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HUMAN Rf.ACT IONS TO !NOOOR Al R POL!.UTlON: N-OECANE 

Seren Kj~rgadrd, L~rs Melh~ve and Ole Find Pedersen 
University o[ Aarhus, Aarhus, Denmark. 

Abstract 

. ..... : .. ·.·-::.:: :.::' 

A dose-response study of human reactions to n-decane was performed in a 
climate chamber. 6J healthy subjects, randomly selected from the normal 
population were exposed to n-decane concentrations of either 0, 10, JS or 
lOO ppm in a controlled double blind study using a latin square exposure 
design. The most significant findings related to indoor air quality were 
dose-dependent changes in ir~icacion of mucous membranes, sensation of 
increased odour intensity and reduced air quality. Adaptative changes were 
seen at the highest exposure levels, but not at the levels relevant for 
non-industrial environment. Among the physiological measurements the tear 
film stability decreased in all exposed groups. ln conclusion even small 
concentrations of the rel~cively inert n-decane gave symptoms similar co 
tht•Se in the \.lltO de(inition of the sick building syndrome . 

Introduction 

n-Decane (ClDH22J is a common indoor air pollutant originating from 
building materials f4). ln spite of this very few reports on hum<Jn reac
tions co n-decane are available. To evaluate human reactions co n-decane a 
controlled experiment w~s performed in a climate chamber. The main purpose 
of the study was to ev•luate the effect o( occupational exposure levels 
buc this presentation will focus on some results of the experiment rele
vant for non-industrial environments. 

Material •nd methods 

The study was performed In che climate chamber with four ~ubjects per 
day exposed through 6 hrs to either 0, 10, J5 or !OD ppm ( l ppm eq 5.82 
mg/m' ). There were four exposure days per week during four weeks, and no 
subject participated more than once. This required 64 subjeccs. One day, 
however only three subjects participated. An exposure day included pre
exposure measurements, exposure measur~ments and post exposure measure
ments. The exposure groups were exposed according to a latin square design 
to eliminate week and .,eekd~y interactions. All four exposure groups Yere 
matched with reg"rd co age, sex, number of smokers, and level of schoul 
education. No diClerences in t~mperature-, humidity- and noise exposure 
lev~ls in the cli1nate chJmber wcr~ seen among che exposure groups. 

Subject selection 

From the population in Adrhus 1025 subjects aged 18 to 60 years were 
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c ~d.:i:::I:; selected and invited by l~tter tu partirip•te. 210 responded 
;itivelv and 121 "•re acct!ptcd for th<' niain stu<ly •lter a preliminary 
··-estigati{ln including ~1 m~dicil cx.1mini•tilln and !-it:-Vi?ral tests .. These

. ::.:;.·r. c.:ritcriJ are shown ln cahlt' J. 

• l' 1: C r i t~ria for i nclusi , 1n in tht· 'tludv 

Age bet"'ecn 18 and ~u. 

Nu alcohol ,,r drug addict1cln. 
~~r· SL·rious disease!-! (he.1rl, lung, l!ye. c.·,111(.C'r l'tc) .. • 

No ;ill~:!IY· 

No heavy occ:upat ionn I <.:Xp\,surc to so1vtJnts. 
No\ rtdured olf.:ictory s4:1ns1.· 'anusmi.._I 

'~Gng th0sc accepted, h] •ubjcct• rumpleted the study. These 6) had the 
··: J 1:~rJge S(!X ancJ a~~ <.lis[ril>ution ;rs th<. .. (•rigin.il populacion4 

:lt" e-xposure ~y.!:itc:m ;.nd <.lim.1l" tli.1mht!r concJitiuns are described in 
: iis clsewhcr~ (~)4 

:.t.: :h~ctivc c.1.•moL.iints '-'en.• ~cgiscrrrcd in cwo w;tys by visual analouge 
-=-~!SJ , A)· a oul'stic..111uin·. 'l.J qut·!-itions CtJll<.'.C'rn111~ t•ll.1<.tory scnsa-

· ~ .• indllor ._ l imatc s<.•nsat i~•ns, i rrit.it ivt.: sen~.:.[ i\1ns 1 ,u1<l neurologi
~~.~:7.ptmns W<.•rt.> ;1nswcre:d, hl~ lort• ;1n<.l ·~ times cJurin~ exposure. Dirreren
: :-,:r. µrccxµosur~ .1ns""•:rs were u~<. · d a~ v;iriable!i .. Sclun<.lly using a Ii-

- ::;·.· tt:ntilunt·t~r. th\· ~ubjee ts ~li111!I:.! set an inclitator tu qurintiC.t1t:e'""the 
:.Jti~in 1..11 irrit~t i on 1u mu1.1u.1s membranes " uf eyes, nose and throat (5). 

~~~ts were culd tc1 ~l1an~~ the S\."ttin~ l•( tl1~ indicator, whene~er they 
• riny t:hangt.· in irrit,1tion lcv'-"l!i. ilnd th~y were reminded co check the. 

:.ir•n nf [he indit;1tor t•vcry 15 minUt("S • 

... !.-. !:i i nlu\: 1c .il inc;1sur(•ml!nl!-. includc..-d cxaminf'ttion ,,1 thl' eyes. Tear film 
.. . !i t ·• ·..-u~ mcasurl'd b•:fur!! ,u1d ] l im<.•s during C.'Xposure. ~sing,, slit 
... mtc.r •.1 sc.:opc. Suhj<'l' ls Wl'rc.• st•atc.·cJ in t1 I ixcd p•Jsition after instal-
. un •;f 10 •l l"/. Ma-1 loun•scl'in. Sl;•bi I ity "as m<'.1sured by the time from 

111io'.. c.u br~ok up ol tht· prccor11c..·al tear film. ;ts seen in the micr<.>-
=· ~ in <obalt blue light C7). Mean of three measurements "ere calcul:a-

Changes in eye rt'dness "ere measure<! photographically by cumparison 
' prcexposure photograph with :a postt!xposurc photograph. Comparisons of 
ness in .1n area limited laterally by the lids and medially by the 
•C• ~ere performed in a double bl ind design (]). Cytological examina

o;f small samples of conjunctiva! secretions (mucus and tears) taken 
the lower lid "as performed by microscopy. Samples "ere fixed on 

, , slides "'ith formaldehyde, stained by formol-fuchsin eosin and the 
,; roumbt'r of polymorphonuclear leucocytes, lymphocytes, columnar, 
.i <lal and squamous epitht'lium wcr~ counted by a single trained 
•n i ci,1n ().7). 

~. o~ iH ir.11 evaluation"'"' perform<'d by a mainframe version SPSS ((>) 

·: ~:~ td v.1r f. 1nc.:1" ;1thJ t-t<'StS '-'aS ra·r(ormed initially tu an,1ly~<.· 

:..:t~ ·._ :.!uring cxp11..,urt•. 1\lt1•r...,.1rtls rt•grcssiori arwlysis was p~rfurmecJ to 
,,,,. :.!·.•\l·-c.lt•fJt:11Ut.·11< y, with rhl' ~'lu.1rt• ruur. ol cxpusurl' as the indl'p<.'n-
·; oj:-;.1bl1·. •..Jtwn ttw l.J:1t.1 dicJ 11nt .1p1•rt1xi1n..1ll' normal distributitins CHI
' \ •( Kru .. k.11-1.J.il I is 11 11l'-WilY 1111oily ... i~ nf v*1ri..tn('(' wcrl• usl."d~ A p-v;ilUl' 
t: .. 111 ur t•<p1al ltt o,o~, .... ,, r1111~idc·r1•J !'»i~uit it ant. . 

:-,· ·.-. : ·· :.· · :,.. 

:;..,··<·:·:·· -.. ... . ·. . . : : ; ... :··:_:-.: : ·:·· · .. : .. 
·: .:-· ·. 

... 
' 

...... 

.. ; -~ ' : :: .. •.·.. . 
.· ::-·······-···.··::_ .. :.:·: 

. •' ... 

. .... 
,• 

... 
. . .~ . 

-.-: ... 

"I•' 

·· . 



... 

·--

·' ,_ 

.. ' 

... ···· 

.. ·· .. -· · :·.·.·:·.· ····· .. : · .. :: ..... 
·.,• 

99 

R .. su I cs 

rn the quescionaire a signiflcanc dose e!f~cl rclacinnship IJ.:tS found 
I' ~0 .0001) I n all exposed gr.oups lor questions concerning the indoor cli

'•'l" qua l ty (fi g. I ) . musure d l mmediacel~ alter r.oncontration had re.-.~h
,.,! the desired lev!!I- ihe effects were dose-dep.,ndenc. Similar results .,.,_ 
,.. ~ncouncered by the two quest on·s re laced co odours, st rengch and qu" \ i -
l''· Nol dcS<!-dep e ndenc dil(ere!'lces were, how<!ver, found at the end of expd
-~re day for these questions, as the effects apparently decreased during 
t he exposure per ad, Indicat i ng adaption. 

In che pocenciomecer test (mucous membrane irritation) significant do
·~-dependency was encountered coo, but due to the inhomogeneity of varian
l ~~ 11either the performed analysis of variance n<>r the regres~ion analysis 
.ire conclusive. A non parametric analysis however, sho1Jed significantly 
:nt:reased scores for exposed groups c.:umpared 'WiC.h non exposed. 

Changes in cellular contents of tear fluids were signific•nc only for 
Lhe cuboidal cells in a Kruskal Wallis one-way analysis of variance but 
,•11ly the JS ppm group reacted (table 2). Changes in polymorphonuclear 
, l'I I' were not significant but setomed co be insignificantly dose-related. 
~ · ~ ,r lymphocytes, cnlumndr ep i c.hel i.um, and squamous ep i thet lum no changes 
· . .icr~ seen. :-ieasureme,nc. of eve redness sho'-'ed no E!((ctc. vl exposure. 

•, 

l':ible 2: Change in cell counts in conjun~cival secretion during the d~y. 
Mean of differences. 

0 ppm W ppm 1 S ppm IOO ppm 

;•.otymorphonuclear leucocyces -186 -62 l 2 7 

l:ubo ida l ep i the ll um" -3 0 -12 

p < O.OS for difference less than zero (\lilcoxons test for paired measu
res) 

p < O.Oj for difference greater than zero (Iii lcoxons test) 
p< 0.05 Kruskal Wallis one-.,ay analysis "r variance. 

iear film stabilicv showed decreasing values both during the day and 
·•ith increasing exposure (p< O.OJ5). Statistical analyses are pr"sented 
fur the last measurement only. le just before the end of exposure. No. 
changes were seen during che day among che subjects exposed ca clean air. 
figure 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 ~s a covariate, but the 
relation co exposure was still significant (p< 0.001) and dose-dependent. 

Oistus~ion and conclusi o n 

The reactions of humans to lu"' exposure Level~ of volatile organi<..:. com
pounds as n-decane are o( interest. Of relcvdncc for non-industrial ~nvi
ronments we found Lo~ dose effects for the subjective scaling of indu0r 
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1ma ce a nd odors . Ou r fi ndings of dec rease d tea r fil m $labll!ty are o( 
· teres t, since t h is pa r ameter Is of val ue in th e diagnosis u( a d r y eye. 
: d si nc e dec reased te a r fllm stabili t y is co rre lated with l nc rea~e d pre-

1ence of compl a ints among of f i c e- ~o rkers In Denma r k (2) . The present re
. I ts of cell c ounts In tear f l uid may no t be conc lus i ve , but due to i nd l 
c:lons of dose - relat ed effects one should cons ider these resul t s as lnd i 
. : 1ve for f ut ur e i nves t igati ons . Suppo r t for the ef!ects ln th i s s tudy is 
. ~ nd in s tudies o f un i t e sp i r i ts wi th s imilar r eact i ons In tea r stab l ity 
: a sureme nt.s (8) and ln stud i es of low dose exposu r es of sensiti ve sub-

: ts "'ith slmfla r answers i n the questiona l ces (S). 

!n conclusion we f i nd that these results support the hypothesis that 
Joo r a i r contaminat i on ~ith volat i le organic solvant can provoke some of 
' symptoms used by a WHO e xpert group ( I) in the definition ~f the sick 
. !ding syndrome . 
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~· Sensation of indoor climate graded by visual analogue scales 
;
1
s a funccion of square root of concencracion. To each concentration are 

the mean (x) and standard error (pins) shown. Regression line (sulid line) 
.ind 957. confidence limits (broken lines) of chis is shown • 

. "" 
•• 

JO 

IO 

ID 

.10 

10 ,,,. ,,, .. 

~ · 

100 ''" 

m .. ,Of'. ~""~ .. ,.. 
~ 0..,.,"'t ~•Po\We 

• !hfl"'~· 

!!B..:...,1. Means (bars) and standard errors (pins) of break up time 
film (seconds), before and during exposure, for each of the four 
groups. Similarly, means and standard errors for the · differences 
the two are shown • 
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