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ABSTllACT: 

The indoor air quality <111d liiL·11n:tl co111l(ll'I were invcsligalcd i11 twelve tllcck111ically vc111il:11ed 
buildings. Measured para1ncte1s Clllll'L'flling the quality or ind(llll ;1ir i11cluded l'Ciililalion rate, 
Cllllt:l'lllral ion (l r TV oc. ( '() '· ( '(). I{ 11. <Ii Id I'll rt 1l a ldch ydc. 'I ill' t hL' \ 111:11 L'O Ill IC II � 1 1:11'; 111lci<:r-; i m· I udcd 
1nrn11nir,111ca11 radiant. plane 1adia11l :1sy111111\'11y. and dew pninl ll'n1pcr:1lu1es. "' 11cl! as :1ir 1clucity 
and lu1bulc11cc i111<:11si1y. cir. l\J..111llily l'lll'l'!!Y co11s11111plion data 11as also galltL'IL'd lllr ca1:h huildi11g. 

Vc111ilalion 11�1fi11111:111LT. i11 ll.'\'lllS or ai1 llmv t alc :111d i11tl(l(ll :1ir q11alil1', 11:1s cn:11p:11,·d l\illi 
Ilic Standard. ·11ic 111c:1surc:I <111._l ,_·:1k.1tlall'd tl1<:1'1l1:tl c111·i11.>11111c11l results \\C'tc al-.;n co111p:11L·d 11i1h lliL: 
Stand::ml a11d the ( i11idl'li11c. 

J. INTIWDllCTION 

The quality or i11dum :1i1 has hecn111c <I m:�i1>r cu11c.ern evn silll'l' efforts (I\ reduce l'L'lllil;1li1>11 
1;1lcs in buildings s1a1tcd. ii h;1s ll\tl[! ken 1 ccng 11i;>.ed that the qn:ilily nl' i11dunr ai1· ,fo1u!d 11nl bc 
i1np1 o\'l:d al the L'\ pcnsc C\r higher l'IH:rgy cu11s11111pl ion. I lo\\·ever. gulld i 11dunr ;1i1 qu:t Ii I y and 
energy conscrvaliu11 pr:1cliccs can hl' compalihlc. To achicl'c a g111>d induor c1ll'ilt>11111L'tll ;1l 111i11i11111111 
l'l•sl. it is ncressa1y 111 1klc1 111i11e where li\<,l. \'e11lil;1tiu11, a11d e11c1gy cu11sL'i'V:1lion ;ire n:1lu1:1lly 111 
cnn1pelilio11 and "hue lliL·y e<111 ll'ork logl'lhcr. 

The /\NSl/1\S I I IZ1\ I; S1:111d:ml 55-92. "'I he rm al L'llviro1111ll·11lal condil io11s i'or hu111:1n 1'lTt1p;111L·y" 
(/\SI m./\I:. I LJ9.!.) is usL'd cxll'11si1'L'ly in C;inada. as a rdere11cc fi.1r cu1111'o1t kvcls. ;\,; 111"rc :ind 
111utL' studies ol l'a11:1dia11 lrnildinp in 1hc culd climate arc cmergiug. it is apparc1111li;1l lhe 111c«1surcd 
p;11:1111clcrs satisl\· lhL' cu11Jl'url lim its i\S sl'l out lw /\SI IRJ\E. \'Cl it is i'<•Ullll lh:tl less lh;111 81n;, or 
the ocrnpants ar� satisfied (ll;1gltighat et :ti. 19'!2)� 1\NSl/J\Sll-l{1\E S1a11da1d 55·'!2 is h:1�cd al1m1st 
rnti1cly on Jata i'nnn climate chamber studies pcrf'orn1ed in temperate cli111:1tcs. This p,·1·h:ips 
n;pl:iins lhc discrL·pa11cies hl'lwcc·11 PL'L'llJl<lill satisl'actiun in <t Cl\ld cli111atc ;ind �:alisi';1ctiu11 111' "'"rkcrs 
ill a IL'lllpl'l'atc cli111alc 

Ol1Tll00ll \H'.ATlll�H. CONDITIONS AND BlllUJIN(; CllAl{ACTFRISTICS 

!\k;1s11rc111c11l� \\L'rc l':1rricd oul al \Cl'l'l·:d 111 1 \ ksl:t l iuns ol' I� mccl1;111ic:tlh 1\:11til;:kd huiidi:tl'.S 
I Ill' 111";1'111c111L·111s 11·cre pl.'rl(1rn11.:d during 110nn:tl mTup:1m:y. Tlte i111·�'�ti�;1icd

.
buiidi11�'.': v:11 :, �,_,,_.,1(Iy 

111 "1111;1rc· :tl ca (.ill(Hl ill (1� l)t)I) 111\ ill lllltllhcr (Ii' llnCHS (2 lo 2.) �llllt'\"S). i11 d;1lc ni' Clt!J:;l1uctin11 tl'll·; ' " llJ1l:1). i111111e <'i' ll\11\C
·
s.1·s1cm (l'teL' conlin)! l'1\V. double �lucl V . .\\'). :iml i1111·pc 111' 

11·11:1111 tp11licc st:ilin11. cou1l liouse. p1i1·atc C(>111p;111y). 
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The 11ll'f!Slll'l'l1ll'lll� i11d111kd pliysi ·:ii and d1cmical 1111111ilo1 i11�. :1ml ;1SSl':.Slll•.'lll or lhl' pt•rcciwd 
indtl\11" air qu;ility. tlicmml C\llllftirl. etc. The dw1nic:tl ll1C:l$\ll'Cllll'll(S i11rl11tkd Clllll"l:llll':tli\111 or 
·1 V< H.'. l'c.1n11aldchydc. ( ·1) :· 1111d C '( ). 'l lw phy::ir:1l llll'asun·mc111s l'PllSisltd in 111wr;1! in: \l'lllpcralurl'. 
nir lt'l1 1J1l�l':ll11rc. rclatiw hu!llidity. air \'docily and \'l't1lil:1lion raw. The.: 111011thly t'ncrgy t'11nsu111pli1111 
111' th..: lmildi11g. a11d llK· dnily \\"l':tthcr t·11mlitirn1s \n·rc :dso rcnmkd. 

The mobile syslt'lll c:olln:tnl com·111-rc111 physical data: ;1ir lt111pt·111t11rc. dt•w-poinl lt'lll(l<.'Wll!le. 
vap1_111r pressure, globe lemrc1alurl'. rndi:111t asy11m1clry. ;iir vchidty. l11rhuk11cc. 1c111p, r:11ur1:- 11r air 
supply, air rclurn. a11d room. illu111in;11icc. rn1hrn1 111011nxide. carhon dil1xilk" li1r111aldd1ydl'. volatile 
organic co111puu11ds. and tracer gas decay. The lr:111sd11 ·crs and 111c:i ·11re111cnl pl1i11t!' \\'cit pl:1cnl ltJ 
rcpreSL'lll the im111cdiate i.'11Vil\ll111Wlll of \hl' SL'.:lll'd Slll�jl:cls. 

3.1 VENTILATlON J'ERFOH!\IANCE 

()111dul•I' fresh :iir is m'L'tk'.11 to 111ai111ain :ll'l'L'plable indoor air qualilv. ·1 he L•uldL>\ir l'tl·sh :iir 
1111" r:11c was n1c:i�u11.:il 11si11•• lht· d1·L·nr lrrn:t·r gm: lcchniq11e. The w11tila1io11 ralc !di 11·i1hi11 5 
l!�/pcrs< 11. i11 huildinf.! //�. a11d IJ.I lh;/1wrs1111 in h11ildi11g. //4_ Rcsulls alsn i11dic:11cs thal !ht• v\:111il:itio11 
1alc in !ht• m;�jnril) o(' lhl' lit1ildings is llHI ·Ii hi),'hl'r than the minin111111 10 l/:;pl'rsnn rcrnllllllCllded 
hy 1h..: 1\Sl-IHl\E Slaml:1rd tJ:!-JlJlNlt 

3.2 INDOOR AIH C:ONTAl\llNANTS 

The COllCt'Illrnlion or the foll<1wi111,! conl:i111i11<11:IS wrn; lllC<IS\ll'Cd dmi11g the he<1ting and C:llOlin!! 
seasons: C02• l'nrn1aldchydc. TVOC, nm! <..'0. Th;: level of C01. co11 ·enlralim1 was lower than the: 
111:1ximu111 pcrmillt·d in lht· 1\SI IRl\E Standard. and w:is 111ninly l ct ween 450 nml 6SO pp111. in b111h 
seasons. In !ht• i11H'Slip111·d I 11ildings. the co! C\llll'Cll(l':lliL•n \\';IS Jlf)l n r1111cli1111 or Ilic \'l'lllihition 
rate:: it is :iss1111wd !hat :ilirn•sl all lhc huildi11gs were ventilated 111ud1 high.::r than the /\SI IR.i\E 
Stm11!;11d n:crn11111C11lkd_ 

·1 he l'orm:ilcld1ydc c1n11:c-111ralio11 i11 llil'S' lH1i!t1:11gs v:iriC'd bt'l\\'cc11 74 ug/1111 i11 a largl' maj11ri1y 
111' l111ihli11gs ;rnd 211JlJ 11g.'1n' i11 1111c building (during hnlh ·1111li11g :ind hcmi11g sc:1so11s). '111t 
rnm:.:11tr:i1in11 kvcls were: sig.nili1.::1111ly dil'lc·rcnl du1 i11g Ilic h..:a1i11g and cnvling !'L'as1111s. N11 
n::l:11i1111ship w11s ti11111d htll\'cl'll lhc \'l'111ilati1111 1:1lc and li1rm:1ldt'hydc r111ir·:11tr:11io11 d111illl\ tlw 
n1nli11g sc:asn11. 1\ 1l'lali1111_,hip hl'f\\l.'.Cll lht:st· p:11a111l'Lcrs \\':JS oh:;trvcd d111 ing th.: lit·atiJJI.! St!aS 111: 
1lw 1 ll '110 c1111ct·111r:ili< n d..:crc:i!>t'd :1s lht' 1·t·111i(;11i1111 1:llc i11creast•d. 

The TVOl' rn11n:11lr:1lio11 ln·l'! ti ·vi;1!1.:d h·:lw.::..:11 :l<i 11�i/n1' i11 huiltli11g li(1 in s11m11wr tu 25<>0 
u�/1111 i11 lh1: same li11ilding i11 winter. n·spl't:til'd)'- 111 su111c 

-
h11ildi11gs. the �·arialitin of'TVOC l'rom 

nnc worblatiru1 lti :111utht•r \\'as 1111,rc than I 00'!·:1. I 11 g.1.:1wrnl. 1111 corrcl;1ti1111 was found hc.:111-e.::11 the 
w111ilatin11 r:1te :111cl TVO(' cuncl'nlr:1ti1111. 

·1 he CO co11crnli:1lio11 lcH·I was ;ilnll1:;t Ilic sa1m: ;1s lhc nutd1H1r CO com·.e11tr:11in11 \\'ilhin all 
works1ati1111s and in :ill building:; . 
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_u TlllmMAL COl\IFOlff 

lklailcd 11was111-cmc11ls 01· llt�r111:tl c•.111ifi,11 p:1ra111clcrs \\'ere c1rricd Plll :11 the c;;:1ct p ltysi c::tl 
position or Ilic uccup:tnl i11 the wt1rk::1Hli t111. ·1 he ;1ir a11d !_dnhc lc111p-_·r:1l111'c�:. :1s \\ell :1s :1i1 wlociLy 
:ind turbulence. 1wre 111c:1s111-cd al three ltci),'.lits ( 10. (10. 1 1 0 c111l. "I l1c de"'- 11(li11t 1e1111•cr:1t111t· :i:1d 
1·apour p1cssurc were 1llc:1:-;11rcd :1l <'Ile licighl ('1ll c111). l�adi:111l <1:>v111111clry 1'.;i:: :ii�() 111c·:1•:u1ed. ·1 his 
data wa� used l<l caku1<1lL' lhL' (·11viru11111c1ilal allll co1111'01\ indiL·c-:: opci:1li\c tc111pL·r:1lu1c:. 111·,·:111 
r:1diant temperature. effect i VC ll'.111pcr:1turc. predicted nll':lll l'tlll' ( i 'i\·I \i). pi cd iclc:d Jlc'I l'L'iilag_c ur 
di:;satislied (l1J'I)). :111d p1'L'llict<:d pcrcrnt di:;:::1li .-:ficd due to dra!"t (l'i)). T:1hk I �:ltoll's Ilic :>l:1listil·:il 
su111n1arics ul'llil· i11dllnr cli111:1lc 111c:1su1l:111c1ils d11ri 11!! the C()l1!i 11J.! :111d hl':1ti11g ;:.:;1:-;,111s. rL·s11cctil'cl:.·. 

l\lcan air and r:1dia11l tc1llp l·ralu1 e�. nwr:igcd ac111ss tlw three ltci�.lil:;_ !!C11n:illy kll withi11 )I 
:111d 28"C for lli e Cllllii11g SC<!'.>llll, and ll'illtin 20 a11d 28"(' rrn the lic·ali11g SC<l!".111. J'ilL' '. :11 i:itioll ill 
L':IL'h i 11dividual \iui ldi11g 11'11s 1·•.TY luw; lire s1a11d:1rd dcvi 11tio11 bci11g less lli:111 I"(·. It 11:1:; u1il} 1"1<1111 
one h11ildi11g t<1 the 11exl l'1;1l :i l:1rgc dillr1·c11rl' was seen. \'er lic11l air lempcr:11u1c g1·11dic11ls 11·nc. 1111 
:11'l'r:1gc. about IJ.(17"('/111 i11 Ilic· <ICL'Lll1icd m11c: \\hicl1 i� 11·itlti11 t h.:- S1:111d:11d. 1\n·:·aµ�· rd:1liH' 
ln1111idilies ICll withi11 _\() :ind (12'� .. ;,_ in the cuuli11g sca�on. <1ml 11ithi11 10 rn1d .�IJ"k i11 the ltc:1t i 11g 
Sl':\Sllll. fVlc:111 air spceds. m·cragcd over lite tlirl'C h�ig.hts. were qui le low: thL·�· av�·rai;�·d tl.tJlJ 111/s :111d 
1 :mgcd rrn111 ().(H lo 0.2'1 lll/s duri11g the n1oli11g season, anti a1·L·r:igcd 0.IJ� 1w\ :1ml r:111�tc·d 1'1 n111 O.ll> 
lo 0.29 111/s during the ltc:tl ing Sl'ason. Similar var iations Wl'rl'. :dsu uhsl'l'\-cd r1(l1ll Olll' \\\l1Ksl�1tio11 
1,1 :11101hcr. \\'ithin till' sa111c building. ·1 hl' 111<1xi111u111 average air speed i11 lite t\l'Ct1picd '/.011c is 
'l'LTilicd hy Ilic /\�I IR1\ I�  Sl:111danl 55- 1 <yn as 0.1:) 111/s in lw<1ii11g sc<is<.111 ;i11d 11.2.'i 111:\ i11 L·rniling 
s1:as,111. This i 11dii.:;1lcs tlt:1t duri11g Ilic hc;1tinµ seaso11. lite ;1ir :-1Wc'<i in st1n1l· 11<.11l.sl:11i"11s c.\rl'ctkd 
liiL· ,.\SI llC\I':. l imit. .I IH: tu1 hulcm'l' i 11k11•:i lie:; rel I wit Ii in l) ;111d 5ll�i1 durillt! the c111ili11ic scasu11. ;111d 
(1 :111d (1(1'"�1 duri 11g lite ltl'.:ili11g �;l·:.isu11 (a1't'1:11ll: _1_,_1y�·;1 l'ur h11llt sl':1,n11s) 

·1 he ;\SI 11{;\I:� St:111dmd :':'-I ll<J:2 11sc•; tlte ''Jll'ralivl' te111pc1:1lurc :is the l'111 in111111e111:1l 11:11:1111ctcr 
liir L'\·alualing gi"h:tl tlie11nal cc11111'ort. ·1 he Sland:nd then deli11cs n r:111gc ni"•11'l'1<1til'c tc111pe1:il11n:s 
:111d l111111iditics th:11 rnt.: ;1ccL'pl:ihk tu XO'!-';, 01 111111l' "r 1hc occ11p:111ls. !'his r:11H!L' i:; 111�1i11lv :1pplic:1bk 
1<1 :1 S\'\k11t:iry :ictivily. 1.2 111cl. with lllll'lll:il wi11ter L"1111hi11g. O.X-1.2 d1. <1r s11111111t•r l'lotlii11g.. 0.<1-U.8 
,-1, •. ·1 hl· 111t:asurcd p;1ra111clL'l'); wnc \ISt:d IH c;1kul;1tc the operatil·C ll.:111pcr;llmc· usi11g. Chapin I:; or 
1l1l' ,\:-:111{;\L \l)'JI Fund:1111rnt11ls (/\SI 11�/\I:. l<JIJ�). and the rcslrlts 11·erc supc1·i 111p11'.:ed 011[(1 till' 
S1:111d:11d's l'11111rur l psi clio111dric charts li1r hnth the hl·.nlinµ a11d L'Ol•linµ sc::1sn11.'-<. 

I Jata sltmvs ll1al C l l lly (1.\A'!,;, or the 111eas111·e111c11ls foll within the: St:111ll:1rd"s s11111111er C!lllll'(ll'l 

1 .. 11•: (\'lHlli11g SL':1'.;lll1). Tin: ll'.lll:iillillg -1.l.:1'�·;1 r:tll lo the left ol' thL' co11i1.t11t '1.flnC (11ithi11 COllkl' 

k11'11c·1:1l111•:s). ·11icsl' pc·r cc11t:1gcs :il't' h:ised 011 the total a111<lL111l sa111plcd_ :111LI thc1el'urc· is 1101 :in 
;11e1:1�'.l' 1:1h1c. This 111l·:111s that in St1111c huildi11gs. there is kss than (1.�A".';1 ol'tlic uccupa11ts that arc 
kq1111 11itli1lll·ir c111·irt111111c111. l>:il11 /\ISL' i11dic11tcs that timing the lwating Sl''1s1•11. l111ly 2<i.'l"·(1 orthc 
111t';,.:111l·111l·111s kll within the 11i11l1:r c1imt'ort '/,1111c (h�·ati11g). Tltc 1\·111:1i11i11g 'D.J'�:;, !"ell liduw the 
•1 ',"( • dc·11p1•i111 lcn:I i11di,;1ti11g lh\! clinin1lty i11 h11111idifyi11·g buildings in lhe cold clin1;ite. /\gain. 
lk•.,· l"-'1\'\·11t;i.f!c•; arc h:1s1;d llll th.: II t;d ;111\lllllll sampled. �u om· 111ighl cxplTl 11·nrsc 1111111hl'l'S in  
""i11c· h11i I ding�; 

I :d'k .'. •;11111·.,: :i sl:1lislical Sllllllll:try ur the lhcr111;d c0111i'P1l indices l\11 b!llh SC:IStlllS. ( )11 
"".LI)!<'. (l11c·1;1tiw trn1p,·1al111•.·. L 1 ·• :111cl SI·: I' v;tlucs !'ell 11-ithi11 the :22 tu 2-1"(' 1:111!.!L'. ·1 he l'i\IV 
'"111 .. kll 11 i1hi11 Ilic· -.117. lt1 -.0.\ 1:111gl': indirnti11g 111:1r gin;1ll}' cuukr-tlw11-11c·u 1r:d co1�ditiu11s I hl· 
• ""'"·l'•111di11J..'. 1'111>1:i11gcd rr\1111 1-1.1 lu I ).(1•:,;,, 
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111 ev;il11:11io11 r1r the operative lL'111pe1;1 l111c a11d dcri11i11g the !\SI IR/\E co111rorl zo11l! li1r indoor 

air studies, Lwu <1ssu111plio11s a1c 11i:idc: ac!il'it�' level and clnlhi11g value. To vcril'y the validity or 
the ;1ssun1ptill11s, the occ11pa11ls l\L'l-c asked [l) idc111iry their ;1ctivity level up to one hour prior to 

l'illing the queslio111wire. 011 :1veragc. the ncli1·i1y lcl'L'I nr 1.2 met was acceptable in both heati11g and 
c<wli11g sc;1s1111s. The cl,1tliing i11sulalio11 nr Ilic occupant was evaluated using the garment values 

published in 1\SI l IV\1� S!a11dn1d 55-19')2. ·1 he inti i11sic clothing value averaged 0.62 clo (males) and 
O.SJ cln (i"cn1�ilcs) in the s111111111:r (ahllul Im·;, l1ighcr lhan !he 0.5 cln assumed in the Standard), 
averaged 0.93 clo (males) and 0.81 clo (l'c111ak) in LhL� winter (about 3°/i, lower than the 0.9 c]o 

nssu111ed in the Standard). 

The g<ll'lll<.:nl clll 1·alut:s ur the occupa11ls wr:re thc:n co1-rcclcd by mlcli11g the chair clo values. 
·1 he corr,:cli11n value wns pn 1porlio11: il Lu the an101111 l uf chair surfocc a1ca in contact with the body 
(ch:1ir lypc). This 111odilic<1Lin11 i11rn.:uscd the uvcragc level hy 0.22 clo (111ales) and 0.09 clo 
(lenwlcs) in the su111111(T and 0.2(1 cln (males) and 0.1 4 clo (lcn1ak-�) i11 the winter; increasing the 
insulati1111 values lo tUM clo (11wlcs) a11d 0.<12 r.ln (k111alcs) i11 the su111n11:r and 1.19 clo (males) rm<l 
O.t)_'i cln ( lc111<1ks) in rhc winlcr. The cloth inµ. i11s11:a1ion v;:l11cs 11·L·1e n111ch higher (about 0.1 1 clo) 
for the 111al1.:s 1h;:11 li1r Lhc k111alcs, in both sc;1suns. This difference \\as l'Vl'n !:!rc;1ler whL·n the effect 
or clwi1s ll'llS included (<iil\llll 0.2:) clu). 

Sullle or the 1hc1 nwl envirnn111e11lal ;111d co1111C1rl i11dices were re-evaluated by i11cludi11g the 
chair ins11latio11 v:d11es to the clothi111:! 1«il11es. I he new indices arc shown as the last Cour 1 ows or 
·1 able 2. ·1 his transl:1ks intu a 1.2 to I .J"C increase in SFL ;111tl a 0.2 tu O.J1)'(1 i11e1e;1se in l'MV 
imkx. that corresponds lo a 2.0 lo 2.41X1 clcc1easc in l'l'D index. 

3.4 ENEllGY PElffOHMANCE 

!n 1nccli:i11ically VL'l1til;1lcd buildings. the rnc:·gy rcquin:tl tu hc;1l, cn\ll. L "l 1ndilio11, and move the 
air anmunts (O f'r\llll J()% Up to 51J'Y., or lhc tut;iJ building CllcJg)' l'<.lllSUlll)llio11. I t is the1cf(JJC, a 
crn11111u11 perception thal energy saving will result in dderit1ralill11 of i11d1_1(1r air. D<1la shows that 

energy cost varies rro111 l111ildi11g to buildi11g. The ;1ve:ag.c' tntal cm:rgy cost per gross ;1ir- conditioned 
area ICll between O.t)2 lo ().4 $/1112/yc;ir. l><1la ;ilsu i11dic<1lcs 110 ;ipp:ircn l 1:u1rel;1Lio11 between Lhe 
ventilation rate and l111al energy cost. Thc1<: :ire 111;111y 1e;is1,11s li.ir this incnhcn.:11l result. 

The Clll'Jg\" rcq11irer.l ru1 venlilali(lll is 1rnly part or till' lolnl energy COll�Ulllplil1n: the other 
consumptiu11s i nclude conducliun losses tlm1ugh the huilcli11g e111·elllpc. lighting, elevators. nnicc 
equipment (cP1111rntc1s. fax 1nachi11es. clcL 'I he investigated building'.; also used a wide varil·ty or 
l!YAC syste111 types. and c1H.:1gy c1111scrvation 111c;1s11res such ;is heal rct:ovcry systems. /\swell. they 

used a vuriety nr energy so111ccs: electricity. gas. oil. ere. It was 1101 possible lt.1 d i fferenli<ilt' the 
actual alllOU/l[ of cne1g)' USCU snlcly for ihc \'l'lllil:1lirn1 ii Pill the l'CSt of the CllnSUlllpliun. 
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