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HUMAN REACTIONS TO INDOOR A{R POLLUTION: N-DECANE

Spren Kjergaard, Lars Mglhuve and Ole Find Pedersen
University ol Aarhus, Aarhus, Denmark.

Abstract

1
(-

A dose-response study of human reactions to n-decane was performed in a
climate chamber. 63 healthy subjects, randomly selected from the normal
population were exposed to n-decane concentracions of eicher 0, 10, 35 or
100 ppm in a controlled double blind scudy using a lacin square exposure
design. The mosc significant findings relacted to indoor air quality were
dose-dependent changes in irritation of mucous membranes, sensacion of
increased odour intensity and reduced air quality. Adaptative changes were
seen at the highest exposure levels, but noc ac the levels relevant for
non-indusctrial environment. Among the physiological measurements che ctear
film scability decreased in all exposed groups. [n conclusion even small
concentracions of the relacively inert n-decane gave sympcoms similar to
those in the WHO definicion of che sick building syndrome.

[ntroduction

n-Decane (ClOH22) is a common indoor air pollutant originating from
building macerials (4). ln spice of this very few reports on human reac-
tions to n-decane are available. To ¢valuace human reactions to n-decane a
concrolled experiment was performed in a climate chamber. The main purpose
of cthe study was to evaluacte the effect ol occupational exposure levels
buct this presentacion will focus on some results of the experiment rele-
vant for non-industrial environments.

Macerial and mechods

The study was performed in che climate chamber with four subjects per
day exposed through 6 hrs to either O, 10, 35 or OO ppm (|l ppm eq 5.82
mg/m’ ). There were four exposure days per week during four weeks, and no
subject parcicipated more than once. This required 64 subjects. One day,
however only three subjects parcicipated. An exposure day included pre-
exposure measurements, exposure measuremenCs and post exposure measure-
mencs. The exposure groups Were exposed according to a latin square design
to eliminate week and weekday inceractions. All four exposure groups were
macched wich regard to age, sex, number of smokers, and level of schooul
educacion. No di{lerences in cemperature-, humidity- and noise exposure
levels in the climace chamber were scen among the exposure groups.

Subject selecrion

From the population in Aarhus 1025 subjects aged L8 to 60 years were
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“ndomly selected and invited by letter to participate. 210 responded
zitively and |21 were accepted for the main study after a preliminary
vestigation including o medical examination and several tests. The se-

en criterid are shown in cable 1.

ie 1 Criteria {Tor inclusivn in the studv

Age between |8 and 60.

No alcohol or drug addiction.

No scrious diseases (heart, lung, cye. cancer etc).
No allergy.

No heavy occupational exposure to solvents.

Nt reduced olfactory sense fanosmia)

.ng those accepted, A3 subjects compleced the study. These 63 had che
z awverage sex and age distribucion as the original population.

" <S

“he exposure system and climate chamber conditions are described

in
~its elsewhere (5).

luc jective cumplaints were chiscrcrcd in two ways by visual analouge
s (93, By a questivnaire, 2% questions concerning olfactory sensa-
s, indoor climate sensaticns, irritative sensations, and neurulugi-
symptoms were answercd, belore and 3 times during exposure. Differen-
ITom preexposure ansuers were used as variables. Secondly using a li-

tentiometer, the subjects shoeld sec an indicator to quantitate the

inn ol irritation tn mucous membranes ut eyes, nuse and thrvat (95).
ieers were cold to change the setting of the indicator, whenever they

any change in irritation levels, and they were reminded to check the
zion ~f the indicator every |5 minutes.

“nsinlopicul measurements included examination of the eyes. Tear (ilm
L tity was measured before wnd 3 times during

- micrascope. Subjectls were seated in a [ixed position after instal-
con of 10 pl 1% Na-llourescein., Stability was measured by the time [rom
ine tu break up ol the precorncal tear [ilm, as seen in the micro-

22 in cobalt blue light (7). Mcan of three measurements were calcula-
Changes in cye redness werce measured phoutographically by comparison
preexposure photograph with a postexposure photograph. Comparisons of

ness in an area limited laterally by che lids and medially by the

“wa werce performed in a double blind design (3). Cytological examina-
of small samples of conjuncctival secretions (mucus and tears) taken

=r the lower lid was performed by microscopy. Samples were fixed on

» slides with formaldehyde, stained by formol-fuchsin eosin and the

=: number of polymorphonuclear leucocytes, lymphocytes, columnar,

tdal and squamous epithelium were counted by a single trained
‘nician (3,7).

expusure, using a slit

istical evaluation was perfoarmed by a mainlrame version SPSS (6)

s ol variance amd t=tests was performed initially to analyse

during exposurv. Altervards regression analysis was performed to
se=dependency, with rhe square root ot exposure as the indepen-

ble. When the data did not approaximete nurmal distributions CHl=-

« er Kruskal-Wallis ane-way analysis of variance were

toan ur equal to 0,0% was considered signiticane,

used. A p-value

<ok e
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Resulcs

{n the questionaire a significant dose elfect rclationship was found

n 40.0001) in all expused groups tor questions concerning che indour cli-
e qualicy (fig. 1), measured immediacely after concentration had reach-
ol the desired level. The effects were dose-dependent. Similar resulcs we-
¢ encouncered by the two quescions related to odours, strength and quali-
(v. Nu dose-dependent dilferences were, however, found at the end of expd-
.ure day for these questions, as the effects apparently decreased during
the exposucre period, indicacing adapcion.

{n the pocentiometer test (mucous membrane irrication) significant do-
iv-dependency was encouncered too, but due to the inhomogeneity of varian-
.vs neither che performed analysis of variance nor the regression analysis
are conclusive. A non parametric analysis however, showed significancly
increased scores for exposed groups cumpared with non exposed.

Changes in cellular contents of tear fluids were significant only for
the cuboidal cells in a Kruskal Wallis one-way analysis of variance but
wnly the 35 ppm group reacced (table 2). Changes in polymorphonuclear
cells were not significant but seemed to be insignificantly dose-relaced.
tue lymphocyces, columnar epithelium, and squamous epithelium no changes
were seen. Measurement of eve redness showed no ellcct ol exposure.

lable 2: Change in cell counts in conjunctival secretion during the day.
Mean of differences.

tell type 0 ppm L0 ppm 33 ppm 100 ppm
folymorphonuclear leucocytes -186" -62° | 27
tuboidal epithelium* -3 0 5" -2

+ p<0.05 for difference less than zero (Wilcoxons test for paired measu-
res)
++ p<0.05 for difference greacer than zero (Wilcoxons test)
p< 0.05 Kruskal Wallis one-way analysis of variance.

Tear film stability showed decreasing values both during the day and
with increasing exposure (p< 0.035). Stacistical analyses are presenced
fuor the last measurement only, ie just before the end of exposure. No _
thanges were seen during the day among the subjects exposed to clean air.
tigure 2 shows differences from morning to evening in the exposure groups.
Since differences were strongly negatively correlated with morning values,
the morning values were included in the analysis as a covariate, but the
relacion to exposure was scill significanc (p< 0.001) and dose-dependenct.

Discussion and conclusien

The reactions of humans to low exposure levels of volatile vrganic com-
pounds as n-decane are of inceresc. Of relevance for non-industrial envi-
ronments we found lov dose effects lor the subjective scaling of indeor
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imate and odors. Our findings of decreased ctear film stabilicy are of st
-terest, since this parameter is of value in the diagnosis ol a dry eve, o]
=d since decreased tear film scability is correlated with increased pre-
ience of complaints among office-workers in Denmark (2). The present re-
-its of cell counts in tear fluid may not be conclusive, but due to indi-
:zions of dose-related effeccs one should consider these results as indi-
sive for future investigations. Support for the effects in this scudy is
.und in studies of white spirits with similar reaccions {n tear stabilicty
czsuremencs (8) and in studies of low dose exposures ol sensitive sub-
zts with similar answers in the questionaires (3).

In conclusion we find that these results support the hypochesis chat
Joor air contamination with volatile organic solvant can provoke some of

: symproms used by a WHO expert group (l) in che definition &f the sick
-lding syndrome.
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Fig. 1, Sensacion of indoor climace graded by visual analogue sca?es

TS a function of square root of concencracion. To each congentra:t?n ace
the mean (x) and standard ecror (pins) shown. Regression line (solid line)
nd 95% confidence limits (broken lines) of this is shown.
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Fig. 2, Means (bars) and standard errors (pins) of break up time of tear

film (seconds), before and during exposure, for each of the four exposure
groups. Similarly, means and standard errocs for che differences between

the two are shown.
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