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POLLUÎION CONCENTR.ATIONS IN BUILDINGS
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and
T.D. Scerling, FaculÈy of Interdieciplinary SÈudies, Sinon Fraser
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PolluÈanÈs in a aubsEanlial nunber of buildinge
have now been invesÈigated by public and private
agencies. The archive of daÈa on indoor pollutant
1ãveIs observed in office buildinga under conditions
of normal operaÈion and occupancy are reviewed using

individual buíldinga can be evaluated.

Incroduc Èion

buitdings¡ the ventilatíon and thero¡l environoental
charactãripEicai oeterlel¡ and oschinery used¡

inforoaÈion ebout occuPants; other us€¡ of the
building as well ae levels of gaaeour and particulare
poIluÈants neasured.

It ie our PurPose to provide f,fchftecte and

encineerg with Éench oark data on {hr diatribution
o f s o ne f r e qu 

" 
nffr eãlo r t e d env i r onurn t ¡0e a a u r e ¡

available froo 143 etudíea of worklrlg office
buildings now included in our Buil+àg Pcrfornance
Darabaseo. l:,. ,

:ì Method .nd Resultl

one hundred and forty-three roþor'tc of etudies
of working office buildínge conducted betr¡een 1974

and 1983 r¡ere reviewed. ConcenlraËlong of a total
of 153 different PollutantE nerè rsÞorted. These
pollutants are listed in Table I along with the
number of studiee in which they wefe neaoured and

the medían concencraÈions rePorted for theo. For
a few pollutants that had been neagured only a ain-
gle tioe, the obaerved value Íe reporÈed. In
;ddition to temperaÈure and huuidityr twenty
pollutants $tere treasured often enough to construcÈ
grapha of frequency diatributionet .

HuoiditÍes are evenly distributed between the valuee

of l0Z RH to 701 RH.

Carbon dioxide ie often coneidered to be an

indicator of ventilaÈion adequacy or efficiency
5r7r8r9. Figure 3 shows Èhat the c0, revel meagured

ín the oajority of buildings wag bélow atmospheríc
levele (fõO ppm). Further, the C0¡ level in ooet

buildinga wa¡ wcIl below 9Þat gt which the health or

confort of even aeneit,ive individual¡ ie irnpairedl0'
However, the CO, level exceeded 600 ppo in eeven

buÍldings and íri two reached peake ar-high as

l5OO ppm. Slx hundred ppo hae recently been sug-.

;;;."å'as Èhe level at "itich occupantr begin feeling
ãiscomfort and appears to be linked to increasing

complainEs of light Building Syndrooell '

Ab s trac t

LeveLs of concenÈratíons of many polluÈants
inside working buildinge have been sumarized in the

literacurel ,2 r 3 r\. Hor¡ever, typical or rePregenta-
cive values such as Deans or medians which usually
are given, only provide limited information of rhe
rangã and distribution of concentra!ions that Eay

be ãncountered indoors. Building location, config-
uration, materiala, Èype of HVAC syscen, lighÈing
eharacEerisÈice, equipment, furniehings, work popu-
iation and usee, all coobine to deÈermine e parti-
cular oix and level of polluuants contaíned in Èhe

ambj.ent air of apecific buildinge. Ihue, for a

working building, I tyPical pollutant mix exÍste
thac differs Èo eorne extent froo that of other
buildings. In thaÈ mix, looe polluÈanÈa Eey occttr
at highãr and some at lor¿er concentratíons' I'Ihere

complãints of ttTighc Buirding syndronett occurr very
often Ehe qyestion is not so much if sooe concen-
Èralions "*óeed 

sone llglgl value buE.more if a

part.icular polluÈanÈ õn-cettcration f aIIs wichin'the
ranse of coricentratione coltutonly observed in other
ãi*rit"r buildings. That need ie eepecially l¡rgent
when coofort and/or health conplainte among occu-
pents have been confirned.

Enviror¡mental condÍtions exísting in a sub'
stanEial nuober of buildíngs now have been invee-
tigated by public and private agenciee' Investi-
n"iion, r¿ere conducted by certified industrial
ñygi..,ittt, physicians, epidemiologists, physicieta,

"rrlir,""tt and architects. DeËailed rePorts of
iniesrigarions are available for Ehese eÈudiee'
Their cãnbined regrrlts form a valueble archive of
data atouc indoor Pollutsnt Levels as they have

been obeerved in oifice buildings under conditions
of normal operation and occupancy' Findinge of
t.hese investigatione were reviewed using a

cooputer-bar"ã ittio-'ttÈion sysÈem designed co

.aor", organize, describe, retrieve, manipulate

and analyze bqilding perfor:rua¡ce aaSal ' The

Building Performance Database@ (¡po) includes daËa

regardiig che architecture and engineering of che
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The range of levele measured for Èhe gaseous

combueÈion byproducce carbon monoxide, niÈrogen
oxide and niirogen dioxide, are shown in Figures 4-
6. The levelg of these combustion byproducts meas-
ured ínside working buildings ePPear to be extreoely
low. Carbon oonoxide occurred below 4 ppm in 4l out
of 6l scudies. Nitrogen oxide occured below 20 ppb

in 23 out of 3l studies, and nitrogen dioxide r¿a¡¡

found at or below 20 ppb in 9 out of 13 studiee'

Sulphur dioxide Ía a byproducc of coobustion oÉ

dirty or "sulphur contaminaEed'r fuel. CombustÍon of
such fuel prioaríly occurs outdoors. Figure 7 ehows

that SOr \.tas measured aÈ or below.003 ppm in the

mäjority of etudies

Special concern has lately focuged on Particu-
1aÈe concentrs!íon due Èo nuu¡erouo studies of Pae8-

ive exposure to environmental Èobacco smoke3rl2rl3,
lqrl5. Figure I shcws EhaÈ froo the available
sÈ;dies, tñe leveI of parciculates measured inside
working buíIdings is almosÈ exclusively below

t
,06 nrg/m (in 19 ouc of 22 reports)' Thie level ie
well below Ehe U.S. Occupa!iona)' SafeÈy and Health

Àdministrarion standard of 15 tlg/rî Íor 8 hour (ci¡oe

""ig¡a"¿ 
average) exPosure ín Èhe occupational envi-

ronãenc.and is even below Ehe U.S' Environmental
ProtecÈion Agency National À¡obienc air qualíty

standard of .075 tg/tt fo, outdoor aírl6'

The American Scciety of Heating, Refrigerating

and Air Condicioning EngineerslT t"cot-ettds that
formaldehyd" "on""rri."tions 

inside residenLial'
.ortot"i"i and induaÈrial buildings noÈ exceed 120

ug/*t . In Figur-e 9 che level of formaldehyde
measured in 40 ouE of 44 working office buildings
is J.ess tharr half Elre ASIIRAE recorunended level '

not deEected aÈ all.

Many pollutanÈs have been congiatently and

repeetedly neesured in a eignifica¡lt nuober of
oÊiíce buildinga. A gurmary of what hae been
oeagured in recenÈ building diagnorÈic field
etudiee Berves as the firet otep to obtain an

armanentoriuo of fleld data a¡ en sid to architecte
and englneer¡. to evaluate the Srett Et¡lÈltude of
contaoinante and conplex oyoteo effGcts in order
to identify sþecific causeo of TlghÈ Buíldlng
Syndrome occurring in office buíldlngr. Once

tire causea have been identiffed decign solutÍono
can bc developed.

* Si¡oilar overlspPing dietributions exigt for
other pollutanÈs ior whích adequete nutrberg

of obeàrvations are in the Datebe¡e'

smoking. t

Discue s ion

EfE{i.itï:-.' ;'.rl.1i',-l:.-l' : il'l''
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Tabl-e I

POLLUTÀNT

Ace cone
Acids

Acetic Acid
Formic Acid
Hyclrochloric Acid
Hydrocyanic Acid
NiEric Acid

Acryonitrile
Alcohols**

EEhanol
Isopropyl Alcohol
MethyI Alcohol
Nirro GYlcol

A Ldehyde s

. AcetaldehYde
Ac¡o1 e in
A1 iphacic AldehYdes

À1 ky lch l oroforEia t es
Âllechrin
Amine s

Aromatic Amines
Analine
N.N. DimethYl Anine
Triet.hYl Amine

Ammonia
AromaÈic HYdrocarbons

E-P inene
Alkene
Bprìzeile
Be'r zo (A) PYrene
Ch ry s ene
Ethyl Benzene
F 1 ouran Ehene
Pyrene
S ty rene
To luene
Kyl ene

Ar s ine
Butyt MethYacrYlaÈe
Carbon Black
Carbon Dioxide**
Carbon DisulPhide
Carbon Pionoxide**
Carbon TeErachloride
Cellusolve AceÈaÈe
Cellulose
Chlorine
Chloroform
Ch I orof ormia !es
Ch loroprene
Cyanogen Chloride
D ia z inon
DiethYI Ether
DimethYI Acetamide
DimethYl Formamide
Dimet.hYi Sulfate
Dimethyl Sulfide
En f lurane
Ep ich 1 orohYdr in
E thrane
EÈhyl Acetate
E thY lene

MEDIAN

NO. OF

REPORTS

5

L4

7

3

2

I
I
3

II
3

2

3

I
I
4

I
I
2

I
l0
I
3

1

2

9

58
I
t
9

1

t
4

I
I
2

23
10

3

I
I

26
t

6t
5

I
I
tt

2

t
3

3
I
3

6
3

I
3

I
3

4
tl

MEDTAN

ND

0.05 oglm!
ND

ND

0.02 ppn
TRACE

00å og/¡¡r
003 oglo'

.008 og/or

.003 oglot

.029 og/mr

" 
17: ng/ot

NO. OF

REPORTS

3

I
6
I

44
I
2

5

6
I
3

3
9

77
7

I
3

z
5

t
I
I
2

I
2
I
2

It
I
3
I

I
I
2

3

I
3

3

3

5

2

4

2

5

I
I
2

31
l3

1

2

I
5

I
27
I

22
I
6

I
4

I
3

I

ND*
ND

Trac e

ND

0.025 mg/mt
ND

ND

ND

ND

ND

90.4 mg/mt
473. mg/mt
ND

ND

ND
0.052 mglmr
0.009 mglmr
ND

ND

ND

0.001 oglm'
ND

0.004 mg/m1
ND

ND

TRACE
0.36 nglnt
0.004 mg/m'
TRACE
ND

ND

ND

ND

ND

ND

0.0I5 mglmr
TRACE
ND

0. 19 mg/mr
ND

400 ppn
ND

2.54 pPø
ND

TRACE

TRÂCE
ND

0. I I mg/o!
ND

ND

ND

ND

ND

TRACE
ND

ND

NÐ

1.44 mg/mr
ND

25.2 ng/øt
ND

ND

iabte I (cont'd)

IOLLU.TÀNT

Et,hyl Gylcol AceÈate
Ethylene GYlcol
Ethylene Oxide
Fl.uoride
FormaldehYde**
Freon
Gaeollne Vagour
Halothane
Hydraz ine
Hydrogen Chloride
Hydrogen Cyenlde
Hydrogen Fluoríde
Hydrogcn Sulfíde ,
Hydrocarbone

AIkane e

Alklcyclohexane
Cyclohexane
Dine thylcYclohéxane
Hexane
llexanoné
Mcthane
Methyla lkYIcYc Iohexane
HethylcYclohexarie
Mcthyl Hexane
n-Heptane
n-Nonane
n-Pentane
Organic llYdrocerbons
P-Dioxane
Diborane
Tr ime EhYlcYclohexane
2 .4-D ine ÈhY I 'l-3 EthYlPentane
2-Hethylnonanes

Hydroquinone
MercaPtan
Metal a

Me thacrYoni tr i I'e
MethylacrYlste

' Methyl Bromide.
Hethylene Chlorlde
Methyl EthYl KeÈone
MeËhyl HeÈhacrylate
Monos ÈYrene
Naptha
NaEural Gae

Nickel Tetracarbonyl
NicrÍc Oxide
Nitrogen Oxides**
Nitrogen Dioxíde**
N itrosamiiìes
Nitroeod ioe thyletoine
Nitroue Fu!ìes
Nítrous Oxide
0lefin
Ozone**
P.C.B.rs
ParticulaÈeer*
Perchloroethane
PerchI oroe ÈhY1 ene
Phenol
Phosgene
PhosPhates
Phosphine
Phchalic lrnhYaride

P9!
ôgløt

ND

0.006
0.033
ND

ND

TRÀdE

0
0
0
0
0
0

ND

I.ID

ND

ND

0.9 oglor
ND

ND

7.3 oglút
ND
ND

0.002 uglm!
ND

ND

ND

0.051 ng/L
t{D
67.5 ppo
ND

ND

ND

TRACE
0 .08 ' uglor
ND

0.Q19 oglot

Eg/n!
D8/nt

lËFf,li;,
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lable I (concrd)

POLLUTANT

Propylene GlycoI
Pyre th in
SolvenÈ
SulphaÈe
Sulphur
Sulphur Dioxíde**
Sys tox
Te trahydrofuran
Te trahydrothiophene
Tolpene DiisocyanaÈe
Tr ich loroe thane
1r ich I oroethylene
Te Erachloroethylene
Tr in i Èrofluorene
Vinyl Chloride

OTIIER ¡IATERIALS

Asbe s tos
Bac Eer ia
Fibres
Fúngi
I I Itrminat io¡
Noise
Oxygen
Radio Frequency Radiation
R.ela tive Huntidity:t't
Tempera Èure**
UltravioleÈ Radiation
X-Ray Radiation

MEDIAN

0.015 mglm!
ND

ND

0.004 mg/mr
0 " 004 ¡og /mr
ND

ND

0.33 mg/o!
NÐ

TRACE
0. I ppo
0.017 ppm
0.0I9 mglm'
0.001 mg/nr!
ND

NO. OF

REPORTS

Figute 3
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ND
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Figure 6
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