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Hidden olfs in
sick buildings

Investigators examine hidden pollution

sources in 15 Copenhagen office buildings

By P. Ole Fanger
ASHRAE Fellow

HE AIM of ventilation is to provide

fresh air for human beings. Unfor-
tunately, in many buildings, this aim is not
achieved. Dissatisfaction has been doc-
umented in hundreds of detailed field
studies in offices, schools, dwellings and
other non-industrial buildings in Europe,
North America and Japan (1-11). High
percentages of occupants complaining of
unacceptable air quality have been iden-
tified. The complaints comprise the per-
ception of stale and stuffy air, irritation of
mucous membranes, headache, lethargy,
etc. These symptoms are usually calied the
“sick building syndrome” (12).

The symptoms are not just occurring
in a few special buildings. They occur in
nearly ali buildings, but with wide varia-
tions in the percentage of occupants who
are bothered. A recent opinion pell among
American office workers showed that 24
percent found the air quality at their work-
place unacceptable and 20 percent found
that the quality of air impaired their work
(13).

In some buildings there are obvious
reasons for bad air quality. The air supply
may, for instance, be lower than designed.
But the frustrating fact is that most of the
buildings studied in different parts of the
world complied with existing ventilation
standards, i.e., air supply and air distribu-
tion were as designed and often better.

This article 1s a follow-up to "The oit and decipol.”
which appeared in the October ASHRAE Jeurnal
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Furthermore, all measured chemical com-
pounds were in concentrations well below
any conceivable health or comfort limits.
Nevertheless, 20, 40 or 60 percent of the
occupants found the indoor air unaccep-
table. It looks like an effect without a cause
and it has been called “the sick building
mystery.’

Chemistry and perception

When an occupant says the indoor air
is stale, stuffy and unacceptable, less fresh
than outdoor air, we should acknowledge
that he is right. Indoor air is provided to
meet an individual's needs and only the in-
dividual can judge whether they are met.
The human being is the ultimate judge of
perceived air quality. If we as chemists,
physicists, hygienists or engineers cannot
find the chemical or physical reason why
the air is felt to be unacceptable, it is our
problem. If we cannot measure the differ-
ence between stuffy and fresh air, it is be-
cause our measurement technique is nct
good enough, not refined enough, com-
pared to the human senses.

Thousands of chemical compounds
may be present in indoor air. But they often
occur in small concentrations that are hard
to detect with present chemical techniques
of analysis. Still, some may be above their
thresholds for odor or irritation and con-
tribute to the stuffiness of the air. Inade-
quate methods for measuring low concen-
trations is not the only problem. Evenif we
were able to identify every single molecule

in a space, the next problemis knowing the
impact on humans of the individual chem-
icals at such low concentrations. And,
even if thatinformation also were available,
we do not know how each chemical is
perceived when it occurs together with
thousands of other chemicals.

How do we quantify the quality of in-
door air when chemistry fails to help us?
The answer is to use man as a meter; tc
acknowledge that man's nose is the most
sensitive instrument available; and that this
“instrument” in real buildings defines wheth-
er the air is fresh or stuffy, acceptable or
unacceptable.

In a recent field study in office build-
ings (14) a panel of judges was used to
quantify the perceived air pollution by the
new decipol unit and to guantify the pollu-
tion sources by the new olf unit (15). One
olfis the emission rate of pollutants from a
standard person, defined as an average
sedentary adult in thermal comfort with a
hygienic standard of 0.7 bath/day. Any
other pollution source may then be quan-
tified by the number of standard persons
(olfs) required to make the air equally unac-
ceptable as the actual pollution source.
One decipol is the pollution caused by one
standard person (one olf) ventilated by 10
I/s (20 cfm) of unpolluted air (15).

Field study conducted

Pollution sources were quantified by
the new oif unitin 15 randomly selected of-
fices in Copenhagen. The spaces were
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Figure 1—Average pollution sources in 15 offices in Copenhagen. An average -
of 17 occupants worked in each office. gl 2l R il
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visited three times by 54 judges, who
assessed the acceptability of the air: (1)
while unoccupied and unventilated to
quantify pollution sources in the space, (2)
while unoccupied and ventilated to quan-
tify pollution sources in the ventilation
system and (3) while occupied and ven-
tilated to determine pollution caused by
occupants and smoking. (Detailed infor-
mation about the field study is given in
reference 14.)

The perceived air pollution in the oc-
cupied offices varied between 0.2 and 59
decipol (3-49 percent dissatisfied) with an
average of 3.3 decipol or 34 percent dis-
satisfied. Carbon dioxide, carbon monox-
ide, particulates and total volatile organic
compounds were measured, but as in
many field studies, these measurements
did not explain the large variations in
perceived air quality. The pollution sources
were quantified for each space, and the
mean values for all 15 offices are given in
Figure 1.

In the average office with 230 m2
(2500 tt2) fioor area, 17 occupants were
working. The surprising resuit is that ma-
terials in the space had an average source
strength of 28 olfs, and the ventilation sys-
tems polluted 58 olfs. Tobacco smoking
polluted 35 olfs in the offices. Although
there were only 17 occupants in the space,
there were, in total, 138 olfs present. Only
13 percent of the pollution was caused by
the bioeffluents from the occupants.

For each occupant there were 6to 7
hidden olfs present, polluting the airinthe
space (Figure 2); 1 to 2 olfs were hiddenin
the materials inthe space, 3 olfs were hid-
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den in the ventilation system and 2 olfs
were caused by tobacco smoking.
These results are in contrast to ventita-
tion standards over more than a century,
which have assumed that human beings
are the principal or exclusive polluters in of-
fices and similar spaces. Standards have
implicitly assumed that spaces and ventila-
tion systems are clean and do not contrib-
ute to the indoor air pollution. Influenced
by the basic studies by Pettenkofer (16)
and Yaglou (17) on human biceffluents, the
required ventilation has therefore normal-
ly been specified as outdoor air supply per
occupant. The present study shows that
human bioeffluents contribute only slightly
to the pollution in modern office buildings.
The outdoor air quality was excellent
(0.2 decipol) and the supply to the 15 of-
fices was on average 25 I/s (50 cfm) per oc-
cupant. This is far above existing ventila-
tion standards. From an engineering or
hygienic point of view one would consider
these spaces to be overventilated, yet 34
percent judged air to be unacceptable
due to the heavy pollution sources that
made the ventilation rate only 4 I/s (8 cfm)
per olf. ’
The many hidden olfs in the spaces
and in the ventilation systems are the
reason why such high percentages of peo-
ple found the air unacceptable. None of
the 15 offices investigated were identified
beforehand as a “problem building.” They
were selected randomly. Since the com-
plaints were so high, even in these gen-
erously ventilated offices, it is no wonder
that complaints of air quality are frequent
in many buildings in practice, ventilated

simply according to existing ventilation
standards.

Hidden olfs inthe spaces and the ven-
tilation systems make the air stuffy, stale
and unacceptable. The extensive and hith-
erto unknown pollution sources are the
likely explanation to the sick building
mystery. Why were these hidden pollution
sources not identified earlier? Probably
because no way of quantification existed
previously, except the chemical method,
which was usually insufficient. Also, many
pollution sources are rather unconcen-
trated, usually spread over large areas.
This makes them unnoticed except for ex-
treme cases, eg., formaidehyde from spe-
cial wood products or insulation foams.

The judges assessed the air just after
entering each space. Is thisimmediate im-
pression of the air sufficient to give a fair
assessment of the air quality? The irritants
and odorants in the air stimulate immedi-
ately the chemical and olfactory sense (18).
This means that the stale and stuffy air and
the irritated mucous membranes, charac-
teristic of the sick building syndrome, are
perceived at once. With time, odor intensity
will decrease, while irritation may remain
constant (18, 19). The totalimpression of air
quality will normally be strongest in the
beginning and a judgment then will tend
to be conservative. In ventilation theory (17)
the aim has traditionally been to provide air
quality which is felt acceptable from the
first moment a person enters a space.
Although some adaptation may take place
later, a negative first impression of the air
quality in a space must be avoided.

Are the hidden poliution sources also
causing other symptoms like headache,
lethargy, etc., claimed to be part of the sick
building syndrome? We do not know. But
we do know that it is characteristic for the
symptoms of the sick building syndrome to
disappear when people leave the building
and are exposed to fresh air. If the hidden
olfs in the building were removed so that
the air is fresh and pleasant indoors, it
seems likely that the other symptoms of the
sick building syndrome would disappear
simultaneously.

Although the pollution sources on
average were alarmingly high for the 15 of-
fices, there were large differences from
building to building (14). Some ventilation
systems were virtually clean and some
spaces had very low olf-values. This stim-
ulates optimism for the future. It is obviously
possible to construct low-olf buildings.

Prevention and cure

An obvious way to prevent and cure
sick buildingsis to avoid or reduce the hid-
den olfs.

Catalogs with olf-values per m? of
common building materials should be
established so that architects can select
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building materials with low olf values.
Similarly we should establish olf-values for
carpets, furniture, office machines, books,
paper, etc., in order to avoid accumulating
high poliution sources in our buildings.
This may cause a revolution in the way we
construct and furnish buildings. What can
be done until we have an off catalog? The
simple advice in practice is to use the
human nose. Samples of alternative
building materials, carpets, etc., should be
compared to avoid high-poliuting mate-
rials ruining the indoor air quality and
creating sick buildings.

Methods for cleaning of buildings
should be modified to maintain low olf-
values. Reduction of pollution sources
rather than just aesthetics should be the
primary aim of cleaning in buildings.

It is even more important to avoid
pollution sources in ventilation and air-
conditioning systems. Potential poliution
sources should be identified. Attention
should be given to filters, humidifiers,
heating and cooling coils and sound at-
tenuators. A primary aim for future HVAC
researchers must be to develop new ven-
tilating and air-conditioning systems that
have virtually no pollution sources when
they are new and can be kept clean easi-
ly during the lifetime of the system.

Ventilation should be designed to
handle not only human pollutants but aiso
pollution from materials and system. This
important extra and previously ignored
pollution load could in future ventilation
standards be expressed in olfs per unit
floor area.

Conclusions

Extensive hidden pollution sourcesin
building materials and ventilation systems
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are alikely explanation to the sick building
syndrome. For each occupant in 15 ran-
domly selected office buildings there were
on average 6 to 7 hidden olfs from other
pollution sources: 1 to 2 olfs were hidden
in the materials in the space, 3 olfs were
hidden in the ventilation system, and 2 olfs
were caused by tobacco smoking. The
ventilation rate was on average 25 Ifs (50
¢fm) per occupant but, due to the exten-
sive hidden pollution sources, only 4 I/s (8
cfm) per olf. This explains why 34 percent
judged the indoor air to be unacceptable.
The results are in contrast to ventilation
standards which have assumed human
beings to be the principal or exclusive
polluters in offices and similar spaces.
Prevention and cure of sick buildings
require systematic removal or reduction of
unnecessary hidden olfs. This willimprove
air quality, decrease required ventilation
and energy consumption, and diminish
the risk of draft. L]
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