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Indoor air pollution in residential environments caused by chemicals, such as formaldehyde and 

volatile organic compounds, which are resulting from the reduction in air exchange rates by the 

increase of air-tightness in building envelopes aiming at improving the energy efficiency for heating 

and air-conditioning, and from the introduction of new type building materials like plywood and 

finishing materials has been drawing public attention in Japan recently. Many field and laboratory 

test have been conducted in the past year, although the results from those two kinds of test have not 

reached to combine to each other. In this study we have tested emission rates of building materials in 

a test chamber, and also conducted a field measurement where the tested materials were used. As a 

conclusion, we could not find a relationship between the chamber test and the indoor voe 
concentration, and could not establish to a mass balance equation. Though as a counterplan at this 

point continuous ventilation was effective to reduce indoor VOC concentration. Also from the 

calculation, the target air exchange rate 0.5 (1/h) for air tight residence were to low to control voe 
concentration under 300 µg/m3 which Seifert has proposed as target guideline value. 
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INTRODUCTION :_ · 
' '' .. �� .. · ·- :�"' . :'" '''. : :.· ··):· <J; ·r ;?. ';1�:P '· · 

1n Japan voe -concentration'includfog formaldehyd'� �e �tilI vcftf higli �inparihg to thfEh�o­
pea-tt countries. There are many oCbuJ>ari�' �eringfroin·thefatfilck bfuldifig� or si�k:residences. 
As·kcounterplaii'foI'iJris, stutliie� b'i fJ:el(f'm·e�sUrement �d eiiii1s=siblif: cSth'materials in a test 
chamber have been reported on VOCs. However from these '2 'idiids�:of sttidies, we can not 
design the concentration of VOCs before the buildings are occupied. Buildings are made of 
many material and fixed to a component. The results of the �hamb�P tests should not just be used 
to compare the-emission rate but to p�dict the VOCs·colicehtratfoii which :fue 6"8cupants are 
exposed. In this study we have conducted chamber test3j 'and:in�talled the mathtiai�"'in a full size 
apartmeiitilious'e and monitored the change' of siaridings or· vo--Cs 'By the materiais :installed. 
, �) : ·

.
-
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METHODS 

Emission Rate Measurement of Buil�� �-�teri�� Us�g- a Larg� And Small Chamber 
The materials test in the large c�am�l We�·rrndedaymeiirfinisnmg·and furnitures (shoebox, door 
and etc.) The quantity of the test-materials were 1/10 of a regular apartment (70m) of underlayment 
and the equal amount of ftiriiirure use' in one apartment house. The �pies measured in the small 
chamber were adhesives for direct flooring materials to slab. Adhesive ,was plastered 0.6 to 0.65 (kg/ 
m2) on a acrylic board to equalize the loading factor to 0.4 (m2/m3) which is a particular area of 
flooring in. a living room. 
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The test chamber made of 3 components, th� eny_�nm.ental chamber (5.45m x 5.45m x 3.4m), the 
large chambyr (2.5mx 2.5m x 2.5m} and th� small scale �t chambef(0;4m x O'Am x 0.745m)(Figure 

•-•• • L,.- • • •-·- - .. .,.__ ·� • -" • ' • '  • '  , __ ., • ._,..,._. 

1 k'the-:'air of the environmentaf:chamber is filteroo·ihro\igh a charcoal ftlter and passed to tlfe larg��'r 
• , , . • . -�• ••• ,.. • • ' I• • .  -· ••• • ''"' 

sni.a'll 'chamber. Th� mr inside the-chambers �:exhausted· to the outsi�e; The ventilation·�s are 

m�ure<l.by conceti;tratio� d�y tech.mcl.�e·ii��g S:f6 as a tracer gas. . . · ::i�·� 
· ·:,·:·.[::.'�:_· .·:,} .. ·· 

Tlie sample is passed throu�h a .teflon n!bc; into the analy;zer .. Formaldehyde is tlieas�: �n�p<>�ly 
... .. ..�:I . 

. ·-· . •. . . . ··· i· . . . . . . . .  , .  . .. .. ... -··-· . 

using cheiniluminescence m�thod 1), andis also.sani,P,led 24 hours by a passive typed sampler and 
� '"l\.� - \'' - ' 

• • .. ·• --- .. • . •• ' .. �.·. analy� by '.AllMT method;: TVOC is mea8lired.contiiiuouslyLusingiiydioca'rbo11.1 tn-onilor2> and als0 
�,� : "1 ' i.:." 
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VOCs were sampled to a charcoal tube sampler and analyzed by GC/FID method(Table 1). The 
COH�tion of �1f��t f��� �� .. s��;W �'.?, ( �/h) p� ,y1e�tilation rate, te�peratur� t<t>.'.?' \:, and relative 
humidity� ;£Yfo ;:M�p,wpien� "'t;�J��,��ce�ntji;i��ns!� for� �y.s �d the.� hours averag�,9f 
the 3n1 day was samP,l�ii¥.���r¥-- Tqpugh wh�n,�e co�.ffilltrmiQlJi9� nRt �me s�bled we,�ve 
extended the tim� of the ��urew��t ,1 . <·: ,.r ,, . . ·;. �� 

-�·�.i �, .. ;f})L .': ·:��1Lft1·�::.- �\;·; . ." : -· :n ·�· -'�.1·�.-; 
Field M�urement in An A�artm-�!tt House -. r � , 

2 rooms of �,apartment hoy,se �i?re ��?TI(<l for 4 months during "gafter the fixture were finished" 
�o "before �11}.P�cy". voq�����tion vy�re sampled �:y. a ac�ve carbon gas tu� and �alyzed 
by GC/HD Q;�ble 1) and c��xeft�d to to�ue9e �quivalent value. Y. �n��tipn rat� W.�\ll�uraj_py 
concentration decay technique using SF6 as a tracer gas. Photoacoustic gas analyzer (B&K 1302) was 
used to monitor the change of standing of TVOC, SF6 and HCHO concentration. 

j;,;d!: . .. c:� 
Table 1 Conditions of GC a d Sampling Devices 

�J1 i �. ::· •• �·.' � • • J.:, J.,! :.." ;.. >. l 
Gas Chromatrography 
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Ge: f ·1 :1!i.,. : ;,. 1 :.., • ·' e5ESEience(Gt-3s's)i;·, 
Column: ·�1>Jf:; , ·CP-Sil8cb 100m'fl>0.5,3l.' · 

.�� 
Injection: 
Carrier Gas: 
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(Shibata 8015-053) 
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20-40 Mesh 
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Sampling Flow Rate: \-; 500mHc Hh=420L 
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RESiJi..TS and DISC�SS!ON ; � . � .. ,., .. · . �1� I 
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. , . 1 
From the results of th�;d�mber test�

1the }Pean emi·ssio�:r�te of each kind of materials were 
calculate�. <:raole''2):'.1;,Den �he

_ 
emi�s��� in:��si�!s

. 
�{ea�jt ma�erials w�re estimated from the 

mean emiss1on rate anft�ft-:of.·th��le��wbf'.�h� be mstalled m the room measured. 
From this estimation"the highest emission-<>tlh�'.!tfoncenttation is expected when the finishing is 

)( t . 
completed. ;.Y/iJ: i· 

·.a.1:'".' 

The change of standings of VOCs'�bncelitrcltion wilt ti� shown in Figure 2. After fixtures were 

· '°" ·n;:,: Tdble 2 Maten61s 1nsta11ea ' .. t' " 
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installed, TVbc conc¢ntration was highest over 7;0CXJ µg/m3 and decreased as the construction prcr 
II 

. · . �·.-J,. 

gressed. When the construction.have finished and ready for occupancy, TVOC concentration was 
3,000 µg/m3 half of the concentfatiori of when the fixture was finished. The trenQ of'IVOC concen­
tration in the�e 2 r°"ms ill: �c� �riod were the same, ��C:� means T.V�conJ�tration is related 
with the ma'ri�s installed.· "'

· 
· '· .• , ., ·· ·' ·· 1_ 
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1t'.' ., . �·· .r.� 
Compari�g betWeen the groups, terpenes was '!�e highes��hich w� ca�d f� a-Pinene. After 
fixture, the ratio of a-Pin�e w� 81 % the:�gh�t and d�ed 

.. 
as the ��r��n progressed. The 

decrease rate of the a-Pinene's;$0ncentration was higt,.er tIJn it of TVOC �ncentration. This can be 
• . - " -�� . ' l 

explained that a-Pinene emits f�om lVood and when it is ·¢over�? e.g: by�-.µ! paper, carpets and etc., 
the emission of a-Pinene wiq:��1.$led by th�se finishing ���s: . · . 
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Table 3 Statistics of a�Pinene 

average ' standard maximum minimum : · . diyiatiO]l · , 
2634.3 1901.9 6441.0 707.0 

In Figure 4 �� the ch�ge of standings of TVOC concentration excluding a-Pinene. From this the 
period of t:b,,e highest TVOC concentration was when the construction was finished. Between the 
groups, atomic hydroearbon was highest The adhesives used in each construction were in the same 
order so it is possiole to compare the concentration only by the materials. The individual compound 

Oii ' 'I; :•• .\ · 

in aromic hydr�\>9n whic,h tb,e concentration were high were Toluene, 1,2,3-Trimethylbenzene 
and 1,2,4-Trimetbylbenzene. In.these 3 compounds Toluene were especially high. 

Ventilation.was.effectiiVe to reduce VOG.AAq<;entratiori,3?. IJl'om equation (t}��,(2) we hav� calcu-. . . 
·. , . . ,: 

' " 
lated the demanded air exchange rate to keep TVOC concentration bellow 300 µg/m3 (Table 4). Frrst ··-· • .,. . • .• J 

the emission intensity was calculated in equation ( 1 ), then the concentration was set to 300 µg/m3 and 
the demanded ventilation rate was figured in equation (2). 
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355 



Table 4 Estimation of Demanded Ventilation Rate 
n-measured( 1 /h) V:(m3) C: (ug/m3) M:(ug/h) n-design(l /h) 

Room Number 201 309 201 309 201 309 201 309 201 309 

a -pinene included 0.27 0.05 168.00 168.00 1363 2977.5 61826 25011 1.23 0.50 

o: -oinene excluded 0.27 0.05 168.00 168.00 648.5 1262.5 29416 10605 0.58 0.21 

CONCLUSION 

1. VOC concentration is related with the materials installs. However The diffusion coefficient must 

be concerned when the indoor VOC concentration is designed from the emission rates of each materials 

tested in a test chamber. 

2. a-Pinene concentration was the highest in the individual compounds of VOCs and next was 

toluene. 

3. Proper ventilation is needed to keep voe concentration low. 

4. TVOC is a indicator of indoor concentration, so health risk must also be concerned when indoor 

voe is discussed. 
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