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INDOOR AIR QUALITY: COMPARING AN AIR CONDITIONED
BUILDING AND NATURALLY VENTILATED BUILDING
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ABSTRACT

Indoor air quality of two office buildings in Paris and that of the outside air were monitored
over a year. The climatic parameters — temperature and humidity — as well as the COx,
NO=x and organic compounds of the air were measured. The two buildings differ in respect of
their ventilation system: one is naturally ventilated, the other has a central air conditioning
system. The changes measured over the year illustrate to various extents the influence of
seasons, of the outdoor environment, of the offices occupancy, of the internal sources and of
the air conditioning. The impact of the air conditioning on the chemical pollutants content is
not directly discernible.

INTRODUCTION

Indoor air pollutants are suspected, in the literature, of being one of the possible causes of the
"3ick Building Syndrome" (SBS). These complaints are more frequently reported in air-
conditioned environments, although we do not know exactly why.

In order 1o characterize the atmosphere of an air-conditioned environment relative 1o a
naturally ventilated atmosphere, the air quality group of the French utility Electricité de
France (EDF) undertook to monitor the physico-chemical and microbiological parameters in
two EDF office buildings during the year of 1992, in order to follow the evolution of these
parameters over a complete seasonal cycle.

The monitoring of the microbial flora in the two buildings during the year of the study was
entusted to "Bioqualitair” — a research team set up jointly by Institut Universitaire de
Médecine du Travail and dErgonomie (TUMTE), and Département de Parasiiologie
Mycologie Médicale and Moléculaire (DP3M), both based at the Michallon hospital in
Grenoble. All of the measurements and analyses of the physico-chemical parameters were
performed by EDF's Air Quality unit.

This paper describes the experiment as a whole and presents the findings on the organic and
inorganic chemical pollutants, as well as the climatic parameters. Another paper (1),
presented to another session, presents the microbiological measurements and results.

METHODS
Description of the Sites

Two EDF buildings in Paris were selected: one comprises a central air conditioning system
(AC); the other is naturally ventilated (NV). The two buildings are in an identical
geographical and climatic setting (they are located one kilometer apart, near Place de I’Etoile
in Paris). The activity carried out in both premises (office work) and the average number of
occupants per office are similar. Also, the two buildings are approximately the same age.

The naturally ventilated building has seven storeys and the air-conditioned building ten. The
air conditioned system operates on a recycle basis (minimum of 20% to 25% recycled air),
has a filtering system, steam-based humidification and air distribution by induction units.
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Progress of the Study

In each building, a reference office was selected: the air in these
; ng, ) : two offi i
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- The climatic parameters, temperature and relative humidity, and the inorganic gaseous
pollutants CO, CO2, NO and NO; were measured.
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in each building. These two additional offices were measured to check the

Leg:&gentx?nﬂ‘:':ness of the reference office in relation to the general environment of the
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The interi i
ocacgint;y and interior arrangements of these offices vary but in all cases involve tertiary

The analyses made during these campaigns concerned the following:

- volatile organic compounds: in gc g offices (AC and NV)
. . . . in the 2 outside airs
- microbiological flora: - in the 6 offices (AC and NV), at the work station

. inthe 3 offices (AC), in th iti i i
docier o C), in the conditioned air leaving the
stk . in the 2 outside airs
- climatic parame inorganic gases: Temperature, Relative Humidi CO-CO,
NO-NOy (using portable analyzers), in the six offices, as well as in se:eial odlg'] tl:-!fl”.ﬁr:es '
distributed throughout the two buildings (6 in AC and 3 in NV).

RESULTS AND DISCUSSION
Comparison of the 2 buildings’ outside environments

In respect, firstly, of the inorganic pollutants, the av
i 2 erage monthl i
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pears to by comparab 1 ites for our inorganic pollutan

concerned. The differences found — which were small in ; i
can be explained simply by the environmental diffe mnc&ﬁ&nﬁcp?aaspecauynadlmccshm Icvc&mls —lhe
street, amount of road traffic, etc.) at the two air intakes of the measuring instruments.

In respect of the organic pollutants, the levels i i

t 1 measured in the outside air are withi
of concentrations usually found in urban areas; the highest concentrations wer‘;qmol;cl?t'ﬁgc
aromatic compounds, in particular toluene, benzene and xylenes.

The pollutant contents in the immediate environment of the two buildings are generally of the
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same order of magnitude. The formaldehyde concentrations (Figure 2) present exactly the
came annual evolution around both buildings. Conversely, the toluene concentrations (Figure
2), though comparable in the beginning of the year, are very clearly dissimilar in September.
‘An isolated point source sometimes alters the background levels around the two buildings.
These sources could be related to nearby road traffic. Nevertheless, the variations of
concentrations during the days of analysis affect only a few isolated compounds rather than a

family of organic compounds.
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Figure 2. Qutdoor formaldehyde and toluene

Figure 1. Outdoor nitrogen oxides monthly averages. concentrations during the year 1992

Representativeness of the Reference Offices

The issue was to know whether the indoor environments of the two buildings could be
represented by a single office such as the reference office.

For the inorganic compounds, and each of the eight campaigns and each parameter, we
calculated a "building average” from the values measured by the portable instruments in the
nine AC offices and the six NV offices; next, for each reference office, we defined a
"representativeness index" characterized by the ratio of the value measured in that office to
the "building average”. Lastly, we calculated the average index for all eight campaigns. By
way of example, Figure 3 presents the results thus obtained for the two essential compounds
COx and NOy (sum of NO and NO2).

The analysis of all the data obtained shows that, for virtually all the inorganic compounds
measured (except CO), the differences between the test-offices and the building average are
never more than about 10 to 15%, this being true for both sites. It is nevertheless worth noting
that there was a significant scattering of results according to the season. Given that the
pollution levels are generally not very high and that these are very short-time measurements
which, furthermore, were made at different times of the day, and finally allowing for the
sensitivity of the instruments, we may assume that the differences observed between the three
test-offices of each building are not a major handicap in interpreting the comparative results
for the indoor air of two buildings.

Two trends are apparent concerning the organic compounds:

- the aldehydes and ketones appear in homogeneous concentrations within each
building; they vary by a few pg/m3 to a few tens of pg/m3. Beginning with the 4th campaign,
the measurements were compounded; the content then represent an average taken from three
points of the building.

- the aromatic compounds, especially toluene, present a greater dispersion than do the
carbonyl compounds within a given building. The example of the toluene trend in the
naturally ventilated building (Figure 4) illustrates both the spatial and time dispersion . In
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Comparison between the Indoor Air of the Two Buildings
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Figure 6. Indoor NO2 / Outdoor NO2 monthly averages.
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We saw in Figure 1 that the outdoor levels of nitrogen oxides were comparable at the two
sites. However, in order to be able to correctly compare the indoor levels in the two buildings,
we used the ratio of indoor to outdoor concentrations: the annual variation of this ratio is
represented in Figure 6 as concerns NOy. This graph calls for two comments:

- the NO, levels are (in terms of monthly average) very often much smaller indoors
than outdoors;

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

The case of COy 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 from Figure 7, a
large excess concentration indoors is due to the presence of personnel 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, note that the average concentrations are very comparable between the
two buildings, the differences observed being probably attributable to the number of people
present near the measuring station.
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Figure 7. indoor and outdoor CO2 values at the air-conditioned bullding site
during the month of april 1992,

In the case of the organic compounds, the results show a more polluted environment inside
the buildings than outside. In general, concentrations inside the buildings are 1.2 to 7 times
higher than outside. Also, the majority compounds are toluene, benzene and the xylenes as far
as aromatic compounds are concerned and formaldehyde, acetaldehyde and acetone as far as
carbonyl compounds are concerned. The concentrations in the two buildings are of the same
order of magnitude. Note however that there are more pronounced pellution peaks in the air-
conditioned building. For example, the maximum concentrations measured in the AC
building are 1200, 100, 90 and 50 pg/m3 for toluene, benzene, formaldehyde and

acetaldehyde respectively, versus 350, 40, 50 and 20 pg/m3 in the NV building. In addition,
the annual concentration trends seem to reveal that in the case of aromatic the NV
building is more sensitive to exterior variations than the AC building. This is illustrated by
Figures 7 and 8, by the example of the meta- and para- xylene.
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Figure 8. Meta+para xylene concentrations in the

Fj 9. Meta+ I oncentrations i
naturally ventilated building during 1992. e omditionsd gty oz e

air-conditioned building during 1992.

‘We have thus made apparent differences in the annual evolution of chemical pollutants in the
two buildings:

- the seasonal evolution is substantial for pollutants such as NOz of which the indoor level
generally remains lower in the air-conditioned building than in the naturally ventilated one,

- in the case of organic compounds, the concentrations are of the same order of magnitude in
the two buildings and their variations are short-lived and isolated in certain offices. In the
naturally ventilated building, we note however that the aromatic compounds are influenced by
the variations in aromatics content of the outside air.

Conversely, the origin of a compound such as COy 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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