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ABSTRACT

This case study conducted in a new air-conditioned building in Singapore was aimed at
identifying, and assessing indoor levels of VOCs using a GC-MS method. The study
identified 80 different compounds with Toluene appearing in all locations. Most VOCs
detected were from building materials, adhesives, varnishes, sealing compounds, polyester
carpets reflecting the age of the building and vehicular emissions reflecting the poor
positioning of the air intake.
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INTRODUCTION

The Indoor Air Quality research program at the National University of Singapore, initiated in
1992, has established that VOCs is a potentially important contaminant in air-conditioned
office buildings. Measured by the infrared photo-acoustic (PAS) method, the TVOC levels
averaged over a minimum continuous monitoring period of 72 hours have ranged between
0.55 ppm and 3.06 ppm Toluene equivalent [1,2]. The indoor-outdoor ratios vary between
0.97 and 2.71, while the inter-building TVOC ratio, a statistic derived by dividing the TVOC
level of a building into the average TVOC level of all buildings studied, range between 0.58
and 1.74. The actual range between minimums and maximums are indeed much larger. In the
light of the importance and usefulness of characterising (identifying and quantifying the
constituents) the TVOCs for exposure assessment and control, as established in a number of
prominent studies, a research project has recently been initiated to establish such detailed
characterisation of VOCs in air-conditioned buildings in Singapore where the warm, humid
climate necessitates continuous air-conditioning throughout the occupied hours over thz entire
year.

This paper presents the data from the study of a new air-conditioned building using GC-MS
(Gas Chromatography, Mass Spectrometry) technique to identify and quantify the VOCs
based on the metrics of “most common occurrence” and “highest concentrations” as reported
in recent comparable studies [4,5]. Formaldehyde, for its very volatile nature, was excluded
from this study due to the difficulty it poses to be quantified by conventional GC-MS method.
The results provide an indication of the VOC contamination of a new air-conditioned office
building in Singapore. The discussion focuses on the possible sources, ventilation parameters
and plausible control strategies.
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The study was conducted 1n a 6-storey-office building in 1he wrstem part of Slnga.pore Thc ‘o
building is slightly.more | than ong year 0ld, and faces a major expresgway a hunﬁred metres -
away. From the outset, the, 1dent1ﬁcat10n of a ‘'measurement floor’-on the ba is ofiits !
association ) with a dedmated airzhandling unw(A 11]) is emphasized. Ina {measurement
floor” typlcally spanning between 400-800, m* in, Singapore; it is envlsage’lthatﬁ spatlally
dlstrlbuted sampling points would prov1de a reasonable coverage for determining the vanatlon
in chemical contaminatipn,of the floor, Measurements are taken atthe ocgupant breathing - !
level and an ambient located in fhe fresh,air 1ntake stream. The measurements, were.conducted
dunng gceupied. hours when the AHU js in operation to facilitate-an evaluation of the . .
ventilation characteristics 5o as to,provide an agsessment of the adequacy of dilution as on ... .
exposure control strategy of the indger VOCs. 20% of the building floor area-is measured: tor
provide a reasonable coverage occupied area of the building. This translates to one i1, - .« + |
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The measurement ﬂoor for tlm bu1ldmg\was the 6™ ﬂoor Flgure 1 shows a schcmatic ST T
representatlon of the mqasurement tloor:. Uurmg a walktnrougn assessment t the, 1;loor L
Iamy strong: emlssmns was detected from the bullalng materials in logation 2 Lt was pomted,“
out that the premise was prev10usly used for meetings. However,. dug to the strong emissions,,
the meetings have been relocated to another room. This floor is served by two AHUs
employing a building automation system (BAS) controlled variable air volume (VAV) i, s
system. The two AHUs are located at opposite ends of the building, each serving respective
sides and g common area W}t}y no physical separation.. This is indicated by, the ¢ross; hatched
area. Ain Flgure 1. Fresh airis drawn directly, from the ougsuie in these two AHUs wheredtys ges
mixes with the recuculated air from the, return dur't .and subsequentlyrdlstnbuted to the
occupied spaces Table 1 provides a plan of the locatlons where the measurements. weze. ;-
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Measurement Techniques

In each sampling location, the VOCs were first enriched in a preconditioned multi sorbent
(Tenax GR and Carbopack B) SKC stainless steel tubes (1/4 OD x 3.5”). During
measurements; 2-litres of air was'drawn throdugh' the tlibes with the aid of Buck I. H. pumps at
a sampling rate of 4.17'ccAmin over 8 hout's! The sampling flow’ was ‘checked twice using a
Mini-Buck air: flow ‘calibratorM-5'at the'beginning and again at the end ¢f sampling, All
samples were then'sealed using 4 stainless: éteelJSWagel'oék'caps subseqUently placed in ice-
cooled containers and transpoﬁed back o the laboratory!'*
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For analyigig)'the tibes containitig VOEs were placed on'dfi’ Aﬂton‘fated Thiermial Desorber *
(Perkim*ElmerATD 400) diidleak checks were! perforﬁhed to’ ensure'sample integrity. After
purging for 1 minute 'with hebih, the safriplés were thermally desorbed-at'300°C for3
minutes and transf rréd to &%oldftrep contdining Terrax /PA'd¥ the focussing sorbent.
Crybfocussing was done at -30°C2The trap Was flash heated wpito 3009C ‘at a rate'of 40°Clsec
and the volatiles were transferred via a transfér {ine into :.GC-MS system (Hewlett Packard
5190). The VOCs were separated on a 30m x 0.25tnmx 0.25pum film thickness, HP 5SMS “*
Crosslinked 5% PH ME Siloxane capillary column with the following temperature
programme: 40°C for 1 min, 15°C/min up to 105°C hold by 5 min followéd by 20°C/m1l1‘ramp
to 245°C for 5 minutes. VOCs were 1dent1ﬁed using a Hewlett Packard 5973 MS detector and
an NBSul'ibrary. Peak atéas obtdlhed wére cmhpared with those from thie éxterntal stanalards
provndet‘l by Scbtty Specialty Gased Due 19 fiimerous@nd divérse compounds detécted; it was
not-possiblé to’ ‘obtdin atl'the different'staidards to evaluaté md1v1duhl responses 'I’herefore
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Vehnlatléh studies wete: perfdtmeél Wbing’ SF5 ash tracex‘ gas and observmg theé Hécdy in
concefitpation at-the'5 lodations usmg photo '4ébustic' spectroscopy (PAS), type 1312 and 1302
(Innov#). THe ait ekchange rate'in'thie sampling lddatxoﬂs was determinéd USmg‘the BN
concentratiofi decsy fethod!! -1 7 " it o -

RESULTS

GC/MS Findings j l

Table 1 preserlxts the TVOC values dernved from the GC/MS method Due to the lack of
indiyidual response factor for a large nuniber of ‘compounds found in the indoor; TVOC
valugs are repbrted in terms of Tolugne equivalent. The concentration values had a wide range
between 0.05 to 5.49 ppm. ’l%e lhgh st concentration detected was in location 2 where there .
were complamts Locations I.and 3 ivere found to have low TVOC levels (<O Ippm). A
repeat samglmg'at these locations confirmed the Tow pollution values.™ i

19 VOCs were found to be present at least-40% of the time in the samples. These VOCs with
their possible sources are listed in Table 2 Toluene is the only ubiquitous compound
identified. Benzene and hexamethyl cyclotrisiloxane appeari 90% of the samples. Figure 2
shows the concentratlons of pf)llutants at dlfferent locat1ons in the sampling floor, Relatively, |
high levis of pentadécanic werd found in the samhples followed by dibutyl phthalate. It may be
noted that some VOCs with as low as 50% frequency were found to have among the highest
mean concentrations in this survey.
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Table 2. TVOCs ranked by most common occurrence.

Rank YOC Freq/% | Plausible Sources . -
1 | Toluene iy 100 Bioeffluent, vehicles, solvent, bldg material
2 | Cyclotrisiloxane, hexamethyl 90 Puntels, rvalmshcs sealing cpds
3 | Benzene 90 viVehlclieg, plastic, rubber solvents, carpets
4 | Benzaldehyde ° 70 .Carpets, bldg materidis
5 | Phenol - 70 ‘Bioeffluent; bldg materials, vehicles
6 | Pentadecane 70 | Cdrpets, bldg materials
7 | p-Xvlene 60 | | Adhesives, floor covering;carpets, vehicles
8 | Hexadecane 60" : Carpets, bldg materials
9 | Tetradecane .60, | Carpets, ,Eildg material$
10 | Octadecane ', 60. ‘| Carpels, bldg materials
11 |Ethylbenzene .. N Nél;i_’ples; solvents, bldg materials
12 |13 5~Tr1methylbenzene i " 60! | Vehicles, solvents, carpets, bldg materials
13 [Acetophetipne®i .. th1 500 ¢ ['Solvents, 'SBR-
14 |[Docosane =% ) At} 50 I Carpets -
15 | Dihutyl. phthalate’ o i 50 ~_" | Carpets, plasticizer,
16 |Ocladecanoic acid, niethyl esler 40 Pauu,;., adhesives, wsmclu,b furnishings
17 | 1,3-dimethyl benzene < 40 s, Adhesﬂ("es, cohsunier products
18 |[Styrene i, | 7, 40% . [Plastics;>paints, SBR, bldg material
19 | Alpha-methylstyrene 9% 40 |Plastics, paints, SBR, bldg material

S
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DISCUSSIONS BN

The survey revealed that a broad range of VOCs were present inside the building. 80 different
compounds were identified in the indoer envirdnment:i Most of the compounds detected areu'|
from building materials, adhesives, varnishes, sealing compounds, polyester carpets

consistent with the ‘newness’ of the building. Toluene was found to be the most ubiquitous
compound, Pentadecane was identified indoors with the highest ntean’ Goncentrationg due to
the polyester carpet emissions [3] and also outdoors from the diesel emissions of large trucks
['7] travelling along.the major road.;Organosiloxanes! frequently deteicted.was:from pyinter z::1't
emissions [12] and also from vamishes and adhesives [11].
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Most Smgaporean office buildings are not equipped | w1th gas phase air filtration equlpment in
the fresh air intake or the recirculated air. This practice cari'and has led'to IA€) problems as -
illustrated s this study. The siting'of ambierit 2 facing 4 mrajorroad hds led to the ingress of
véhicular pollutants in locations 4 and 5, where'the deteeted-dompounds clbsely relate to
vehicular emissions like benzene, toluene and aliphatic alkanes [5,7]. TVOC values obtamed
in location 2 were relatively high. This supports the complaints of strong emissions in'that
location. ‘Tetradecane; heptadecane ahd hexadecane were!found in this location at high levels.
Iticansbe seen from Figure that location 5 reglstered some VOCs with high concentrations.
T‘tlls /may be:due to the low ventilation rate in that location'as reported iti/Table 1 or high
emissions of compounds resulting in an accumulation to fairly high steady-state values. Being
anew building, such phenomenon is normal and it is expected that the organic contaminants
will decrease to a stable state within the next'few inonths..Nevertheless, chemical filtering of
the recirculated air along w1th changos in vehtilation'settings can help to reduce the levels of

contaminants in thesellocatlons Y - ‘ L

Jont
L w5 elinuy i
)
s i w -
i
sitis + Cong s(ppb). 400/
o
1
I
» !
l = — - R 5 s
7 Cat] COMILAET N U1 o A8l
| === 20 U IEII e(\ LN |
= ) e
| I o . '
‘d\"’x\ 3
Y 4 _ of N
ks E,:.. i --.;,e.% YD 4 Pt g
— | oy Pt - - SN e s e = =
o
oc®
VOCs T AT AR .
witos il % cgeblind ord Shictic lasena L1en e Do swam by e onds oiesen vy v G0
FlgureQ»meﬁtratwnsmeOCsratdlfferent le)canons browdl oL arlnasl, e peagT
s o ebimonaos crtbis entziruse o clanilln L o e Gty e
SEpiGn e oo ud ar Mo sl b g L v o Tasment 2l A e n e 1
ACKN(DWLEDGEMENTS oMbt L T Dty i enr Duihinehl o wasashieine© Grengt
sloteir gl o oo e sdd inoth o0 s O s b [ F | s b e e ey 2

ThlS study was: supported by'a National »Umvorsny off: Smgapore researcht grant under’ resealch
project RP3982098. J T avizeri,, gl pailaiyg ST B N ALY



454 Exposure, human responses and building investigations

REFERENCES

1. Tham KW, Sekhar SC, Lee SC et al., 1997, Indoor Air Quality Investigations of
Commercial Office Buildings in Singapore, Final Report (RP920045) National University
of Singapore

2. Sekhar SC, Tham KW. Cheong KW et al. 1999, Integrated Indoor Air Quality and Energy
Audit and Targets of Air-Conditioned Buildings in Singapore, Final Report (RP950049)
National University of Singapore.

3. Chuck Y, Crump D, 1998, A Review of the Emission of VOCs from Polymeric Materials
used in Buildings, Building and Environment, 33, 357-374.

4. Hadwen GE, McCarthy JF, Womble SE et al., 1997, Volatile Organic Compound
Concentrations.in 41 Office Buildings in the Continental United States, Proceedings of
Healthy Buildings ’97, 3, 465-470.

5. Daisey JM, Hodgson AT, Fisk W], et al., 1994, Volatile Organic Compounds in twelve
California Office Buildings: Classes, Concentrations and Sources, Atmospheric
Environment, 28, 3557-3562

6. Ekberg LE, 1994, Volatile Organic Compounds in Office Buildings, Atmospheric
Environment, 28, 3571-3575.

7. Guicherit R, 1997, Traffic as a Source of Volatile Hydrocarbons in AmbientAir, The
Science of the Total Environiment, 205,201-213.

8. Tsuchiya Y and Stewart JB, 1990, Volatile Organic Compounds in the air of Canadian
Buildings with Special Reference to Wet Process Photocopying Machines. Proceedings 5
Int. Conf. Indoor Air Quality and Climate, 2, 633-638.

9. Weschler CJ, Shields HC, Ranier R, 1988, Concentrations of Volatile Organic
Compounds at a building with health and comfort complains. American Industrial
Hygiene Association J, 51, 2161-2168.

10. Molhave L, Clausen G, Berglund B, et al., 1997, Total Volatile Organic Compounds
(TVOC) in Indoor Air Quality Investigations, Indoor Air, 7, 225-240

11. Rothweiler H, Wager P, Schlatter C, 1992, Volatile Organic Compounds and Some Very
Volatile Organic Compounds in New and Recently Renovated Buildings in Switzerland,
Atmospheric Environment, 26A, 2219-2225.

12. Black MS, Worthan AG, Muller WJ, 1996, Measuring Indoor Emissions of Laser Printers,
IAQ96/ Paths to better Building Environments, 78-83.



