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The Effects of Sealed Olfice Buildings on the

Ambíent Enuíronment of Office Worleers

E.M. Srsnr¡Nc, E.D. MclNrvnn.rNo T.D. Sr¡R¿lr.¡c
Buildíng Reserrch, TDS Limited, 70-1057 west r2th Ave, vencouver BC,
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1. Intìoiluction

parllleling ¡êductions in ventil¡tion undçrt¿ken to conserve encrgy has bien ¡n incrcase of
rcqucstr for heal¡h h¡zard cvilu¡¡ions initi¡tcd by occuprnr of ¡cated, air-conditioned
bulldingr who bclieve thcir officc or work cnvironmcnr to be h¿z¡rdous and ihcir symp.
tom¡ to bc building ¡cl¿ted. ln f¡ct, thc rcrm 'building illncs¡' h¡s becn ruggcstcd for rhc¡e
incident¡. A largc number of rcportl f¡om such invctigrtions m¡y now biivril¡ble in rhc
United Sutcs and C¡ned¡ in ¡ddition to similarly motiv¡ted Europern rnd Japancse studies
rnd procnt e potentirlly inv¡lu¡blc ¡ource of inform¡rion on buitding véntiiition, indus-
trial hygicne m€¡surcsr indoor ¡ir qurlity, [9ltrh and occup¿nt comfort.

This report i¡ bascd on thc info¡m¡tion obt¡inod frgm 143 building ¡tudici m¿dc ¿v¡il-
rblc through rhc US N¡tion¡l lnstitute for Occuprtional Safety rnd Hcalth, thc Centrc¡ for
Di¡c¡¡e Control ¿nd othcr invcstigrton.
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I Z. Air Quatity in Working Buildings

' bon monoxidc. formlldehydc' ozonc ¡n

. fio¡ buildings s¡udicd for rc¡sons othcr

t¡ined in 143 ¡ueh invcstigations h*
¿rchivc. Onc hund¡cd ¿nd ¡ix¡ccn invc¡

Frcune ¡. co¡hn monoxide and buihlingt invcstiratcì! lor hcalû comploinn'
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72 E.M. ilulíng, E.D' Mclnryrc and T.D. Stuling

The distriburions of pollurion levels of ¡ll buildings ¡re rtrongly slcewed tow¡rd

low v¡luc¡. Disrributions of ob¡c¡vcd conccntr¡riont o[ pollutrnts ovcrlap bctwcên the

l16 buildings invcrtigrtcd for hc¡hh ¿nd thc 27 buildings invcstigrtcd for reasons othcr

th¡n he¡lth. Figurcs I znd.2 show the typical distribution of concentr¡t¡ons rnd overhp

for both c¡rbon monoxide end perticul¿ter. Simil¡r di¡.t¡ibutions of concentrations arc

observed for ¡ll o¡hcr pollutants (not shown herc). lt m:y bc concluded, thcreforc, th¡t
pollution tcvels in buildings investigated for he¡ltb complrints do not differ from tho¡e

found in buildingr inveltigated for othcr re¡lon¡. For purporcr here, ¡ll buildings arc

combincd.

Frcun¡ r. Pani¡ulau orul buildin¡s invctti¿atul lu kolrh ønplaínu'

PAFTICUIJTES
I EUILDINOS NVESIIOATEO

I 
rodHËALIHcouPLArNTs

ßurLDrNos lNv€STroAl€o
FOR NE^SONS OÎTIÉR TXAN
HEALIX COMPLAINTS
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decmed to bc h¡z¡¡dous by occupational or industri¡l st¡nd¿rds. Mrny occurred in such low

tcvcis that,no dctect¡blc (ND) or bàrcly detcctablc (tr:ce) ¡rnounts could be found. The

c¡rbon -onoxidc medi¿n levcl was 2.54 p.p.m. b¡scd on 61 buildings. Thc c¡rbon dioxide

mcdi¡n levcl of 400 p.p.m. w¡¡ b¡sed on 2O bi¡¡ldings...The p¡rticul¡tc medi¡n level of

0.029 nrg/m, w¡s b¡scd on 22 buildingr. Formrldchydc w¡¡ me¡¡ured in 44 buildingl with
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¡ mcdi¡n v¡lue of 0.02 p.p.nr.. tn gencrrt, mc¿¡urcd lcvcls of indoor pollutant¡ werc no

trg.. ,t.n rhore rlrerdy åporr.d ii the lite¡¡turc. The nrrny rcPorts th¡t h¡vc mcasurcd

buinor derectcd v¡¡iou¡ polìutrnr indic¡te th¡t thesc pollutanr occur,.if they do. in v¡lucs

not now con¡idcrcd h¡zardous. Thc samc i¡ truc of thc many other pollutrnt¡ me¡¡ured in

only'one or two buildings ¡nd not listed in T¡ble l'

Taa¡.¿ ¡. Aucø.gc lcvcls oJ' t7 pdhttonr nr"r:;:1,"i:r:., Írtuculy in hrillinlt i¡u'¿ttißaud Iot

Pollut¡rit: Áll buildingr Numbrr of rcportr

Acid¡
Aldchydirb
Aminér
Ammoni¡
Aromj¡ic hy<Jrocrrbonr'

C¡rbon dio¡idc
C¡rbon monoxidc
Formrldch!dc
Hydrriinc
Hydroäcà rulphidc

Hydrocritionr
Mcr¡li
Nit¡our ¡nd nit¡ic oririt'r
Nitrogcn dioxidc
Olonc
P¡rticul¿tc¡
Sulphur dioxidc

0'029 nrg/nrJ
ND

ND.
ND
ND
ND
Tl¡cc
{00 p,p.m.
2.51

0.02 p.p.m.
ND
ND
T¡¡cc
Tr¡cc
ND
ND
ND

l4
I

t0
9

55

26
6t
{4

6

9

77

I
ll
r3
27

22

20

I whcrc rhc mcdirn cqurlr ND or ¡¡¡cc, ovcr 50% of inv$tigrtorr tc¡lcd for thlt pollutlnr rnrJ rtportnl Nf) or

lt¡cc ¡mounll.
b Not including form:ldthYdc.
( Holpit:ll not includcd hcrc.

conraminent lêvels;in buildings wi¡h ¿nd without snìokin8 restfictiont werc llso cotlì-

pared 1o derermine thc ¡ddcd buåc.n tob¡cco smÓkc nrigh! contributc to indoor rir qurlity'
'Both 

comparison of inedi¡n tevcl¡ ¡nd of de¡¡itcd graphs of rrngc distributiorrs (n'ot shown

i.*l ,f,",i,.¿ no iiÈn¡ficiht differcnce bc¡wccn.buildings whcrc 3moking wrs ¡llowcd ¡nd

where it w¡s lcatiictcd or Proh¡bited (Trblc 2)'

3. Discussíon

Âll buildingl wirh heelth relrted complaint¡ wcrc sc¿led structures depending on tncch¡n'

ic¡l vcn¡il¡rion end eir-condi¡ioning f* rherm¡t conrfort rnd air quality rnd all rppcrr to bc

lir by fluoresccnt lights. onc possible hypotheris cxplaining the incidcn¡s of building
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relatcd symptoms occurring in some sealcd building¡ is that. ¡s in ¡ ¡caled test tube, the
mrny pollutrnts prcscnt, cspccially hydrocrrbon v¡pours, inter¡ct ¡nd combine ro creaie

irritrting byþroducts sinril¡r to photochcnrical rnrog. Smog mc¡¡urcd outdoors hes becn
¡hown to be essociatcd with a symptont complex similar to that reported in building illness

studics, crpecially the cvcr prescnt cye, nose ¡nd ¡hro¡t irrit¡tion. Photochemical smog also

h¡s becn shown ¡o be rcl¡ted to nì¡ny of thc s¡mc v¡pours, nitr¿te¡ and enzymes found
inside buildings (Ahshullcr. 1978). lt i¡ ¡lso known that thc fo¡mation of photochcmical
oxid¡nt¡ is ¡cccler¡tcd by ultrrviolct light. Mrny fluorcsccnt lampr in buildings h¡ve detect-
¡blc ultr¡violet enris¡ions (Duro Tcst Corp., 1978).

Tr¡t¡ r. Avcru3c lcwls of t7 pollnons ¡reßu'rrú rr'ot freqncnly in hnildin¡t invettìgoted lor heahh

onryl,intt cotcgoãzcil hy ntoking rcst¡iciivt,

Pollut¡n¡

Euildingr wirh
no rnroling
rc¡¡riction¡

Nun¡bcr of
rcPoftr

Buildingr with
rmoling
rc¡rrictio¡¡

Numbcr of
rcPorlr

Acid¡
Äldchydcrl
,{minc¡
Ânrmoni¡
Ârom¡tic hydrocrrbonrù
C¡rbon dioridc
C¡rbsn nrono¡i¡Jc

Fornrrldchydc
Hyilnzinc
Hydrocrrbönr
Hydrogcn rulphidc
Mc¡¡l¡
Nitrour ¡nd nirric otidc¡
Nitrogen dioxirlc
O¿onc
P¡rticul¡rc¡
Sulphur dioridc

ND
ND
ND
ND
T¡¡cc
4.10 p.p.nr,
2'Jl p.p.nr.
0.02r
ND
Tr¡ct
Nl)
Tl:cc
ND
NT
ND
0.0J6 nrg/nrJ
ND

ND
O052 rng/mt

ND
0'82 mg/mj
6ll ¡,p.nr.
4.0 p.p.nr.
ND
ND
ND
ND
ND
l3 p.p.b.

It
7

r0
I

51

2l
52

J9
4

75

I
1

29
¡J
2t
20

l7

0'015 p.p.nr.
0'021 mg/m'
0'0ll p.p.nr.

I
I
0
I
I
3
9

5

2
,,

I
t
2
0
4

2

3

' Not including fornrrltlchydc"
b Horpirrlr nor includcd hcrc,

Rccenr measurenìent ¡tudies by Turiel ct al. (19821, Hicks (1980), ¡nd Hollowcll ¡nd
Mik¡ch (198t) providc ¡ddition¡l support by denronstrrtions th¡t thc numbcr and conccn-

rration of org¡nic contamin¡nts in tight buildings wíth complaint¡ excecdcd th¡t of
outdoor åir,

All thc necers¡ry conditions cxist in offices to producc photochemicrl smog. Expcri.

ment¡l evidencc for form¡tion of photochemicll snrog ¡lso i¡ offercd by Sterling and Ster-

ling (1983). An office floor w¡s experimentally nranipulatcd.'While cyc irritation decrcascd

in ereas whcn eithe¡ frc¡h ¿ir w¡s incrc¡scd or fluorescent lights wcrc replaccd, therc was ¿
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dr¿maric improvcmcnt whcn frcsh ¡ir w¡¡ increased ¡nd ultr¡viole¡ lcvels werc reduccd

simuliancousty.Eyeirritrtionreturncdtopreviousprevrlcncewhcntheoriginalconditions
of lighting ¡nd ventil¡tion werc ¡estorcd'

4. Conclusion

now ¡vril¡ble on thc nlâny ¡rchitcctur¡l ¡nd

nd comfort of officc workcr¡' lt is bcconring

';: ï":: ::' :::il:l, :Ïi lî:1, ï:'.ä :lì:
enefgy cosrs.

Anewergonomic¡rchitcctufcthâ|.¡''responsiverohum¡nhe¡lth¡ndconrfortin¡ddi.
rion to cncrgy conserv¡ti;;,;t*' *tt'nqiogi ¡nd new m¡tcri¡ts is now requircd for dcsign

of office buildingr fit fo¡ hum¿n occuP¡tion'
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