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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 VOCs 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 VOC mixtures, it has been suggested that olfaction parameters (e.g. odor
threchold 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 (M1), but only two of them {PVC(+) and Paint(+)} were acceptable for
M1 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 VOC mixtures; representing the material emissions and the acceptability of emnissions’
in the human sensory evaluation, - I whin I W91
| - At 2 | '

METHODS i
VOC mixtures represenﬁng emissions from materials ; :

The human sensery eV'lluatlon tests were performed with a naive panel of five peisons \5vh0
evaluated the acceptability of the m'uerlal emissions ifr'a chamber (Cllmpaq) usmg d'scale

from not acceptable (-1...-0,1) to acceptable (+0,1...+1) [4]. The mean 4cceptablllty valte for
the PVC floorings were +0.87/ {PVC(+)} and -0.17 {PVC(-)}, and for the paints +0 28
{Paint(+)} and -0.11 {Paint(-)}. The PVC( ) was described as "unpleasmt’ ‘chsgustmg .
‘acrid’ and ‘stale’, and the PVC(+) as good‘] ‘sweet” and plaa‘tlc -like’. The Paint(-) was
perceived as ‘unacceptable’ and Paint, (+) as ‘sweet’ and ‘acceptable’. The emission ractors

and the calculated concentrations of cheimcals in the Cllmpaq chamber (V,_O 05 m>; loading g
factor for flooring materials 0. 67 m” and for pamts 2.3.m% N=8.133 42 m /h) are presented ‘
inTable 1. | : 5 ‘ .

Based on the proportions of the compounds (Table 1), the basi¢c chemical mixtures {(mixtures
without formaldehyde and ammonta) were prepared for the exp‘eriments from the pure
chcmicals (supplied by SlgmaJAlduch Germany). The diluted water solutions from:36.5%
formaline (Riedel-deHaén, Germany) and 25% ammonia (Men:k Germany) or gaseous

ammonia (Woikoski, Finland) were used.
"o ¢ ' b gl

Testing of ST - the mouse hiniassay : «! |

The SI potency of the VOC rmxtures was investigated by the standard mouse bioassay (AST ]
E981-84 [3]). In'dach cxpuunem four naive OF1 mi¢é were exposed (head-only exposure)yto |
the known alrborne concentration of the chemlml mixture at the airflow rate’of 23 Vi,

Different concentrauon levels were ’tested forjeach mixture. The basic mix{utes were tested ' |
first followed by the mixtures w:th formqldehyde and ¢ ammonla (rotal mixtures).

b5 d ] |r.l||l‘

Sensow irr 1tants mducea reflex based dose«depcndcnt dec: edse m reapzrurory rate of mu,e
collection system [6 8], a mean respiratory rate (f) of four mice was recorded for a 15, min. .
control period (exposure to room air), for a 30 min exposure to a mixture and for a 15 min’
recovery period (exposure to room air) in each expenmeng A bqqelme was determmed as an
average of control period reébrdlﬁgs ‘And et é‘cfﬁa{ to’ 100% To separate SI from _otii ey
ré§piratory effects, 'b[é%lks' ‘aftér’inhalation wele also mr?orded dp!mll‘g\ the ex peumentq ':
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Occu panonLll exposure 11ﬁ11t (OEL) ‘of 4 chemical caii be obtamed by mulﬁplymg RD5? value
(i.e.'a concentration 'Which causés 4 50% déérease in ‘A With 0. 03'[9]. Recommended mdoor
airllevels (RITS) [10] ' be' furtter estimated to'be“1/4"- 1/40% OEL, i.e. RDso/133 - "
RDs¢/1333. ‘ o :
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Table. 1. Emission.factorsof differentcompounds;emitted from the PNV C-floorings and paints,
and calculated concentration based on the emission factors in a Climpaq chamber.

Material emissions Calculated concentrations in
Emission factor,
Material / Compounds pg/mzh Proportion, % Cllmpaq, pg/m’
PVC (+). accepted . T s caem o b
e 1,2-propanediol 13 85 2 8
¢ phﬁl‘flpl LEETS LI B RPN {5 -[SIV nacnobin 033 el e Al :
* % bmoxycmgrthwl I P DU MR T R A VL
5 l methyl %’Pyrm dopanl-'l N (71 LT e .,1503 PRV FEL 0P .
¢ ammop;a{ atisg st el (G5 TR (OO SR L et T g 8
° formaldeh¥de C e dowslee cadil wloy DVT T et LU e S HH
“stM|" 53 i (U TR X 4 X
PVC (3), fiot abltiptes < | N v ks ol N
o Zethylﬂexahd L3 90 i .y luifiouos 1’3 J e ‘18’.'1“" 3 l‘r: i l 26 = -wl
« 22466 pémamemylhe&ade i R iR ""'_“"2*.'8 i Al T S A 13
e 2-ethyltxatiolc'acill ' L sb s gghowin B gg gt + KR TRl g g 1.
e 1-butanol 5 6.9 1.0
e ammonia 12 16.7 2.4 ‘ y
e ‘formaldehyde U - R SR UAINTLE SO THe A7 "691 3w 1.6¢ = R
swa ald oottt en S‘UM r9 0 Tl i o >100 g Lo "r14‘2 vy
Painti{+),)dcoepted 10 {2 01, Polil 9% e s i N ’,\ A g ¢ siing
e Texamol av * + i peime A o) 187 fs o K b@Sr&uln i LRI 2 T2 NR
e ammonia 3 L2 v fio IJ,I.'f»Qv.O
e formaldehyde 3 2.1 2.0
SUM 143 100y gaagn' * omon Q6T 7T crdi g
Paint (-), not accepted
N 1. 2-propanediol . , ;. .yl e 2000wy v 2093501k 0N 9L 12 |
»12'(2;qm)fyqt°ﬁylefhm0'l' oty 100 L EWATS 2005 s e S TR A&
° 2 a“l“lﬁ’;l metbyl—]-pxoppnq] i%e.. 9 ‘11 ST ]1} RV (TR 229 i s el
* (P ropy]l?el},zalrﬂdje)l doote S CORTEY R @8 . o, - (2 200 e
* ammonia Aeentasen tasds oo i bes obv)obis r]l ln dI| sesixieg uz.,z'.grl joomild
e formaldehyde ' 3 2.2
SUM 374 100 - . 2748 .
* n-pr oq}(l'ben‘%?{mdq Dot mcluded m the ammal ex';‘)er)rnpnts beoause of supplymg dlfﬁcultres
R [)J DT 3w et Lo (D sis, noksdes g e s Gt glers o '
RES‘({%‘ S R RUSH IV RN RV EIDrI q s G 0 Qe e G g ’,»’/:‘ ek
v il um'l»l W LDRERL TP Wy PP 1) bol
St'was the main ef’fect observed}v‘vrth t all hlxtures The As.a fnncuon Qf nme m the .

experrments are shown Vi Fi Figu lian 2 "'The PVC (+) mgxgure mduped only, slrght SI on ‘the.
levels of 300 and 380 mg/i‘n dl-'ig ) The Basrc ‘PVC( ) mixture induced a dose dependent
decrease in f on the level of 87-306 mg/m’ being almost 40% at the highest tested,..,7 g i8]
concentration. When formaldehyde and ammonia were added to the mixture, much stronger SI
effects were,o observed At the total, mixture coneentratlon 9f about 30, mg/m with 11 mg/m’ of
NH3 aud 32 mg/m of H,CI-{Q the maxlmqrn dec; case in.f was 40-48% fol]owmg,moder@te
fading i)y the cnd oflthe ex.posure ag seen | earher in the expospres;to fo[rrnaldelryde only J11],
RN l
The basic Paint(-) mixture did not cause any decrease in f below 600 mg/m 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/ms) was added to this mixture (140 mg/m3), no
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major changes in the response were detectéd. However, the addition of fotmaldehyde to the'”
both basic niixtures induced the response sighificantly. Overall, both the pamt fnlxtures’were“ i
still much mobre poorer irritants than’PVE€(<},but stroﬂger than PVC(-F) mixtire!- 217 A
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Figure 1. Time-response curves for the PVC mixtures
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The PVC(-) mlxture was clearly mare pdténi seﬁs‘ory lmt'cmt than the mixtures of PVC(d—) and
the paints, whereas the difference between the: paints was not:sq.clear. This:was t.l‘lrle even for
the basic mlxthres probably caused by two main components:-2eethylliexanol and2-
ethylhexanoic acid. RDsq value of 2-ethylhekatol i§'233 mg/m?’ 19]. For2-ethylhexanoic acid,
RDs is not determined, but diie to structural simildrity it could be’¢tlose to that of 2-
ethylhexanol. The PVC(+) mixture and the basic?Paint mixtures consisted of much poorer

irritants.
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Ammonja and-formaldehyde, are, well-known sensory, ifritants [9, 11]. However, their SI
potencies differs by factor of 100: the RDso for ammonia is 303 - 790 mg/m® and for
formaldehyde 3%65mg/m3 (9,11}, In thp mixturgs:studied, the concentrations of ammonia,
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Figure 2. Time-response curves for the Paint mixtures
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were far below its RDs, whereas the highest concentrations of formaldehyde tested were
close to the RDsg. 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 for 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.
‘I'he 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 RDs level was not reached.
However, the concentration of 50 mg/m3 for the PVC(-) is close to the RDsq value. Based on
this concentration, RIL for PVC(-) mixture is between 38 and 375 pig/m’. 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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