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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 ofVOCs 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 

AIVC 
#13177 

The Indoor Air Quality research program at the National University of Singapore, initiated in 
1992, has established that voes 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 ofa 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 quantifyii1g 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 th� 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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METHODS .!'H•i · .1 '· I l!'lHl r•,r . i! ) 

Exp.frimental Design . 1 . ' ·" � I ; \ ! ' 

I J d J j � ' ] '. 
'!;he study was co;n,ducted, in_ a; p�st()rey .offi§:e: bui�djng in tbe western ·part of Singa.w.ore. :The : , 
building is slightly,:qio�� ,th�µ. Qntt1yeari9�d, and (ace;;)1, ,major expre:�&way a hundred_. metres .. 
away. From the out�et1 tI:ie! idepti,flrcation1pf�. �;:µiea�l.l:t;emept floor'.' on :the basist of: its ,, 1 .. 1 , 1 

. . .. h d d' d . h dl' . (Alll J) . . h . d T " . f as�oc1.atH?l:))\<\lt a .tf. JCa,te. ay:1. i:i.n. 1Jilgum1� · . . '•! 1s1e.rr:ip amze . •  n1a ... measurcrnen ... .. ;1 

floor", typically spanriing between 40_0-800.m.2 in.�ingapore, it i.s envisaged that1J;,:spatial1y '• 

distributed sampling points would provide a reasonable coverage for determining the variation 
in chemi?al-cqi;itam�:t;:1.atipl\o(n1e41qqri.Jvi�asur�ments ar.e take�. ;;rt the ocqupant:Preathing · 

level and an a,mbientJocated in the fresh.air intake,stream. e e{l.sme e.o.t: 1wer�,conducted 
du;ing qcy1�pied h����, '.�hen tb�/ �;IIU-,i.� •in opera,tio:p 1to fa.;il�tatq:-�1 eva:lu�tion .of the '·' 

ventilation c4aracte�i,stic§ �o ftS to,pi;ovjde:an a�s.e�S1T;1.ypt,9,f,�h�,adequaay:of1d,ilution as on,., ''· 
exposury contr,ol str.at�gy qqbe1,i:n:99:Q.r :VP.Cs. �Pi% of1the. building floor a.re�is m:ea:s:u»edtor' 
proyid� a reasonflble, ,v9�eragy occµpieQ ;i;t.;reai pf, the. building. Thhr translates ·to ())jlie ; '1 • , ! I, 
'measur�mentf19qr': .. :tf; •t·r! \ii'\;.. f(l(f •• 1: ,)f,;,( j(.IJ. (,'I\� :�(,,.I '/•ill' I 

i; ,,,:ln: ! ·!1' · pf,· : · 1:11111 , i: ·:.:1. · i ll! !  1'' " 1'1.lri1 ,-;.: · ' 
.�a�nplingL�.caliu1l�1, ; : , • .,,.,1 • it!.. ! ,, -1111111, '. ! .. :.1, 1 "ii· fl ·•111 1 _.11'1 

'! '.1 � , ; ;,t . ... ; i, .� .. ·, . !.c : _ :! 'lf'. . �. '!J, th11",1t1 
.

. ·: , ., . • .  '. .. 'iLL \ f,J·: ._:":-'_1- �� i·1 � 
The 'pwa��r�µienFflqC?r' fpr 1th��. qml4l.n�pJ,,;�si tb� 6 �oqr. B�gure 1 sho"'s. 8: schymatw .. : , , · 

rew9�ep.tat1.on, ot 1he' ;�Ril.SUf,�ll}ttm flc�.or,' . . punng a »'aii<Jthroiigh �S,�tjS,��,en,t qf the, t}0pr .. ; ! i ,., I I 
faii.Jy_,�tr.o.ng· einissj,?n� wa� 1<,iet.eqt�d ifr9m tP,e building ma.teri�� ,,n lqq;;i,tiq1;1 2: It v,vas, poiµt1e�l;, 1 

out that the premise was previously used for me�t�ngs., I:Jmvey,er,: du� tq. th�:�P:m1g.emis�iqn�,1. 
the meetings have been relocated to another room� This floor is served by two AHU s 
employing a building automation system (BAS) controlled variable air volµ,me .<V � Y),,;,. / 
system. The two AHUs are located at opposite ends of the building, each serving respective 
sides and �,cqtpIAon ar�l;l w�tA po ppys.,i9;:i,l �(;\pa.ration .. T11�� !is,ii;ipicat1d, rx,t1J,e,9;pl)S; b;itchec,l, : 
at�a.in t;iguff ;1. i:');es� ail;js drawn dir�ytly1frolJ1, the .. o"11t;iiq�jn �,P.ese .two AEii.J,s, wper� .\t. i11,, , 
mixes with tp.p,recir:cul�t,�d air fro� tpe,retu.w duc,t�1;:\W;l Sl}b�eq;w:p�lyrP.)st(buted.to tq� . .. 
occupied spaces. Table 1 provides a plan of the locations where t��. lW�.�� ·��1 e1}���w;t;_I<r '" ,, l<J . 
conducted. 



451 

Measurement Techniques 

In each sampling location, the voes were first enriched in a preconditioned multi sotbenf · 
(Tenax GR and earbopack B) SKe stainless steel tubes (1/4' OD x 3.5"). During 
measurement�.�i2.ditres1 of air WaS1 drawn till'�\ii.�1 tlie ltlibes witbLthe ai'd of Buck I. H. pumps at 
a sampling rate of14. l 7'cchrtin ·over ·S hatii'S.1 The 1Sam'piing flo\\v' was 1checketi twice using a 

. 

Mini-Buck.I air; flow 1cal�b'tatoriM-5tra1! the:1'eginfiinlg antl ·agam at the' etld•6f sampling. All 
. 

samples were thenr�eale& using;r!i statnles·s:·stee·Vswage1io1Ck1caps, su!Jseque1ntly.pl-ac'.et!1 l.n ice.: 
cooled con�ainers �nd transp6tted back lo the lalforattiry'. '� · ) · 

. ,  

r�i:j�J1�i1r �,( �1�i111:;n:)· )h 1c'.l 1 �'- - .. ;J, :-· ,r-.1;.::r. ,� iL, Jt(1 :,iu•:. .i ! ·•·" 

For analysi.sythe tubesrceritainft1g VO<Ds were Jilated �ni'<afil AtifofflatetlTHermal Des.orber ' 

(Perktln+ Ehner1A 1l'D1400) midlleak checks: we'fe:perforihed to :eri.stlte1 sahipl�:integrify; · Aftci­
purging for 1 minute 'with· hehib, tli� samples wt�re th'ehnilily desorbed ·at '300°e fot'-3 ·: 

minutes artd transferred to aiieoldltrap te�Wt!ail'ling Teit'aX1IW asi the focussmg' sorbent. 
ecybifo�ussmg wa&done at -3��(1).J'i'h� ttap -Wtts fiii�J:U1eatedi0pifo 300g�lat' a rate·bf 40°Cl�ec· 
and the vola tites ·-Wer� transferral .via !a,'. traii'sfe� iire into·� :GC-MS sysfeiti ·'(Fie-wrett Pa2katd ., · . 
5190). The VOCs were separated on a 30m x 0.25mmx 0.25µm film thicbi'es' ', 1-IP 5M's �'·1 ;· 

erosslinked 5% PH ME Siloxane capillary column with the following temperature 
programme: 40°e for 1 min, l 5°e/min up to 105°e hold by 5 min followed by 20°etmitFHiinp 
to 245°e for 5 minutes. voes were identified using a ��':Vlett f'.ack��d 5973 MS detector and 
an NBS!JEi'brtjry. Peak' areas' bottiihe�·· Were coMpa!f4' with those 1from the· e*tenial ·stabdards 
provide� by Sc�ftfSpecHftfy GaseS'.i '.l'.)ue'1t9' Hiimerons%id diverse' c8iiipomids &; dt d:'lt was 
nof.possibJe'fo'1obtiiin aWthe different1staitl'd�rds to evalo�df irit:li".icll1af"r6sponse1 '. Tb'.eref�' e; 
t01ti&ire· eqm\tal8_\ e·WaS�S'bd•f6'fSoJiie COfilpOunds:· J' •. If ·�I 'i' 

»;.> , I I,;· 1 '1" 

·;._' ··!/' . .. ,,. -rJ '•· : ,(.;; ·111it :�j •11<·1,t'r ·1.1rl' ,, 1.· )�.:..··· .. ·: r:,,- . . 1 '.' ! 
Ventilation SfudieSi": •. · · J6i r·.·· iY · .<)'1' : , -: J:1 , ? •: , r':run ;1; "·:�ii1i1: ., , ··: ·;! .. 1,·1', 

. •  � "JCP��·, -( I� v·1 'ff:.1 ; �\iTiL .�I{!:) i ��, r-iL:l', '....' ; ,;,f 1��:.J(Jl "J r:' jj !P (1·/ 1 'i 

v ditiiaH6W�sf.tid.ies1 wete·perfdhned il!nhg SF 6 ·as· K-tra'cet gas ankt. tib.seiving tlte Hedy' in j� ·' 
concetltr'ati6n' ai-tiib'5 16dations usiJ1g''p'h'ofo!acousti&1spectroscopy (PA�). type 13 f2 �nd 1302 
(Innov�. Tli�·a1t-iekchange·rate"in'tlie samp�iri� IOC'atio�·was determ!i:te'd. siri.g1'.'fre '. 'I .-·�, '!""i 

concen'fratioU'�eocay'ilienl6d! 1 J1:11 ' ·1 "1• � '·)11• . ;I· G · ' 1 • • .... •• : . ; : • 

RESULTS 
. , 

,. ' . 

GC/MS Find�ngs I - - --1-- -·- . .. . -· -·- J __ ' •• • 

!a� l� 1 prese�ts f:be rivoe values c\erivef �·om .th� q�/MS 1metho? . Du� to th�. lack of 
md1y1dual resl'onse factQt for a larg¢ nunlb�r:Qf compounds found m th'e mdoor' TVOC 
valuFs are rep���� in't�uns �f�ttf�ne eqµ.i��le��: Th:e:concentrati?n vhlu�.s. bad_a'wide range 
be�een 0.05 to.5.49 ppm. T�e ijjghfst coI1�¥111r?.t1onA�tected was m loca?-�n �.�here there� 
wer� C OJll�l�ts. Locations h:and.3.JWere foun� ·

,
t<?,

_
llav�'l�� !VO� t:�-�

ls ·��O:lp�m). k 1 • 

repeat 3� 1lirl'g::at-these loc�tions confil1Ifed 1l1� tow. pol lunon vatues: . 
� __, •1. t 

19 VOes wer� fQU�dto b�. pres�nt at least·40o/�Jf:tJie· tjme in the samples. These VOCs with 
their possible �omces are listed tirt Table 21Toluene<-i S'tne only ubiquitous compound 
identified. Benzene and hexamethyl ·cyclotrisilo' a.rte appear'in 90% Of the samples. Figure 2 
shows the concentrations of pollutants at different locations in the ��pling floor . i �elativr,J.Y. ! 
high le��is ;6fW��\'id�6aiiJ' ��}�1ro{lricr1f�'1h� · ialli1His� t01i���d;5)r · ilihutyt I>11ffi�1�te . ·1t ni�),<be 
noted that some voes with as low as 50% frequency were found to have among the highest 
mean concentrations in this survey. 
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f1i 11, :f • , ; ,  -, , , . 2i;:i n,I"ll J\')qq�i .. 1/.: rn11 :-YU·; �211i' �1Lr! 'J'.Ji°lin rir:'.n1<1r.��!.! : ;;.-. ; f: 
Tahj� 1. D({scripti@n <Jlld TVOG:, ,value� ,<;>f; Samo Jinu:· LQ,<?&tiA>Mr;}, · 1 • i<; , ;·111i '\If, dr.:•·rl :i.11 

1Location 11 Yolumei n1:,,·J>rim�ry ,!r1;: :;Occu.,. lrrr�Clln ;!- 1iVOGJ1,, � .1R-tmi.flrks: :.i '  
3 ' 

. 
. 

J'.!:', -, •1;,(mJ,fi·. ''lri�Un�ti�O)'.,ii · •pane�·· i h1 r, !', rr1·J111�{)nC. ;•:;·: ,111!!1 11}IW.Jirl· .. 
I' :.•, . 1:1··r i; ··1 :·.'JL :)tlr· ·11;::rl ,.i·: :.1w· ··. r:,u\111 1'' · \11(ppm) '·"l· 1;·:011n� 11·.'ir· ir1• .. 

3 
,. , J 1l•·t I r"1.1 :• ·1 J\i ,!r11· L,1.JI·.• 

.• . '_;ll;J r ,. ,: ·'·I •/h11:'l ! :)• ·�11 111.:::.n f! • ' iu,,:iJ '• I ·oqr IC'.J tluring;�21r1 ',} 
,: ··1l·�' • ,'!,� l ·Ai '::•11 ;· J:1·i1:. 1 : i -:1' 1·,r:11<:. i 1111>1'.J11r11""":i, 1!- :1 :sal:rtplin�·-·•1 r 

:. 1, 4 : · 1 11 .,127, ·1Waiti!l'1g an:a '.'/ _00 .'.:l!I :,10.801'..i r· ·11•:2.911B1 , '1 T >· 1v, 
·10 , • 5. l .;r, • , 90 · jAdministrativei. i; '03· 1 1 i <fh119:1 i , l1: 4.'?1711.. : :  r ·�.111. 11� • • •• ·! r 
Al (Ambient) :rtt1• 2.86:i:�:;dJ r11 iii1'.ffl;<LJ3ir" 
A?. (Ambient) 4.9� 

T bl 2 TVOC nk d 'b t a e s ra e 1y mos common occurrence. 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

voe 
Toluene 
Cyclotrisiloxane, hexamethyl 
Benzene 
Benzaldehyde 
Phenol 
Pentadecane 
p-Xylene 
Hexadecane 
Tetradecane 
Octadecane 
Ethylbenzene . ,l. 
1,3,5-Trin;ieth_y;-lqenzene J>� 
Acetophedoue i;,,;H: 
Docosane ._--,� 

Dibu.tv.l. phthalate ·• 

d' 
' . 

:·\. 
1;.' ,': �·> I 
' ·M .. 

1r�t :1'· 

Freq/% 
100 
90 
90 
70 
70 
.w_., 
o.60!: : 
60' 1 : 

I . 60':� 
,). 60. ,'l 
,:. 60· 
-. I .!'OP' l 

1 • I.so: ! 

•• · 1 • so·,· , r . 1 ,., .. 
. •  5.© l-

16 O<.:laue<.:anoil: a<.:i<l� 1l:iethyl esler 40 
17 1 3-dimethyl benzene 
18 Styrene 
19 Alpha-methylstyrene 

DISCUSSIONS 

Lr:1�� �" 
,c 40 ),,) 

"<" 4'()'\' •IJ •' ·�;-
J�·o 40 

Plausible Sources ,, . , ' . .  
, Bioeffh)ent, vehicles, solvent, bldg material 
Printers:·lva.rnishes� sealing cpds 
1Vehicle�l riiastic rubber solvents carnets 
C!\rpets, blldg materi�i� 
:]ilibeffluenti bldg ma�.rials, vehicles 
Cdrpets1 hlCJg.mat�rials 
•Adhesi\.rcs,,ifloor qn<eringi.c�pets, vehicles 
Ccp'J)ets� bldg materials 
C�ets� ibldg material� 

: ' Carpe�s. bl4g materia,l,s 
1 f.\'.'�i.cly-S.� s01ven ts , bldg materials 

Vebid¢s,.so1vents1 carpets, bldg materials 
: 'SoJve(l(�/S.BR-. 
I .·cafo¢ts '·'· · 

I ,Carpets, plas�icizer., 
Pai1� a'lllitslV'�i; uu�lw.::li<.:s furuisltiugi> � J ) , 
A:dhes'&e!\,, consunier ,t>.roducts 

Plas.tick;JOain'ts, SBR, bldg material 
f> J asnC's·,,paints, SBR, bldg material 

�-. 

The survey revealed that a broad range ofVOCs were present inside the building. 80 different 
compounds were identified in the indoor;,envirqrnwntlMost-Ofthe oompounds�.d��ete:d are� :·.i 
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 meah1 WJi'®hlratid!Nif d:Ue. -W..J I· 
the polyester carpet emissions [3] and also outdoors from the diesel emissions of large trucks 
[7.i]1 ;tr:a�eH�lilgr ;al9ng: Fil� .maj,or roaq1, OrgaoosH0>xao�11 \ffrequrotly de�elatti<.t w��:Jrom .p\1)mtu:r 2; ; 1 · '· 
emissions [12] and also from varnishes and adhesives [11]. . '.PU.<:%i�'I ,, r·;<Jl_IJ ,,., 
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Most Singaporean office buildings are not equipped _with gas P.hase � filtra�ion equjpme�t in 
�e fresh ajr in.take o .the re_circtliateo• ·a�.! Tlii.S' p 'actibe._cad!and ha led' lo 1:6.:Q proHlems 1is .!.. 
illustrated!fil> his stu'cf'Y. 1be sitin� ofambietit2 facing tt'iriajor:road;ha 'led to the ingress 6f 1 

v&bicular pollat�nts in l"O'cations 4 and 5, wheretthe deteeied•dampounds clbse .ly relate to 
vebjcula.J e_m_i_!lsip.p.s like·p¢nzene,Jolue�e_anp alip)lati�_alkanes_[5,7 J. TVOC values..o.btained 
in location 2 were r�latively high.1i{his support the 0C>tnpl:airtts1ofstrong emissions inithat 
location. 1'tetradecane!Jheptadecarre 'and hexadecarle�wereifoun& J.iD tpis lo�ation at high levels. 
Itl ciµ.11be se·en from Figure .th.at l()_9ati.OI!_� register69 some voes. wi'tl1 high Qoncentrations. 
Th:i.simay be;du9 to the low ventilation rate m-that'locatiGn'asireported inYl'able 1 or high 
e�issioris of compounds resulting in an �ccumulation to fairly high steady-state values. Being1 
a inew bu.Jldin.g, sµcQ__phen.Q._Q-l�fil.QD. is no 'ma! aµd i �_expecte9Jha� the org�1J,ic_�1mtaminant.s : 
�ill decr�_as_e t_o � st!J.hle_ statl'._withip._the ti�xt�few inonths.-;,Nev��heless� ch_e111ica.1Jiltering9f 
ttje recirculated �ir aJ6rig with ch�rig�_H1_yeht'ilatibil's�t;tings1can h�lp to '.reduce tJ::i.e_J_ev_el� qf 
COntaminantS in;theseilocations. I 

, ··Jr\ '. 

'· · • I 1;) • •lfl:JV -· -

800 

- - - -· ----

1<1 i ' - ·-I . •  
', I 
- ' 

�J _( r I 

I o' 

__ u 

j,,.'J 
,.I 

• --< ' 

.; - j 
• I 

" • I '1 I 

I ,.-: �i , 
l ·- . 

I -
i 
+ ...... -.. ---

voes 

I I _j 
; ' . - - . 

11i�1J'-):'li ! > O�J .!.�t::t�liurl :)f�J )bi.-.Ii: Jli!J:::�JCJ :.-1'._,, , (. : ( , .·") .:�_:.i!ln 1d :l r; t!�fis 1JI : :.; 1'. 1 '/ : . ·  •.• 

Figure ]2; (l;oocerltrati©nS<of W.©C:siB:t tlifftt.ent .l()Cati0ns;;! ii; _,d. fl i : , Jr J l1f l�ii,; ·.r:. ' ( ,, !! . ''l, Ii., I 

,q1t;·: ·1�:1r.�., :'1fJ .c�f1iUJi.hj.it'>: ::.:�:: j ; - ,.t'.:1d?f;rur1 �'-' .� i :-::_.11f 1:�. �1.,,; .;11 _t ,:;_!J:·111 .1«·: ·1 
,:1�'-·'i1qJi011 ';-1) · �jr!: '.Jd . , !, , IJl · i ;-,,:·11 , ... . '11 --. i.i:. :;u ;(J ' , :•:.;,1,,�·r1' · rl: r: , , '1 · :.J, 1 

AOKN())Wl.lEUGEMEN'l'S,: ' .. '1:1,�:·1_,11r1:.11 ''·-'· r·:if:, 'J�;fl:;1,:1:,j ,-,::.·1, ,.rL.:i'..1i11:1;:·(· ii!:; "'I 1:·1 
,.,:!�;11·.:r r)_C?�r.l '�l,'• i-'.{:(iJ· 1-lf.� 'L;,�·_,·:. �!IJ 1Jlf)'I: :'.'l(J'. 1)!'J.; ( Jr; j·,'�H l ;·�I �J1t;,:. . .. i, �:) ,".J(!'P·:) "!'·:·, J', di': .<.: 

This study ?NaSJ supportedJbyJtt Natiemal iUniversity.o:ff 1Si.rtgapore researchlgrartt urtd�ti reseatch 
project RP3982098. .J • i j . '. ' . · ;<:<i;' ),, .. · :• ,ii?.···11 1 ,.;-,;1; .n:· Ir i I .. r· _,;;'.�1<::; 
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