
Proceedings of Healthy Buildings 2000, Vol. 1 

AIRWAY IRRITATION OF voe MIXTURES BASED ON THE 
EMISSIONS OF THE FINISHING MATERIALS - PVC FLOORINGS 
AND PAINTS 

AIVC 
#13168 

J ukka-Pekka Kasanen 1, Kirsi Villberg2, Kristina Saarela2, Pertti Pasanen 1, Pentti Kalliokoski 1, 
Anna-Liisa Pasanen1 

1 University of Kuopio, Department of Environmental Sciences, Kuopio, Finland 
2 VIT Chemical Technology, Environmental Technology, Indoor Air Chemistry Group, 

Espoo, Finland 

ABSTRACT 

VOC emissions from building materials are assumed to cause irritation of eye and the upper 
airways (sensory irritation, SI) in the indoor environment. Four finishing products, two PVC 
floorings and paints, were selected to this study: PVC(+) and Paint(+) were accepted whereas 
PVC(-) and Paint(-) were not acceptable in the human sensory evaluation. SI potency of VOC 
mixtures representing the material emissions were tested by the mouse bioassay (ASTM 
E981-84 ). Both the paint mixtures were much poorer irritants than PVC(-), but stronger than 
PVC(+). In the PVC floorings, the mouse bioassay and the human sensory evaluation ended 
up the same rank order for the two materials. On the contrary, the Paint(+) mixture of the 
paint accepted in the human evaluation proved to be a more potent irritant than the Paint(-) 
mixture. Overall, formaldehyde was the main reason for SI responses caused by the mixtures. 
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INTRODUCTION 

Sensory irritation (SI), irritation of eye and the upper airways, is a symptom frequently 
detected in buildings with a poor indoor air quality. It is widely assumed that voes emitted 
from building materials are one of the main causes for SI in the indoor environment. Although 
estimates of SI have been suggested for many single VOCs, no threshold values have been 
given for VOC mixtures, e.g. material emissions. Because of difficulties with estimating 
irritation potency for voe mixtures, it has been suggested that olfaction parameters (e.g. odor 
thre:>hold or acceptability) can be used as an indicator of the SI potency [1]. 

In the Finnish Classification of Finishing Materials, the human sensory evaluation of material 
emissions is used besides measurements of chemical emissions for classifying materials into 
three categories [2]. Four finishing products, two PVC floorings and two paints, were selected 
to this study. All the materials, except Paint(-), fulfilled the chemical emission criteria for the 
best class of materials (Ml), but only two of them {PVC(+) and Paint(+)} were acceptable for 
Ml class according to the human sensory evaluation. The aim of this study was to clarify if 
there is a relationship between the SI potency tested by the mouse bioassay (ASTM E981-84; 
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[3]) for voe mixtures1representing the:material en�i:ssiohs and t!he acceptability of erniss'ioni' 
in the human-s�ns_O!:Y t?Waluation. I I I I I, ,,1; r· _'.i �.�oJ� 1,_ J'• 11'.J_l•_ll_JI,!_ I:.' 
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I ,,,,. t 
voe ffiiXtureS representing .e.miSSiODS from materials i II L J. 

• '· : .  I I I I .i! I l The human sensory evaluatiod test whe performed with a naiye panel of five per ons1 )lo� ' 
evaluated the acceptability of the mateliaJ emissions li:i· a cham'\'.>er (Clilrtpaq) using i.1sc1ale · 

from not acceptable (-1 ... -0,1) to accb�tabl (+0,1. . . +l) [4]. The mean1a1� epfabiltty valte for 
th� �VC flooring were �0:87! {PVC(+) } and-0.17 {P�C(-)}, �nd for tbe paint_s1t9;3�'1".. ,,; 
{Paint(+)} and_ -Q,.11 {Parnt(-)J. The PVC (-) wa descobed as i' pl.easant', 'd.isgustmg', 

• ' � . J 11 I . I ' I 1·<- b p . ( ) acnd' and 'stale', and the PVC(+) as 'good' , 'sweet and plas1 c- IKe . T r· t)�V}� . 
- ,Y'(as_ 

perceived as. 'ul)acceptable' and Paint/+) as 'sweet' ;µid acceptable'. Theem���·f?n.,(acF.Qt. ru1d the calculated concentraticpns o� c�emica sin the c;rurpaq chw.b1�r1��- .-95 ,tp3· load�n_g 
!a�tor for flooqpg materials 0.�7 m and for �aints 2.3,m ; N= .13-3.421\Uf:h ). ,�e J� es

_
en�ed 

m Table 1. 1 , : ,. ·) 1 �. I 1'1 & I 
f \ ( 1 1 •• I 1 11. ll' r •· ' I Based on tbe pr<?portions of the compounds (Table 1)-.the basict chemical mixtures (mi�tures • 1 

without formaldyhyde and amoionia),were prepared fqi: the exp�i:i.1 ents from the pure 
chemicals (supplied by Sigmn-tAld.rich, Germ:nny). The diluted �ater solutions fro ·:36 5% • :·' ; 
fa maline (Riedel-deHaen, Get·many� ·and 25% ammoflla (Mer k, Germany) or gaseous 
ammonia (Woikoski, Finland)1were used. r I 1 1 

f � , : ,f J, t I b �I, I • . 

Testing of ST - the mouse hio�ssay' 1 • ··' 11: 1 . I .. - J. • !I . 
,,, . 

Toe SI potency· bf the voe mixture wa inv stigate :by the standard mouse bioa'S' a�'(ASTM I E981-84 [3]�. �1 cl·ach experim�nt, fo�'J'. naive ?F 1 n� b· were e�posed (he�d�bf11 �e�f:l�,su1·e):·to , 1 

th known airborne concentrat�on of the cbe1D1cal mixture. at the alr'flo rate1of 23 l/ffi:1ti. 
Di.fferent concentration levels were �Jted for:each mixture. Th� basic rrii1x¥l:H s ''e& es'{M'' I first followed b)i the mixtures with f�rln.aldehyde and �mmoni : (total mixtures). i. ' '

.

'irir. ' ' 
I _ . 1 , • :1, 1 1ulr.1111i1 

•. 
I I /, Sensory 'irritants -inEluce· a- reflex-basee dose--depender1t-deerear,e·in�resp_iratory rate: of- . · ce 

(Rbj' 11e tcY �tl'i1iuhhl6ii al· rfre 'iiis·ai :dg�rtili1al derve '€1�Yrt�s)rsi: . i'tt11ilig 'a�iicitii� �d 1&Jt!i ' 
collection system [6-8], a mean respiratory rate (j) of four mice was recorded for a 1,5,�in 
control period (exposure to room air), for a 30 min exposure to a mixture and for a 1'5 miri ·. 
recovery oeriod (e�pos1.�re to. room airyin each exr.Rr!men�. A �aselii:ief wtt determ i !1 d a.s a� · ·1If • .  I 11'1 u.i · 1·n J l '.J. 11 ! 'ct•'\ ·.1 id.I"•" IJ/..111 t '' t'Pio' ' l;'T" ;J;j. ·� ··I I' r- l 1 , JJ �I 'I • ,. average u· contlo JJer oa cor 1 gs �t equa o o o separate om otner 
re�pii1at66/ ffec1�· , r rmJilkMJ�fter'i1uf(llatio'll' � re a� l'e6m' etf a ·!�1nk 1U1d �0ber1 1{i e�'i�'.JI ' I !'JI ''. 

•I ; ,, 'f'•'1 �r.( j� . ,  .·.1mi '.11•1:Y.dl· I )J v' I :Jiii' 'Jil I ·" ·:1· ' ftr\'.�111 ( . r IHI ' , , I' �l. JI 
Rik I Ji '. ; ,; J. Ji• :rl. '.!! . •Jd '·'.• 11·11· . . . ,;., .. ·111• I, lifi'� ', (' h I· (' 'I: I ti l Ill . .  1.;.Jll s eva uat on · , . 
r 11,rt1/:i·1;-i .. �11rJf ff11'.,.:r· 1 ;iJ·h·,; ... 1.tH•rr ·t1',11:f··1B ·Jl (rl ·.111,qtJ,, 1tJ'1ff :.- . HI J:r .,,.,, .. .  

b�cupationhf��-po I \.lre1ih�it 1(oEi,)'6 '. � 't%�1tiidl' Catt �e oisuliti�d ·s� 1�ui ipjyifig'.R.D�? �liJ.4�' ; 
c�.e. 1, co�cen�·��6n,11�ich cau.s��:�,.S6�� a�c11;�a'�e ��J?·��l? .o�9r ?,1. ��N�mn{��a��f i�( ?.Rr1. '.:: 1 
airllev�ls (RILS)'['lO] ca'.rlbejfurther est1roatei:I to be /4- 1140 · OE i.e. RD50/I33 - · 
RDso/1333. 

I ,•·. )I,)) 'r/( I id!, 'J.-''' ,'� : ,!ii; ::�J 1:·.1 J• II iii1J JllJJ 1l • 1111; 
r:;: • , ,1-J •; , 1 JJl.H . {·t· 1,,n;· l ii. .;11 '.J!1. JJ, n· "' . 1•1, :: "' , .;1 ·1u1 r:; " 11i ·1. :;-;.1:....,Ji 1 

11r1 11111\'..:!lll 1i ! ) ·,11.i1 i 1·1 (·ilr<1I J,·,.l.1,,.,,, .. ,, {:r.i''!dl .' . •  I ;1"' 111 ;r1 • w,fl"1r . !.' .� ' i  l,11111 ' "  ,,;.:1 
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T,a,91�- l;J�mil>sion,facto!:�1of..djffererrtc�Qmoli>nunclsjemitted from the P-V.0Aloorings and paints, 
and calculated concentration based on the emission factors in a {ijlim a �ham0et. 

Material emissions Calculated concentrations in 
Emission factor, 

Material I Compounds m2h Proportion, % m3 
PVC(+), accepted �;. 3_ : r �.-·1, : , 1.��;·, ..-1·•: �t �"j -�"r ::··:,,.f 
• 1,2-propanediol 13 8.5 2.8 
e phll'npl '" ·1 • j • . • 3 3 · · "  · · • .,1 1 :�riT\f; j• -,1 'J\/ll ·,:)I .:ei :J f;: [.'� . "li'lll/ !.', _ '-"·- ··,;-: ,f : • .  ,I ." .. �· · 
• 2-(2;b�tQ�Y�f�,¥lfi���pl_:·: ·,._,, :'IJ:: .J J� . : .  ·: .. . ,, ;. , ' 3J9..,11. 1 , ( • ":id�:4 _,r, 
• 1(}°:1]j1f��l:,11P.Y� � }?0R�i1;'.J111 �. '( .[' ' ( n . i " �" �1;�0.3 .•,; n. .l -. ,\i�:� 
• ammov,,�( . , lrri;;q 'JII· 1•11 l .r . [ ( - . · , . -. i r l .�1 , , i ( -"::\"': �� (�; - 'fl <'Im >( 
• formald hvde . 1. - '"'J'- '·· 1 • t- · 

1. r.r · •il.r 1tr,.• ' •;1.j.J,, ?.''. ,;'Ji'.IT , .: 1.-J.. ·• , : •. ·r, •" , , . r· 1 .:•: . . . S.lJlYl 1 - . 153 I 100 . I . . 32,7 I 
PVC (�). i:fofd itl!iitetl' . . '': " .  I' ··�1 !Jl!G "• r)' ?!, , ; � 

.
' • .J'\, •i;. �.;r:. 

; :  

"i" 
·1 ';f, 

• i-e'iliy1tl�x'nl{911" : · _:. • 1 i' .':...·Ji:! i'.:l·J;:;i;' '.t� .·.1 • '� •·:1.'8J1t.' : - 1.': oi '" ' • 2.'6: ., 
• '2:'2.4 6'6- ·�ni:�;,n�tt/ tr�<liarl� . ii 2 'Ji . " i;· .i11·1j� ' 1.1 ;, .- 0.4' · ·: ;:_ ::ti1 

• ' '  p ' Y . g1, . I r . . . .  • 

• :2-hhylH&xarfofc!�ci(i' I.> • •  , ( __:/I; n•3
:S _, ;�; . j ':'"' 48.6 Ii. ·1'; ·-;_ :;,Jo,;•: %'.9'[(lt;. 

• 1-butanol 5 6.9 1.0 
• ammonia 12 16.7 2.4 
• ;fbtmaltlehyde tJ' :, 1:; ·\ )�. �11' 5'.. .rlr;: · �L·,:;-6:91 .� ·(i :: i.ou ._,;1 '[" iY 

:_i.uu .. Ji.: :uil r:1: SVM i 1.') ... : ·nl . ,1 .. ·1•. -1 :n:>ro©' i'.';. 1111 Ltii.; ·:1;i�2 1 !l'J ... 

Paint;f.f).lacOf<l,'lttd·10: [.,,,' ... ,,, , · ' J1dil ·y•·1 .· - .; r: : .. itJ .. ' ·i·:\;'/., . 11.10 ', ·rrl J ·'qqu:-1 ,. Hm� 

r� I 

• Texanol ·.i;• , ·1· i w:1 :·q:.. . � JN1 l d37. :·; ,i;; ,. .� tr95�8"illi r :, ; · . -<;,' i:iJ<}.2i,7 i /i i 1J;1 · 11 

• ammonia 3 �,Q;;iJ '.T:iv (,y:,, •1·J .dr2.0 1;<.· · ·, 

• formaldehyde 3 2.1 2.0 

Paint (-), not accepted 
SUM 143 l0011t;l'l�I �): ''l?,r:uw •96t.7 1?'.'o ;•r\:l· ! · 

9iv �.'�:-P��ff9cr,diQ} � . 1 11; . ·'Jr:,,,.. <,:·, ·/f.6fl; .o!'.I v :i ;·169.�:;i·;uJ1.'rri .·\ ,1\ J:�19J .. �·�1:JJv11('.' r: 
•:112r.(2j�t9f¥;t�f\Y.-l�a.J} �h· •c , ·.:J ,,,,;109,. i'·!( :;i rir·ri9rrli1 .lfl'. • :;r. . ;r}J,� .([r.1 1 . '>' · ' 

• 2-aITHn?r.t-�et�y���-.W.Ql?A'Jq! 1'• "'j t rn , _  ll�JI•') :;\iLu I !•:'[·ll";,,i I :,2·?. .. ii: 'i /•,,;: . I 

• (11:1Jl�OPYJlj>.��Jf,tajffi)i�:l )l{ ,rJ ·fl" ') IJQ), i[')J>0 i(l• i· (9,�§) :-1" I, •' 1' 'j(2:�) rfr()'.J �ll':"•� 
• ammonia . ( w ·11n ,, i! 1-. [1; � :L i1" irnr� � lH · 1> .;h• L'.Jl1li;11\·:k1 ,�Ji 1 ''. : ' 1.J : ;, ; f"'i '.Jr }·9ri ' " , : i · :-t •• 
• formaldehyde - · 3 0.8 2.2 

. suM 374 100 . , 2 4 .. s .. . .. .. 

* n:P.roovloenzanuae not,ioduCled jn the animal exn�,imrents be,cau e of -supP,J vling d�fi ulties , , '1> l.ttl. 1'• ; rnui i.: '· :ir!J 111 1 ,. , . q ,_::,11 L•fl' . •  • .i :ri r l'H.,grr • "�'··' .J•T ;, 1 ••• • 1.f'I. · • • 

i.i+lf�· 1; :: .. ;� l):;l;HP';'[ .Nt 'nim·w<�·i·;,, (\) �;i·�. (l(JLliC''. • ·;Jl,1:r1 . 1:: <''I'll..:.!.-··/: .'L•1 

RE��rtJ+� . ·1·i'I ti:·;; :..rwr:-::., 1; ,,1 �,,.,?<•(]/.' ni!r; (;.� i; ;'I ,("w: 1110 . .- (.j :1 .:· 1q:-.", 1J1:· ·' . 1,-.1:, 

st'Jts1rfi;�;rm¥? ·g4e�� ��$��Y.i:�)�·it��9 :�� 1�/i�hii�/.'.i��j��:,�-�f��Pf:i.9r�.�r :��.g-�:�:�e1·:,:1 f·
· 

experimen.t,�. �;� ,s�q�I wt.4��f7SJ �RP t· TDr-PY�(tJilW,�� �e1 ,\lli9:�f.�? ��l¥.1��j��t ['. RP t�e., levels of100' ani?:'.380 mgtrr/'lt'ig. 'i�. T�e basic lSVC(-) ffilxture induced a dose-dependent 
decrease in f on the level of 87-306 mg/m3 being almost 40% at the highest te�!{eq1:"�i; -'�J ,;'i.q 
concentration. When formaldehyde and ammonia were added to the mixture, much stronger SI 
e�f�?1�s W,r��o� ��fr�e�\. At .�e t�i�1p;i��?ff:· ��9r�U:�Y?:F\ fl��)-\t �P, IPffeP�)'r�th)} .i;n,g!pi}� of 
N� .a?J9,} .2. ���P1 ,8t�C�?1Jp; ���\\�.;�,�� ".y�e. �/ W�J:,�4P:18�r:f9l�9�1qg1n,iodeq1t�. 
fadmg Dy tll�- y��8fit�� ��i?J? �ur1 �� �ec:w parlif� IP. �)le �xp9§pfe�1.to, fqr?.}-�,q��y.d�·9i;ilycJl)h .. - . 

. ·�r.�, .. \I•( f'j : 
The basic Paint(-) mixture did not cause any decrease in f below 600 mg/m3, whereas a slight 
(<15%) decrease in respiratory rate was observed at the basic Paint(+) mixture levels of 140-
180 mg/m3 (Fig. 2). When ammonia (2.9 mg/m3) was added to this mixture ( 140 mg/m3), no 
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major changes in the' response were dete'ctecl.' However,1th� addition oNo'ttnaldeh�de tti the1' :, 
both basic riiixtures·"induced the response sighificantfy.! bv'erall, b�th the paint Afixtutes>were1J'] 
still much mbte poorer irritants thaif'P¥C(�Y,-1but st'rorlger than PVC(4-)1mixtUfe!- '11 ! • t· 1 ·'.;,1: 1' 

75 70 - -- Room air 65 · · · · · · · 300 mg/m3 
ID 60 I 3 
c: 

55 580 mg m ___ _ 

Qi -+---+----+----+----,_,,,,....,....-'! �J ' '-/;I j, • • 

� ��� / PVC(-), basic mixture 
E 105 ,g 100 95 � 90 
ID 85 

3 "§ 00 ' ·· · · ·· · 217 mg/m 75 - - 306 mg/m3 
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.-
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. t-
() •:1 

"§ 60 _, • •. 170 mg/m�--� 55 4-:::::::� · _a7 _m'�t_m_3 ____ , .. ,____·� ___ "-+----+---+---4...---t--' -' -.---+---i (( 115 110 105 100 95 90 
85 

PVC(�f,''total 'mixture 
. . . 

�� 
-- . ,- -- . ,�_c-.:_ · ·;z:-··· •' 

i� ······· 34mg/m3+11.2mg/m�. �irn��··) lriJ;::i 
55 I -- 35.5 mg/m3 + 11.2 mg/m� _NH

3 
.+ 3.2 mg/m3 HCHO 50 I � :-· .... 
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Figure 1. Time-response curves for the PVC mixtures 
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The PVC(-) mixture was clearly more potent sensory·irrit�ut tban,tb�-wi:ict�!�S of PVC('t) and 
the paints, wh�reas the difference between tli�.paints was,notrsQ.clear.'nTh�s�was tr*e'ev�n for 
the basic mixt�res, probably caused by two main 1Domponetrts:o2.'!ethylhe:xarrol and2� 
ethylhexanoic acig. R.Pso Y'!lue_ of 2--�thylb�Xfil10Li�1i�1:! mgtm�112Lf �r:12.-etl).ylh.�:icanoic acid, 
RD so is not determihed, but due to structural similarity rt could be''l::lose to that of 2-
ethylhexanol. The PVC(+) mixture and the basic'.:J>aint mixtures consisted of much poorer 
irritants. 
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Amm,onjfl a:\}4·�?JPTifl�dehyd�< are)\\'.�ll,iknown sensocy,,ifritants [9, 11]. However, th��r SI 
po!t'.n,cieJ>Jdiff�r� RY f.act()f pf li-00.: t�� ROpo for aµm}OJ:?-i4 is 303 - 790 mg/m3 and for 
formaldehyde 3.9116.�,m!V.1!1:: [9, p]., I:n !�� 1J1ixt�rtts1stud�ed, the c9ncentrations qf: ammonia1 
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Figure 2. Time-response curves for the Paint mixtures 
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were far below its RD50, whereas the highest concentrations of formaldehyde tested were 
close to the RD50. Thus, formaldehyde was the main reason for stronger SI responses caused 
by the total mixtures compared to those induced by the basic mixtures. 

In the PVC floorings, the mouse bioassay and the human sensory evaluation ended up the 
same rank order fo".' the two materials. On the contrary, the Paint(+) mixture from the paint 
accepted in the human evaluation seemed to be more potent irritant than the Paint(-) mixture. 
The concentration of the Paint(-) emissions in a Climpaq chamber, however, was about 2.8 
times higher than that of the Paint(+) (Table 1 ), which could explain the results of the human 
sensory evaluation. In addition, odor sensation may play a more significant role than SI in 
human perception. In the case of the Paints and PVC(+), the RD50 level was not reached. 
However, the concentration of 50 mg/m3 for the PVC(-) is close to the RD50 value. Based on 
this concentration, RIL for PVC(-) mixture is between 38 and 375 µg/m3 . The lower RIL 
value is still over two times higher than the estimated concentration in a Climpaq chamber 
during the human sensory evaluation of the PVC(-) flooring (Table 1 ). Thus, it is not likely 
that SI was involved in the 'rejection' of the material. 
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