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Towards a clean bill of health 
W hlle we may not know 
all Jhe answers yel, an 
undersrandlng ol Iha 
problems and causes ol 
Indoor air pollullon Is 
dewaJopJng. Nancy 
Thomson reviews lhe 
currenl suuallon - and 
lndlcales srandards lor a 
haallhy bulldlng. 

Despite growing concern 
ahout outdoor air 
pollution, indoor air 
quality is more relevant to 
the health of most people. 
The average person spends 
90% of his time indoors 
( l), and it is there that the 
highest levels of many 
pollutants and the longest 
exposure times are found. 

The must important 
polh11a11ts which might 
lead to ill health and 
discomfort in non­
domestic buildings are : 
,.. formaldehyde; 
,.. organic gases and 
\':lpours~ 

,.. dust; 
,._ airborne fibres; 
~ bacteria; 
,.. fungi. 

This article also 
discus~es the measurement 
of carbon dioxide as an 
indicator of fresh-air 
ventilation an<l introduces 
the concept of a 'building 
health ceninc:n"·· hr non­
domestic buildings. 

"The average 
person spends 
90% of his time 
i11dool"s, and it 
is there that the 
highest levels of 
many pollutmits 
and the longest 
exposure times 
are found" 

Formaldehyde is a 
colourless gas with many 
possible sources due to the 
widespread use of urea· 
formaldehyde as a bonding 
agent. Its major sources 
are particle board and 
urea-formaldehyde foamed 
insulation. Other sources 
are furnishings, floor 
coverings and carpet 
backing. 

Toxiciry 
The recent substantial 

increase in information on 
the toxicity of 
formaldehyde (Z) has led to 
many regulatory 
authorities reviewing their 
position on its 
carcinogenicity. The 
International Agency for 
Research on Cancer now 
says, 'The agent is 
probably carcinogenic to 
humans.' The EEC has 
placed formaldehyde in 
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Recordi"g indoor carbon-Jioxidt co"cen1rotion can malte if poHihlt to mu.u ltuw fresh ai,. ca11 bt uud ro 
d ilutt pollu1anu . 

Category 3 - 'substances 
which cause concern to 
man owing to possible 
carcinogenic effects'. The 
United States 
Occupational Safety & 
Health(\.,., i10s 
reduced llu · ·1patlona\ 
hygiene Slandanls lo I 
p.p .m. (8 h rirrrc-weighted 
average) and J. p. p.m. 
(short tern expusu re limit, 
which is similar to 1he UK 
maximum expo."ure limit 
under 1he COSHH 
rcgulnlions). 

In huildings where 
formaldehyde is not used 
as a working substance, 
lower levels would be 
appropriate - based on its 
ability to irri1ate the 
mucous membrane. There 
is no agreement yet how 

ventilation system to 
introduce fresh air. 
According to one survey 
(3) , urbnn air ty~ically 
contains 7 µg/m of 
formaldeh)'de. In some 
cases, it 1~1~1y also he 
possible ' •ind the source 
of emissio_·u of 
formaldehyde and remove 
or sea l it. 

I\ rc:cl'tir review of 
building regulalions and 
health (4,l pointed our that 
liule is known , in nearly all 
cases, of the effects of 
long-term exposure to low 
eoncentrntions of the many 
o rgnnic gasc:.~ nnd vopnurs 
inside buildings. Sources 
include the building 
fabric , furnishing~, 
combustion, smoking and 
people. 

m,p-dichlorobenzene, 
a-pinene, n-undecan:, 
trichloroethylene and 
styrene. Many other 
compounds were 
occosinnally found during 
lh ~ s111dy. 

Im pur1a11ce 
Investigations by 

Thomson Laboratories in 
UK buildings found a 
similar range of 
substances. For most of 
these compounds, indoor 
levels exceed tho.e 
outdoors - sho,ving once 
again the importance of 
looking carefully at air 
pollution problems inside 
buildings. 

The levels at which all of 
these compounds are 
found are lower by several 
orders of magnitude than 
those set for workers in 
industry. Some buildings 
have very much higher 
levels than others -
particularly new ones. 

This 'cocktail' of organic 

compound5 IHts been 
suggested as one of the 
causes of 'sick building 
syndrome', (6,7). There 
are no genera lly accepted 
standards for these 
sub~tanccs outside 
factories, so it only nrnkcs 
sem;c to rake action when 
!he levels are subS(antially 
above those ln the ambient 
air and above those in most' 
buildings. 

Bolh indoor and ou1door 
air contain a wide ran~c of 
panicles of r°'pirahle si7.e. 
Larger panicles ;ire 
intercepted in nose or 
oesophagus and 
in1ermediale particles 
deposi1ed in the tracheo­
bronchial region; 1hese 
particles arc not retained in 
the body and are likely to 
cause no mmc 1 lm11 coughs 
and snccT.es. Very t;m:i. 11 
particles less 1han S µm 
behave as a gas an<l are 
exhaled, even though they 
penetrnte to the innermost 
part of the lung . 

The most seriom; he:tllh 
r1sk is from asbestos. It has 
been widely used in the 
past for sprayed insulation, 
laggin g pipes and boilers, 
insulation board and tiles. 
It can cause serious 

llcal1h effects of 
exposure to other fibres, 
such as man-made mincr:JI 
fi.hrcs, have not hccn 
clearly established, 
allhough rhey are 
suspected of causing eye 
irritntion. 

i\tost airborne du~I in 
offices is carpet and p:-tpcr 
du.i . f\ studv of Danish 
towri lmll~ rOund mcnn 
levels of about 0.2mgtm'. 
This dust has also been 
sug~csted as a cause of 
(s ick building syndrome', 
but no ddintive studies 
have yet been made . 

Due to the wide range of 
species and the limitations :. 
of rne:is11 re men t 
tech niques, knowledge of 
the types and 
conccnlration of micro· 
organism.o; in indoor air is 
very limi1cc.J compared 
with other pollutants (4). 
Concentrat ions depend on 
1he ability to form 
colonies, which in turn 
depends on a suiLablc 
suhstrntc, nut rien t and 
environment -
particularly humidi1y and 
temperature. 

Ill-health effects RIC of 
two types . 
- Allergies, ranging from 

Thamp1on LabaratorieJ WtJ rhiJ QuanrirtcA Miran 182 gas ~nalyJtr 
to mecuur~ lrv~h of airborne canrainmttu1. 

d iseases , induding 
•sbestnsis, Jung cancer and 
mrsothcliom•. Jn exining 
buildings, asbestos is 
usually h•rmless unlc.~s 
diuurbcd . 

CARBON DIOXIDE LEVELS 

allergic rhinitis to 
potentially serious 
conditions such as 
extrinsic allergenic 
alveolitis . 
- Infection, ranging from 

far exposure levels 
accepted in the workplace 
should be reduced to apply 
to offices where the 
pollution h3' arisen from 
the building or its 
furnishings and fittings . 
The World Health 
Organisation has set an 
acceprnble limit of too 
µg/m 3 (about 0.1 p.p.m .) 
as a 30 minute average 
based on its irritant effects 
(II). 

"Little is 
known, in 
nearly all cases, 
of the effects of 
long-term 
exposure to low 
concentrations 
of the many 
organic gases 
and vapours 
inside 
buildings" 

Data inside aind oulslde a lyplcal omce 

One of the few 
published surveys of 
formaldehyde levels in UK 
buildings found that in 
those treoted with urea 
formnldehyde foam, 70% 
had levels less than 120 
µg/m 3

, with some 
exceeding l 000 µg/m 3 (3) . 

While it may be . 
possible to limit the use ot 
formaldehyde-emit tin~ 
materials in new building, 
this pollutant is of concern 
in 1he existing building 
stock. 

One technique is for the 

A large study of the 
exposure of individuals in 
California included 
personal air monitors (5). 
It showed that 
m,p-Xylene, 1,1,1· 
trichloroethane, benzene, 
<>-xylene and ethylbenzene 
were ubiquitous. Often 
present were n-octanc, 
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the common cold lo 
Legionnaires' Di~ease. 

Some !lion recs have 
received particular 
attention, such as spray 
humidificrn in nir 
co11ditioncd huildings, 
where humidifier disease 
- sometimes known as 
'/\\onrlay sickness' - can 
arise ( 10) when bacteria 
thrive in the drip tray. Air 
conditioning cooling coils 
can alsn act •s a breeding 
sire for organic growth. 

Airborne levels of 
bacteria and fungi 
(moulds) will generally be 
higher inside buildings than 
ou!Side. People release 
hacteria, and moulds are 
likely to form wherever the 
humidity exceeds 70% for 
long periods. Some 
in,'estigators take swabs 
from surfaces in the 
occupied space and in the 
duct svstem. At Thomson 
L a bor.aloriCs we believe 
this to be misleading as 
vinhle organisms are not 
necessarily a hazard, since 
bncteria And fungi are 
ubiquitous. 

llowever, where the 
levels of viab le organisms 
from :m ai r conditioning or 
\'Ctttil~ri<.111 ~v~tcm 
signilican tly exceed those 
in 1 he ambient air, it is 
likely rhat the organisms 
are growing within the 
l:'t11ilding services, 
lll'l'l'S :o;ir;11i11g idc111ifkn1io11 
ul the ~ourcc followed by 
remetlial Lrcrttmcnl. 

\'<' here lc\·cls in~iJc and 
outside the hnilding are 
simil•r, it is likely that the 
building is free from 
serious internal sources of 
infection. 

Carbon dioxide lc\'cls in 
occuried huildings arc 
alway~ greater tlrnn 
outside. Typic•l lcvels 
uu1::;idc <'Ire nhom 330 
p.p.m. and differ little 
between rurnl <md 
imJusll inl nrcns. Inside 
lc\"els are us11ollv ~00 to 
500 p. p.m. and sometimes 
as hi~h ns 800 p.p.111. 

The le\'el depends on 
the number of people 
nsing the space and the 
rate at which fresh air 
enters - not lo be 
confused with the air now 
into a room from the 
l'entilation system. There 
are two sources of fresh air 
- make-up air from the 
ventilation system and 
natural ventilation. It is 
often possible to estimate 
the amount of fresh air 
available to dilute 
pollutants by counting the 
number of occupants and 
measuring the difference 
l:'tctwecn indoor and 
outdoor carbon dioxide. 

Measurements of carbon 
dioxide sometimes show the 
fre.h air now rate to be 
well below the design 
intention - either because 
the system has been poorly 
commissiom~d or, more 
often, has been modified, 
sometimes to reduce 
energy consumption. In . · 
such cases •nd where the 
measured level of 
pollutants is high, it is 

usually possible to increase 
the fresh air now and 
improve the internal 
environment . 

For the last two years, 
·rho11umn L;1ht,rnroric~ h:i:~ 
been devclopi11g nml osinc 
in practice a building 
he•lth certificate fnr 
existing office buildings. 
All the pollutants 
discussed above arc 
measured in selected 

regions of a building at two 
seasons of the year. If 
levels •re found lo he 
within generally accepted 
criteria a 'Building he•lth 
ccr1ificnlc' i~ nw:trdcd . 0 
Na11cy nu1m~o11 it" 1/irt'CIM f'I{ 
T11C1minrr l-11lwrnwrit!1 Lrtf, 1"ht 
Sradu, Alilron KeJ'llt!t MK 19 ~7D . 

R•fut11ces 
I, Brown L. N:oionnl r:t<li11inn 

Nrwf in the UK: Indoor 

occupancy r1c1ou. Radiatinn 
Pro1cc1inn Dosimeny 5(.\), 203· 
20R, 1984 . 

2. rurch111e I. F. 11 and renmAn 
M. (j, l'ormflh.lehvde: recenl 
develnpmen11 And 1heir 
implic:uinns for pa1hologis1!'I. IJull 
RnyColl • .,r1•:i11hnlnRiM1 fi5, 11-
1'1. l'JR<J, 

3. l!verclt L. II. Urn formaldehyde 
form ind fonn•ldehyde eminion: 
UK e>1perieoce wilh c1wi1y wall 

;1~~1k!~o"P.rL~1~':::k1~A~~~~, ... 
Z-6 Ocrobcr, I 9H3. 

~. M:mt D. C, and Muir-Gray J. A. 
Building rcguhuion and he1l!h. 
Buildin1 Rne11ch Es11bllshmen1 

Report 1986. 
S. rcliuui E. 0 . , Perritt K., 

lttrtwcll T. D .• Michie! L. C., 
Whitmore R., Jhndy R. W., 
Smi1h 0. and Zclon II . To11I 
e11PMUrt Hkllmcnt mc1hodoklgy 
(TEAM ~ 1udy): tclected 
C'nmmuni1I~ in Nnnhrrn ind 
Southrrn Californi11 Vol 3, June 
19117. 

6. Willlln S. ind llcdge H. The 
omcc cnvironmcnl 'urvey: A 
1t11dy or buildin11ickneu. 
Building Ute S1udle1 Ltd, loi/16 
S1r:,,henson W1y, Euston, London 
N\111 Zllll,19U. 

1
· ~:"kd~j~~ ·~~~~1W~th& 

RECRUITMENT S H 0 W 

BUILDING SERVICES ENVIRONMENTAL ENGINEERS 
AND ELECTRICAL CONTRACTING ENGINEERS 

Recruitment 
Show 

TllE MARKET PLACE FOR CAREER CHOICES 

NOW MORE CHOICl!S 
MORE OPTIONt 

S1(c1y E11ecutiwe Report No 10, 
1998. • 
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9, Sk1JY r. and Valhjnrn 0, The 
',ick' huildinR ~ynllromc in 1he 
uflica- cnvironmen1: 'I he I >iinhh 
l"nwn lhll "udy, Envt Intl ll 
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The USEE Jtecruilmcnt Show 1991 hns c~panded. Now 
rlccl 1 kal engineers are SJ>cciflcally Included, and the 
sh1111 is now jointly s11on~111ed hy 811ildi11g Senice.T & 
£111-ironmental Engineer and Electrical Co11trncti11g 
Nell's. 

pint form lo recruit ond engage people who are qualified 

ns well as those new entrants to the Industry who arc 
seeking lo widen their careers. 

This means that the Recruitment Show is even more 
geared lo the needs of the construction industry huilding 

sen·ices sector. 

With fewer school leavers than ever before, lhe need lo 

find suitable candidates for companies wishing lo expand 

in the sector is becoming e\•er more dirricul!. The USEE 

Jtecruihnent Show provides all comp:mies in !he busy 

and active building services sector with ~ powerful 

The l{ecruilmenl Show is designed for 

comp:mies involved in today's cum11elilive 
market /\ 11rnctical show for practical 

people. 

8-9th FEllRUARY 1991 
RAMADA INN EXHIBITION 

CENT Im 
Lillie Roadl West London 

Sl'ONSOH 
1-:NVIHONM 

' Because of the sponsorship of the show by two of !he 
leading lratle and lechnlcal journals in the sector, the 
OSEE Recruitment Show can justifiably claim that no 
other show has its roots in the day-lo-day problems and 

solutions of its sector of interest. This deep, practical 

knowledge is reflected in lhe sensible and practical 

nature of the show itself. Designed for working 

co1111rnnies lo soh·e recruilmenl prublcms - il's th"! 

si11111lc anti llrnl direct. 

r~-----------------1 For more inform•tion on the BSEE Recruilmient Show nll In thi• 
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coupon NOW. 

I am intt"rc~lcd in 1·,\M/11ti11g al BSF.F. 91 Recruitment Show 
I am interHted in 1 'i1ili11~ the DSEE91 RecruilmenlShnw 
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Name .............................. .... ............. .................. ....... _H•••• ...... H . .. .............. . 

Position ... .... ......... ................. ,,,,,,, .. ,,,,, ......................... --···-···-• .. ••o 

Addrf'!55 •••••·~ · ··-•••••• ••-•·"""·""n"•••••••·"•'•••••"····--~ .. •-•· ·-~· ·····~·•·•• ••• 

Telephone numb«:t ••... H•• ~· ··- · ··· · ·· ·· ··· ·· ·· ·········~·-···--.-..... •o••••"""~· .. ····• 

For nny more dcl•il! rcgHdlng !l•nd •nil•bilily •t Che BSEE 
Recrnllmcnt Show 1991- tt:lephone Louise Levy on 

081-340 3291 
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