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ABSTRACT

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 VOC
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 VOC
concentration under 300 pg/m? which Seifert has proposed as target guideline value.
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In Japan VOC concentration including formaldehyde are sfill very high companng to the Euro-
pea‘:f countries. There are many o¢tuparitssufféring frém th&de Hick bulldmgs or sick reSIdences
As&'counterplan fof this, studies on’ ‘field’metisirement dhd emission ffom materials in a test
chamber have been reported on VOCs. However from these Z kinds of studies, 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 chambér tests should not just be used
to compare the emission rate but to predict the VOCs conceltration which the sccupants are
exposed. In this study we have conducted chamber test” and installed the matétialsin a full size
apartmént House and monitoréd the change’ of standings of VOCs by the materials installed.

T A i Y s a puTs.

METHODS < .
Emission Rate Measurement Of Bulldmg Matenals Using a Large And Small Chamber

The materials test in the large chamber were underlayment finishing and furnitures (shoebox, door
and etc.) The quantity of the test:materials were 1/10 of a regular apartment (70m2) of underlayment
and the equal amount of fuftiture use in one apartment house. The samples 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 »024 (mzlma) which is a particular area of
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flooring in a living room.
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Figure 1 Diagram of The qul Chamber
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The test chamber made of 3 omponents, the environmental chamber (5.45m x 5.45m x 3.4m), the
large chamber (2.5m1x2.5m x 2.5m) and the small smle test chamber(0.4m x 04m x 0.745m){Figure

1)-Thé air of the enviroamental chamber is filtered through a charcoal filter and passed to the large 6r
small chamber. The a;r inside the chambers are: exhausted to the out51de The ventllauon rates are

".J

méasured by concentration decay techmque usmg SF as a tracer gas. o ha . b i
Thie sample is passed through a teflon tube into the analyzer. Formaldehyde is measured oontmuously

usmg chemiluminescence method ¥ and isalso. sampled 24 hours - by a passive typed sampler and
analyzed by AHMT method: TVOC is measured. continuously using hydmcarbon inonitor? and alsc
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VOCs were sampled to a charcoal tube sampler and analyzed by GC/FID method(Table 1). The

condition of the test chamber was set 10 0.5 (1/h) on ventilation rate, temperature to, 23C and relative

hurmdlty to 0%, Measu;egnent were, t@kep place contmuqusly for 3 days and the.24 hours average of

the 3™ day was samplecl in geperal. Though when.the conqqntr;anog :does not become stabled we have

extended the tlme< of the measurement. s W : ma o " r o
SR R T o T ; T § & T it e oo

Field Meaﬁurement in An Apanment House | .

2 rooms of an apartment house were measutqd for 4 months during “ gafter the fixture were finish

to “before occupancy”. VOC concentration were sampled on a actjve carbon gas tube and analyzed

By GC/FID ('g:gble 1) and converted to toluene equivalent value. Ventilation rate was measured by

concentration decay techniqile using SF, as a tracer gas. Photoacoustic gas analyzer (B&K 1302) was

used to monitor the change of standing of TVOC, SF, and HCHO concentration. B
: = chle 1 Conditions of GC cnd Scmphng Dewces
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RESULTS and DISCUSSION ] ;;.-
From the results of tha,ch'amber test!ithe mcan emission’ 1)'ate of each kind of materials were

mean emission rate antﬂbg ageaofthe ma{enar Wthh w1ll be installed in the room measured.
From this estimation-the highest emission or the: concenuauon is expected when the finishing is
completed. % ew

RN
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R Gt T Tgble 2 Materials Installed

EFTEATACE ‘INumbers . !{Averagd ' | ¢ Aréa(m2¥ |- Emission intensity {«£g/h)

Product of Samples | (#g/m2h) | Inclination __Fitting. Flmshlng Inclination __ Fitting __Finishing

Carpet ¢ Gk 41 7id 2 '148%6 iva () — ks Py A e g Pt gy 0 300899
Vinyl Flooring ’ 5 it 3425] ) 0 0 M2l . ... 04 038360,
Particleboard” " 1o 1 =1 T qralteTasay o " o|  28808" 0 .0
Composite Wood Product Assemblies 4 737 43  27.22 8.1 3169, .., 20061 5970,
Cellular Plastic Insulation "2 57 "29.4 0 0 1676 0 0
Structural Composhe Rigks. L2 i3 po. 2281 . D.081 20w o Of 18.. .. 0. . a0
“Interior Plywood - AL T 370 0 0 0 0 0 0
Carpet Underpad S 2 445 ) -0 20.2] 0 0. - 8989
MDF 4 340 0 18.86 52 0 6412 17680
General Interior Finishing Matepals: ~, -~} . & 4 219 o fr o 0 19.9 0.5 =y 0 4358

Total 33671 26474 376256
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installed, TVOC conoentranon was hlc,hest over 7,000 pg/m? and decreased as the construction pro-
gressed. Wheh the construcuon«have finished and ready for occupancy, TVOC concentration was
3,000 pg/m?® half of the concentrafion of when the fixture was finished. The trend of TVOC concen-
tration in these 2 rooms in each penod were the same, wluch means TVO(TconcentraUOn is related
with the rnatenals installed. . i *’; #

K %

1:

B g

Comparing between the groups, terpenes was fhe hi ghestﬁwhjch was/ causqd i rom a-Pinene. After
fixture, the ratio of a-Pingne was 81% the: hxgh t and dem‘eased as the oonstrucuon progressed. The
decrease rate of the a-Pinene’ s*conoentratlon was hlgher than it of TVOC obnoentratlon This can be
explained that a-Pinene emits from wood and when itis covered e. g. by wall paper, carpets and efc.,
the emission of o-Pinene will'be sealed by those finishing matenals
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1 Table 3 Statistics of a-Pinene

, standard
e . diviation
2634.3 1901.9 6441.0 707.0

maximum minimum

period of the hi ghest TVOC concentration was when the construction was finished. Between the
groups, aromic hydrocarbon was highest. The adhesives used in each construction were in the same
order soitis poss1ble fo compare the concentration only by the materials. The individual compound
in aromic hydrocarbon whlch the concentration were high were Toluene, 1,2,3-Trimethylbenzene
and 1,2,4-Trimethylbenzene. In these 3 compounds Toluene were especially high.

Ventilation was effective to reduce VOC concentration®. From equation (1) and (2) we have calcu-
lated the demanded air exchange rate to keep TVOC concentration bellow 300 p.g)qP (T_gblé 4). First
the emission intensity was calculated in equation (1), then the concentration was set to 300 pg/m? and
the demanded ventilation rate was figured in equation (2).
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Table 4 Estimation of Demanded Ventilation Rate

n-measured(1/h) V:(m3) C:(n9/m3) | M™M:(ug/h) | n-design(1/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
a-pinene 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 VOC concentration low.

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

VOC is discussed.
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