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Abstract 
11ie purpose of this study Wa$ to eoaluate whether 
asthmatic reactions and changes in tear film qualily 
could be pruooked by exposing subjects to emissions 
from building materials in climate chambers. 1Wenty 

asthmatics and S hea/lliy controls were exposed to (1) 
gypsum board hung with waterborne painted wallpa
per; (2) rubber floor CUDering; (3) nylon carpet with 
rubber mat; (4) particle board coated with acid-curing 
paint; and (5) no test materials in climate cham'bm for 
6 h. Participants recorded symptoms by filling in ques
tionnaires, and clinical data were eoaluated by lung 
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function measurements at i~.of 30 min to H1, 
and external eye eraminations before and after~ 
sure (appearance of foam at eyelid, semi..quantitatroe 
measurements of precomeal superficial, lipid layer, 
break-up ti1'18 and epithelial damage). There was 
agreement between a trai1Jed panel's eoaluation ef per
ceioed air ~ and the participants' opinion ef in
door air~- No COTTelation was found between 
lung function meµsurements and· exposure to the ma
terials. H~ for all 11µJlerials, statistically signifi
cant changes in tearffem.qualily were observed t/J 

varying degrees. Lipophilic Volatile Organic Com
pounds (VOCs) may destabilize the lipid multilayer of 
the tear fluid, and this mechanism is suggested to be at 
least panly responsible for eye irritation.. 

lntrodudion 
Indoor air quality complaints have been re
ported frequently. In certain situations, high-
ly reactiv~, low-molecular weight chemicals 
can be allergenic. Some chemicals, e.g., 
phthalic anhydride (Maeda et al., 1976) iso
cyanates (Butcher, 1982), and formaldehyde 

_ (WHO, 1989), may at high exposure levels 
cause antibody production in humans. For 
most chemicals present in the indoor envir
onment it is not possible, on the basis of an 
allergen-specific or t()xic reaction, to explain 
the symptoms reported by the people living 
or working in the buildings. In the literature, 

'1 -...;; 

I -

- . 
' .. ~~ ~ 

• • - · -- - -.-n---- - - - - • -



378 Johnsen et ol.: A Study of Human Reactions to Emissions from Building Materials in Climate Chambers Part I 

objective measurements of the reactions de
scribed by persons suffering from the sick 
building syndrome (SBS) are given only to a 
limited extent, despite intensive research 
(COST Project, 1989; Burge, 1990). In pre
vious epidemiological studies of occupants 

·· exp~encing eye symptoms caused by "Sick 
Buildings", changes in tear film quality were 
found (Franck, 1986). Very often patients suf
fering from conjunctivitis, rhinitis, or asth
ma due to either an endogenic or an 
exogenic disease, are the first to report symp
toms related to SBS because many of these 
patients often have hyperreactive mucus 
membranes. One thing common to asth
matics is that they have increased hyperre
sponsiveness of the airways; for this reason 
they were chosen as the major group for the 
study as they offered the possibility of mea
suring changes in lung function. Very often 
this group of patients has secondary symp
toms in the eyes and the nose, not always 
correlated to allergy, and therefore one may 
suspect this group of being more sensitive to 
chemicals; for this reason the eye examina
tions were chosen. 

The purpose of this study was to evaluate 
whether asthmatic reactions could be pro
voked by exposing asthmatics and non-asth
matics to emissions from four building ma
terials in climate chambers. A secondary pur
pose was to evaluate whether changes in tear 
film quality could be provoked after expo
sure to these materials. For this purpose a 
comparison of clinical tests with comfort 
questionnaires and recordings of symptoms 
was made. Finally, a comparison was made 
between the trained panel's evaluation of 
perceived air quality and the subjects' re
cordings of air quality. The materials were 
further investigated in a mouse bioassay as 
well as by analysis of the emission of volatile 
organic compounds (VOC) and formalde
hyde in comparison with the results of the 
trained panel's evaluation; this is described 
in Part II of this interdisciplinary study 
(Wolkoff et al., 1991). 

Material and methods 
Building Materials 
Four building materials were chosen for the 
study, viz. 

1. painted gypsum board, 
2. rubber floor covering, 
3. nylon carpet with rubber mat, 
4. particle board coated with acid-curing 

paint. 

The criteria of selection, the test conditions 
and the emissions from these materials are 
described in Part II of the study (Wolkoff et 
al., 1991). Exposure of the participants in 
chambers containing 70-74 m2 of these ma
terials was compared with exposure in cham
bers with none of the materials present 
(empty chambers). Due to the allergic reac
tions of the asthmatics, the new nylon carpet 
was controlled by vacuuming and immuno
chemical analysis of the dust for contents of 
cat, dog and house dust mite allergens (Lind 
et al., 1987) but none of these was found to be 
present, 

Climate Chamber Exposures 
The exposures were performed in twin-cli
mate chambers (Albrechtsen, 1988, Wolkoff 
et al., 1991) and were single-blind. Curtains 
were hung up in the chambers and the ex
posed subjects were kept in ignorance as to 
whether no test materials (empty chamber) 
or one of the four materials in question was 
concealed behind the curtains. Two to seven 
subjects were exposed in each chamber and 
every exposure lasted 6 h from 9 a.m. to 3 
p.m., twice for each of the four materials, and 
twice for the empty chambers (Table 1). For 
all subjects, at least 1 day between exposures 
was required. The climate parameters were 
kept constant during exposures: temperature 
22 ± 0.2 °C, humidity 45 ± 2% RH, air ex
change rate 0.5 h·1• Subjects were exposed in 
the empty chamber in the beginning for 
practical reasons and due to the hy-
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Table 1 Exposure period and material. Subjects were randomly exposed 1wice to 1wo different materials within 2 weeks 

Design of exposure 

Chamber 2 l 2 2 

Material None None Rubber Particle Nylon Gypsum 
floor board carpet board 
covering coated with with 

with acid- rubber water-
curing mat borne 
paint painted 

wallpaper 

Date in 1990 9. Sept.-15. Sept. 25. Sept.-6. Oct. 23. Oct-3. Nov. 

pothesis that the subjects would score the 
highest degree of discomfort at the begin
ning when staying in this unnatural environ
ment, before being exposed to odorous ma
terials. The subjects were then randomly se
lected and exposed twice to the two materials 
in the following periods. No measures were 
taken to mask the odour in the chambers . 

Subjeds 
In total, 25 subjects participated. Five non
asthmatics recruited from the Technical Uni
versity were included in the study, 3 female 
and 2 male (mean age 29, range 27-32). 
Non-asthmatics were defined as subjects 
without a medical history of allergy, or 
symptoms from the eyes, the nose or the 
lungs and without bronchial hyperresponsi
veness to histamine. All had a normal lung 
function with a forced vital capacity (FVC), a 
forced expiratory volume in the first second 
(FEV1), and a peak flow (PF) exceeding > 
70% of predicted normal values. After a 
bronchial histamine challenge test (BHC) 
with doses up to 16 mg/ml, the FEV1 of nor
mal subjects should not decrease more than 
20%, as compared with the FEV1 after di
luent challenge. Twenty asthmatics attending 
the outpatient clinic of the National Univers
ity Hospital's Allergy Unit were selected for 
the study, 10 female and 10 male (mean age 
33, range 19-53). These subjects all had a 
fluctuation in daily lung function of more 
than 20% (FEV1 or PF). All the asthmatics 

had to demonstrate a BHC with a decrease in 
FEV1 of at least 20% after challenge to no 
more than 2 mg/ml. The PC20 value was de
fined for each subject as the Provocation 
Concentration of histamine dihydrochloride 
producing a 20% reduction in FEV1• The va
lues of PC20 obtained for the asthmatics were 
within the 0.04-1.88 range, mean 0.47 mg/ml, 
reflecting severe to moderate hyperresponsi
veness (Hargreave et al., 1981). Bronchodila
ting spray treatment (Bi-agonist) was not per
mitted for 8 h prior to the test. 

The amount of medication was recorded 
and kept unchanged during the 3-month 
study period. In the morning of the exposure 
day, before leaving home, asthmatics were 
permitted to inhale a short-term bronchodi
lator (Rimiterol, half-life 5 min) in order to 
cope with moderate to severe asthmatic at
tacks. Fourteen of the asthmatics needed this 
treatment on 1-10 study days. 

Eighteen of the asthmatics suffered from 
rhinitis, and 17 were allergic to common 
aeroallergens such as pollens, house dust 
mites and animal dandruff based on a skin 
prick test and an analysis of specific IgE
antibodies. 

Informed consent was obtained from the 
subje..."tS and the study was approved by the 
Ethics Committee of Copenhagen University. 

Indoor Air Quality Assessments 
During the periods of exposure, the indoor 
air quality was assessed in decipol values 

/ _____ ----
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Table 2 Details of time and type of clinical examinations and time of decipol assessments 

Design of examinations 

Examination Home at Technical University Home 

time morning 830 9°" ~ 1000 1030 

Peak flow + + + + + + 
FEVI &FVC + + + + + 
Questionnaire + 
ofsymp~ms 

Air quality + + + + 
scaling 

Eye examination + 
Dccipol + 
assessment 

(Fanger, 1988) by a trained panel of 8 mem
bers (Bluyssen et al., 1989). This assessment 
was inade by the panel shortly before the 
subjects to be exposed entered the chamber, 
and again shortly before they left the cham
ber (Table 2). The methods are described in 
detail in Part II of the study (Wolkoff et al., 
1991). 

Climate Questionnaires 
Two questionnaires, modified from Anders
son et al. (1988) including questions on nine
teen symptoms (Figure 2) concerning the 
"sick building syndrome" were recorded. 

One questionnaire was for the evaluation 
of baseline values within the month preced
ing the exposure period. The subjects were 
asked if the symptoms were present (1) sev
eral times a week, (2) seldom or (3) never. 

A second questionnaire was completed be
fore and after each of the 6-h exposure per
iods (Table 2). The subjects were asked about 
the presence (yes/no) of the symptoms on ar
rival in the mornings, whether the symp
toms were unchanged, or whether there had 
been an improvement or deterioration dur
ing exposure. Furthermore, the persons were 
asked to give a general opinion of heat, cold, 
and draught in the chamber. During the ex
posure they scaled the indoor air quality by 

uoo 1200 I oo zoo 300 500 ']00 9°" uoo Night 

+ + + + + + + + + + 
+ + + + + 

+ 

+ + + + + 

+ 
+ 

marking an arbitrary visual scale ranging 
from "good" co "bad". This was done every t 
30 min from 9 a.m. to 11 a.m. and then every · 
hour until 3 p.m. 

External Eye Examinations 
Four biomicroscopic eye examinations re
flecting the tear film quality were performed 
consecutively in a dim location outside the 
chambers immediately before and after the 
exposure (Table 2) (Norn, 1983; Holly and 
Lemp, 1977): 

- appearance of foam at eyelid or in comer 
of eye [FOAM]; 

- semi-quantitative measurements of the 
thickness of the precomeal superficial li
pid layer [SMLL]; 

- time from the conclusion of blink to the 
occurrence of tear film fracture - break-up 
time [BUT]; 

- lissamine green staining of the conjuncti
va! epithelial damage [ED] as a conse
quence of poor tear film quality. 

All four examinations were performed by ex
amining the external eye structures using a 
Nikon FS 2 slit lamp with the slit wide open. 

FOAM was recorded as normal if more 
than three bubbles were observed at inner 

... ;. 
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Fig. 1. A. The trained panel's 
evaluation of perceived air 
quality in decipals after 
short-term exposure to no 
materials and to the four ma
terials in the dimate chem· 
bers. The results are means of 
values given by members of 
the panel shortly before the 
subjects to be exposed during 
the day entered the chambers 
in the morning and shortly be
fore they left in the afternoon. 
Error bars indicate SD. B. Par· 
ticiponts' judgement of indoor 
dimote for the same mater
ials. The results ore means of 
values for oil subjects of mark
ings given at 9, 9.30, 10, 
10.30, 11 , 12 a.m. and l, 2, 3 
p.m., shown separately. Error 
bars indicate SD. 
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draught complaints 

Other symptoms 
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Rubber floor covering 
Heat, cold or 
draught complaints 

Tiredness p<0.1 
Head feeling heavy p < 0.01 

Itching ear 
or scalp 

Facial itching 

Dizziness 

or burning sensation -:+=-+.:;~.,,.,..m!I!~ 
Lack ot 
concentration 
p<0.05 p<0.05 

Facial skin 
dryness 

Difficulty in breathing 
(p < 0.05 improvement) 

Eye irritation p < 0.05 

Itching/runny or blocked 
nose (p < 0.05 improvement) 

Fig. 3. Comparison between 
symptoms recorded in ques
tionnaires before and after ex
posure to rubber floor cover
ings in climate chambers. 

Pain in the throat Bad smell p<0.01 
Throat irritation/hoarseness 

.If.... Pre-exposure -4 Post-exposure 

Particle board coated with acid-curing paint 

Skin flush 

Itching ear 
or scalp 

Facial itching 
or burning sensation 
p<0.05 

Facial skin 
dryness 

Difficulty 
in breathing 

Tiredness p < 0.01 
Head feeling heavy p < 0.01 

Dizziness 

Lack of 
concentration 

Eye irritation p < 0.05 

Itching/runny or 
blocked nose p < 0.05 

Fig. 4. Comparison between 
symptoms recorded in ques
tionnaires before and after ex
posure to particle board coa
ted with acid-curing paint in 
climate chambers. 

Pain in the throat 

Nose dryness 

Bad smell p<0.05 

Throat irritation/hoarseness 

A Pre-exposure ~ Post-exposure 

subjects. The changes during the day are il
lustrated in the figure. A statistically signifi
cant difference (Mann-Whitney, p < 0.05) was 
found between morning and afternoon va
lues for particle board coated with acid-cur
ing paint, nylon carpet, and the empty cham
ber, but not for the painted gypsum board. A 
statistically significant difference (Mann
Whitney, p < 0.01) was found between all the 

materials compared with the empty chamber 
for both morning and afternoon values. 

Figures 2-6 shows the percentage of per
sons complaining of symptoms related to the 
"Sick Building Syndrome" on days of expo
sure to none of the materials and to the four 
materials. Recordings of symptoms present 
in the morning before entering the climate 
chamber (pre-exposure) were compared with 
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Gypsum board hung with waterborne painted wallpaper 
Tiredness 

Head feeling heavy p < 0.01 

Skin flush 

Itching ear 
or scalp 

Facial itching 
or burning -+.;..:....r':....+=--flllr' 
sensation 

Facial skin 
dryness 

Difficulty 
in breathing 

Dizziness 

Itching/runny or blocked 
nose (p < 0.05 improvement) 

Pain in the throat 

Nose dryness 

Bad smell 

Fig. 5. Comparison between 
symptoms recorded in ques· 
tionnaires before and after ex
posure to gypsum board hung 
with waterborne painted wall
paper in climate chambers. 

Throat irritation/hoarseness 

J..... Pre-exposure 

Nylon carpet with rubber mat 

n Post-exposure 

Heat, cold or Tiredness p < 0.1 
draught complaints Head feeling heavy p < 0.01 

Other symptoms 

Skin flush 

Itching ear 
or scalp 

Facial skin 
dryness 

Difficulty 
in breathing 

Dizziness 

Eye irritation p < 0.05 

Itching/runny or blocked 
nose (P < 0.05 improvement) 

Pain in the throat Bad smell p<0.05 

Fig. 6. Comparison between 
symptoms recorded in ques
tionnaires before and after ex
posure to nylon carpet with 
rubber mat in climate cham
bers. 

Throat irritation/hoarseness 

JI,...__ Pre-exposure 

corresponding symptoms in the afternoon 
(post-exposure). Improvement or deteriora
tion of symptoms was considered in the cal
culations. The general experience of heat, 
cold, or draught during exposure is inclu
ded; too high a temperature in the chamber 
was recorded most often, except for the emp
ty chamber. The statistically significant dif
ferences (Fisher's exact test) between the two 

~Post-exposure 

recordings are indicated in the figures. There 
were no statistically significant differences 
between baseline symptom recordings com
pared with symptom recordings in the morn
ing for exposure to none of the materials and 
to the four materials, respectively, or between 
exposure days. 

The most frequently reported symptoms 
after exposure were bad smell, head feeling 
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hc:ir.·. tiredness and lack of concentration, 
ur ~resenting stimulation of the central 
ncr•nus system. Second most reported symp
:oms CJffit! from the eyes and facial skin. 
rhcre were no differences between the asth
matics and the controls in the judgement of 
the svmpcoms, except for difficulty in 

breathing, coughing, and itching/runny or 
blocked nose. 

Lung Fundion Measurements 
On 6 exposure days, 5 asthmatics exper
ienced asthmatic symptoms with a measur
able decrease in FEV1 and PF of more than 

Table 3 Results of eye examinations for the four materials and the empty chamber 

E.uminarion 

RJAM 
tPn:l Post 

SMLL(nm) 
(Pn:} Post 

(SD) SD 

C.,mparison 
<ltf S.\\LL 
aticr 
apt>Surc 

SITT (second) 
(Pn:) Post 

CSD)SD 

Comparison 
ofBUT 
mer 
exposure 

No test 
materials 
in climate 
chambers 

(30) 31 NS 

(127) 127 
NS 

(54) 58 

(9.3) 6.4 
*** 

(4.7 3.1 

ED (post) 21 

Eye index 0 

Rubber floor Particle 
covering board coated 

with acid 
curing paint 

(37) 29* (35) 27 NS 

(133) 82 (140) 110 

*** * 
(47) 81 (37) 73 

** 

NS 

(9.3) 5.2 (9.3) 5.3 

*** *** 
(4.7) 3.5 (4.7) 3.8 

* 

NS 

26 20 

-4 -1 

Gypsum board Nylon carpet Statistic 
with water- with rubber test 
borne painted mat 
wallpaper 

(34) 31 NS (37) 28* F 

(150) 133 (144) 115 
* * w 

(0)47 (30) 63 

w 
NS 

NS 

(9.2)4.9 (9.4) 5.1 

*** *** w 
(5.5) 4.4 (6.1) 5.7 

w 
*** 

* 

17 16 F 

-2 -3 

Statistical significance between pre- and post-values for the 25 subjects after two exposures to each ma
terial in the climate chamber. 

FOMll: 

SM.LL: 

BUT: 

ED: 

Appearance of FOAM at eyelid or comer of the eye. Number of examinations with normal FOAM. No statis1i
cal significance for post values for all materials compared to post empty chamber values (Fisher's exact test). 
Semi-quantitative Measurements of precomeal superficial Lipid Layer. Mean thickness of all examinations 
graded from 0, 50, 1 00, 150 to 200 nm. 
Break-Up-Time. Time in sec from the condusion of blink to the occurrence of tear film fracture. Mean va
lues for oll examinations. 
Lissamine stained dots as sign of Epithelial Damage. Number of persons with ED after exposure. Con
sidered positive if more than 1 0 dots per cluster. No statistical significance compared to empty chamber. 

NS Non-significant F : Fisher's exact Test 
W : Wilcoxon 

Pre Morning value 
p s: 0.05 Post : Afternoon value 
Ps: 0.01 SD : Standard Deviation 
p s: 0.001 
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20%. The asthmatic attacks were observed on 
two occasions on days with exposure to wa
terborne painted wallpaper, on one occasion 
with rubber floor covering and on two occa
sions with empty chambers. Despite these 
asthmatic symptoms, the measurements of 
lung function in the climate chamber 
showed no statistically significant changes in 
mean PF, FEV1 or FVC for either asthmatics 
or non-asthmatics for any material or for the 
empty chamber. Regarding late asthmatic re
actions, no statistically significant differences 
were found between the PF recordings at 
home after exposure to the four building ma
terials or to the empty chamber. 

External Eye Examinations 
The summarized results of the four biomi
croscopic external eye examinations for all 
subjects are given in Table 3. Normal foam 
appearance was found in approximately two
thirds of all examinations. A significant re
sult for three of the building materials was 
that the mean thickness of the precomeal 
superficial lipid layer was reduced in the 
afternoon. The mean BUT was significantly 
reduced in the afternoon for all exposures, 
induding the empty chamber challenge. 
However, the BUT values were significantly 
smaller in the afternoon for three of the ma
terials, when afternoon values were com
pared. The measured BUT values were less 
than could have been expected (N om, 1969 
and Franck, 1986) and this reflects the group 
of hyperresponsive subjects. There was a po
sitive trend, although not significant, for lar
ger values for the non-asthmatics. Signs of 
epithelial damage were found in 10 to 15 of 
the subjects, and no significant difference 
was found between exposure to the empty 
chamber and to the materials. Calculation of 
the results of individual data for all clinical 
eye examinations for each exposure to the 
materials was highly significant statistically 
for the empty chamber (p < 0.001, Kruskal
Wallis test). 

As an expression of eye irritation and re-

fleeting tear film quality, an "Eye Index" can 
be devised by addition of each of the four eye 
examinations, giving a significant change in 
tear film quality for the materials minus the 
empty chamber. 

The Eye Index is given for the four expo
sures in Table 3, ranging from the worst case 
summarized as -4 to no changes in the empty 
chamber situation = 0. 

Discussion 
These findings demonstrate that 6 h expo
sure to the four building materials could not 
provoke asthmatic attacks in persons with se
verely increased bronchial responsiveness. In 
general, 15-200/o of the asthmatics exper
ienced lung symptoms when attending, and 
these symptoms declined during the expo
sure time (Figures 2-6). Although not statis
tically significant, the same tendency was 
also seen as an improvement in lung func
tion parameters (data not shown). Since most 

·of the asthmatic subjects also had rhinitis, 
they recorded nasal symptoms frequently in 
the morning as expected, but such symptoms 
diminished during the exposure, as a diurnal 
effect, except for the particle board coated 
with acid-curing paint. During exposure to 
this material, the subjects, especially the 
asthmatics with nasal symptoms, exper
ienced a deterioration of their symptoms. 
The particle board coated with acid-curing 
paint was found to have a large emission of 
formaldehyde (Wolkoff et al., 1991) which is 
known to cause upper airway irritation, 
whereas results as to changes in lung func
tion are conflicting (WHO, 1989). The re
cordings of nasal symptoms and the impro
vement during the day can be expected as a 
diurnal effect and only the imitative effect, 
probably from formaldehyde, could make the 
symptoms deteriorate. How the lung function 
of the asthmatics may be influenced by long
term exposures remains to be investigated. 
Concerning eye investigations, no significant 
correlation (Kendal Tau) between symptoms 
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experienced and clinical evaluation could be 
found for this 6-h period of exposure. The 
hypothesis that chemical compounds may 
induce changes in the lipid/watery phase of 
the rear film may be explained by the effect 
caused by some of the voes (Wolkoff et al., 
1991) destabilizing the lipid multilayer (Holly 
and Lemp, 1977; Franck, 1991). Irritants may 
chen easily penetrate the tear fluid. The 
abundance of lipophilic voes is compatible 
with the summarized results of the four ex
ternal eye examination tests presented for the 
rubber floor covering and the nylon carpet in 
Table 3; this is opposed to the abundance of 
che primarily hydrophilic voes emitted 
from the particle board coated with acid-cur
ing paint and the painted gypsum board 
(Wolkoff et al., 1991). The observed changes 
in tear film quality may be due to the voes, 
and the eye examinations may be a "tool" for 
further such investigations. 

The scalings of the subjects reflect very 
well the decipol values recorded by the 
crained panel (Figure IA), both for record
ings in the morning and in the afternoon, 
and for the change during the day. The long 
exposure period in the beginning, together 
with the empty chamber exposure, could in
clude a bias for time effect but no significant 
difference in symptoms or in objective meas
urements was observed for morning values. 
An "odour-blinding" can be considered for 
three of the exposures (empty chamber, gyp
sum board and painted particle board), with 
a decipol-scaling in the lower range. The 
malodour in the other two situations was ra
ther heavy as judged by the subjects and the 
trained panel during exposure to the rubber 
floor covering and the nylon carpet. This 
corresponds to the high decipol values gra
ded above the actual maximum training va
lues. These values may not be regarded as ac
ceptable in living rooms or offices. For the 
exposure with the painted gypsum board 
there is a trend toward increasing discomfort 
as marked by the subjec ts, but a stable deci
pol value during the day. For the exposure 

with none of the materials (empty chamber) 
the decipol values were considerably higher 
in the afternoon than in the morning. This 
was due to the presence of the subjects and 
possibly to the presence of bioefiluents. In 
agreement with the findings of others (Gun
narsen, 1990) the subjects adapted themselves 
to the pollution in the chambers, since they 
judged the indoor climate to have improved 
during the exposure. Gunnarsen (1990) found 
a higher degree of adaptation to body odours 
than to materials. The contribution of the 
subjects to the perceived air quality is very 
small with the high decipol exposure values 
found in this study and this may be the 
reason for the apparent antagonism between 
body odours and materials. Apparently VOe 
odours override the perception of body 
odours. For the odourless gypsum board as 
well as for the empty chamber, body odours 
become important during the day. 
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