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Determination of Indoor Air Quality in University Student Canteens
Giilgiin DEDE?, Cemile DEDE*2

Abstract

The negative effects of indoor air quality cause a decrease in the working efficiency of people,
and health problems. For this reason, monitoring the indoor air quality of the places where
students spend time such as canteen, cafeteria and library is important in terms of quality of
life. Particulate matter is the leading source of pollutants affecting indoor air quality. For this
purpose, the indoor air quality of student canteens in a public university located in Marmara
Region, Turkey was examined in terms of temperature, relative humidity, person density, area,
particulate matter (PM2.s and PM1o) parameters. The relative humidity in canteens was found to
be within normal range in terms of comfort conditions, and the temperature was slightly higher
depending on seasonal conditions and canteen conditions. According to the results of
Spearman’s correlation analysis applied, a statistically significant negative correlation between
temperature and PM2s (r=-0.449) and PMyo ( r=-0.339) measurements, a positive correlation
between humidity and PM2s (r=0.974) and PM1o (r=0.440) measurements, and a positive
correlation between the number of people and PM:s (r=0.320) measurements (p<0.05), a
positive correlation between PM2s (r=0.454) and PMy were detected (p<0.01). It was
determined that World Health Organization (WHO) limit values and air pollution regulation
limit values were exceeded in canteens except E3 and Al canteens. Due to the insufficient
ventilation of the canteens, it was determined that particulate matter may pose a risk to the
students and the employees of the canteen, and recommendations were made to improve the
indoor air quality.
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1. INTRODUCTION

The air quality within and around buildings and
structures, particularly relating the building
occupants' health and comfort, is considered as
Indoor Air Quality (IAQ) [1]. It has been stated
that low IAQ may cause building-related diseases
and adversely affect human health. Nowadays,
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people spend most of their time in indoor
environments where there are crowded
communities such as houses, workplaces,
schools, indoor shopping centers and canteens
[2]. However, according to the U.S.
Environmental  Protection Agency (EPA)
pollutants levels in indoor air may be two to five
times and sometimes even more than 100 times
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higher than outdoor air levels [3]. Therefore, IAQ
has a significant impact on health. The adverse
health effects of indoor air pollutants may be
occur immediately after exposure or may show up
years later [1]. Both short-term and long-term
exposure to IAP can cause a wide variety of
diseases. Short-term effects include eye, nose and
throat irritation, headache, dizziness and fatigue.
Other health effects may occur years after
exposure has occurred or only after prolonged or
repeated exposure periods. These effects, which
include some respiratory diseases, heart disease
and cancer, can be fatal [4].

IAQ can be affected by many sources of pollution
such as outdoor air, building materials, furniture
materials, fuels used in activities such as heating,
lighting or cooking, pollutants arising from user
activities like cleaning, smoking [5-8]. Some of
the indoor air pollutants which are known their
hazardousness to health are benzene, carbon
monoxide, formaldehyde, naphthalene, nitrogen
dioxide, polycyclic aromatic hydrocarbons,
radon, trichloroethylene and tetrachloroethylene
[9]. In terms of health, one of the most important
pollutants in indoor air is particulate matter (PM).
The particulate matter, also known as PM or
particle pollution, is a complex mixture of
airborne solid and / or liquid particles. These
particles may exist in different sizes, shapes and
compositions [4,10]. PMyo refers to particles less
than or equal to 10 um in diameter and PMazs
refers to fine inhalable particles with diameters
that are generally 2.5 micrometers and smaller.
Particles that are 10 micrometers in diameter or
smaller are especially concern because they are
inhalable. They can penetrate the upper regions of
the body’s respiratory defense mechanisms [11,
12]. In a study, it was predicted that the number
of deaths attributable to PM2s is 4.2 million
between 1990 and 2015 and 20% increased for the
same period [13]. According to World Health
Organization (WHO), air quality limit values are
10 pg/m® (annual mean) and 25 pg/m?® (24-hour
mean) for PM2s. For PMyg, the specified limit
values are 20 pg/m® (annual mean) and 50 pg/m3
(24-hour mean) (Table 1) [14]. The limit values
stated in the Air Quality Assessment and
Management Regulation (2008) in our country is
50 pg/m? (24-hour mean) for PMyo (Table 1) [15].
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Limit values recommended in national and
international standards on indoor air quality are
shown in Table 1 [4, 9, 11, 15, 16, 17].

Table 1. Limit values recommended in national and
international standards on indoor air quality

Turkey PM3 <40 pg/m® (annual mean)
PM1o <50 pg/m? (24-hour mean)

Canada PM25<40 pg/m?® (8-hour mean)
PM25<100 pg/m?® (1-hour mean)

China PM1o<150 pg/m®  (24-hour
mean)

WHO PM10<20 pg/m® (annual mean)

(World Health
Organization)

PM10<50 pg/m? (24-hour mean)
PM25<10 pg/m?® (annual mean)
PM25<25 pg/m?® (24-hour mean)
EPA PM1<150  pg/m®  (24-hour
(Environmental mean)

Protection Agency)  PM;5<12 pg/m® (annual mean)
PM,5<35 pg/m® (24-hour mean)

England PM10<50 pg/m?®
Norway PM,5<20 pg/m®
EU PM10<40 pug/m?® (annual mean)

(European Union) PM10<50 pg/m?® (24-hour mean)
PM,5<25 pg/m?® (annual mean)
PM10<20 pg/m?® (Level 1)
PM10<180 pug/m?® (Level 2)
(8-hour mean)
Belgium PM25<15 pg/m?® (24-hour mean)
PM10<40 pg/m® (annual mean)
Korea PM1o<100 pg/m®  (24-hour
mean)
PM10<100 pg/m® (8-hour mean)
Portugal PM25<25 pg/m?® (24-hour mean)
PM10<50 pg/m® (annual mean)

Hong-Kong

Among the indoor environments canteens are
especially important places for students because
they may spend long times and be influenced from
IAQ inside them. Investigating the inhalable
particle concentrations inside them is great
significance for human health [18]. The
importance of this has been emphasized in many
studies in the literature. Slezakova et al. (2019),
assessed UFP levels in different indoor school
microenvironments  including  classrooms,
canteens, gyms, libraries. They conducted real-
time Ultra Fine Particles (UFP) measurements in
20 public primary schools located in Oporto city
which is the 2nd largest city in Portugal. Their
results showed that canteens were the
microenvironment with the highest UFP levels
among the investigated indoor  school
microenvironments [19]. Zhang et al. (2017),
measured cooking particle concentrations at
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university canteens having enclosed and open
style cooking units. Their results revealed the
cooking style at canteens have significant role in
the particle concentrations. They determined that
PMio mass concentration in the open-style
cafeteria can reach to 450 pg/m® and exceeds
maximum  allowable  concentrations. The
researchers recommended the improving
ventilation in canteens with open-style dining hall
to reduce the detrimental effects of particulate
matter on human health [18].

The aim of this study is to determine the indoor
air quality in student canteens, especially in terms
of particulate matter. Another purpose of this
study is to help raise public awareness of the need
to provide a better IAQ in student’s canteens.

2. MATERIALS AND METHODS

The study was carried out in a total of 9 student
canteen in a public university located in Marmara
Region, Turkey. The locations and the areas of the
canteens were shown in Table 2. The ventilation
of the canteens is provided by mechanical
ventilation system and the heating and cooling
systems are similar. The hardware features of the
canteens are as follows; double-glazed windows,
floor tiles, interior doors, tables and chairs are
standard, walls are standard plastic paint. In
addition, the materials of the canteens are
standard (oven, rotary cooking stove, tea stove,
etc.). The buildings are outside the city and the
traffic density is negligible. The measurements
were made in spring semester in April, 2019. In
each of the selected canteens, measurements were
made in the time interval of 10:00 AM and 19:00
PM for one day. Measurements were carried out
regularly for nine consecutive days.

As the IAQ parameters, temperature, relative
humidity, PM1o and PM2s values were measured
simultaneously and meanwhile, the areas of the
examined canteens, and the people densities
during the measurements were determined. The
Particle Measuring Device PCE-MPC 10 was
used to determine particulate matter (PM1o and
PM2s) level, temperature and relative humidity.
Temperature and relative humidity were
measured at the time of the sampling and the
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number of people in the cafeteria during the air
sampling was counted. The study was carried out
by measuring the average 10 hours of PM2s and
PMio. Measurements were carried out at each
hour during the day between 10:00 AM-19:00 PM
and 1.5 meters above the ground (the height at
which the air is inhaled).

Table 2. Locations and the areas of the canteens

Location Area (m?)
Faculty of Engineering El 75

E2 30

E3 30
Faculty of Arts and Al 70
Sciences

A2 180
Faculty of Theology T1 200
Faculty of Health Sciences H1 90
Business School B1 110
Central cafeteria Cl 5075

The results were statistically analyzed by
spearman correlation analysis (Table 3).

3. RESULTS AND DISCUSSION

Temperature It is reported that the ideal
temperature for indoors can vary between 15-26
°C. Although the indoor air temperature is chosen
according to the outdoor temperature in summer
conditions, the indoor temperature in winter is
determined according to the purpose and type of
use of the environment. Indoor temperature
affects air movement/velocity and clothing
selection. It is also a factor that affects distraction
and work efficiency. Temperature and humidity
form an inseparable relationship. In general, more
moisture is retained in the air at lower
temperatures and constant barometric pressure.
Below these "dew point" temperatures, water can
condense on cold surfaces inside a room or
building. This can contribute to the collection and
accumulation of airborne dust and debris
containing fungal spores on wet surfaces,
followed by mold growth [16, 20, 21].

Measurements regarding indoor air quality were
taken during working hours on certain days in
April. Temperature (°C) distribution in canteens
were shown in Figure 1. According to the
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obtained values, it was observed that the indoor
temperature ranged between 19.3 °C and 34.2 °C
(Fig. 1). In the morning (10:00-11:00), the
temperature values determined between 19.3 °C -
25 °C (Fig. 1). The detected values are low and
this can be attributed to the coolness of the
morning weather and the lack of indoor people
due to the class hours. At noon (12:00-14:00)
there was a significant rise in temperatures thanks
to warming of the air and sunlight. In addition, the
frequent use of open style cooking units for
crowded and food orders created by the students
on lunch breaks in canteens is the main reason for
this temperature increase. The highest values
were determined during this time period (20.2 °C-
34.2 °C) (Fig. 1).

In the afternoon (15:00-19:00) the loss of the sun
caused significant reductions in outdoor
temperature, and in addition, the density of people
in the canteens was reduced due to the fact that
the formal education students had finished their
classes and left the campus area. In the afternoon
(15:00-19:00), the indoor temperatures in the
canteens were determined between 20.3 °C and
30.9 °C (Fig. 1). This decrease in temperature can
be attributed to the fact that the students of night
education are very few and they do not prefer
canteens to spend time.

According to the results of the Spearman’s
correlation analysis applied, a statistically
significant negative correlation was found
between temperature and PM2s5(r=-0.449) and
PMao ( r=-0.339) (p<0,05) (Table 3).

Tablo 3. Results of Spearman’s correlation analysis

PM2 5 PM1o

Temperature r 0449 -0,339
P p 0000% 0,001*

. r 0,974 0,440

H

umidity o 0,000% 0,000

r 0,320 0,036

Number of people o 0002* 0736
r 0,454%*

PMas 0 0,000

*:p<0,05, **: p<0,01

Humidity Relative humidity levels can affect the
release rate of many indoor pollutants, their
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concentration in the air, and the growth of
microbial organisms. Relative Humidity also has
an impact on human comfort. Areas with 30-70%
relative humidity are suitable for human comfort,
productivity and health. In general, relative
humidity levels below 30% cause drying of the
skin, eyes and mucous membranes, while levels
above 70% can contribute to mold growth and the
growth of pathogenic and allergic organisms [16,
21].

When we examined the relative humidity content,
it was observed that it generally varied between
34.8-61.5% (Fig. 2). In the morning (10:00-
11:00), the humidity levels determined ranged
from 38.1% to 61.5% (Fig. 2). At noon (12:00-
14:00) it was found that the amount of moisture
decreased and changed in the range of 34.8-53.2%
(Fig. 2). In the afternoon (15:00-19:00), an
increase in the amount of moisture was observed
and it was found to vary between 35.9-55.1%
(Fig. 2). According to the results of Spearman’s
correlation analysis, a statistically significant
positive correlation was found between moisture
and PM25 (r=0.974) and PMyo (r=0.440) (p<0,05)
measurements (Table 3).

Similar to our study, Isik and Cibuk (2015),
carried out measurements of parameters related to
indoor air quality in a university canteen and
cafeteria. As a result of the measurements made
in the cafeteria and canteen, which are heated by
the central heating system in the winter period,
they have determined that the indoor temperature
and relative humidity do not pose a significant
problem since they are within the desired range in
terms of comfort [16].Bulut (2011), investigated
indoor air quality in public living spaces in his
study. According to the results obtained, the
relative humidity remained at low values in terms
of comfort (average 36.2%, minimum 14.2%,
maximum 68.6%). The low relative humidity is
due to the fact that the region is a dry region and
the humidification process is not performed in the
ambient air conditioning. There is a statistically
significant relationship between the number of
people and PMj, temperature, CO, CO, and
relative humidity. In addition, a significant
correlation was found between the relative
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humidity in the indoor environment and PM
values [22].

Mentese et al. (2018) investigated the potential to
improve IAQ of a rotor turbine ventilator (RTV)
installed outside the kitchen chimney of a
cafeteria. After RTV setup, total TB (Number of
airborne bacteria), PM, TVOC (Total volatile
organic compounds) and CO. were clearly
reduced, while ozone and CO levels did not
change significantly during the study. In addition
to examining the effectiveness of RTV, they
found cross-correlations between air pollutants,
temperature-relative humidity, and occupancy
regardless of RTV setup. In addition, statistically
significant correlations (p<0.05) were found for
the number of people in the cafeteria and both
CO2 and TB levels throughout the study [23].

g
= 15
T 5
-
2 m
L
m <
13
7]
2 El E2 E3
= —
[
P 1 w—p]  —A) 1
10:00 11:.00 12:00 13:00 14:00 15:00 16:00 17.00 18:00 19:00
Time (hours)

Figure 1. Temperature (°C) distribution in canteens
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Figure 2. Humidity (%) distribution in canteens

People density When we look at the number of
people in the canteens, there is generally a
decrease in the morning hours (10:00-11:00) (5-
50 people) (Fig. 3). This can be attributed to
morning classes. However, with the arrival of the
lunch hours (12:00-14:00), the number of people
identified in the canteens increased (10-160
people) (Fig. 3). This is of course due to the fact
that students eat lunch at the canteens. However,
in the case of canteens E1, E3 and Al, this is
exactly the opposite. The reason for this is the
location of buildings with canteens. The fact that
these buildings are close to the student refectory
causes the students to eat their meals in the
refectory. In the afternoon (15:00-19:00), it is
seen that the number of students in the canteens
has decreased (3-107 people) (Fig. 3). A positive
correlation between the number of people and
PM2s (r=0.320) measurements was detected
(p<0.05) (Table 3).
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Figure 3. Hourly people density in canteens

PMz2s When the PM2 s measurement results were
examined, it was found to be directly proportional
to the number of people in the canteens.
According to the results of Spearman correlation
analysis, a statistically significant positive
correlation was found between the number of
people and the measurement of PM2s (r=0.320)
(p<0.05) (Table 3). PM2s values generally varied
between 3-130 pg/m® (Fig. 4). PMas values
measured in the morning hours (10:00-11:00)
were between 3-126 pug/m® (Fig. 4). This was
especially the case during the morning when
students bought toast and tea from the canteens.
However, it should be noted that the
concentrations of PM_ detected in canteens are
as effective as 1 hour after the concentration of the
individual.

At noon (12:00-14:00), PM2 level increased with
the increase in the number of people (3-130
ng/m®) (Fig. 4). This is an expected rise.
However, in the afternoon (15:00-19:00), PM2s
values were also decreased due to the decrease in
students, and they were measured in the range of
3-99 pg/m?® (Fig. 4). When we examine Figure 4,
hourly changes of PMzs levels are similar for all
canteens.

During the morning hours (10:00-11:00) PM2s is
at low levels. However, after 11:00, the students
had to leave the classes and enter the lunch break

Sakarya University Journal of Science 25(6), 1322-1331, 2021

and there were intensities in the canteens and
therefore the PM> s values increased. As of 14:00,
a decrease was seen again, but this did not last
longer at 15:00 with the arrival of night education
students increased PM2 s values (Fig. 4). When the
PM2svalues in all canteens were examined, it was
found that the limit values (<25 pg / m®) specified
in the WHO regulation were exceeded except for
the E3 and Al canteens [14]. The 50 percentage
of number of samples is higher than the standard
of PMz5 in WHO regulation (<25 pg / m®).

Zhu (2015) examined the relationship between
indoor and outdoor particulate  matter
concentrations and suggested better measures to
improve indoor air quality. Zhu determined that
the concentration of particulate matter in campus
underground spaces and canteens is quite high.
Zhu even determined that the concentration of
particulate matter in the external environment can
reach two to three times. Therefore, researcher
concluded that uncirculated air sometimes
increases PM..s concentration and cooking can be
a new source of pollution to some extent [24].

Kumar and Jain measured PM in the student
occupants area in India. Among the investigated
areas canteen had the highest PM level. In their
study, the average PM 2.5 concentration in canteen
was 87 + 26.45 pg/m?® [25].

In our study a positive correlation between PMa 5
(r=0.454) and PMyo was detected (p<0.01). In a
recent study carried by Liang et al., indoor air
chemical contaminants including PM2,5 and
PM10 were measured in public buildings in
China. Liang et al., also determined a positive
correlation between PMzsand PMaoin the canteen
that investigated and Pearson correlation
coefficient was 0.3. They detected that the PMas
concentration in the canteen during the cooking
periods before breakfast, lunch and dinner,
reached extreme values with concentrations of
32.5 pg/m3,, 30.6 pg/m3, and 30.3 pg/m3,
respectively [26].

1327



Gulgiin DEDE, Cemile DEDE

Determination of Indoor Air Quality in University Student Canteens

PM2.5 (pg/m3)
. = o

Time (hours)

wpmf] g f) [3 wmpmAl wgmAl T1 oguail] esuB] wge(]

Figure 4. Hourly PM,s (ng/m®) concentrations in
canteens

PMzio The result show that the average PMio
concentrations of 10 hour are in the range of 8-
253 ug/m? (Fig. 5). In the morning hours (10:00-
11:00), PMo values were between 8-235 pg/m?®
range (Fig. 5). At noon (12:00-14:00), PMyo
values were determined in the range of 10-253
ug/m® (Fig. 5). In the afternoon (15:00-19:00),
PMyo levels in canteens decreased (11-177 ug/m?®)
(Fig. 5). When the canteens where the
measurements were made were examined, the
highest (253 pg/m®) PMyo value was determined
in the canteen of the faculty of theology at 12:00.
When the PMayo values in all canteens were
examined, it was found that the limit values (<50
ng / m®) specified in the WHO and Air Quality
Assessment and Management Regulation (2008)
were exceeded except for the E3 and Al canteens
[14, 15]. The 42 percentage of number of samples
is higher than the standard of PMji in WHO
regulation (<50 pg / m®).

According to the results of Spearman'’s correlation
analysis applied, a statistically significant
negative correlation between temperature and
PMio ( r=-0.339) measurements and a positive
correlation between humidity and PMyg (r=0.440)
(p<0.05) measurements, and a positive correlation
between PM_5 (r=0.454) and PM1o was detected
(p<0.01). The correlation between number of

Sakarya University Journal of Science 25(6), 1322-1331, 2021

people and PMyo was not statistically significant
(Table 3).

Thongsanit et al. (2017), aimed to investigate the
particle size of particles smaller than 10 microns
(PMy) in the canteens of a university and
determined the 8-hour average PMio
concentrations in the range of 49.0 to 294.1
ug/me. The results they obtained supported the
results we found, and they stated that there may
be many factors affecting the amount of PMyo in
canteens, including the number of people and
their activities, and the cooking process is
effective [27].

In the study performed by Liang et al. (2021) the
PM1o concentration in the canteen peaked to 59
ng/m® [26]. The average PM 25 concentration in
canteen was 138 + 34.19 pg/m?3 in the study caried
by Kumar and Jain. [25].

PIVI1O [(pag/ m3)

Time (hours)

wpuf] o) puf] mpu)] mpm)) op=]] apull] opub] op=(]

Figure 5. Hourly PMyo (ng/m®) concentrations in
canteens

In our study, it is observed that particulate matter
(PMyo and PMy2:) levels reach its highest value at
15:00 in canteens E1 and H1 (E1; PM1o: 64 pg/m?;
PM25:36 png/m®) (H1; PM1o: 63 pg/m3 PM25:91
ug/m3). However, when we look at the densities of
people in both canteens, we see the highest
student crowd at 12:00 noon. It should be noted
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that particulate matter concentrations detected in
canteens in the literature are effective up to 1 hour
after the highest concentration of people.
Considering this situation, it is seen that the 1-
hour period increases even more (2-3 hours)
depending on the high level of activity of the
person. Similarly, in the canteen E2, the highest
student density was observed at 13:00, while the
highest particulate matter levels were detected at
16:00 (approximately 2-3 hours later) following
this hour (PM1o: 177 pg/m3, PM25:99 pg/m®). In
the canteen no. Al, the highest particulate matter
levels were measured 1 hour after 11:00, when the
person density was highest, in line with the
literature data (PM1o: 50 pg/m®; PM25:26 pg/m?®).
When we look at the canteen numbered A2,
similar to the canteens E1, E2 and H1, the highest
particulate matter levels were observed 2-3 hours
after 16:00 when the density of people was
highest (PM1o: 90 pg/m?; PM25:52 pg/m?). When
we examined the values we obtained, we found
the highest student density in the central cafeteria
no. C1 (160 people). It is expected that the central
cafeteria, which is frequented by the students of
all faculties, has the highest crowd. However, the
highest particulate matter levels were detected in
the canteen T1 (PM1o: 253 pug/m3; PM2s: 130
ng/m®). The highest levels were measured at
12:00. This may be due to the fact that the T1
canteen is far from the cafeteria and the central
cafeteria. However, while the highest student
density in the T1 canteen was expected at 12:00,
the most crowded hour was determined at 15:00
(103 people). When we look at 12:00, we see a
relatively crowded canteen with a density of 78
people. This crowd, seen at 12:00, was
determined as the second highest level of
rudeness in the given time period.

4. CONCLUSIONS

Indoor temperature and humidity are the most
important parameters of indoor air quality and
human comfort. Especially these two parameters
are known to affect air quality and influence the
growth and sporulation of the present fungi. The
indoor temperature is 15-26 °C and the relative
humidity is recommended between 30% and 70%
for different environments [21]. In the canteens
where the measurements were made, the

Sakarya University Journal of Science 25(6), 1322-1331, 2021

temperatures determined were slightly higher
(19.3-34.2 °C) (Fig. 1). However, this situation
can be attributed to the increase in outdoor
temperature in season, the crowd experienced at
certain hours and the increase of indoor air
temperature of canteens serving with open style
cooking system. The relative humidity levels
were consistent with the literature (34.8-61.5%)
(Fig. 2). The canteens measured according to the
relative humidity values obtained can be
considered as the environment with suitable
humidity area. Canteens usually have central air
conditioning systems, heating and cooling is
provided in this way. However, such systems are
used for air heating and cooling and use indoor air
when performing this operation. Therefore, it is
advisable to use heating and cooling systems
against high temperatures depending on the
weather conditions.

When we look at the PM2s and PMayo
concentrations, it was found that both parameters
exceed the regulations limit values at certain
hours in all canteens except E3 and Al (Fig 4.,
Fig. 5). This situation has negative effects on
human health and may cause some acute and
chronic diseases. In such places, ventilation
should be done regularly, cleaning should be
repeated frequently, air conditioning systems
should be reviewed and their filters should be
cleaned and maintained. Performing these
routines regularly is essential for a healthy and
productive life.
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