT, the time period to rupture of the
tear film following a complete blink, was performed after
transferring 10 pl of sterile 1% Na-flourescein dye to the
lower lid using a sterilised glass rod. The subjects were
told to blink once and then to keep their eyes open while
staring directly into a slit lamp. The time was taken from
the first blink until spots or lines indicating break-up of
the tear-film were observed on the corneal surface. Three
consecutive measurements were recorded (Norn, 1969) in
each eye. In the analyses the average of the measurements
from both eyes was used. The measurements of BUT took
place before the conjunctival staining.

The degree of conjunctival staining (CS) was assessed
after installing 10 pl of vital dye (1% Rose-Bengal dye or
1% Lissamine-Green B dye) onto the lower eyelid with a
glass rod. After the subjects had blinked normally for 1-2
min in order to distribute the dye, the nasal, temporal,
upper and lower parts of the bulbar conjunctiva of both
eyes were examined with a slit lamp. Conjunctival score-
marks were categorized into three categories; 0: <10 dots,
1: 10-50 dots and 2: >50 dots (Franck, 1986). A total CS
score (sum of all scores in both eyes) was calculated. The
Rose-Bengal dye was used in the first 2 months of the
study due to problems with the manufacturing of the Lis-
samine-Green B dye at the local pharmacy.

Environmental factors

The indoor environmental factors considered in the study
were room temperature, relative humidity, indoor carbon
dioxide, dust settlement rate, and microbial flora. The



measurements were performed during daytime, after
breakfast over a single period of 4-6 h. In addition, hospi-
tal vicinity to heavy trafficked roads was included as a
proxy variable for indoor traffic pollution. The measure-
ments were performed from December 1995 to February
1996.

The 14 geriatric hospitals entailed 18 buildings, with 36
nursing departments. The ages of the buildings ranged
from 3 to 75 years. There were no humidification or air-
cooling devices in any of the buildings. Indoor smoking
was partly restricted. In some departments smoking was
restricted to certain areas, in others the residents were
allowed to smoke in the main living areas and/or in their
rooms. In general the staff were not allowed to smoke in-
doors. Some visible sign of dampness or microbial growth
were observed in two of the buildings.

Outside the hospitals outdoor temperature and relative
humidity (Vaisala Humidity & Temperature indicator
HMI 31; Vaisala OY, Helsinki, Finland) were measured.
Inside in the main living area temperature, relative hu-
midity and carbon dioxide (Telaire koldioxidmaétare; Telai-
re Europe AB, Delsbo, Sweden) were measured. The
measurements were made at three different locations (1.1
m above the floor) in each department. For each location
the mean value were recorded. In the analyses the average
of the three locations were used.

Dust settlement rate was measured during 1 week with
a dust detector (BM-Dustdetector, N. P. Klock, Niv4,
Denmark) by a laser extinction meter expressed as area
covered by dust in percent of total surface areas. The
measurements were performed on standardised steel
plates, which were placed horizontally 1-1.5 m above the
floor, and were collected dust for one week. The surfaces
were protected with three barrels and the personnel were
instructed not to touch the surface. The average of three
samples from each steel plate was recorded. The dust
settlement rate was measured at two locations in each de-
partment. Prior to use the steel plates were cleaned with
ethanol.

Viable microbiological samples were collected with a
centrifugal air sampler (Biotest RCS sampler; Biotest, Soli-
hull, UK) and agar strips (Hycon Agar Stripes; Biotest,
Solihull, UK). The substrates used for sampling were
Tryptic Soy Agar (total counts) and Rose-Bengal-agar for
moulds. The sampling volume was 40 1/min and the sam-
pling time was 8 minutes pr agar. At least two sampling
locations in each department were chosen: one in the
middle of the living room and one close to the exhaust air
duct. If a mechanical air supply existed, a third sample
was taken near the air supply duct. Outdoor samplings
were used as reference. The samples were incubated at
room temperature (22°C) and at 37°C for 1-2 weeks.
Major alterations of the composition of the indoor mi-
crobial flora as compared to the outdoor sample taken at
the same time were identified by visual inspection of the
stored media. An altered microbial flora in one or more of
the samples was considered as an indication of microbial
amplification in the building or ventilation system. In ad-
dition presence of A. fumigatus in any of the indoor
samples was noticed.

All the measurements and classifications of the mi-
crobial flora were done without knowledge of the results
from the initial questionnaire survey or the clinical exami-
nation.

Eye Irritation and the Indoor Environment

Urban vicinity was considered as a proxy of traffic pol-
lutants in the indoor environment. Four of the hospitals
were situated in the inner city of the municipal and one
fifth were situated near a main road outside the city hub,
where traffic was the main source of outdoor air pollution,
especially during the wintertime, when studded tyres are
in use by most of the vehicles. The hospitals were situated
near roads with an approximate traffic density at 20-
25,000 vehicles per 24 h. In the inner city, during the actual
period, the maximum outdoor levels of CO were 14 pg/
m? (on an 8-h average) and the maximum levels of total
dust were 250 pg/m? (on an 24-h average). No measure-
ments of indoor traffic pollution were performed at the
geriatric hospitals.

No information about the results of the measurements
was relayed to the hospital units before the clinical exami-
nations were completed.

Statistical analysis

Due to a non-normal distribution of the physiological par-
ameters, non-parametric tests (Kendall’s rank correlation
test or, when appropriate, the Mann-Whitney U-test) were
used in the initial bivariate analyses, to address possible
relationships between physiological findings, personal
characteristics and environmental factors. The analyses
were done in two steps. First, possible correlations be-
tween continuous variables were addressed, and second,
possible relationships between physiological findings and
dichotomised environmental factors were addressed.
These analyses were performed on non-transformed data.
In the text the correlation coefficient “Kendall’s tau-b”,
and the P-values for the correlation test and the Mann-
Whitney U-test are given.

After log-transformation of the BUT and the total CS
score, the residuals approximate a normal distribution.
Therefore multiple linear regression analyses were ap-
plied to address possible relationships between the en-
vironmental factors and the biological measures, with ad-
justment for possible confounding factors (age, childhood
eczema, and current smoking status). The regression
analyses were done in three steps. First, all relevant en-
vironmental factors were entered into the model one by
one (model A), and then together (model B and C). Ad-
justments for three possible confounding factors (age, cur-
rent smoking and childhood atopy) were made in all
models. In model C, additional adjustment for persistent
mucous membrane symptoms was performed.

In the text the regression coefficient (b) and the 95%
confidence interval (95% CI) are given on a logarithmi-
cally scale. Upper and lower confidence limits with the
same sign (+/—), indicate a level of significance of more
than 0.05 (e.g. P-values <0.05).

Collinearity diagnostics were applied for the multiple
regression models (Hamilton,1992). A high correlation be-
tween coefficients in the models and a tolerance below 0.2
were used as indicators of collinearity problems. All the
data were analysed by the SPSS for Windows version 9.0
(Statistical Product and Service Solutions (SPSS), Chicago,
IL, USA).

The protocol of the study was approved by the Ethical
Committee for Medical Research in Mid-Norway and the
Norwegian Data Inspectorate Board.
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Results

Environmental factors

The climatic conditions at the nursing departments at
the time of the clinical examinations were characterised
by low outdoor temperatures ranging from —12—-+5°C
(median 0.3°C) and by indoor temperatures ranging
from 21.7-25.1°C. Median values for temperature, rela-
tive humidity, carbon dioxide and dust settlement rate
are given in Table 1. The average differences between
measured temperature, relative humidity, carbon diox-
ide and dust settlement within the same departments
were 0.2°C, 1%, 50 ppm and 0.1%, respectively. An al-
tered microbial air flora was detected in nine of the
nursing departments. In three of these departments
growth of A. fumigatus was identified and only in
samples from the air supply duct. The microbial air
flora in the two buildings with visible indications of
dampness or microbial growth in the building con-
struction was characterised as normal. A positive as-
sociation between temperature and growth of A. fumi-
gatus was observed (Mann-Whitney U-test, P<<0.001).

Ocular measurements and personal factors

The median value of BUT was 8.0 s. with a range from
1.3-85 s (n=174). The total conjunctival staining (CS)
score ranged from 0-8 with a median value of 2 (n=
132). Decrease in BUT was observed with increasing
age (Kendall’s tau-b=-0.17, P=0.001). The influence of
age was most pronounced in subjects older than 40

Table 1 Median values and interquartile range of temperature,
relative humidity, carbon dioxide and dust settlement rate in the
36 nursing departments of geriatric hospitals in the municipality
of Trondheim

Environmental factors Median Interquartile
range
Temperature (°C) 23.2 23.0-23.7
Relative humidity (%) 24 17-26
Carbon dioxide (ppm) 570 490-650
Dust settlement (% surface pr week) 1.6 1.3-2.2

Table 2 Relationships between tear-film break-up time (BUT) and
conjunctival staining (total CS score) and environmental factors
in geriatric hospitals in the municipality of Trondheim

Environmental BUT Total CS score
factors (n=174) (n=132)
tau-b! P-value* tau-b! P-value?
Temperature (°C) -0.13 0.02 0.02 0.80
Relative humidity (%) —0.07 0.21 -0.11 0.09

Carbon dioxide (ppm) 0.01 0.82
Dust settlement (% of -0.17 0.001
surface pr week)

—0.10 0.12
—0.05 0.49

! Coefficient of correlation (Kendall’s tau-b), 2 Two-tailed test for
significance
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years. Decreased BUT was also observed in subjects
with mucous membrane symptoms compared with
subjects without such symptoms (Mann-Whitney U-
test, P=0.04). There were no significant relationship be-
tween BUT and a history of childhood eczema. Regard-
ing the total CS score, the amount of stains was ob-
served to be higher in current smokers compared to
non-smokers (Mann-Whitney U-test, P=0.04). No sig-
nificant relationships were observed between total CS
score and age and childhood eczema.

Relationships between environmental and ocular
measurements

Possible relationships between environmental meas-
urements and ocular signs were initially addressed by
bivariate correlation analyses. As shown in Table 2, re-
lationships were indicated between BUT and tempera-
ture and dust settlement rate. In Table 3, the median
values and the interquartile range recorded for BUT
across two categories of temperature, relative hu-
midity, carbon dioxide, dust settlement rate, and mi-
crobial flora are given, together with values obtained
in subjects working in departments with identified
growth of A. fumigatus and situated in the urban areas
of the municipality with heavy traffic. A reduced BUT
was related to increased temperature, dust settlement
rate, altered microbial flora, growth of A. fumigatus and
vicinity of the hospital. In the bivariate analyses, sig-
nificant statistical differences were observed for dust
settlement, growth of A. fumigatus, and urban vicinity
of the hospital. When comparing the tear-film stability
in personnel working at the six departments with an
altered microbial flora without growth of A. fumigatus
with those in departments with normal microbial flora
no differences were observed.

In Table 4, the possible relationships between BUT
and four of the environmental factors: temperature,
dust settlement rate, growth of A. fumigatus, and urban
vicinity were addressed by means of multiple linear
regression. As indicated by negative regression coef-
ficients, increasing temperature and concentration of
airborne particles were associated with BUT, as well as
the growth of A. fumigatus and urban vicinity of the
hospital. When corrections for other environmental
factors were done, statistically significant differences in
BUT could be demonstrated related to dust settlement
and the urban vicinity of the hospital. The differences
were statistical, significant even after the adjustment of
mucous membrane symptoms. No other relationships
were observed between BUT and building or environ-
mental factors.

With respect to conjunctival staining an increased
staining of the conjunctiva was observed in depart-
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Table 3 Median values and interquartile range (IQR) recorded for tear-film break-up time across two categories of temperature, relative
humidity, carbon dioxide, dust settlement rate, microbial flora, growth of A. fumigatus, and vicinity of the hospital in the study
population of female nursing personnel at geriatric hospitals in the municipality of Trondheim (n=174)

Environmental factors Cut off Tear-film break-up time (BUT)
points n  Median IQR  P-value!
Temperature (°C) <23 54 10.0 44-16.3
>23 120 7.8 43-12.8 024
Relative humidity (%) <24 86 8.1 4.2-14.7
>24 88 79 47-13.0 1.00
Carbon dioxide (ppm) <570 118 7.9 4.2-14.8
>570 56 8.0 5.0-143 048
Dust settlement rate (% of surface pr week) <1.6 77 9.5 5.1-18.1
>1.6 97 7.2 4.2-11.9 0.03
Microbial flora Normal 113 9.0 4.6-14.7
Altered 61 7.2 4.2-13.6 0.32
A. fumigatus No 139 8.8 47-15.3
Yes 35 54 35-12.1  0.04
Urban vicinity of the hospital (heavy traffic) No 102 104 5.6-16.2
Yes 72 5.7 3596 <0.001

! Mann-Whitney U-test (two-tailed)

Table 4 Tree multiple linear regression models with partial regression coefficients (b) with 95% confidence intervals (95% CI) showing
occurrence relations between four determinants; temperature (°C), dust settlement (% pr week), growth of A. fumigatus (no/yes) and
urban vicinity of the hospital (no/yes), on the one hand, and BUT (s), on the other. The environmental factors were first entered one
by one (model A), and then together (model B and C). Adjustments for three possible confounding factors (age, current smoking and
childhood atopy) were made in all models. In model C, additional adjustment for persistent mucous membrane symptoms was
performed. The unit of the regression coefficient (b) is that of the outcome variable per unit change in the independent variable on a

log-normal scale (n=174)

Model Temperature Dust settlement Growth of A. fumigatus Urban vicinity of the
°O) (% per week) (no/yes) hospital

b 95% CI b 95% CI b 95% CI b 95% CI
A -0.20 -0.34 —0.06 ** -0.30 —048 —0.12 ** -0.35 —-0.64 —0.06 * -0.50 —0.72 —0.27 ***
B -0.02 -024 021 -0.30 —046 —0.11 ** -0.16 —0.62 0.29 -0.48 —0.71 —025 ***
C —0.03 -025 020 -0.30 -047 —0.13 ** -0.09 -055 0.36 -044 —0.67 —0.22 ***
* p<0.05; ** p<0.01; *** p<<0.001
ments with an altered microbial flora (median=3) com- Discussion

pared to those with normal microbial flora (median=
2, Mann-Whitney U-test, P=0.01). The relationship re-
mained statistically significant after adjustment for
personal (age, childhood eczema, and current smoking
habit) and other environmental factors, such as tem-
perature, dust settlement rate and vicinity of the hospi-
tal, by means of multiple linear regression (b=0.17,
95% CI 0.07-0.28). Additional adjustment for mucous
membrane symptoms did not change the coefficient
significant. A similar result was observed when
growth of A. fumigatus was considered (b=0.23, 95%
CI 0.01-0.44); however, after additional adjustment for
mucous membrane symptoms, the relationships were
no longer statistically significant. No other relation-
ships were observed between conjunctival staining and
building or environmental factors.

Our results indicate that environmental factors in hos-
pitals might result in ocular effects, and that these ef-
fects persist enough time to be detected at a standard-
ised investigation in another building, at constant
room temperature. The most consistent finding was re-
lated to dust settlement and urban vicinity of the hos-
pital and reduced tear-film stability. Reduced tear-film
stability was also observed in relation to growth of A.
fumigatus and increased temperature, but only in the
initial analyses. Instabilities of the tear-films were also
observed to be augmented in departments with elev-
ated temperatures. Increased conjunctival staining was
related to altered microbial flora.

The study was performed in a sample of subjects
with and without persistent mucous membrane symp-
toms in their eyes, nose and upper airways (MMS)
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(from the MM-040 questionnaire). Selection bias due to
this two-step selection procedure and the low partici-
pation rate (52%) might have occurred. Data from the
initial questionnaire survey indicated numerical differ-
ences between participants and non-participants. Par-
ticipants could be somewhat more focused on having
a good indoor climate, and more prone to react with
immediate type allergy (a history of childhood ec-
zema). However, since we are not studying symptomes,
but clinical signs, we do not think that these differ-
ences have seriously hampered the conclusions of the
study. The low participation rate might partly be ex-
plained by the change in the workforce between the
initial questionnaire survey (April-May) and the sub-
sequent clinical examination (November-March).
Change of job or long-term leave owing to sickness,
pregnancy or other reasons were verified in 38 sub-
jects. In addition, some of the head-nurses were not
willing to let personnel participate in the clinical ex-
aminations in their work-time (verified in 15 subjects).

After two months, with some episodes of serve eye
stinging after the use of Rose-Bengal dye, we decided
to end the use of this dye, resulting in loss of some
CS measurements until the Lissamine-Green B dye was
available. This explains the differences in the numbers
of females in the study of BUT and CS. The shift of dye
might have introduced some bias in the study, how-
ever, since Rose Bengal dye and Lissamine-Green B
dye are reported to stain mucous protein and areas of
devitalised epithelium of the ocular surface in a similar
fashion (Manning et al., 1995), we do not think that
this shift has introduced any serious bias into the
study. Another source of error might be related to the
time variability in environmental factors and biological
outcomes. In maximum the environmental and clinical
examination took place 1 month apart. This time differ-
ence might have influenced the results. However, in
our experience, factors such as indoor temperature,
carbon dioxide, and dust settlement rate are stable over
such time periods in large institutions like geriatric
hospitals. However, possible misclassification due to
variability in time and space is most likely non-differ-
ential, resulting in a dilution of the studied effects, and
not likely to cause a differential misclassification caus-
ing in false-positive results. Therefore, we do not be-
lieve that our conclusions are seriously biased by these
erTors.

The BUT values obtained in this study (median 8.0 s)
were comparable with previously reported values from
healthy unexposed subjects in Danish chamber studies,
applying the same technique. The lowest values from
these studies (mean 5.3 s) (Pan et al., 2000) were ob-
tained at 21°C and 24% relative humidity, values
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characteristically for the indoor climate during the
winter season in large parts of Scandinavia, whereas
the other studies (mean range 20-38 s) (Kjeergaard et
al., 1989) were conducted under conditions typical for
the summer season (23°C and 45% RH). However,
higher normal values have been reported (Norn, 1969;
Lemp and Hamill, 1973; Menger et al., 1985; Wyon and
Wyon, 1987). The large range in reported normal
values is most likely due to differences in the applied
techniques. However, climatic conditions might also
play a role as indicated. With respect to conjunctival
staining (total CS score), to our knowledge, no other
studies have reported results using sum of vital stain-
ing scores in the field of indoor climate research.

Decreasing BUT was observed with increasing age
and in subjects with reported mucous membrane
symptoms. This is in agreements with studies of dry
eye conditions, which are reported to increase by age,
especially in post-menopausal women (Holly and
Lemp, 1977). The increased occurrence in women of
dry eye conditions with increasing age might be a re-
sult of oestrogen deficiency (De Roetth, 1952), reduced
tear quality and production and reduced corneal sensi-
tivity (Mishima et al., 1966). The conjunctival staining
was increased in current smokers, compared to non-
smokers. This might be due to increased eye exposure
to irritants in the cigarette smoke. In accordance with
this view, increased conjunctival staining has been
demonstrated with increased dust exposure (Kjeer-
gaard, 1992).

Our study was performed during wintertime, in
northern Scandinavia, with an indoor climate charac-
terised by high room temperature, and low relative hu-
midity. The low indoor relative humidity was a conse-
quence of high room temperature, low outdoor tem-
perature and high outdoor airflow rate, as indicated by
low indoor levels of carbon dioxide. In subjects suffer-
ing from dry eyes, tear evaporation is increased (Ma-
thers and Daley, 1996), making these subjects more vul-
nerable for conditions facilitating increased evapor-
ation (e.g. low relative humidity and high
temperatures). This might be one explanation of the
observed decrease in tear-film stability observed in
persons working in departments with high room tem-
perature. Previous studies have shown increased levels
of volatile organic compounds (VOC) related to in-
creased temperature (Norback et al., 1990) as well as
an interactive effect between VOC and temperature on
BUT (Melhave et al., 1993).

Presence of A. fumigatus was identified in samples
from the air supply ducts and in buildings without vis-
ible sign of building dampness or microbial growth,
indicating the ventilation unit as site of the microbial



amplification. We consider the observed decrease in
tear-film stability among personnel working in depart-
ments with presence of A. fumigatus to be in agreement
with previous studies reporting mucosal effects related
to mould exposure (Walinder et al., 1997; Norback et
al., 1999, 2000). The weak associations between mi-
crobial findings and ocular outcomes observed in this
study might be related to the sampling strategy (e.g.
few samples, and short sampling time) and the analyti-
cal method used in this study (e.g. visual inspection of
outdoor and indoor samples). With this tool positive
findings might be of significance, while negative find-
ings might be more difficult to interpret, due to the low
sensitivity of the method.

The BUT was decreased in subjects working at hos-
pitals situated in the urban region of the municipality.
Due to local traffic and geographic conditions in the
municipality, the inner city and areas close to the main
roads are exposed to higher levels of traffic pollution
than other parts of the municipality. During the winter-
time the levels of traffic pollutants in these areas
periodically exceeds the national air quality guidelines
(The Norwegian Board of Health, 1999). In agreement
with this view, progressive increases in degree of eye
inflammation have been observed following the living
zone of patients from suburban areas with low to inner
city areas with high air pollution levels (Versura et al.,
1999). This study was performed in Bologna, Italy,
where the levels of NO,, dust (PM;,), and CO are re-
ported periodically during the wintertime to exceed 90
pg/m?, 100 pg/m3, and 4.0 mg/m?3, respectively (Fer-
recchi et al., 1999). An effect of indoor traffic pollution
have also been seen amongst Swedish school em-
ployees, where increased sign of nasal inflammation
was observed among personnel at schools situated
near roads with heavy traffic compared to schools situ-
ated in areas without heavy traffic (Norback et al.,
2000). However, lacking measurements of traffic pol-
lutants in the indoor environments, we could only hy-
pothesize a relationship between increased instability
of the tear-film and increased levels of traffic pol-
lutants.

More than half of the employees (56%) worked at
hospitals with a dust settlement rate higher than 1.6 %
per week. Among employees at these hospitals lower
tear-film stabilities were observed. The dust settlement
rate might reflect the dustiness or airborne particle
concentration at the department, influenced by
cleaning procedures, quality of air filtration, hygienic
standards of the ventilation unit and sources at the de-
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partment. Dust concentrations on easily accessible sur-
faces in offices and kindergartens have shown higher
mean values of 2.6% and 4.2%, respectively (Kildeso et
al., 1998). These differences probably represent differ-
ences in methodology. Our measurements were per-
formed on clean steel plates, which had collected dust
for 1 week, reflecting the weekly dust settlement rate,
while the other measurements were performed directly
on the furniture surfaces reflecting the cleaning prac-
tise. In chamber studies, after exposure to house dust,
decreased tear-film stabilities have been reported
(Mglhave et al., 1985; Pan et al., 2000). Decrease in tear-
film stability has also been observed 1 day after ex-
posure (Molhave et al., 1985), indicative of a subclinical
eye inflammation causing a persistent change in tear-
film stability. The existence of such persistent change
in the tear-film stability due to dust exposure is sup-
ported by our findings. This, however, contradicts the
common view that BUT only reflects more temporary
effects.

Weighted by statistical techniques, dust settlement
rate and the vicinity of the hospital seems to be the
two most potent environmental factors causing tear-
film instability, while an altered microbial flora seems
to be the most prominent external factor causing in-
creased staining of the conjunctiva. However, any con-
juncture of the relative importance of possible environ-
mental factors might be unsure. We therefore conclude
that winter conditions in northern Scandinavia, with
low indoor air humidity and high room temperature,
increased dust settlement rate and alternation of the
indoor microbial flora, particularly with growth of As-
pergillus fumigatus, were associated with decreased
tear-film stability and indications of conjunctival dam-
age. We also hypothesize that increased tear-film sta-
bility was associated with traffic pollution. The results
illustrate the significance of good hygienic standards
causing low concentrations of airborne particles, pre-
vention on microbial growth in buildings and venti-
lation systems, and suggest that improvement of ambi-
ent air quality and lower room temperatures could be
positive from a health point of view.
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