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Abstract. This study examines seasonal variations in Indoor Air Quality in occupied spaces within student
hostels of Obafemi Awolowo University, Nigeria, and the associated physical health effects reported by
occupants. Indoor Air Quality data were obtained from 22 selected rooms, with at least two rooms selected from
the nine different spatial design layouts identified in the hostel buildings. Indoor Air Quality parameters
obtained were 15-minute interval data of relative humidity, as well as concentrations of carbon dioxide, total
volatile organic compounds, and particulate matters. These were measured with data loggers placed at 1.0m
from the floor level in the centre of selected rooms. Measurements were taken in selected rooms through a period
of four consecutive weeks each during the peaks of dry and wet seasons. A questionnaire, which was administered
immediately at the end of the measurement period to 696 respondents, was used to capture the significant
physical health symptoms as reported by the occupants, as well as information regarding their activities and use
of the rooms. Significant health symptoms reported by occupants were the same across seasons. These were cold,
fatigue, and headache. Indoor concentrations of carbon dioxide and particulate matters have most significant
relationship with reported health symptoms.

Keywords: Dry and wet season / indoor air quality / physical health symptoms / students hostels /
warm humid environment
1 Introduction

The significance of an acceptable quality of indoor air in
occupied spaces cannot be overemphasized. One of the
phenomena that has significant effect on the health of an
average human is the quality of the air we breathe both
outdoor and indoor [1]. More emphasis is here being laid on
the indoor air quality because studies have shown that an
average human spend at least 80% of his time indoor [2].
Often times, some health symptoms have been reported by
occupants of certain buildings for no readily identifiable
reason rather than their being exposed to the physical
conditions in the buildings. Such health symptoms include
irritation of the eyes, nose and throat, lethargy, headaches,
nausea, dizziness, bronchial asthma, itchy eyes, itchy nose,
dry skin, among others [3,4]. Although the quality of the
indoor air may not be the singular cause for such
observation, it has however been established that indoor
air constitutes a dominant or foremost exposure route for
these health symptoms [5]. This trend is perceptible not
rolaab@oauife.edu.ng

penAccess article distributed under the terms of the CreativeCom
which permits unrestricted use, distribution, and reproduction
only in free running building but also within mechanically
ventilated spaces [6,7]. While a filtering mechanism for the
outdoor air that enters indoor spaces may reduce the health
hazards of these contaminants in mechanically ventilated
spaces, in free running buildings, concentration often reach
uncontrollable levels especially when outdoor conditions
are not favourable.

An acceptable indoor air is one in which there are no
known contaminants at harmful concentrations as deter-
mined by cognizant authorities, and with which a
substantial majority (80% or more) of the people exposed
do not express dissatisfaction [8]. The list of these indoor air
contaminants is almost inexhaustible. However, SCALE
(2004) [9] showed that more than 900 different organic
compounds have been detected in indoor air at different
levels of concentration resulting in different health out-
comes on the occupants. Each of these contaminants has
different sources from the indoor spaces, they also have
different concentrations which is determined by the spatial
qualities of the space. These sources range from indoor
finishing materials, furniture, disinfectants, household
appliances as well as activities being carried out in the
space. This therefore suggests that across different types of
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Table 1. Nigerian air quality standards.

Pollutants Time of average Limit Health effect when
exposed beyond limit

Particulates Daily average of daily
values for 1 hour.

250mg/m3

600mg/m3
Breathing/respiratory
problems

Sulphur oxides (Sulphur
dioxide)

Daily average of hourly
values 1 hour

0.01 ppm (26mg/m3)
0.1 ppm (26mg/m3

Skin and lung disease

Carbon monoxide Daily average of hourly
values 8-hourly average

10 ppm (11.4mg/m3)
20 ppm (22.8mg/m3)

Headache, dizziness,
weakness, nausea,
vomiting

Nitrogen oxides
(Nitrogen dioxide)

Daily average of hourly
values (range)

0.04 ppm–0.06 ppm
(75.0mg/m3-113mg/m3)

Coughing, wheezing, eye
irritation, nose and
throat irritation

Source: Nigerian Federal Environmental Protection Agency, (1991) [10] and Berglund et al, (1992) [39].

Table 2. Maximum allowable concentrations for some indoor air contaminants.

Contaminant Maximum allowable concentration Health effect when exposed beyond
allowable concentration

Formaldehyde 33 ppb (parts per billion) Irritation of the eyes, nose and throat
Particulates (PM10) 150mg/m3 (24-hr) Breathing/respiratory problems
Particulate (PM2.5) 35mg/m3 (24-hr) Breathing/respiratory problems
Total Volatile Organic Compounds
(TVOC)

300 ppb (parts per billion) Irritation of the eyes, nose and
throat, nausea, difficulty in breathing

Carbon monoxide (CO) 9 ppm (parts per million) (8-hr) Headache, dizziness, weakness,
nausea, vomiting

Carbon dioxide (CO2) 1000 ppm (parts per million) Headache, dizziness, restlessness,
difficulty in breathing, tiredness

Ozone 0.070 ppm (parts per million) (8-hr) Increase in risk of respiratory diseases

Source: ASHRAE, (2019) [8] and Berglund et al. (1992) [39].
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buildings and different climatic regions, the quality of the
indoor air as compared with stipulated standards may
vary, and that these variations may be so significant to
generate widely varied physical health outcomes in
occupants.

In Nigeria, the available standards regarding the
several aspects of the condition of the indoor environment
are not all encompassing. The guideline and standards
for environmental pollution control in Nigeria provided
guidelines on a wide range of environmental pollutants, but
quite a few are within the armpit of the quality of the indoor
environment [10]. The relevant ones are the gaseous
emission and ambient air quality limitations as shown in
Table 1. Moreover, the standards on air quality in Nigeria
are not comprehensive enough. For example, as shown in
Table 1, the standard for particulate matters only provides
daily average or 24-hour average standard. No annual
standard was provided. Moreover, the standard on
particulate matter did not distinguish between PM10
and PM2.5. This is critical because the different categories
of Particulate Matter have different health outcomes on
occupants of indoor spaces. Hence, a more comprehensive
standard from ASHRAE, (2019) [8] as shown in Table 2
was adopted in this study.

Based on stipulated standards, many scholars have
established quantitative relationships between Indoor Air
Quality (IAQ) and the occupant’s health [4,11–15].
Although the studies came up with informative conclusions
regarding specific latent relationships between Indoor Air
Quality (IAQ) parameters and the health outcomes from
the occupants, each of them has its own strength and
weaknesses. In a study in United States office buildings,
Apte et al. (2000) [12] employed the analysis of only CO2
concentrations to arrive at a relationship between IAQ and
the health outcomes of the office occupants. This may not
be comprehensive enough because many other pollutants
interrelate to create a cumulative effect on the health of
occupants. In a similar study by Oguntoke et al. (2010)
[13], more air pollutants like H2S, CH4, SO2 and NO2 were
incorporated. The study identified the causality factor for
the observed effect of IAQ on the occupants’ health as high
dependence on fuel wood as source of energy for cooking.
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These relationships may not be generalizable as many
occupants especially in urban areas do not use this type of
energy [16]. Also, Turunen et al. (2014) [4] concluded that
poor IAQ correlated with ventilation and temperature in
classrooms, and that the correlation between headaches
and measured temperature was almost at the level of
significance. The study however drew these conclusions
based on only measured CO2 concentrations and room
temperatures. There are several other studies that are more
comprehensive by considering exposure of occupants to
many several air pollutants simultaneously [3,17]. Most of
such studies were however carried out in offices and school
environment where occupants were exposed to the indoor
air for just 8 hours or less in a day [7,11]. Hence any
conclusion from such studies may be limiting. This then
calls for a comprehensive study of this relationship in the
residential indoor spaces where occupants spend over 60%
of their time on the average. One of such residential spaces
is the students’ hostels.

The main aim of this study therefore is to examine the
seasonal variations in Indoor Air Quality in occupied
spaces within student hostels of Obafemi Awolowo
University, Ile-Ife, Nigeria, as well as the associated
physical health effects as reported by the occupants. This
study achieves this through a number of specific objectives.
First, it identifies the significant sources of indoor air
contaminants in occupied spaces within the students’
hostels. Second, it examines the variations in the spaces’
Indoor Air Quality across the seasons. Third, it examines
the significant physical health symptoms as reported by the
occupants. Fourth, it analyses the relationships between
aspects of IAQ and the occupants self-reported physical
health symptoms.
2 The study area

The studied occupied spaces are in different student hostels
within the campus of Obafemi Awolowo University which
is located within Ile-Ife, a small city in South-western
Nigeria. The city is located between latitudes 7° 280 N � 7°
340N and longitudes 4° 270E � 4°350 E with an elevation of
about 275m above sea level (see Fig. A2). Relevant outdoor
climatic data form Nigeria Micrometeorological Experi-
ment (NIMEX) Obafemi Awolowo University Ile-Ife,
showed that, during the study period, this location
combined high temperature (meanmax of 31.4 °C), high
humidity (meanmax of 83.3%) and low air velocity
(meanmax of 1.55m/s) with high precipitation (1691.1mm
annual). This micro-climatic data from NIMEX relates well
with Ile-Ife outdoor weather chart from CLIMATE-DATA.
ORG as shown in the appendix (see Fig. A1).

There are a number of building components common to
the spaces. These are the walls which are of sandcrete
blocks rendered on both sides with cement and sand
plaster, and painted with matte finish; the windows which
are made of glass louver to achieve natural ventilation; the
painted timber flush doors; and the roofs which are made of
corrugated asbestos with asbestos ceiling. Each hostel
building has study cum sleeping rooms as the main spaces
with terraces and balconies and other ancillary spaces like
kitchenettes, bathrooms and laundry at one end of each of
the block of rooms, all accessible through a central corridor.
Moreover, a significant percentage of the spaces were
designed with no artificial ventilation system. However,
there are some spatial and design qualities that are not the
same in all the spaces. These are the floor area, the wall
area, the headroom, the window to floor and window to
external wall area ratios, as well as the occupancy ratio.
The hostels location relative to the entire campus layout as
well as the floor plan of each of the spatial design layouts is
as shown in the appendix (see Plate A1).
3 Materials and methods

This study basically employed primary data. First, the
Indoor Air Quality data was obtained from 22 selected
rooms, with at least two rooms selected from the nine
different spatial design layouts identified in the hostel
buildings (see Appendix). The IAQ parameters data
obtained included 15-minute interval data of the indoor
relative humidity, carbon dioxide (CO2) concentrations,
total volatile organic compounds (TVOC) concentrations,
as well as particulate matters (PM2.5 and PM10) concen-
trations. These were measured with Air Mentor which is a
6-in-1 indoor pollutant concentration monitor (Model
No.:8096-AP) placed at the work plane (about 1.0m from
the floor level) at the centre of each selected space (see
Plate A2). This monitor can detect concentrations of
carbon dioxide (CO2), volatile organic compounds (VOCs)
along with carbon monoxide (CO), particulate matters
(PM2.5 and PM10), temperature and relative humidity. Its
operating temperature is 5–40 °C. The particulate matter
sensor can detect particle size greater than 1.0mm (i.e.
PM2.5/PM10 mg/m3) with a range of 0–300mg/m3 and
resolution of 1.0mg/m3. Its TVOC/Gas Pollution sensor
can detect total concentration of Volatile Organic Com-
pounds, including Alcohols, Aldehydes, Aliphatic hydro-
carbons, Amines, Aromatic hydrocarbons, CO, CH4, LPG,
Ketones, Organic acids, etc. It has a range of 125–3500 ppb
(parts per billion) and a resolution of 1.0 ppb. The CO2
sensor is NDIR (Non-dispersive Infrared) with a sensor
range of 400–2000 ppm (parts per million) and resolution of
1.0 ppm. Its temperature sensor range is �20 °C to 80 °C
with a resolution of 0.1 °C. Its relative humidity sensor
range is 0–100% with a resolution of 1.0%. The measure-
ments were taken in each of the rooms through a period of
four consecutive weeks each during both the dry and wet
seasons (Between January and February as well as between
June and July). These are the two main seasons not only in
the Ile-Ife, Nigeria but also in warm humid climates in
general. Afterwards, mean values of the measured IAQ
parameters were calculated for each hour of the day to
capture the daily trend in each of the nine different spatial
design layouts.

Second, physical characteristics of the spaces were
obtained through observation, physical measurements and
as-built drawings to obtain the external wall area, operable
window area, window to external wall ratio, window to
floor ratio, fabric thermal properties, and chemical
properties of the finishes. Third, a questionnaire was used



Table 3. Relationships between IAQ parameters concentration levels and fenestration opening rate.

Percentage of windows areas always opened

24 hr average for PM2.5 concentration level Pearson correlation .068
Sig. (2-tailed) .149

24 hr average for PM10 concentration level Pearson Correlation .067
Sig. (2-tailed) .153

24 hr average for CO2 concentration level Pearson Correlation .316**

Sig. (2-tailed) .000

24 hr average for TVOC concentration level Pearson Correlation .142**

Sig. (2-tailed) .002

Mean relative humidity Pearson Correlation –.103*

Sig. (2-tailed) .028
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to capture the significant physical health symptoms as
reported by the occupants. The selected occupants were
asked to indicate how frequently they observed some
physical health symptoms that are related the indoor air
quality as well as the frequency with which they consulted a
medical doctor with respect to each health symptoms
during the period when the physical measurements were
taken. The health symptoms are nausea, eye irritation, skin
irritation, vomiting, dizziness, headache, fatigue, sore
throat, runny nose, cold, cough, and respiratory problem
[3,18]. The frequency of observance of each symptom was
ranked from 0 for “not at all”, 1 for “occasionally”, 2 for
“more than half of the period”, and 3 for “almost every day”.

In order to make sure that the subjects were responding
to the physically measured IAQ parameters, purposive
sampling was used to select all the occupants in the selected
rooms as well as the two adjoining rooms to fill the
questionnaire. This amounted to 696 respondents. The
questionnaire, which was filled immediately at the end of
the measurement period, also elicited information regard-
ing the activities carried out in the rooms, the occupants
average length of stay in the rooms per day, use of artificial
ventilation, the frequency at which occupants opened the
fenestrations, occupancy ratio (floor area per occupants),
among others. The same questionnaire was used to capture
other intervening variables related to the personal and
socio-cultural characteristics of the occupants. These were
their age, gender, height, weight, smoking status and mode
of dressing. The data collected were subjected to statistical
analysis using the IBM SPSS Statistics 22.
4 Results and discussion

This study assessed the quality of the indoor air by taking
physical measurements of indoor relative humidity,
concentration levels of carbon dioxide (CO2), particulates
matters (PM2.5 and PM10) as well as total volatile organic
compound (TVOC), which is a combine concentration of
compounds including alcohols, aldehydes, aliphatic hydro-
carbons, amines, aromatic hydrocarbons, CO, CH4, LPG,
ketones and organic acids. During the study, the concen-
trations levels of these pollutants were analyzed based on
the different periods of the day which was categorized
into morning (12 am to 11:59 am), afternoon (12 noon to
5:59 pm), and evening (6 pm to 11:59 pm).

4.1 Significant sources of indoor air contaminants

This study found that the sources of indoor air pollutants
reported by the occupants were toilets, waste bins, dirty
laundry and carpet, cosmetics, open drain and occupants
body odour. However, analysis revealed that the most
significant sources during both dry and wet seasons were
the toilets and the waste bins. This is because these two
sources put together were reported by 56.4% and 45% of
the occupants as the most significant sources of indoor air
pollutants during dry and wet seasons respectively. This is
noteworthy. This is because, relative to the occupied
rooms, the toilets and waste bins are outdoor sources.
Whereas 81.9% of the occupants reported that they
regularly carry out in the rooms an activity like cooking
which generates indoor air contaminants. This identifies
with Abt et al. (2000) [19] who found that outdoor
particles contributed significantly to indoor particle
levels.

This rating of outdoor air pollutant sources as more
significant than indoor sources is however, a subjective
assessment by the occupants. An objective assessment of
indoor vs outdoor pollutant ratio has always been difficult
due to some identified challenges like outdoor weather and
pollutant concentrations, indoor ventilation and infiltra-
tion rates, source strength, and human activities [20].
However, this study showed that the ventilation and
infiltration rates contributed to the dominance of outdoor
contaminant sources. This was confirmed by the result of a
bivariate correlation analysis between the rate at which
occupants opened the fenestrations and concentration
levels of each of the measured parameters. As shown in
Table 3, apart from the particulate matters concentration
level with relationships almost at significant level with the
percentage of windows area always opened, all the other
indoor air parameters have significant relationships with
the fenestration opening rate. Their coefficient of correla-
tion ranged from 0.1 to 0.32. This was confirmed for both
seasons as 76.3% and 69.3% of the occupants during dry



Fig. 1. CO2 concentration values in the different spatial design
layouts during dry season.

Fig. 2. CO2 concentration values in the different spatial design
layouts during wet season.

Table 4. Relationship between CO2 concentration levels and aspects of room physical characteristics.

Room window to
floor area ratio

Room window to wall
area ratio

24 hr average for CO2 concentration level Pearson Correlation –.566** –.510**

Sig. (2-tailed) .000 .000
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and wet seasons respectively opened not less than 50% of
the operable windows area during the study period.

4.2 Indoor air quality parameters in the spaces
4.2.1 Assessment of indoor carbon dioxide (CO2)
concentration levels

This study found that the minimum and maximum
concentration values of carbon dioxide in the spaces during
the dry season ranged from 385.08 ppm to 417.25 ppm (part
per million) and 598.60 ppm to 924.06 ppm respectively.
The concentration was higher during the morning and
evening periods of the day. This was expected in view of the
daily activity pattern of the respondents, especially since
occupants are the main source of CO2 indoors [21].
Observation revealed that a significant percentage of the
occupants were full time students who were engaged in
academic activities outside their rooms during the
afternoon periods. During the wet season, the minimum
and maximum concentration values of carbon dioxide in
the spaces ranged from 406.42 ppm to 421.17 ppm and
618.88 ppm to 927.63 ppm respectively. The daily concen-
tration trend was similar to that observed during the dry
season where the least range of concentration levels were
recorded during the afternoon period. Furthermore, it was
observed that occupancy ratio in the rooms (floor area per
occupant), which according to Allard (1998) [21], have a
significant influence on indoor CO2 concentration levels,
varied significantly across the seasons as shown in Figure 3.
Consequently, an increase of just 1.58% in the mean indoor
CO2 concentration level was observed during the dry
season over that of the wet season.

According to ANSI/ASHRAE 62-1989 [22], comfort
(odour) criteria are likely to be satisfied when the
ventilation rate is set so that 1,000 ppm of CO2 is not
exceeded. However, Petty (2014) [23] showed that this is
neither a ceiling level nor a time weighted average value,
but a target concentration level which if exceeded, the
odour criteria may not be satisfied. Moreover, the
conclusion of Petty (2014) [23] revealed that concentration
levels above the stipulated 1000 ppm are not necessarily
having direct health hazards. Furthermore, Schell and Int-
Hout (2001) [24] remarked that CO2 is not considered
harmful at concentration levels of 400–2000 ppm. Hence,
ANSI/ASHRAE 62-1999/2002 [25] was more explicit
about the standard by eliminating an absolute threshold
value of 1000 ppm, but establishing a 600–700 ppm indoor/
outdoor differential concentration value. Climatic analysis
revealed that average outdoor CO2 concentration during
the dry season in the study area was 400.63 ppm. This
therefore suggests that an acceptable CO2 concentration
limit for the spaces studied should be 1100.63 ppm during
the study period. However, ANSI/ASHRAE 62-2019 [8]
still showed that the acceptable value of CO2 concentration
in hostel rooms should be between 1000–1200 ppm. An
assessment of the measured CO2 concentration levels in
line with this standard during the both seasons revealed
that no single measurement went above the acceptable
limit, the maximum value recorded was 924.06 ppm for the
dry season and 927.63 ppm for the wet season. Moreover,
further analysis in each of the nine different spatial design
layouts as shown in Figures 1 and 2 revealed that spatial
design layout types 3 and 4 have the highest mean value of
CO2 concentrations during both seasons. This is notewor-
thy because the two design layout types have same physical
properties with the lowest window to floor area and window
to external wall area ratios. The result of a bivariate
correlation analysis as shown in Table 4 confirmed that the
rationale behind this trend is strongly linked to these
aspects of the physical characteristics of the rooms. The



Fig. 3. Occupancy ratios in the different design spatial layouts
across the seasons.

Table 5. Concentration levels of particulate matters during the dry season.

Mean
morning
PM2.5

Mean
afternoon
PM2.5

Mean
evening
PM2.5

24 hr
average
for PM2.5

Mean
morning
PM10

Mean
afternoon
PM10

Mean
evening
PM10

24hr
average
for PM10

Mean 142.8548 146.3944 164.6278 151.2923 496.7460 512.0674 536.2743 515.0292
Minimum 21.15 5.38 9.25 16.62 94.25 23.42 59.75 95.53
Maximum 322.85 300.96 368.21 306.67 820.52 797.46 868.00 787.40

Table 6. Concentration levels of particulate matters during the wet season.

Mean
morning
PM2.5

Mean
afternoon
PM2.5

Mean
evening
PM2.5

24 hr
average
for PM2.5

Mean
morning
PM10

Mean
afternoon
PM10

Mean
evening
PM10

24hr
average
for PM10

Mean 27.4380 20.8883 26.5857 24.9706 173.1985 121.0077 130.9613 141.7225
Minimum 7.88 5.21 4.08 5.72 57.21 29.25 21.54 36.00
Maximum 42.44 43.46 84.21 42.29 268.38 179.67 279.87 215.78
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table showed that CO2 concentration levels in the rooms
are inversely related to both the window to floor area ratio
as well as the window to external wall area ratio at r < 0.1.
This agrees with Gratia et al. (2004) [26] and Karava et al.
(2011) [27], especially since the rooms are designed to be
naturally ventilated. Furthermore, this study confirmed a
significant inverse relationship between CO2 concentration
levels and occupancy ratio (floor area per occupant) at
r < 0.1 and correlation coefficient of 0.48. However, with
the earlier reported significant increase in the floor area per
occupant during the wet season, the increase in mean CO2
concentration levels during the dry season was not
commensurately significant as suggested by Allard
(1998) [21]. The justification for this was explored by
carrying out a comparative analysis of possible variables
that could be the causality factors across the seasons. Such
variables included activities carried out in the spaces,
average length of daily stay in the spaces, frequency of
fenestrations opening, use of curtain for the windows, state
of the fly screen, use of artificial ventilation in the spaces as
well as outdoor CO2 concentration levels. A significantly
similar trends across the seasons was observed in all these
variables but two. First, occupants who opened less than
50% of their window area increased in the wet season by
7%, and second, occupants who used no form of artificial
ventilation increased by 20.8% during the wet season. The
variance in these two variables explains the reason why
there was no significant decrease in the CO2 concentration
levels in the occupied spaces during the wet season despite
the significant reduction in the occupancy ratio.

4.2.2 Assessment of indoor particulate matters
concentration levels

The indoor concentration levels of particulate matters of
two different sizes in the occupied spaces were assessed.
These were PM2.5 and PM10. Tables 5 and 6 showed the
ranges of the minimum and the maximum concentration
levels of PM2.5 and PM10 during the dry and wet seasons
respectively in mg/m3. It was observed that during the dry
season the mean concentration level of PM2.5 was lowest in
the morning period (142.85mg/m3) and highest in the
evening period (164.63mg/m3). The same trend was
observed for PM10 with mean concentration values for
morning and evening periods being 496.75mg/m3 and
536.27mg/m3 respectively. The trend was slightly different
during the wet season with mean concentration values of
both PM2.5 and PM10 being at the lowest in the afternoon
and highest in the morning.

A comparison of the mean 24 hours’ concentration
levels of both PM2.5 and PM10 during the dry season with
the standard showed that it was more than the maximum
allowable concentration level by between 200% and 300%.
This was comparable with the findings of Akpofure (2015)
[15] and Ite et al. (2017) [17] who carried out similar studies



Table 7. Relationship between floor area per occupants and particulate matter concentrations.

24 hr average concentration
for PM2.5

24 hr average concentration
for PM10

Floor area per occupant Pearson Correlation –.437 –.415
Sig. (2-tailed) .000 .000

Fig. 4. PM2.5 concentration levels in the different spatial design
layouts during dry season.

Fig. 5. PM10 concentration levels in the different spatial design
layouts during dry season.

Fig. 6. PM2.5 concentration levels in the different spatial design
layouts during wet season.
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within a similar climatic environment. The reason for the
high concentration levels suggested by the studies were
however not identifiable with this study. While Akpofure
(2015) [15] linked it to the form of domestic fuels (firewood,
wood charcoal and sawdust) used for cooking by the
occupants, the result of Ite et al. (2017) [17] could be linked
to the air-conditioned context within which the study was
done. However, during the wet season, the mean 24-hour
concentration level for both PM2.5 and PM10 were below
the standards maximum allowable limits. This was
different from the observation during the dry season.
Further analysis showed that there was a significant
change in the trend of some of the variables that could be
responsible for this across the seasons. These included use
of curtain for the windows, state of the fly screen, use of
artificial ventilation in the spaces, average length of daily
stay in the spaces, percentage of windows always opened
and floor area per occupant A correlation analysis revealed
that two out of all these variables had significant inverse
relationship with the 24 hours’ concentration levels of both
PM2.5 and PM10 at r < 0.01. However, the floor area per
occupant was with the higher correlation coefficients of
between 0.42 and 0.44 as shown in Table 7. This therefore
showed that as the floor area per occupant increased during
the wet season, that reduced sources of emission of the
particulate matters in the spaces and hence reduced the
concentration levels below the maximum allowable limits.
Moreover, analysis of the mean concentration values of the
Particulate Matters in each different spatial design layouts
revealed that during the dry season, room layout types 1 to
8 hadmean concentration values higher than themaximum
allowable concentration level. The trend is as shown in
Figures 4 and 5. It was only room layout type 9 that has
mean value that was lower than the recommended value.
The reverse was observed during the wet season as shown in
Figures 6 and 7. The mean concentration values in spatial
design layouts 1–8 reduced significantly while that in
spatial design layout 9 increased. This could not be linked
with the physical characteristics of the spaces because
room layout type 9 was not at great variance with other
room layout types regarding this. Analysis revealed that
this was traceable to occupants’ activities and use of the
space. This is because while percentage of occupants who
regularly used one form of artificial ventilation system
(Table fan and standing fan) increased marginally in other
spatial design layout, the percentage for occupants of
layout type 9 reduced by 9.5%. This corroborates
Holmberg and Chen (2003) [28] who concluded that



Fig. 7. PM10 concentration levels in the different spatial design
layouts during wet season.

Table 8. Concentration levels of total volatile organic compounds during the dry season.

Mean morning
TVOCs
concentration

Mean afternoon
TVOCs
concentration

Mean evening
TVOCs
concentration

24 hr average
for TVOC
concentration

Mean 199.6594 180.1761 223.7375 201.1910
Minimum 126.04 125.00 125.61 127.38
Maximum 372.27 355.45 393.75 360.27

Table 9. Concentration levels of total volatile organic compounds during the wet season.

Mean morning
TVOCs
concentration

Mean afternoon
TVOCs
concentration

Mean evening
TVOCs
concentration

24 hr average
for TVOCs
concentration

Mean 207.9950 172.0754 200.1750 193.4151
Minimum 138.64 130.08 135.08 136.38
Maximum 332.27 222.38 261.58 260.20

Fig. 8. TVOC concentration levels in the different spatial design
layouts during dry season.
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displacement ventilation systems modified with a low-zone
particle exhaust can decrease particle concentrations in the
breathing zone.

4.2.3 Assessment of indoor total volatile organic
compounds concentration levels

An assessment of the indoor concentration levels of the
total volatile organic compounds (TVOCs) was also carried
out. This study was not able to assess the different organic
compounds separately. The assessment was based on the
concentration level of a number of organic compounds
combined. These included alcohols, aldehydes, aliphatic
hydrocarbons, amines, aromatic hydrocarbons, carbon
monoxide (CO), methane (CH4), LPG, ketones and
organic acids. The minimum and maximum concentration
levels as well as the 24-hour mean concentration values in
parts per billion (ppb) for both seasons are as shown in
Tables 8 and 9. The Tables showed that, during the dry
season, the mean concentration level was lowest during the
afternoon period and highest during the evening period,
while during the wet season, it was lowest during the
afternoon period and highest during the morning period.

A comparison of the mean 24 hours’ concentration level
with the standard in each of the spatial design layout types
during both seasons showed that it was within the
maximum allowable concentration level of 300 ppb for a
significant period of time during the study. The trend is as
shown in Figures 8 and 9. Moreover, this study observed
that the 24 hours mean concentration level in the spaces
during the wet season was lower than that of the dry season
by 3.86%. Further analysis revealed that the most
significant factor responsible for this was the increase in
the floor area per occupant in the wet season as against the
dry season. This study found a significant inverse
relationship between the 24 hours mean concentration
level of TVOC during the entire study period (both dry and
wet seasons) and the occupancy ratio (floor area per
occupant) at r < 0.01 with correlation coefficient of 0.45.



Fig. 9. TVOC concentration levels in the different spatial design
layouts during wet season.

Table 10. Indoor relative humidity values during the dry season.

Mean morning
relative humidity

Mean afternoon
relative humidity

Mean evening
relative humidity

Mean 61.4349 41.0600 51.9778
Minimum 42.25 26.83 34.54
Maximum 75.40 68.54 66.04

Table 11. Indoor relative humidity values during the wet season.

Mean morning
relative humidity

Mean afternoon
relative humidity

Mean evening
relative humidity

Mean 86.1800 82.3199 85.2506
Minimum 77.83 76.13 74.58
Maximum 91.02 91.11 91.46
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This showed that the higher the floor area per occupant,
the lower the concentration level of TVOC in the occupied
spaces. This, in essence, confirmed Ekwevugbe et al. (2012)
[29]. The study, through experimental measurements,
showed that volatile organic compounds (VOC) measure-
ments could be useful for occupancy tracking. The study
even concluded that volatile organic compound measure-
ments produced a more obvious indication of space
occupancy than CO2 measurements. This showed a strong
link between TVOC concentrations and the floor area per
occupant in occupied spaces.

4.2.4 Assessment of indoor relative humidity

The results for the mean relative humidity for the morning,
afternoon and evening periods of the day during both
seasons are shown in Tables 10 and 11. The Table further
showed the minimum and maximum values. This was
similar to the findings of Olanipekun (2014) [30] in the same
climatic region during a dry season. The study found that
the minimum and maximum indoor relative humidity in
the area during the dry season were 30.8% and 75.5%
respectively.

For acceptable condition in indoor spaces, ASHRAE
Standard 55-2017 [31] recommended a range of relative
humidity that is between 30% and 70%. A comparison of
this with the measured relative humidity in the spaces
during the dry season showed that they generally met the
standards. However, an acceptable relative humidity was
not recorded in the spaces at all times during this season.
Analysis showed that measured relative humidity fell
within the recommended range for 100% of the times only
during the evening period. In themorning period, measured
relative humidity was above recommended range during
31.6% of the time, while in the afternoon period it was lower
than the recommended range during 12.1% of the time. The
trend is however different during the wet season when
measured relative humidity in the spaces failed to meet the
standards. An acceptable relative humidity was not
recorded in the spaces at all times during the wet season.
Measured relative humidity fell above the recommended
range for 100% of the times throughout the wet season.
Analysis revealed that this trend was due to an inverse
significant relationship between indoor air temperature
and indoor relative humidity observed during this study.
This corroborates Nguyen and Dockery (2016) [32] who
found that the shape of the indoor-to-outdoor temperature
and humidity relationships varied across seasons and that
there was large variation in indoor relative humidity
between seasons.

4.3 Occupants self-reported physical health symptoms

The respondents were not specifically asked whether they
had a cold or flu at the exact time of the measurements.
They were however asked to rate their general physical
health status or their general physical wellbeing. For this, a
significant 78.1% gave a rating of between “Good”
and Excellent. It was observed that during the dry
season, physical health symptoms with significantly high



Table 12. Frequency of observing IAQ related health symptoms among respondents.

Health symptoms Percentage of occupant
observing health symptoms
during dry season

Percentage of occupant observing
health symptoms during
wet season

Nausea 19.4 12.6
Eye irritation 28.9 24.4
Skin irritation 33.5 32.1
Vomiting 5.8 5.3
Dizziness 32 23.4
Headache 62.7 58.9
Fatigue 65 62
Sore throat 32 22.4
Runny nose 56 38.6
Cold 71.4 68.2
Cough 50.8 35.5
Respiratory problem 15 10
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percentage of observation amongst the respondents were
cold (71.4%), fatigue (65%), headache (62.7%), runny nose
(56%) and cough (50.8%) as shown in Table 12. This
observation was similar to that of Wong and Jan (2003)
[18] carried out during the dry season in a similar climatic
region, as well as that of Turunen et al. (2014) [4] carried
out during the summer of a cold climatic region. The
studies found that fatigue, runny nose, headache, cough
and cold were the most common health symptoms reported
by respondents. Although the studies were carried out in
indoor environments where occupants spent less than 37%
of the time they spend indoors. This study further observed
that the percentage of respondents who reported these
significant physical health symptoms for either more than
half of the study period and almost every day ranged from
11.6% for headache to 20.3% for cold. Furthermore, the
physical health symptom with the highest frequency of
observation was cold, with 8.7% of the respondents
reportedly observed it almost every day during the dry
season. This was closely followed by runny nose with 5.8%
of the respondents. During the wet season, physical health
symptoms with significantly high percentage of observa-
tion amongst the respondents were cold (68.2%), fatigue
(62%) and headache (58.9%) as also shown in Table 12.
This was similar to the observation during the dry season
apart from the lower prevalence of runny nose and cough
during the wet season. This observation was also similar to
Wong and Jan (2003) [18] as well as Turunen et al. (2014)
[4] as earlier discussed. However, during the wet season, a
lower percentage of respondents observed the three most
significant physical health symptoms, with the differences
ranging from 3% to 3.8%. Moreover, the percentage of
respondents who observed these significant physical health
symptoms during wet season for either more than half of
the study period and almost every day ranged from 7.7%
for headache to 16.2% for cold. This was also lower than the
observed frequencies in the dry season. Additionally, just
like during the dry season, the physical health symptom
with the highest frequency of observation was cold, with
6.2% of the respondents reportedly observing it almost
every day during the wet season. Unlike during the dry
season, this was closely followed by fatigue with 4.3% of the
respondents. However, the respondents were not asked if
the identified symptoms improved when they were outside
the rooms.

Analysis revealed that room layout type number 4
consistently has the highest percentage of occupants that
observed the most significant physical health symptoms
almost every day during the study period. For cold it was
17.9%, for fatigue it was 7.1%, and for headache it was also
7.1%. Almost the same trend was observed when the
percentage of occupants who observed these same health
symptoms for more than half of the period was considered.
This study found that this has a strong link with the high
concentrations of some of the measured indoor air quality
parameters in this particular room layout type. As earlier
discussed, not only were the mean values of PM2.5 and
PM10 within this room layout type higher than the
maximum allowable during the dry season by 698% and
406% respectively, they were also the highest out of all the
room layout types. Also, the mean CO2 concentration
measured in this same room layout type was also the
highest during the dry season. Furthermore, this study
found that among the respondents, the greatest percent-
age of those who observed the significant health symptoms
for more than half of the time and almost every day were
among those of ages between 15 and 17 years. It was 29.5%
for cold, 25% for fatigue, and 20.4% for headache.
Moreover, this study also observed that the percentage
of respondents that observed the three highlighted health
symptoms almost every day during the study was
reducing with increase in the age groups of the
respondents as shown in Figure 10. This agrees with
Smedje et al. (1997) [33] who concluded that age of
occupants was a significant factor when predicting their
response to the quality of the indoor air. It also confirms
Sakellaris et al. (2016) [34]. The study showed that the
effect of Indoor Air Quality is more significant among the



Table 13. Relationships between measured IAQ parameters and physical health symptoms in occupants during dry
season.

Symptoms Influencing IAQ parameters Significance level (r)

Skin irritation Relative humidity 0.000
Dizziness Relative humidity 0.003
Sore throat Total volatile organic compound concentration 0.024
Runny nose Carbon dioxide concentration 0.000
Cold Carbon dioxide concentration 0.000
Cough Carbon dioxide concentration 0.000

Fig. 10. Relationship between observance of health symptoms
and occupants age.
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youngest occupants as compared to the middle age
occupants. Since respondents of ages between 15 and 17
are a significant percentage of occupants of the indoor
environment in student hostels (9.8% in this study), this
study therefore suggests that they should be given special
attention during the design of new hostels or during
allocation of existing ones.

4.4 Relationships between aspects of IAQ and
occupants self-reported physical health symptoms

This study established some relationships between some
specific indoor air quality parameters and some physical
health symptoms as reported by the occupants. Table 13
showed some of these relationships during dry season. The
table revealed that the most significant relationships are
between skin irritation and relative humidity, as well as
cough and carbon dioxide concentration levels. It is also
noteworthy that CO2 concentration have significant
relationships with the highest number of self-reported
physical health symptoms in the dry season. This
substantiated the findings of Prill (2000) [35] who
concluded that individuals in schools and offices with
elevated CO2 concentrations tend to report drowsiness,
lethargy and a general sense that the air is stale. These
relationships between the health symptoms and CO2
concentration are noteworthy, especially since its mean
concentration value during the study did not exceed
allowable limit of 1000 ppm according to ASHRAE
standard. This is however similar to the findings of Apte
et al, (2000) [12]. The study found that in no case was the
indoor average or the peak indoor CO2 extraordinarily
high, with only just one out of the 41 buildings studied
having absolute indoor CO2 concentration above
1000 ppm. However, Apte et al. (2000) [12] still reported
some statistically significant dose–response relationships
between differential in indoor/outdoor CO2 concentration
values and some health symptoms in occupants. The same
trend was reported by Wong and Jan (2003) [18]. The
study found the levels of CO2 recorded to be between 662
and 703 ppm (which was below allowable limits) and still
concluded that this level was adequately significant to
cause physiological effects like fatigue, drowsiness and lack
of concentration in occupants. A similar observation in this
present study is calling to question the credibility and
universality of both the standard allowable limit of
1000 ppm and the indoor/outdoor differential of between
600 and 700 ppm. It was earlier indicated that the main
source of CO2 in the spaces is indoor and not outdoor.
Hence, floor area per occupant should be taken as a
significant consideration when designing hostel buildings
and similar building types. This is because it influences the
level of concentration of CO2 in occupied spaces, this in
turn significantly influence self-reported physical health
symptoms in occupants. This is supporting the findings of
Haverinen-Shaughnessy et al. (2015) [36]. The study
reported that among others, ventilation rates, which was
measured in the study with CO2 concentration levels, has
the most significant relationship with occupants’ health
among measured Indoor Environmental Quality parame-
ters. It also agreed with Bae et al. (2017) [37]. The study
found that indoor air quality parameters were among
those with the highest rank by respondents in an office
building regarding the impact of Indoor Environmental
Quality parameters on their health. The similarity in the
observations is noteworthy because the studies were done
within different environments. While Haverinen-Shaugh-
nessy (2015) [36] was done within a school classroom
environment, Bae et al. (2017) [37] was done within an
office environment. In those environments, occupants
spend fewer time than the time they spend in their
residences. An observation of similar trends in these
various environments suggests that the quality and
components of the indoor air, especially the CO2
concentration, is one of the significant factors to be
considered when designing similar buildings.



Table 14. Relationships between measured IAQ para-
meters and physical health symptoms in occupants during
wet season.

Symptoms Influencing IEQ
parameters

Significance
level (r)

Eye irritation PM10 concentration 0.002
Vomiting Relative humidity 0.014
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Similarly, during the wet season, some significant
relationships between specific indoor air quality param-
eters and some physical health symptoms as reported by
the occupants were established as shown in Table 14.
The table revealed that the most significant relation-
ships were between PM10 concentration and eye irrita-
tion, as well as between relative humidity and vomiting.
This result showed that CO2 concentration levels have
less significant impact on observed health symptoms
during the wet season. This was traceable to the
reduction in the mean CO2 concentration levels during
the wet season as a result of the increase in floor area per
occupant. This therefore suggests why the significance of
the effect of CO2 concentration level on the observed
physical health symptoms diminished during the wet
season. Finally, it is also noteworthy that the impact of
relative humidity was not more prominent during wet
season despite having recorded values higher than dry
season. This corroborated the findings of Wolkoff, (2018)
[38] who concluded that elevated indoor Relative
Humidity may even reduce indoor air quality related
complaint rates and favour performance of occupants of
indoor spaces.

5 Conclusion

This study established that outdoor air pollutant sources
were very significant to indoor air quality, and that
variations in indoor concentrations of IAQ parameters
across dry and wet seasons were due, not only to changes in
climatic conditions across seasons, but also to changes in
occupants’ activities like frequency of fenestration opening,
use of artificial ventilation, and floor area per occupant.
This was especially confirmed regarding indoor concen-
trations of CO2, TVOC and the Particulate Matters.
Inadequate floor area per occupant was a significant
contributor to the increase in the concentration of these
indoor air pollutants and consequently to more frequent
observance of health symptoms. Despite the variations in
IAQ parameters across the dry and wet seasons, the
significant physical health symptoms reported by the
occupants were the same across seasons. These were cold,
fatigue, and headache. The frequency of observation of
these health symptoms however were consistently higher
during the dry season; were higher among occupants of ages
less than 18 years; and were reducing with increase in
occupants age.
6 Implication and inferences

In view of the conclusion of this study that indoor
concentrations of CO2 and PM10 have the most
significant relationship with reported physical health
symptoms at r < 0.01, identified sources of these
significant indoor air pollutants have to be given priority
when mitigating physical health effects of indoor air
quality on occupants within residential building in
general and students’ hostels in particular. However,
since there were significant variations in concentrations
of CO2 during different period of the day, it is suggested
that further research should be carried out regarding
likely similar variation in the observance of the identified
significant physical health symptoms during different
periods of the day.

The author wish to acknowledge the contribution of the Nigerian
Tertiary Education Trust Fund (TETFUND), Obafemi Awolowo
University, Ile-Ife, Nigeria sector, for making available the fund
used to procure all the instruments used for the measurements of
indoor air parameters during the study period.
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Appendix
Physical characteristics of the different spatial design layout types, measured indoor air quality data (for
dry and wet season in that order), and outdoor climatic data.
Room layout type 1 (3-bedded room for male and female)
Floor area = 21 m2

External wall area = 16.83 m2

Window area = 4.32 m2

Window to floor area ratio = 0.207
Window to external wall area ratio = 0.256



Room layout type 2 (1-bedded room for male and female)
Floor area = 10 m2

External wall area = 5. 82 m2

Window area = 1.8 m2

Window to floor area ratio = 0.18
Window to external wall area ratio = 0.309
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Room layout type 3 (8-bedded room for male)
Floor area = 24 m2

External wall area = 25.08 m2

Window area = 1.8 m2

Window to floor area ratio = 0.078
Window to external wall area ratio = 0.072
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Room layout type 4 (8-bedded room for female)
Floor area = 24 m2

External wall area = 25.08 m2

Window area = 1.8 m2

Window to floor area ratio = 0.078
Window to external wall area ratio = 0.072
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Room layout type 5 (4-bedded room for male)
Floor area = 18 m2

External wall area = 18.35 m2

Window area = 6.09 m2

Window to floor area ratio = 0.35
Window to external wall area ratio = 0.33
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Room layout type 6 (4-bedded room for male)
Floor area = 19 m2

External wall area = 13.68 m2

Window area = 9.84 m2

Window to floor area ratio = 0.52
Window to external wall area ratio = 0.72
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Room layout type 7 (3-bedded room for male)
Floor area = 18 m2

External wall area = 9.63 m2

Window area = 3.6 m2

Window to floor area ratio = 0.2
Window to external wall area ratio = 0.3738

20 B.A. Orola: Sust. Build. 5, 2 (2020)



Room layout type 8 (2-bedded room for male)
Floor area = 22 m2

External wall area = 7.7 m2

Window area = 9.31 m2

Window to floor area ratio = 0.43
Window to external wall area ratio = 1.21
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Room layout type 9 (4-bedded room for female)
Floor area = 20.69 m2

External wall area = 17.67 m2

Window area = 3.28 m2

Window to floor area ratio = 0.16
Window to external wall area ratio = 0.19

Source: Authors fieldwork, (2018).
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Outdoor Carbon Dioxide (CO2) concentration values during February, 2018.
Source: Nigeria Micrometeorological Experiment (NIMEX) Obafemi Awolowo University Ile-Ife (2018).

Outdoor Carbon Dioxide (CO2) concentration values during July, 2018.
Source: Nigeria Micrometeorological Experiment (NIMEX) Obafemi Awolowo University Ile-Ife (2018).
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Fig. A1. Weather chart of Ile-Ife for a typical year. Source: CLIMATE-DATA.ORG.
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Fig. A2. Map of Ile-Ife with map of Osun state and Nigeria at the background. Source: Google map 2018.
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Plate A1. Obafemi Awolowo University Campus Map. Source: Physical Planning & Development Unit, Obafemi Awolowo
University, Ile Ife, 2018.
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Plate A2. Setting of the data logger (Air Mentor Pro) in a typical room. Source: Authors field work, 2018.
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Questionnaire on indoor air quality and self-reported physical health in student hostels (Sample)

1. Name of Hostel: _________________________________

2. Respondent’s weight: ________________________________

3. Respondent’s height: _________________________________

4. Respondent’s complexion: ____________________________

Dear respondent,

This questionnaire is designed to elicit responses on issues relating to indoor air quality in spaces within student hostel
buildings in Obafemi Awolowo University, Nigeria. It is mainly an instrument for gathering data for an on-going research
on the relationships among the quality of the indoor environment and the occupants’ health. All information provided will
be treated with confidentiality and used only for academic purposes.

(Please tick the appropriate box)

Section A (General information about the room and occupants behavior)

28 B.A. Orola: Sust. Build. 5, 2 (2020)



Section B (Information about the room users)

Section C (Information about user’s response to the indoor environmental condition)
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Section D (Information about user’s physical health status)
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