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ABSTRACT

Indoor air quality gf two office buildings in Paris and that of ¡he outside air were monitored
over a year. The climadc paramcters - tempenture and humidiry - as well as the cox,
NOx and o.rganic compounds of the air were measured. The rwo 6uildings differ in respeót of
thei¡ ventilation system: one is. naturally ventilated, the other has a cenuãl air conaitiô,iing 

-

system. Th€changes measured over the year illustrate to various extents the influence of 
-

seasons, of the outdoor environment, of the offices occupancy, of the intemal sources and of
the air conditioning...The impact of the air conditioning ôn thé chemicat pollurants cônænt is
not directly discernible.

INTRODUCTION

Indoor air pollutants are sus_qglted,in the literatu¡e, of being one of the possible causes of the
"sick Building syndrome" ($ps). These complaints arc moic frequently reponed in air-
conditioned environments, although wc do noì know exactly why.

In order to cha¡acterize the atnosphere of an air-conditioned environment relative to a
naturally ventilared armosphere,.the air quality group of the French urility Électriðiiè ¿e
mance (Ë.ut') undertook to monitor ùe physico-chemical and microbiological parameters in
two EDF office buildings during the yealitt tlOZ, in order to follow the eiolutíon oi o.."
parÍrmeters over a complete seasonal cycle.

The monìtori.ng of th-e microbial flora in rhe two buildings during the year of the srudy wasglpstF tg "Bjoqualirat" - a resea¡ch team set up joinîy by Iñstiruí univemirate ¿e
Médecine du Travail and d'Ergonomie (ruMTE), ahá pepa¡uóment de pa¡asitolosie

lfrologielvfédicale and Motécuhire (Dp3M), iioth based ut ttre tøiäáuon rtõió?ø in
Grcnoble. All of the measurements and analyses of the physico,chemical paramèters were
performed by EDF's Air Quality unir

[is¡aper $escSbes rhe experiment 3s a whole and presents the findings on the organic and
rnorganic chemical pollutants, as well as rhe climariõ pañ¡meters. Anoñer paper (l),
presented to another session, presents rhe microbiological measu¡cments aå¿?esrìrt-i

METHODS

Description of the Sites

|w¡pr ugiuþgs in Paris werc selec_ted: one comprises a cenrral air conditioning sysæm
!Ac); the.other i-s tllturqlly ventilatcd (NV). The twobuildings arc in an idendcal "
F:gq?p¡r:fl and.climadc sctting (hcy gre located onc kilor¡ierer apaÍ, nea¡ place dc I'Etoile
rn rans). 'Ihe actñity carried out in both prcmiscs (officc work) anï the averase number of
occupanß per office are simila¡. Also, rhi two buildings arc approximatety tt è-sa-e ug".

The narurally ventilated building has seven storeys and thc ai¡-condidoned buildins ten. The
¡ur_condrt¡oned sysrem operares on I recygl-g basis (minimum or ?.Ùvo to zsqo reßy;leÅ ur),
nas a nltering system, steam-based humidification and air distribution by inducüôn units."
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Figurc 1. Outdoor nihogen oxides monthly rvcrega.
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Progress of the Study

I1 each building, a reference office was selected: the ai¡ in these two offices and the outsideair ofeach buildine werc continuously analyzed-over one year, from January 92 to December92.'rt.e climadc oãra-.tçrs, ¡ç¡¡peraíure a,ía reratiuelu-niãõ;,åiärËliäícãíi" g*u,pollutans co, io2, No aná No; *;;;;;ä. "

The reference offices-(noædACl and NVI) were chosen with characterishbs as alike aspossible to avoid the biases due.t: tE iryeiol anangement and occüññ; rË premises.These characteristics were: west-facing âspect, presõnce ot computer equipment, officesusually "non-smoki¡rg", high occ.rpanðy.1tteqúeit truffi", secretåry's officê),õó-råparaulc
sto.re.vs (8th floor of rhe air-conditibned uiil¿ing, otn noor or oe í.-,*ãìïi,Ãîiu,.¿building). rn paraltel with the conrinuou, .oniiãiin!;ìiir;;"ä,# #äå åi ifrå.,rferenceoffices, eight measurement campaigns *ere héld ò-"ä o" 

""dr;t;- 199ã,1ö-cu-puign.during the heating season and ttreiauring tf," cooting one.

In the course of these dav-Iong campaigns, measuremenß werc made firstly in the refercnceorrices and outdoors in <írer tä conïpaË un¿"ã-nËi'.ü;";;îr,Ji,h ;hi;,,ií#tìi!.ontinuou,monitoring; measurements werc secôndlv m¿de in do otd;;tri;iÀöä"åäb¡, NV2 andNV3) ineach building. These two a¿¿iuónat oirrces'were measured to check thereprcsentativeness of the reference office in relation to ttrl Èì"ãoiãniiiå'ffi.äi"orn"buildings; the.v-wqre serected.on trr" sa-e *èri-raó;;itË ñiñËöffiääirä", srorevs:4th storev and 2nd srorev in the AC bulding, jrh itoi",r ana znliioïey-iiî"-ñî;äËï1"
The occupancy and inteiior arr¿nge.ents oith"sJoln,ier trry uuïinäiðuie-sìiuorue tenia.ysector activity.

The analyses made during these campaigns concerned the followins:
- vonure organic compounds: in the 6 offices (ACäd NV)
- microbiolosical flora: . ln $" i "i"å:?fË'#åffir, ", 

rhe work sration

li.,i:ffrfffs 
(AC), in the óônditionedãir reã"ing tr,"

- climatic parameters 
rgil;l'lt*?r"":::'$:åË*tu¡e, Relative Humidity, co-co2,

|{O-IO- (using fortable anaty.zeS), fütn9 iñ"fftË as weil as in severat other ofñcesdistributed throughout the twó buildings tO in eC aní¡ in ñj.

RESULTS AND DISCUSSION

Comparison of the 2 buildings'outside environments

In rcspect, firstlv. of ttre inorganic 
-pollutants, the average monthry concentrations of co2va¡ied between llso ana +so þpm d;d;dil;;;trtäi'å.ron, and were quasi idendcar in thetwo sircs; the monthrv varue-s ñcr cci 1a p;ir'"dil;i,;ü hiËh-;lträ,rtröf#;iilï ppr tzto B) and differed sudstantiauy acðoraìnËiö¡iüä;;s"ñ. r"ilnitanóó,'iñå-.i"iuy

iïËfr udËH+fi #"{qÌJå{,tr'i*ffi :;,'p**t*í;::""
can be explained simply b-r the environmènt¿-o-riåoJi"esraltirude, aspót, distance from thestreet' amounr of road trafFrc, ctc.) at the two air intatesõr'oe;ä;i;i":ää:"".
In- respect of thc organic pollutants, the levels measu¡ed in thc outside air arc within the rangeot concentrations usuallv found in urban areas; thc hiehcst concentradons we¡c those of thearomatic compounds, in panicutar iõtú;Ëä;'uiä *yl"n"s.

The pollutant contenß in the immediate envi¡onment of the two buildings are generally of the

câme order of magnitude. The formaldehyde concentrations (Figyre 2) present exactly.the

äåi *"""t evolüdon a¡ound both buildings. Conversely, the toluene concentrations (Figure

Ñ'üoueh .o.parable in the beginning of the year, arc very clearly dissimilar in-September.

íi üã1"i"¿ p"¡'r,t source sometiñres allers the 6ackground levels around the two buildings.

fr"rãlão*ät 
"ould 

be related to nearby road traffic. Nevertheless, the va¡iations of
äTð"n*,ionr during the days of analylis affect only a few isolated compounds rather than a

iamily of organic comPounds.
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Figur¿ 2. Outdoor formaldehyde a¡rd tolue¡rc
conænt¡:tions during the Yen l99L

Representativeness of the Reference Offices

The issue was to know whether the indoor envi¡onments of the two buildings could be

repr€sented by a single office such as the reference office.

For the inorganic compounds, and each of the eight campaigns and each panmeter, we

õafcuiatø aÏ'buildingäverage" from the values measure{ by the po-nable in-struments in the

nine AC offices and lhe six ñV offices; next, for each referencc office, we defined a
;iepresentativeness index" cha¡acærized by the ratio of the value measured in that office to
thd"building average". kstly, we calculaied the average index for all eight campaigns. By.

t"ãv oi e*uñpte, Fi-gure 3 présents the results thus obtained for the two essential compounds
COz and NOx (sum of NO and NØ).

The analvsis of atl the data obtained shows that, for virtually all the inorganic compounds
measureá (except CO), the differences between the tesçoffibes and the building average are

nenermorè t¡ati aboui'I0 to 157o, this bcing true for both sites. It is nevertheless worth noting

that there was a signiñcant scattering ofresults according to thc season. Given that the
poltution levels are generally not very high and that these are very-short-time ¡neasurements

ihich, fu.thermote,-o,ere mirde at differe.-nt times of the day, and frnally allowing for the

sensitiviw of the initn¡ments, we may assume that the diffèrences observed bet"vecn the three

test-officés ofeach building are not a major handicap in interprcting the comparative results
for the indoor air of two buildings.

Two Eends are app¿¡rent concerning the organic compounds:
- the a6ehydes and ketoneiappearìn homogèneous concentrations within each

building; they vary by a few pg/m3 to a few tens of ¡rglm3. Beginning with the 4th campaign,

the meisurements *ére compounded; the content then rcpresent an averagc taken from three
points of the building.

the a¡omatiðcompounds, especially toluene, present agreater dispersion than do the

carbonyl compounds within a given building. The example of the toluene rend in the
naturaliy ventilated building @igure 4) illustraæs both the spatial and tirne dispersion . In
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February, rhe levels va¡y from office ro office from 50 ro 350 ¡r&/m3 whilc in May the
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Wc saw in Figure I that the outdoor levels of nitrogen oxides were comparable at the two
sites. Howevcr, in order to bc able to correctly compare the indoor levels in thc two buildings,
we used the ratio of indoor to outdoor concentrations: the annual variation of this ratio is
åoresented in Figurc 6 as concerns NO2. This graph calls for two comments:

- rhe NO2 levels are (in ærms of monthly average) very often much smallerindoors
than outdoors;

inside the ai¡-conditioned building, the average monthly level of NO2 is less than
inside thc naturally ventilated building. Yet no general rule conceming the effect of ait
conditioning can be drawn, since the NO2 contents depend strongly on the internal sources to
each building.

The case of CO2 is interesting to note. On the one hand, the outdoor levels, of the order of
400 ppm in monthly average terms, are quite identical in the two sites and impact directly
upon the level of indoor concentrations. On the other hand, as can be seen ftrom Figure 7, a
large excess concentration indoors is due to the presence ofpersonnel in the buildings - a
well known factor. The calculation of the ratio of indoor to outdoor concentrations thus shows
that the indoor (monthly average) levels are, for this reason, 1.5 to 2 times greater than the
outdoor levels. Lastly, notc that the average concentrations are very comparable between the
two buildings, the differences observed being probably anributable to the number of people
present near the measuring station.
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In the case of the organic cornpounds, the resuls show a morc polluted environment inside
the buildings than outside. In general, concentrations inside the buildings a¡e 1.2 to 7 times
higher than outside. Also, the majority compounds a¡e toluene, benzene and the xylenes as far
as aromatic compounds are concerned and formaldehyde, aceøldehyde and acetone as far as
carbonyl compounds arc concerned. The concentrations in the wo buildings are of thc same
order of magnirude. Note however that there are Ínor€ pronounced pollution peaks in the air-
conditioned building. For example, the maximum concenEations measured in the AC
building are 1200, f00, 90 and 50 pglm3 for toluene, benzene, forrnaldehyde and

acetaldehyde respcctively, versus 350,40, 50 and 20 t¿g/m3 in the l.tV buitding. In addition,
the annual concentration trends seem to reveal that in the casc of aromatic compounds the NV
blilding is morc sensitive to exterior variations than the AC building. This is iliustrated by
Flgures 7 and 8, by the example of the meta- and para- xylene.
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Fþure 8. Meta+para xylene conæntmtiore in the
naturally ventilated building during 1992.
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Figure 9. Metâ+pam xylene concentratiom in the
air-conditioned building during 1992.
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We have thus made appar€nt differences in the annual evolution of chemical pollutants in the
wo buildings:

- the seasonal evolution is substantial for pollutants such as NO2 of which the indoor level
generally remains lower in the at-conditioned building than in the naturally yentilated one,
- in the case of org.¡nic compounds, the concentrations a¡e of the same order of magnitude in
the two buildings and their variations are short-lived and isolated in cenain offices. In the
nan¡rally ventilated building, we note however that the aromatic compounds are influenced by
the variations in a¡omatics content of the outside air.

Conversely, the origin of e compound such as CO2 is clearly defined: human occupancy is the
primary source of it and the air conditioning has only a reduced effect on its indoor
concentrations.
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