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Reactions of healthy persons and persons suffering from allergic rhinitis

when exposed to office dust’

by Pernille Hauschildt, MD,? Lars Malhave, PhD,? SK Kjargaard, PhD?

Hauschildt P, Melhave L, Kjeergaard SK. Reactions of healthy persons and persons suffering from allergic rhinitis
when exposed to office dust. Scand J Work Environ Health 1999;25(5):442—449,

Objectives Reactions to airborne office dust among healthy subjects and subjects suffering from allergic rhinitis
were investigated.

Methods Twelve healthy and 11 subjects suffering from allergic rhinitis were exposed to clean air [17 (SD 2) g/
m?] and office dust [439 (SD 68) ng/m?] for 245 minutes. The effect measurements included subjective sensations
(questionnaire and potentiometer ratings), mood scale, peak flow, bronchial provocation with histamine using
forced expiratory volume in 1 second as the effect measure, nasal mucosal swelling, tear film stability, epithelial
damage, foam formation in the eye canthus, threshold for eye irritation with carbon dioxide, eye redness, cellular
content of conjunctival fluid, and an addition test for distraction. As many investigations were made and as many
statistical analyses (including subgroup analyses) were carried out, the risk of mass significance appeared. This
problem was dealt with using the Bonferroni correction for multiple significance tests.

Results The mean ratings of the potentiometer were higher (the subjects showed more irritation) during the dust
exposure. The objective investigations showed only indications of effects of dust exposure, and some of the
indications were in biologically unexplainable directions. No difference in the reactions to dust was observed
between the healthy subjects and the subjects suffering from allergic rhinitis.

Conclusions Dust does not seem to have objective or subjective effects on humans, as only indications of dust
effects were found. Subjects suffering from allergic rhinitis do not appear to be a risk group in relation to dust
exposure.

Key terms epithelial cell defects, eye redness, human exposures, tear film stability, threshold for eye irritation

with carbon dioxide.

House dust is found in normal, nonindustrial buildings
in concentrations ranging from 10 pg/m? to, in extreme
cases, 1000 pg/m? (1). Airborne dust in office buildings
has been associated with symptoms of irritation of the
eyes, nose, and throat (2). An experiment in a climate
chamber has shown that healthy persons react with both
subjective and objective responses to normal concentra-
tions of house dust (3). Besides being discomforting for
healthy persons, airborne dust may threaten the health
of persons suffering from allergy or other hyperreactivi-
ty. Persons suffering from an allergy have more sensi-
tive mucous membranes and react to smaller concentra-
tions of irritants than normal persons do. Therefore, in-
door climate problems are especially pronounced among
such sensitive persons (4). In the Danish Town Hall
Study it was shown that persons with allergic rhinitis had
more work-related symptoms than nonallergic persons

(5.

The hypotheses of the present study were that house
dust exposure is a cause of symptoms related to the sick
building syndrome (irritative symptoms from eyes, nose,
throat, airways, and skin, and symptoms like headache,
tiredness, nausea, dizziness, and mental fatigue) as de-
fined by the World Health Organization (6); any effect
of dust can be measured objectively; and subjects suf-
fering from allergic rhinitis will react stronger, objective-
ly as well as subjectively, than healthy subjects.

Subjects and methods

Subjects

The study was a controlled, double-blind, cross-over
experiment. The subjects, aged 18—50 years, were
recruited from the local population (through advertise-

1 This article is partly based on a paper presented at the ‘Indoor Air ‘96’ conference in Nagoya, Japan.
2 Department of Environmental and Occupational Medicine, University of Aarhus, Aarhus, Denmark.
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ments in a local newspaper), students at the university,
and finally participants from previous experiments (the
last-mentioned persons had been recruited in a similar
manner). All the subjects were examined prior to the ex-
posure study to ensure that they were healthy, had no
drug or alcohol addiction, and were not smokers. To be
included in the study as a healthy subject, the person
could not have a history of allergic rhinitis or asthma,
nor could there be any reaction on a standard prick test
including 11 common allergens. Subjects suffering from
allergic rhinitis had a typical history of seasonal hay fe-
ver symptoms, and the prick test was positive for either
birch, timothy or mugwort. Subjects with positive prick
test reactions to house dust mites (Dermatophagoides
preronyssinus and Dermatophagoides farinae), cat, horse
or dog dander, or molds (Alternaria alternata, Cladospo-
rium herbarum, and Aspergillus fumigatus) were exclud-
ed. All the subjects gave their informed consent in ac-
cordance with the Helsinki declaration. Further inclusion
criteria were nonsmoking, normal lung function accord-
ing to the Danish Lung Association (7), and a less than
10% decrease in forced expiratory volume during the first
second (FEV, ;) after provocation with 1.63 mg of hista-
mine. The selection of the subjects is summarized in ta-
ble 1. Twelve healthy subjects and 11 subjects suffering
from allergic rhinitis participated. The study was intend-
ed to include 12 subjects suffering from allergic rhinitis,
but 1 was excluded because of an acute infectious ill-
ness. The 2 groups of subjects were matched with respect
to gender.

Exposure

Exposure was performed in a 32-m?® stainless steel cham-
ber. The exposures were aimed at dust concentrations of
0 and 400 pg/m® and lasted 245 minutes. The dust con-
centration was measured gravimetrically using portable
pumps (Du Pont Constant Flow Sampler Model S2500)
and teflon filters. During the exposure the concentration
of dust in the chamber was monitored by a Climet CI-
251 particle counter that reported the concentration of
particles (numbers/m?). Each subject wore a portable
pump, and an additional filter was placed above each of
them. The actual measured concentrations are shown in
table 2. The average daily temperature was 23.1 (range
22.8—23.2)°C and the relative humidity was 44.8 (range
43.6—45.8)%. The ventilation rate was 10 air changes
per hour and lighting was kept constant and within nor-
mal limits. All the subjects were equipped with standard
clothing, including dust-free protective clothing (0.75
clo). The dust was collected in normal offices at the Uni-
versity of Aarhus. Approximately 5 kilograms of dust
was collected 1 month prior to the exposures. After be-
ing separated in a food processor and sifted in a 2.5-mm
sieve, 3210 grams was left. The preparation of dust and
the exposure took place as previously described (8).
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Methods

The sequence of measurements is shown in figure 1. Sub-
jective perceptions were registered on 2 versions of a vis-
ual analogue rating scale (9). The first method was based
on a questionnaire presented in a computerized version,
The questionnaire contained 36 questions concerning
odor intensity, perception of the indoor climate, irrita-
tion symptoms in the eyes, nose and throat, and neuro-
logical symptoms such as headache and difficulties to
concentrate. The subjects had to evaluate the acceptabil-
ity of any effect of the exposure with a yes or no answer,
According to the second method, the subjects used a lin-
ear potentiometer to quantify the sensation of irritation
to the mucous membranes of the eyes, nose, and throat.
The subjects were told to change the setting of the po-
tentiometer whenever they felt any change in irritation.
Every 30 minutes they were reminded by an acoustic sig-
nal to check the setting. In addition, a computerized
mood-scale test was performed (3, 10). It is a self-ad-
ministered questionnaire from which 5 dimensions of the
subjects’s mood, namely, anger, tension, depression,
tiredness and confusion, during the previous 7 days is
calculated. Peak flow was measured using a calibrated
peakflow meter (model AIRMED, Mini Wright Peak
Flow Meter). In the assessment of increased reactivity
of the airways, bronchial provocation with histamine aer-
osols was used. FEV,, was used as the effect measure
(11). To describe changes in the nasal mucosa, acoustic
rhinometry was carried out (12). Tear-film stability
(break-up time) was measured in cobalt blue light using
10 pl of 1% sodium-fluorescein as the vital stain, and the

Table 1. Selection of subjects.

Subjects Healthy
suffering  subjects
from allergic

rhinitis
Invited for preliminary investigations 73 47
Failure to appear 3 5
Attendance at the preliminary investigations 70 42
Excluded because of prick test, histamine
provocation, or other ilinesses 45 19
Accepted 25 23
Was not able or did not want to
participate in the study 3 5
Potential participants 22 18

Tahle 2. Measured dust concentration. (SD=standard deviation)

Method Clean air {mg/m?) Dust (mg/m3)

Mean SD  Range Mean SD  Range

14—20
6—37

439 68 322—502
376 46 3156—421

Stationary samplers 17 2
Personal samplers 21 12
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Figure 1. Time sequence of effect measurements. (GO, = carbon dioxide eye provocation test, SL = slit-lamp investigation, MS = mood scale, PH
= photograph of the eyes, Pl = quantitative pipette method, AR = acoustic rhinometry, PF = peak flow, ME = medical examination, AD = addition
test for distraction, SS = subjective sensations, HIS = histamine provocation)

mean of 3 consecutive measurements was calculated (13,
14). Epithelial damage was scored in 5 categories (1 =
0, 2 = 1—10, 3 = 10—50 4 = 50—100, and 5 = >100
epithelial cell defects) in 4 different regions (medial, lat-
eral, inferior and corneal) of the eye using 10 ul of 1%
lissamine green (14, 15). The mean of the number of ep-
ithelial cell defects in the 4 regions was used in the anal-
ysis. Foam in both the lateral and medial eye canthus was
scored in 4 categories (0 =0, 1 = 1—35, 2 = 6—10, and
3 = >10 foam bubbles) (14). The mean score was used
in the analysis. The threshold for eye irritation with car-
bon dioxide was measured using eye goggles and expos-
ing 1 of the eyes to increasing concentrations of carbon
dioxide (ie, 0%, 4%, 8%, 16%, and 32%) (16). The bul-
bar medial conjunctiva of each subject was photographed
for an assessment of eye redness. For evaluation, pairs
of photographs, taken before, right after, or the day af-
ter, were randomized and compared by a panel of staff
members (16). The cellular content of the conjunctival
fluid was estimated by use of the quantitative pipette
method (14, 17). Baseline samples and a sample after
each exposure period were obtained from the lateral in-
ferior fornix (under the lower eyelid). The material was
washed out and fixed on a glass-slide using 10% formal-
dehyde and stained with May Griinwald Giemsa stain.
The total numbers of polymorphonuclear leukocytes,
lymphocytes, and squamous and cuboidal cells were
counted by microscopy (400—1000 X). Furthermore, an
addition test for distraction was carried out. It was used
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as a measure for difficulties in concentration (3). The to-
tal number of calculations and the reaction time were
used as the effect parameters.

Statistical methods

A screening procedure was used to reduce the number of
covariates. It had the following generic form: response
= X- (covariates) + error(1). Here X is a coefficient, de-
scribing the relation between the response and the varia-
bles. In the final analyses, a mixed model analysis was
used. The level of confidence was 5%. The standard sta-
tistical model can be written as follows: response =
X,(AR) + X,(exposure) + X;(AR x exposure) +
X,(covariates) + X;-(covariates x exposure) + X, (cov-
ariates X AR) + Z-(person) + error(2). The X;’s describe
the relation between the response and the variables. They
influence the average of the response. Z influences the
variance of the response. AR describes the presence or
absence of allergic rhinitis. Not normally distributed data
were logarithmicly transformed.

The 4 last replies of the questionnaire were analyzed
together after the basis ratings had been subtracted.
Therefore a new variable was introduced into the analy-
sis, namely, a time factor which specified in which run
the questionnaire was answered. This factor was analyzed
in interaction with all the other effects. In the analysis of
the acceptability questions (yes;no) log-linear analysis-
of-frequency tables were used.



Whenever data were missing, numbers, which al-
lowed sums of squares of deviations (SSD) in the model
to be unchanged, replaced missing data. This procedure
introduces the risk of bias into the analysis, but this bias
is estimated to be too small to change the final conclu-
sions of the experiment. In the analyses the Statistical
Analysis System (SAS) and Statistica were used.

The significance level was adjusted according to the
Bonferroni correction based on the number of tests done
on a single data set leading to a significance level of
0.0001 (18). However, in the Results section, the effects
with significances below 0.05 are mentioned.

Results

Only effects in relation to the sick-building syndrome in
the questionnaire are described.

The visual analogue scale showed that throat irrita-
tion was higher during the clean-air exposure than dur-
ing the dust exposure (P=0.01). Both healthy subjects and
subjects with allergic rhinitis had less nose irritation
when exposed to dust than when exposed to clean air
(P=0.01). Both groups had a greater well-being just after
entry into the chamber during the dust exposure (P=0.03).

The healthy subjects accepted mucous membrane
symptoms to a greater extent, for example, eyes water-
ing, sand in eyes, throat irritation, mouth irritation, sen-
sations of coughing or sneezing, and general mucous
membrane irritation.

According to the potentiometer the intensity of the
mucous membrane symptoms was higher when the sub-
jects were exposed to dust (mean of all ratings)
(P=0.0001). The women felt less irritation than the men
(P=0.03) (figure 2). The women reported more irritation
during dust exposure than during the clean-air exposure,
while the men had slightly decreased irritation during the
dust exposure. No significant effects of dust were seen
in the ratings from the first or last 6 minutes of expo-
sure.

Five different measurements of the subjects’ mood
and the integrated measure constituted the 6 responses
on the mood scale. An increased rating of anger during
the last week was seen on the mood scale after the dust
exposure (P=0.02). The subjects suffering from allergic
rhinitis rated more anger than did the normal subjects
(P=0.02).

No effects of dust were seen with respect to peak flow
and acoustic thinometry.

After the dust or clean-air exposure the FEV |, was
measured before (baseline) and after provocation to 3
concentrations of histamine. The baseline FEV, was
lower after the exposure to clean air when compared with
the exposure to dust (P=0.0005). The FEV, , decreased
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after histamine provocation, but the decrease was not af-
fected by the dust exposure.

Immediately after the exposure the tear-film stability
decreased (P=0.04). The decrease was largest after the
clean-air exposure. The tear-film stability of the healthy
persons decreased more than that of the allergic subjects
(P=0.01).

Epithelial cell defects were decreased just after ex-
posure when compared with the base-line measure
(P=0.01). The decrease was largest after the clean-air
exposure. The next day the epithelial cell defects were
still reduced after the clean-air exposure, while they had
increased among the subjects who had been exposed to
dust (figure 3).

No effect of dust was seen on the number of foam
bubbles in the eye canthus immediately after exposure.
For the late value an interaction between exposure and
corneal wounds was significant (P=0.01). The number of
foam bubbles decreased after the clean-air exposure and
increased after the dust exposure. The presence of cor-
neal wounds meant a higher number of foam bubbles.

The eye irritation responses recorded at 8%, 16%, and
32% concentrations of carbon dioxide were logarithmized
and analyzed independently of each other. An exposure
effect was observed for 32% carbon dioxide (P=0.0026).
The effect was seen immediately after the exposure and
in interaction with previous smoking status (ex-smoking
yes;no). After the dust exposure the sensitivity to carbon

27

24

- N
® iy
| |

Rating (percent of maximum)
&
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12 ~ —o

T T T T
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Figure 2. Average rating on the potentiometer (and standard devia-
tions) according to exposure type (dust/clean air = CA) and gender
(women = w, men = m).
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Figure 3. Average number of conjunctival epithelial cell defects
(measured as lissamine-green-stained dots) according to exposure
type (CA = clean air) and time of measurement (standard deviations
included).

Table 3. Observed mean difference (corrected for base-line val-
ues) and calculated minimum detectable difference. (acute =
measurement immediately after entry to the chamber, subacute
= measurement at the end of exposure, FEV, , = forced expiratory
volume in 1 second )

Observed  Minimum
mean detectable
difference  difference

Parameter measured

(Adust_ACA)

Tear-film stability, subacute (s) 0.4 37
FEV,, (1) 0.06 0.38
Peak flow, acute (I/min) 1 52
Acoustic rhinometry (minimum

cross-sectional area), subacute (cm?) 0.02 0.33
Acoustic rhinometry (volume), subacute (ml) 0.53 5.2
Potentiometer, first 3 ratings (%) -1 8
16% carbon dioxide, subacute (%) -0.3 4.1
Addition test, errors, subacute (%) -1 3
Addition test, total number of calculations, subacute-18 148
Eye redness, subacute -0.25 4.1

2 No base-line correction.

dioxide at 32% increased for all the subjects. An increase
in the sensitivity to carbon dioxide was also seen after
the clean-air exposure for “never smokers”, while ex-
smokers experienced a decreased sensitivity to carbon
dioxide after the clean-air exposure in comparison with
the base-line level.

The results for eye redness were transformed accord-
ing to the equation log(x + 10%). There were no effects
immediately after the exposure. Both former and never
smokers had increased eye redness after the dust expo-
sure (P=0.01), but the effect of dust was the most pro-
nounced among the former smokers.

446 Scand J Work Environ Health 1999, vol 25, no &6

The results of the quantitative method were logarith-
mized before the analysis. For polymorphonuclear leu-
kocytes an effect of dust in interaction with the allergic
rhinitis status was seen (P=0.008) right after the expo-
sure. The number of polymorphonuclear leukocytes in-
creased among the healthy subjects after the dust expo-
sure when compared with the number occurring after the
clean-air exposure, while the opposite was true for aller-
gic subjects. The same pattern was seen for the number
of squamous epithelial cells (P=0.003). The number of
cuboidal cells was not affected by the dust exposure.
None of the cell types were affected the day after expo-
sure.

There was no effect of dust on the total number of
calculations performed in the addition test or on the
average reaction time. The effect of dust on the number
of errors, right after the start of the exposure, appeared
to interact with the amount of coffee or tea consumption
(P=0.003). At the end of the exposure, dust exposure re-
sulted in a lower number of mistakes than did the clean-
air exposure (P=0.04).

Discussion

Only a few effects of dust were found, many of which
were in interaction with covariates. Furthermore, sever-
al were unexplainable because of being in directions that
were the opposite of what was expected. The minimum
detectable difference, expressing the test power of the
study indirectly, was calculated using a paired sample t-
test for differences between dust and clean-air exposure
(19). The values for o and B were 0.05 and 0.2, respec-
tively, test power = 1 - B = 0.8. The results can be seen
in table 3. The calculated minimum detectable difference
was larger for all the measurements than the actually ob-
served difference; this finding indicates that either the
number of subjects was too small or the observed vari-
ance was too large. A way to strengthen the study could
be to increase the number of subjects. Furthermore, the
variance could be reduced by selecting subjects from a
more homogeneous population (eg, same age or gender),
conducting investigations by the same investigators, us-
ing the same equipment for the same investigations, and
doing the same investigations at the same time of the day.
However, almost all the investigations were carried out
by the same investigators, using the same equipment,
doing the investigations at the same time of day. As so,
it would not be easy to reduce the variance, and the best
solution would be to make a larger study using more sub-
jects.

Whenever a large number of statistical analyses are
done on the same data set, the risk of mass significance
appears, and, therefore, when a confidence level of 0.05



is used, 1 out of 20 analyses will appear as “significant”.
The Bonferroni method of correcting for this situation
depends on calculations of a new significance level based
on the accepted P=0.05 divided by the number of analy-
ses carried out. The battery of tests led to 110 variables
to be tested statistically. Including covariates in the anal-
yses led to a total number of analyses of 406. Correction
gives a P-value significance of 0.0001. However, the
Bonferroni method is conservative and introduces the risk
of overlooking true effects (18). Supposing dust expo-
sure had an effect on the eyes, and nowhere else, the sig-
nificance level of the eyes would be lowered due to
searching for an effect on other organs. This situation
demands a pronounced effect of dust on the eyes to be
revealed. It seems fairer that the division of subjects into
different groups requires a lower level of significance.
Anyway, in consideration of the nature of the results, the
discussion focuses on results with a significance level of
0.0001. Results with levels of significance between
0.0001 and 0.05 are referred to as tendencies.

The first hypothesis (house dust is causative agent for
symptoms related to sick-building syndrome)

The WHO definition for the sick-building syndrome in-
cludes only symptoms and no objective criteria (6).
Therefore only the questionnaire and the potentiometer
ratings can, in this study, confirm or disprove whether
dust exposure leads to symptoms of this syndrome. The
results from the questionnaire point towards no effect of
dust or even a slight tendency towards the subjects hav-
ing fewer symptoms during dust exposure than during
clean-air exposure. In the potentiometer ratings the in-
tensity of the mucous membrane symptoms was higher
when the subjects were exposed to dust. A tendency to-
wards a difference between the ratings among the men
and women was seen. The potentiometer supported the
possibility that dust can lead to symptoms of the sick-
building syndrome, but it was not confirmed by the ques-
tionnaire, and the results must therefore be interpreted
with caution.

Second hypothesis (effect of dust can be measured
objectively)

No objective investigations were significant according to
the Bonferroni-corrected P-value. Tendencies were
found, however. For most of the investigations they were
the opposite of known or expected effects, and therefore
they need confirmation.

It is possible that dust exposure only affects a sub-
group of people, as discussed by Mglhave et al (3). If
true, it could explain some of the missing direct dust ef-
fects and form the basis for an alternative hypothesis
concerning sensibility to dust exposure. The only group
which showed a tendency towards a difference between
clean-air and dust exposure was former smokers, and this
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group consisted of only 6 persons. Dust exposure was
expected to result in increased eye redness, whereas
clean-air exposure was expected to have no effect on eye
redness. Both never smokers and ex-smokers showed a
tendency towards redder eyes after exposure to dust than
to clean air. The effect was not seen on the day of expo-
sure, but, as the mechanisms resulting in red eyes are
complicated and not known in detail, a delayed effect
may occur. In general, inflammatory responses are known
to be delayed (20, 21). Increased eye redness has also
been found after exposure to tobacco dust (22), n-buta-
nol (990 ppm) (23), and 1-octene (3922 ppm) (23), while
other studies involving exposure to n-decane (13) or of-
fice dust (3) showed no effect on eye redness. These re-
sults suggest that exposure has to be pronounced to re-
veal any effect or that the mechanisms producing red eyes
are not simple. In a study of pollen exposure, a biphasic
effect was found on eye redness with initially decreased
redness after provocation with half of the provoking dose,
and also increased eye redness after the full dose (16).
The decreased redness was suggested to be caused by a
trigeminal-reflex-mediated response, systemic release of
vasoconstrictors in the blood, or some unknown, locally
released substance. The present dust-exposure study did
not include smokers; therefore any effect of smoking sta-
tus is an effect of whether the subject had previously been
smoking regularly or not. As the results are somewhat
contradictory in relation to which subgroup is the most
sensitive and as the found effects are only tendencies, the
conclusion is that no special sensitivity was found in any
subgroup.

Third hypothesis (subjects suffering from allergic
rhinitis will react stronger than healthy subjects)

The subjects suffering from allergic rhinitis showed a ten-
dency towards a less acceptability of symptoms of expo-
sure. But they evaluated the symptoms of the exposure
as equal to or less than those of the healthy subjects. Only
healthy subjects showed a tendency towards increases in
the number of polymorphonuclear leukocytes and squa-
mous epithelial cells as expected. However, the preex-
posure level of cells was higher among the allergic sub-
jects (preexposure average number of polymorphonuclear
leukocytes among the subjects suffering from allergic
rhinitis = 23 against the preexposure average number of
polymorphonuclear leukocytes among the healthy sub-
jects = 1), and, therefore, the most probable effect of any
exposure had to be a decrease of cells as regression to-
wards the mean. The expected effect was only seen for
half of the subjects and was not significant due to the
Bonferroni-corrected significance level and therefore
needs confirmation. Effects on polymorphonuclear leu-
kocytes are thought to be signs of subclinical chemical
conjunctivitis due to migration of the polymorphonuclear
leukocytes from the vessels, whereas epithelial cells have
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been shown to be able to be destroyed by mechanical
actions from, for example, man-made mineral fibers (24).
In conclusion, it was not shown that subjects with aller-
gic rhinitis are more sensitive to dust exposure, neither
was it found that they reacted objectively stronger.

Another reason for not finding effects of dust expo-
sure could be that dust in the concentrations used in this
study is of no significance to the perception of air quali-
ty, or the concentration was too small to cause changes
in objective measures. Several studies, epidemiologic as
well as experimental (2, 3, 22, 25), point, however, in
the direction of an effect of exposure to dust or at least
exposure to different components of dust (26, 27). The
composition of the dust in this study was, because of eco-
nomic reasons, not examined with respect to these de-
tails. The size of the dust particles used for exposure is
probably of importance with respect to reactions among
subjects exposed to the particles. In our study the size of
the particles was not measured but was expected to be of
the same size as in another dust exposure study (unpub-
lished observations), in which the same procedures were
used when preparing and exposing the dust. Eighty per-
cent of the particles in that study had a diameter of less
than 10 pum. Particles between 1 and 10 um are expected
to be deposited in both the upper and lower airways (28,
29) and should be able to exert an effect where deposit-
ed.

In conclusion, indications of dust effects were found,
but the study does not support the possibility that dust,
in this concentration and quality, has objective or sub-
jective effects on humans. No difference in the reactions
to dust was observed between healthy persons and per-
sons suffering from allergic rhinitis. The reason for miss-
ing dust effects could be that dust in the concentrations
used for exposure has no effect on humans or the study
included too small a number of subjects to detect dust
effects.
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