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Abstract: More and more people play badminton and pay close attention to indoor air quality
(IAQ) in the badminton hall. In order to get the perception of the reception for IAQ from the
badminton players, a subjective questionnaire was done separately in the badminton hall of
Wuhan Sports University. A Field Test was done in the badminton hall and testing parameters
included carbon monoxide (CO:z), PM2s5, Volatile Organic Compounds (TVOC), etc. The results
show that the testing result was consistent with the questionnaire and the environmental
parameters were within the scope of national standards. The results indicated that, although TAQ
in the badminton halls can be accepted currently, there are still many unsatisfactory elements. The
air freshness in most indoor badminton halls is relatively low, the ventilation is insufficient and the
mugginess is strong.
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1. Introduction

With the development of economy and technology, as well as the continuous improvement of
living standards, national fitness activities in China have become more and more common, and
more and more people participate in the stadiums. The poor indoor air quality (IAQ) will have
different degrees of physical and psychological effect on sports participants, spectators and other
groups. The influence of IAQ on physical exercise, and the research and evaluation methods of IAQ
in the stadiums should be studied systematically.

Zhang et al. (2009) [1] evaluated the IAQ of some Olympic venues and media villages. The
result showed that the indoor pollutant index that exceeded the standard rate of every venue was
low, and more than 95% of the detecting points were clean and unpolluted. Zhang et al. (2012) [2]
used various methods to evaluate the IAQ of some university stadiums in Henan Province, the
results showed that carbon monoxide (COz) in the normal range, CO2 was higher than the national
standard. Lu et al. (2013) [3] selected 20 subjects to perform equal load exercise under two different
ventilation conditions and found that CO2 concentration had a significant impact on the exercise
ability of the indoor personnel. Rajagopalan et al. (2013) [4] studied the Heating Ventilation and Air
Conditioning (HVAC) benefits of the Victoria Aquatic Center Gymnasium in a mild climate under
natural and mixed ventilation. The spatial temperature distribution, thermal comfort, CO:2
concentration and tracer gas method applied in ventilation was mainly studied. Chen et al. (2014) [5]
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selected representative gyms in Jiangsu province as survey objects and the IAQ was measured
during their business time. It was found that the most serious pollution place was the spinning
room. Ramos et al. (2014) [6] measured indoor air pollutants (PMzs, PMio, CO2 and VOC) in 11 fitness
centers in Lisbon. The results showed that the concentration of CO2 and VOC exceeded the national
limit. The results showed that the air pollution in the fitness center can be reduced by optimizing the
HVAC system, ventilation rate and the exercisers’ behavior.

At present, the haze situation in various regions is becoming more and more serious, and the
IAQ is getting worse and worse. An effective and mature IAQ evaluation method was established by
referring to subjective and objective evaluation methods [7,8]. PM2s, CO2 and Volatile Organic
Compounds (TVOC) are generally selected as indoor air parameters for the field test. The main
research direction is still limited in residential buildings, the structure of the different level
education (kindergarten, middle school and university classroom, library, dormitory, etc.), work
buildings (office, workshop, etc.), transportation or crowded places (bus, subway, elevator, etc.),
hospitals, museums, restaurants, etc., and living and working places [9-15]. However, there is little
research on the indoor environment of sports buildings, especially the badminton hall with more
participants. Due to the particularity and functionality of sports buildings, the indoor environment
is different between the ordinary buildings and sports buildings. With the increase in exercise
intensity, people who participate in sports can exchange more energy and materials with the
surrounding environment and have higher requirements on the indoor environment. Therefore, due
to the uniqueness of the construction and function of sports buildings, the conclusion of the indoor
environment of other buildings is not completely suitable for sports buildings.

The subjective questionnaire survey and field test on IAQ of badminton hall of Wuhan Sports
University (WSU) was done. Based on the subjective questionnaire survey, people’s feelings about
the current air quality and the problems of IAQ were foubd and the reasons analyzed. At the same
time, the environmental parameters in the badminton hall were measured.

2. Materials and Methods

The object is the badminton hall of WSU in the winter of 2015. Based on the domestic and
foreign literature, the relevant experts from Tsinghua University, Chongqing University and other
research institutes and the indoor environment questionnaire at present, the questionnaire was
designed. This questionnaire has a good reliability and validity (the reliability is 0.71 and the
validity is 0.56). The questionnaire of the IAQ includes: odor and musty taste, stuffy feeling,
ventilation, air quality satisfaction, air quality expectation. The test parameters include CO2
concentration, TVOC and PM:s. The parameters of the test instrument are shown in Table 1.

Table 1. Parameters and types of test instrument.

Name Type Contents Range Precision
. HOBO
CO:2 Monitors UX120-006M CO2 5000 PPM +50 PPM
Portable volatile organic PGM-7340 TVOC 0.1 ppm~2000 10—2900 ppm.Cahbratlon
compounds (TVOC) Monitors ppm Point +3% isobutene
Air Quality Monitor Particle AMS510 PMas 0.001~20 +0.001 mg/m’
Counter mg/m?

According to the relevant indoor environment standards, there are different methods to select
the location of test. In the winter, the testing point is near the window, the entrance and exit of the
door, the places near the heat source, the places under the tuber and other unfavorable places. The
badminton hall is divided into competition areas and rest areas. The height of the testing point
should be 0.6 m away from the ground when sitting in the rest area and 1.1 m away from the ground
when standing in the competition area.
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Based on the “evaluation standard of indoor thermal and humid environment of civil
building”, the test point for the area less than or equal to 16 m? is in the center of the area. If the area
is larger than 16 m? and less than 30 m?, two equal points on the diagonal are selected as test points.
If the area is larger than 30 m? and less than 60 m?, three equal points on the diagonal of the test area
shall be selected as the test points. The five equal points on the two diagonals were selected as test
points for the area larger than 60 m2. The tested badminton hall is 13.4 m at length, 6.10 m at width
and the area is 81.74 m?2. Generally, the number of badminton venues is more than 6, and the venue
of the area is much greater than the civil building’s, so the measurement points are five equal points
on the two diagonals of the civil area greater than 60 m2.

3. Results

3.1. Questionnaire Inquiry

(1) The smell of the participants when the participant just entered the hall.

Among the participants in the badminton hall of WSU, about 60% of them felt a “slight odor”
when they first entered the hall, 22% of them felt “strong odor” and 20% of them felt “no odor”.
Overall, 60% chose “mild odor” and 20% chose “no odor.” The peculiar smell is greatly affected by
the hall itself (formaldehyde, etc.), as well as the weather of the day (haze, etc.) and the ventilation of
the hall;

(2) The smell of mildew when the participant entered the venue.

A total of 35%, 33% and 18% of the participants thought that the moldy smell was “general”,
“few” and “fewer”, respectively. A total of 13% of the participants thought that the moldy smell
inside the hall was “big”, while almost none thought that the moldy smell inside the hall was “very
big”. It can be seen that the musty smell in the badminton hall of WSU can be accepted by more than
80% of the participants;

(3) The sense of smell when the participants were inside the stadium at the time of the survey.

For a period of time after entering the stadium, the percentage of “slight odor” and “strong
odor” decreased. About 50% of them chose “slight odor”, about 13% felt a “strong odor” and 35%
felt “no odor”. It was found that the participants’ sense of odor decreased with the increase in time.
Therefore, odor perception was investigated in a controlled way;

(4) The source of the peculiar smell, according to the participants.

Some participants thought that the source of indoor peculiar smell was the venue equipment.
The percentage was about 50%. The percentage of the participants who thought the sources of
indoor peculiar smell were “clean and disinfected water”, “building of the venue itself”, “food or
drink taken out”, or “sweat smell” was between 20% and 25%;

(5) The source of the mugginess in the hall, according to participants.

More than 50% of the participants thought that the indoor of the hall was “slightly suffocated”,
and nearly 40% of the participants thought that it was “no suffocation”. The feeling of suffocation is
closely related to the ventilation of the hall, because the opening and closing of doors and windows,
outdoor air quality problems and so on will affect the feeling of suffocation in the hall;

(6) Participants’ feelings of dust during in the hall the survey.

The percentage of the participants who thought that the dust in the indoor venue was “more”
was 20%, the percentage of the participants who thought that the dust in the indoor venue was
“much” was 1.28% and the percentages of the participants who thought that the dust was
“moderate”, “less” and “little” accounted for 34.6%, 33.3% and 11.5% of the total number,
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respectively. Thus, it can be seen that 80% of the participants think that the dust in the indoor venue
is moderate or less;

(7) Participants’ satisfaction with outdoor air quality.

During the questionnaire survey, the outdoor air quality of the badminton hall of WSU was
relatively good. The percentages of the participants who thought that the outdoor air qualities were
“average” and “relatively satisfied” were close to 40%. The percentage of the participants who
thought that the outdoor air quality was “satisfied” accounts for about 15%, for another, the
percentages of the participants that were “less satisfied” and “dissatisfied” were 5.1% and 2.5%.
Therefore, it was found that the outdoor air quality is more acceptable for most people during the
questionnaire survey in the WSU;

(8) Participants’ satisfaction with indoor air quality.

The percentages of participants who thought that the IAQ was “relatively satisfied” and
“average” were 35% and 50%. Only 10% of participants thought that IAQ was “satisfied” and 5% of
participants who thought that IAQ was “less satisfied”. Therefore, the participants” satisfaction with
IAQ is not very good and it is necessary to improve the IAQ;

(9) Participants’ overall satisfaction with the ventilation of the hall.

The percentages of “satisfied”, “relatively satisfied”, “general”, “less satisfied” and
“dissatisfied”, the percentages of participants were 8.97%, 23.08%, 51.28%, 14.10% and 2.56%,
respectively. It can be seen that about 85% of participants can accept the ventilation condition of the
badminton hall of WSU;

(10) Reasons for participants’ dissatisfaction with IAQ.

7

The percentages of “peculiar smell”, “moldy taste”, “suffocating feeling” and “dust” accounted
for 23%, 9%, 33% and 23% of responses, respectively. It can be seen that participants” dissatisfaction
with indoor air quality was due to three aspects: “peculiar smell”, “suffocation” and “dust”.
“Peculiar smell” and “moldy taste” are related to the degree of indoor air purification, while
“suffocation” requires enhanced ventilation;

(11) Participants” expectations with IAQ.

”oou

The percentage of “keep the status”, “slightly improve” and “significantly improve” accounted
for 8.97%, 71.79% and 19.23% of participants, respectively. It can be seen that more than 90% of
participants expect that the air quality in the hall can be improved.

3.2. Results of Field Tests

3.2.1. CO:

The indoor and outdoor CO: content of each hour is tested by two points, respectively. The
value of CO:0n each testing point is the average value of the data measured within three minutes
before and after each whole point (every 10s).

Figure 1 shows the change in indoor and outdoor CO: content with the different times during
the testing. It was found that there is a rising trend of indoor and outdoor CO: content, which is 569
ppm at 10 a.m. and 1063 ppm at 6 p.m. Combined with the change chart of the number of people in
the hall, it can be concluded that the CO: content increases with the increasing number of people in
the hall, but only slightly decreases when the number of people decreases at 19:00. The outdoor CO2
content fluctuates relatively little in the whole day. At 6 p.m., the CO:z content has reached 617 ppm.
From 10 a.m. to 4 p.m., the CO2 content fluctuates back and forth between 470-528 ppm. The fastest
rising time is between 4-5 p.m., and at 19 p.m., the CO: content slightly drops to 589 ppm. Thus, it
can be seen that the indoor CO2 content increases with the increase in people while the outdoor CO:
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content fluctuates in a certain range, and the CO: concentration will be affected by people’s
activities. The chart shows that the concentration of outdoor CO: is passively large in the later stage,
which can also be suspected to be caused by small problems of the instrument itself. All measured
CO: content is within the scope of national standard (<2000 mg/m?3).
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Figure 1. Indoor and outdoor CO..

3.22. TVOC

The indoor TVOC content of each whole point time is the average value of the data measured
before and after each whole point (every 10s). Figure 2, the TVOC concentration keeps increasing
with time (the first point is the appearance value when the instrument starts, thus it can be ignored).
From 11 a.m., the TVOC content is 7.5 pug/m?, and at 19:00, the TVOC content rises to 81 pg/m?3, but
the highest value is also within the national standard range (< 600 pug/m?). In Figure 2, it is found that
the change trend of TVOC content is the same as the change trend of indoor CO: content. Because
the content of formaldehyde is not measured in the test, the comparison between formaldehyde and
TVOC will not be made. In summary, the change of TVOC content will be affected by human
activities and indoor temperature, and it is also closely related to indoor CO: content and
formaldehyde content.
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Figure 2. TVOC.

3.2.3. PMzs

The indoor and outdoor PMzs content of each whole point time is tested by two points. The
value of each testing point is the average value of the data measured before and after each whole
point (every 10s). It was found that the indoor PMzs content increased from 9 to 11 a.m. and from 84
to 130 pg/m?3, and from 11 a.m. to 5 p.m. and the PM2s content fluctuated between 119 and 132
pg/ms. From 5 to 6 p.m., the PM:2s content increased from 119 to 173 pg/m?, while the outdoor PM2s
content had a similar change trend with the indoor PM2s content. It can also be assumed that the
similar indoor and outdoor PMas content is related to the indoor ventilation. Among the PMoas
content measured in a day, the lowest value is 91 pg/m? at 9 a.m., the highest value is 153 pg/m®at 5
p.m. Therefore, the PM25 content may increase with the accumulation of personnel activities, and the
highest value is 173 pg/m? which is within the scope of national standard and the national standard
of PM2s content is less than 250 pg/m?3.
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4. Discussion

(1) In the indoor field test, the highest CO:z content was 1063 ppm; the highest TVOC content
was 197 ug/m3; the highest formaldehyde content was 61.32 pg/m?; the highest PM2s content was 173
pg/m?, and the highest values of the measured parameters were lower than the national standard;

(2) Based on the questionnaire survey, it could be seen that about 60% of the participants sensed
a slight peculiar smell and about 20% of the participants sensed a strong peculiar smell;

(3) For the indoor peculiar smell, 50% of the participants thought that the source of peculiar
smell was the equipment in the hall (such as glue), nearly 25% of the participants thought that it was
clean water or the building itself (wall coating, etc.), the food and sweat smell brought out, and 20%
of the participants thought that it was other things (such as mold);

(4) For the indoor moldy taste, more than 85% of the participants thought that moldy taste
belonged to normal or very small to no feeling;

(5) For the indoor suffocating feeling, nearly a half of the participants thought it was a slight
suffocation, less than 10% of the total people had a strong feeling of suffocation, and the remainingt
40% thought there was no feeling of suffocation;

(6) For the indoor dust, 80% of the participants thought dust was normal, and 40% thought dust
was little;

(7) For the satisfaction with indoor and outdoor air quality, about 40% of the participants were
satisfied with the indoor air quality, and about 55% of the total participants were satisfied with the
outdoor air quality, while about 50% of the participants thought that the indoor air quality was
general, and 35% of the total participants thought that the outdoor air quality was general. It can be
seen that people are highly satisfied with outdoor air quality;

(8) For reasons for the dissatisfaction with the indoor air quality, 23% of the participants
thought it had a peculiar smell, 9% of the participants thought it had a moldy taste, 33% of the
participants thought it had suffocation, and 28% of the participants were not satisfied with indoor
dust;

(9) For expectations with the indoor air quality, 90% of the participants expected that the air
quality could be improved, and 20% of them expected that the air quality could be significantly
improved, and they expected to participate in physical exercise in a better environment in the future.

5. Conclusions

The comprehensive evaluation method of the combination of questionnaire survey and field
test is very suitable for the research about indoor air quality. The satisfaction or dissatisfaction with
the indoor air quality could be got based on the comprehensive questionnaire survey and the
objective data of the field test can confirm the survey. Based on the comprehensive questionnaire
survey and field test, the results of the questionnaire survey were consistent with the results of the
field test. Although the measured values of the parameters of the field test were all within the scope
of the national standards, people’s satisfaction with the air quality in the hall was not high in the
questionnaire survey. It can be seen that the indoor air quality of the badminton hall can no longer
meet the high requirements of people in the future with the development of the economy and
culture. However, the parameters of the national standard can only be regarded as the standard of
general building indoor air quality parameters. It will not be applicable to special buildings” indoor
air quality, such as sports fitness venues.

In the future, the questionnaire survey should be firstly carried out on the hall. Then, a targeted
field test will be done in the hall based on the analysis of the questionnaire survey. In this study, the
test parameters only involved CO2, TVOC and PMazs. There are many parameters related to indoor
air quality that have not been tested systematically and comprehensively. In the follow-up study,
more environmental parameters should be tested.
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