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1. INTRODUCTION.

1.a. background.

The indoor air quality in bulldings used for offices or dwel-
1ings has attracted increasing attention during the recent
years. This increased attention appears both in the general po-
pulation, among health and welfare officers and among those Ju
charge of bulldings. One of the reasons is an alarming number of
fndoor climate complaints appearing at the same time as our use
of buildings, our construction traditicons and the ventilation
standards have been changed in a way which favour an increasing
level of indoor alr pollutjon with gasses, vapours and particu-
lates.

The complaints reported by occupants in buildings with indoor
climate problems have been described as a sick building syndrome
(1). This syndrome is characterized by irritation or sensation
of dryness in the mucous membranes in eyes, nose and throat,
cough, i{ncreased mucous secretion in the respiratory system,
shortness of breath and alirway restriction. More rarely itching
and reddening of eyes are seen. Nonspecific neurological symp-
toms like headeache, reduced capability to concentrate and ti-
redness are frequent as well as non-specific hypersensitivity

reactions in the form of {tching and skin dryness.

These symptoms can all be caused by a varifety of factors related
both to the indoor climate or to the occupants. Suspected causes
in the indoor climate are sensory reactions due to high levels
of pollutants emitted from bulilding materials, (defective) ven-
tilation systems, high or low air humidity or air temperature,
overcrowding, {mproper use of the room, intruding pollution from
the surroundings etc. A number of personal factors have been
related to the symptoms (1). Among these are age of the occu-
pants, sex, type of occupation, smoking habits, education, pre-
vious or exlisting illnesses or tiredness, medication and hob-

bies.

Investigations have indicated cases of mucous membrane Irrita-
tions where a weak physical/chemical stimulation caused by e.g.
an air pollutant seemed to be a more likely explanation. Bufl-
ding materials are known to release chemical compounds to the
air (2). Particularly volatile organic compounds (VOC). Thelir
number and concentrations have been shown to decline as the
building grows older (2,3). The increasing number of complaints
have been correlated to the use of new building materfials as the
frequency of complaints is highest in new and newly renovated
buildings. Investigations of the emission of volatile organic
air pollutants from 42 building materials have shown concentra-
tions which in dwellings would correspond to about 3 mg/m? (3).
Of these compounds B4% were known as mucous membrane or eye ir-
ritants. 28% were possible carcinogens and 22% were found in

concentrations which exceeded their odor threshold (2) .

The combined effect on humans of these many simultaneously ap-
pearing compounds is unknown. Additive effects are considered to
be likely, but synergistic effects cannot be excluded especlially

among more sensitive persons.

The major aim was to establish relations between VOC-concentra-
tions and subjective reactions on odour and irritation. Investi-
gations of such reaction related to the occupants' sensation of
indoor air quality have for many years been done at our Instfitu-
te of Environmental- and Occupational Medicine (IMA) and the La-
boratory of Heating and Alrconditioning at the Technical Univer-
sity of Denmark (DTH). The two laboratories did, however, use
different approaches and questionnaires and thelr results are
therefore not directly comparable. One of the aims of this pro-
Ject was therefore to compare the two questionnaires used at the

two laboratories (IMA) (3) and (DTH) (4).




I1.b. The aims.

The general purpose of the project was to establish a dose re-
sponse relationship between human reactions and exposure to con-
centrations of volatile organic compounds (VOC) known to be e-
mitted from building materials. Investigations have indicated
the sick bullding syndrome to be correlated to irritative symp-
tome and headache (5). This experiment therefore focused on the
dose response relations of these two symptoms. Further their Im-
portance for the general wall-being is examined because it is
expected that Irritation of mucous membranes in eyes, nose and
throat affects the well-being of subjects and results in tired-
ness, headache and concentration difficulties. Specific aims was
to estimate the thresholds for irritation and headache to be es-
timated. The threshold concentration for an effect indiqaces
the highest exposure concentration below which no signlficant
variation in effect can be measured 1f the exposure is varied.

Such a threshold may be useful as a guideline for indoor air

quality.

1) The first goal therefore was to test If a exposure concentra-
tion exists below which exposed subjects would show no or on-
ly insignificant irritative symptoms and headache. The effect
of adaptation and the exposure-time on these threshold con-

centrations will be investigated as well.

2) RAnother aim was to {nvestigate 1f the sensitivity of the
olfactory sense (n. olfactorious) would be reduced due to

adaptation when the nose is exposed to irritative compounds.

3) It is expected that continuous exposure to irritating
compounds may lead to an increasing sensation of irritation
in the mucous membranes due to an increased absorbed dose. It
was therefore investigated if such prolonged exposures result

in a decreasing feeling of general well-being.

4) A further aim was to intercalibrate the two questlionnaires
used for measurements of odour and sensory irritation at the
Institute of Environmental- and Occupational Medicine (IMA)

and The Danish Technical Highschool (DTH).

5) Finally it was the aim to investigate if co-factors or con-
founders like sex, age, smoking hablte, school- and occupa-

tional educations had any effect on the human reactions.

11, MATERIALS AND METHODS.
IlIa. The exposure.

A number of exposure variables were controlled during the expe-
riments. These (constant) parameters were maintained at the fol-
lowing values: Air change: 10 ACH, alr temperature: 22C<, air

humidity: 45%RH, Globe temperature: 23Ce.

The exposure to VOC in the experiments was established by an ex-
posure to 22 well-known indoor alr pollutants of the solvent ty-
pe. These are all known to be emitted from building materials.
This mixture of volatile organic pollutants has been used in a

previous exposure experiment (3) and is shown in table 1.

Each of the exposures consisted of the same 22 compounds in the
same relative concentrations. Only the total concentration

(TVOC) of VOC was changed. The TVOC concentrations were O 1 3
’

8 and 25mg/m*.

No single compound was dominating the exposure and no single
compound is expected alone to be able to provoke effects. The
highest total exposure concentration 25 mg/m* corresponds to the

highest concentration found in new danish buildings. (1).

The exposure and dosage was controlled by a calibrated fla-




me lonisation detector (FID-detector) which continuously measu-

red the TVOC-concentration.
1I.b. The experimental design.

Each exposure day consisted of five identical treatments of five

subjects.

The exposure treatments were arranged in a balanced latin square
experimental design. The design is shown in table 2. Each day a
new group of five subjects were exposed In the climate chambers
to each of the five concentrations (treatments), but in a diffe-
rent sequence. The exposure concentrations were not revealed to
the staff or the subjects. The design was thus double blind.

All other exposure variables were intended to be constant during
each exposure period. These parameters are shown in table 3.
During each of the five treatments the subjects performed the
same sequence of alr quality evaluations in the exposure cham-

ber.

Basel ine measurements under clean ailr conditions in a separate
30 m* stainless steel climate chamber (10 ACH, 23°C, 45%RH) we-
re performed for some of the measurements prior to the first
treatment in the morning. These baseline measurements included
olfactory selectivity and threshold for n-Butanol. After this
acclimatization-period the group of subjects entered the large
stalnless steel climate chamber (within a few seconds) (80 m?*,
23=C, 45%RH) through an air lock. They went to the other end of
the chamber and immediately evaluated the indoor air quality and
a number of indoor climate factors In two questionnaires. These
questionnaires were the questionnalre used at IMA (3) and the

questionnaire used at The Technical University of Denmark (4).

Irritative symptoms were further registered through a linear a-

nalog rating scale (3), called the potentiometer rating or the
L.A.R.S. box. These registrations were performed four times
(four runs) during each new treatment; the first time immediate-
ly after entrance into the climate chamber and subsequently with

intervals of fifteen minutes.

Each evaluation run lasted about 5 minutes. Each total exposure
treatment in the climate chamber thus had a duration of 50 minu-

tes.

After each exposure treatment the flve subjects returned to

neutral conditions for 20 min. in the adjaent clean air climate
chamber. Here their threshold for n-Butanol was measured again.
During this period the exposure concentration in the unoccupied

exposure climate chamber was changed according to table 2.

Between the exposure treatment 3 and 4 an extra 20 minutes we-
re allowed for lunch. During this lunchhour the subjects were
served food and liquids with no strong taste or odour. No alco-

hol was allowed.

After lunch another acclimatization period took place in the
Clean ailr chamber, this time ten minutes and without measure-
ments. The subjects then went into the exposure chamber for the

fourth and fifth exposure period.

Fruit and orangejuice were avallable for the subjects all day
during the rest periods in the clean air climate chambers. Du-
ring the stay in this clean ailr chamber the smokers wvere allowed
to leave the building to smoke, when they had performed the o-
dour threshold measurements. The subjJects were asked to abstain
from smoking as much as possible. They had to note the time, du-
ration and amount of tobacco smoked each time they smoked. Vi-
sits to the toilet were allowed in between exposures and after
the measurements of n-Butanol sensitivity. The exposure day had
a total duration of about 8 hours starting from B.00 o'clock un-
til 16.00 o'clock.




I1l1.c. The subjects.

The panel of subjects consisted of 25 persons (five subjects for
each of five days) who were pald a standard salary. Some of the
subjects were selected among subjects who had participated in
previous experiments at the institute. Others were recruted a-
mong friends. They should all have an acceptable health status
and the subjects were supposed to be equally distributed on the
four age groups from 16 to 2B years, 29 to 41 years, 42 to 53

years, and 54 to 64 years. The ratio of males to females and

smokers to non-smokers was intended to be 1:1. They covered edu-
cations from no education to an academic degree. The subjects
were randomly divided into flve groups of five subjects - one
group for each experimental day. Caracteristica of the subjects

are summarized in table 4. ETo

The subjects were called by phone the day before the experiment
in order to motivate them to appear the subsequent day and to
ensure that they were without common cold or other changes in

thelr general health condition.

Hhen the subject first agreed to participate In the experiment
they were mailed a questionnaire in which they were asked a num-
ber of questions related to factors from theilr dally life 1like

smoking habits etc. which may be related to their sensitivity to

the exposures.
I1I1.d. The measurements.

The analytical registrations and measurements performed are

summarized in table 5.

The selectivitity of the n-olfacturous was measured in a proce-
dure according to which the subject had to recognlize the well-
known odour stimulil like coffee, cinnamon, kerosine, marmelade,

cocoa, moth balls, liquorice, soap and menthol (3). The result

of this test was rated as the percentage of errors.

Only one subject showed signiflcant reduced selectivity compared
to the other subjects. No other deviations were found. The same
subject was later found also to have reduced sensitivity to

n-Butanol.

Olfaction threshold of n-Butanol was measured in a trisngle ol-
factometer which {s a standard {nstrument for measurement of o-
dour sensitivity (&). In the instrument a number of different
dilutions of n-Butanol vapours are presented to the subjects.
These measurements are normally reported as the concentragjon
causing 50% of the subjects to perceive an odour. In this expe-
riment the lowest concentration positively recognized by each

individual subject was used as his or hers score.

In average the subjects identifled level two of n-Butanol. Sub-
Jects at level one or two were glven the responce score "0" and
the rest the responce score “1". The variable based on diffe-

rences of the scores before and after each exposure (values (-1

1,0) was analysed.

The linear analogue rating scale (L.A.R.S.-box) was used to re-
glster the subjective evaluation of the indoor climate expressed
in the question '"do You right now feel dryness, itching or a
smarting sensation in the nose or eyes?". The subjects rating
was indicated on a 58 mm linear potentiometer which could be mo-
ved between 'no complaints at all" to "'unpleasant strong com-
plaints". Each subject had his own box. The rating had to be do-
ne each time the two questionnaires had been filled in. The
subject were, however, free to change the setting whenever he

wanted it. The method has previously been described (3).

The IMA-subjective questionnaire (3) (see appendix A) on general
comfort was used to measure the subjective sensation of {ndoor
air quality and well-being. The questionnaire included subject
identification, questions related to constant indoor climate
factors, questions related to variable indoor climate condi-
tions, questions related to frritation and dryness complaints

and questions related to neurological- and psychic complaints.

¥ AR
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The questions are shown in appendix A and table 6. The questions
wvere answered in two ways. Filrst a mark on a 460 mm linear analo-

gue rating scale indicated the intensity of the complaints.

Then a cross for '"yes' or ''mo" Indicated the acceptability of
the condition. The responds were rated as number of millimeters
from left end of the rating line to the mark. “Yes' or ''No"

answer was given the values O and 1.

The DTH questionnaire (DTH) (see appendix B) had six questions
related to alir quality and odour {ntensity only (4). The gues-
tions were related to air quality, odour iIntensity, irritation
in eyes, nose and throat. This questionnalire had two parts (A
and B) and was filled in immediately after the IMA questionnai-
re. The questionnaire included a linear analogue rating'scgle
with well-defined end-points, but with another length than the
IMA questionnaires and with five intervals indicated on the line
with eix verbal gradings for each of the complaints. The sub-
jects were instructed that the whole line and not only the ver-
bal gradings were to be used for the votation. The intensity was
measured as the mm of the rating mark length from one end of the
line. "Yes" and '"No'" answers were used to measure acceptability

of the same questions. They were given values "O0" and "1".

Both questionnaires were collected immediately after they had
been filled in and the subjects therefore could make no direct

references to previous ratings.
I11.e. Statistical analysis.

The statistical analysgis differs for the discontinuocus and con-
tinuous variables measured in this experiment. The discontlnuous
variables were the answers "Yes" and "No" for acceptability on
the INMA-questionnaire, the question 1 and 6 in the DTH question-
naire and the Butanol Triangle Olfactometer which had 7 possible
outcomes. The discontinuous variables were all examined in a

chi? analysis.
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When the expected number of data in each cell of the 2 x 2 con-
tingens tables were less than five Fishers aexact test (7) was u-
sed. A significance level of five procent was adapted in these

analysis.

The continuous variables which were the line measures in the

IMA questionnaire, the questions 2, 3, 4 and 5 In the DTH ques-
tionaire and the potentiometer registrations were examined in an
analysis of variance. The statistical analysis were performed

as F-tests, and a five procent level of significance was used.

In the snalysis of variance, the concentration (0, 1, 3, 8 and
25 mg/m?), subject number, day and time of the day, treatment

number was used as parameters of interest in the analyses while
age and sex, smoking habits, school- and occupational education

were used as explaining variables.

The statistical analysis were done with Genstat (8) and SPSS
®).

The term dose-effect will be used if differences were signifi-
cant between the five levels of exposure (treatments). The term
concentration group is used for the five groups of pooled re-
sults of all the 25 persons from the exposures to 0O, 1, 3 8 or

25 mg/m? respectively disregarding that the pooled results were

obtained at different times during the day.

I1I. RESULTS.

II1.a. Exposures.

The exposure of the subjects in the climate chamber was perfor-
med as planned in table 2 and only minor deviations were obser-
ved from the intended values shown in table 2 which shows the a-
verage exposure levels. Only level 3 was significantly diffe-

rent from the intended concentration (3 mg/m?) as the concentra-

tion in average was 2.84 mg/m2 (SD: 0.09).

= ———————— i 2
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A number of indoor climate varlables were cont inuously monitored
during the experiment to show 1f any excessive variation in the

indoor climate conditlons occured.

The average for parameters in each exposure group did nect differ
slignificantly. Some of these measurements were not analysed
statistically in detall due to an obvious stability of these va-
riables. Table 3 shows average and standard variations of air

temperature, air humidity and globe temperature.
111:b. Discontinuous measurements.

Butanol thresholds was measured 6 times during the day. The
first measurement was used as a baseline for the values obtained

after each of the filve exposures throughout the day.

The olfactory sensitivity was expected to decrease as the expo-
sure concentration Increased. No such relation was found between
the exposure and the sensitivity of olfactory. The results In-
dicate that smoking hablits, sex and age did not affect the ol-

factory sensitivity.

The IMA-questionnaire {ncluded discontinuous values for "Yes' or
"No'" acceptability for lighting, sound level, air temperature,
air humidity and air movement which were supposed to be con-
stant. No dose effect was found although a difference was found
between the responses of men and women. More women than men
found conditions in the chamber unacceptable. This tendency re-
appeared in questions 10, 11, 16, 19, 20, 21, 22, 232 and 24

(see table 6 and appendix A & B for identification of ques-
tions). The tendency was the same in each exposure group and is
supposed to reflect a difference in the use of the word "accep-
table" between men and women and not a dose-exposure-effect. The
time of the day for the exposure had no impact on the results.

Neither had school education.

'__M_

The results from the Chi? test of dose-effect Is summarized in
table 6 and 7. A dose-effect was found for the questions IMA 8,
®, 27, DTH1, DTHé6 and in run 2 and 4 for IMA26. For these six
questions the number of no ''Yes" answers were increasing with
the exposure concentration as exemplified on flgure 1 and 2
which shows the effect of exposure on IMA 8: ailr quality, IMA 9.

odour intensity. DTH 1: alr quality and DTH 6: irritation of

eyes.

A tendency was found for a co-factorlal Interactlon of occupa-
tional education in questions IMA 9, DTH1 and DTH6. I1f each ca-
tegory of occupational education is considered, only occupatio-
nal education level 2 corresponding to more than zero and less
than four years occupational education allows a conclusion. Too
few observations are found in the other catagories. The dose-
effects found are the same if only subjects in occupational e-

ducation 2 are considered.

A difference was found In scores for smoker and non-smokers for
the questions IMA 8 to IMA 11, IMA 17, IMA 26, IMA 27, DTH1 and
DTH6. Smokers more often voted non-acceptance than non-smokers.
1f the differences from each of the two groups, smokers and
non-smokers, are analysed separately, smokers are found to react

more strongly than non-smokers as shown in table 8.

Differences in scores among the four age groups used In the ana-
lysis were found for all questions. Younger subjects had a high-
er level of non-acceptance for questions showing a dose effect.
Only subjects belonging to the age group 16 to 28, 29-41 and
42-53 years can, however, be used in this analysis as the group
54-64 years contained too few observations. Table 9 shows of an
analysis containing the three youngest age-groups. Only in the
age-group 29-41 years is the dose-effect still found. An increa-
sing number of non-acceptance with increasing exposure was, how-

ever, also found in the two other age-groups.




The analysis of the confounders showed confounding effect of oc-
cupational education, smoking hablits and age, for most of the
questions showing significant dose effect. However, the number
of observations In these non-continuous measurements were in

most cases too small to allow an acceptabel statistical analy-

sis.
111.c. Continuous measurements.

The potentiometer rating: Subjective ratings of the intensity
of irritation in eyes and nose were done on a linear potentiome-
ter. The resulting ratings were reduced to an average for each
exposure period (treatment), see figure 3. A varlance analysis
wvas performed including person, day, dose and exposure perlod as
factors while sex, age, smoking habits, school and occupa;(onel
education were used as explaining variables. The statistical a-
nalysis showed that only age and smoking habits were needed to
explain the variations. The ratings on the linear rating scale
were higher for smokers and increased by increasing age of the
subjects. The flnal analysis of variance Including smoking ha-

bits and age as explaining variables showed a significant effect

of doses (p < 1%).

The analysis showed that only the average potentiometer ratings
at concentrations 8 and 25 mg/m” were significantly different

from the average ratings at 0 mg/m?*.

A linear regression model using the logarithm of the exposure
concentrations as the regression variable indicated that the re-

sponse increased linearly with the logarithm of the concentra-

tion.

Each exposure period lasted 50 min. Filgure 4 shows the varia-
tion for each of the five exposure levels. No adaptation Aap-
pears to be present. On the contrary the ratings at lower expo-
sure levels seem to increase with increasing exposure time.

This, however, also appears for the clean alir.

15

Statistical analyses of the continuous variables on IMA- and the
DTH-questionnalres are summarized on table 10. The analysis of
varlance was performed on the raw data obtafned directely from
the questionnaires. The analysis Included person, day, dose,
exposure perlod as explaining factors while sex, age, smoking
habits, school and occupational education was used as explaining
variables. These explalining variables turned out to have no

significant effect on the results shown In Table 10.

Figure 5 shows the average differences between clean air exposu-
re and exposure for each exposure level. The analysis of the a-
verage responses in the five exposure groups showed that only
some of the questions on the questionnalres were significantly
related to the exposure. The average response for each dose mi-
nus the average value in clean air was tested for dose dependen-

cy

Dose-response curves were established for each questions showing
significant dose response. For the questions IMA 8 to IMA 11 1[-
MA 14, IMA 17, IMA 25 to IMA 27 and for DTH5 a linear dose r;—
Sponse was found for the logarithm of exposure concentrations.
For DTH3 a linear response was found for the square root of the

doses, as shown in figure 7.

IV. DISCUSSION
IV.a. The experimental set up.

Two major aims of this experiment were the determination of the
dose-respond relations for alr quality reductlon due to exposure
and the intercalilbration between odour and irritation measures

used at the DTH and our institute (IMA). The design of the expe-
riment therefore focused on both dose-response relationships and

a number of possible confounders are only used as explaining va-

riables.
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This experiment therefore does not reveal to what extent the o-
dour impression affects the intensity of complaints about mucous
membrane irritation, nor the extend to which temperature, humi-
dity, fllumination etc. influence the sensation of mucous-mem-
brane irritation. The mucous-membranes does not only react to
alr pollution, but may also react to dryness. Atoplc or allergic
persons may further react differently than non-allergic persons.
Such effects were not investigated. Neither was the possibility
of an objective changed memory due to the exposure as Iindlcated

in previous experiments.

Further the experiment only focused on acute or sub-acute reac-
tions results from a one hour exposure. The experiment did not
deal with reactions due to chronic or accumulated exposure.

The exposure in the climate chamber was arranged according to a
double blind design and the subjects were not allowed to discuss
the exposure conditions in the climate chamber and their reac-
tion to these éxposures. Even during clean air exposure, a di-
stinct background odour was noticeable for both subjects and ex-
perimentors in the climate chambers. A majority of the subjects
found this unacceptable. This background odour was probably due
to highly odourous impurities in the exposure chemicals. These
impurities were absorbed by chamber surfaces during exposures
and subsequently reemitted during clean alr exposures. The abso-
lute concentration of these strong odourants was neglectable.
These odours reduced the possibility of an experimental bias to

a minimum.

The experimental design reduced the possibility of different
reaction to the exposures on different week days and of diffe-
rent times of the day. No such effect was therefore found in
the statistic analysis. Some of the measured variables (IMA
10,11,14,17 and DTH 5) had a tendency to show the highest effect
of the exposure in the second exposure period. If this is a
true effect, it may be deduced that the subjects were most sen-

sitive for irritation between 10 and 12 a.m.

!
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There were no deviations from the planned experimental design.
Only the total exposure concentration of 3.0 mg/m* deviated from
the intended value as a concentration of 2.84 mg/m* + 0.0% mg/m>
was obtained. All other intended constant indoor climate para-
meters like temperature, humidity etc. were s0 close to intended

values that further statistical analysis was considered unnesse-

cary.

The groups of subjects were composed to have the same ratjo of
smokers to non-smokers, males to females and had a broad repre-
sentation of occupational- and school education. Further there
were equal numbers of representatives of the four age groups
from 16 to 46 years. Subjects failing to appear on the intended
exposure-day were replaced by other similar subjects. This pro-
cedure was succesful on the four first exposure days, but on the
fifth day the subjects were generally younger and were all non-
smokers. This was due to missing proper substitute persons. The
three dimensional contingency tables contained in some cases too
few observations. As the result the CHI?- test may be unreliable

in these cases. This is indicated in the text where it appears

One subject performed vVery poorly in measurements of the Butanol
sensitivity. The subject was allowed to participate in the ex-
periment despite this. This subject did not differ from the o-

ther subjects in other measurements.

Very few subjects smoked during the experiment and their con-

sumption was so low that no statistical analysis was possible of

this co-variabie.

The general conclusion about the experimental conditions is that
few deviations from the Intended experimental design occured and

that they were so minor that they did not compromise the experi -

ment and its intentions.
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1V.b. The hypothesis.

Hypothesls 1: Does a threshold exist. The questions of the ques-
tionnaires showing a significant dose response retationship had
different thresholds for the effects. Table 11 summarizes the
rasults. The questions related to odour lncensfiy (IMA? and
DTH5) showed a signiflicant response at 3 mg/m®, and the respon-
ses Increase with increasing concentrations. The questions rela-
ted to air quality and the need for ventilation (IMAB and IMA27)
showed significant responses at B8 mg/m® and an increasing re-
sponse for {ncreasing concentrations. Questions related to lrri-
tation of eyes, nose and throat (IMA 10, IMA11, IMA17, IMA25,6 1I-
MA26 and DTH3) indicated a significant response at the concen-
trations 25 mg/m™*. In all cases the general trend indicated an
effect also at lower concentrations. This trend would probably

have been significant {f more subjects had been examined or lar-

ger exposure time used.

The potentiometer ratings of dryness, ltching and smarting of
eyes and nose showed a significant response at 8 mg/m*. This re-

sponse Increased with Increasing exposure concentration.

The lower threshold obtained with the potentiometer when compa-
red to similar questions in the questionnaires is explained by
the greater sgensitivity of this type of measurement. The sub-
jects reactions indicate that a significant odour is registered
at a concentration of 3 mg/m®, although an unpleasant odour is
observed only at concentrations at or above B8 mg/m® where the
need for ventllation is significant. Irritation of the mucous
membranes is slgnificant only at concentrations at, or higher
than 8 mgs/m?. This Indicates that the lower limit for comp-
laints due to this type of air pollution In general living spa-
ces is at or below the concentration 3 mg/m?. It should, howe-
ver, be noted that this conclusion only referes to short term
exposure of fifty minutes duration. (See discussion of hypothe-

sis 5).
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The hypothesis 2: Calibration of the two questionnaires. No ge-
neral conversion function between DTH questions and IMA ques-

tions could be established. The ratio of Yes and No answers we-
re, however, similar for the two types of questionnaires at all

exposure levels.

It appeared that subjects when using linear rating had a higher
threshold for irritation etc. on the DTH questionnaire, but ap-
proached the maximum response at a lower concentrati{on. On the
IMA questionnalre they seemed to have a wider dynamic range of

responses and a higher sensitivity.

Hypothesis 3: Adaptation. No reduced sensitivity of the olfac-
tion was seen in the n-Butanol test. Such an effect was seen {n
a previous exposure experiment (3) and it is not clear {f the
missing effect is a result of the design with short duration ex-
pPosure repeated several times through the day or due to other

factors.

Hypothesis 4. Irritatlon (s related to the feeling of wellbeing.
The continuous evaluation of the question IMA 25 of the general
well-being showed a dose-effect indicating the posslbility of a
changed perception of general well-being of subjects. This ques-
tion correlated to the IMA questions on irritation of mucous
membranes, odour intensity, air quality and the desire of venti-
lation, which indicates that frritation is an important part of

general well-being.

Hypothesis 5. Effect of exposure time. For questions related to
odor intensity, dryness, stinging and smarting of the eyes (I-
MAl1l) and the need for ventilation (IMA27) an increasing respon-
se 1s observed at 1, 3, B8 and 25 mg/m* with increasing exposure
time (run 1 to run 4). This indicates that longer exposure pe-
riods than the fifty minutes used here could have resulted in
lower thresholds for response. It further indicates that an ac-
cumulation of VOC exposure may occur. No "carry over'" effect

was, however, seen.
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No significant effect was found of the time of the day for the
dlffarent exposure-levels. An indication of higher sensitivity
between 10 and 12 AM was found. We had expected a '‘carry-over"-
-effect of high exposure concentrations in such a way that high
exposure concentration would have been followed by higher ef-
fects of preceeding lower exposures. Similarly we unexpectedly

found no effect of exposure on the sensitivity of the olfactory

sensa.

The hypothesis 6: Co-factors. Table 12 summarizes the cofactors

identified in this experiment.

Discont inuous measurements: The analysis tested if sex, occupa-
tional- and school education, age and smoking habits were con-

founders for the odor threshold measurements. -

The questions IMA3-7 were not expected to be related to exposu-
re. No such effect was found, but women were generally more
sensitive as more women rated ''nmot acceptable'" than men. The sa-
me tendency was found for questions IMA 10, 11, 16, 19 to 24.
This tendency was found for all concentrations which was inter-
peted as a difference in level of acceptability and not as a

difference in the dose-response relation.

There was no effect of school education on the intensity of the

reactions. The level of previous occupational exposure affected
the responses of subjects in questions IMA 9 and on DTH 6 and 1.
This, however, could only be tested for subjects with from zero
to four years of occupational education. This confounding effect
may indicate that subjects with higher education responded with
more non-acceptable evaluations. Only for the educational zero

to four years was, however, a sufficiently large number of ob-

servations avallable.
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Smoking habits were expected to reduce the sensitivity of the
mucous-membranes to irritants. In contrast to this we found
that smokers responded stronger than non-smokers to the ques-
tions on IMA questions nr. 8 - 11, 17, 26 and 27 and on DTH
questions nr. 1 and 6. The dose effect disappeared in certain
questions for non-smokers and was reduced for semokers. Smokers
may have both a stronger reaction to air exposure levels and a
lower threshold for reactions. The dose effect disappeared on

certaln questions for non-smokers and was reduced for smokers.

The age of subjects confounded the results too. On all questions
where a significant dose-effect was found that older people re-
sponded less than younger people. In the group 48 to &4 Years,

however, too few observations were avallable.

Continuous measurements: A dose effect with a linear dose-re-
sponse relationship between the logarithm of the response and
exposure was found for contlnuous measurements In the IMA ques-
tionnaire, questions 8 - 1, 14, 17, 25 - 27 and in the DTH
questionnaire, question 5. In DTH question 3 the dose response
was a linear function of the square root of the doses. None of
these questions was effected by age, sex, smoking habits or oc-
cupation.

On the linear analogue rating scale (the L.A.R.S. potentiometer)
smokers and older subjects responded more than other subjects.

No effect was found of sex, occupation status or school educa-
tion.

It was investigated {f the IMA or the DTH questionnaire could
fdentify subjects who were hypersensitive to VOC exposure. Four
such subjects were identified. These subjfects also reacted most
Strongly in the potentiometer test. These subjects fncluded one
man and three women, three smokers and one former smoker. One
of these had had asthma and was often affected by bad indoor
climate in the form of dry mucous membranes, tiredness, slug-

glshness, cough and stuffy nose (nasal congestion).
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Both this subject and one of the three others often experienced

difficulty in breathing. No statistical evidence could, how-

ever, be drawn from this small group of subjects.

Table 13 shows the variation of responses with concentration In
the four runs of each treatment. The analyses of differences
(contrasts) between responses to exposures and clean alr showed
that Iincreasing exposure time caused increased significance of
response Iin IMA 9, 11, 27. Flgure (8 *+ ) shows, however, K that
odour intensity (IMA 9) and alr quality (INMA 8) decreased with

increasing exposure time. An adaption is therefore indicated.

Such an adaptation was also found IMA 27; “Ventilation needed"
and DTH 5: "Odour intensity".

The consistency of answers to each IMA question was examined by
a comparison to answers to another question which may be suppo-
sed to correlate and to one which may not be expected to corre-
late. The results are shown in table 14. Most of the results
shown in table 14 confirm the initial hypothesis that some of

the questions are correlated and others not.

Some diviations from the expected correlations in table 14 are,
however, observed. Ratings of {llumination and sound level which
was constant turned out to be correlated with headache. Illumi-
nation and sound level may therefore directly or indirectly in-
fluence the subjects' probability of developing a headache due
to the VOC exposure. Alternatively subjects may react more
strongly to unfavorable light and sound intensities when they

have a headache.

In future experiments it will therefore be Important to test if
this is a true effect and to arrange the exposure in such a way
that questions related to headache, sluggishness, tiredness and
dizziness are used only when {llumination and sound levels »re
constant and optimal. Another unexpected correlation was found
between rating of the physically constant sound level, and the
feeling of sluggishness, tiredness or dizzlness. The reason for

this interaction cannot be explained.
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A significant correlation was found between general well-being
(IMA 25) and irritation of mucous membranes, odour intensity
,

air quality and the need for ventilation.

The feeling of sluggishness correlated with irritation of mucous
membranes and need for ventilation, but not with odour intensity
and air quality. The feeling of tiredness and sleepiness corre-
lated with irritation, but not with odour Intensity, air quality
and ventilation. Headache only correlated to irritation of
eyes. No correlations were found for ability to concentrata.

No correlations were found between temperature in the room, skin
temperature on the body or in the face, the level of sweating of
the subjects, air humidity or air movement. Nor was a correla-
tion found between irritation or itching in the facial skin and
the perception of general well-being or irritation {n eye, nose
or throat. This lack of correlation may be due to the possibi-
lity that these skin areas are affected by different irritant

compounds or that the thresholds for different irritants vary.

The acceptabiliy ratings (Yes/No) and intensity ratings (mm) for
each questionnaire were compared. Figure 10 shows for alr quali-
ty (IMA B) and irritation of nose (IMA 17), that the two diffe-
rent rating methods yleld the same results. Such cons{stent re-
lationships were found for questions IMA 9, 10, 11, 14, 21, 22,
25, 26, 27 and DTHS5 with DTH&. Too few observations made conclu-

sions impossible on other questions.

Table 15 shows the correlation between answers to the two ques-
tionnaires. The correlation was calculated for each of the
treatments as the results could not be pooled. In the table +2
to -2 it is indicated that a correlation was found in respecti-
vely almost all and almost none of the treatments. DTH quest ions
on odour intenslty and €ye, nose and throat irritation were

highly correlated to their direct INMA counter-parts.
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They are, however, also correlated with the three other similar
’ »

IMA-questions. All four DTH questions also correlated with other

IMA questions llke air quality (IMA 8),
headache (IMA 24) and general well-being (I-

sluggishness (IMA 21),

dizziness (IMA 22),
MA 27) It therefore appears that neither of the questionnaires

specifically addresses any single aspect of indoor climate.
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Table 1. List of 22 exposure compounds and thelr relative Table 2.

concentrations:. The experimental design for five treatments (mg/m?)

on each of five experimental days.

Compound Welght ratios

n-Hexane

n-Nonane

n~Decane

n-Undecane

1-Octene

1-Decene
Cyclohexane
3-Xylene
Ethylbenzene

1.2.3. Trimethylbenzene
n-Propylbenzene
Alpha-Pinene
n-Pentanale
n-Hexanale
Iso-propanole
n-Butanole
2-Butanone
3-Methyl-2-Butanone
4-Methyl-2-Pentanone
n-Butylacetate
Ethoxyethylacetate
1.2. Dicholrethane

-

~ 200002002 00=200=200= =

-

QO -

-

-

. b -

day

Treatment
number

25

25

25



28 29

Table 4.
Table 3: Intended and obtained values of experimental parame- Average characteristic parameters for the 25 subjects.
ters.
Average
Parameter intended obtained (x * SD) unit Variable Unit of 25 sD
Value Value
¢ Sex M=1 F=2 1.52 0.51
-1
change 10 10 + 5% h
e & Age Years 36.3 13.2
temperature 22,0 22,5 C= * 0,2 26
ain F ’ ! ’ 3 Smoker daily 1, 1.96 1.02
Globe temperature 23,0 23,0 0,2 eC nccationally 2,
non smoker 3
Alr humidit 45,0 45,2 * 1,1 %RH
Y ! ! : Matrimonial single 1, 1.76 0.44
voCc (Cc1) (o] 0.14 + 0,13 mg/m? status cuple 2
(c2) 1 1,08 + 0,14 mg/m?
(C3) 3 2,8 * 0,08 mg/m=® Report often complaints about
(C4) 8 8,2 + 0,58 mg/m?*
(C5) 25 25,3 & ©:43 mg/m* - A. Indoor yes 1, 1.84 0.37
climate no 2
B. Dry mucous- yes 1, 1.75 0.44

membranes no 2
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Table 5.

Analytical registrations and measurements.

1)

2)

3)

4)

5)

8)

7)

Olfactometric selectivity of odour sense (3).
Odour threshold for n-Butanol, (5).

Linear analogue rating scale for subjective indoor climate
complaints (L.A.R.S. box), (3).

Questionaire (IMA) on subjective comfort and general
well-being, (3).

Questionaire (DTH) on indoor air quality and odour, (4).

Questlionaire mailed to each subject prior to the experiment
(3.

Measurements performed from the controlroom.
a) exposure concentration and duration. .

b) air temperatures, humidity, air exchange and globe tempe-
rature.

Table 6.
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The relation between answers of ''Yes" and ''No" accep-
tability (Y/N) and the exposure concentration.

Questions X* test
IMA3-7 Constant indoor climate variables e
IMA8 Air quality ‘e
IMA® Odor intensity #4
IMA10-13 Complaints related to eyes and skin in face =
IMA14 Irritation in throat and nose =
IMA1S Cough -
IMA16 Shortness of breath =
InAt7 Nose irritation x)
iMA18 Running nose 3 -
IMA1® Skin temperature %
IMA20 Excessiv sweating -
IMA21 Mental tiredness, heavy head, sluggishness =
IMA22 Physical tiredness =
IMA23 Sleepiness -
IMNA24 Must concentrate to perform -
IMA25 Headache =
IMA26 General well being right now x)
IMA27 Irritation level in nose and throught x)
iMAz28 More ventilation needed =)
DTH1 Alr quality acceptability s
DTHé Odour intensity e
A P < 1.0%

. 1% < p < 2.5%

+ 2.5% < p < 5.0%

o 5% < p < 10%

= p > 10%

*) See table 6.
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Table 7. CHIZ-test for significance of dose-responces in que- Table 8. Significance for the Yes/No question of acceptability
stions IMA17, INA26 and IMA27 on the general comfort corrected for differences in smoking habbits. See
questionaire (Yes/No-question). The test probability table 6 for identiffcation of questions. The four
of the CHl?-test Is shown. See table 6 for identi- runs refer to four runs in each exposure period.

fication of questions.

Questions run_1 run 2 run 3 run 4
Questions run 1 run 2 run 3 run 4
IMAS8 smokers 2.4% 1.8% 3.1% 1.0%
IMAt7 % 10% 16% 12% non-smokers 10.3% 7.1% 2.2% 1.7%
IMA26 7% 0.4% 17% 4% IMA® smokers 0. 1% 0.01% 0% 0.4%
non-smokers 0.4% 0.2% 2.2% 1.7%
IMA27 4% 1% 0.7% 0%
IMA17 smokers 24.0% 26.9% 27.3% 19.9%
non-smokers 16.0% 30.4% 73.5% 61.1%
IMA26 smokers 4.3% 1.5% 36.0% 14.5%
non-smokers 22.2% 4.3% 31.1% 2%
IMA27 smokers 2.8% 2.5% 0.1% 0.04%
non-smokers 32.9% 24 .5% 60.2% 3.4%
| DTH1 smokers 1.0% 0% 0% 0.01%
! non-smokers 1.0% 4.0% 14.8% 5.8%
i DTHé smokers 0.6% 0.01% 0% 0.03%
non-smokers 1.6% 2.5% 14.8% 1.1%
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Table 9. Significance of Yes/No questions related to general
Tabl 10. _
comfort. The analysis Is corrected for differences in j ke T Thze§02§0::uq::::iznnalff (DTH & INMA). Variance ana
age. See table 6 for identification of questions. (Z XH.55 rom hear analog rating scale
Questions age-group run 1 run 2 run 3 run 4 1
L.A.R.S.
1 37.2% 53.3% 24.9% 12.7% = RO Run; 2 RER."S Run 4
IMAB 2 5.3% 0.03% 0.05% 0.07%
3 10.1% 69 .5% 47 .3% 63.0% I1MAS e o .. BT
IMA® +4+ 4 e+ P P
1 26.9% 10.5% 0.6% 14.5%
IMA1O - - -4 ++
IMA® 2 0.05% 0.07% 0.01% 0.2% LHA 1 _ o . N
3 0.9% 10.7% 52.3% 20.3% IMA14 o 5 o
IMA17 + 44 ++ 4 o + e
1 45, 3% 32.9% 15.0% 1.2% INAZ1 B _
IMA17 2 5.7% 7.3% 1.4% 10.7% s B B - o
3 16.9% 70.4% 85.6% 30.4% IMA23 - _ _ =
1 45.3% 42.6% 59.0% 56.5% Ly e v - =
' : ' ) ' IMA26 +
IMA26 2 7.3% 2.7% 1.8% a.2% S e s e
= AB . &% &5 & IMA27 +4 4 4+ ++ 4 +4 4
) -3 2. 9% 330N DTH3 4+ ++e e e Fapere
! DTHS +
1 60.8% 68.3% 67.6% 39.1% ; i M e 53
IMA27 2 40 .6% 24 .6% 2.5% 0.2% {
3 30.0% 6.2% 30.0% 17.2%
1 47.4% 16.4% 5.0% ® PP B ¢ 1.0%
DTH1 2 6'2% 0.03% o'1x 0-3: ; e RN
3 10. 7% a.7% 40.6% 7-§x ! . g iy
. ° : " (o] 5% < P < 10%
i - P> 10%
1 10.3% 6.1% 2.5% 1.2% :
DTH6 2 ?.8% 0.05% 0.1% 0.4% '
3 1.7% 5.0% 47.3% 17.7%
= |
Age groups: 1 = 16-28 years
2 = 29-41 years
3 = 42-53 years !
4 = 54-64 years (too few observations)
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Table 12. List of identified Co-factors

Table 11. Lowest exposure concentration-threshold leading to

significant effects in this experiment.
Cofactors Related to
Lowest effect level
mg/m?
Yarjsble Sex Air movements (IMA 7)
Eye irritation (IMA 10)
MA9? + DTH5) 3 Yy :
odean &L Drynes etc. (IMAR 11)
8 Shortness of breath (IMA 16)
Alr quality (IMAB) Body temp. (IMA 19)
Sweating (IMA 20)
In 7) 8
Need for ventilation (IMA2 Sluggishness CIMA 21)
Dizziness (1IMA 22)
IMAY7) 8
s " AR & | Diffucult to concentrate(INA 23)
Irritation in eye, nose,throuth (pot.meter) 8 Headache CInK 247
Irritation eyes IMA1O 25 Age All questions and potentiomter
hose IMA11 25 ; School education —— '
!
Headache IMA2S 25 ) 1 Occupational education Odour intensity (IMA )
Odour acceptability (DTH 6)
General well-being IMA26 25 : Nose irritation (DTH 3)
1
Nose lrritation DTH3 25 Smoking habits Air movements (IMA 7)
Odour quality (IMA 8)
Air quality (INA )
Eye irritation (IMA 10)
Dryness etc. (ImA 11)
Nose {irritaiton (Ima 17)
Irrictations of ¢
mucous membranes (IMA 26)
Ventilation need (IMA 27) i
Alr quality (DTH 1) |
Odour intensity (DTH &)
Irritation Pot. meter

TR L

o T




38

39
Table 13. The IMA questionnaire; the analyses of contrasts.The Table 13 e d
table shows significances of the differences between : cont Fnusck
the response to exposure concentration X mg/m® and the
clean air exposure. Stregmal S I = = =7 =
' 1 - - - -
| IMA22 - - = =
Stregmal Run nr. C2 c3 ca cs - §
a = = . -
) - - i ity IMA23 k - - - -
1MA8 2 - - o . . = . = =
3 - - [a) = - - -
4 - + + + 4 4 = = = -
1 = = - .
1 = = a3 +e9 IHAZS 2 - - *
IMA® 2 - + + +4+4 3 - — s o
3 = * + + 4+ ‘14 - - - o
- el - + 4
4 [a] + LR + 4 IMAZ& 5 - 9 . .
1 = = - o 3 = o [a] +
INA1O 2 - - - - : : = N - -
- - - = o ks -+ 4 4
F _ ) : IMA27 2 = o M .
' 3 - + + e
1 - - = o } 4 o o + e+
» 1 - - +
IMA11 2 - = = o ! b
N - - o i i DTH3 2 = . o .
4 - - + 4 l 2 - = o} +
= o o .
1 - + e +e e
1 - - - o] i
INA14 2 - o " ; DTHS g - +ed v ik
3 - - - - = i
4 = - - [e) I 4 e ++ L +49
1 - - + ++ | Tk
- P < 1.0% O 5% < P < 10%
ThEtE 2 - 2 e I ++ 1% < P < 2% 5 B b o
9 ’ i ! + 2% ¢ P < 5%
4 - - *
1 - - - -
IMA21 2 - - o= =
3 - = =" o
4 - - - o
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Table 14. Test of correlations between IMA questions.
Expected no
correlation correlation

expected
Headache Shortness of
breath

IMA 3. Illumination +2 =2
headache alr change

IMA 4. Sound level *1 ~1
body temperature shortness of

breath

INA 5. Air temperatura = b
sweating {1lumination

IMA 6. Alr humidity -1 -1
facial temp. fl1lumination

IMA 7. Alr movement =1 =21
air change {1lumination

IMA 8. Air quality +2 [o]
alir quality i1lumination

INA 9. Odour intensity 2 -1
dryness, smarting, |sound level
ithcing of eyes

IMA 10. Eye irritation +2 [e]
irritation in eyes/|sound level
nose /throat

IMA 11. Dryness, smarting, +2 -2

ithcing of eyes
sweating sound level

IMA 12. Faclal temperature -1 o
irritation in eyes/|sound level
nose/throat

IMA 13. Irritation/itching e -1

of facial skin
cough sound level

IMA 14. Irritation of throat +1 =1
irritation in sound level
throat

IMA 15. Cough +1 -2
irritation in illumination
throat

IMA 16. Shortness of breath +1 = -2
irritaion in eyess |illumination
nose/throat

IMA 17. Irritation, dryness +2 =1

of nose
irritation in eyes/|illumination
nose/throat

IMA 18. Running nose o (o)
sweating i1l1umination

IMA 19. Body temperature o] 1
facial temp. illumination

IMA 20. Sweating -1 -1

Table 14 continued.

IMA 21. Sluggishness

IMA 22. Dizziness

IMA23. Lack of concentration

IMA 24. Headache

IMA 25. General well beeing

IMA 26. Irritation in eyes,
nose and throat

IMA 27. Ventilation needed

Significant: +2
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dizziness
+2
lack of koncen-
tration
+1
sluggishness
%4
sluggishness
+2
irritation in eyes/
nose/throat
+2
ventilation needed
€2

odor intensity
2

+1 correlated in most test
0 no conclusion

-1 no correlation in most tests.

sound level
+1
sound level

+1
fl1lumination
o
air movement
o
il1lumination

(o]
sound level
=1

fllumination
-1

correlated in almost every test.

-2 correlations only in very few tests.
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Table 15. Correlation between the IMA-questions and the que-

stions on eye irritation,

nose irritation,

throat

irritation and odour intensity as measured with the

DTH-questlonnaire.

Eye

irritation

(DTH2)
IMA3 Illumination
INA4 Sound level
ImAS5 Air temp.
INAS6 Air humidity
IMA7 Afr movement
IMAB Alr quality
IMA? Odour intensity

IMA10 Eye irritation

IMA11 Dryness,smarting

+1

+2

*2

ithcing of eyes +2

IMA12 Faclal skin
temp.

IMA13 Irritations/itch-

ing of facial
skin

IMAt4 Irritalon of
throat

IMA1S Cough

IMA16 Shortness of
breath

IMA17 Irritation/itch-

fng or dryness
of nose

IMA18 Running nose
IMA19 body temp.

IMA20 Sweating

=2

=2

+2

+1

(L.A.R.S5.-scale).

nose throat

irritation

irritation

(DTH3) (DTH4)
-1 -1
o (o]
-2 ~2
[a] =2
-2 -2
+2 *2
+2 +2
+2 +2
2 *2
| =2
o] =2
*2 *2
-2 -2
(8] (o)
+2 02
~f o
2 =2

odour
intensi-
ty
(DTH5)
~2

+1

*2
+2

+2

+2

Table 15 continued.

IMA21 Sluggishness
IMA22 Dizziness

IMA23 Lack of
concentration

IMA24 headache

IMA25 General well~
beeing

IMA26 Irritation
in eyes,nose or,
throat

IMA27 Ventilation
needed

+2

+2

+1

+2

+2

+1
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=4

+2

+2

+.2

+2

+2

+1

+2

+2

+2

+2

*1

+2

*2

+2
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Flgure 1. The effect of exposure concentrations 0O, 1,

3

acceptability of a)
odour intensity.

8 and 25 mg/m* on subjective rating in run 4 of
IMA B air quality and b)
The ordinate is % responding "Yes".

A%%YES
30
20_
| o "
0 1 3 8 25 mg/, 3
A94YES
30
204
1L
o,
o 1 3 8 25 M/

Flgure 2.

45

The effect of exposure concentration O, 1, 3, B and
25 mg/m* on the 25 subjects rating of acceptability
in run 4 of the DTH 1. air quality and DTH é odour
intensity. The abscissa is exposure concentration in
mg/m* and the ordinate % responding "yes".

‘}96YES
a
30
20
w”ﬂﬂﬂ
— .
O 1 3 @8 25 3
‘rqbvss
b
30
20
] []
| .
0 1 3 8 25 i




46 47

Figure 3. Potentiometer registration (L.A.R.S5S.-scale) of discom- Figure 4.
fort for all 25 subjects. The ordinate is average re-
sponse over the whole exposure period of potentiometer

The variation through one exposure period (50 min.)
of the ratings (potentiometer setting in mm (Full-
scale = 60 mm) on irritation in eyes, nose and

setting in mm (Fullscale = 60 mm). The abscissa is ex- throat at each of the five exposure levels.
posure-level O, 1, 3, 8 and 25 mg/m>. 0, 1, 3, 8 and 25 mg/m>.
|
|
|
A "
mm === ‘r
28 ? mm
- 30 25
8
20 20 $
1
0
1 04
B
124 ~ - - - v <
< o 10 20 30 0 50 min
3
»
0 1 3 8 25 HK¥4“3
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Flgure 5. The effect of exposure on air quality (IMA 8 run 1),

odour intensity (IMA ¢ run 4); The ordinate mm (Full-
scale = 40 mm) abscissas are differences between clean

air exposure and exposure to 1, 3, B or 25 mg/m3.

e

]

(1-0) (3-0) (8-0) (25-0) Mﬁ

N {
|
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Figure 6. The effect of exposure on (DTH3) nose irritation
and DTH (5): odour intensity. The ordinates are

(Fullscale = 60 mm) and abscissas differences between

zero exposure and exposure to 1, 3, 8 or 25 mg/m?*.
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Figur 7.

Regression model for the effect of exposure on nose
irritation (DTH3) during the first run of the exposure
The abscissas is

The slope of the regressionline is 2.54

treatments.

Ratings in mm.

(mg/m*)-172.

(95% confidence + 0.9%9).
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The variation of perceived odour intensity with expo-
suretime (min.). The ordinate is the ratings (mm) of
odour intensity (IMA 9?). Each curve represents one
exposure level.
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Figure 10. The correlation between the all ratings of accepta-
bility (% answering "no".) and the corresponding
continuous rating (mm) for air quality (IMA 8) and
irritation of the nose (IMA 17).

e vruinate is the ratings
(m.m.). Each curve represent one exposure level.
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Lars Molhave/bh

EXPO: AB-SKEMA, PERSONINSTRUKTION

BILAG

i Dette skema skal du udfylde adskillige gange i laebet af dagen, og i
skemaet findes en rzkke spergsmal angdende dit velbefindende netop nu.

1. AB-skema fra IMA Alle sporgsmilene skal besvares hver gang du fir et skema, og det sker
| " %

2. Skema fra DTH 1 nar der lyder en summer fra det hjerne.
i

De 24 ferste spergsmil besvares efter samme princip. Yderst til venstre

star sporgsmilet, f.eks. "Hvordan bedammer du temperaturen?, Cette skal
besvares pd to mader:

Forst skal du sette et merke p3 stregen mellem "generende koldt" og
"generende varmt", Du sztter merket midt pd, hvis du finder temperaturen
passende, eller lidt eller meget mod hejre, hvis det er lidt eller meget
i varmt. Dernest skal du i hajre side sztte et kryds enten i "Ja" eller

| "Nej"-firkanten alt efter, om du Finder temperaturen acceptabel eller

uacceptabel.

1 spergsmil 25 til 28 er der ingen streger at sztte merke pa. Her svarer

du ved at sztte krydser ud for de rigtige svar.

Praktiske rad:

Du skal tage dig den nedvendige tid til at udfylde skemaet., Du skal

stille dig selv hvert enkelt spergsmal, fer du svarer pi det. Sazt mzrke

med en lille streg pa tvers af linien.

Husk at undlade at kommentere dine egne svar. De andre ma ikke blive
pavirket.

Skemaerne ligger ps din plads i kammeret, men du skal skrive forsegsnummer,

dato og klokkeslet everste p3 alle tre ark,

Det udfyldte skema oy skemaer fra andre prever afleveres i en kasse

anbragt i kammeret.

Husk at.leqqe bagsiden opad,
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MIX-31: ALMENBEFINDENDE SKEMA Forsggsnr.: (1) Dato: Run: (2) P.»
ACCEPTABEL ?
HVORDAN BED@MMER DU: JA NEJ
: Generende Generende
3) Belysning SVAG b 1 STERK | dJ 3)
Generende ;, Generende
4) Lydstyrke Lyppgpt | | STPJENDE 0 (. 4
Generende . Generende
§) Temperatur KOLDT I t VARMT | O 5)
; Generende | , Generende
6) Luftfugtighed TOR I — Fugtig O O 6
Generende Generende
7) Luftbevagelse STILLESTA- F 1 TREK O O 7)
ENDE
8) Luftkvalitet BEHAGELIG | { UBEHAGELIG O 0 8)
9) Lugtstyrke INGEN - i Drerv=ldende O D 9)
HAR DU GENER I:
@ine:
10) Pjenirritation  INGEN b j oeterents O 'O 10)
11) Pjentgrhed @inene er , Pjnene lgber
TPRRE ’ 1 T'vaND O a 11)
Ansigt:
12) Hvordan er Generende Generende .
hudens temperatur? XOLD i ! vARM O a 12)
13) Hvordan er Generende , Generende
hudens fugtighed? TR ’ ! FUGTIG O O 13)
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huden?
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ALMENBEF INDENDE SKEMA Forsegsnr.: { (20

TOP NU GENER [ FORM AfF: DET ACCEPTABELT?
NEJ

JH
Irritation 1 INGEN Generende [: D
nals og svalg? STARK

Har du hoste-

facnemmelser? INGEN Vedvarende

STARKT

Mar du andened? INGEN Cenerende
STARKT

Faler du

tion, svi

v
tarhed 1

GENERENDE

SLET IKKE Cenerende
MEGET

ordan er hudens Generende Generende
peratur g VARM KOLD
“roppen”®

SLET I[KKE Generende
MEGET

Faier du dig

1 hovedet ] Generende
MEGET

Generende

Ji1g mege
ucfare

i T2, AT

£

bty

b8
e e
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