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Abstract Indoor air quality (IAQ) has begun to
surface as an important issue that affects the comfort
and health of people; however, there is little research
concerned about the IAQ monitoring of hotels up to
now. Hotels are designed to provide comfortable
spaces for guests. However, most complaints related
to uncomfortable thermal environment and inadequate
indoor air quality appear. In addition, microbial
pollution can affect the health of tourists such as the
Legionnaire’s disease and SARS problems. This study
is aimed to establish the comprehensive IAQ audit
approach for hotel buildings with portable equip-
ments, and one five-star international hotel in Taiwan
was selected to exam this integrated approach.
Finally, four major problems are identified after the
comprehensive IAQ audit. They are: (1) low room
temperature (21.8°C), (2) insufficient air exchange
rate (<1.5 h™'), (3) formaldehyde contamination
(>0.02 ppm), and (4) the microbial pollution (total
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bacteria: 2,624-3,799 CFU/m®). The high level of
formaldehyde may be due to the emission from the
detergent and cleaning agents used for housekeeping.
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Introduction

There have been an increasing number of instances
where occupants of a building have complained of a
general feeling of being uncomfortable (Zweers et al.
1992; Mendell 1993). These symptoms often appear
to be flu like, however the symptoms usually
disappear when people are away from the building.
This phenomenon is appearing in the medical litera-
ture as a concept called “sick building syndrome”
(Mendell and Smith 1990). Sick building syndrome
(SBS) is a term used to describe a collection of
symptoms that have been associated with the indoor
air quality of buildings. In Taiwan, there has been
growing concern in the past decade over health
complaints attributed to the so-called “sick building.”
The reasons could be related to an increase in public
awareness of health implications, and people spend-
ing more time in air-conditioned environments.
Indoor air quality (IAQ) has begun to surface as an
important issue that affects the comfort and health of

people and even the productivity of office workers
(Singh 1996).
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Hotels, one type commercial buildings, are de-
signed to provide high levels of comfort for guests;
however, the thermal comfort and inadequate indoor
air quality are often complaints (Bohdanowicz and
Martinac 2002). In addition, the severe acute respira-
tory syndrome (SARS) broke out in a four-star hotel
in Hong Kong has increased the public awareness to
indoor air quality of hotels (Radun et al. 2003). IAQ
may become one of the important issues for hotel
management, and audit methods and technologies
should be established first in order to identify the
indoor air problems. Some IAQ monitoring methods
have been developed in Taiwan and most of them are
applied to the office buildings and the hospital
buildings. However, the IAQ monitoring approach
that is suitable for the hotel buildings has not been
developed. Hence, the purpose of this study is to
develop the TAQ audit approach with portable equip-
ments in order to establish a comprehensive TAQ
profile of the hotel buildings. The data collected from
this approach can be used to assess the air quality in
the hotel buildings and to identify the indoor air
problems. Consequently, the IAQ audit approach
proposed here may be helpful for the hotel managers
to reduce the health risk from hotel buildings and
increase the comfort for guests.

Indoor air quality (IAQ)

An Arab oil embargo in 1973 triggered off an energy
crisis worldwide, with the building industry imple-
menting various measures to conserve energy. In the
effort to minimize heat loss and maximize the
efficiency of air-conditioning, the building’s interior
is closed off the outside as much as possible.
However, the indoor air becomes stale as a result of
the accumulation of pollutants such as excess dust,
bacteria, and chemicals. The poor IAQ will make
occupants uncomfortable and increase the risk of
health. During the past few decades, various symp-
toms and illnesses have increasingly been attributed
to non-industrial indoor environments. In general,
unlike industrial or accidental exposures (high level),
such exposures are very common and usually sus-
tained. Problems associated with the indoor environ-
ment are a common environmental health issue that is
faced by doctors and health practitioners. This sick
building syndrome (SBS) has received much attention
over the years, and as originally defined by the World
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Health Organization (WHO 1983), refers to non-
specific symptoms including eye, nose, and throat
irritation, mental fatigue, headaches, nausea, dizziness
and skin irritation, which seemed to be linked to the
indoor climate (Bholah et al. 2000).

Although not life threatening nor disabling, the
incidence of SBS among working people does have
an economic repercussion (Singh 1996). SBS might
affect the productivity of working people, the sleep
quality of people at home, and even affect the
recreation experience when tourists are on vacation.
SBS has over the years been identified as a significant
problem in Taiwan as well as in Singapore, Canada,
Australia, Japan, and America (Wargocki et al. 1999;
Wau et al. 2003). Jantunen (2000) also concluded that
an average man spends up to 90% of his time indoors
including time spent at workplace, leisure places, and
home. Therefore, the indoor air in public amusement
places, entertainments facilities, offices, schools and
other enclosed premises are of decisive importance
for human health.

Factors contributing to indoor air pollution include
building location and air intake; building design,
building materials and furnishings; and indoor activ-
ities (WHO 1999; Olesen 2004). Some of the
common causes of indoor air problems giving rise to
poor air quality are the presence of indoor sources of
pollution; poorly designed, maintained or operated
air-conditioning and mechanical ventilation (ACMV)
systems; and uses of the building that were unplanned
for what the building was designed or renovated. A
ventilation system performs a vital role in the removal
of pollutants originating in the air space. In addition,
the performance of the mechanical ventilation system
influences thermal comfort; for example, cold
draughts can produce an unpleasant environment for
the guests and the staff. Some studies have shown that
ventilation systems in buildings are largely responsi-
ble for SBS such as Morey and Shattuck (1989).
These ventilation systems are either designed incor-
rectly or they are poorly maintained.

TAQ and hotels

Hotels are designed to provide multi-facetted comfort
and services to guests frequently accustomed to, and
willing to pay for exclusive amenities, treatment, and
entertainment. Comfortable indoor environments, safe-
ty, and reliability are some of the amenities valued by
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guests. However, little research is concerned about the
indoor air quality of hotel buildings up to now and
most hotel managers often ignore these important
issues. State-of-the-art technical infrastructure is typi-
cally utilized in hotels to provide high levels of
comfort, especially thermal comfort (Bohdanowicz
and Martinac 2002). However, using energy-intensive
space-conditioning systems does not mean warrant
absolute guests satisfaction. Guests frequently com-
plain about thermal discomfort, even where expensive
and sophisticated systems are operated.

Complaints most commonly in hotels are related to
uncomfortable air temperatures (too high or too low),
and the difficulty or impossibility of individual
adjustment (Bohdanowicz and Martinac 2002). More-
over, space conditioning (heating, cooling, and ven-
tilation for the purpose of maintaining high standards
of air quality and thermal comfort) typically accounts
for about half the total energy consumed in hotels
(Rada 1996). Hence, most hotels designers and
managers always pay attention only to the energy
consumption of hotels operation. However, inade-
quate air quality as well as the lack of air circulation
is another frequent complaints (Teeters et al. 1995). In
addition, the indoor air quality of hotel buildings
affects the health of guests especially in bacteria
sector. For example, Legionnaire’s disease broke out
in one USA hotel (182 people illness and 29 deaths in
1976) and more than 60 outbreaks worldwide in
hotels, hospitals and offices were reported (Lane et al.
2004).

In addition, the severe acute respiratory syndrome
(SARS) broke out in “M” hotel in Hong Kong has
increased the public awareness to indoor air quality of
hotels (Radun et al. 2003). In 2003, SARS was
carried out of Guangdong Province by an infected
medical doctor who had treated patients. He brought
the virus to the ninth floor of a four-star hotel in Hong
Kong. Days later, guests and visitors to the hotel’s
ninth floor had seeded outbreaks of cases in the
hospital systems of Hong Kong, Viet Nam, and
Singapore. Simultaneously, the disease began spread-
ing around the world along international air travel
routes as guests at the hotel flew home to Toronto and
elsewhere. Since SARS is primarily transmitted bio-
aerosol droplets or direct personal contacts and Li
et al. (2005) have concluded the need for the devel-
opment of improved ventilation and air-conditioning
systems. People pay much attention to the indoor air

quality and related health issues of hotel rooms as
well as that in the closed airplane are after SARS
(Chien and Law 2003).

The major problem that most hotels fact is the
challenge to improve the indoor air quality without
increasing energy consumption and other related costs
(Stipanuk 2001). Since the hotel industry is one of the
most energy-intensive sub-sectors of the tourism
industry, with about 50% of the overall energy
consumption due to space conditioning (Rada 1996).
The thermal comfortable standards applied in defining
the required levels of thermal comfort in hotels have a
substantial effect on the overall energy use in this
sector.

Materials and methods

The TAQ audit follows a systematic approach with
portable equipments and is carried out in a five-star
hotel building in Kaoshoung, Taiwan. The systematic
approach involves the measurement of physical
parameters, the monitoring of the concentrations of
selected indoor air pollutants, and the measurements
of microbial. The international hotel selected is built
in 1993 and its interior space has been decorated in
1998. It is a twenty-story building and its air-
conditioning system is a centralized chilled water
system with the fan coil unit (FCU) ventilation
system. The main area of interest for this IAQ audit
is the guest room; hence, two guest rooms (double
room type) are chosen by random as the sample sites.

Physical indicators

The thermal comfort level of the indoor environment
is measured using an indoor climate analyzer,
SHIBATA IES-2000. The measurements taken
through this equipment include room ambient tem-
perature (dry bulb), relative humidity, and air velocity.
In addition, the concentrations of carbon dioxide
(CO,), carbon monoxide (CO), and the suspended
particulate (PMo: for particulate<10 pm) are also
can be collected from the SHIBATA IES-2000 at the
same time. The air exchange rate in the room was
measured using the tracer-gas decay technique. This
technique involved an initial injection of sulphur
hexafluoride (SF¢) tracer gas into the air space
through the fan section to provide a better tracer and
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air mixing in the room. The tracer gas was allowed to
mix for 15 min to establish a uniform concentration in
the air space. The Bruel & Kjaer (B&K) multi-gas
sampler and analyzer are used to collect and analyze
the concentration of tracer gas over time. The
concentration-decay of the tracer-gas profile was
analyzed to determine the air-exchange rate for the
guest room. Evaluation of the air change effectiveness
in a building is crucial as it provides information
about the ability of the air distribution system to
deliver ventilation air to a building, zone or space.

Chemical indicators (CO,, CO, HCHO and TVOCs:)

Continuous real-time chemical monitoring of carbon
dioxide (CO,), carbon monoxide (CO), formaldehyde
(HCHO), and total volatile organic compounds
(TVOCs) were carried out at three indoor sampling
points and one ambient point in each room. These
points are coupled to the B&K multi-point sampler
and analyzer. This monitoring system comprises a
photo-acoustic based gas analyzer connected to a
multi-point sampler and controlled via proprietary
software from a laptop computer. Since two equip-
ments (the SHIBATA IES-2000 and the B&K multi-
point analyzer) used here can monitor the real-time
concentrations of CO, and CO at the same time, the
monitoring data can be compared each other.

Biological indicators

Portable air sampler for Agar plates (Burkard) was
used to carry out the biological sampling. The
medium that is used for the collection of bacteria is
Tryptic Soy Agar (TSA), while the collection of fungi
is Potato Dextrose Agar (PDA). Each of these
measurements was taken over a period of 4 min.
After incubation is completed, they will be counted

and the unit of measurement is in colony-forming
units per cubic meter (CFU/m?).

Results and discussion
Physical indicators
Thermal comfort

The thermal comfort parameters measured are listed in
Table 1. The air temperature recorded in the guest
rooms is ranged between 21.8 and 22.0°C. This is
slightly below the recommended range for acceptable
indoor air (24-28°C) from the local indoor air quality
guideline (Su and Chiang 2004). Although the
individual adjustment is designed in each room, it
fails to change indoor temperature in both two-guest
rooms sampled. Too cold temperature will not only
make tourists uncomfortable, it will also result in
more energy consumption in air-conditioning. The
relative humidity of each room is well within the
recommended range (40—70%). In addition, although
the mean air velocity is quiet different in the two
guest rooms sampled, the results are all below the
recommended threshold.

The air exchange rate in the guest rooms is
determined by using the concentration-decay method
of the tracer-gas. The air exchange rate and fresh air
quantities are computed and shown in Table 2. The air
change per hour (ACH) is different when the air-
conditioning is adjusted; for example, the ACH is
0.0001 when the air-conditioning is low, while the
ACH is 0.555 when the air-conditioning is high in
room 2. According to the findings of this study, the
air exchange rate is below the acceptable value
(1.5 h™") in both guest rooms sampled even when the
air-conditioning is high. In addition, the amount of

Table 1 Measurements of

thermal comfort parameters Location Air temperature Relative humidity Mean air velocity
(dry bulb) (°C) (7o) (m/s)
Room 1 21.8 66 0.14
Room 2 22.0 55 0.04
Outside air 30.6 70

Indoor air quality guideline®

#Su and Chiang (2004)

24-28 (Summer)  40-70 <0.5

20-25 (Winter)
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Table 2 Measurements of air change per hour (ACH) and fresh
air exchange rate

Location ACH (h™") Fresh air (m>/h)
Room 1 Low: 0.064  Low: 0.168
High: 0.579  High: 1.520
Room 2 Low: 0.0001 Low: 0.000263
High: 0.555  High: 1.456
Indoor air quality guideline® 1.5 4

#Su and Chiang (2004)

fresh air is also inadequate (<4 m>/h) and this indicates
that the provision of outside air for ventilation is
insufficient. When the air change effectiveness is
insufficient, the indoor air of guest room will become
stale and may result in the accumulation of pollutants.
Hence, the American Society of Heating and Air
Conditioning Engineers (ASHRAE) (2001) suggests
that the amount of fresh air must exceed 4.75 m*/h in
the bedrooms in the hotel buildings further.

Evaluation of particulate pollution

The recommended threshold level for suspended partic-
ulate matter (PM;: for particulate<10 pum) is 180 pg/
m’® in Taiwan (Su and Chiang 2004) and Hong Kong
(IAQ Management Group 2003). Table 3 shows the
average concentration of particulate indoor ranged
between 10.6 and 16.6 pg/m’>. There is no cause for
concern in terms of indoor particulate pollution. The
average concentration value for outdoor environment is
35.7 ug/m’> and this is also below the recommended
outdoor air quality standards of 200 pg/m® (EPA 2004).

Chemical indicators
Carbon dioxide (CO,)

The concentration of carbon dioxide in the guest rooms
varied between locations. Measurements were taken
over a period of 3 days. The measured concentration of
carbon dioxide ranged between 770 and 1,510 ppm. The
average concentrations of room 1, and room 2 are about
980, and 1,260 ppm. During night hours, the concen-
tration level of CO, increases and this may be attributed
to the guests in the rooms and the ventilation rate is
insufficient. For example, the average concentration of
CO; in room 2 during night hours is 1,410 ppm. These
monitoring values are higher than the recommended

value (1,000 ppm) in Taiwan (Su and Chiang 2004;
EPA 2005) and Hong Kong (Indoor Air Quality
Management Group 2003).

Carbon monoxide (CO)

The recommended values of exposure for carbon
monoxide should not exceed 2.0 ppm in Taiwan (Su
and Chiang 2004) and Hong Kong (Indoor Air Quality
Management Group 2003). The concentration of
carbon monoxide measured in this study (no smoking
activity) ranged from 0.02 to 0.6 ppm, and the results
are well within the recommended thresholds. In
general, smoking is the major sources to contribute
the carbon monoxide in indoor space. If the tourists
smoke in the hotel room, the concentration of carbon
monoxide may increase and it may become another
problem when the ventilation system is not sufficient.

Formaldehyde (HCHO)

The concentration of formaldehyde measured in this
study ranged between 0.08 and 0.44 ppm, and the
average concentrations of room 1, and room 2 are
0.08, and 0.1 ppm. These values exceed the recom-
mended threshold level (0.02 ppm) in Taiwan (Su and
Chiang 2004). Many building materials and consumer
products contain formaldehyde such as insulating
materials, medium-density fiberboard, plywood, par-
ticleboard, textiles, adhesive, and cleaning products.
These relatively high concentrations may be regarded
to be attributed to the materials used for interior
decoration (Jowaheer and Subratty 2003).

In addition, the concentration of formaldehyde in the
guest rooms varied with monitoring time. It is very
surprise that the concentration of formaldehyde
increases rapidly during eight to eleven clock in the

Table 3 Measurements of suspended particulate matter

Location PM;, (pg/m®)
Room 1 16.6
Room 2 10.6
Outdoor 35.7

Indoor: 150*
Outdoor: 200°

Air quality guideline

“EPA (2005)
°EPA (2004)
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morning, and this results are repeated everyday during
our monitoring work (3 days). The average concen-
trations of formaldehyde during eight to eleven clock in
the morning are extremely high (0.22 ppm in room 1,
and 0.42 ppm in room 2). This high level of form-
aldehyde may be due to the emission from the
detergents and cleaning agents because the house-
keepers always use such chemicals (containing formal-
dehyde) during eight to eleven clock in the morning.
Epidemiological and clinical studies have shown that
exposure to formaldehyde could induce sensitization of
skin, irritation of eye, some allergic asthmatic syndromes
and a variety of low-level symptoms (Sardinas et al.
1979; Dally et al. 1981; Garrett et al. 1999). Moreover,
formaldehyde is a probable human carcinogen (group
2A) (IARC 1995) that may cause carcinogenic effects
by reacting with amino groups of proteins and nucleic
acids of nasal mucous membranes (Swenberg et al.
1983). Hence, the hotel managers must pay more
attention to the problem of formaldehyde and try to
reduce the emission of formaldehyde in the hotel
buildings.

Total volatile organic compounds (TVOCs)

There is no general agreement on the threshold values for
total volatile organic compounds in the indoor environ-
ment, but a recommended standard for acceptable indoor
air quality is 3 ppm in Taiwan (Su and Chiang 2004; EPA
2005). It is observed that the average concentrations of
TVOC of room 1, and room 2 are 1.24, and 1.27 ppm,
and these are below the threshold value. The continuous
monitoring of TVOC also shows that the monitoring
curve is very similar to the results of formaldehyde; in
particular, the concentration of TVOC also increases
during eight to eleven clock in the moming. Hence,
cleaning agents that housekeepers use may also emit
volatile organic chemicals.

Table 4 The concentrations of microbial

Biological indicators

The recommended threshold value for total bacteria
and fungi is 500 CFU/m’ in Taiwan (Su and Chiang
2004) and Hong Kong (Indoor Air Quality Manage-
ment Group 2003). The measured data are shown in
Table 4 and these results indicate that the microbial
pollution in guest rooms is serious. In terms of
bacteria, the concentrations in both room 1 and 2
exceed the recommended value, in particular in the
bathroom. In addition, the value of I/O ratio (indoor/
outdoor) exceeds 1 means that the bacteria pollution is
more serious in the indoor environment. It also
indicates that this bacteria pollution may be born
indoor and not transferred from the outdoor environ-
ment. With regard to the total fungi, the concentrations
in both room 1 and 2 are all below the 500 CFU/m’
threshold. The values of I/O ratio for total fungi count
are all below 1, and these results may indicate that the
fungi pollution is more serious in the outdoor
environment than that in the indoor space.

Hotel managers need pay attention to the IAQ issues

According to the findings of this study, the results of
[IAQ audit are agreement with the complaints from
guests about hotel building. The indoor air quality
seems to have some problems and the major problems
may include the following: (1) the air temperature is too
low, (2) the air exchange rate is not sufficient, (3) the
concentration of formaldehyde exceeds the recommen-
ded value, and (4) the microbial pollution is also serious.

However, the IAQ issues are often ignored among
the complex affairs in the hotel management. In
general, no hotels report their [AQ annually and little
staff really recognizes the IAQ issues; for example,
what activities they make will affect the TAQ. In
addition, the hotel rating system is just a little related

Location Total bacteria Total fungi

Concentration 1/O ratio Concentration 1/O ratio
Room 1 (bedroom) 3,112 2.06 262 0.12
Room 1 (bathroom) 3,799 2.52 197 0.09
Room 2 (bedroom) 2,624 1.74 753 0.34
Room 2 (bathroom) 3,539 2.35 459 0.21
Outdoor 1,508 2,225
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to the levels of thermal comfort (Table 5), and no
comprehensive TAQ issues are taken into account.

Since the IAQ problems really exist in the hotel
industry, and these problems will affect the comfort-
able and health of tourists, the hotel managers need
pay more attention to the IAQ issues. One pilot
project was implemented in the Hilton O’Hare
Building to monitor the air quality of hotel rooms to
address air quality for guests afflicted with sensitiv-
ities and reactions to dusts, molds and chemicals.
Three components that result in poor indoor air
quality are identified in this project. These compo-
nents are bio-aerosols, which are made up of spores;
particulates, which are largely dust particles, and
volatile organic compounds (VOCs) that are emitted
from almost everything in a room, especially furni-
ture, carpet and cleaning supplies.

The 2002 “Environmental Award” established by
International Hotel & Restaurant Association (IH&RA
2002) pays much attention to the issues about energy
and indoor air quality in hotels and restaurants. Their
assessment criteria including: evidence of long-term
commitment to sustainable hotel and restaurant man-
agement; use and description of technologies and
approaches to energy and air quality management and
monitoring; results of energy savings and improve-
ments in indoor air quality over time; quality of
environment and energy management training provid-
ed to employees and chief engineers; the means by
which employee and guest complaints on energy and
indoor environment are handled and resolved. Conse-
quently, the IAQ issues will become more and more
important in the hospitality management. Guests want
a comfortable environment in order to be productive
at meetings and enjoy their leisure time, be it in their
rooms, in restaurants or around establishment premises.
At the same time, employees also need good air quality
to concentrate to work efficiently and creatively.

Conclusions

The 1999 European Union ‘Eurobarometer’ survey
has showed that good air quality was a key criterion
for selecting holiday destinations (European Commis-
sion 2000). Air quality will not only affect the choices
of tourists but also have great influence on the
tourists’ recreation experiences. Poor indoor air as
well as contaminated outdoor air is related to the
comfortable and health of tourists, especially when
they stay in the accommodation or enjoy in the indoor
entertainment facilities. In addition, the SARS and
other air-bone diseases have increased the awareness
of tourists to choose hotels or other indoor facilities
with good IAQ. Hence, IAQ has become one of the
important issues that hotels managers need to care to
meet the demand of tourists.

However, the hotel managers are used to care about
the energy consumption of air-conditioning to reduce
the operation cost and always pay little attention to the
indoor air problems in the past. In addition, managers
do not know how to implement IAQ audit. Hence, one
feasible approach to indoor air quality audit for hotel
management was proposed here to identify the prob-
lems associated with the indoor environment of the
hotel buildings. This approach can also help hotels
managers to find the optimal operation procedures,
which can improve the indoor air quality without
increasing energy consumption and other related costs.
For example, the air temperature measured in this case
study is too cold. When this problem has identified,
managers can adjust the air temperature set to make
tourists feel comfortable and also reduce the energy
consumption in air-conditioning.

Moreover, the indoor air quality criteria of hotels
should be investigated and established in the future
since the standard of accommodation is one of the key
factors in determining the risks which travelers may

Table 5 Thermal comfort requirements and the hotel rating system (WTO)

Hotel rating Service provided

One star
Two star
Three star

Heating or fan cooling when necessary

maintained within the range of 18-25°C.

Heating or fan cooling when necessary. Central heating and comfort cooling seasonally available.
Central heating and comfort cooling seasonally available. Individual heat control in bedrooms. Temperature

Four star and five Central heating and comfort cooling available in entire premise. Individual heat and air conditioning control in all
star rooms. High quality equipment with very low noise emission level.
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be exposed (WHO 2005). For example, the hotel
rating system in Taiwan and other countries should
not only concern about the luxury facilities and
services, the indoor air quality should be taken into
account in order to provide health and comfortable
spaces both for the guests and the staff.
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