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Objectives This study determined the relations between settled dust and cleaning routines in classrooms on one
hand, and nasal symptoms, nasal cavity dimensions, and the concentration of selected biomarkers of inflammation
in nasal lavage on the other.

Methods Measurements of settled dust via standardized vacuum cleaning and an investigation of the cleaning
routines were performed in 12 randomly selected primary schools in the municipality of Uppsala. Clinical
examinations including acoustic rhinometry and nasal lavage were performed in the school environment among
279 school personnel working in the main buildings of the schools. Eosinophil cationic protein (ECP), myeloper-
oxidase (MPO), lysozyme, and albumin were analyzed in the lavage fluid. The relationships between the medical
and hygienic data were analyzed both bivariately and with a multiple regression model controlling for age, gender,
smoking, atopy, room temperature, and urban vicinity of the school.

Results The amount of settled dust was positively related to subjective nasal obstruction and smaller nasal cavity
dimensions measured with acoustic rhinometry. The noses were less patent, and the levels of ECP or lysozyme in
the lavage were increased for the subjects in schools with a lower frequency of floor mopping, a lower frequency of
desk cleaning, and where wet mopping was used.

Conclusions Our results indicate that the actual dust levels in Swedish classrooms can affect the occurrence of
nasal obstruction among school personnel. A beneficial effect on the clinical signs of the nasal mucosa was
observed for a higher frequency of both floor mopping and desk cleaning, whereas the use of wet mopping seemed
disadvantageous in comparison with dry mopping. These findings illustrate the need for adequate cleaning

procedures to minimize the environmental effects on the airway mucosa.
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In a thesis on the school environment in Stockholm in
1879, Elias Heyman stressed the importance of cleaning.
He pointed out that a sufficient air exchange rate is an
important issue, but improved ventilation cannot solve
the problem with settled dust contaminants (1). Settled
dust contaminants and poor cleaning in schools have
again become an issue during the last decade. It has been
demonstrated that, in Scandinavian schools, there is
widespread contamination by cat and dog allergens (2,
3) and sometimes mite allergens (4, 3) due to a combi-
nation of accumulation of dust and poor cleaning. Set-
tled dust may also contain various other types of pollut-

ants, including microbial contaminants (5), pesticides,
metals, and polycyclic aromatic hydrocarbons (PAH) (6).

Earlier studies from offices have shown that the sick
building syndrome is related to cleaning routines (7) and
contaminants in settled dusts (8, 9). In the large Danish
Town Hall study from the 1980s, settled macromolecu-
lar organic dust was shown to be one important expo-
sure indicator related to the sick building syndrome in
office workers (8). Later, Gyntelberg and his co-work-
ers demonstrated a relationship between sick building
syndrome and the content of endotoxin, fibers, and vola-
tile organic compounds in settled dust from offices. They
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also demonstrated a relationship between the histamine
release of the dust, in an in vitro test, and the prevalence
of sick building syndrome among office workers (9).

In our previous school studies, we have demonstrat-
ed a relationship between settled dust and the perception
of air quality (10). To our knowledge, little information
is available on the relation between clinical signs on one
hand, and cleaning routines or settled dust contamina-
tion in schools on the other.

Recently, objective methods for studying environ-
mental effects on the upper airways have been developed.
One objective method that can be applied in epidemio-
logic field studies of nasal congestion is acoustic rthinom-
etry (11). Measurable effects on the degree of nasal mu-
cosal swelling have been demonstrated for exposures to
dust and volatile organic compounds (12). Nasal lavage
is also a well documented technique for studying inflam-
matory effects in the nasal mucosa in relation to inhala-
tory exposure (13, 14). Experimental studies with nasal
lavage have shown that there is a large number of possi-
ble biomarkers, including tryptase, albumin, lysozyme,

Table 1. Arithmetic means and medians with deviations for the
measurements of the total amount and the contents of settled
dust in the classrooms of the 12 schools.

Amount per sample Arithmetic ~ SD Median Interquartile
mean range
Total dust (mg) 109 519 108 82—160
Cat allegen (Der f1) (ng) 12 11 11 2.2—20
Dog allergen (Can d1)(ng) 51 76 22 17—49
Mite allergen (ng) 0.25 0.88 0 0—3.0
Endotoxin (ng) 0.28 0.15 0.32 0.17—0.34

Tahle 2. Absolute frequencies of schools and relative frequen-
cies of subjects according to the floor and desk cleaning routines
used.

Frequency or type of cleaning Number Proportion
of schools  of subjects (%)
(N=12) (N=234)
Type of floor cleaning?
Wet or wet and dry mopping 9 68
Only dry mopping 3 32
Frequency of floor cleaning
Never - -
Once/week - -
Twice/week 3 43
Three times/week - -
Four times/week 2 10
Five times/week 7 47
Frequency of desk cleaning
Never 2 35
Once/week 6 35
Twice/week 1 14
Three times/week 2 9
Four times/week - -
Five times/week 1 6

2 In all schools the floor cleaning of the examined classrooms was
performed by manual mopping, either wet, dry or both.
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eosinophil cationic protein (ECP) emitted from the gran-
ula of activated eosinophil granulocytes, and myeloper-
oxidase (MPO) emitted from activated neutrophil gran-
ulocytes (15, 16).

The aim of our investigation was to study possible
relationships between signs of inflammation and swell-
ing of the nasal mucosa among school personnel on one
hand and settled dust and cleaning routines in schools
on the other.

Subjects and methods

Measurement of settled dust, allergens and endotoxin

During March-May 1993, settled dust was collected in
classrooms by means of standardized vacuum cleaning.
In each school, two classrooms were randomly selected
within the buildings, irrespective of the degree of com-
plaints of the pupils or teachers in the different class-
rooms. Settled dust was collected as a mixed sample via
standardized vacuum cleaning for 4 minutes, equally dis-
tributed between desks, chairs and the floor (400 W vac-
uum cleaner provided with a special dust collector from
ALK Laboratories, Copenhagen, containing a Millipore
filter, pore size 6 (Lm). Two equal dust samples were col-
lected from each classroom, one from each half of the
room. After passing through a sieve containing a filter
with a porosity of 300 pm, the amount of fine dust from
the first filter was determined by weighing the fiiters. Cat
(Fel d 1) and dog (Can f 1) allergens were quantified with
an enzyme-linked immunosorbent assay using mono-
clonal antibodies (2). Major mite allergens in the dust
were determined by enzyme immunoassays (4). The 2nd
dust sample was analyzed without sieving and was ana-
lyzed for guanine by the semiquantitative acarex test (17)
and for endotoxin by means of the limulus amebocyte
lysate test (18). The amount of allergens or endotoxin in
each sample was calculated by multiplying the amount
of dust by the concentration of the particular contami-
nant in the collected dust, and it was expressed as nano-
grams per sample.

Cat and dog allergens were detected in all the schools
except one. One of the schools had a positive antibody
test to house dust mites, and the acarex test showed the
presence of traces of guanine in 2 other schools. The
amounts of settled dust and specific contaminants meas-
ured are given in table 1.

Assessment of cleaning routines

Information on cleaning routines was gathered by an oc-
cupational hygienist visiting the schools twice, at the
beginning and at the end of the study period. Concern-
ing floor cleaning, only manual mopping was used in the
classrooms, either wet, dry, or both. The number of



schools and the proportion of subjects working are given in
table 2 for the frequencies of cleaning and the type of
cleaning.

Subjects

The source population comprised all primary school pes-
sonnel in the municipality of Uppsala. In 1993, all 62
primary schools in the municipality of Uppsala were
identified, and, out of these, 18 were randomly selected
for a larger longitudinal study applying both self-admin-
istered questionnaires and hygienic indoor measurements
in 1993 (10) and 1995. A restriction of the present study
was to include the 12 schools that only comprised the
first 6 classes (pupils age 7-12 years) and that had had
no changes in the ventilation system or no redecoration
during the study period (from March 1993 to March
19935, off pollen season). Another restriction of the study
was to include only the subjects working in the main
buildings of the schools where the hygienic measure-
ments were made. Identification of the subjects was made
via current lists of employees, and subjects on sick leave
or off duty for other reasons at the time of investigation,
or normally working less than 20 hours per week, were
excluded. Subjects who had an infection or fever during
the week prior to the examination were asked to come to
a follow-up investigation 2 to 4 weeks later.

Out of 279 persons working at least 20 hours per
week in the main buildings of the 12 schools, 42 did not
want to participate. Three subjects were excluded from
the investigation, 2 because of a febrile reaction both at
the time of investigation and at the follow-up session,
and the 3rd because of pregnancy. Altogether 234 par-
ticipated in the study (84%). Information on symptoms,
nasal lavage, and acoustic rhinometry was obtained from
234,234, and 229 subjects, respectively.

Personal factors and symptoms

The subjects were questioned by a physician about aller-
gy or other diseases, medication, occupational data,
smoking habits, and social status. An operational defini-
tion for the assessment of atopy was a history of allergic
manifestations related to exposure to common Swedish
allergens mediated through immunoglobulin E (ig E)
(tree pollen, grass pollen, or furry animals) reported in
the medical interview. The percentage of current smok-
ers was 15%, the median age was 46 years (22—62
years), and 70% were women. For 23% there was a his-
tory of atopy, and 8% had a history of asthma.

A questionnaire was administered, including 4 ques-
tions on nasal symptoms, the week prior to the examina-
tion; they concerned nasal obstruction, discharge, itch,
and sneezing.

Acoustic rhinometry

Acoustic rhinometry (Rhin 2000, SR Electronics, Den-
mark; wideband noise; continuously transmitted) was
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performed in the school building, and each person had been
at the workplace at least 1 hour prior to the examination. The
measurements were made under standardized conditions
(sitting), after 5 minutes of rest. By means of acoustic
reflection the minimal cross-sectional areas (MCA) on each
side of the nose were measured 0 to 22 mm (MCAL1) and 23
to 54 mm (MCA?2) from the nasal opening. The volumes of
the nasal cavity on the right and left side were also measured
from 0 to 22 mm (VOL1) and from 23 to 54 mm (VOL2).
The mean values were calculated from 3 subsequent
measurements on each side of the nose. Data on nasal
dimensions are presented as the sum of the values from the
right and the left sides.

Nasal lavage

Lavage of the nasal mucosa was made with a 20-ml plas-
tic syringe attached to a nose olive after the rhinometric
measurement. The subjects were standing, with their head
flexed about 30 degrees forward. Room-temperature
(20—22°0C), sterile 0.9% saline solution was introduced
into the nasal cavity. Each nostril was lavaged with a 5-
ml solution that was flushed back and forth 5 times via
the syringe, at an interval of a few seconds. The fluid
was transferred into 10-ml polypropylene centrifuge
tubes that were kept on ice. Within 300 minutes, the so-
lution was centrifuged at 800 g for 5 minutes. The su-
pernatant was recentrifuged at 1400 g for 5 minutes, and
immediately frozen to -20°C.

Lysozyme was analyzed by means of radioimmu-
noassay (19). The concentrations of ECP and MPO were
measured by means of a double antibody radioimmu-
noassay method (Pharmacia Diagnostics AB, Uppsala,
Sweden) (20, 21). The intra- and interassay variation co-
efficients for all 3 tests were less than 11%. Albumin was
measured by rate nephelometry on an Array protein sys-
tem (Beckman Instruments Inc).

Statistical analysis

Kendal’s rank correlation coefficients were applied to in-
vestigate the correlation between 2 variables which can
be expressed in a rank order. For comparisons of the dis-
tributions between 2 groups (wet mopping yes,no), the
Mann-Whitney U-test was used. A multiple linear regres-
sion model was used for the control of potential con-
founders of age, gender, smoking habits, atopy, room
temperature, and urban vicinity of the school (SPIDA sta-
tistical package, the Statistical Laboratory, Macquarie
University, Australia) (22). In the multiple regression
model, no major violations to the normal distribution of
the residuals were present after the values for ECP, MPO,
and albumin had been logarithmically transformed. Col-
linearity diagnostics were applied for the multiple linear
regression model, adapted from that described by Bel-
sey et al (23). As suggested, a conditioning index exceed-
ing 30 was used as an indicator of collinearity problems
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in the linear regression model. Moderate collinearity prob-
lems were initially observed when room temperature was in-
troduced into the model. These collinearity problems were
eliminated by centering the room temperature, by subtracting
the average value (22.4°C) from all the room temperature
values. Adjusted partial regression coefficients, with a 95%
confidence interval, were calculated in the linear regression
model. In all the statistical analyses, 2-tailed tests and a 5%
level of significance were applied.

Ethics

The protocol of the study was approved by the Ethical
Committee of the Medical Faculty of the Uppsala Uni-
versity.

Tahle 3. Medians and interquartile ranges for the rhinometric
measurements and lavage biomarkers. (MCA1 = minimal
cross-sectional area measured 0 to 22 mm from the nasal open-
ing, MCA2 = minimal cross-sectional area measured 23 to 54 mm
from the nasal opening, VOL1 = nasal cavity volume measured 0
to 22 mm from the nasal opening, VOL2 = nasal cavity volume
measured 23 to 54 mm from the nasal opening, ECP = eosinophil
cationic protein, MPO = myeloperoxidase)

Nasal parameter Median Interquartile range
MCA1 (cm?) 0.90 0.76—1.07
MCA2 (cm2) 1.06 0.85—1.32
VOL1 (cmd) 3.34 2.99—3.66
VOL2 (cm?) 7.25 6.08—8.60
ECP (ng/t) 1.6 11—2.2
Lysozyme (mg/l) 3.1 1.8—4.8
MPO (ug/l) 215 10.0—44.9
Albumin (mg/l) 5.6 3.0—10.9

Table 4. Kendall’s tau correlation coefficients for the bivariate
relations between the rhinometric data and lavage biomarkers on
one hand and the total amount of settled dust (mg/sample) and
absolute frequencies of floor mopping and desk cleaning (times/
week) in the classrooms on the other. (MCA1 = minimal
cross-sectional area measured 0 to 22 mm from the nasal open-
ing, MCA2 = minimal cross-sectional area measured 23 to 54 mm
from the nasal opening, VOL1 = nasal cavity volume measured 0
to 22 mm from the nasal opening, VOL2 = nasal cavity volume
measured 23 to 54 mm from the nasal opening, ECP = eosinophil
cationic protein, MPO = myeloperoxidase)

Nasal Total amount
paramater of settled dust

Frequency of
floor mopping

Frequency of
desk cleaning

Correlation P-  Correlation P-  Correlation P-
coefficient value coefficient value coefficient value

MCA1 (cm?) -0.08  0.03 0.09 0.049 0.18  <0.001
MCA2 (cm2) -0.19 <0.001 -0.001 0.49 0.10 0.02
VOL1 (cm3) 000 0.50 0.04 0.21 0.08 0.048
VOL2 (cmd) -0.09  0.03 0.02 0.38 0.05 0.15
ECP (ng/l) -0.01 0.39 -0.09 0.04 -0.07 0.08
Lysozyme (mg/l) 0.06 0.08 -0.04 019  -013  0.008
MPO (ug/!) 005 0417 0.08 0.06 0.08 0.07
Albumin (mg/) 0.02  0.37 -0.006 0.45 0.02 0.34
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Nasal symptoms, settled dust contaminants and
cleaning routines

Nasal symptoms were common; 50% of all the partici-
pants reported at least 1 nasal symptom the week prior
to the medical investigation. The most frequent symp-
tom was nasal obstruction (40%). Nasal drop, nasal itch-
ing, and sneezing were less common (19%, 10%, and
24%, respectively). A significant difference (P<0.05,
Mann-Whitney U-test) in the amount of dust in the class-
room (arithmetic mean) was observed for the subjects
reporting nasal obstruction (118 mg/sample) compared
with those not reporting this symptom (103 mg/sample).
The other nasal symptoms were not significantly related
to the amount of dust collected. Furthermore, no signifi-
cant relationship between any nasal symptom on one
hand and the floor cleaning frequency, type of floor
cleaning, or desk cleaning frequency on the other was
observed.

Objective nasal measurements and settled dust

Descriptive data are given for the nasal dimensions and
biomarkers in the nasal lavage in table 3. The nasal cav-
ity dimensions, MCA1, MCA?2 and VOL2, were nega-
tively related to the total amount of dust collected from
the classrooms, whereas no lavage biomarker was relat-
ed to the total amount of dust collected (table 4). Similar
results were obtained in the multivariate model control-
ling for the effect of potential confounders (table 5).

Objective nasal measurements and cleaning routines

In a bivariate analysis, the anterior nasal cross-sectional
areas, MCA1, were greater, and the lavage concentrations
of ECP were lower among the subjects working in
schools with a higher frequency of floor cleaning. MCA1,
MCAZ2, and VOL1 were also greater and the concentra-
tions of lysozyme lower in the schools with a higher fre-
quency of desk cleaning (table 4). On the contrary, the
use of wet mopping of the floors was associated with
smaller nasal dimensions (MCA1 and MCA2) and high-
er concentrations of lysozyme in the lavage of the sub-
jects (table 6). Similar relationships could be demonstrat-
ed after correction for potential confounders, using a
multivariate model (table 5).

Discussion

Our results indicate that settled dust contamination in
schools is related to nasal obstruction. The way cleaning
is performed can also be related to nasal patency and
signs of inflammatory activity in the nasal mucosa.
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Table 5. Multiple linear regression mode! with partial regression coefficients and 95% confidence intervals (95% Cl) with correspond-
ing P-values, showing the relations between 4 determinants (total amount of dust, frequency of floor mopping, frequency of desk
cleaning, and use of any wet mopping in the school) and 6 potential confounders (age, gender, atopy, tobacco smoking, room tempera-
ture, and urban factor) as independent variables on one hand and rhinometric and lavage ouicomes as dependent variables on the
other.2 (MCA1 = minimal cross-sectional area measured 0 to 22 mm from the nasal opening, MCA2 = minimal cross-sectional area
measured 23 to 54 mm from the nasal opening, VOL1 = nasal cavity volume measured 0 to 22 mm from the nasal opening, YOL2 = nasal
cavity volume measured 23 to 54 mm from the nasal opening, ECP = eosinophil cationic protein, MPO = myeloperoxidase)

Total amount of settled dust
(mg/sample)

Outcome variable

Frequency of floor mopping
(times/week)

Wet mopping
(any wet mopping)

Frequency of desk cleaning
(times/week)

Partia_l 95%C1 P-value Partia_l 95%C|  P-value Partia} 95%Cl  P-value Partia] 95%C!  P-value
regression regression regression regression
coefficient coefficient coefficient coefficient
MCAT (mm? -0.07 -0.13—-0.01 0.009 40 -046—85 0.08 5.6 3.2—8.0 <0.001 -11 -18—4.7 <0.001
MCA2 (mm?) -0.20 -0.30—-0.10 <0.001 12 -69—93 0.77 5.8 1.3—10 0.01 -17 -29—5.2  0.005
VOL1 (mm3) -020 -16—1.2 0.79 58  -57—172 032 102 39—165  0.002 -30 -202—143  0.73
VOL2 (mm3) -6.0 -10—-15 0.01 88 -310—486 0.66 111 -112—334 033 -731  -1320—-146 0.01
Log ECP (ng/l) 0.001 -0.001— 0.003 0.19 -0.15 -0.25—-0.006 0.002 -0.15 -0.20—-0.10 <0.001 0.04 -0.10—0.18 0.55
Lysozyme (mg/l) 6.4 -024 —13 0.06 -212 -795—371 047 -628  -944—-312 <0.001 811  -54—1676 0.07
Log MPO (ug/)  0.001 -0.52—0.52 0.26 0.07 -0.04—0.17 0.21 0.04 -0.01—010 0.12 0.06 -0.10—0.21 0.45
U.C.lo
albumig (mg/ly 0.000 -0.002—0.002 0.34 -0.02 -0.11—0.07 065 -0.02 -0.07—0.03 0.50 010 -0.03—0.23 0.14

4 The unit of the regression coefficient was that of the outcome variable per 1 unit in change of the independent variable. The amount of dust,
frequency of floor mopping and desk cleaning were continuous variables in the model, whereas the use of any wet mopping in the schoo! was a

dummy variable (dichotomous).

To our knowledge, this is the first epidemiologic
investigation applying acoustic thinometry and nasal lav-
age in relation to indoor particulate contamination and
cleaning. Other studies in this field have used self-ad-
ministered questionnaires (7) or in vitro tests on dust in
cell cultures (9).

The design was cross-sectional and in such studies
selection effects may result in an underestimation or an
overestimation of the true relation. In this study, selec-
tion bias due to a low response rate was less likely since
the participation rate was relatively high (84%). Recall
bias due to an awareness of exposure may affect symp-
tom reporting, but it is unlikely to affect clinical signs of
nasal congestion or biomarkers in nasal lavage fluid. Rel-
atively many statistical tests were made, but there was
mostly good agreement between the results from the
crude analysis and the multiple regression analysis.
Moreover, some parameters related to nasal obstruction
were also related to increased levels of biomarkers in
nasal fluid. Thus we do not believe that our conclusions
are seriously biased by selection or response errors, or
by chance findings. The cross-sectional design may, how-
ever, have caused an underestimation of the true effect
if there was any health-based selection. Age, gender,
smoking, atopy, room temperature, and urban vicinity
were a priori considered as potential confounders and
were controlled for without the results of the bivariate
analysis being changed.

In our study increased amounts of settled dust in the
classrooms were related to both self-reported nasal ob-
struction and reduced nasal patency measured via acous-
tic rhinometry. This finding is in agreement with the

Table 6. Nasal parameters for the personnel of the schools where
wet mopping was used during the study period in comparison
with schools without wet mopping.? (MCA1 = minimal
cross-sectional area measured 0 to 22 mm from the nasal open-
ing, MCA2 = minimal cross-sectional area measured 23 to 54
mm from the nasal opening, VOL1 = nasal cavity volume meas-
ured 0 to 22 mm from the nasal opening, VOL2 = nasal cavity
volume measured 23 to 54 mm from the nasal opening, ECP =
gosinophil cationic protein, MPO = myeloperoxidase)

Nasal parameter ~ Wet mopping No wet mopping P-value®
Median Interquartile Median Interquartile
range range
MCA1 (cm?) 0.86 0.74—1.0 096 0.86—1.2 <0.001
MCA2 (cm2) 1.0 085—13 12 091—15 0.04
VOL1 (cm?) 3.3 3.0—-36 3.4 3.0—3.8 0.44
VOL2 (cm?) 71 6.0—8.4 7.7 6.2—9.1 0.10
ECP (ug/l) 1.7 1.2—2.2 1.4 1.0—2.3 0.09
Lysozyme (mg/) 3.5 2.2—5.1 2.8 1.4—4.2 0.007
MPO (pug/) 21.0 10.0—45.2 226 9.0—41.9 0.708
Albumin (mg/l) 5.8 3.0—11.0 52 2.6—9.9 0.31

& The variable wet mopping was dichotomized into the use of wet
mopping in the school at any time during the study period on one
hand and no use at all of wet mopping on the other.

b Mann Whitney U-test.

results of previous studies showing more sick building
symptoms in offices with more dust particles (8, 9).
Factors that can theoretically influence the removal
of dust are both the frequency of cleaning and the type
of cleaning methods, but very few health evaluations of
different cleaning techniques could be found in the liter-
ature. In the present study smaller cross-sectional nasal
areas and increased levels of ECP in lavage were
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correlated with a lower cleaning frequency in the schools. A
previous study on floor mopping showed more symptoms of
the sick building syndrome in Swedish offices with a low
frequency of floor mopping (24), although the results were
not statistically significant.

In our study we compared the effects of wet and dry
floor mopping on the upper airways and found a nega-
tive effect of wet mopping when compared with dry mop-
ping. One explanation for this difference could be that
dry mopping is quicker and therefore makes it possible
to clean a larger floor area in a specified time period.
One study showed that dry mopping was 9 times faster
than wet cleaning, but it had the same effect on dust re-
moval (25). Another possibility is that wetting of the
floors could sustain the growth of microorganisms and
also be detrimental to some floor materials, such as lino-
leum (26), which was used in 50% of the classrooms in
our study.

The beneficial effects of cleaning routines other than
floor mopping was pointed out by Raw et al (7), who
showed that the cleaning of furniture reduced sick build-
ing symptoms. This conclusion is in agreement with the
findings of our study, which showed that the use of desk
cleaning was related to both greater nasal cavity dimen-
sions and lower concentrations of lavage biomarkers
among the school personnel.

The mechanisms behind the observed relationships
mainly focus on the effect of dust. We used the amount
of settled dust collected from floors and furniture as an
assessment of exposure. In a crowded environment, such
as a classroom, physical activities are important for the
redispersion of surface dust; they cause great variations
of air dust levels during the day. A correlation between
the number of people in a room and airborne dust, and
also a correlation between surface dust and air levels, has
been shown (27). Thorough cleaning of floors and other
surfaces in an office building can reduce the airborne dust
level by 50% (28). Larger particles may be deposited on
the nasal mucosa, and, as a consequence, mucosal swell-
ing and inflammation may occur. In a previous study us-
ing adrenergic nasal spray (12), we showed that dust ex-
posure was related to an increased decongestive effect;
this finding indicates a reversible vascular response of
the mucosa. In the present study there was also some
agreement between nasal dimensions and the concentra-
tions of 2 inflammatory markers (ie, ECP and lysozyme).
This finding indicates that these lavage biomarkers may
have clinical significance in relation to indoor air pollu-
tion. ECP is used as a marker of the activity of eosinophil
granulocytes, and lysozyme is a marker of the glandular
activity of the mucosa.

In conclusion, our results indicate that dust accumu-
lation in the classroom is related to nasal obstruction
among school personnel. When specific cleaning meth-
ods were examined, a positive effect on clinical signs
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from the nasal mucosa was observed for desk cleaning and
dry mopping. This finding illustrates the need for both
sufficient and adequate cleaning routines to reduce dust
exposure. Especially desk cleaning is a cost efficient
cleaning method, which can be done by the pupils them-
selves. Finally acoustic rhinometry, in combination with
the determination of specific biomarkers of inflammation
in nasal lavage fluid, can be useful methods for detect-
ing human nasal reactions related to particulate pollut-
ants, and these objective methods seem to be more sen-
sitive than symptom reporting only.
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