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ABSTRACT

Indoor air pollution is a significant global public health concern, ranking among the top
five environmental risks associated with morbidity and mortality. Poor indoor air quality
(IAQ) can lead to a wide range of adverse health effects. Moreover, the recent pandemic
has underscored the importance of maintaining good indoor environmental quality. This
issue is particularly pressing in Nigerian tertiary institutions where accommodation
facilities, especially in hostels, often face challenges such as inadequate maintenance,
improper design, overcrowding, and problematic occupant behavior, all contributing to
indoor air contamination. In response to these concerns, this study aims to assess the
indoor air quality in the student hostels at the Federal University of Technology, Minna.
The ultimate goal is to integrate IAQ improvement strategies into hostel design. The study
sought to identify factors affecting IAQ, conduct building assessments, and investigate
the impact of IAQ on occupants' health. A hypothesis posited that occupants' behavior is
the primary factor influencing indoor particulate concentrations. To gather empirical
evidence and conduct building assessments, the study employed a mixed research
method, utilizing the Building Assessment and Study Evaluation (BASE) strategy. The
quantitative phase involved a questionnaire survey of occupants and air quality testing
using air visual nodes. The qualitative phase comprised a case study survey of each
existing student hostel. Findings revealed the presence of biological pollutants like mold
and mildew, as well as chemical pollutants including carbon monoxide (CO), carbon
dioxide (CO2), and particulate matter (PM2.5 and PM10). Areas where students cooked
had higher CO2 levels. Hostel spaces with more occupants exhibited elevated pollutant
concentrations (1326 ppm of CO2 PM2sand PMyo, with values as high as 116.78 ug/m?
and 172.99 ug/m?3 respectively), often influenced by occupant behavior. Additionally, the
study highlighted the positive relationship (0.998) between particulate matter levels in
different hostel blocks. Indoor air quality significantly impacted occupants' health, with
reported cases of respiratory symptoms and diseases. Malaria was the most commonly
recorded disease (with a Weighted Mean as high as 3.53), followed by respiratory
conditions like asthma and influenza. In conclusion, the study established that both the
number of occupants and occupant behavior play pivotal roles in determining indoor air
quality and particulate concentrations. Furthermore, the findings suggest the existence of
respiratory diseases beyond those recorded, emphasizing the need for expanded testing.
Recommendations include the provision of more hostel accommodations to alleviate
overcrowding, improved hostel management for maintenance and policy enforcement,
and expanded testing for respiratory-related diseases at the university health center.
Addressing these issues will contribute to healthier indoor environments for students.

Vi
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background to the Study

The National Health and Medical Research Council NHMRC (1996), defines indoor air
as the air within a building occupied for at least one hour by people of varying states of
health. This space can include the office, classroom, hostels, shopping centres, hospitals
and homes. The air within these spaces can be polluted. The presence of harmful
substances such as gases, particulates or biological molecules in the Earth’s atmosphere
is known as air pollution (Loomis et al., 2013). Human exposure to air pollution has
serious implications for health: Short term exposure may exacerbate asthma and be
responsible for hospital admissions (Zheng et al., 2015), whilst long term exposure to
ambient air pollution is repeatedly associated with a higher incidence of cardiovascular
and respiratory diseases (Pope et al., 2011; Atkinson et al., 2016; COMEAP, 2018), birth
defects (Padula et al., 2013) and neuro-degenerative disorders (Moulton and Yang, 2012).
Indoor air pollution is placed among the top five environmental public health risks that

cause morbidity and mortality globally.

The majority of people spend more than 90% of their time in indoor environments
(Abraham and Li, 2016; Amaotey et al., 2018), and health problems and diseases
associated with poor indoor air quality (IAQ) can cause a variety of adverse health effects
to them (Amaotey et al., 2020; Koivisto et al., 2019). The time spent indoors recently
increased significantly in year 2020 due to severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) pandemic when people are advised to ‘stay home stay safe’ to protect

health workers (Brittain et al., 2020; Kumar and Morawska, 2019).



Clean air should be everyone’s right just as clean water (UNEP, 2019). Unfortunately,
indoor air quality is often compromised because of air pollution, mould and many other
factors (Marjo, 2021). Oxygen a component of air is needed for man to breathe and for
the total running of his system. A polluted air creates discomfort to man and can cause
respiratory diseases and an eventual death. Indoor air quality is a factor for humans to
live comfortably in any enclosed space. A number of factors affects indoor air quality;
this ranges from the factors in the enclosed space even to the factors of the environment.
Enclosed factors include; space configuration, ventilation, room temperature, humidity
of the space, materials used. The environmental factor involves; the building orientation,

the outdoor air pollution level, vegetation cover and air flow.

A hostel is referred to as a place where people can stay when their residence is located far
from the educational institution and which is considered essential to students' needs,
which also called student housing (Yazeed and Halil, 2018). The chief goal of hostels is
to provide quality living and sleeping environment for the occupants (Abiodun, 2014).
According to Schrager (1986), “students’ accommodation is more than just a place to
live; it is an organization in which students are participants”. The provision of students’
accommodation helps in catering for students’ housing needs in accomplishing academic,

living, and social goals during their study life span at the university (Hassanain, 2008).

1.2  Statement of the Research Problem

According to Maina and Aji (2017), factors affecting students’ performance are broadly
categorized into three; namely; family, students and school characteristics. Under the
student category, well-being, health status of the students affects the academic

performance of the student. The state of any hostel directly affects the health status of the



students inhabiting these spaces. The time spent indoors recently increased significantly
in year 2020 due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic when people are advised to ‘stay home stay safe’ to protect health workers
(Brittain et al., 2020; Kumar and Morawska, 2019). This points to the fact that in the work
from home policy introduced during the pandemic period will be upheld by organisations

as well as tertiary institutions thereby increasing the time spent indoors.

Having stayed five (5) years in the male hostel (blocks A and B precisely), it was observed
the poor state of indoor air quality arising from a load of factors which include;
overcrowding of space, air pollutants generated from cooking indoors as well as the
poorly maintained general toilets, improper waste disposal systems especially for rooms
in the upper floors, clogged drainages in the courtyards, poorly landscaped outdoor
environment which has generated air pollutants within the environment, polluting the air
coming into the indoor environment. This generated a concern and need to access the

indoor air quality of the existing hostels generally.

1.3 Aim and Objectives of the study
The aim of this thesis is to assess the indoor air quality of the students’ hostels in Federal
University of Technology Minna, towards integrating indoor air quality strategies in the
design of student hostel. To achieve this aim, the following objectives were considered;
1. To determine the factors that affect indoor air quality.
2. To assess the indoor air quality of the existing hostel accommodation with the
factors gotten from the first objective.
3. To investigate the impact of indoor air quality on the health status of the students

occupying the spaces



4. To integrate indoor air quality strategies both passively and actively in the

proposed student hostel design.

1.4 Research Questions

This research seeks to answer the following research questions;

1. What are the factors that affect indoor air quality in the study area?
2. What is the state of the hostel facility in regards to indoor air quality?
3. What impact does indoor air quality have on the health status of the students

occupying the spaces?

1.5  Research justification

The 2030 Agenda for Sustainable development, adopted by all UN member states in 2015,
provided a blueprint having 17 sustainable development goals. The third goal entails good
health and well-being for all within a proximal location. This entails a quality indoor air
and its assessment is a step to ensure good health and well-being of users in their spaces.
World Health Organization (WHO, 2018) states that 3,8 million people a year die
prematurely from illnesses such as pneumonia, stroke, ischemic heart disease, chronic
obstructive pulmonary disease and lung cancer which are attributed to one of the major

aspects that falls under this category: indoor air pollution.

The European Public Health Alliance has warned that people living in polluted cities are
more at risk from COVID-19, because asthma, chronic obstructive pulmonary disease,
high blood pressure and diabetes. COVID-19 has more serious consequences on patients
with pre-existing health issues that are in many cases caused by air pollution. Dr.

Meredith McCormack from the American Lung Association and Johns Hopkins



University states that “a person who is exposed to air pollution would likely have a worse

outcome if they were exposed to coronavirus”.

Several researches have been conducted on indoor air quality as well as indoor air
pollution level, but none has been conducted on the study area. Adama et al. (2019) did
a research on Influence of Availability and Serviceability of Student Accommodation
Facilities on student performance in Federal University of Technology Minna. Lauren et
al. (2020) did a research on Exposure to indoor air pollution across socio-economic
groups in high income countries: A scoping review of the literature and a modelling

methodology.

1.6 Scope of the Study

The geographical scope of this study will cover the selected halls of residence within the
Federal university of technology Minna, Gidan Kwano campus for both the male and
female hostels with regards to the set aim of the study. The scope of this research will
assess the indoor living spaces with respect to indoor air quality requirements as regards
to ventilation, space configuration, number of occupants, time spent in the space per day,
air pollutants present in the space. The outdoor environment within the building facility
will the assessed as regards to sanitary areas and potential sources of air pollutants which
affects the air quality of the interior spaces. The environmental factors to be considered
include building orientation, landscape design, waste dump site if any. The halls of
residence to be assessed which are primarily allocated to the undergraduate students

include;

i. Male hostel blocks A and B

ii. Old female hostel blocks C-G



iii. Shehu Aliyu Hostel (female)

iv. New Public Private Partnered Hostel blocks (male and female separately)

1.7  The Study Area

The study area is Niger state, Nigeria. Minna, the state capital of Niger State and a famous
railway town, lies approximately on latitude 90711 North and Longitude 60331 East.
However, the town has transformed from a small traditional settlement to an urban centre
with modern facilities and amenities. The State is largely agrarian (Ministry of Lands and
Housing Minna, 2012). According to Adedayo and Sulyman (2013), the State at the
inception in 1976 had only eight Local Government Areas (LGAS), this has increased to
twenty-five due to boundary adjusted and creation of additional Local Government Areas.
Federal university of Technology Minna, is a federal government owned university in
Nigeria, established on 1st February, 1983. The objective for its establishment is to give
effect to the Nation’s drive for the much-needed self-reliance in science, engineering and
especially technology. It has two campuses; Bosso and Gidan Kwano Campus. The Gidan
kwano campus is sited on a 10650 hectares of land located along the Minna — Kataeregi

— Bida Road.
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Figure 1.1: Political map of Nigeria with emphasis on Niger state.
Source: Oguh et al. (2019).
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university is resided.
Source: Oguh et al. (2019).
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1  Hostel
2.1.1 Definition of hostel
Kolawole and Boluwatife, (2016), identifies the hostel as an essential aspect of the tertiary
institution as its availability is an attraction to a large number of students from different
backgrounds to study in the tertiary institution. Nimako and Bondinuba, (2013), further
stated that hostels in tertiary institutions are so important that its adequacy is highly
needed in any tertiary institution to enable students make most use of the educational
opportunity. This agrees with (Muhammad et al., 2014) said about hostel. Gichere et al.
(2019), defines hostel as a place that a student lives while studying a particular
programme at an institution which comprises of the immediate environment, health,
economic, sporting and social activities that are sympathetic to academic work. Owolabi,
(2015), defines student housing as a place where students reside within or outside the

campus or school.

Ekejiuba and Emetarom (2014) also defined a hostel as a building that houses students
under the leadership of hostel administrators. On the other hand, Edgar and Meert (2006),
define a hostel as a legal space for temporary dwelling. With these stated definitions, a
consensual definition is opined by Sawyerr and Yusof (2013) who defined student
housing as a set of accommodation provided by the school authority within the campus
to house the students with rules and obligations put in place to monitor the behaviors of
the said students and chargeable fees paid by them to have access to the use of these
accommodations. Dabo et al. (2013) categorized students’ accommodation into four,
these include; Traditional on campus accommodation (TOC), Off campuses leased
(OCL), On-campus school managed (OSM) and Off-campus private (OP). The type of

8



hostel that is adopted in the Federal University of Technology (FUT) Minna is the

traditional on campus accommodation. From the table 2.1, it shows the characteristics of

TOC and as such maintenance is highly needed and is best suited for a university system.

Table 2.1. Types of Accommodations and their characteristics

Academic Students Maintenance Security
Proximity Discipline Cost
Traditional ~ Student can easily Can be High Security to the
On campus reach controlled by maintenance students
academic the school cost may be
facilities and guaranteed
services
Off-campus  Students may not May be Very high Security to the
school be easily control maintenance students
managed assessable to by the school cost may somehow
academic be
facilities and guaranteed
services
Off campus  Students cannot May be Very low, Security to the
leased be control maintenance students
assessable to by the school cost may be
academic guaranteed
facilities and
service
Off-campus  Students cannot Cannot be No Student
Private be control by the maintenance  security cannot
assessable to school cost be guaranteed
academic
facilities and
service

Source: Dabo et al. (2013)

2.1.2 Types of hostel

Shady et al. (2020) stated that irrespective of the categories of accommodation described

by (Dabo et al., 2013), there exists several types of hostels worldwide, each having its

benefits. They include;
i. Dorm room student housing

ii. Residence halls



iii. Private apartment
iv. Kot
v. Room in a private house

vi. Studio

I. Dorm room student housing:
Dorms or dormitories within or close to a university campus, which is convenient for
students and can have shared or independent services. Dorm rooms can have individual

or multiple student occupants.

ii. Residence halls:
Dorms or dormitories that are within or close to a university campus that is convenient to
students. In residence halls, students have individual rooms and can have shared services

or independent services in each room.

iii. Private apartment/house:

Regular apartments or houses that can be shared by students.

iv. Kot:
Lodging apartments that are refurbished study rooms. They are privately rented to cater
to students with shared amenities. Kots are used in Belgium and mean a small shelter,

which most of the time has a common kitchen and bathroom.

V. Room in a private house:

Private rooms that are leased by a house owner who lives in the same house.

Vi. Studio:
Have larger spaces than dorm rooms and can be shared by one or two persons. A studio

has its own kitchen and sanitary services.
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2.1.3 Demand for hostel

The demand for student housing is consistently surpassing supply across Europe and
Worldwide (Ong et al., 2013). In 2018, the total number of international students
worldwide reached 6.3 million, up from 4.1 million in 2014, and expectations of student
accommodation have increased (Emilio, 2018). Nigeria has the biggest tertiary education
system in Sub-Saharan Africa with 129 accredited universities, 78 Polytechnics and 63
Colleges of education (Adewunmi, 2012). More than 50% of the universities have over
20,000 students each (Dabo et al., 2013). While the universities have continued to
experience an average of 12% rise in student enrolments over the past decades, the surge
in students has not been matched by a corresponding growth in student accommodation.
Figures from the National Universities Commission (NUC) have shown that, the

provision of student housing is less than 30% of demand (NUC, 2000).

The number of students admitted to universities usually surpasses the available
accommodation available in those institutions. FUT Minna for instance can only
accommodate 1930 students out of the approximately 18000 students admitted in the
Gidan Kwano Campus (Adama et al., 2019). The limited accommodation leads to off-

campus residence for majority of the students (Gichere et al., 2019).

2.1.4 Choice of hostels

Several studies have been conducted on the factors that influenced the choice of hostels
by students. Oyetunji and Abidoye (2016) evaluated the factors influencing the choice of
housing among students of Federal University of Technology Akure and discovered that
proximity to campus the rental value of property, and type of dwelling are the main factors

that influence students’ choice. While Adebiyi et al. (2017) assessed the factors
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influencing the choice of housing among first-year students of the University of Benin
and discovered that income of parents or sponsors, price of accommodation, gender of
other occupants, proximity to classrooms and other places of interest, security, the age of
the student, privacy, availability and frequency of supply of utilities, size of the
accommodation and the conduciveness of the environment were the most important

factors that students considered in choosing student housing in the University of Benin.

Table 2.2: Factors influencing the choice of housing among students

Factor Mean Rank
Availability of hostel 4.65 1
Security 4.63 2
Proximity to school activities 4.57 3
Quality of the hostel 4.43 4
Income of sponsors 4.35 5
Personal privacy 4.29 6
Hostel fees 4.26 7
Availability of off-campus housing 3.74 8

Source: Adilieme (2019)

Adilieme (2019), conducted a research on the student housing satisfaction among students
of the university of Lagos and discovered that irrespective of the hostel fees, students are
ready to pay if the hostels are available. They placed the quality of the hostels above their
personal privacy and as such indoor air quality is a factor to be considered to raise the

quality standard of any hostel.

2.2 Environmental Health
The first line of thought when the phrase environmental health is mentioned is towards

hygiene and sanitation. Lukkumanul (2019), explained vividly the term environmental

12



health been broader than hygiene and sanitation as it comprises of hygiene, sanitation and
every other environmental factor that influences health. The World Health Organization
(WHO) defined environmental health as all the physical, chemical and biological factors
external to a person, and all the related factors impacting behaviours. It encompasses the
assessment and control of those environmental factors that can potentially affect health.
There exists both indoor environment and outdoor environment (Dargin and Balanli,

2020)
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Figure 2.1: Human—environment interaction model.

Source: (Lukkumanul, 2019)

2.2.1 Air pollution

The presence of harmful substances such as gases, particulates or biological molecules in
the Earth’s atmosphere is known as air pollution (Loomis et al., 2013). Human exposure
to air pollution has serious implications for health: Short term exposure may exacerbate

asthma and be responsible for hospital admissions (Zheng et al., 2015). These exposures
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as earlier established by Lauren et al. (2020) is experienced at the outdoor and indoor

level.

For the purpose of this research, indoor exposure is critically examined. However, there
exists a connection between the indoor air and outdoor air as the flow of air comes from
outdoor to indoor as shown in figure 2.2. Therefore, exposure to outdoor air pollution will

be discussed briefly.
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Figure 2.2: Building and its environments.

Source: Dargin and Balanli (2020).

2.2.1.1 Outdoor air pollution
Ambient air refers to the outdoor air in a neighborhood or community, as opposed to the

air inside buildings such as homes and schools (Hiricko, 2009).The American Thoracic
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Society define outdoor pollution as a mixture of tiny particles and gases that affect the
health of children and adults. long term exposure to ambient air pollution is repeatedly
associated with a higher incidence of cardiovascular and respiratory diseases (Pope et al.,
2011; Atkinson et al., 2016; COMEAP, 2018), birth defects (Padula et al., 2013) and

neuro-degenerative disorders (Moulton and Yang, 2012).

Indoor air pollution from outdoor sources may occur due to infiltration of pollution from
anthropogenic activities, such as vehicular traffic, a common source of particulate matter
(PM) and nitrogen dioxide (NO2) (COMEAP, 2018), or natural sources, such as radon
from radioactive decay in the ground (Turk et al., 1990). The airtightness of the dwelling,
the number of external facades and their exposure to wind, and window-opening
behaviour by the occupants will impact the amount of pollution that passively enters

(Hanninen et al., 2004).

2.2.2 Indoor air pollution

The problems associated with the air we breathe indoors have become one of the greatest
challenges we face in recent time (Ehsanul et al., 2012). Air pollution in closed spaces of
built environments is quite often a mixture of many different pollutants (Ferro and
Hildemann, 2007) that may emerge from a vast number of sources and mostly prone to
undergo hard to predict transformations (Milner et al., 2011). Hawaii’s Pollution
Prevention Information (HAPPI), stated that there are four major sources of indoor air
pollution which are; combustion byproducts, such as smoke and carbon monoxide,
building materials, including carpets, wood products, and paints, household products and
chemicals, such as cleaning solvents, adhesives, and paint strippers and biological

contaminants such as mildew, animal dander, and dust mites as shown in figure 2.3 below.
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A building, basically created by separating a part of the nature with an envelope to be re-
organized as a living area for their users (Izgi, 1999), comprises many interwoven sub-
systems with numerous different participants. On account of this, a certain closed space
or a definite part of it, which gathers users and pollutants together, can be defined as an
exposure environment (Dargin and Balanli, 2020). They further stated that the
architectural organization of the spaces affects the exposure due to determining specific

properties related to users.
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Possible places of indoor pollution with potential pollutants

Figure 2.3: Common indoor air pollutants and their sources.
Source: Adopted from Tran et al. (2020).

2.2.2.1 Volume of the exposure environment on the exposure process

As the air pollutants emerge into the building, they disperse in the indoor air filling the
volume of the closed space depending on their physical properties and air conditions to
develop a certain level of concentration. Under proper circumstances, molecules of the
pollutants in the gas / vapor state can homogeneously mix into indoor air (Kephalopoulos
et al., 2006) and reveal a constant concentration level throughout the space (Repace,

2007). Subsequently, the volume of the space is inversely proportional to concentration
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level of gas and vapor pollutants as shown in Figure 2.4. On the other hand, particulate
matter pollutants may present a heterogeneous dispersion according to their size, weight,
form, surface properties, etc. as they become airborne for a certain period of time and

almost always sink.

Figure 2.4: Relationship between Volume of the Space and Concentration Level.
Source: Dargin and Balanli (2020)

2.2.2.2 Air movements in and around the exposure environment

The fundamental physical phenomenon affecting the properties of indoor air pollution is
the movement of air molecules which is caused by the driving effect created by the
differentiation among air pressures which can occur naturally or by force between
different parts of a closed space Source: (Darcin and Balanli, 2020). Chen and Glicksman
(2001), highlighted that Geometric properties of the space (Chen and Glicksman, 2001)
and its interior organization (such as the positions of furniture or separators) (Spengler et
al., 2001) are the other constituents that determine the speed, direction, behaviour and
form of the airflow (Darg¢in & Balanli, 2012). Replacement of indoor air of a closed space

with outdoor air is defined as air exchange and the ratio between the incoming air flow
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(m3/h) and the volume of the space (m3) determines the air exchange rate (h-1)

(Salthammer and Bahadir, 2009).
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Figure 2.5: Effects of Air Movements in and around the exposure environment.
Source: Darg¢in and Balanli (2020).

Along with the moving molecules of air in and between interior and exterior environments
of the space all other airborne substances are replaced and transported (Demokritou,
2001) therefore the position, duration and concentration levels of pollutants can be

affected (Figure 2.5).

2.3 Indoor Environmental Quality (IEQ)

Indoor environmental quality (IEQ) as one of the features of green buildings and the
sustainable environment has been drawing much attention, due to its high impact on the
behaviour of the building users (Alfa and Oztiirk, 2019). A growing body of knowledge

recognizes the need for satisfactory indoor environmental quality (IEQ) in the built
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environment. According to Zuhaib et al. (2018) and Tang et al. (2020), acceptable IEQ
is a vital factor in achieving a productive and healthy building environment, reduces sick
building syndrome (SBS), and minimizes short-term absence. The authors viewed IEQ as

an acceptable level of thermal, visual, and acoustic comfort in addition to indoor air

quality (IAQ).

The university’s hall of residence is one of the most important facilities provided on any
conventional university campus to serve students’ housing needs (Valiyappurakkal,
2021). The hostel facilities accommodate students who would daily spend an average of
8-12 hours within the facility outside other learning facilities (Busch-Geertsema and
Sahlin, 2007). A hostel facility that is well designed, constructed, and maintained
provides students with a quality and productive indoor environment that would sustain
them, attract better-qualified students’ enrolment into the university and achieve the
institutional goals (Najib et al., 2012; Valiyappurakkal, 2021). The poor indoor
environment is a significant problem in the built environment and the leading cause of

SBS symptoms (Wong et al., 2008).
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Figure 2.6: Various aspects of IEQ.
Source: Alfa and Oztlirk (2019).
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Figure 2.6 illustrates the various aspects of indoor environmental quality. Thermal
comfort describes the condition of the mind in terms of temperature satisfaction in a
defined environment (ASHRAE, 2004). Adaptive opportunities as defined by Nicol et al.
(2012) are ‘the chances created by structures for occupants to provide adequate comfort
themselves such as windows, blinds, fans. For the purpose of this research, the aspect of

indoor air quality will be further explained.

2.4 Indoor Air Quality (1AQ)

Buildings are becoming increasingly airtight in developed countries (Chan et al., 2005),
under moves designed to provide thermal comfort and to reduce energy consumption.
Indoor environments are fundamental environmental factors capable of impacting health
(Gocgeldi et al., 2011). The quality of air in homes, offices, schools, day care centres,
public buildings, health care facilities and other private and public buildings where people
spend over 80% (Hoskins, 2007) of their time daily is crucial for healthy living and
people’s well-being (WHO, 2010). Air quality of indoor environments is one of the main
factors affecting the health, well-being and productivity of people (Morakinyo et al.,

2015).

The National Health and Medical Research Council (NHMRC) Australia, defines indoor
air as the air within a building occupied for at least one hour by people of varying states
of health. Poor IAQ can profoundly impact the health, comfort and productivity of
building occupants (Nnadozie, 2017). In the time past, the study of indoor air pollution
was completely ignored because outdoor air problems such as acid rain, smokestack

emissions (Jones, 1999) but in recent times, increasing research interests and reports on
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indoor environmental matters have certainly heightened the awareness of the risks which

threaten our indoor environments (Ezzati et al., 2001).

Poor indoor air quality has been linked with a wide range of effects on respiratory health
such as asthma development and exacerbation, respiratory infections and upper
respiratory tract symptoms. Emmanuel (2006), has reported that over 1.6 million lives
have been lost with over 38.5 million disabled persons in the year 2000 due to 1AQ
problems. Hostels are part of public buildings in Nigeria, and so far, there are few studies
that focused on the air quality in this complex environment. Recently, Nigeria
Government has recognized the potential risk and problems related to indoor air pollution
in public buildings and it’s striving to establish IAQ guidelines for different types of

indoor environments (Nnadozie, 2017).

2.4.1 Factors affecting indoor air quality (IAQ) in buildings
The quality of indoor air can either be good or bad due to certain factors that play in the
indoor and outdoor environment. However, the quality of air in the enclosed space, there

is an impact on the occupants of that space, either positive or negative impacts.
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Figure 2.7: Factors affecting indoor air pollution concentrations and exposures (IAQ),
and inputs to health impact assessment.
Source: Milner et al. (2011).

Deductions from figure 2.7 categorizes factors affecting indoor air quality; these range
from the factors in the enclosed spaces even to the factors of the environment. Enclosed
factors include; space configuration and requirement, number of occupants in the space,
ventilation, users’ behavior, materials used and pollution level. The environmental factor
includes; the building orientation, the outdoor air pollution level, vegetation cover and

landscape design, air flow.

2.4.1.1 Effect of space configuration on indoor air quality
The concept of a space relates to a series of objects and how they come together within a

specific area (Hasgul, 2015). A lot of thinking and rethinking goes into designing a space
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and architects are saddled with the responsibility of configuring the space through the
thinking and rethinking process. Pearson and Richards (1994) explains this as “We build
in order to think and act. The relationship is essentially dynamic and reflexive. Winston

Churchill said that -first we shape our buildings and afterwards our buildings shape us’’.

Hasgul (2015) then defined spatial configuration as a process which is progressive in
nature that connects the human’s spatial experience and behaviour with the built
environment. This connection can influence IAQ. Marc et al. (2017) explained that
different kitchen types as well as they type of cooker used impacts IAQ at different levels.
Relating this to the hostel design, some spatial configuration has both kitchen and sanitary
spaces within the students living area. Some designed a general kitchen and laundry
spaces and are placed at a relatively equidistant location from the combined living areas.

These two different space configuration impact IAQ differently.

2.4.1.2 Effect of ventilation on indoor air quality

The type of ventilation used in an indoor space influences the exchange of outdoor air
and indoor air. Tropical regions are particular about cooling than heating and this affects
their choice in the type of ventilation adopted, be it mechanical or natural. For the nature
of this project, natural ventilation types will be reviewed. Tjelflaat and Rodahl (1997)
defined natural ventilation as an energy efficient alternative that is thermally comfortable
and has the potential of enhancing IAQ of spaces within buildings. An argument was
placed by Monby et al. (1998) that ill-health, irritation, and discomfort to occupants are
caused by polluted gases within that living space. Natural ventilation ensures that these

gases are replaced by fresh air from the outdoor environment. Kleiven (2003) opined that
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within the indoor spaces of a building envelope, natural ventilation can only the achieved

when the natural wind (driving forces) within the outdoor environment is harnessed.

The harnessing of these natural driving forces within the indoor space improves the IAQ.
Givoni (1994), stated that a process that subjects building structures to wind induced
pressure variations is termed wind driven ventilation. He further stated that these pressure

variations could be negative or positive depending on the situation as shown in figure 2.8.
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Figure 2.8: Positive and Negative air pressures on buildings.
Source: Givoni (1994)

There is a formation of a positive pressure when the driving wind hits the building on the
windward side; a negative pressure is created on the leeward side through the suction
effect when the wind moves around the building. Kleiven (2003) explained that fresh air
enters the building envelope when the fenestrations are located on the windward side and
used air diffuses through the fenestrations on the leeward side. Andrew (2014), then gave
a classification of the wind driven ventilation namely;

I.  Single-sided Ventilation

ii. Cross ventilation

iii. Stack ventilation
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Single-sided uses one side of the wall for both inflow of fresh air and outflow of used air
as shown in figure 2.9. This ventilation type results in low ventilation rates and not
advisable for tropical regions as an additional ventilation system will be required which
IS energy intensive. However, this technique can be efficient if the width of the space is

2.5 times the height (Andrew, 2014).

W<25H

TR ‘,

- W- »

h approx
15m

|

Figure 2.9: Illustration of the single-sided ventilation.
Source: Andrew (2014).

Cross ventilation is more efficient for tropical regions. It involves having fenestrations at
the opposite sides or adjacent sides within the living space (figure 2.10). This allows
inflow of fresh air from one side and outflow through the other. It is more efficient if one
side faces the wind to create positive pressure variations and allow fresh air to flow in

while the used air flows through the leeward side (Andrew, 2014)

Stack ventilation or thermal buoyancy driven ventilation operates on the principle of
temperature and density changes. Hot and used air is less dense compared to cold and
fresh air. The denser fresh air is introduced into the living space through fenestrations at
a lower height while the less dense used air flows vertically and is exhausted (figure 2.11).

An atrium design or courtyard design anchors on this principle.
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Figure 2.10: Illustration of the cross ventilation.
Source: Andrew (2014).
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Figure 2.11: Hlustration of the stack ventilation technique.
Source: Andrew (2014).

2.4.1.3 Effect of occupants’ behaviour on indoor air quality

Occupants’ behaviour is the primary mechanism determining indoor particulate
concentrations. Various indoor human activities generate particulate matter. Human-
building interactions, such as window opening behavior, change the number of outdoor
particulate matter introduced into the building as seen in figure 2.12 (Chai et al., 2022).
The results of their research indicate that indoor air quality can be severely degraded by

opening windows without considering the level of outdoor particle concentration.
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Figure 2.12: Image showing how occupants behaviour increases indoor particulate

concentrations.
Source: Chai et al. (2022).

Schlink et al. (2016), opined that various forms of human activities in residential areas
such as cooking, washing, cleaning, waste management and disposal influence the type
and quantity of xenobiotics contained in indoor air. Hameed et al. (2004) and D’Souza et
al. (2009) further stated that socioeconomic status of the occupants as well as the intensity
and type of performed renovations and restoration actions are the major determinants of
the extent in which these factors (xenobiotics) impact the IAQ. These can be seen in the

systems and design of a kitchen (Marc et al., 2017).

2.4.1.4 Effect of building materials and equipment on indoor air quality

A range of spaces and activities in different building types make use of a range of
equipment (Alefu et al., 2017). They further stated that these equipment have 1AQ
problems which emanated from inadequate exhaust ventilation and improper equipment
operation. Volatile Organic Compound which have health effects on occupants are
usually emitted from different building materials. The building materials known to cause
IAQ problems are those that absorb moisture. Asbestos when moisten, damaged or
disturbed, release asbestos fibres which when inhaled pose an increased risk of respiratory

27



illnesses such as lung cancer and asbestosis (IAQMP. 2012). The effect of building
materials and equipment on 1AQ are usually related to Sick Building Syndrome (SBS)

and Building Related IlInesses (BRI).

2.4.1.5 Effect of building orientation and air flow on indoor air quality

Proper orientation of a building gives that building an advantage as it harnesses the solar
radiation and the prevailing winds. Aiman et al. (2015) and Blanc (2018) advised that for
a good flow of air in the internal space, the fenestrations should have an orientation facing
the prevailing wind. In this context geographically, prevailing winds are the NE trade

winds and the SW trade winds.
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Figure 2.13: Orientation of building for optimal harnessing of solar gain and air flow.
Source: Ching (2008).

2.4.1.6 Effect of landscape design on indoor air quality
This is not a direct effect however; it influences the outdoor air that comes into the indoor

space. Asiedu (2012) and Aiman et al. (2015) acknowledged that trees and proper
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landscaping are beneficial as they save energy, reduce noise and pollution, moderate
temperature and relative humidity, break winds and are psychologically beneficial to the
occupants. The trees purify the air by introducing oxygen and using the CO> that humans
breathe out for the process of photosynthesis. This makes the air that enters the indoor
space fresh and pure. The trees and vegetation can be adopted directly in the indoor spaces

through interior potted plants.

2.4.2 Indoor air purification

Beyond introduction of oxygen and usage of CO, from the indoor spaces, plants can
purify the air by filtering toxins from the indoor air. Table 2.3 shows a plethora of indoor
plants used in cleaning the indoor spaces of various institutional buildings. Among all
mentioned, Swanchhindia (2018), recommended five plants to be grown indoors namely
bamboo Palm, Aloe vera, Snake plant, Warneck Dracena and Spider plant, all of which
have been proven to be good purifiers and can filter VOCs and some incomplete
combustion by- products. Singh (2018), further stated that plants like Money plant,
Mother in Law’s tongue, Golden Pothos Areca Palm and Chrysanthemum are good

remediators of air borne volatile pollutants.

Table 2.3: List of some common indoor air purifying plants

Botanical Common Targeted Toxicity Special
Name Name Pollutants requirements
Aloe Aloe Vera Benzene, No Requires a lot
barbadensis Formaldehyde, of sunlight and
COzand CO little water
Chamaedorea  Bamboo palm Benzene, No Keep the soil
seifrizii Formaldehyde, moist. where air
Xylene, circulates
Chloroform and freely, and mist
CO occasionally to
prevent spider
mites
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Chlorophytum  Spider plant
comosum
Dracaena Janet Craig
deremensis
Dracaena Dragon tree
marginata
Dypsis Areca palm,
Lutescens Bamboo
palm, Golden
cane palm,
Yellow palm
or butterfly
Palm.
Epipermnum Golden
aureum pothos,
money plant
Sansevieria Mother-in-
trifasciata law tongue,
Snake plant,
Viper’s
bowstring
hemp

Ficus robusta  Rubber plants

Rhapis excelsa Lady Palm

Benzene,
Formaldehyde,
Xylene, and CO
Formaldehyde,
Toluene, Xylene
and
trichloroethylene

Toluene, Xylene
and
trichloroethylene

Xylene and
Toluene

Benzene,
Formaldehyde,
Xylene, Toluene
and CO

CO,
Formaldehyde
and
trichloroethylene

CO,
Formaldehyde,
Benzene and
Toluene

No

Mildly toxic to
house pets who
may vomit or
suffer from
excessive
salivation and
dilated pupils
upon ingestion
Causes
moderate
toxicity to pets
on ingestion as
it contains
saponins
No

Moderate
toxicity to pets
on
consumption is
reported
Causes low ton
swallowing,
resulting into a
minor

Causes mild
toxicity to
pests

Causes low
toxicity on
swallowing,
resulting into
minor skin
irritation.

Bright sunlight
keeps them
growing best
Keep the soil
damp but not

Soggy

Flourishes in
semi shade and
top soil

Bright, indirect
light

Water when the
soil is dry

Tolerant to low
light levels and
irregular
watering.

Water
moderately to
keep the soil
moist,
especially in the
winter.
Tolerant to low
light levels and
irregular
watering

Source: Dharitri et al. (2019)
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2.4.3 Indoor air extraction

Aside the process of purification, used and polluted air need to be extracted even before
the diffuse into other living spaces. Kitchens and sanitary spaces are the indoor spaces
highly in need of air extraction systems in hostel designs. Xu et al. (2022), stated that
fresh kitchen air quality is a pivotal constituent of an indoor environment that is
comfortable and healthy. Range hoods are good pollutant absorbs and can absorb most
pollutants from the source. However, Chen et al. (2018), argued that well mounted range
hood is 75% efficient and could be worse if the generally ventilation of the space is poorly
designed. Air extraction involves the use of extractor fans to remove air pollutants from
source regions of indoor spaces (figure 2.14) and it could be wall mounted of fixed to the

roof.

The fresh air enters through e; and flows through a fan Me into the hood which flows into
the indoor space as e>. The hood extracts used or polluted air as i1 and this extracted air
diffuses with e1 to form i>. A suction effect is experienced and a fan sucks i> and let it out
through a vent in the roof. This mechanism regulates the polluted air and heated air in the
kitchen space. The wall mounted extractor fan is more ideal for the sanitary spaces. This

is shown in figure 2.15.
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Figure 2.14: Air extraction mechanism for ceiling mounted extractors.
Source: Xpelair (2021)
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Figure 2.15: Air extraction mechanism for wall and window mounted extractors.
Source: Xpelair (2021)
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2.5 Indoor Air Quality Pollution Effect

Over the past decades, various symptoms and illnesses have been linked to diminished
IAQ in buildings and houses. Indoor exposure to inorganic, organic, physical, and
biological contaminants, though often at low levels, is common, ubiquitous, and sustained
(Tran et al., 2020). Therefore, the harmful effects of IAP on human health have always
attracted great attention and concern. According to the WHO, building-associated illness
refers to any illness caused by indoor environmental factors, which commonly are divided
into two categories: Sick building syndrome (SBS) and building-related illness (BRI).

Their associated symptoms are shown in Figure 2.15.

SBS often refers to a group of symptoms that are linked to the physical environments of
specific buildings; acute health and comfort effects of SBS will appear when patients
spend a certain amount or duration of time in a building, but they and their causes are
difficult to clearly identify (Marmot et al., 2006). BRI describes illnesses and symptoms
with an identified causative agent directly related to exposure to poor air quality in
buildings. It is known that causative agents can be chemicals, such as formaldehyde,
xylene, pesticides, and benzene, but biological agents are more widespread (Tran et al.,

2020).

Kamaruzzaman and Sabrani (2011), discovered that a high proportion (30%) of SBS
occur to occupants in specific building precisely those with air conditioned spaces having
illnesses without any clearly identified cause. Raw (1992), further classified SBS into
different types as they affect various parts of the human body (table 2.4). Ho et al. (2004),
then defined a healthy building as a building which offers the occupants a complete state

of mental, physical and social well-being and not just the absence of diseases.
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Sick Building Syndrome (SBS)

Building Related lliness

- Mucous membrane irritation: eye, nose, | (BRI)

and throat irritation; - Flu: fever, chills, chest
- Neurotoxic effects: headaches, mental tightness, muscle aches and
fatigue, reduced memory, nausea, tiredness, cough

dizziness, and irritability; . Legio_m;ires’ disea_s_e,
-‘Asthma and asthmg-like symptoms: chest Eﬂfnﬁf,ﬁgf ;t;\\/lg PREUmonIts,
tightness and wheezing; - Llung and respiratory

- Skin dryness and irritation, gastrointestinal problems
complaints, and others. /

Figure 2.16: The common symptoms of sick building syndrome (SBS) and building

related illness (BRI).
Source: Tran et al. (2020).

Table 2.4. Symptoms and effects due to SBS

S/N Body part Symptoms Effects
1 Eyes Irritated, dry/watering Itching, tiredness, smarting,
redness, burning, or has
difficulty in wearing contact
lenses.
2 Nose Irritated, runny/blocked Congestion, nosebleeds, itchy or
stuffy nose.
3 Throat Dry or sore Irritation, or pharyngeal
symptoms, upper airway
irritation or difficulty swallowing.
4 Skin Dryness, itching or Rash or specific clinical terms
irritation such as erythema, rosacea,
urticaria, pruritis, xerodermia
5 Others Headache, irritability, lethargy, and poor concentration.

Source: Raw (1992)

2.5.1 Health conditions affiliated with poor I1AQ

Dubos (1969), discovered that the toxic elements contained in poor IAQ has the potential

of prohibiting human adaptation; of which could be biological or psychological. Table

2.5 gives in detail the biological effects of the toxins in a polluted air.
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Table 2.5. Indoor air contaminants list and related health impacts

Contaminants

Sources

Possible
consequences

References

Biological Contaminants

Allergens
Endotoxins

Dampness and mold

Furry pets, dust mites
Presence of cats and dogs,
contaminated humidifiers,

storage of food waste,

lower ventilation rate,
increased amount of
unsettled dust

Unattended plumbing leaks,

leaks in building fabric,

hidden food spills, standing

water

Asthma
Asthma, reduced lung
function

Upper respiratory
symptoms, cough,
wheeze and asthma

Dales et al. (2008)
Park et al. (2001)

Fisk et al. (2007)

Chemical Contaminants

Smoke

Coal and biomass fuels
combustion product

Carbon oxides (COy)

Nitrogen dioxide (N20)

Pesticides

Ozone (0s)

Sulphur dioxide (SO2)

Tobacco smoke

Cooking and heating

Vehicle exhaust from
attached garages, gas
stoves, furnaces, wood
stoves, fireplaces and
cigarettes, outdoor air,
other gasoline powered
equipment
Combustion of fossil fuels
e.g., gas or oil furnaces and
stoves
Contaminated soils, stored
pesticide containers

Outdoor sources,
photocopying, air
purifying, disinfecting
devices
Cooking stoves, fireplaces,
outdoor air

Premature mortality,
lung cancer, coronary
artery disease,
childhood cough and
wheeze, respiratory
illness, infant death
syndrome
Combustion of solid
fuels releases CO,
N0, particulates,
poly-cyclic
hydrocarbons, which
increases the risk of
lung cancer, childhood
asthma
Headache, nausea,
fatique, impaired
vision, reduced brain
function

Increased risks of
respiratory symptoms

Irritation to the eye,
nose and throat,
damage to central
nervous system
DNA damage, lung
damage, asthma,
decreased respiratory
functions
Impairment of
respiratory

U.S. Department of
Health and Human
Services, 2006

Mehta, 2002,
Zhang and Smith,
2007

USEPA, 2020,
Shimer & Thomas
(2005)

Spengler et al.
(2001)

Holt et al. (2017),
USEPA, 2020

Salonen et al.
(2018), Huang et
al. (2019)

Seow et al. (2016)
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Function, Asthma,
chronic obstructive
pulmonary disease
(COPD), and
cardiovascular
diseases

Off Gassing Emissions (Gases released from indoor materials)

Volatile Organic
Compounds (VOCs)

Plastic Compounds

Formaldehyde (HCHO)

Paints, stains, varnishes,
solvents, pesticides,
adhesives, wood
preservatives, waxes,
polishes, cleansers,
lubricants, sealants, dyes,
air fresheners,
building materials and
furnishings
Polyvinyl chloride for
flooring, plastic wall
material
Wood based products
assembled using urea-
formaldehyde resins,
cigarette smoke, paints,
vanishes, floor finishes

Eye, nose and throat
irritation, headaches,
loss of coordination
and nausea, damage to
liver, kidney and
central nervous
system, some organics
can cause cancer

Bronchial obstruction,
Asthma, wheeze,
cough and phlegm
Eye, nose, throat
irritation, asthma,

bronchitis, and
possible carcinogen

Tang et al. (2015)

Jaakkola et al.
(2000)

WHO, 2010,
USEPA, 2016.

Carcinogens

Radon

Heavy metals

Natural decay of Uranium

Pb, Cd, Zn, Cu, Cr, As, Ni,

Hg, Mn, Fe, Outdoor

sources, fuel-consumption
products, incense burning,

smoking and building
materials

Lung cancer,
Leukemia
Cancers, brain
damage, Mutagenic
and carcinogenic
effects: respiratory
illnesses,
cardiovascular deaths

WHO, 2010

Komarnicki (2005),
Rashed (2008)

Particulate Matter (PM)

Ultra-fine particles

Cooking, combustion
activities

Serious impact on
heart and lungs

WHO, 2010,
Prajakta, (2013)

Source: Tran et al. (2020); Mannan and Al-Ghamdi (2021)

Furthermore, Colligan (1981) stated that there are two psychological effect IAP has on
the occupants. The first is a more direct effect relating certain behavioural patterns such
as memory performance, mood state, motivation and interpersonal relations and the
second is a feeling of anxiety and tension whenever there are in that space caused by a

general arousal of the sympathetic nervous system.

36



2.6 Indoor Air Quality Standards

The control metrics for IAQ differ in each country as a result of differences in indoor air
and outdoor air environment as well as building operations (Kim et al., 2021). These
differences have led to some distinct IAQ and in order to face these problems, some
relevant organizations have established 1AQ guidelines and standards based on an
integrated building approach (Avegelis and Papadopoulos, 2004). According to WHO
(2000), provision need to be made in form of a critical database that will create a reference
for the prevention of the harmful effects of IAP; IAQ guidelines furnishes the world with
such data base in a bid to eradicate or in the least minimize the IAP effects on the
occupants. For example, ASHRAE standards has it that indoor CO> concentrations must
be below 700 ppm to ensure human health (ASHRAE, 2013). Table 2.6 gives a summary
of the IAQ guidelines for some common indoor air pollutants. It is important to note that
these guidelines are non-occupational standards relating to residential houses, offices and
schools and are not binding to occupational buildings such as industries (Abdul-Wahab

etal., 2015).
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Table 2.6. Guidelines to major indoor air pollutants

SIN Pollutants Concentration levels Exposure Organization
(mg/m3) time
1 CO 100 15 min WHO
60 30 min
30 1h
10 8h
29 1lh USEPA
10 8h
2 CO2 1800 1h WHO
3 NO2 0.4 1h WHO
0.15 24 h
0.1 1 year USEPA
4 PM 0.15 24 h USEPA
0.05 1 year
5 O3 0.15-0.2 1h WHO
0.1-0.12 8h
0.235 1h USEPA
6 SO2 0.5 10 min WHO
0.35 1h
0.365 24 h USEPA
0.08 1 year
7 Pb 0.0005-0.001 1 year WHO
0.0015 3 months USEPA
8 Xylene 8 24 h WHO
9  Formaldehyde 0.1 30 min WHO
10 Radon 100 Bg/m?3 1 year WHO

Source: Tran et al. (2020)

In summary, this chapter focused on defining a hostel, stating types of hostels and reasons
why students choose a hostel over another. The living condition (IEQ) is one of main the
reasons. The IEQ as a broad concept is dependent on some variables which are
interrelated and 1AQ was focused upon. Numerous factors that influenced I1AQ were
discussed as well as some methods that can improve IAQ such as air extraction and

purification. The latter part of the review focused on the effect of poor IAQ on its
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occupants and also the standards that should be maintained to prevent the effect of the

exposure to these indoor air contaminants.
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CHAPTER THREE

3.0 RESEARCH METHODOLOGY

3.1  Research Philosophy

The research philosophy is a guiding block that is important in shaping how we formulate
and solve research problems (Lincoln et al., 2011). These philosophies as stated by
Creswell (2014) and Pietrzyk (2022) has six (6) worldwide views namely positivism,
post-positivism, constructivism, interpretivism, pragmatism and critical realism. The
pragmatists philosophy was adopted in this research as it is highly suitable for this type
of research that focuses only to achieve the goal in the best possible way and does not fit
to the individually based constructivism, or the limited and scientific based view of
positivism/post-positivism and critical realism which is anchored on social constructs

(Haddadi et al., 2017; Lawani, 2021; Dudovskiy, 2022).

Haddadi et al. (2017) further stated that the core idea of pragmatism epistemology focuses
on the practicality, reality and nature of things and avoid abstract ideas. A vital
philosophical orientation about pragmatism is it contribution of useful and actionable
knowledge, driven by respondents’ experience which produces a buoyant and realistic
human views (Kelly and Cordeiro, 2020). This aids the research as it guides the
establishment of data from the occupants’ point of view. Pragmatism is not limited by
one specific philosophy and can adopt other philosophies. The nature of this research also
demands a scientific approach. This results in the merging of the positivist philosophy

with pragmatism.
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3.2  Research Approach

According to Dudovskiy (2022), there are three research approaches; deductive, inductive
and abductive. The inductive approach develops data into theories and is the direct
opposite of the deductive approach which involves the confirmation of a theory or
hypothesis from existing data and the abductive approach combines both (Saunders et al.,

2016). This research adopts the abductive approach.

3.3 Research Method

There are three types of research methods, ‘quantitative research’, 'qualitative research’
and 'Mixed method'- qualitative and quantitative (Naoum, 2013). The difference between
these mainly due to the restrictions imposed on flexibility, structure, sequential order,
depth and freedom that a researcher can use during the research process. The method
adopted in this research process is the mixed research method. The mixed methods
approach derives its findings using both qualitative and quantitative components
(Halcomb, 2018), posing numerous advantages such as being able to collect more
comprehensive data and developing a richer analysis as opposed to using one method
(Shorten & Smith, 2017). However, one limitation of the method is its complexity, as the
researcher may have difficulty in conducting two different research methods in the same
study (Halcomb, 2018). Thus, a mixed methods approach was opted for to maximize its

advantages.

34 Research Strategy
A research strategy is set of steps which synergizes to form a plan with the aim of getting
answers to the research questions as well as the hypothesis (Saunders et al., 2015). These

strategies such as case study, surveys can be grouped under qualitative or quantitative
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method. For this research, the mixed method was adopted. The quantitative aspect of the
research focused on the inhabitants of the space, using the questionnaire survey approach
to determine the extent to which the indoor air affects the health status of the occupants.
It also explores the common air pollution sources and the air pollutants present in the
spaces using an air detecting device known as air node (instrument survey). The
qualitative aspect of the research focuses on the hostel buildings using the case study
approach to assess the state of the hostels using a checklist/observation guide. The point
of triangulation exists by adopting the Building Assessment Survey and Evaluation Study

(BASE) where the study synergizes both methods to assess the hostel blocks.

3.4.1 Building assessment survey and evaluation study (BASE)
In 1994, the U.S. Environmental Protection Agency (U.S. EPA) initiated a major cross-
sectional study, the Building Assessment Survey and Evaluation study (BASE), to
characterize key characteristics of 1AQ, occupant health symptoms and perceptions of
IAQ in public and commercial office buildings (Girman et al., 1997). According to
USEPA, (1994), the steps involved in BASE include;

I. Select and Recruit Buildings

ii. Initial Visit to Eligible Buildings

iii. Create a Study Team

iv. Select Study Areas and Monitoring Locations

v. Monitor Study Areas

vi. Survey Occupants of Study Areas

vii. Validation of data as specified in the Quality Assurance Project Plan
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3.5  Data Collection and Sampling

For the survey, data was collected primarily with the use of the structured questionnaire
as well as an air detecting device. For case studies, both primary and secondary data were
collected for the case study of the existing hostel blocks. The primary data involved a
visual assessment of the hostel buildings and reporting it while the secondary data
involved the collection of building drawings from the Physical Planning and

Development Unit (PPDU) of the study university.

3.5.1 The questionnaire survey

The survey questions were crafted in simple and straightforward English that is easy to
understand to prevent the participants from giving up midway through the survey. It uses
two types of closed-ended questions, namely the Checklist and Likert item/scale. The
questionnaire is divided into three parts namely; the section A having the occupants’ data,
section B having the occupants’ health and indoor environment and the section C which

involves users behaviour as regards to building operation and indoor living.

Closed-ended questions are straight to the point as respondents are only required to give
predetermined straight forward responses such as strongly disagree to, disagree, neutral,
agree, strongly agree, yes, no, maybe and so on, making responses easy to analyse. The
main disadvantage of closed ended questions is that respondents may feel forced to
choose from the predetermined replies and not be able to voice out their views (Naoum,
2013). A pilot survey was conducted using 10 students to test the simplicity of the

questions in the questionnaire.
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Table 3.1 Summary of the questionnaire sample

Section Subjects Questions
Section A Occupants data Questions 1 - 4
Section B Occupants health and indoor environment Questions 5 -7
Section C Occupants’ behaviour as regards to building Questions 8 - 13

operation and indoor living

Section D Building audit/survey Questions 14 - 17

Source; Author’s field work (2023)

3.5.2 Questionnaire sampling method

The study population comprises of the entire occupants in the various blocks of the male
and female hostels in F.U.T Minna, Gidan Kwano Campus. This places the population
size at a numerical figure of 1930 occupants officially.

Table 3.2: Names and Capacity of Hostels

Name of hostel Gender Noofrooms Bed Space No of bed
Per spaces
Room
Block A Male 83 5 415
Block B Male 83 5 415
Block C -G Female 70 6 420
Shehu Aliyu Hostel Female 62 4 248
New Boys Hostel Male 72 4 and 2 216
New Girls Hostel Female 72 4 and 2 216
Total 442 1,930

Source: Adama et al., (2019)

The sample population is placed at a survey (occupant) per room which places it at 442
occupants for the questionnaire survey (22.9% of the study population). However, the
occupant shall be selected randomly as it gives every member of the space an equal
chance of been selected. This ensures an even spread and selection of the respondents

surveyed thus generalizations can be made towards the entire population size.
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3.5.3 The instrument survey

A short term monitoring was conducted in the hostel blocks, taking different rooms as the
monitor locations. The instrument placed at the monitor rooms is the Air Node. It can
measure temperature, Humidity, PM 2.5, PM 10, CO2 and VOCs. The instrument was
placed in each room for a period of 12 hours spanning from 6PM to 6AM. At this period
all occupants of the rooms are available and most activities for the day occur. The
accuracy of the device is as follows; temperature; -10 to +40°C, Humidity; 0 to 100%,
CO2; 400 to 10000 ppm, PM 2.5; 0.3 to 2.5um (0-100 pg/m?3). A total of six (6) blocks
were surveyed with different monitor rooms. Table 3.3 shows the rooms surveyed. For

the purpose of discretion, a pseudo identity was given to these rooms.
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Figure 3.1 Air visual node monitoring device.
Source: https://airvisual.com/node
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Table 3.3: List of rooms monitored for the instrument survey

SIN Hostel Name Room ldentity Location (floor)

1 Male hostel block A Room A Ground floor
Room B First floor
Room C Second floor

2 Male hostel block B Room A Second floor
Room B Ground floor
Room C First floor

3 Old Female Hostel (blocks C - Room D Ground floor (Block F)

G)

Room E Ground floor (Block D)
Room F Ground floor (Block C)
Room G Ground floor (Block D)

4 Shehu Aliyu Female Hostel Room A Ground floor
Room B First floor

5 New Male Hostel Room A Ground floor
Room B First floor
Room C Second floor

6 New Female Hostel Room A Ground floor
Room B First floor
Room C Second floor

Source: Author’s field work (2023)

3.5.4 Checklist/ observation schedule
The case study approach was used precisely for all the six hostel blocks in question. The
parameters considered were general building characteristics that were peculiar to indoor
air quality. The aspects considered include;

e Building orientation and air flow

e Ventilation and shading

e Landscaping and outdoor environment

e Indoor environment assessment
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3.6  Data Analysis

The primary and secondary data obtained were analyzed. The data analysis existed at two
levels namely; descriptive analysis and inferential analysis, all of which were geared
towards achieving the set objectives and testing the hypothesis. A Cronbach Alpha test
was conducted to determine the validity of the data set obtained from the questionnaire
survey. All the analyses done were carried out using the Statistical Package for Social

Sciences (SPSS) version 26 and Excel 2016.

3.6.1 Reliability and validity test

Reliability and validity are concepts used to evaluate the quality of research, they indicate
how well a method, technique or test measures something; reliability is about the
consistency of a measure, and validity is about the accuracy of a measure (Fiona, 2019).
A reliability test using Cronbach's alpha was undertaken. Cronbach’s alpha reliability,
Cronbach (1951), is one of the most widely used measures of reliability in the social and
organizational sciences. For multiple scales, Cronbach's alpha measures internal
consistency and indicates the consistency of responses (Saunders et al., 2016; Douglas
and Thomas, 2014). Values of 0.7 or above are considered acceptable while Cronbach’s
alpha values of less than 0.7 are deemed unacceptable (Saunders et al., 2016). It is

mathematically represented as;

. n i Vi
O(_n—l Vtest

n = number of questions
Vi = variance of scores on each question
V test = total variance of overall scores on the entire test
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3.6.2 Descriptive statistics

Descriptive statistics summarize and organize characteristics of a data set; a data set is a
collection of responses or observations from a sample or entire population. (Pritha (a),
2020). She further stated that descriptive statistics is a univariate analysis. Descriptive
statistics was used to establish occupants’ demographics in form of charts and tables.
Specifically, the weighted scores and the weighted mean of each statement were
computed and ranked using the ordinal scale. For the instrument survey, air contaminants
were statistically presented stating the concentration levels of the contaminants and the
room atmospheric conditions recorded during the monitoring period and presented using
tables and graphs. The table 3.4 below shows how the range of mean responses will be

interpreted.

Table 3.4 Interpretation of Mean Scores for Individual Statements

Range of Mean  Quantitative Description Qualitative Description
4.21 10 5.00 5 Strongly agree (very high)
3.411t04.20 4 Agree (high)
2.611t0 3.40 3 Neutral (moderate)
1.81to 2.60 2 Disagree (low)

1t01.80 1 Strongly disagree (very low)

Source: Adopted from Arceno (2018).

3.6.3 Scaling technique
According to Kothari (2004), scaling describes the procedures of assigning numbers to
various degrees of opinion, attitude and other concepts. This can be done in two ways
namely,

i.  making a judgement about some characteristic of an individual and then placing

him directly on a scale that has been defined in terms of that characteristic
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il.  constructing questionnaires in such a way that the score of individual’s responses
assigns him a place on a scale.
He further stated that scales of measurement can be considered in terms of their
mathematical properties. The most widely used classification of measurement scales are:
a) nominal scale;
b) ordinal scale;
c) interval scale;

d) ratio scale.

For the purpose of this research, the ordinal scale was used as it is suitable for ranking. It
is a type of Ranking where relationship between a set of items such that, for any two
items, the first is either ranked higher than or ranked lower than or ranked equal to the
second. In ordinal ranking it makes use of ordinal numbers such as 1,2,3,4, to rank a set

of items based on a casual relation in an ascending or descending order.

3.6.4 Inferential statistics

Inferential statistics help you make conclusions and predictions based on your data; it
enables you to understand the larger population from which the sample is taken from
(Pritha (b), 2020). Allows detection of large or small differences, in variables or
correlations between variables relevant to research question (Allison et al., 2000; Botti &
Endacott, 2008). According to Mukaka, (2012), correlation was used to derive inferences
based on relationships between the variables from the sample population; a statistic
representing how closely two variables co-vary; it can vary from -1 (perfect negative

correlation) through 0 (no correlation) to +1 (perfect positive correlation).
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Table 3.5 Example of a Conventional Approach to Interpreting a Correlation Coefficient.

Absolute Magnitude of the Observed Interpretation
Correlation Coefficient r)
0.00-0.10 Negligible correlation
0.10-0.39 Weak correlation
0.40-0.69 Moderate correlation
0.70-0.89 Strong correlation
0.90-1.00 Very strong correlation

Source: Schober et al. (2018)

The relationship between two variables is generally considered strong when their r value
is larger than 0.7. (Méndez-Hernandez et al., 2013). According to Méndez-Hernandez et
al. (2013), Correlation coefficients have a probability (p-value), which shows the
probability that the relationship between the two variables is equal to zero (null
hypotheses; no relationship). Strong correlations have low p-values because the
probability that they have no relationship is very low. Correlations are typically
considered statistically significant if the p-value is lower than 0.05 in the social sciences,
but the researcher has the liberty to decide the p-value (alpha value) for which he or she
will consider the relationship to be significant. Méndez-Hernandez et al. (2013), further
stated that four things must be reported to describe a relationship:
e The strength of the relationship given by the correlation coefficient.
e The direction of the relationship, which can be positive or negative based on the
sign of the correlation coefficient.
e The shape of the relationship, which must always be linear to computer a Pearson
correlation coefficient.
e Whether or not the relationship is statistically significant, which is based on the

p-value.
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3.6.5 Evaluation metrics for indoor air contaminants

Air Quality Index (AQI), is a system for reporting the severity of air quality levels.
Following the US EPA standards as published by the air visual node manual, there are
categories of values for AQI. A value of 0 — 50 is deemed good, 51 — 100 moderate, 101
— 150 unhealthy for sensitive groups, 151 — 200 unhealthy, 201 — 300 very unhealthy and
above 300 is hazardous. Sensitive groups comprise of people with respiratory or heart
disease, children and the elderly. The adopted standard for the PM2s, PM1o and COz is
stated in the table 3.6 below.

Table 3.6: Evaluation metrics for indoor air contaminants

Remark PM 25 (ug/m3)  PM 10 (ug/m®)  CO2(ppm)

Reference Kim et al. Kim et al. Air visual
(2021) (2021) node manual
Grade Good 0-15 0-30 0-700

Normal 16 - 35 31-80 701 - 1000

High (bad) 36-75 81-150 1001 - 1500

Unhealthy Above 75 Above 150 1501 - 2500

(very bad)

Very unhealthy 2501 - 5000

Hazardous 5001 — 10 000

Source: Adapted from Kim et al. (2021).

3.7 Ethical Considerations

Research must be carried out logically and coherently within the appropriate sequences
to avoid research misconduct. Akaranga & Makau (2016) and Fleming and Zegwaard
(2018) explained in detail, various research ethical rules to be followed to ensure thorough
ethical considerations. Given that research required participants by questionnaire, they

advised that sensitive and personal questions should be avoided. A brief introductory
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statement was made which assured the respondents that all data obtained are for research

purposes alone and have the right not to answer them if it is not okay.

Furthermore, all the rooms surveyed were coded with letters and not the exact room name.
according to the hostel management policies, males are not permitted into the female
hostels and as such female assistants were briefed and sent to the female hostels to collect
both the data for the questionnaire survey and the instrument survey. In order to obtain
the building drawings from PPDU, a request letter was written to the director through the

HOD architecture department.

3.8 Summary of Research Methodology
The summary of the research method is illustrated in the research onion depicted in figure
3.2. Research onion is a diagrammatic representation that gives a brief and comprehensive

view of the entire research process, embodied in six layers (Saunders et al., 2016).
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Figure 3.2 Research onion of the entire research process
Source: Author’s field work (2023)
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Case Study Survey

The BASE requires a physical survey of the facility as well as an occupant survey. The
existing hostels in the Federal University of Technology Minna, was surveyed and a total
of six (6) blocks were surveyed as stated in the research method which cut across both
the male and female hostels. The limitation faced in this stage is as a result of lack of
building drawings from the Physical Planning and Development Unit (PPDU) of the
university. Only the building drawings for the New Male and Female Hostels were

obtained.

Figure 4.1: Google earth map of the various blocks.
Source: Author’s field work (2023)

4.1.1 Case male hostel, blocks A and B
This is an accommodation space open for use only to the undergraduate males. It is

building having 83 rooms, 12 kitchens, 48 toilet and bath spaces, one common room and
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a central courtyard all planned in 3 floors (ground, first and second floors). Each room by
design has an occupancy of 5 bed spaces with a total of 415 bed spaces. However, these
blocks are overcrowded. The design for both blocks A and B is typical and face similar

issues.

Plate I: Approach view of the Male Hostel Block.
Source: Author’s field work (2023).

4.1.1.1 Building orientation and air flow

The orientation of the buildings is such that it harnesses the prevailing winds at the NE
and SW ends with the longer sides facing those directions. This gives the buildings a good
positioning for air flow. Adjourning buildings are well located at a good distance that will
not obstruct air flow. However, the building is subject to the harsh impact of the winds as

there are no wind breakers.
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4.1.1.2 Ventilation and shading

The Ventilation type used was the Stack ventilation and cross ventilation. The rooms are
cross ventilated. There is a central courtyard which serves as an open space to achieve the
cross ventilation through stack effect. The window type used is the casement windows
openable on both hinges on the exterior walls and a louvre window on the walls facing
the courtyard. The vertical and horizontal shading devices were used for sun shading,
however, this did not form an eggcrete. The state of some of the windows are bad and
need maintenance. Artificial ventilation is achieved through the use of ceiling fans in all

room spaces.

A B

Plate I1I: A & C. Image of the window type and the shading device. B. Image of the
central courtyard.
Source: Author’s field work (2023).

4.1.1.3 Landscaping and outdoor environment.
The land area covering the blocks were not landscaped. The outdoor environment is
unkempt. The water supply area is a harbor for brooding mosquitoes and also a source of
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outdoor pollutants. The courtyard is also not left out. It is not landscaped and the drainages
are not well maintained. In between the two hostel blocks is a refuse dump. This is not
hygienic for the occupants of the space as this land pollution impacts the outdoor air

invariably affecting the indoor air.

Plate I1l: A & C. The outdoor environment surrounding the hostels. B. Image of the

clogged drainage of the central courtyard.
Source: Author’s field work (2023).

4.1.1.4 Indoor environment assessment

The state of the indoor environment is varying, considering the occupants of the space.
However, one common attribute that exists is overcrowding of the space. By design, there
is a kitchen space where cooking activities should occur, however, this space is redundant
and seldomly used. The sanitary spaces are poorly maintained and is a strong source of
indoor pollutants to the neighboring rooms. Plate IV shows the state of the indoor spaces

in the Male hostel from both blocks A and B.
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Plate IV: A. Water gather points in the hostel. B. The interior of the room space. C. The

general kitchen space.
Source: Author’s field work (2023).

4.1.2 Case Shehu Aliyu female hostel

This is an accommodation space open for use only to the undergraduate females. It is
building having 62 rooms, general kitchens, ensuite toilet and bath spaces, all planned in
2 floors (ground, and first floors). Each room by design has an occupancy of 4 bed spaces

with a total of 248 bed spaces. This block also does not have the floor plans available.

4.1.2.1 Building orientation and air flow
The building has a T shaped plan with the cross longer than the tail. The cross facing the
north exposing the longer length to the sunrise and sunsets in the east and west

respectively as well as the radiant energy of the sun as showing in figure 4.1. This also
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gave the building an exposure to the prevailing winds directly. This is a good orientation
If wind breakers were planted to reduce the strong winds in the summer and winter. This
orientation gives the buildings a good positioning for air flow. Adjourning buildings are

well located at a good distance that will not obstruct air flow.

4.1.2.2 Ventilation and shading

The Ventilation type used was the one sided ventilation. The rooms are placed at opposite
sides of long lobby along the cross axis (plate V). For tropical regions, cross ventilation
is the best form of natural ventilation or daylighting. The double banked lobby is always
dark and narrow and depends on artificial lighting. The window type used is the casement
windows openable on both hinges on the exterior walls as well as on the walls facing the
lobby. There are no exterior shading devices except for the curtains which are placed

internally by the occupants.

Plate V: A. The approach to the building. B. Image of the window type and absence of
shading device. C. The narrow lobby separating the rooms
Source: Author’s field work (2023).
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4.1.2.3 Landscaping and outdoor environment.

There is a perimeter fencing for this block and the undeveloped area was landscaped with
paved areas, green areas. The outdoor environment is not polluted and can be further
enhanced with proper landscaping, planting of trees and maintenance (plate V1). There is
no land induced air pollution emanating from refuse dump places and clogged drainages,

however the users behaviour has an impact on the indoor environment.

4.1.2.4 Indoor environment assessment

The survey showed that cooking activities are done along the narrow lobby and even at
the circulation points of the hostels such as the staircase regions. The kitchen area is
poorly maintained thus leading to cooking along the lobby and even inside the rooms.
Plate VII shows the improper waste disposal along the lobby. There is no laundry room,
so even washing is done inside rooms as occupants are reluctant to go outside and wash.
The ensuite toilets also needs proper maintenance. All these activities added to the one

side ventilation will eventually impact the indoor air quality in the hostel spaces.

Plate VI: A. The paved area devoid of trees. B. The use of the corridors for cooking
activities
Source: Author’s field work (2023).
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Plate VII: A. Dumping of refuse along the narrow lobby. B. The interior of the room
space.
Source: Author’s field work (2023).

4.1.3 Case new male and female hostels

This is the recently completed hostel accommodation comprising of two typical blocks
which was initially planned to be for just the female students but was later shared amongst
the male and female occupants. This is an accommaodation space open for use only to the
undergraduate males and females. It is building having 72 rooms, general kitchens,
ensuite toilet and bath spaces as well as shops and common room, all planned in 3 floors
(ground, and first and second floors) each. There are two space typologies, room of four
with ensuite bathroom and toilet with a shared kitchen and then room of 2 with kitchen
and sanitary spaces embedded within. This brings the bed spaces to a total of 216 bed

spaces.
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Plate VIII: A. Orientation of the hostel buildings. B & C. The exterior outlook of the

buildings.
Source: Author’s field work (2023).

4.1.3.1 Space planning, building orientation and air flow

The building has a L shaped floor plan, forming a right angle, with the longer axis facing
North and the shorter facing west (plate VI11). The part facing the north exposes the longer
length to the sunrise and sunsets in the east and west respectively as well as the radiant
energy of the sun and the shorter part can harness majorly the prevailing winds. The
orientation of the longer axis is more convenient compared to that of the shorter axis and
occupants at that those spaces will have a balance natural ventilation and daylighting. The
building was planned to have a long courtyards divided into two by walkways (plate XII1).

This served as a means to achieve cross ventilation through the courtyards.

62



poos §5322°

| i
: <
! <
|
i

j i ﬂﬂ‘f‘ﬁ‘t@

N

N~

JATTATTT
/A

S
N
&
s

Plate 1X: Image of the site plan of the two hostels.
Source: PPDU (2023).

"
iy
&,

i

B 5
=
- l—- |
= .
@—< LS RS
A )y EErE
o ==
@ 0,
D) =
o= .
P i bl
® e
Ha
& e
=T
|
G|
ELEVATION A-Y = 14
3 F

e
] b (e e e I IDLINE (@'Y AND 15"
= SE IS RS T e o e s o B S
| {1
|

2 éi

BLOCKC

EL ?tJSz"é 26
(7}

| GRIDLINE (A-Q AND 1526

Plate X: Image of the ground floor plan of the hostel
Source: PPDU (2023).
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Plate XI: Image of the call out of the room of four space typology.
Source: PPDU (2023).
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Plate XII: Image of the call out of the room of two space typology
Source: PPDU (2023).
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4.1.3.2 Ventilation and shading

The Ventilation type used was the cross ventilation achieved through the courtyard stack
effect. The window typed used was the sliding window with a tint glass for solar shading.
The advantage a casement window has over the sliding window is in its ability to obtain
a 100% air flow in and out of the space The vertical exterior shading devices was used
for sun shading. Within the indoor space is an artificial ventilation system in the rooms
and a wall extractor fan in the kitchen and laundry areas. The AC units can serve as an
air extractor depending on the design of the AC unit. Plate XIII shows the air extractor

fan in the kitchen area.

AU o
.

Plate XIII: A. Image of the central courtyard. B. The use of extractor fan in the kitchen
space. C. The use of AC in the room spaces
Source: Author’s field work (2023).

4.1.3.3 Landscaping and outdoor environment.
There is a perimeter fencing for these blocks and the undeveloped area are yet to be

landscaped. The courtyards however are landscaped and designed for social seating and

65



outdoor sporting event. The outdoor environment is not polluted and can be further
enhanced with proper landscaping, planting of trees and maintenance (plate XIX). There
iIs no land induced air pollution emanating from refuse dump places and clogged
drainages, however the users behaviour has an impact on the indoor environment in such
a way that urination is done in particular portion of the hostel facility and this activity

pollutes the air.

Plate XIV: A. The paved area of the compound. B. The landscaping of the central

courtyard. C. The use of planted trees in the outdoor environment.
Source: Author’s field work (2023).

4.1.3.4 Indoor environment assessment
The indoor environment of this hostel is still in good shape considering it was recently
done. However individual spaces are defined by the hygiene of the occupants. There is a

separate room for laundry and cooking which has extractors fans, however, the students
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still prefer cooking in their room spaces or the corridor due to the distance of some rooms
to the kitchen space. This is common with the occupants inhabiting the four bed space

typology. This activity impacts the room 1AQ as later discussed and defeats the aim of

the design strategies employed for good 1AQ.
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Plate XV: A & B. Image of the ensuite kitchen and general kitchen. C. Image of the
interior space for the room of four.
Source: Author’s field work (2023).

4.1.4 Case C - G blocks (old female hostels)

This accommodation comprises of five standalone blocks built on just one floor each and
has spaces for both undergraduate and postgraduate students. It is a group of buildings
having 70 rooms, general kitchens, ensuite toilet and bath spaces as well as shops and
common room, all planned in one floor each. There are two space typologies, room of six

for the undergraduates and a single room for post graduates. This is the only hostel that
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made room for post graduate accommodation. It has a perimeter fence and a portress

office which is responsible for managing the hostel.

4.1.4.1 Space planning, building orientation and air flow

The five buildings are orientated facing one direction (the NE and SW) along its longer
axis. (plate VIII). This means that the shorter axis is open to the windward side and the
longer axis will only harness the deflected winds. This orientation however is beneficial
for natural daylighting but not efficient for adequate natural ventilation. However, the
case of the orientation may be, the blocks are at planned in a rectilinear pattern with large
space (open courtyards) between them that will enhance air flow. Each block has a closed
courtyard which boosts the ventilation of the interior spaces through cross ventilation and

stack effect.

Plate XVI: A. Image of the orientation and layout of the blocks. B. Image of the

approach to a typical block. C. Open courtyards and a vast space to enhance air flow.
Source: Author’s field work (2023).
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4.1.4.2 Ventilation and shading

The Ventilation type used was the cross ventilation achieved through the courtyard stack
effect. The window typed used was the sliding window with a tint glass for solar shading.
The rooms are shaded from the sun with the use of overhangs and recessed walls. The
courtyard separated the linearly arranged cellular rooms, ensuring that each room is cross

ventilated.

4.1.4.3 Landscaping and outdoor environment.

There is a perimeter fencing for these blocks and the undeveloped area is landscaped with
green areas, trees, shrubs and paved walkways. The courtyards are not landscaped used
for social seating, clothes drying. The outdoor environment is not polluted due to the
landscaping and tree elements (plate XIX). There is no land induced air pollution

emanating from refuse dump places and clogged drainages.

Plate XVII: A. Image of the paved areas and trees. B. Image of window type and the
shading technique. C. Image of the central courtyard.
Source: Author’s field work (2023).
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4.1.3.4 Indoor environment assessment

The indoor environment of this hostel needs renovation. The general kitchens are in a bad
condition and has caused the students to cook in their rooms. The room spaces are
overcrowded as shown in plate XXI. The ceiling boards are producing moulds which are
a source of indoor air pollutant. This space makes it difficult for the occupants to maintain
good hygiene as the spaces are usually choked up. The hostel management needs to
consider a serious renovation on this facility and ensure that a good maintenance culture

IS kept.

|

(. |

I

Plate XVIII: A & C. Image of the interior of the room space. B. Iage of the general
kitchen.
Source: Author’s field work (2023).

]

4.2 Questionnaire and Instrument Survey
The method in which the data were collected, involved an occupant survey using a

questionnaire and an instrument survey (air visual node) as stated in the research methods.
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For the occupant survey, a Cronbach alpha test was conducted to test for internal
consistency (reliability). The values obtained as shown in table 4.1 is above 0.7 which is
the acceptable value for reliability. This means that the data presented in this research

work is valid and reliable.

4.1 Table of Reliability Statistics

Hostel Name Cronbach’s Alpha  Cronbach's Alpha Based N of
on Standardized Items Items
Male Hostel Block 0.705 0.730 59
A
Male Hostel Block 0.829 0.818 59
B
New Male Hostel 0.680 0.680 59
Block C-G 0.76 0.788 59
(female)
Shehu Aliyu 0.854 0.849 59
New Female 0.819 0.815 59
Hostel

Source: Author’s field work (2023)

4.2.1 General characteristics of the respondents.

4.2.1.1 Male hostel A

The demographics of the respondents in Male Hostel A are shown in table 4.2. There
exists an underlining issue of overcrowded spaces as 83.1% of the respondents stay in a
room of 5 — 12 occupants against the allocated 5 persons. Overcrowding of space impacts
the indoor air quality. The distribution of the respondents across the various levels is such
that majority of them are between 200 level and 500 level (96.8%). This implies that a
good number of respondents have stayed in the hostel environment for a good period of
time as against the 100 level respondents. Staying in an indoor space for 6 months is

enough for the nature of the air to affect the occupant. 71.1% of the respondents have
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stayed a period of 4 — 6 months in these hostel rooms. This means that deductions drawn
in the later stages of this chapter is abiding to the respondents.

Table 4.2: Demographics of respondents of Male Hostel A

Respondents based on Education Year

Education Year Frequency Percentage %
100 Level 6 7.2
200 Level 18 21.7
300 Level 29 34.9
400 Level 19 22.9
500 Level 11 13.3
Respondents based on Number of Persons sharing a Room

Number Frequency Percentage %
1 - 4 Persons 14 16.9
5 - 8 Persons 41 494
9 - 12 Persons 28 33.7

Respondents based on Duration of Stay

Number Frequency Percentage %
1 - 3 Months 20 24.1
4 - 6 Months 59 71.1
7 - 9 Months 02 2.4
10 - 12 Months 02 2.4
Total 83 100

Source: Author’s field work (2023)

4.2.1.2 Female hostel C-G

The demographics of the respondents in Female Hostel C - G are shown in table 4.3.
There exists an underlining issue of overcrowded spaces as 80.6% of the respondents stay
in a room of 5 — 12 occupants against the allocated 6 persons. Overcrowding of space
impacts the indoor air quality. The distribution of the respondents across the various
levels is such that majority of them are between 200 level and 500 level (87.1%) and even
at post graduate level of 12. 9%. This implies that a good number of respondents have
stayed in the hostel environment for a good period of time as against the 100 level

respondents. Staying in an indoor space for six (6) or more months is enough for the
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nature of the air to affect the occupant. 56.5% of the respondents have stayed a period of
4 — 6 months in these hostel rooms. This means that deductions drawn in the later stages
of this chapter regarding these blocks is abiding to the respondents.

Table 4.3: Demographics of respondents of Female Hostel C - G

Respondents based on Education Year

Education Year Frequency Percentage %
Postgraduate 08 12.9
200 Level 11 17.7
300 Level 11 17.7
400 Level 08 12.9
500 Level 24 38.7
Respondents based on Number of Persons sharing a Room

Number Frequency Percentage %
1 - 4 Persons 12 19.4
5 - 8 Persons 48 77.4
9 - 12 Persons 02 3.2

Respondents based on Duration of Stay

Number Frequency Percentage %
Less than a month 04 6.5
1 - 3 Months 22 35.5
4 - 6 Months 35 56.5
7 - 9 Months 01 1.6
Total 62 100

Source: Author’s field work (2023)

4.2.1.3 Male hostel B

The demographics of the respondents in Male Hostel B are shown in table 4.4. the issue
of overcrowding of space is minimized as 66.3% of the respondents stay in a room of 5 —
8 occupants against the allocated 5 persons. The distribution of the respondents across the
various levels is such that majority of them are between 200 level and 500 level (71.2%)
and even at post graduate level of 6. 0%. This implies that a good number of respondents
have stayed in the hostel environment for a good period of time. A significant number of
respondents are in the 100 level (22.9%) and this will only imply that possible symptoms
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noticed in such students might be prevalent even before they were admitted. 74.7% of the
respondents have stayed a period of 4 — 6 months in these hostel rooms. This means that
deductions drawn in the later stages of this chapter regarding this block is abiding to the

respondents.

Table 4.4: Demographics of respondents of Male Hostel B

Respondents based on Education Year

Education Year Frequency Percentage %
100 Level 19 22.9
200 Level 12 145
300 Level 18 21.7
400 Level 12 14.5
500 Level 17 20.5
Postgraduate 05 6.0
Respondents based on Number of Persons sharing a Room

Number Frequency Percentage %
1 - 4 Persons 28 33.7
5 - 8 Persons 55 66.3

Respondents based on Duration of Stay

Number Frequency Percentage %
1 - 3 Months 14 16.9
4 - 6 Months 62 74.7
7 - 9 Months 01 1.2
10 - 12 Months 03 3.6
Over a year 03 3.6
Total 83 100

Source: Author’s field work (2023)

4.2.1.4 Shehu Aliyu female hostel

The demographics of the respondents in Shehu Aliyu female hostel are shown in table
4.5. there issue of overcrowding of space is almost not occurring in this block as 82.7%
of the respondents stay in a room of 1- 4 occupants against the allocated 4 persons. The
distribution of the respondents across the various levels is such that majority of them are

between 200 level and 500 level (92.0%) and even at post graduate level of 4.8%. This
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implies that a good number of respondents have stayed in the hostel environment for a
good period of time. A greater percentage of respondents (99.4%) in this block stayed at
least 3 months in the space, with 45.2% spending at least 4 months in the hostel space.

The outcome of this survey is binding to the occupants of the hostel block.

Table 4.5: Demographics of respondents of Shehu Aliyu Hostel

Respondents based on Education Year

Education Year Frequency Percentage %
100 Level 02 3.2
200 Level 07 11.3
300 Level 24 38.7
400 Level 02 3.2
500 Level 24 38.7
Postgraduate 03 4.8
Respondents based on Number of Persons sharing a Room

Number Frequency Percentage %
1 - 4 Persons 51 82.7
5 - 8 Persons 11 17.7

Respondents based on Duration of Stay

Number Frequency Percentage %
Less than a month 01 1.6
1 - 3 Months 33 53.2
4 - 6 Months 28 45.2
Total 62 100

Source: Author’s field work (2023)

4.2.1.5 New male hostel

The demographics of the respondents in New male hostel are shown in table 4.6. There
is a strict adherence to maximum space allocated for a room as 94.4% of the respondents
stay in a room of 1- 4 occupants against the allocated 4 persons. The distribution of the
respondents across the various levels is such that majority of them are between 200 level
and 500 level (83.3%). This implies that a good number of respondents have stayed in the

hostel environment for a good period of time. A greater percentage of respondents
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(77.8%) in this block stayed at least 4 months in the space, with 19.4% spending at least
3 months in the hostel space. The outcome of this survey is binding to the occupants of

the hostel block.

Table 4.6: Demographics of respondents of New Male Hostel

Respondents based on Education Year

Education Year Frequency Percentage %
100 Level 12 16.7
200 Level 24 33.3
300 Level 16 22.2
400 Level 08 11.1
500 Level 12 16.7
Respondents based on Number of Persons sharing a Room

Number Frequency Percentage %
1 - 4 Persons 68 94.4
5 - 8 Persons 04 5.6

Respondents based on Duration of Stay

Number Frequency Percentage %
Less than a month 02 2.8
1 - 3 Months 14 19.4
4 - 6 Months 56 77.8
Total 72 100

Source: Author’s field work (2023)

4.2.1.6 New female hostel

The demographics of the respondents in New female hostel are shown in table 4.7. There
is no overcrowding as 100% of the respondents reside in rooms within the design capacity
of 1 —4 persons. The distribution of the respondents across the various levels is such that
majority of them are between 200 level and 500 level (94.4%). This implies that a good
number of respondents have stayed in the hostel environment for a good period of time.
A greater percentage of respondents (83.3%) in this block stayed at least 4 months in the
space, with 16.7% spending at least 3 months in the hostel space. The outcome of this

survey is binding to the occupants of the hostel block.
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Table 4.7: Demographics of respondents of New Female Hostel

Respondents based on Education Year

Education Year Frequency Percentage %
100 Level 04 5.6
200 Level 36 50.0
300 Level 24 33.3
400 Level 04 5.6
500 Level 04 5.6
Respondents based on Number of Persons sharing a Room
Number Frequency Percentage %
1 - 4 Persons 72 100.0
Respondents based on Duration of Stay
Number Frequency Percentage %
1 - 3 Months 12 16.7
4 - 6 Months 60 83.3
Total 72 100

Source: Author’s field work (2023)

In summary, the new hostels showed positive signs regarding overcrowding of space as
there were record the least percentage of overcrowded space. Generally, the distribution
of the respondents is such that the 100 level students only took a small fraction of the
population sample as there just enrolled in the institution, whereas higher level who must

have stayed in the hostel spaces for at least a session dominated the sample population.

4.2.2 Occupant behavior and indoor air particulate concentrations

4.2.2.1 Male hostel A

As established in the literature review, occupants behaviour affect indoor air particulate
concentrations through various activities. From the occupants’ survey, the activities
relating to the indoor environment are presented in table 4.8. it is important to note that
occupants behaviours that influence indoor air particulate concentrations are in two

categories namely; activities within the indoor space that increases indoor air particulate

77



concentrations such as indoor cooking, laundry and cleaning, and activities that creates
an interaction between the indoor air and outdoor air such as opening of fenestrations.

Table 4.8: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 30 36.1
Kerosene 51 61.4
Charcoal 02 02.4

Respondents based on Place of Cooking

Cooking Place Frequency Percentage
Inside room 37 44.6
Along the Corridor of the 27 32.5

Room

Separate room in the 19 22.9

Hostel (i.e. kitchen)
Respondents based on Indoor Smoking Habit

Response Frequency Percentage
Yes 6 7.2
No 77 92.8
Total 83 100

Source: Author’s field work (2023)

It is seen from table 4.8 that indoor air particulate concentrations will naturally increase
due to the occupants behaviours. 61.4% of them use kerosene to cook. Kerosene stove is
a combustion stove which produces CO2 whenever there is complete combustion and CO
when combustion is incomplete. 44.6% of the occupants, cook inside their rooms. This
will increase the CO> content of the rooms from the already existing ones created as a
result of an overcrowded room. For this reason, an instrument survey was conducted to

determine the exact concentration levels.

Three rooms were surveyed using the air node device namely; rooms A, B and C all in
the dry season. The statistical observations are presented in table 4.9. It was observed that
Room B has the worst conditions of all three rooms. Room A has daily temperature and

humidity averages of 28°C and 21% respectively. The room has temperatures as high as
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30°C and humidity as high as 25%. The air is too dry for breathing and too hot for a
comfortable environment. Room B also had high temperatures with an average of 27°C
a little bit above the normal room temperature of 25°C. The average humidity was
recorded at 27%, with a maximum of 44% which is abnormal in the dry season. This
means that some activity within the room must have influenced it. Room C located at the
second floor had an average temperature of 28°C and a maximum of 30°C. This means
the temperature is generally high which will require a good ventilation system and cooling
system if possible. Average humidity recorded is 27% with a maximum value of 30%.
This indoor conditions affects occupants behaviour which influences indoor air

particulate concentrations.

Table 4.9: Statistical observation of indoor air contaminants (Male Hostel A)

Indoor Air Variables (Room A)
Parameters PM 2.5 PM10 COz(ppm) Temperature Humidity AQI (US)

(ug/m®  (ug/m?) °C (%0RH)

Mean 68.47 97.56 676.68 28.12 21.11 134.94
SD 38.848 60.388 28.333 1.635 .675 43.956
Min 11 12 641 25 20 46
Max 147 213 832 30 25 198

Indoor Air Variables (Room B)
Parameters PM 2.5 PM10 COz(ppm) Temperature Humidity AQI (US)
(ug/md) (ug/m?3) °C (%RH)

Mean 72.2326  99.3609  757.6502 27.7760 27.3863 158.9581
SD 15.78244 22.11439 157.07922 2.30154 5.26154  9.50847
Min 45.00 53.00 633.00 24.30 22.00 124.00
Max 174.20 232.00 1283.00 31.10 44.00 224.00

Indoor Air Variables (Room C)
Parameters PM 2.5 PM10 COz(ppm) Temperature Humidity AQI (US)

(ug/m®)  (ug/m?) °C (%0RH)

Mean 50.939 67.105 827.326 28.588 27.347  130.306
SD 15.2324 219751 166.0399 2.0596 3.1171  26.1547
Min 34.281 42.392 708.71 25 20 46
Max 75.233  101.572  1136.51 30 30 198

Source: Author’s field work (2023)
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The air contaminants that the device could measure include PM 2.5, PM 10 and CO.. For
the Room A, the average values of PM 25, PM 10 and CO2 respectively are 68 ug/m?, 98
ug/m?, and 677 ppm. Room B had 72 ug/m?3, 99 ug/m?, and 757 ppm. Room C had 51
ug/m?, 67 ug/m3, and 827 ppm. Generally, the AQI for the three rooms are above 100.
This is unhealthy for sensitive cases. Room B had an average AQI of 159, a minimum

value of 124 and a maximum value of 224. This is very unhealthy.

Hoia Occupant behavior is the primary mechanism determining indoor particulate

concentrations

When placed in indoor spaces with similar properties in terms of ventilation, room size
and room population, it becomes a need to understand why these indoor spaces have
varying indoor particulate concentrations. Activities such as indoor cooking, smoking,
keeping unhealthy plates, pots and spoilt food items all affect indoor air particulate
concentrations. As shown in table 4.8, one of the major factors that affects indoor

particulate concentration in the case hostel is indoor cooking.
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Table 4.10 The hourly average of air contaminants in the various rooms

Hourly Room A Room B Room C

avg. PM,s PMyp CO; PM PMyp CO; PM3.s PM g CO,

2.5

Hr. 1 1990 25.64 717.18 57.61 78.28 1119.77 54591 72939 1136.51
Hr. 2 3233 3990 71199 63.17 86.71 913.63 61.264 82.050 1081.67
Hr. 3 35.68 43.61 703.15 67.42 90.39 826.34 65554 88.519 1088.04
Hr. 4 2798 3479 686.23 80.32 105.79 908.01 64.331 87.317 823.91
Hr.5 33.71 4372 668.83 8233 111.72 70754 75.233 101.572 726.88
Hr. 6 4535 6154 66495 7155 9576 67548 65.436 87.047 722.20
Hr. 7 7754 11174 677.03 6590 87.97 667.04 44830 57.708 728.06
Hr. 8 102.14 149.54 667.37 68.14 94.21 650.85 38.558 49.661 708.71
Hr. 9 111.77 164.48 660.63 80.04 11459 648.38 34.281 42392 741.99
Hr.10 11481 170.76 652.45 75.63 107.55 656.91 34.983 43.008 736.98

Hr.11 11575 170.87 64854 77.41 110.19 666.40 34569 43.572 722.93
Hr.12  116.78 17299 656.65 77.27 109.17 651.45 37.636 49.469 710.04

Source: Author’s field work (2023)

The period in which the survey was conducted was from 6:00 PM to 6:00 AM (12 hours).
This period was chosen as it was a time were most members of the rooms are presented
due to day to day activities. It is also the period when most chores take place. The cooking
activities spans from 7pm to 1lpm sometimes even early hours of the morning
considering it is the male hostel and they do not have a restriction to the time of cooking.
Occupants of Rooms B and C cook inside the room as against occupants of room A who
cook along the corridor. This activity is as a result of the distance from the kitchen to their
rooms. It is observed that the CO> content of the indoor air for room A is normal
(moderate) having the highest hourly average to be 717 ppm (the cooking period in which
CO2 gases could have diffused into the room from the corridor or other outdoor sources).
This room also is not overcrowded (6 persons against the standard 5). Rooms B and C

have high values of CO. with the highest average been 1120 ppm and 1136 ppm
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respectively. This is not healthy. The high CO2 contents of these room is as a result of the

cooking activities in the rooms.
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Figure 4.1: Trend chart of CO> in the monitor rooms (Male Hostel A).
Source: Author’s field work (2023)

Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
(Tran et al., 2020). PMo.1 is obtained majorly from fossil fuel (this cannot be detected by
the device), PM 25 and PM 10 are obtained indoors majorly from cooking and smoking.
Room A had normal values for both even during the cooking period. This further proves
the absence of cooking activities going on in the room. However, the values went high so
much that it became unhealthy (117 ug/m?). This is possible only if the windows of the
rooms were open considering the dry season and the outdoor air has influenced the indoor
air. Table 4.6 shows that occupants frequently open windows during dry season. It is
expected that the PM values of rooms B and C to be high considering the cooking

activities in the rooms, which was so. However, there was a decline during the early hours
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of the day for both PM 25 and PM 10 for room C after cooking where as that of Room B

increased.
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Figure 4.2: Trend chart of PM2s in the monitor rooms.
Source: Author’s field work (2023)

This is possible because after cooking hours there was a general drop in the PM values
for about 2 hours averagely before the different changes as a result of outdoor influencing
indoor concentrations. room C had their windows closed while room B had theirs open.
This further proves that occupants behaviours influence indoor air particulate
concentrations. Activities relating to the interactions between the indoor and outdoor

concentrations as obtained from the occupants’ survey is shown in table 4.11
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Figure 4.3: Trend chart of PMyo in the monitor rooms.
Source: Author’s field work (2023)

Table 4.11 Occupants activities that results in indoor outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 315 3.80
Raining Season 270 3.25

Number of respondents = 83; WS = Weighted Score; WM = Weighted Mean

Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 57 30
When it’s dusty outdoor 61 32
When it’s raining 72 38
Total 190 100

Multiple responses by 83 respondents

Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 40 48.2
Louvres 37 44.6

Window blinds (i.e. 20 24.1
curtains) 97 100

Total

Multiple responses by 83 respondents

Source: Author’s field work (2023)
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Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. This particle migration
can be reduced with the use of window blinds and curtains whereas shutters and louvres
have to be open for effective ventilation. The reason for high PM in rooms with who open
the windows are as a result of the need for good ventilation. Rooms B and C faced the
wind direction. This means that an opened window without curtains or blinds will allow

an influx of PMs. Only few rooms have curtains in them.
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Figure 4.4: Correlation of Indoor Air Contaminants as obtained from SPSS 26.
Source: Author’s field work (2023)

According to Kim et al. (2021), indoor air contaminants are correlated and as much as
correlation are used to the quantify the existent relationship between two variables, these
two variables can be correlated with other variables. In this case, two indoor contaminants
are correlated with each other as well as other contaminants especially if their source is
similar. They are also correlated to outdoor contaminants if there is a significant

interaction. PM 25 and PM 10 showed a strong positive relationship in the three rooms.
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There is a moderate negative relationship between CO2 and the PMs in room A. This
negative relationship exists as a result of outdoor interactions from opening of windows
as seen also in room B with a weak negative interaction between CO2 and the PMs. Room
C however had a positive correlation with the PMs as there was little or no outdoor
interactions with the indoor space resulting from open windows. This means that for room
A and B there exists a heterogeneous relationship with outdoor concentrations greatly
influencing indoor concentrations whereas room C had a homogenous relationship with

outdoor concentrations having little or no influence on the indoor concentrations.

4.2.2.2 Female hostel C -G

Table 4.12: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 08 12.9
Kerosene 53 85.5
Charcoal 01 1.6

Respondents based on Place of Cooking

Cooking Place Frequency Percentage
Inside room 22 35.5
Along the Corridor of the 26 41.9

Room

Separate room in the 14 22.6

Hostel (i.e. kitchen)
Respondents based on Indoor Smoking Habit

Response Frequency Percentage
Yes 02 3.2
No 60 96.8
Total 62 100

Source: Author’s field work (2023)

It is seen from table 4.12 that indoor air particulate concentrations will naturally increase
due to the occupants behaviours. 85.5% of them use kerosene to cook. Kerosene stove is
a combustion stove which produces CO2 and CO at different stages of combustion. 35.5%
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of the occupants, cook inside their rooms and 41.9% cook. This will increase the CO;
content of the rooms through direct and indirect diffusion from within the room and along
the corridor respectively. For this reason, an instrument survey was conducted to

determine the exact concentration levels.

Four rooms were surveyed using the air node device namely; rooms D, E, F and G all in
the dry season. The statistical observations are presented in table 4.13. It was observed
that Room E has the worst conditions of all four rooms. Room D has daily temperature
and humidity averages of 26.8°C and 54.95% respectively. The room has temperatures as
high as 30°C and humidity as high as 71%. The air is too dry for breathing and too hot
for a comfortable environment. Considering the winter season, the RH should not be this

high except for an indoor variable induced by the occupants.

Room E also had high temperatures with an average of 27.83°C a little bit above the
normal room temperature of 25°C. The average humidity was recorded at 47.84%, with a
maximum of 61% which is abnormal in the dry season. This means that some activity
within the room must have influenced it. Room F had an average temperature of 28.22°C
and a maximum of 29°C. This means the temperature is generally high which will require
a good ventilation system and cooling system if possible. Average humidity recorded is
47.46% with a maximum value of 59%. Room G result did not deviate from the trend
with high RH and temperature values. These indoor conditions affects occupants

behaviour which influences indoor air particulate concentrations.
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Table 4.13: Statistical observation of indoor air contaminants

Indoor Air Variables (Room D)

Parameters PM 2.5 PM 10 CO; Temperature Humidity AQI
(ug/m®)  (ug/m?) (Ppm) °C (%RH) (US)
Mean 32.28 37.49 973.30 26.80 54.95 93.90
SD 5.043 7.452 254.211 1.462 9.955 11.297
Min 22 24 0 24 22 72
Max 113 164 1735 29 71 181
Indoor Air Variables (Room E)
Parameters PM 2.5 PM 10 CO; Temperature Humidity AQI
(ug/m?)  (ug/m?) (ppm) °C (%RH) (US)
Mean 43.98 53.03 1063.79 27.83 47.84 115.76
SD 17.944 23.052 127.627 791 5.389 22.128
Min 24 28 667 27 36 76
Max 175 225 1326 29 61 225
Indoor Air Variables (Room F)
Parameters PM 25 PM 10 CO; Temperature Humidity AQI
(ug/m?)  (ug/m?) (ppm) °C (%RH) (US)
Mean 37.12 44.88 1035.05 28.22 47.46 102.49
SD 15.240 18.722 106.180 569 3.979 24.816
Min 17 18 785 27 37 61
Max 128 158 1380 29 59 188
Indoor Air Variables (Room G)
Parameters PM 25 PM 10 CO; Temperature Humidity AQI
(ug/m®)  (ug/im?) (ppm) °C (%RH) (US)
Mean 43.9577  53.5528  948.8259 27.9319 51.1083  117.8792
SD 12.54789 15.56874 130.75605 .66451 2.26734  21.16658
Min 26.00 31.00 732.00 26.50 44.00 80.00
Max 107.90 202.00 2409.00 28.90 57.00 178.00

Source: Author’s field work (2023)

The air contaminants that the device could measure include PM 25, PM 10 and COz. For
the Room D, the average values of PM 25, PM 10 and CO2 respectively are 32.28 ug/m?,
37.49 ug/m?, and 973.30 ppm. Room E had 43.98 ug/m?, 53.03 ug/m?, and 1063.79 ppm.
Room F had 37.12 ug/m?, 44.88 ug/m?, and 1035.05 ppm. Room G had 43.9 ug/m?, 53.5

ug/ms, and 948.8 ppm. Generally, the average AQI for the four rooms are above 100,
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except for Room D with a value of 93.9. This is unhealthy for sensitive cases. Room E
had an average AQI of 115.76, a minimum value of 76 and a maximum value of 225.

This is the highest value recorded and it is very unhealthy.

How Occupant behavior is the primary mechanism determining indoor particulate

concentrations

Activities such as indoor cooking, smoking, keeping unhealthy plates, pots and spoilt
food items all affect indoor air particulate concentrations. The occurrence of these
activities is dependent on the occupants behaviour. As shown in table 4.12, one of the
major factors that affects indoor particulate concentration in the case hostel is indoor
cooking.

As shown in table 4.14, The CO2 content of this block is generally high. Occupants of
Rooms D and G experienced the highest CO concentrations within the first five hours
(cooking hours) and reduced during the sleeping hours. Occupants of room D cook inside
the room as against occupants of room G who cook along the corridor. This activity is as
a result of the distance from the kitchen to their rooms also as a result of the unkempt
condition of the kitchens. It is observed that the CO> content of the indoor air for room E
and F was high throughout the monitoring period. This is a due to carbon emissions from
the overcrowded space added to that from cooking activities. Rooms E and F have high
values of CO, with the highest average been 1243 ppm and 1152 ppm respectively. This

is not healthy.
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Table 4.14 The hourly average of air contaminants in the various rooms

Hourly ROOM D ROOM E ROOM F ROOM G
average
PM PM CO2 PM25 PM CO2 PM25 PM10 CO: PM25 PM10 CO2
2.5 10 10
Hr. 1 31.78 39.13 1008.7 30.52 35.76 807.33 28.46 32.97 1043.05 34.68 44.05 1039.08
0
Hr. 2 33.05 39.63 13839 47.80 56.63 1063.90 33.05 39.84 1040.33 38.04 47.78 999.64
4
Hr. 3 37.93 4537 14836 5382 63.09 1013.59 57.05 68.67 1115.86 34.32 42.61 1042.75
1

Hr. 4 38.63 4725 990.26 76.32 92.83 1151.09 6253 75.64 1133.61 35.29 43.48 1066.86

Hr. 5 3441 4096 1064.4 3444 39.01 1243.16 41.02 50.57 1152.46 60.77 74.81 837.51
5

Hr. 6 30.22 3456 868.30 36.16 41.77 1111.79 36.63  45.03 1083.17 65.69 79.43 1001.99

Hr. 7 2889 3273 810.66 3546 4296 110755 40.32 49.05 1029.03 51.84 62.66 899.19

Hr. 8 30.10 3390 76552 38.41 4782 1097.29 38.61 47.19 1010.82  40.28 48.28 913.01

Hr. 9 3059 3417 77214 4569 57.47 1012.85 33.26  40.73 1036.11  43.87 52.26 873.87

Hr. 10 31.76 3529 786.27 4438 54.69 1086.22 27.60 33.22 994.44 41.89 49.63 896.51

Hr. 11 30.70 34.18 856.99 4297 5260 1039.93 2351 27.80 921.98 38.10 45.49 922.09
Hr. 12 2930 32.77 888.83 41.78 51.70 1030.79 2340 27.80 859.77 42.72 52.16 893.41

Source: Author’s field work (2023)
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Figure 4.5: Trend chart of COz in the monitor rooms.
Source: Author’s field work (2023)
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Figure 4.6: Trend chart of PM2s in the monitor rooms.
Source: Author’s field work (2023)
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Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
(Tran et al., 2020). The PM1o values for this block is generally low. All the rooms
monitored had low PMzo values all within the accepted standard of 80 ug/m3, however

the PM2.5 values were above the accepted value of 35 ug/m?3.
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Figure 4.7: Trend chart of PM1o in the monitor rooms.
Source: Author’s field work (2023)

Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. PMs are sourced from
heating sources as well as from unpaved areas. Considering the time, the monitoring
occurred (the dry season) PM is abundant in the air and got into the room spaces through
window and door openings. This was regulated with the use of curtains in the spaces such

that the impact of the opened window was mild.
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Table 4.15 Occupants activities that results in indoor outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 233 3.76
Raining Season 204 3.29

Number of respondents = 62; WS = Weighted Score; WM = Weighted Mean

Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 38 34.2
When it’s dusty outdoor 32 28.8
When it’s raining 41 40
Total 111 100

Multiple responses by 62 respondents

Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 05 8.1
Louvres 11 17.7

Window blinds (i.e. 51 82.3
curtains)

Total 67 100

Multiple responses by 62 respondents

Source: Author’s field work (2023)
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Figure 4.8: Correlation of Indoor Air Contaminants as obtained from SPSS 26.
Source: Author’s field work (2023)
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According to Kim et al. (2021), indoor air contaminants are correlated and as much as
correlation are used to the quantify the existent relationship between two variables, these
two variables can be correlated with other variables. PM 25 and PM 10 showed a strong
positive relationship in the Four rooms. There is a weak negative relationship between
CO: and the PMs in room E. This negative relationship exists as a result of outdoor
interactions from opening of windows as seen also in room G with a weak negative
interaction between CO- and the PMs. Room F and D however had a moderate positive
correlation with the PMs as there was little or no outdoor interactions with the indoor
space resulting from open windows. This means that for room E and G there exists a
heterogeneous relationship with outdoor concentrations greatly influencing indoor
concentrations whereas room D and F had a homogenous relationship with outdoor

concentrations having little or no influence on the indoor concentrations.

4.2.2.3 Male hostel B

It is seen from table 4.16 just like in other hostels that indoor air particulate concentrations
will naturally increase due to the occupants behaviours as 77.1% of them use kerosene to
cook. Kerosene stove produces CO2 and CO at different stages of combustion. 50.6% of
the occupants, cook inside their rooms and 19.3% cook along the corridor. This will
increase the CO> content of the rooms through direct and indirect diffusion from within
the room and along the corridor respectively. For this reason, an instrument survey was

conducted to determine the exact concentration levels.
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Table 4.16: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 17 20.5
Gas/Propane 01 1.2
Kerosene 64 77.1
Charcoal 01 1.2

Respondents based on Place of Cooking

Cooking Place Frequency Percentage
Inside room 42 50.6
Along the Corridor of the 16 19.3

Room

Separate room in the 25 30.1

Hostel (i.e. kitchen)
Respondents based on Indoor Smoking Habit

Response Frequency Percentage
Yes 50 60.2
No 33 39.8
Total 83 100

Source: Author’s field work (2023)

Three rooms were surveyed using the air node device namely; rooms A, B and C all in
the dry season. The statistical observations are presented in table 4.17. It was observed
that Room A has the worst conditions of all three rooms. Room A has daily temperature
and humidity averages of 27.7°C and 37.28% respectively. The air is too dry for breathing
and too hot for a comfortable environment. Room B also had high temperatures with an
average of 28.47°C a little bit above the normal room temperature of 25°C. The average
humidity was recorded at 45.85%, with a maximum of 58% which is abnormal in the dry
season. This means that some activity within the room must have influenced it. Room C
had an average temperature of 27.59°C and a maximum of 30°C. This means the
temperature is generally high which will require a good ventilation system and cooling

system if possible. Average humidity recorded is 33.38% with a maximum value of 41%,
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this is normal considering the current season (winter). These indoor conditions affects

occupants behaviour which influences indoor air particulate concentrations.

Table 4.17: Statistical observation of indoor air contaminants

Indoor Air Variables (Room A)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?) ~ (ug/m?)  (ppm) °C (%RH)  (US)
Mean 180.09  271.78  720.79 27.72 37.28  237.69
sD 103.541 160.878  56.005 1573 3.246  89.894
Min 21 24 670 25 34 70
Max 1244 1866 900 31 47 991

Indoor Air Variables (Room B)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?)  (ug/m?)  (ppm) °C (%RH)  (US)
Mean 108.06 15145  807.75 28.47 45.85  176.94
sD 106.021 141.441  88.281 827 4.750  77.589
Min 34 42 716 27 37 97
Max 1799 2000 1114 30 58 1358

Indoor Air Variables (Room C)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?)  (ug/m?®)  (ppm) °C (%RH)  (US)
Mean 34.33 4376 787.58 27.59 33.38  98.99
sD 6.920  9.258  42.894 1.584 1486  15.734
Min 15 19 708 25 30 57
Max 53 93 926 30 41 144

Source: Author’s field work (2023)

The air contaminants that the device could measure include PM 2.5, PM 10 and CO.. For
the Room A, the average values of PM 25, PM 10 and CO. respectively are 180.09 ug/m?,
271.78 ug/m3, and 720.79 ppm. Room B had 108.06 ug/m3, 151.45 ug/m?, and 807.75
ppm. Room C had 34.33 ug/m3, 43.76 ug/m?, and 787.58 ppm. Generally, the average
AQI for the three rooms are above 100, except for Room C with a value of 98.99. This is

unhealthy for sensitive cases. Room A had an average AQI of 237.69, a minimum value
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of 70 and a maximum value of 991. This is the highest value recorded and it is very

unhealthy.

Hoic Occupant behavior is the primary mechanism determining indoor particulate

concentrations

Activities such as indoor cooking, smoking, keeping unhealthy plates, pots and spoilt

food items all affect indoor air particulate concentrations. As shown in table 4.16, one of

the major factors that affects indoor particulate concentration in the case hostel is indoor

cooking.

Table 4.18 The hourly average of air contaminants in the various rooms

Hourly

Room A

Room B

Room C

average PM 25

Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr. 9
Hr. 10
Hr. 11
Hr. 12

o N o o1 B~ W N P

34.28

59.93

39.86
106.97
153.78
202.00
225.09
244.71
252.40
304.81
269.84
267.69

PM 10

44.04

82.77

50.59
147.08
230.98
309.00
345.04
376.33
388.37
465.08
414.26
408.73

CO2

819.16
809.06
781.66
757.23
702.95
689.00
686.38
683.72
681.33
686.97
677.13
675.09

PM 25

105.24
115.56
143.36
114.55
274.71
119.96
101.88
100.58
82.30
52.75
45.52
40.36

PM 10

153.95
166.36
204.54
165.57
379.07
172.80
145.00
142.98
113.66
67.74
56.22
49.48

CO2

843.73
906.63
822.25
943.72
873.27
805.23
775.56
773.43
754.59
735.04
724.49
735.13

PM
25
21.28
32.60
38.13
37.66
40.54
39.77
40.16
38.86
37.07
33.33
27.45
25.07

PM
10
27.09
39.82
47.61
45.93
49.55
51.75
53.61
51.59
48.67
43.24
34.68
31.57

CO2

775.56
732.09
804.36
760.19
783.60
835.43
821.34
819.81
810.01
788.08
756.39
764.07

Source: Author’s field work (2023)

Occupants of Rooms A, B and C cook inside the room. These rooms however are not

overcrowded, having 5, 4, and 5 persons respectively. Rooms B and C have the occupants
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washing in the rooms. It was observed that the CO, content of the indoor air for room A
is normal (moderate) having the highest hourly average to be 819 ppm. The trend line
suggests that even with the low CO> values, the cooking periods had the highest values
but not dangerous owning to the fact that gas and kerosene stoves were not used instead
electric stoves were used. Rooms B and C also have similar context with room A. This
shows that in an ideal setting where the room is not overcrowded and CO: is not

introduced through the occupants behaviour, the concentration will be normal.
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Figure 4.9: Trend chart of CO2 in the monitor rooms (block B).
Source: Author’s field work (2023)

Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
(Tran et al., 2020). The PM1o and PMzs values for room A and B is very high. This
possibly was triggered by the cooking process as well as the washing, although washing
activities brings high values for VOCs. The trend line established the high PM contents

in rooms A and B. however room C had moderate values which are not harmful.
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Figure 4.10: Trend chart of PM2 in the monitor rooms (block B).

Source: Author’s field work (2023)
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Figure 4.11: Trend chart of PM1o in the monitor rooms (block B).

Source: Author’s field work (2023)
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Table 4.19 Occupants activities that results in indoor outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 314 3.78
Raining Season 243 2.92

Number of respondents = 83; WS = Weighted Score; WM = Weighted Mean
Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 48 30.6
When it’s dusty outdoor 52 33.1
When it’s raining 57 36.3
Total 157 100

Multiple responses by 83 respondents
Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 05 8.1
Louvers 43 51.8

Window blinds (i.e. 33 39.8

Curtains)
Total 81 100

Multiple responses by 83 respondents

Source: Author’s field work (2023)

Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. Considering the time,
the monitoring occurred (the dry season) PM is abundant in the air and got into the room
spaces through window and door openings. This was regulated with the use of curtains in
the spaces such that the impact of the opened window was mild. The trend lines showed

that the peak of the PM concentration was during the early hours of the day.

100



ROOM A ROOM B ROOM C

0.998 0.993 0.962

PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10
2 o « ()
o Q o ; ES
: ) - & '3
3 & 2 & P 3
CcoO, CO, (oo )}

CORRELATION FOR ALL IS SIGNIFICANT AT THE 0.01 LEVEL (2-TAILED)
PM 2.5 AND PM 10 IS MEASURED IN (ug/m3) WHILE CO2 IS MEASURED IN (ppm)

Figure 4.12: Correlation of indoor air contaminants, obtained from SPSS 26 (block B).
Source: Author’s field work (2023)

PM 25and PM 10 showed a strong positive relationship in the three rooms. This is why
the trend line for PM2sand PM1o are similar for the same room. There is a strong negative
relationship between CO> and the PMs in room A. This negative relationship exists as a
result of the linear outdoor interactions from opening of windows. Rooms B and C,
however had a moderate positive correlation between CO, and the PMs as there was little
or no outdoor interactions with the indoor space resulting from open windows. This
means that for room A, there exists a heterogeneous relationship with outdoor
concentrations greatly influencing indoor concentrations whereas rooms B and C had a
homogenous relationship with outdoor concentrations having little or no influence on the

indoor concentrations.

4.2.2.4 Shehu Aliyu female hostel
Itis seen from table 4.20 just like in other hostels that indoor air particulate concentrations
will naturally increase due to the occupants behaviours as 79.0% of them use kerosene to

cook. Kerosene stove produces CO; and CO at different stages of combustion. 16.1% of

101



the occupants, cook inside their rooms and 40.3% cook along the corridor. This will
increase the CO> content of the rooms through direct and indirect diffusion from within
the room and along the corridor respectively. For this reason, an instrument survey was

conducted to determine the exact concentration levels.

Table 4.20: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 06 9.7
Gas/Propane 06 9.7
Kerosene 49 79.0
Charcoal 01 1.6

Respondents based on Place of Cooking

Cooking Place Frequency Percentage
Inside room 10 16.1
Along the Corridor of the 25 40.3

Room

Separate room in the 27 43.5

Hostel (i.e. kitchen)
Respondents based on Indoor Smoking Habit

Response Frequency Percentage
Yes 05 8.1
No 57 91.9
Total 83 100

Source: Author’s field work (2023)

Two rooms were surveyed using the air node device namely; rooms A, and B, all in the
dry season. The statistical observations are presented in table 4.21. It was observed that
Room B has the worst conditions of the two rooms. Room A has daily temperature and
humidity averages of 27.98°C and 53.52% respectively. Room B also had high
temperatures with an average of 29.83°C, the average humidity was recorded at 51.97%,
with a maximum of 68% which is abnormal in the dry season. This means that some
activity within the room must have influenced it. These indoor conditions affects

occupants behaviour which influences indoor air particulate concentrations.
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Table 4.21: Statistical observation of indoor air contaminants

Indoor Air Variables (Room A)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?)  (ug/m?)  (ppm) °C (%RH)  (US)
Mean 46.85 5649  839.49 27.98 53.52  128.43
SD 6562 8769  79.713 736 2.029  15.133
Min 30 34 758 27 47 89
Max 70 83 1183 29 57 159

Indoor Air Variables (Room B)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?)  (ug/m?)  (ppm) °C (%RH)  (US)

Mean 38.38 4741  1219.89 29.83 51.97  98.72

SD 3000  36.00  1181.00 30.00 51.00  89.00
Min 17 17 749 29 40 61
Max 926 1372 1703 30 68 781

Source: Author’s field work (2023)

The air contaminants that the device could measure include PM 25, PM 10 and CO. For
the Room A, the average values of PM 25, PM 10 and CO> respectively are 46.85 ug/m?,
56.49 ug/m?3, and 839.49 ppm. Room B had 38.38 ug/m?, 47.41 ug/m?3, and 1219.89 ppm.
Generally, the average AQI for the two rooms are 128.43 for A and 98.72 for B. values

as high as 781 were recorded, this is very unhealthy.

Howa Occupant behavior is the primary mechanism determining indoor particulate

concentrations

Activities such as indoor cooking, smoking, keeping unhealthy plates, pots and spoilt
food items all affect indoor air particulate concentrations. As shown in table 4.20, one of
the major factors that affects indoor particulate concentration in the case hostel is indoor

cooking.
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Table 4.22: The hourly average of air contaminants in the various rooms

Hourly
average
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr.
Hr. 10
Hr. 11
Hr. 12

1

© 00 N o o B~ WD

Room A Room B

PM 25 PM 10 CO2 PM 25 PM 10 CO2

52.85 66.48 1049.04 36.36 44.53 1486.26
51.22 63.10 890.82 30.99 37.66 1588.81
51.88 64.49 898.30 36.36 43.54 1463.64
48.28 58.38 859.24 43.79 51.36 1267.82
48.09 57.91 797.22 29.67 34.52 1185.48
45.90 54.55 784.71 26.38 30.44 1188.08
42.82 50.68 811.19 24.96 29.20 1159.93
47.68 56.36 782.64 22.34 25.75 1115.56
47.79 55.65 821.55 22.93 26.95 1157.64
39.18 46.41 803.08 26.31 31.28 1135.88
35.44 42.51 782.71 120.21 165.83 1069.14
51.07 61.37 793.34 40.23 47.92 820.39

Source: Author’s field work (2023)

Occupants of Rooms A and B cook, do dish washing and laundry inside the room. These

rooms however are not overcrowded, having 4 and 5 persons respectively. It was observed

that the CO content of the indoor air for room A is normal (moderate) having the highest

hourly average to be 1049 ppm. The trend line suggests that even with the low CO> values,

the cooking periods had the highest values but not dangerous owning to the fact that gas

and kerosene stoves were not used instead electric stoves were used. Rooms B also has

similar context with room A, however, the CO content of room B is generally high

throughout the monitor period and even higher during the cooking periods (1588.81 ppm)

as seen in the trend line. This exposure is dangerous to the health of the occupants.
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Figure 4.13: Trend chart of COz in the monitor rooms (Shehu Aliyu).
Source: Author’s field work (2023)
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Figure 4.14: Trend chart of PM2s in the monitor rooms (Shehu Aliyu).
Source: Author’s field work (2023)

Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
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(Tran et al., 2020). The PM_ s values for room A is high and low in room B even though
both rooms are not overcrowded and have similar activities going on within. The
positioning of the two rooms are different. Room A faces the windward side and opening
of windows will increase the PM concentration. Aside PMs, washing, and laundry brings
high values for VOCs. The trend line established the high PM contents in rooms A and

an abrupt high value in B.
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Figure 4.15: Trend chart of PMyg in the monitor rooms (Shehu Aliyu).
Source: Author’s field work (2023)

Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. Considering the time,
the monitoring occurred (the dry season) PM is abundant in the air and got into the room
spaces through window and door openings. This was regulated with the use of curtains in
the spaces such that the impact of the opened window was mild. It was generally higher

in room A due to its windward positioning giving it more exposure to these particles
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Table 4.23: Occupants activities that results in indoor outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 224 3.61
Raining Season 160 1.93

Number of respondents = 62; WS = Weighted Score; WM = Weighted Mean

Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 48 30.6
When it’s dusty outdoor 52 33.1
When it’s raining 57 36.3
Total 157 100

Multiple responses by 62 respondents

Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 05 8.1
Louvers 43 51.8

Window blinds (i.e. 33 39.8

Curtains)
Total 81 100

Multiple responses by 62 respondents
Source: Author’s field work (2023)
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Figure 4.16: Correlation of indoor air contaminants, obtained from SPSS 26 (Shehu
Aliyu).
Source: Author’s field work (2023)
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According to Kim et al. (2021), indoor air contaminants are correlated and as much as
correlation are used to the quantify the existent relationship between two variables, these
two variables can be correlated with other variables. PM 25 and PM 10 showed a strong
positive relationship in the two rooms. This is why the trend line for PM2sand PMyo are
similar for the same room. There is a moderate positive relationship between CO2 and the
PMs in room A and a weak negative relationship in room B This negative relationship
exists as a result of the weak linear outdoor interactions from opening of windows and
the moderate positive shows not just a moderate similarity in the source of the
contaminant but also a moderate linear outdoor interaction from opening of fenestration.
This means that for room A, there exists a heterogeneous relationship with outdoor
concentrations greatly influencing indoor concentrations whereas rooms B had a
homogenous relationship with outdoor concentrations having little or no influence on the

indoor concentrations.

4.2.2.5 New male hostel

It is seen from table 4.24 just like in other hostels that indoor air particulate concentrations
will naturally increase due to the occupants behaviours as 94.4% of them use gas
(propane) to cook. Gas cookers or burners produces CO during combustion and in the
case of leakages gives off propane which is not only dangerous to the health but also
highly volatile. 41.7% of the occupants, cook inside their rooms and 58.3% cook in the
kitchens designed separately. Based on this result, the CO2 levels in rooms generally in
this block should not be high, but might be distinct in various rooms. For this reason, an

instrument survey was conducted to determine the exact concentration levels.
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Table 4.24: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 02 2.8
Gas/Propane 68 94.4
Kerosene 02 2.8

Respondents based on Place of Cooking

Cooking Place Frequency Percentage
Inside room 30 41.7
Separate room in the 42 58.3

Hostel (i.e. kitchen)

Respondents based on Indoor Smoking Habit

Response Frequency Percentage
Yes Yes 00
No No 72
Total 72 100

Source: Author’s field work (2023)

Three rooms were surveyed using the air node device namely; rooms A, B and C all in

the dry season. The statistical observations are presented in table 4.25. Room A has daily

temperature and humidity averages of 24.6°C and 36.68% respectively. This is a low

temperature compared to other blocks surveyed. Room B had high temperatures with an

average of 27.91°C a little bit above the normal room temperature of 25°C. The average

humidity was recorded at 48.81%, with a maximum of 63% which is abnormal in the dry

season but due to the air conditioners installed in the rooms, the humidity will be altered

a bit. Room C had an average temperature of 26.62°C and a maximum of 27°C. Average

humidity recorded is 47.99% with a maximum value of 57%. These indoor conditions

affects occupants behaviour which influences indoor air particulate concentrations.
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Table 4.25: Statistical observation of indoor air contaminants

Indoor Air Variables (Room A)

Parameters PM25 PM10 CO2 Temperature Humidity AQI
(ug/m®)  (ug/m®)  (ppm) °C (YoRH)  (US)
Mean 61.24 77.52 505.23 24.60 36.68 136.88
SD 27.247 36.636 22.163 2.279 3.188 32.309
Min 23 29 478 21 29 74
Max 167 212 631 29 42 217
Indoor Air Variables (Room B)
Parameters PM25 PM10 CO2 Temperature Humidity AQI
(ug/m®)  (ug/m®)  (ppm) °C (YRH)  (US)
Mean 41.88 51.25 947.57 27.91 48.81 115.38
SD 9.187 11.826  338.439 .358 7.273 19.145
Min 27 31 521 27 38 82
Max 77 97 1672 29 63 162
Indoor Air Variables (Room C)
Parameters PM25 PM10 CO2 Temperature Humidity AQI
(ug/m®)  (ug/m®)  (ppm) °C (YoRH)  (US)
Mean 36.35 43.79 821.66 26.22 47.99 101.93
SD 10.447 18.750 120.842 .866 4.136 17.641
Min 20 22 562 24 40 68
Max 145 294 1394 27 57 197

Source: Author’s field work (2023)

The air contaminants that the device could measure include PM2s, PM1o and CO,. For the

Room A, the average values of PM 25, PM 10 and COz respectively are 61.24 ug/m3, 77.25

ug/m?3, and 505.23 ppm. Room B had 41.88ug/m?, 51.25 ug/m?, and 947.75 ppm. Room

C had 36.35 ug/m?, 43.79 ug/m?3, and 821.66 ppm. Generally, the average AQI for the

three rooms are above 100. This is unhealthy for sensitive cases. Room A had an average

AQI of 136.88, a minimum value of 74 and a maximum value of 271. This is the highest

value recorded and it is very unhealthy.
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Hoie Occupant behavior is the primary mechanism determining indoor particulate

concentrations

Activities such as indoor cooking, smoking, keeping unhealthy plates, pots and spoilt
food items all affect indoor air particulate concentrations. As shown in table 4.24, one of
the major factors that affects indoor particulate concentration in the case hostel is indoor

cooking.

Table 4.26: The hourly average of air contaminants in the various rooms

Hourly Room A Room B Room C
average PM PMi1p CO2 PM PM CO2 PM PM CO2
25 25 10 25 10

Hr. 1 33.60 4159 506.64 38.94 49.21 84229 4154 49.04 984.60
Hr. 2 32.53 4143 550.76 38.31 48.00 1500.05 34.38 41.61 772.86
Hr. 3 39.03 48.42 518.01 39.19 48.27 1338.13 37.66 45.88 727.72
Hr. 4 3491 42.06 497.09 4498 56.40 1292.46 38.11 45.32 852.44
Hr. 5 4153 49.61 493.26 36.87 4524 1152.65 34.62 40.17 921.27
Hr. 6 53.69 65.55 504.76 39.38 47.07 947.43 34.58 39.71 899.64
Hr. 7 64.99 79.00 508.57 41.61 50.86 1167.94 34.13 39.28 909.11
Hr. 8 62.08 76.13 498.96 63.06 77.68 603.58 5455 77.81 848.23
Hr. 9 86.00 112.00 487.04 54.06 65.41 569.17 37.75 44.52 869.44

Hr.10 87.69 116.70 484.17 40.76 49.30 581.69 25.07 28.53 808.91
Hr.11  104.4 13596 489.40 33.71 40.14 649.80 30.16 35.13 676.32
Hr.12  94.48 121.82 524.05 31.71 37.37 725.68 36.35 43.79 821.66

Source: Author’s field work (2023)

Occupants of Rooms A, B and C cook inside the room. These rooms however are not
overcrowded, having 3, 4, and 2 persons respectively. Rooms A and C have the kitchens
within the living space by design and room B uses a general kitchen by design. It was
observed that the CO> content of the indoor air for room A is normal (moderate) having
the highest hourly average to be 550 ppm which shows that as simple as a design is with
a kitchen embedded in the living space, it produces a good living condition. This is

different with room C even though it is similar with A by design. It has higher CO content
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although not harmful which could be due to the fact that it is located on the ground floor.
The trend line suggests that room B deviates from the trend as the CO2 content is
generally high (1500 ppm). This is possible because the occupants cook inside the room
where as by design they should cook in the general kitchen. This exposure is harmful to

the occupants.
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Figure 4.17: Trend chart of CO> in the monitor rooms (new male hostel).
Source: Author’s field work (2023)

Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
(Tran et al., 2020). The PM1o and PM2 s values for rooms B and C had a similar pattern
where there is constant value during the opening hours, an increased value around the
middle and a decreased value towards the closing hours. Room A however deviates from
this pattern. It had an ever increasing value for both PMs throughout the monitor period.
Considering its low CO> content, it high PM shows that there is a slightly different
condition which is the malfunctioning of the air conditioner which acts also as an

extractor.
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Figure 4.18: Trend chart of PM2 in the monitor rooms (new male hostel).
Source: Author’s field work (2023)

PM,, TREND
160
140
120
100

PM10 (UG/M3)
o)
o

60
40
20
0
1 2 3 4 5 6 7 8 9 10 11 12
TIME (HOURS)
———ROOMA ==——=ROOMB ==—ROOM C

Figure 4.19: Trend chart of PMyo in the monitor rooms (new male hostel).
Source: Author’s field work (2023)
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Table 4.27: Occupants activities that results in indoor outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 208 2.89
Raining Season 196 2.72

Number of respondents = 72; WS = Weighted Score; WM = Weighted Mean
Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 40 27.0
When it’s dusty outdoor 42 28.4

When it’s raining 66 44.6
Total 148 100

Multiple responses by 72 respondents
Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 16 22.2
Louvers 0 0

Window blinds (i.e. 48 66.7
Curtains)

Total 64 100

Multiple responses by 72 respondents
Source: Author’s field work (2023)

Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. Considering the time,
the monitoring occurred (the dry season) PM is abundant in the air and got into the room
spaces through window and door openings. This was regulated with the use of curtains in
the spaces such that the impact of the opened window was mild. It was generally higher

in room A due to its windward positioning giving it more exposure to these particles.
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Figure 4.20: Correlation of indoor air contaminants, obtained from SPSS 26
Source: Author’s field work (2023)

PM 25and PM 10 showed a strong positive relationship in the three rooms. This is why
the trend line for PM2s and PMyo are similar for the same room. There is a moderate
negative relationship between CO2 and the PMs in room A and B. This negative
relationship exists as a result of the linear outdoor interactions from opening of windows.
Rooms C, however had a weak positive correlation between CO; and the PMs as there
was little or no outdoor interactions with the indoor space resulting from open windows.
This means that for rooms A and B, there exists a heterogeneous relationship with outdoor
concentrations greatly influencing indoor concentrations whereas room C had a
homogenous relationship with outdoor concentrations having little or no influence on the

indoor concentrations.
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4.2.2.6 New female hostel

Table 4.28: Distribution of respondents based on activities within the indoor space

Respondents based on Cooking Tools Used

Cooking Tools Frequency Percentage
Electric Cooker 00 00
Gas/Propane 72 100
Kerosene 00 00
Respondents based on Place of Cooking
Cooking Place Frequency Percentage
Inside room 16 22.2
Along the corridor of the 02 2.8
room
Separate room in the hostel 54 75.0
(i.e. kitchen)
Respondents based on Indoor Smoking Habit
Response Frequency Percentage
Yes Yes 00
No No 72
Total 72 100

Source: Author’s field work (2023)

It is seen from table 4.28 just like in other hostels that indoor air particulate concentrations

will naturally increase due to the occupants behaviours as 100% of them use gas (propane)

to cook. Gas cookers or burners produces CO> during combustion and in the case of

leakages gives off propane which is not only dangerous to the health but also highly

volatile. 22.2% of the occupants, cook inside their rooms and 75% cook in the kitchens

designed separately and 2% cook along the corridor. Based on this result, the CO- levels

in rooms generally in this block should not be high, but might be distinct in various rooms.

For this reason, an instrument survey was conducted to determine the exact concentration

levels.

116



Table 4.29: Statistical observation of indoor air contaminants

Indoor Air Variables (Room A)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m®)  (ug/m?®)  (ppm) °C (%RH)  (US)

Mean 3455  39.16  1461.08 25.21 47.92  99.23

SD 3400  39.00  1243.00 25.10 46.00  97.00
Min 21 24 940 24 41 70
Max 58 66 2386 27 57 152

Indoor Air Variables (Room B)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m®)  (ug/m?)  (ppm) °C (%RH)  (US)

Mean 3240 3611  1417.79 26.52 46.90  94.39

SD 3200  36.00  1437.00 26.40 47.00  93.00
Min 14 16 1201 26 41 55
Max 47 53 1886 28 54 129

Indoor Air Variables (Room C)
Parameters PM25 PM10 CO2 Temperature Humidity AQI

(ug/m?)  (ug/m?)  (ppm) °C (%RH)  (US)
Mean 53.93 6332  754.25 28.92 53.43 13528
SD 16.936  21.366  96.006 821 2.165 21772
Min 32 37 694 27 50 93
Max 157 189 3278 30 62 208

Source: Author’s field work (2023)

The air contaminants that the device could measure include PMzs, PM1o and CO.. For the
Room A, the average values of PM 25, PM 10 and COz respectively are 34.55 ug/m?, 39.16
ug/m3, and 1461.08 ppm. Room B had 32.40ug/m?, 36.11 ug/m?, and 1417.79 ppm. Room
C had 53.93 ug/m?, 63.32 ug/m?, and 754.25 ppm. Generally, the average AQI for the
three rooms are above 100. This is unhealthy for sensitive cases. Room A had an average
AQI of 136.88, a minimum value of 74 and a maximum value of 271. This is the highest

value recorded and it is very unhealthy.
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Hoir Occupant behavior is the primary mechanism determining indoor particulate

concentrations

Activities such as indoor cooking, smoking, keeping unhealthy plates, pots and spoilt
food items all affect indoor air particulate concentrations. As shown in table 4.28, one of
the major factors that affects indoor particulate concentration in the case hostel is indoor
cooking.

Table 4.30: The hourly average of air contaminants in the various rooms

Hourly Room A Room B Room C

average PM PM CO2 PM PM CO2 PM PMi1wo CO2

25 10 25 10 25
Hr.1 37.00 43.05 1519.35 19.73 22.34 1659.21 40.44 48.74 803.76
Hr.2 4425 5041 2128.82 31.83 36.28 1441.06 50.96 61.09 809.65
Hr.3 3851 44.05 2150.30 31.59 35.46 1438.28 38.33 44.64 772.74
Hr.4 2821 31.61 1920.07 30.62 34.25 144541 39.01 45.08 709.25
Hr.5 26.14 28.94 1826.85 30.81 34.22 145129 43.72 50.62 709.54
Hr.6 33.66 38.36 1401.84 34.18 38.38 1510.19 88.36 108.24 721.94
Hr.7 38.65 44.36 1149.48 40.30 44.87 144590 73.94 87.75 719.28
Hr.8 33.48 37.88 1216.47 38.84 43.01 1475.79 60.25 70.24 733.66

Hr.9 3047 3429 111836 38.05 42.16 133548 6151 71.68 745.64
Hr.10 35.61 40.29 98595 34.33 37.59 1287.75 48.74 5558 735.87
Hr.11 34.72 38.75 1065.28 29.83 32.71 1305.38 4594 52.32 834.86
Hr.12 33.84 37.87 1050.21 28.74 32.08 1217.74 5594 63.88 754.77

Source: Author’s field work (2023)

Occupants of Rooms A, B and C cook inside the room. These rooms however are not
overcrowded, having 4, 4, and 2 persons respectively. Room C have the kitchens within
the living space by design and rooms A and B use a general kitchen by design. It was
observed that the CO> content of the indoor air for room A is high having the highest

hourly average to be 2150 ppm. The trend line shows that this extremely high values
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occurred during the cooking period and possible that two or more persons cooked at the
same time. The pattern repeated itself in room B also however its values are not that high.
Room C offered a different pattern due to the fact that by design there is a space for
cooking activities in the student living space.
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Figure 4.21: Trend chart of CO> in the monitor rooms (new female hostel).
Source: Author’s field work (2023)

PM, . TREND

100
90
80
70
60
50

40 e S n—
30 =
20 /

10

PM2.5 UG/M3

1 2 3 4 5 6 7 8 9 10 11 12
TIME (HOURS)

==——=ROOMA =———ROOMB ROOM C

Figure 4.22: Trend of PM2s in the monitor rooms (new female hostel).
Source: Author’s field work (2023)
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Particulate Matter PM are sourced majorly from migration of particles from outdoor
environment and particles generated from indoor activities such as cooking, smoking
(Tran et al., 2020). The PM1o and PM2 s values for rooms A and B had a similar pattern
where there are fluctuations of up and downs but became a little stable towards the closing
hours. Room C however deviates from this pattern. It had an ever increasing value for

both PMs throughout the monitor period.
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Figure 4.23: Trend chart of PMyg in the monitor rooms (new female hostel).
Source: Author’s field work (2023)

Indoor air is not only influenced by activities of occupants that generates pollutants but
also activities that allows the migration of outdoor particles indoor such as opening of
windows and doors. It was observed that a most respondents open their windows more
during the dry season and the reasons been for good air circulation. Considering the time,
the monitoring occurred (the dry season) PM is abundant in the air and got into the room
spaces through window and door openings. This was regulated with the use of curtains in
the spaces such that the impact of the opened window was mild. It was generally higher

in room A due to its windward positioning giving it more exposure to these particles.
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Table 4.31: Occupants activities that results in indoor-outdoor air interactions.

Frequency of Opening Windows During Dry and Raining Season

Seasons WS WM
Dry Season 208 2.89
Raining Season 196 2.72

Number of respondents = 72; WS = Weighted Score; WM = Weighted Mean

Respondents based on Conditions for Window Opening

Conditions Frequency Percentage
When it’s windy outdoor 40 27.0
When it’s dusty outdoor 42 28.4
When it’s raining 66 44.6
Total 148 100

Multiple responses by 72 respondents

Respondents based on Window Coverings Used

Window Coverings Frequency Percentage
Shutters 16 22.2
Louvers 0 0

Window  blinds  (i.e. 48 66.7
Curtains)

Total 64 100

Multiple responses by 72 respondents
Source: Author’s field work (2023)
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Figure 4.24: Correlation of indoor air contaminants, obtained from SPSS 26.
Source: Author’s field work (2023)
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PM 25and PM 10 showed a strong positive relationship in the three rooms. This is why
the trend line for PM2sand PMyg are similar for the same room. There is a weak negative
relationship between CO> and the PMs in room B and C. This negative relationship exists
as a result of the linear outdoor interactions from opening of windows. Rooms A, however
had a weak positive correlation between CO> and the PMs as there was little or no outdoor
interactions with the indoor space resulting from open windows. This means that for
rooms B and C, there exists a heterogeneous relationship with outdoor concentrations
greatly influencing indoor concentrations whereas room A had a homogenous
relationship with outdoor concentrations having little or no influence on the indoor

concentrations.

4.2.3 Indoor air quality and health status of the occupants.

4.2.3.1 Male hostel A

From table 4.2 it was established that 71% of the respondents have spent 6 months in the
hostel space. This duration is long enough for the air in that space to affect the occupants
of the space. Table 4.32 shows the exposure hours of the occupants of the various rooms
surveyed. Room A had no bad exposure to CO> but had 6 hours and 8 hours of exposure
to high PM2sand PMyg levels respectively. Exposure to high PMs levels generally causes
asthma and increased respiratory symptoms. It can cause death to sensitive groups (Tran
et al., 2020). Room B had 11 and 12 hours of exposure to high levels of PM2sand PM 19
respectively coupled with 1-hour exposure to high levels of CO,. Room C had 5, 9 and 3
hours of exposure to high levels of PM2s, PM1o and CO- respectively. From tables 4.3
and 4.6 it is safe to say the entire hostel will experience similar period of exposure to high
levels of indoor air contaminants considering similar behaviours and same outdoor air

concentration. The effects through symptoms and signs is in table 4.32.
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Table 4.32: Respondents duration of Exposure to different levels of indoor air
contaminants (Male hostel A)

Room Grade Observation PM 10 PM 2.5 CO;
period Hours % Hours % Hours %
A Good 12 Hrs. 1 08.3 0 0 9 75.0
Normal 5 41.7 4 33.3 3 25.0
Bad 6 50.0 8 66.7 0 00.0
B Good 12 Hrs. 0 0 0 0 7 58.4
Normal 1 8.3 0 0 4 33.3
Bad 11 91.7 12 100 1 08.3
C Good 12 Hrs. 0 0 0 0 0 00.0
Normal 7 58.3 3 25 9 75.0
Bad 5 41.7 9 75 3 25.0

Source: Author’s field work (2023)

Some of the symptoms observed (table 4.34) are not directly related to the air
contaminants mentioned. However, other contaminants exist which were mentioned in
the literature review. The diseases mentioned in table 4.33 is a list of common illnesses
amongst the respondents. The most common disease is malaria. The next two ranking
diseases is respiratory related, asthma and influenza. There are other possible respiratory
problems which might be inherent amongst the respondents which has not been be tested
for from the symptoms mentioned such as cardiovascular diseases, Chronic Obstructive

Pulmonary Disease (COPD) all resulting from cooking stoves (SO2; Seow et al., 2016)

Table 4.33: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 157 1.89 8th
Pneumonia 161 1.94 7th
Asthma 177 2.13 2nd
Meningitis 169 2.04 5th
Measles 170 2.05 4th
Chicken Pox 165 1.99 6th
Influenza 171 2.06 3rd
Malaria 262 3.16 1st

Source: Author’s field work (2023)
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Table 4.34: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases Frequency & (%)
Dry Season  Raining None
Season

1 Headaches and a stiff neck 64 (77) 19 (23) 0 (0)
2 Dizziness 54 (65.1) 27 (32.5) 02 (2.4)
3 A tingling/pins/needles feeling 45 (54.2) 17 (20.5) 21 (25.3)
4 Difficulty or fast breathing 54 (65.0) 18(21.7) 11(13.3)
5 Increased heart rate 31(37.3) 25(30.1) 27 (32.5)
6 Loss of consciousness (i.e. fainting) 31(37.3) 18(21.7) 34 (41.0)
7 Weakness/fatigue 39 (47.0) 34(41.0) 10(12.0
8 Sore throat 60 (72.3) 19 (22.9) 04 (4.8)
9 Muscle pains 51(61.4) 23(27.7) 09 (10.8)
10 Severe watery or loose diarrhea (i.e.

more than three runny stools per day) 18 (21.7) 57 (68.7) 08 (9.6)
11 Nausea (i.e. the feeling that you are 42 (50.6) 30(36.1) 11(13.3)

going to vomit
12 Vomiting everything 10 (12.0) 53(63.9) 20 (24.1)
13 A bad (severe) cough that lasts 3 weeks ~ 35(42.2) 25(30.1) 23 (27.7)
or longer
14 Pain in the chest 38 (45.8) 22(26.5) 23(27.7)
15  Coughing up blood or sputum (mucus
from deep inside the lungs) 32(38.6) 34(41.0) 17 (20.5)

16 Sore or itchy eyes 39 (47.0) 22(26.5) 22(26.5)
17 Skin complaints/rashes/eczema 45 (54.2) 33 (39.8) 05 (6.0)

Multiple responses from 83 Respondents

Source: Author’s field work (2023)

4.2.3.2 Female hostel C-G

From table 4.2 it was established that 56.7% of the respondents have spent 6 months in
the hostel space. This duration is long enough for the air in that space to affect the
occupants of the space. Table 4.35 shows the exposure hours of the occupants of the
various rooms surveyed. Room A had 4 hours of bad exposure to High CO2 content and
2 hours of bad exposure to high PM. s content. They however had no exposure to high
PMyo content. Exposure to high PMs levels generally causes asthma and increased

respiratory symptoms. It can cause death to sensitive groups (Tran et al., 2020). Room B,
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C and D had no exposure to high PM1o content. However, room B, C and D had 10, 6 and
10 hours of exposure to high levels of PM2 s respectively coupled with 11, 8 and 7-hour
exposure to high levels of CO2 respectively. From tables 4.3 and 4.6 it is safe to say the
entire hostel will experience similar period of exposure to high levels of indoor air
contaminants considering similar behaviours and same outdoor air concentration. The
high exposure levels to CO2 and PM2s in all the rooms is seen even from the symptoms
reported in table 4.36. The respiratory symptoms are recorded in the dry season. These

symptoms lead to a possibility of many respiratory illness and these should be tested for.

Table 4.35: Respondents duration of Exposure to different levels of indoor air
contaminants (Block C - G)

Room Grade Observation PM 10 PM 25 CO;

period Hours % Hours % Hours %

D Good 12 Hrs. 0 0.0 0 0.0 7 58.3
Normal 12 100 10 83.3 1 08.3

Bad 0 0 2 16.7 ) 33.4

E Good 12 Hrs. 0 0.0 0 0.0 1 08.3
Normal 12 100.0 2 16.7 0 0.00

Bad 0 0 10 83.3 11 92.7

F Good 12 Hrs. 2 16.7 0 0 1 08.3
Normal 10 83.3 6 50 2 16.7

Bad 0 0.0 6 50 8 66.7

G Good 12 Hrs. 0 0.0 0 0.0 0 0.0
Normal 12 100.0 2 16.7 5 41.7

Bad 0 0.0 10 83.3 7 58.3

Source: Author’s field work (2023)

The diseases mentioned in table 4.37 is a list of common illnesses amongst the
respondents. The most common disease is malaria. The next ranking disease is respiratory
related, asthma which ranks third. This shows there is a serious need to consider
improving indoor air quality. Influenza ranks sixth and established the occurrence of these

respiratory diseases as seen from the symptoms. There are other possible respiratory
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problems which might be inherent amongst the respondents which has not been be tested
for from the symptoms mentioned such as cardiovascular diseases, Chronic Obstructive

Pulmonary Disease (COPD) all resulting from cooking stoves (SO2; Seow et al., 2016)

Table 4.36: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases Frequency & (%)
Dry Season  Raining None
Season
1 Headaches and a stiff neck 52 (83.9) 04 (6.5) 06 (9.7)
2 Dizziness 32 (51.6) 16 (25.8) 14 (22.6)
3 A tingling/pins/needles feeling 19 (30.6) 09 (14.5) 34 (54.8)
4 Difficulty or fast breathing 35 (56.5) 07 (11.3) 20 (32.3)
5 Increased heart rate 29 (46.8) 07 (11.3) 27 (32.5)
6 Loss of consciousness (i.e. fainting) 26 (41.9) 07 (11.3) 29 (46.8)
7 Weakness/fatigue 39 (62.9) 09 (14.5) 14 (22.6)
8 Sore throat 37 (59.7) 11 (17.7) 14 (22.6)
9 Muscle pains 28 (45.2) 11 (17.7) 23 (37.1)
10 Severe watery or loose diarrhea (i.e. 24 (38.7) 17 (27.4) 21 (33.9)

more than three runny stools per day)
11 Nausea (i.e. the feeling that you are 12 (19.4) 26 (41.9) 24 (38.7)
going to vomit

12 Vomiting everything 19 (30.6) 16 (25.8) 27 (43.5)

13 A Dbad (severe) cough that lasts 3 weeks 25 (40.3) 13 (21.0) 24 (38.7)
or longer

14 Pain in the chest 08 (12.9) 24 (38.7) 30 (48.4)

15  Coughing up blood or sputum (mucus 17 (27.4) 09 (14.5) 34 (54.8)
from deep inside the lungs)

16 Sore or itchy eyes 37 (59.7) 08 (12.9) 17 (27.4)

17 Skin complaints/rashes/eczema 30 (48.4) 15 (24.2) 17 (27.4)

Multiple responses from 83 Respondents

Source: Author’s field work (2023)
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Table 4.37: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 130 2.10 5th
Pneumonia 126 2.03 8th
Asthma 151 2.44 3rd
Meningitis 129 2.08 6th
Measles 145 2.34 4th
Chicken Pox 152 2.45 2nd
Influenza 129 2.08 6th
Malaria 198 3.19 1st

Source: Author’s field work (2023)

4.2.3.3 Male hostel B

From table 4.2 it was established that 56.7% of the respondents have spent 6 months in
the hostel space. This duration is long enough for the air in that space to affect the
occupants of the space. Table 4.38 shows the exposure hours of the occupants of the
various rooms surveyed. Room A and B had high exposure levels of PM1o for 10 and 9
hours respectively. They both had high levels of PM2.5 for long hours of 11 and 12 hours
respectively. This is an extreme situation as they had some severe exposure levels going
as high as 304.81 ug/m3 for PM2s and 465 ug/m? for PM1o. These result shows that the
occupants of these spaces are exposed to high level contaminants for long periods and
could risk serious health issues. Exposure to high PMs levels generally causes asthma and
increased respiratory symptoms. It can cause death to sensitive groups (Tran et al., 2020).
All rooms showed a low value of CO2 content and are within the metric standard. The
high exposure levels to PM1o and PM2 s in all the rooms are seen even from the symptoms
reported in table 4.38. The respiratory symptoms are recorded in the dry season. These

symptoms lead to a possibility of many respiratory illness and these should be tested for.
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Table 4.38: Respondents duration of Exposure to different levels of indoor air
contaminants (Male hostel B)

Room Grade Observation PM 10 PM 25 CO;

period Hours % Hours % Hours %
A Good 12 Hrs. 0 0.0 0 0.0 12 100.0
Normal 2 16.7 1 8.3 0 0.0

Bad 10 83.3 11 91.7 0 0.0

B Good 12 Hrs. 0 0.0 0 0.0 10 83.3
Normal 3 25.0 0 0.0 2 16.7

Bad 9 75.0 12 100.0 0 0.0

C Good 12 Hrs. 1 8.3 0 0.0 0 0.0
Normal 11 91.7 5 41.7 12 100.0

Bad 0 0.0 7 58.3 0 0.0

Source: Author’s field work (2023)

Some of the symptoms observed are not directly related to the air contaminants
mentioned. However, other contaminants exist which were mentioned in the literature
review. The diseases mentioned in table 4.39 is a list of common illnesses amongst the
respondents. The most common disease is malaria. The next ranking disease is respiratory
related, asthma which ranks third. With the exposure period and high levels of PMs
recorded, beyond asthma, there could be inherent signs and symptoms that are not tested
for yet. The school health management should offer test for respiratory diseases if it is

not been done.

Table 4.39: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 169 2.04 5th
Pneumonia 192 2.31 2nd
Asthma 180 2.17 3rd
Meningitis 164 1.98 7th
Measles 169 2.04 5th
Chicken Pox 173 2.08 4th
Influenza 163 1.96 8th
Malaria 293 3.53 1st

Source: Author’s field work (2023)
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Table 4.40: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases

Headaches and a stiff neck
Dizziness
A tingling/pins/needles feeling
Difficulty or fast breathing
Increased heart rate
Loss of consciousness (i.e. fainting)
Weakness/fatigue
Sore throat
Muscle pains
Severe watery or loose diarrhea (i.e.
more than three runny stools per day)
11 Nausea (i.e. the feeling that you are
going to vomit

©O© 00 N o O WD -
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o

12 Vomiting everything

13 A bad (severe) cough that lasts 3 weeks
or longer

14 Pain in the chest

15  Coughing up blood or sputum (mucus
from deep inside the lungs)

16 Sore or itchy eyes

17 Skin complaints/rashes/eczema

Frequency & (%o)
Dry Season  Raining None
Season
68 (81.9) 08 (9.6) 07 (8.4)
59 (71.1) 06 (7.2) 18(21.7)
26 (31.3) 19 (22.9) 38 (45.8)
39 (47.0) 10 (12.0) 34 (41.0)
22 (26.6) 10 (12.0) 51 (61.4)
63 (75.9) 05(6.0) 15(18.1)
41 (49.4) 12 (14.5) 30(36.1)
51 (61.4) 14 (16.9) 18 (21.7)
40 (48.2) 11 (13.3) 32(38.6)
25 (30.1) 38 (45.8) 20 (24.1)
12 (14.5) 25(30.1) 46 (55.4)
13 (15.7) 18 (21.7) 52 (62.7)
24 (28.9) 15(18.1) 44 (53.0)
37 (44.6) 14 (16.9) 32 (38.6)
16 (19.3) 26 (31.3) 41 (49.4)
52 (62.7) 09 (10.8) 22 (26.5)
32 (38.6) 13 (15.7) 37 (45.8)

Multiple responses from 83 Respondents

Source: Author’s field work (2023)

4.2.3.4 Shehu Aliyu female hostel

From table 4.2 it was established that 45.2% of the respondents have spent 6 months in

the hostel space. This duration is long enough for the air in that space to affect the

occupants of the space. Table 4.7 shows the exposure hours of the occupants of the

various rooms surveyed. Room A had high exposure levels of PM2s for 12 hours. This is

an extreme condition as not even a single hour had good exposure level. However, there

are good exposure levels for PM10 and CO2 for 12 and 11 hours respectively. Room B
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has 5 hours of bad exposure for PM25s and 11 hours for CO». This is an extreme situation
as they had some severe exposure levels going as high as 1588 ppm for CO», 120.21
ug/m3 for PM2s and 165.83 ug/m? for PMzo. These result shows that the occupants of
these spaces are exposed to high level contaminants for long periods and could risk
serious health issues. Exposure to high PMs levels generally causes asthma and increased
respiratory symptoms. It can cause death to sensitive groups (Tran et al., 2020). The high
exposure levels to PM1o and PM2s in all the rooms are seen even from the symptoms

reported in table 4.43.

Table 4.41: Respondents duration of Exposure to different levels of indoor air
contaminants (Shehu Aliyu)

Room Grade Observation PM 10 PM 25 CO;
period Hours % Hours % Hours %
A Good 12 Hrs. 0 0.0 0 0.0 11 91.7
Normal 12 100.0 0 0.0 0 0.0
Bad 0 0.0 12 100.0 1 8.3
B Good 12 Hrs. 4 33.3 0 0.0 1 8.3
Normal 7 58.4 7 58.3 0 0.0
Bad 1 8.3 5 41.7 11 91.7

Source: Author’s field work (2023)

Table 4.42: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 119 1.92 7th
Pneumonia 126 2.03 5th
Asthma 127 2.05 4th
Meningitis 119 1.92 7th
Measles 121 1.95 6th
Chicken Pox 128 2.06 3rd
Influenza 130 2.10 2nd
Malaria 217 3.50 1st

Source: Author’s field work (2023)
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Some of the symptoms observed are not directly related to the air contaminants
mentioned. However, other contaminants exist which were mentioned in the literature
review. The diseases mentioned in table 4.42 is a list of common illnesses amongst the
respondents. The most common disease is malaria. The next ranking disease is respiratory
related, influenza which ranks second. With the exposure period and high levels of PMs
recorded, beyond influenza, there could be inherent signs and symptoms that are not
tested for yet. The school health management should offer test for respiratory diseases if

it is not been done.

Table 4.43: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases Frequency & (%o)
Dry Season  Raining None
Season
1 Headaches and a stiff neck 51 (82.3) 03(4.8) 08 (12.9)
2 Dizziness 38 (61.3) 05(8.1) 19 (30.6)
3 A tingling/pins/needles feeling 27 (43.5) 08(12.9) 27 (43.5)
4 Difficulty or fast breathing 22 (35.5) 11 (17.7) 29 (46.8)
5 Increased heart rate 24 (38.7) 10(16.1) 28 (45.2)
6 Loss of consciousness (i.e. fainting) 33(32.3) 09(145) 33(53.2)
7 Weakness/fatigue 33(53.2) 12(19.4) 17(27.4)
8 Sore throat 33(53.2) 15(24.2) 14(22.6)
9 Muscle pains 17 (27.4) 14 (22.6) 31(50.0)
10 Severe watery or loose diarrhea (i.e. 14 (22.6) 26 (41.9) 22 (35.5)
more than three runny stools per day)
11 Nausea (i.e. the feeling that you are 12 (19.4) 24 (38.7) 26 (41.9)
going to vomit
12 VVomiting everything 13(21.0) 19(30.6) 30(48.4)
13 A bad (severe) cough that lasts 3 weeks 29 (46.8) 12(19.4) 21 (33.9)
or longer

14 Pain in the chest 30(48.4) 13(21.0) 19 (30.6)
15  Coughing up blood or sputum (mucus

from deep inside the lungs) 21(33.9) 15(24.2) 26 (41.9)
16 Sore or itchy eyes 40 (64.5) 02(3.2) 20(32.3)
17 Skin complaints/rashes/eczema 43 (69.4) 08(12.9) 11 (17.7)

Multiple responses from 83 Respondents

Source: Author’s field work (2023)
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4.2.3.5 New male hostel

From table 4.2 it was established that 77.8% of the respondents have spent 6 months in
the hostel space. This duration is long enough for the air in that space to affect the
occupants of the space. Table 4.44 shows the exposure hours of the occupants of the
various rooms surveyed. Room A had high exposure levels of PM2s for 10 hours and
PMyo for 4 hours. This is an extreme condition. However, there are good exposure levels
for CO» for 12. Room B has 10 hours of bad exposure for PM2s and 5 hours for COo.
This is an extreme situation as they had some severe exposure levels going as high as
1500 ppm for CO,. Room C a good internal condition generally except for the exposure
level of PM2s having 6 hours of high value content of PM2s. These result shows that the
occupants of these spaces are exposed to high level contaminants for long periods and
could risk serious health issues. Exposure to high PMs levels generally causes asthma and
increased respiratory symptoms. It can cause death to sensitive groups (Tran et al., 2020).
The high exposure levels to CO2, PM1o and PM2 s in all the rooms are seen even from the

symptoms reported in table 4.45.

Table 4.44: Respondents duration of Exposure to different levels of indoor air
contaminants (New male hostel)

Room  Grade Observation PM 10 PM 25 CO;
period Hours % Hours % Hours %
A Good 12 Hrs. 0 0.0 0 0.0 12 100.0
Normal 8 66.7 2 16.7 0 0.0
Bad 4 33.3 10 83.3 0 0.0
B Good 12 Hrs. 0 0.0 0 0.0 6 50.0
Normal 12 100.0 2 16.7 1 8.3
Bad 0 0.0 10 83.3 5 41.7
C Good 12 Hrs. 1 8.3 0 0.0 9 75.0
Normal 11 91.7 6 50.0 3 25.0
Bad 0 0.0 6 50.0 0 0.0

Source: Author’s field work (2023)
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Table 4.45: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases Frequency & (%)
Dry Season  Raining None
Season
1 Headaches and a stiff neck 58 (80.6) 12 (16.7) 02 (2.8)
2 Dizziness 34(47.2) 10(13.9) 28(38.9)
3 A tingling/pins/needles feeling 22 (30.6) 18(25.0) 32(44.4)
4 Difficulty or fast breathing 20 (27.8) 04 (5.6) 48 (66.7)
5 Increased heart rate 08 (11.1) 20(27.8) 44 (61.1)
6 Loss of consciousness (i.e. fainting) 0 (0) 08 (11.1) 64 (88.9)
7 Weakness/fatigue 30 (41.7) 28(38.9) 14 (19.4)
8 Sore throat 30(41.7) 10(13.9 32(44.49)
9 Muscle pains 40 (55.6) 08 (11.1) 24 (33.3)
10 Severe watery or loose diarrhea (i.e. 22 (30.6) 06 (8.3) 44 (61.1)
more than three runny stools per day)
11 Nausea (i.e. the feeling that you are 02 (2.8) 02 (2.8) 68 (94.4)
going to vomit
12 Vomiting everything 08 (11.1) 06 (8.3) 58 (80.6)
13 A bad (severe) cough that lasts 3 weeks 16 (22.2) 04 (5.6) 52 (72.2)
or longer

14 Pain in the chest 14 (19.4) 04 (5.6) 54 (75.0)
15  Coughing up blood or sputum (mucus

from deep inside the lungs) 06 (8.3) 04 (24.2) 62 (86.1)
16 Sore or itchy eyes 32 (44.4) 0 (0) 40 (55.6)
17 Skin complaints/rashes/eczema 32 (44.4) 04 (5.6) 36 (50.0)

Multiple responses from 72 Respondents

Source: Author’s field work (2023)

Some of the symptoms observed are not directly related to the air contaminants
mentioned. However, other contaminants exist which were mentioned in the literature
review. The diseases mentioned in table 4.46 is a list of common illnesses amongst the
respondents. The most common disease is malaria. The next ranking disease is respiratory
related, asthma which ranks second. With the exposure period and high levels of PMs
recorded, beyond asthma, there could be inherent signs and symptoms that are not tested
for yet. The school health management should offer test for respiratory diseases if it is

not been done.
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Table 4.46: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 146 2.03 4th
Pneumonia 144 2.0 6th
Asthma 160 2.22 2nd
Meningitis 146 2.03 4th
Measles 144 2.0 6th
Chicken Pox 148 2.06 3rd
Influenza 144 2.0 6th
Malaria 208 2.89 1st

Source: Author’s field work (2023)

4.2.3.6 New female hostel

From table 4.2 it was established that 83.3% of the respondents have spent 6 months in
the hostel space. This duration is long enough for the air in that space to affect the
occupants of the space. Table 4.47 shows the exposure hours of the occupants of the
various rooms surveyed. Room A had high exposure levels of CO> for 11 hours and PM2 5
for 5 hours. This is an extreme condition. However, there are good exposure levels for
PMyo for 11. Room B has 4 hours of bad exposure for PM2s and 12 hours for CO». This
is an extreme situation as they had some severe exposure levels going as high as 1659
ppm for CO2. Room C has a good COa. The exposure level of PM2sis 12 hours of high
value content of PM2s. These result shows that the occupants of these spaces are exposed
to high level contaminants for long periods and could risk serious health issues. Exposure
to high PMs levels generally causes asthma and increased respiratory symptoms. It can
cause death to sensitive groups (Tran et al., 2020). The high exposure levels to CO2, PM1o

and PM2s in all the rooms are seen even from the symptoms reported in table 4.49.
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Table 4.47: Respondents duration of Exposure to different levels of indoor air
contaminants (New female hostel)

Room  Grade Observation PM 10 PM 25 CO;

period Hours % Hours % Hours %
A Good 12 Hrs. 1 8.3 0 0.0 0 0.0
Normal 11 91.7 7 58.3 1 8.3

Bad 0 0.0 5 41.7 11 91.7
B Good 12 Hrs. 1 8.3 0 0.0 0 0.0
Normal 11 91.7 8 66.7 0 0.0

Bad 0 0.0 4 33.3 12 100.0

C Good 12 Hrs. 0 0.0 0 0.0 12 100.0
Normal 10 83.3 0 0.0 0 0.0
Bad 2 16.7 12 100.0 0 0.0

Source: Author’s field work (2023)

Table 4.48: Distribution of Respondents based on Reported Diseases in the Hostel Rooms

Reported Diseases Weighted Score Weighted Mean Rank
Tuberculosis (TB) 144 2.00 4th
Pneumonia 154 2.14 3rd
Asthma 162 2.25 2nd
Meningitis 142 1.97 6th
Measles 144 2.00 4th
Chicken Pox 138 1.92 7th
Influenza 132 1.83 8th
Malaria 214 2.97 1st

Source: Author’s field work (2023)

Some of the symptoms observed are not directly related to the air contaminants
mentioned. However, other contaminants exist which were mentioned in the literature
review. The diseases mentioned in table 4.48 is a list of common illnesses amongst the
respondents. The most common disease is malaria. The next ranking disease is respiratory
related, asthma which ranks second. With the exposure period and high levels of PMs

recorded, beyond asthma, there could be inherent signs and symptoms that are not tested
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for yet. The school health management should offer test for respiratory diseases if it is

not been done.

Table 4.49: Distribution of the signs and symptoms experienced by the respondents.

Signs and Symptoms of Diseases Frequency & (%)
Dry Season  Raining None
Season
1 Headaches and a stiff neck 28 (38.9) 20 (27.8) 24 (33.3)
2 Dizziness 38 (52.8) 10 (13.9) 24 (33.3)
3 A tingling/pins/needles feeling 32 (44.4) 0 (0) 40 (55.6)
4 Difficulty or fast breathing 36 (50.0) 0 (0) 36 (50.0)
5 Increased heart rate 26 (36.1) 06 (8.3) 40 (55.6)
6 Loss of consciousness (i.e. fainting) 40 (33.3) 0 (0) 64 (88.9)
7 Weakness/fatigue 24 (33.3) 36 (50.0) 12 (16.7)
8 Sore throat 38 (52.8) 10 (13.9) 24 (33.3)
9 Muscle pains 20 (27.8) 24 (33.3) 28(38.9)
10 Severe watery or loose diarrhea (i.e. 24 (33.3) 12 (16.7) 36 (50.0)

more than three runny stools per day)
11 Nausea (i.e. the feeling that you are 30 (41.7) 16 (22.2) 26 (36.1)
going to vomit

12 VVomiting everything 08 (11.1) 22 (30.6) 42 (58.3)
13 A bad (severe) cough that lasts 3 weeks 12 (16.7) 30 (41.7) 30(41.7)
or longer

14 Pain in the chest 28 (38.9) 02 (2.8) 42 (58.3)
15  Coughing up blood or sputum (mucus

from deep inside the lungs) 26 (36.1) 0 (0) 46 (63.9)
16 Sore or itchy eyes 44 (61.1) 6 (8.3) 22 (30.6)
17 Skin complaints/rashes/eczema 28 (38.9) 28 (38.9) 16 (22.2)

Multiple responses from 72 Respondents

Source: Author’s field work (2023)

4.2.4 Hostel facilities and indoor air quality.

4.2.4.1 Male hostel A

The state of the hostel facility affects the indoor air. The outdoor environment, the general
spaces, kitchens and sanitary spaces all affect indoor air quality. The outdoor environment

is not well landscaped which could have improved air purity through the trees planted.
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But beside the outdoor environment what is the state of the hostel facility? Table 4.50
focused majorly on the facilities that affect indoor air quality in the hostel directly. This
hostel has no air conditioners or air extractors. The ventilation is basically through
windows and fans. It has a courtyard to aid cross ventilation as well as stack ventilation.
The window type is basically side hung double leaf. This allows 100% air into the rooms.

Although some rooms do not receive enough air due to building orientation.

Table 4.50: Distribution of Respondents based on building audit

Distribution of Respondents based on means of Ventilation Available

Available Means Frequency Percentage
Air Condition 0 0
Fans 79 95.2
Windows only 04 4.8
Distribution of Respondents based on their Responses on Window Type
Window Type Frequency Percentage
Side hung window (i.e. 31 37.3
Casement type)
Louvers Window 52 62.7
Total 83 100

Source: Author’s field work (2023)

The louvre is for the walls facing the courtyard. This is where the major challenge comes
as some of these windows are damaged. From table 4.49 the hostel generally has good
natural lighting but a moderate ventilation. This shows why the occupants leave the
windows open for long hours. There is a high level of bad odour and stuff smell which is
as a result of overcrowded spaces and poor environmental hygiene of drainages and
sanitary spaces. This is a source of biological contaminants. The thermal comfort is

moderate which tells why the temperatures are high even during the dry season. Mold is
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moderately present in the rooms which can cause asthma, allergies and respiratory

infections.

Table 4.51: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank

Natural ventilation 243 293 Moderate 5th

Natural daylight 321  3.87 High 1st

Bad odour or stuffy smell 310 3.73 High 2nd

Presence of mould (i.e. black 229  2.76 Moderate 7th
and growing in moist places)

External Noise 292  3.52 High 3rd

Thermal comfort 231 278 Moderate 6th

[llumination (Brightness of 263  3.17 Moderate 4th

light)

Number of Respondents = 83; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)

Table 4.52 is a correlation table between the reported diseases in the case hostel and the
influence the indoor environmental quality variable play in the existence. The Pearson
coefficient for this survey is generally low, therefore a correlation threshold is set at 1.5.
There is a negative relationship between asthma and presence of mold. Tran et al. (2020)
indicated that presence of mold can cause asthmatic occupants. Presence of mold also had
a relationship with influenza but this time a positive one. The strongest correlation was
seen between influenza and bad odour which was positive as well as between asthma and
bad odour but this time a negative one. This proves that there exists a great ton of
biological contaminants in the case hostel and a more intrinsic study be carried out to

determine the existence of such allergens.
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Table 4.52: Correlation between IEQ variables and the common diseases reported by respondents

Tuberculosis Pneumonia Asthma Meningitis Measles Chicken Influenza Malaria

Pox
Natural Pearson -0.017 -0.021 0.005 -0.036 0.058 -0.042 -0.031 0.064
ventilation Correlation
Sig. (2-tailed) 0.882 0.851 0.964 0.749 0.604 0.709 0.781 0.567
Natural Pearson -0.187 0.125 -0.063 -0.164 -0.159 -.226" -0.087 0.016
daylight Correlation
Sig. (2-tailed) 0.090 0.261 0.572 0.137 0.152 0.040 0.436 0.884
Bad odour or Pearson 0.169 0.094 -.261" -0.191 -0.113 -0.141 .358™ 0.174
stuffy smell Correlation
Sig. (2-tailed) 0.126 0.397 0.017 0.084 0.308 0.205 0.001 0.115
Presence of Pearson 267" 313" -.255" -272° -0.167 -0.192 0.187 0.150
mould (i.e. Correlation
black and Sig. (2-tailed) 0.015 0.004 0.020 0.013 0.130 0.082 0.091 0.177
growing in
moist places)
External Noise Pearson 0.048 0.184 -0.080 -0.099 0.002 -0.085 0.045 0.125
Correlation
Sig. (2-tailed) 0.666 0.095 0.470 0.374 0.987 0.443 0.688 0.261
Thermal Pearson -0.140 -0.118 0.137 0.115 0.028 0.072 0.082 -.219"
comfort Correlation
Sig. (2-tailed) 0.207 0.288 0.216 0.302 0.802 0.515 0.462 0.046
IHlumination Pearson -0.186 0.004 -0.025 -0.064 -0.097 -0.123 -0.003 -0.029
(Brightness of Correlation
light) Sig. (2-tailed) 0.093 0.968 0.826 0.568 0.381 0.267 0.978 0.796

**_Correlation is significant at the 0.01 level (2-tailed):

*, Correlation is significant at the 0.05 level (2-tailed).

Source: Author’s field work (2023)
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4.2.4.2 Female hostel C-G

Table 4.53 focused majorly on the facilities that affect indoor air quality in the hostel
directly. This hostel has no air conditioners or air extractors. The ventilation is basically
through windows and fans. It has a courtyard to aid cross ventilation as well as stack
ventilation. The window type is basically sliding window in the room spaces. This allows

50% air into the rooms.

Table 4.53: Distribution of Respondents based on building audit

Distribution of Respondents based on means of Ventilation Available

Available Means Frequency Percentage
Air Condition 0 0
Fans 53 85.5
Windows only 9 14.5
Distribution of Respondents based on their Responses on Window Type
Window Type Frequency Percentage
Side hung window (i.e. 08 12.9
casement type)
Top hung window (i.e. 27 43.5
projected type)
Sliding window 17 27.4
Louvers window 10 16.1
Total 62 100

Source: Author’s field work (2023)

The advantage of the sliding window with glass panels is it admits adequate daylighting
but blocks 50% of the air coming through the fenestration. From table 4.54 the hostel
generally has moderate natural lighting and ventilation. This shows why the occupants
leave the windows open for long hours. There is a high level of bad odour and stuff smell
which is as a result of overcrowded spaces and poor environmental hygiene of drainages
and sanitary spaces. This is a source of biological contaminants. The thermal comfort is

moderate which tells why the temperatures are high even during the dry season. Mold

140



presence in the room is low. High levels can cause asthma, allergies and respiratory

infections. The acoustics of the spaces is low was the level of external noise is high.

Table 4.54: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank

Natural ventilation 167 2.69 Moderate 5th

Natural daylight 193 3.11 Moderate 3rd

Bad odour or stuffy smell 213 3.43 High 2nd

Presence of mould (i.e. black and 139 2.24 Low 7th
growing in moist places)

External Noise 220 3.54 High 1st

Thermal comfort 175 2.82 Moderate 6th

IHlumination (Brightness of light) 185 2.98 Moderate 4th

Number of Respondents = 62; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)

4.2.4.3 Male hostel B

Table 4.55 focused majorly the facilities that affect indoor air quality in the hostel
directly. This hostel has no air conditioners or air extractors. The ventilation is basically
through windows and fans. It has a courtyard to aid cross ventilation as well as stack
ventilation. The window type is basically side hung double leaf, louvres and perforated
walls in circulation areas. This allows 100% air into the rooms. Although some rooms do

not receive enough air due to building orientation.

The louvre is for the walls facing the courtyard. This is where the major challenge comes
as some of these windows are damaged. From table 4.56 the hostel generally has a
moderate natural lighting and moderate ventilation. This shows why the occupants leave
the windows open for long hours, which occurs majorly from occupants whose rooms are
on the Leeward side of the site. There is a high level of bad odour and stuff smell which
is as a result of overcrowded spaces and poor environmental hygiene of drainages and

sanitary spaces. This is a source of biological contaminants.
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Table 4.55: Distribution of Respondents based on building audit

Distribution of Respondents based on means of Ventilation Available

Available Means Frequency Percentage
Air Condition 0 0
Fans 79 95.2
Windows only 04 4.8
Distribution of Respondents based on their Responses on Window Type
Window Type Frequency Percentage
Side hung window (i.e. 19 22.9
casement type)
Top hung window (i.e. 7 8.4
projected type)
Sliding window 4 4.8
Louvers window 26 31.3
Sealed Window Space 3 3.6
Opened window space 23 27.7
Total 83 100

Source: Author’s field work (2023)

The thermal comfort is moderate which tells why the temperatures are high even during
the dry season. Mold is moderately present in the rooms which can cause asthma, allergies
and respiratory infections. Just like other hostels surveyed, this hostel also faces issues

relating to poor acoustics (moderate level of external noise).

Table 4.56: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank
Natural ventilation 238 2.87 Moderate 6th
Natural daylight 279 3.36 Moderate 2nd
Bad odour or stuffy smell 295 3.55 High 1st
Presence of mould (i.e. blackand 190 2.29 Moderate 7th
growing in moist places)

External Noise 277 3.34 Moderate 3rd
Thermal comfort 241 2.90 Moderate 5th
Illumination (Brightness of light) 263 3.17 Moderate 4th

Number of Respondents = 83; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)
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4.2.4.4 Shehu Aliyu female hostel

Table 4.57 focused majorly the facilities that affect indoor air quality in the hostel
directly. This hostel has air conditioners in some spaces. The ventilation is basically
through windows and fans. It has a courtyard to aid cross ventilation as well as stack
ventilation. The window type is basically side hung double leaf, louvres and perforated
walls in circulation areas. This allows 100% air into the rooms. Although some rooms do

not receive enough air due to building orientation (the leeward side of the site).

Table 4.57: Distribution of Respondents based on building audit

Distribution of Respondents based on means of Ventilation Available

Available Means Frequency Percentage

Air Conditioners 08 11.3

Fans 54 87.1

Windows only 52 83.9

Distribution of Respondents based on their Responses on Window Type

Window Type Frequency Percentage
Side hung window (i.e. 18 29.0

casement type)

Top hung window (i.e. 09 14.5
projected type)

Sliding window 08 12.9
Sealed Window Space 03 4.8
Opened window space 24 38.7

Total 62 100

Source: Author’s field work (2023)

The advantage of the casement windows with glass panels is it admits adequate
daylighting and can offer 100% of the air coming through the fenestration the sealed
window space is achieved with the use of perforated or screen walls. From table 4.58 the
hostel generally has moderate natural lighting and ventilation. This shows why the
occupants leave the windows open for long hours. There is a high level of bad odour and

stuff smell which is as a result of overcrowded spaces and poor environmental hygiene
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of drainages and sanitary spaces. This is a source of biological contaminants. The thermal
comfort is moderate which tells why the temperatures are high even during the dry season.
Mold presence in the room is low. High levels can cause asthma, allergies and respiratory

infections. The acoustics of the spaces is low was the level of external noise is high.

Table 4.58: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank

Natural ventilation 164 2.65 Moderate 6th

Natural daylight 181 2.92 Moderate 3rd

Bad odour or stuffy smell 217 3.50 High 2nd

Presence of mould (i.e. black 132 2.13 Low 7th
and growing in moist places)

External Noise 227 3.66 High 1st

Thermal comfort 165 2.66 Moderate 5th

[llumination (Brightness of 170 2.74 Moderate 4th

light)

Number of Respondents = 62; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)

4.2.45 New male hostel

Table 4.59 focused majorly the facilities that affect indoor air quality in the hostel
directly. This hostel has air conditioners in all spaces upon completion of the design, the
97.2% shows a possibility of some not function in there installed spaces. The natural
ventilation is basically through windows. It has a courtyard to aid cross ventilation as well
as stack ventilation. The window type is basically the sliding windows. This allows 50%

air into the rooms.

From table 4.60, the hostel generally has high natural lighting and ventilation and as such
do not open the windows often. There is a moderate level of bad odour and stuff smell
which is as a result of occupant behavior within the spaces. There is a low presence of

mould and noise is not a problem in this hostel.
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Table 4.59: Distribution of Respondents based on building audit

Distribution of Respondents based on means of Ventilation Available (multiple

res.)
Available Means Frequency Percentage

Air Conditioners 60 83.3

Fans 70 97.2

Windows only 36 50

Distribution of Respondents based on their Responses on Window Type

Window Type Frequency Percentage
Side hung window (i.e. 04 5.6

casement type)

Top hung window (i.e. 00 0
projected type)

Sliding window 68 94.4
Sealed Window Space 00 00
Opened window space 00 00

Total 72 100

Source: Author’s field work (2023)

The thermal comfort is moderate which tells why the temperatures are high even during
the dry season. Mold presence in the room is low. High levels can cause asthma, allergies
and respiratory infections. This hostel facility offers the occupants the potential of a good
IAQ, better than the four hostels earlier surveyed.

Table 4.60: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank

Natural ventilation 258 3.58 High 3rd

Natural daylight 258 3.69 High 2nd

Bad odour or stuffy smell 196 2.72 Moderate 4th

Presence of mould (i.e. black 114 1.58 Low 7th
and growing in moist places)

External Noise 176 2.44 Low 6th

Thermal comfort 196 2.72 Moderate 4th

IHlumination (Brightness of 248 4.36 Very High 1st

light)

Number of Respondents = 72; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)
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4.2.4.6 New female hostel

Table 4.61 focused majorly the facilities that affect indoor air quality in the hostel
directly. This hostel has air conditioners in all spaces upon completion of the design. The
97.2% shows a possibility of some not function in there installed spaces. The natural
ventilation is basically through windows. It has a courtyard to aid cross ventilation as well
as stack ventilation. The window type is basically the sliding windows. This allows 50%
air into the rooms.

Table 4.61: Distribution of Respondents based on based on building audit

Distribution of Respondents based on means of Ventilation Available

Available Means Frequency Percentage
Air Conditioners 72 100
Fans 72 100
Windows only 38 52.8

Distribution of Respondents based on their Responses on Window Type

Window Type Frequency Percentage
Sealed Window Space 64 88.9
Opened window space 08 11.1
Total 72 100

Source: Author’s field work (2023)

From table 4.62 the hostel generally has high natural lighting and ventilation and as such
do not open the windows often. The There is a low level of bad odour and stuff smell
which occupant behavior within the spaces. There is a low presence of mould and noise
is not a problem in this hostel. The thermal comfort is moderate which tells why the
temperatures are high even during the dry season. Mold presence in the room is low. High
levels can cause asthma, allergies and respiratory infections. This hostel facility offers the
occupants the potential of a good IAQ, better than the four hostels earlier surveyed. This
hostel like the new male hostel and reduce the issue of overcrowd is also in a good shape

and it is bound to be more to that area.
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Table 4.62: Rating level of indoor environmental variables in the Hostel facility

Variables WS WM Decision Rule Rank

Natural ventilation 254 3.53 High 2nd

Natural daylight 258 3.58 High 1st

Bad odour or stuffy smell 174 2.42 Low 4th

Presence of mould (i.e. black and 94 131 Very low 7th
growing in moist places)

External Noise 162 2.25 Low 6th

Thermal comfort 230 3.19 Moderate 4th

Illumination (Brightness of light) 246 3.42 High 3rd

Number of Respondents = 72; WS = Weighted Score; WM = Weighted Mean

Source: Author’s field work (2023)

In summary, the BASE of the hostel accommodations discovered that there is a general
high CO2 PM25s and PM1o contents in the hostels. However, the new hostels had a lower
content value of these contaminants which was influenced as a result of better design
planning as well as an improved occupants’ behavior. It was further observed that the
female hostels generally had more CO2 concentrations than the male hostels. These
contaminants had effect on the occupants with related respiratory symptoms as well as
established diseases. Some of the symptoms and contaminants concentrations suggested

that some respiratory diseases may be lingering in the occupants’ bodies un tested for.

The pandemic has placed a demand for a preparedness for indoor infectious disease that
goes beyond the current indoor codes and standards (Awada et al., 2021). It has been
verified through research that poorly or non-ventilated spaces can encourage aerosol
spread of air borne diseases such as COVID 19, an insufficient ventilation in closed
spaces has a probable long range virus transmission and infection even through the air.
Chang et al. (2021) opined that PM2sand PMzo (which are prevalent in the case hostels)
could be good carriers of infectious diseases amongst other air contaminants and this does

not only pose a threat of the potential effect of the contaminants but also the disease
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causative agents they carry. Further studies will be needed to ensure that appropriate air
quality standards are developed in such as a way to enhance sustainable indoor air
contaminants control including the probability that they could be vectors for infectious

diseases.

4.3  Proposed Student Hostel for F.U.T Minna.

4.3.1 Proposed site and its location

The proposed site is situated in the main campus of the Federal University of Technology,
Minna, which is Gidan Kwano of the Bosso local government area, Niger State, Nigeria.
It is situated around the residential area of the university, close to other hostels, the school

clinic, as well as the staff quarters.

g SITE LOCATION

Map’ of world showing Africa

Google earth Lmage of proposed
stte
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Map of Africa showing Nigeria

Map oT Nigerta showing Niger state

Map From sch gate to site

CORDINATOR

Figure 4.25: Site location.
Source: Author’s field work (2023)
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4.3.2 Site selection criteria
The criteria influencing the selection of any site is primarily dependent on the nature of
project the site will be harbouring. This proposal is for a student accommodation for a
university and as such it must be located within the campus. Locating it within the campus
also has some factors to consider. The major factor considered in selecting the site is the
university’s master plan. Figure 4.26 shows the master plan of FUT Minna, valid till 2025
and it upon this finding that the site was selected; the area of land within the red square
is the proposed area allocated for future development. However, the general
considerations to selecting the site is itemized as follows;

I. Itis the area of space allocated by the master plan

ii. Presence of an existing access road

Iii. Proximity to other existing hostels

iv. Presence of electricity distribution cables for power supply

v. A large open space that can contain a phased design plan targeted at reducing the

student accommodation deficit as well as for adequate landscaping that will

improve the outdoor air quality.
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ore of Gidan-kwano Campus,

Figure 4.26: The master plan of FUT Minna.
Source: PPDU (2018).
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Figure 4.27: Site selection criteria.
Source: Author’s field work (2023)
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4.3.3 Site analysis

A careful evaluation of the site was conducted and it has the existing access just along the
south boundary and a proposed road cutting through the site. Due to the relatively flat
topo surface, the steeped strip foundation was recommended at some point along with the

general pad foundation. Some of the site characteristics include.

i. Site topography:
The site is relatively flat with undulations at intervals. Some rocky areas are found within
the site which will be quarried and used as hardcore during the construction of the

foundation.

ii. Adjourning buildings:

There are no adjourning buildings to the north, east and west of the site. This exists only
to the south of the site which are the existing male and female hostels. These create a link
to the community of students and exterminates the idea of isolation that the distance of

the site might bring.

iii. Vegetation:

The vegetal cover is scanty with trees and shrubs as well as grasses. However, the design
proposes to plant more trees that will offer a pure outdoor air that is interacting with the
indoor air. This is possible as the availability of fertile soil which stems from the large

River Niger cutting through the Niger State.

Iv. Services on site:
There is an existing electric line established along the access to the site. However, the
design suggests a mini communication mast be built or the existing ones be boosted to

reach a wider coverage as the communication network is weak.
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v. Climatic elements:

The prevailing winds in Nigeria generally are the North East trade wind and the South
West trade wind. The former originates from the Sahara Desert in the north and it
accompanied with a characteristic dry atmosphere which is hazy. It brings the harmattan
season. The later originates from the Atlantic Ocean in the South and is accompanied with
a cool and moist air. It brings the raining season. The temperature in Minna is averagely
high during the day with a range of 28°C to 30°C and lower temperatures at night ranging

from 19°C to 21°C (Weather spark, 2019).
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Figure 4.28: An architectural illustration of the site analysis.
Source: Author’s field work (2023)
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Figure 4.29: An architectural illustration of the site inventory.
Source: Author’s field work (2023)

vii. Precipitation and relative humidity:

Being a tropical settlement, the rainfall is convectional with an approximate annual
rainfall of 1229 mm. The least amount of rainfall is observed in the month of January (1
mm) and highest in September (260 mm). The fluctuations in precipitation also influences
the relative humidity. These fluctuations make the environment humid, oppressive and

unpleasant.

4.4  Design Report

4.4.1 Design brief

The task is to design a student accommodation which enhances the students experience
by delivering a high quality living, social amenity space that can give the student a good
indoor environmental quality through implementation of the findings obtained in the
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research process. The design should not just be qualitative but also quantitative, seeking

to handle the student housing shortfall in the university by at least 10%. The student

housing should not just be limited to the undergraduates alone but it should also

incorporate the post graduate students as well. Some guidelines to the design include;

All rooms and layouts shall be of a workable design and comply with the higher
functional, safety, maintenance and aesthetic regulations. The building must be
maintenance free with zero post occupancy challenge.

Designs must comply with all relevant sections of the current building regulations
and associated approved codes of practice.

Fire protection and prevention measures must be provided. Fire detection and
alarm systems should comply with BS 5839 to a category 11 standard and utilise
multi-use detector heads. Manual fire alarm call points are to be avoided wherever

possible to reduce misuse.

From the research process, the following outcomes were implemented;

Vi.

The orientation of the buildings to harness the effect of the prevailing wind and

solar gain

. The use of cross ventilation and stack ventilation as a means of natural cooling
iii. The adequate spacing of the buildings to enhance air flow

. The planning of the spaces to the minimalist form to reduce excess spacing that

will encourage squatting
The planting of indoor plants for air purification process
The use of extractor fans both in the room spaces and kitchen spaces to extract

used and polluted air
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vii. The adequate landscaping of the site with paved areas, green areas, trees and

shrubs so as to reduce PMs and purify the outdoor air.

4.4.2 Design concept of the proposed student accommodation

4.4.2.1 Site concept

The site concept entails the idea of a cluster community. The design has three cluster
communities, two to the males and one to the female. Each cluster community is distinct
and acts as a colony (neighborhood) where the needed facilities are provided in the form
of the residential spaces, the recreational spaces as well as the commercial spaces. These
colonies are linked based on the proposed access route designed in the university master

plan. Each colony has a perimeter fence with the link points been the gate entrance.

4.4.2.2 Building concept

There are three buildings types in each cluster namely; two undergraduate blocks, one
post graduate block and one recreational facility. The concept for each of the building is
discussed. The undergraduate building adopted the analogical concept, following the
Lami’s theorem of structural system. It entails three forces (wings of the building) which
are coplanar, binding together radially at an exact angle of 120° to each other (figure
4.30). The post graduate building adopted the already existing concept of the new male
and female hostel where by the building took a L shape a rectangular mass. The third

building is the recreational facility open to both the post graduates and undergraduates.
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Figure 4.30: An architectural illustration of the building concept.
Source: Author’s field work (2023)

4.4.3 Site planning and cluster communities

The cluster communities are targeted at creating a social niche even in solving the
challenge of student housing shortfall. It comprises of two undergraduate blocks, a post
graduate block and a central commercial centre. There are three niches in the site layout
offering a total of 4200 bed spaces, comprising of room of 4, room of 2 and studio
apartments. The site was planned in accordance to the proposed road in the master plan.
Three clusters all having the needed facilities within that cluster. The landscape was
designed to ensure that all outdoor pollution is minimized and in the case of any pollution,
the air is purified. Figure 4.31 shows the complete layout. Figure 4.32 shows a sample
cluster. The water pools were designed to cool the spaces by evaporation. The concept of

this is that water that has stayed in the pool for at least 2 days will be connected to the
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sprinklers and used to water the grasses and shrubs will a fresh water is supplied to the

pools. This is will be more useful during the heat period where there is absence of rain.
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Figure 4.31: An architectural illustration of the site concept.
Source: Author’s field work (2023)
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Figure 4.32: An architectural illustration of the site cluster.
Source: Author’s field work (2023)

Figure 4.33: Aerial perspective of the entire site.
Source: Author’s field work (2023)
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4.4.4 Solar study of the site location

One of the advantages of the building concept exists in its ability to harness the
advantages of the prevailing wind and the sun through is triple wings and shading
strategy. The figure 5.10 showed the orientation of the buildings that exists in the cluster
community A and how they respond to the sun movement along different times of the
day. Areas that are naturally disadvantaged due to direct sun effect and direct wind effect

have been protected using wind breakers and solar shading.

6:48 PM

Figure 4.34: Site solar study as obtained from Revit 2021.
Source: Author’s field work (2023)

445 ProfJ. O Ndagi undergraduate hostel

4.45.1 Architectural design
Developed after the Lami’s theorem, this building is a three winged hostel space, having
the common area in the core area. Each wing has a central courtyard while the core area

has an atrium. The living spaces has two types of room typologies (A and B). A total of
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672 bed spaces was designed for in this hostel block. Table 5.1 shows the schedule of

accommodation for this block. The presentation drawings to the design shows the flow

and the functionality of the design. For typology A, the maximum number of students is

four in a room with an attached toilet. The kitchen and laundry spaces is centralized and

shared by four rooms as shown in figure 5.13

Table 4.63: Schedule of Accommodation for undergraduate Hostel

SIN Function Dimension Area Units Total (m?)
(m) (m?)
1 Room type A 3x5.1 15.3 108 1652.4
2 Room type B 3x4.8 14.4 36 518.4
3 General Kitchen 3.8x5.1 19.38 36 697.68
4 Laundry 3.8x5.1 19.38 36 697.68
5  Toilet and bathroom 1.8x3.0 5.4 108 583.2
A
6  Floor manager suite 51x17.4 88.74 3 266.22
7 Ensuite kitchen 1.8x2.85 5.13 36 184.68
8  Toilet and bathroom 1.8x2.4 4.32 36 155.52
B
9 Reception 4.8x6.0 28.8 1 28.8
10 Entrance 15.2x21.3 323.76 1 323.76
11 Common area Not regular 637.7 1 637.7
(Atrium)
12 Pharmacy/sick bay 5.1x13.0 66.3 1 66.3
13 Corner shops 4.1x5.1 20.91 9 188.19
14 Cyber cafe 51x13.0 66.3 2 132.6
15 Games room Not regular 126.5 2 253.0
16 Panel rooms Not regular 14.2 6 85.2
17 Courtyard 12.0x 44.4 532.8 3 1598.4

Source: Author’s field work (2023)
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Figure 4.35: An architectural illustration of the ground floor plan.
Source: Author’s field work (2023)
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Figure 4.36: Call outs of different aspects of the design.
Source: Author’s field work (2023)
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Figure 4.39: An architectural rendering of the exterior environment
Source: Author’s field work (2023)

4.4.5.2 Structural system

The structural system used is the post and lintel system. The foundation type used is the
deep strip foundation and the pad foundation. The deep strip foundation is used for the
external load bearing walls as well as most of the partition walls. The pad foundation was
used for the columns in which the beams connect forming a monolith structural system.
The atrium covering was achieved with the use of space frame lattice structure. Each
frame is connected to another to for multiple triangulation network and can span great

distances. The double panel glass was used to enable daylight penetration.
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Figure 4.40: An architectural illustration of the structural systems.
Source: Author’s field work (2023)

4.4.6 Prof. Musbau Akanji postgraduate hostel

4.4.6.1 Architectural design

Taking an L shape and a rectangular mass, this block was designed to cater for the needs
of the postgraduate students. It has courtyards at every wing to harness the flowing air at
every point owing to the high temperature of the tropical climate. It was designed with

typologies that houses two PG students and also a studio apartment which can
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accommodate a small family. Recreational facilities are within the building making it an

abode in itself.

Table 4.64: Schedule of Accommodation for Postgraduate Hostel

S/N Function Dimension (m)  Area (m?) Units Total (m?)
1 Standard room 3.6x6.0 25.0 48 1200
2 kitchen 2.4%2.6 6.24 48 299.52
3 Bathroom 1.65x3.1 19.38 48 930.24
4 Studio apartment Not regular 23.0 8 184.0
5 Bedroom Not regular 22.0 8 176.0
6 kitchen 2.8x3.6 9.0 8 72.0
7 Snacks bar 47x4.3 20.0 7 140.0
8 gymnasium Not regular 104.0 1 104.0
9 Reception 4.9x8.2 40.18 1 40.18
10 Entrance Not regular 37 1 37.0
11 Common room 9.0x8.8 79.2 4 316.8
12 Hostel manager suite 6.0 x 6.25 375 1 37.5
13 Anchor store 8.8 x9.0 79.2 1 79.2
14 Restaurant 9.0x8.8 79.2 1 79.2
15 Courtyard Not regular 213 2 426.0

Source: Author’s field work (2023)

Figure 4.41: An architectural illustration of the ground floor plan.
Source: Author’s field work (2023)
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Figure 4.42: An architectural illustration of the first floor plan.
Source: Author’s field work (2023)

Figure 4.43: An architectural illustration of second floor plan.
Source: Author’s field work (2023)
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Figure 4.44: The different space typologies.
Source: Author’s field work (2023)
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Figure 4.45: An architectural renderings of the external environment.
Source: Author’s field work (2023)

4.4.7 Recreational facility

4.4.7.1 Architectural design

The general idea behind this design is for the hostel occupants to have a social
community. This community will have spaces that can meet other needs such as printing
services, groceries supply, beauty and haircut, eatery, social gathering, boutique, fitness
gym as well as indoor games. All in a small scale. This give the students options to the
supply of their non-educational needs and will not have to commute long distances to get

them as it is the current situation.
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Table 4.65: Schedule of Accommodation for Recreational Facility

SIN Function Dimension Area (m?) Units Total (m?)
(m)
1 Entrance Not regular 12.6 1 12.6
2 Reception Not regular 133.9 1 133.9
3 Gymnasium Circular 129.6 1 129.6
4 Beauty salon 46x45 21.1 2 42.2
5 Barber shop 4.6x4.5 21.1 2 42.2
6 Printing shop 4.6x4.5 21.1 1 21.1
7 Laundry/dry 54x45 24.7 1 21.1
cleaning
8 Boutique Not regular 55.5 1 55.5
9 Cyber cafe 6.0 x12.0 72.0 1 72.0
10 Office 1 Not regular 31.6 1 31.6
11 Office 2 Not regular 24.4 1 24.4
12 Server room 46x4.5 21.1 2 42.2
13 Groceries 45x9.5 43.3 1 43.3
14 Green roof Not regular 133.9 1 133.9
15 Restaurant Not regular 71.7 1 71.7
16 Courtyard Not regular 62.4 1 62.4
17 Kitchen Not regular 57.9 1 57.9
18 Seminar room Not regular 80.7 1 80.7

»
0
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Source: Author’s field work (2023)
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Figure 4.46: An architectural illustration of the ground floor plan.
Source: Author’s field work (2023)
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Figure 4.47: An architectural illustration showing the first floor plan.
Source: Author’s field work (2023)
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Figure 4.48: An architectural illustration of the elevations.
Source: Author’s field work (2023)
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Figure 4.49: An architectural rendering of the external environment.
Source: Author’s field work (2023)

4.4.8 The interior environment

4.4.8.1 The kitchen

The kitchen space designed for the space typology A (room of four) is a general kitchen
having 16 (sixteen) users. Each user has his or her cabinet for both wall and base cabinets.
A total of six cooker tops to be used amongst them having three kitchen hoods to extract
gas and heat emissions from the surface of the work top. Also attached is an extra wall
mounted air extractor which extract used or hot air that has diffused into the general
kitchen space. The location of this kitchen is such that it shares a party wall with the
laundry room and both are equidistant from the two room pairs beside them. The kitchen
is cross ventilated on the external walls, one facing the exterior environment and the other
facing the courtyard.
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Figure 4.50: An architectural rendering of the kitchen interior.
Source: Author’s field work (2023)

Figure 4.51: The use of extractor fans in the kitchen interior.
Source: Author’s field work (2023)
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4.48.2 The room of four persons

This space was designed to accommodate a maximum of four occupants. It adopted the
double bunk system and as such booth bunks were designed not to be on the direct path
of the two windows so as to maximize the advantage of the cross ventilation. There is a
sanitary area which opens directly into the wardrobe area were each occupant has a locker.
The use of indoor plants for purification in the form of plants such as Aloe vera, was
placed closed to window. Also air extraction was achieved with the use of wall mounted

air extractor fan.

Figure 4.52: The use of extractor fans and indoor plants in the bedrooms.
Source: Author’s field work (2023)

Figure 4.53: Architectural rendering of the room interior.
Source: Author’s field work (2023)

173



45  Summary of Findings

In Male Hostel, a significant issue of overcrowding is evident, with 83.1% of respondents
occupying rooms designed for five persons but housing between 5 and 12 occupants, and
most respondents (96.8%) have stayed in the hostel for a considerable duration,

emphasizing the potential impact of indoor air quality on occupants over time.

The survey was conducted over 12 hours from 6:00 PM to 6:00 AM, focusing on a period
when most occupants were present and engaged in daily activities, including cooking,
which often extended late into the night due to the male hostel's lack of cooking time
restrictions. Room A, where cooking took place in the corridor, maintained normal CO>
levels, while Rooms B and C, where cooking occurred inside the rooms, exhibited

significantly higher and unhealthy CO> concentrations due to these cooking activities.

The data indicates that indoor air particulate concentrations are likely to increase due to
occupants' behaviors, with a significant percentage using kerosene for cooking and a
substantial number cooking inside their rooms, potentially leading to elevated CO> levels.
To precisely measure these concentration levels, an instrument survey was conducted in
three rooms (A, B, and C) during the dry season, revealing that Room B had the poorest
environmental conditions, with high temperatures and abnormal humidity levels. Room
A exhibited excessively dry and hot conditions, while Room C had consistently high

temperatures, emphasizing the need for effective ventilation and cooling systems.

A significant majority, 71%, of respondents had spent a minimum of 6 months in the
hostel, allowing sufficient time for the indoor air quality to impact them. The exposure
hours to indoor air contaminants were recorded for various surveyed rooms, with Room
B and Room C showing prolonged exposure to high levels of PM2s, PM1o, and CO..

Given similar behaviors and consistent outdoor air concentrations across the hostel, it's
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likely that other rooms experienced similar periods of exposure to indoor air

contaminants, as indicated by symptoms and signs.

Some observed symptoms may not be directly linked to the mentioned air contaminants,
suggesting the presence of other unaddressed contaminants. The prevalence of
respiratory-related illnesses such as asthma and influenza, along with the potential for
other respiratory problems like cardiovascular diseases and Chronic Obstructive
Pulmonary Disease (COPD), highlights the health risks associated with indoor air quality,

particularly from cooking stoves emitting COx.

The study indicates that a significant portion (56.7%) of respondents had spent six months
or more in the hostel, exposing them to potentially harmful indoor air conditions. Rooms
A, B, C, and D had varying degrees of exposure to high CO2 and PMas levels, with
respiratory symptoms being reported in the dry season. These findings suggest a potential
risk of respiratory illnesses among occupants that should be further investigated and

addressed.

The study highlights that various factors within the hostel facility impact indoor air
quality, including the absence of air conditioning or air extractors, reliance on windows
and fans for ventilation, and the orientation of the building affecting air circulation in
some rooms. The outdoor environment, such as landscaping, could have played a role in
improving air quality, but this aspect was found to be lacking. Overall, the state of the

hostel's facilities directly influences the indoor air conditions experienced by occupants.

The correlation analysis reveals some interesting relationships between reported diseases
and indoor environmental quality variables in the case hostel. Notably, a negative
relationship is found between asthma and the presence of mold, suggesting that mold may

not be a significant factor in asthma cases among occupants. However, a positive
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relationship is observed between influenza and mold, indicating a potential association
between mold presence and influenza cases. Additionally, the strongest correlations are
seen between influenza and bad odor, as well as between asthma and bad odor, suggesting

the presence of biological contaminants in the hostel that warrant further investigation.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

51  Conclusion

Indoor air quality is an important aspect of human existence. The air we breathe has a
great effect on our human systems and as such attention be given to it especially when it
relates to enclosed spaces where good hours are spent daily. The impact of the air quality
was seen even as a number of respiratory symptoms and diseases were reported, although
some might be inherent and untested for. Occupants’ behaviour had a major influence on
indoor air particulate concentrations through the basic chores as well as the opening of
fenestrations. Indoor air quality remains a vital factor in ensuring human sustainability
even in this post pandemic era. At the commencement of this project, four objectives were

set to be achieved and here is the summary of how it was achieved

The first objective was geared towards determining the factors that affects indoor air
quality and through literature it was established that indoor air quality is influenced by
two categories of factors namely the internal factors which are; space configuration,
occupants behaviour, ventilation, number of occupants, building materials used in the
space. Also the external factors which include the building orientation and air flow, the

nature of the outdoor air (outdoor pollution) and landscaping.

The second objective was geared towards an assessment of the hostel facilities with
regards to IAQ and this was achieved using the BASE where it was discovered that four
out of the six blocks are in a state that broods a poor IAQ. It was further established that
aside the poor state of these facilities, the overcrowded space and occupants behaviours
are pivotal in affecting the IAQ through poor environmental hygiene as well as activities

that sources and or increases indoor air pollutants in the spaces.
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The third objective focused on the health implication the IAQ of the hostel has on the
students and this was achieved through the BASE which showed that the occupants major
illness is malaria, asthma and influenza. However, the symptoms documented and the
high exposure levels to CO2 and PMz.sand PMio pointed to the fact that some latent illness
not tested for could be lingering in the bodies of the occupants and it was recommended
that such tests be conducted.

Finally, a design proposal was made which was added as a design report which

implemented some good strategies that improves 1AQ.

5.2  Recommendations

The strength of every research is the positive solutions that the researcher(s) can proffer
even after establishing various issues regarding the study area and its respondents. The
recommendations are geared towards two parties relating to the occupants of the space as

well as the hostel management.

There should be no indoor cooking activities or even cooking along the corridors. All
cooking activities should be done in the kitchens even if it is a little bit far. Ilinesses do
not appear instantly on first exposure but it is gradual and deliberate. Laundry activities
can be done in the laundry rooms and none should be done in the rooms, open air in the
courtyard or around the hostel premises. The hygiene of the hostel spaces and

surroundings should be maintained as it prevents the brooding of biological contaminants.

Considering the state of ventilation in the spaces, curtains should be placed and
maintained on each window and door so as to reduce outdoor particle migration even
when there is a need to open windows. Try as much as possible to reduce overcrowding

of spaces through squatting as it creates more contaminants even from added human
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activities and life. Occupants are encouraged to harbour indoor plants. This helps in

purifying the air through oxygen fixation. These however should be maintained.

The major way to combat overcrowding is by building more hostel spaces. The school
management is advised to build more hostel blocks and maintain a strict non squatting
policy through management and design. The hostel management should be more
meticulous when it relates to hostel hygiene and sanitation. Staff should be employed and
equipped with the necessary safety equipment for good thorough sanitation especially in
the sanitary areas. The occupants can be involved through tangible incentives for the
cleanest rooms. Also this management system should penalize indoor cooking activities
as well as indoor laundry activities. Cooking should be done in the kitchens. If the hostel
management can handle food supply and students patronize at a low or non-interest rate,

it will eliminate totally cooking activities by occupants.

Air extractors and or air conditioners should be installed in each roof to extract and
regulate used air in the spaces. This controls CO2 emissions. Indoor air sensors can be
placed to gather information about the facilities. Landscaping of the courtyard and hostel
environs should be implemented. This will add new trees that purifies the air. Also cloth

drying areas can then be implemented.

For the new designs recommended, the hostel should consider grouped kitchen or if
possible individual kitchens for each rooms or a group of rooms. However, each room
should have private sanitary areas and indoor hygiene and sanitation be maintained. The
school should go as far as create awareness and offer tests for students who have shown
or complained about respiratory related symptoms. Also the school health facility can

offer more tests for respiratory related illness that they are not currently offering and have
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affiliations with health institutions within the local environment that can offer treatment

to any related illness they cannot handle.

5.3 Contribution to Knowledge

The research had objectives and from the set objectives, a hypothesis was postulated. It
was established that occupants behaviour is the primary source of indoor air particulate
concentrations. The survey showed high concentrations of PM and CO: in all the monitor
rooms that conduct cooking activities indoor. Averagely, 82.83% of students use either
gas or kerosene to cook with 35.12% cooking indoors. During the cooking hours which
is majorly during night hours, there was a hike in the particulate concentrations especially
CO., where values as high as 1326 ppm of CO> were recorded. However, this trend did
not exist in the monitor rooms that made use of the designated kitchens to cook. Low
values of CO> were recorded in such rooms, values as low as 648 ppm. Indoor cooking
and laundry were not the only established behavioural patterns. Rooms that were
overcrowded showed tangible differences in CO. and PM concentrations particularly
PM2s and PM1o, with values as high as 116.78 ug/m3 and 172.99 ug/m? respectively
against less crowded spaces having values as low as 23.4 ug/m® and 27.8 ug/m?®

respectively.

One significant finding that was established is that gender influences the indoor
particulate concentrations as the female hostels had higher values of CO2 and PMs
compared to the male hostels. The monitor rooms had values of 1326 ppm, 175 ug/m?
and 225 ug/m? of CO,, PM2s, and PM1o respectively as against 1136 ppm, 116.78 ug/m?
and 172.99 ug/m? of CO2, PM2s, and PM1o respectively for the males. The duration of

exposure to high amounts of CO, was more in the female hostels, with some monitor

180



rooms having as long as 11 hours of bad exposure compared to 3 hours of bad exposure

in the male hostel.

5.4 Further Research

It was established that gender influences the indoor CO> concentrations as the female
hostels had high values of CO> ppm and even PMs. Further research can be done to
ascertain the reasons why this trend exists. It was also established in all the hostels the
presence of latent diseases which have not been tested for but have shown symptoms from
the survey undertaken. A medical survey can be taken to test for the prevalent respiratory

diseases in the hostel spaces as projected from the reported symptoms.
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APPENDICES

Appendix A: Letter of request for the building drawings of the existing hostels

Akoh Shadrach Akoh,
Architecture,

P.M.B 65,

F. U. T. Minna,

Niger State,

Nigeria.

11th January, 2023.

The Director,

Physical Planning and Development Unit
Federal University of Technology,

PMB 65, Minna,

Through
The H. O. D.,
Architecture Department

Through
The P.G Coordinator,
Architecture Department,

Dear Sir,
REQUEST FOR BUILDING DRAWINGS

I, Akoh Shadrach Akoh, with matriculation number MTech/SET/2019/9632 from
architecture department wish to make a request for the building drawings particularly the
floor plans of the existing hostel accommodation of the Federal University of
Technology, Minna. This request is been made as a result of an ongoing research on the
assessment of indoor air quality in the students’ hostel. This research is a requirement for
the successful completion of my masters programme ongoing in this prestigious
institution. | will appreciate it if my request is granted.

Attached is a copy of my student identification card as a proof of identity.

Yours Faithfully,

Akoh Shadrach Akonh.
08185309809, 09018636609
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Appendix B. Sample of the Questionnaire distributed to the occupants of the space

FEDERAL UNIVERSITY OF TECHNOLOGY MINNA, NIGERIA
DEPARTMENT OF ARCHITECTURE

Assessment of Indoor Air Quality in Students Accommaodation in Federal University
of Technology, Minna, Niger State

We are currently researching the above subject in order to determine and share deeper
concerns on the above topical and critical issue. The purpose of the Survey is to assess
the impact of the indoor air quality on the health status of the occupants of this building.
Your response to the questionnaire for this study is very important without which, the
study will not be able to add specific value to improving the situation.

This research is for academic purposes alone and all data obtain would be kept
confidential and anonymous. You are not mandated to answer the questions if you do not
want to, however, | appeal to you to provide the right and appropriate responses to the

questions asked.

Thank you.

OCCUPANT SURVEY AND BUILDING AUDIT
Questionnaire Number...........c.ooiiiiiiiiiiiiiiiaeenn., Date.......coovvviiiiiinnn
Data logger label No............ccooviiiiiiiinn. Data logger location/room No:.............
Survey duration (Start time) ............cooeveveininenin. (Equipment Stop).........c..coeenn..
Equipment pick Up tImMe........oo.oiiii e

HOStEL DloCK NAMIE. ..o e

PART I: OCCUPANT’S SURVEY

Section A: Occupant Data

1. Your gender
1. Male
2. Female

2. Educational year (please indicate your present level in the University)
1. 100 level

200 level

300 level

400 level

500 level

Postgraduate

o g ks W
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3. How many of you share this room?

1=
2=
3=
4 =
5=

1-4 pers

5-8 pers

9-12 pers

13-16 pers

16 pers & above

4. How long have you lived in this room?

1.

o gk wN

Less than 1 month
1 - 3 months

4 - 6 months

7 - 9 months

10 — 12 months
Over 1 year

Section B: Occupant’s Health and Indoor Environment

5. Please indicate (V) in the relevant box from the following list below you or any
anyone living with you in this room in the last 1 year have experienced either in the
dry or raining season?

1 2 3 4
Reported diseases inthe | Yes (Dry Yes (Wet None Don’t
room season) season) know
1 | Tuberculosis (TB)
2 | Pneumonia
3 | Asthma
4 | Meningitis
5 | Measles
6 | Chickenpox
7 | Influenza
8 | Malaria
6. Please indicate (V) the season you or anyone in the room experience any of the
following in the list below whenever you are indoor
Dry Raining
season season

Headaches and a stiff neck

Dizziness

A tingling/pins/needles feeling

Difficulty or fast breathing

Increased heart rate

Loss of consciousness (i.e. fainting)

Weakness/fatigue

O N OO W DN

Sore throat
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Muscle pains

10

Severe watery or loose diarrhea (i.e. more than
three runny stools per day)

11

Nausea (i.e. the feeling that you are going to
vomit

12

Vomiting everything

13

A bad (severe) cough that lasts 3 weeks or longer

14

Pain in the chest

15

Coughing up blood or sputum (mucus from deep
inside the lungs)

16

Sore or itchy eyes

17

Skin complaints/rashes/eczema

7. Please rate (1 = very low; 5 = very high) the level of the following in the room

1 2 3
Very | Low | Moderate
low

4
High

5
Very
high

Natural ventilation

Natural daylight

Bad odour or stuffy smell

Presence of mould (i.e. black
and growing in moist places)

External Noise

Thermal comfort

[llumination (Brightness of
light)

Section C: Building Operation

8. Which of the following do you use in the hostel for cooking?

1.
2.
3.
4.
5.

Electric cooker
Gas/propane,
Kerosene
Firewood
Charcoal

9. Where do you carry out your cooking place?

1.

Inside room

2. Along the corridor of the room

3.
4.

Separate room in the hostel (i.e. kitchen)
Separate building outside the hostel

10. Do you or anyone smoke inside room?

1.
2.

Yes
No
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11. Please indicate how often you open your windows in the room when indoor.

Never Rarely | Sometimes | Often Always

Dry season

Raining season

12. Please indicate any of the following conditions when you do not open windows
when indoor.

1 | When it’s windy outdoor

2 | When it’s dusty outdoor

3 | When it’s raining

Others, Please specify

13. Please indicate any of the following coverings you use for your window.

1 | Shutters

2 | Louvers

3 | Window blinds (i.e. Curtains)

Others, please specify

SECTION D: BUILDING AUDIT/SURVEY
Building Ventilation Characteristics

14. What means of ventilation is available in the room?
1. Air Conditioning (AC)
2. Fan (s)
3. Windows only
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15. Please rate (1 = never; 5 = always) the frequency of how you use the following
ventilation systems in the room

Alternative source of light when 1 2 3 4 5
there is no electricity Never | Rarely | Sometime | Oft | Alw
S en | ays

Air Conditioning

Fan (s)

Windows only

Fan and windows only

gl | WIN| -

AC and Fans only

16. Window type in the room
1. Side hung window (i.e. casement type)
2. Top hung window (i.e. projected type)
Sliding window
Louvers window
Sealed window space
6. Opened window space
17. Any existing openable window (s) on the opposite or adjacent walls of the room?
1. Yes
2. No

o s~ w
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Appendix C: Case Study 1 (sheet 1)

CASE STUDY 1 i
G L. A UNIVERSITY STUDENT HOSTEL, M4THURA INDIA

LOCATION: MATHURA CITY, INBIA

YEAE OF CONSTRUCTION: 2017

ARCHITECT: SANJAY PURI

THE TOTAL AREA 19600 SRM AND WAS
COMPLETED 2017 FOR THE GLA UNIVERSITY INDIA.
DUE TO THE HARSH WEATHER, THE INTENSIVE USE
OF SHADRING DEVICES WERE USED. A FOUR STOREY
BULDING PESIGNED FOR 800 ROOMS STUDENTS
CAPACITY. IT WUSES THE STREET COMNCEPT.
DESIGNER IN 4 LEVELS, 5 LINEAR BLOCKS, THE

s

BUILT SPACES SMNAKE ACROSS A WEDRGE SHAPED

12

AND ALONG  THEIR

TURNING

SITE, TWISTING
LENGTH:

e sieet| The Cancept

439393

Plate1: image showing street pesspective o
The building

Plate z: building concepts

oo

Plate 2: site plan showing grownd Ll Plate 4: site plan showing second Ll

i THE

BUILDING CONCEPT/ ORIENTATION
STREET CONCEPT  WAS
ADOPTED WITH THE ORIENTATION
OF ALL THE BULDINGS DONE
WITH A VIEW OF GENERATING
LARGE NORTH FACING GARDEN
AREAS OVERLOOKING A VAST
PLAY GROUND  TOWARDS THE
NORTH.

THE OVERALL PLACEMENT AND
ORIEMTATION OF THE BUILDING
PUTS  AWAY FROM  DBIRECT
ALIGNMENT WITH THE SUN RAYS
OR RABIATION

AKOH SHADRACH AKOH
M.TECH/SET/2019/9632
T ARCHITECTURE

STUDENTS' 1

Appendix D: Case Study 1 (sheet 2)

CASE STUDY 1 |

ASSESSMENT OF INDOOR AIR QUALITY IN

IN FUT MINNA, NIGER STATE

— CORDINATOR
b ?SAH

15

G L. A UNIVERSITY STUDENT HOSTEL, MATHURA INDIA

VENTILATION
EACH HOSTEL ROOM HAS VENTILATION CPENINGS
IN THE INTERNAL CORRIDOR. FACILITATING CROSS
VENTILATION.
THE INNER BUILPINGS CREATE SMALL BREAK OUT
EACH BENDING POINT ALLOW FOR

<

3

&

f

.

-

e

SPACES THAT /
NATURAL LIGHTING IN INTERNAL CIRCULATION L
AREAS.

% DIRECT  SUNLIGHT IS PREVENTER  FROM e

I.-lﬂ-rl.-l
TR

ACCESSING THE BUILDING DUE TO PRESENCE OF 1o
SHAPRING DEVICES.

% EACH HOSTEL ROOM IS PUNCTUATED WITH A e
WEDGE  SHAPED BAY WiNDOw  omiEnTEn  Plate&:elevations of the hostel

TOWARDS THE NORTH AND THE PLAYGROUND

Plate #: the cofeteria of the hostel
facilit

Source of information:

wiww. Livinspace.com

Plate 5: windows for ventilatic
shading device.

Plate £: section of the hostel
OTHER INFORMATION

@ RAIN WATER HARVESTING AND
WATER RECYCLING AND USAGE
OF SOLAR PANELS MAKE THE
PROJECT MORE ENERGY EFFICIENT
ALONG WITH THE ORIENTATION
AND FACILITATION CF NATURAL
VENTILATION.

% THE ORGANIC LAYOUT OF THE
BUILDINGS CATEGORIZES EACH
SPACE WITHIN THE SITE.

& TWO FOCAL AREAS ARE CREATED
AT THE ENDS OF THE LINEAR
BULPINGS TO HOUSE CAFETERIA
AND GYMMNASIAM

21
AKOH SHADRACH AKOH

M.TECH/SET/2019/9622
ARCHITECTURE
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Appendix E: Case Study 2 (sheet 1)

CASE STUDY 2 | 14

FORDHAM UNIVERSITY CAMPBELL, SAI.ICF AND CONLEY RESIDENCE HALLS

LOCATION: BRONX, NEW YORK CITY, USA | [ e e |
YEAR OF CONSTRUCTION: 2010 =
ARCHITECT: SASAKI ASSOCIATES, INC.,

FORDHAM UNIVERSITY'S NEW RESIDENCE
HALLS IN  LOCATED AT THE MAJOR
PEDESTRIAN ENTRANCE AS YOU ENTER
THE CAMPUS. BOTH SOFT AND HARD
LANDSCAPE 1S USED. FORDHAM 1S ONE OF |1 !
THE LARGEST UNIVERSITIES IN HISTORY. [Plate1: . Site plan F"rdham VAL ,gy_;@tU Plate 3: bmage showing section

THE BUILDING OCCUPIES BOUT 166,000 resioence /,QLLS USA OTHER FACILITIES

SERUARE FEET. IT IS DESIGNED TO HOUSE % SOME OF THE FACILITIES INCLUDE:
460 STUDENTS TO USE EFFICIENT LIGHTING STURENT ROOM, MULTIPURPOSE
CONSTRUCTION MATERIALS AND LICENSED ROOM, CAFE, CLASS ROOMS AND
BY LEER (LOW ENERGY ELECTRON SEMINAR ROOMS,

DIFFRACTION) GREEN BUILDING RATING & THE BULDING WAS 'DEJM',NE'L\ WITH
SYSTEM. SWIES FOR SIX AND FOUR OCCUPANTS IN MIND (SENIORS AND
USERS WERE PROVIDED AND SINGLE AND JUNIORS). EACH UNIT HAS K!TL,HEN
DOUBLE BEDROOMS ARE HALF EQUIFPED. FITTINGS AND FIXTURES
ACCORDING TO VALERA, IT SEEKS TO & STURENTS  PREFERRED  SINGLE
INTEGRATE DORMITORY UIFE STYLE WATH BEDROOM APARTMENT TO DOUBLE

RESIDENCE  LIFE. THIS ENTAILS THAT BEDROOM AS THEIR PRIVACY (S OF
LOUNGES WILL BE BUILT ON EACH FLOCR GREATER PRIORITY TO THEM.
TO RECEIVE NATURAL LIGHT FROM WEST Plate 2: Views of Fordham university SINGLE ROOMS WHERE LOCATED
ND T . o k WITHIN AP, MENT.
ANDEAS residence halls USA. WATEHRAERRTE
& KITCHEN EQUIPPED WITH
. MICROWAVE AND BISH WASHER
wiww Fordihavm.edu P

-
21 ASSESSMENT OF INDOOR AIR GQUALITY IN CORD"E"(T?
AKOH SHADRACH AKOH ’ ,SAH
M.TECH/SET/2019/9632 STUDENTS' HO ‘
ARCHITECTURE IN FUT MINNA, NIGER STATE
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CASE STUDY 2 | 10

FORDHAI"I UNIVERSITY RESIDENCE H IN BRONX, NEW YORK CITY, USA

Plate 8: kitchen of 4 persons doubles
apartvment

Plate 10: commeon Learning
spaces for post-graduate
students

P persons AoLOle b g : Lowe
walkways

Plate 5: Living roow of the 4 perso dscaped

doubles might appear.

ASSESSMENT OF INDOOR AIR QUALITY IN

STUDENTS' HO

IN FUT MINNA, NIGER STATE

AKOH SHADRACH AKOH
M.TECH/SET/2019/9622
ARCHITECTURE
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Appendix G: Case Study 3 (sheet 1)

CASE STUDY 3 |

DOCK INN HOSTEL, WARNEMUNDE.

LOCATION:  WARNEMUNDE,
GERMANY

OWNER: MN"VE&SV"VY OF WARNEMUNDE
PROJECT YEAR: 2017

ROSTOCK,

CAPACITY: 220 AREA: 4500.00M2
ARCHITECTS: HOLZER KOBELER
ARCHITEKTUREN, KINZO , SCHUCO

IN THEIR PREVIOUS LIFE, THE 25-M2
OVERSEAS CONTAINERS TRANSPORTED
CONSUMER GOODS ACR S THE OCEAN;
TODAY, THE &2 CONTAINERS HAVE BEEN
TRANSFORMED INTO A HOSTEL WHERE
KEEN TRAVELERS CAN DREAM OF THE
OPEN SEAS. WITH ITS CONSTRUCTION
FROM RECYCLED INTERMODAL
CONTAINERS AND ITS UNIRQUE LOCATION
BY THE HARBOR, THE DESIGN HOSTEL OMN
ZUM ZOLLAMT IN WARNEMUNDE HAS A

STRUCTURE
THE CONTAINERS, WHICH LOCK BACK
ON A FULFILLED LIFE AT SEA, ARE DYEDR
IN FOUR DIFFERENT COLORS. ON THE
INSIDE, THE UNUSUAL LAYOUT OF THE
CONTAINERS OF 12 X 2.5 M IS DIVIDED
INTC USEFUL SECTIONS BY WELL-
PLACED CABINETWORK, EVEMN
INTEGRATING A SEPARATE BATHROOM

REAL CONNECTION TO SHIPYARDS RICH IN

SPACE. COZY UPHOLSTERY MADE OF

Appendix H: Case Study 3 (sheet 2)

TRADITION AND TO THE OCPEN SEAS NATURAL MATERIALS (] MUTED
BEYOND. COLORS ROUNDS OFF THE
ATMOSPHERE. 64 ROOMS WITH A
TOTAL. CF 188 BEDS ARE LOCATED IN
FOUR DIFFERENT TYPES OF
CONTAINERS:
e
b b4 ' ASSESSMENT OF INDOOR AIR QUALITY IN CORU'»E,“(T
AKOH SHADRACH AKOH ’ DR. A.D.
M.TECH/SET/2019/9632 !T“D!IT! IIO ER
ARCHITECTURE IN FUT MINNA, NIGER STATE

CASE STUDY 3 |

DOCK INN HOSTEL, WARNEMUNDE.

FUNCTIONALITY

THE BUILDING COMPLEX LS DIVIDED
INTO TWO PARTS: A FOUR-STORY
STRUCTURE MADE FROM
RECYCLED, SOUNDPROOFED
OVERSEAS CONTAINERS SIT ON A
TWO-STORY BASE STRUCTURE OF
STEEL, CONCRETE, AND GLASS.
STRUCTURE COMPRISES
INVITING  ENTRAMNCE

L i

Plate 5: nevia

hostel

ew, dock L

CFPEN,
- WITH A RESTAURANT, BAR,
GUEST KITCHEN, WORK STATIONS

ON AN INTEGRATED GALLERY AND
A BOULDER HALL. AN ALMOST
RANDOMLY POSITIONED STACK OF
EURO PALLETS, THE SO-CALLED
RAFT, BECOMES THE CENTRAL
MEETING POINT OF THE OPEN
RESTAURANT. (N THE GALLEY,
YOU CAN CREATE YOUR OWN
RECIPES UNDER  LABORATORY-
LIKE CONDITIONS AND
EVENTUALLY  END DAY

Plate 6: ground plan dock,

el

b ing

Uiz ON THE TOP FLOCR.
TRANSFORMED INTO A SPA. FACI
OFFER A VIEW OF THE HARBOR
FEATURE EXTENDED PLATFORMS
NCUR, FELLOW GUESTS.

OVERLOCOKING THE HAREBOR FROM
THE SPA UNDERNEATH THE ROOF.

L

Plate #: kitchew, dock b hostel

THE DESIGN HOSTEL OFFERS DOUELE ROOMS AND DORMITORIES, AS WELL AS SWTES
SOCME OF THE CONTAINER UNITS ON THE TOP FLOCR HAVE EVEN BEEN

. THE BA

Plate 9. : typical
plan of single
roovn (4 users)

=
i
|

single room

NG THE NEAREBY RIVER WARNOW, ALL LIVING AREAS
ODNIES PROVIDING ACC TO THE ROOMS
WHERE YOU CAN RELAX AND GET TC KNOW SOME OF

AKOH SHADRACH AKOH
M.TECH/SET/2019/9622
ARCHITECTURE

IN FUT MIN
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Appendix I: Case Study 4 (sheet 1)

CASE STUDY 4 | 18

NKRUMAH POSTGRADUATE HOSTEL UNIVE*SITY OF NIGERIA ENUGU CAMPUS

LOCATION: UNIVERSITY OF NIGERIA
ENUGU CAMPUS

TYPE OF BUILDING: 2- STOREY
RESIDENTIAL BUILDING

OTHER USES: STUPY ROOMS, SHOP AND
OFFICES

THE HOSTEL IN ITS DESIGN S TYPICAL OF
THE TRADITIONAL HALL OF RESIDENCE

X LI'.U

et whog

[ddddddddddaadi

_t i South wing

PLAtEZ: Ground floor plan

late 4: approach

MADE UP OF 2- STOREY BLOCK CONTAINING 4 elevation

STUDENT®S ROOM, ENTRANCE, Lounce, BElated: Siteplan of the showing structure

HALL SUPERVISOR"S OFFICE, PORTERS hostel DETAILS

LODPGE AND A HALL WARDEN"S OFFICE. % DUE TO CORRECT ORIENTATION ON

EACH WING HAS 14 STUDY-BEDROOMS ON
A SINGLE LOADED CORRIDOR ON EACH
FLOOR. THE LINK WITH A SIMILAR
ARRANGEMENT CONTAINS 12-STUBY
BEDROCMS. ONE OF THE WINGS HAS A
BASEMENT FLOOR. THE Z-SHAPED PLAN OF
THE HOSTEL ON THE WHOLE CONTAINS 97
STUBDY BEDROOMS  EACH  ACTUALLY
DESIGNED FOR OME STUDENT (THIS IS

SITE, THE ROCMS ARE TAKING
ADVANTAGE OF THE SOUTH
WEST/NORTH EAST TRADE WINDS
THERERY MAKING ALL THE ROOMS
WELL  VENTILATED. AGAIN  THE
TOILET FACILITY WHICH IS ONE OF
THE MARINE AREA OF THE BUILDING
IS ORIENTED TOWARDS THE EBAST;
MAKING THE PLACE ALWAYS DRY.

EVIDENT IN THE SIZE OF THE ROOM). THE & THE MATERIALS USED IN  THE
ROOM SIZE IS 24 X 4.2 AND THE BASIC e S EXTERNAL FACADES Al
LAYOUT 1S SIMPLE WITH FURNITURE e S VENTILATION AND LIGHTENING (NTO
CONSISTING OF A FIXED \WARDROEE, THE INTERIOR SPACES OF THE
MOVABLE DESK, CHAIR AND BED. BUILDING.

Plate 2:. : ground plan showing spaces

CORD'IN;(T(PR

b b4

‘ASSEESMENT OF INDOOR AIR QUALITY IN
AKOH SHADRACH AKOH p, ’ : .‘D. ISAH
M.TECH/SET/2019/9632 !T“DEIT! "0 JPERVISOR|
ARCHITECTURE IN FUT MINNA, NIGER STATE I)R,;' ‘IEIP»AYUBA
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CASE STUDY 4 | 19
NKRUMAH POSTGRADUATE HOBTEL, UNIVERSITY OF NIGERIA ENUGU CAMPUS

AS A RESULT OF INFLEXIBILITY OF THE
BUILDING MCRE SPACES COULD NOT BE
CREATED TO ACCOCMMODATE MORE PERSCM
, THUS THE SANITARY FACILITY ARE CVER
USED BY THE EXCESS NC OF PERSONS
ACCOMMODATING THE BUILDING

THHS 1S NOT IN COMPLIANCE WITH THE NUC
STANDARDS WHICH SPECIFIES A MAXIMUM

oG OllET o e TR Plate1: The lobby sening  plate 2: showing a Plate 3: approach
CONSTRUCTION MATERIALS as litehew, storage and  typieal roow and the elevation
& ROOF 1S MADE WP OF ALUMINUM | clreulation path. Lobbg area
ROOFING SHEETS AND TIMBER

TRUSSES.
% DOORS ARE WOODEN FLUSH DOORS
» CEILING IS PERFORATED AS <

CEILING TILE HUNG AT THE HEIGHT OF
FOoR TOPMOST FLOOR AND

REINFORCED CONCRETE SLAR FOR

LOWER FLCORS.,

* WALLS ARE MADE UP OF SANDCRETE

<

BLOCKS, Plate4:. : showing the fres o
* WINDOWS ARE OF GLASS LOUVERS CN awciLLaM facilities, (bar) and "°* o
WOODEN FRAME. A o 7
parking. Plate 5. : Goggle mage

)
99
showing land a

Souree of information:

Nwelee 2011 vigw e
,,‘ ‘ASSESSMENT OF INDOOR AIR QUALITY IN CORULNAT?R
Y AKOH SHADRACH AROH DR. 3\ D. 1SAH
M TECH/SET/2019 /9652 STUDENTS' HO
ARCHITECTURE IN FUT MINNA, NIGER STATE
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Appendix K: Case Study 5 (sheet 1)

CASE STUDY 5 |

LOCATION: CANAAN LAND, OTA. OGUN
OWNER: COVENANT UNIVERSITY
PROJECT YEAR: 2015
CAPACITY: 220 ARBA: £2622 M2
A FACILITY THAT EXISTS IN TWO BLOCKS,
MALE AND FEMALE WITH THE CAFETERIA
SEPARATING THE TWO. EACH BLOCK HAS
120 ROOMS AND THE CAFETERIA IS A 400
CAPACITY BUILDING. A ROOM
ACCOMMODATES 2 PERSONS. T 1S
SOMETIMES USED FOR LODGING SHILOH
ATTENDANTS.
SITED CLOSE TO THE HEALTH CARE
FACILITY.
THE ROOMS ARE SPACIOUS, WELL
VENTILATED AND HAVING INDIVIDUAL AIR
CONDITIONING.
CONSTRUCTION MATERIALS
& ROOF IS MADE WP OF ALUMINUM
ROOFING SHEETS AND TIMEBEER
TRUSSES.
* DOORS ARE WOODEN FLUSH DOCRS.
* WALLS ARE MADE UP OF SANDCRETE
BLOCKS.,
® WINDOWS ARE OF ALUMINUM SLIDING PLﬂte4
WINDOWS.

Plate 2: approach elevation of
the hostel faeilit

e
Showing building.

: coreterta
post graduate hostel

ASSESSMENT OF INDOOR AIR QUALITY IN

AKOH SHADRACH AKOH
M.TECH/SET/2019/9632
ARCHITECTURE
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CASE STUDY 5 | 21

AMENITIES

@ PARKING SPACES, INDOOR SPORTS
FACILITIES AND  DIGITAL SATELLITE
TELEVISION

& CONSTANT WATER SUPPLY, NATURAL
VENTILATION AND LIGHTING,
LANDSCAPED COURTYARD AND
CONSTANT POWER SUPPLY.

@ NO KITCHENS AS FOOD ARE CBTAINED
FROM HE CAFETERIA WHICH
ELIMINATES THE AIR POLLUTANTS
GENERATED FROM KITCHEN SPACE.

< BACH TROOM IS ENSWTED WITH
BATHROOMS AND TOILETS.

Plate 12:.0mage showing

Plate 11:.lmage i -
& interior of cafeteria

showing well
Landscaped environ  Spurce of information:

Plate 10:. mage showing it
indloor sports M.covewﬂwtuwwentg.eolu.wg
oo orts 3

Plate 9: mage showing the

approach to tine hostel perlmety | - _a
21 ; d ASSESSMENT OF INDOOR AIR QUALITY IN CORDINAT
AKOH SHADRACH AKOH | DR.
M.TECH/SET/2019/9632 =SUP
ARCHITECTURE




Appendix M: Site Layout

;I SITE LAYOUT

GENERAL DETAILS

BLOCK A ROOM OF & = |44 ROCYVS. §73 BEOSPACES 1
ROOM Or 2 = 48 RODMS, 36 BEDSPACES
TOTAL - 67 BEDSPACES

BLOCKBRODH 2 = 24 RODMS. 48 BEDSPACES
STHDIN APARTVERT = R RANKS, R REDSPACFS
TOIAL - 56 BEDSFACES < y - | ;

TOTAL BEDSPACES DESICNED FOR u]; - X . Y EXISTING HOSTELS.
BNOS OF BLOCK & - (6 X 677 - 4032 BEOSFACES g \ 1
3OS OF BLOCK B = {3 X 26) = 166 BECSPALES
TOTAL = 420D BEDSPAZES

CATEGORIES |
BLOCKS A CEANC B ARE UNDEGRADUATE HIDSTELS FOR
MALES WITH A TU1AL Ur 2588 BEOSPAES.
BLOCKS B AHD F ARE POSTCRADUATE HOSTELS FOR MALES
WITH & TATAl N7 117 RFDSPACTS |

BLOCKS | AND K 4RE U4D-RGRADUATE HOSTELS FOR
MALES WITI A TOTAL 0F 12E BEDSPATES. B
BLUCKS B AND F ARE PUSTERADUATE HUSTELS UK MaLLS
WITH A TOTAL OF 55 BEDSPACES

/ . L o

S ; e i
Jroe— = > : A / orisc e L |
EXISTING NUMBER O BEDSPACES = 1930 BEDSPAZES L 3 :7

PROPISID KIUMACR MF ArOSPATS -= 4700 HH]S’AE[*

POPULETION OF FUT MIN'a - 23000 STUDENTS

PERCENTABE PROPDSAL = 18.26%

PERCENTAGE GROYTH ANNUALLY = 2.52% 2

PROJECTED POPULATIOY BY 2130 = 23000 + 9.568 = 37568

STHOFHTS.

EAISTING HOSTELS

SCALE ;1. 1300

STREET VIEW 4

CO
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Appendix O: Perspectives (Sheet 1)

VIEW SHOWING J. 0 NDAGI INDERGRADUATE HOSTEL

”‘ — > “}AESEESMENT OF INDOOR AIR QUALITY IN

VAot srAnrACH ARG |1 N ’
‘l i TECH/SET/2009/7¢33 STUDENTS' HOSTE

ARCHITECTURE e IN FUT MINNA, NIGER STATE

SUNSET VIEW SHOWING THE PEDESTRIAN MOVEMENT SUNSET VIEW SHOWING STREE LANDSCAPE OF ENVIRDN. SUNSET VIEW LANDSCAPE AROLIND J O NDAGI BLOCK

T — N ’

)
STREET VIEW SHOWING SITE APPROACH AERIAL VIEW SHOWING THE COMMERCIAL FACILITY

ARC 721 ”‘ASSEESMENT OF INDOOR AIR QUALITY IN
|V AKOH SHADRACH AKOH - ?
‘I HTECH/SET/3019 /9632 STUDENTS' HOST

ARCHITECTURE - IN FUT MINNA, NIGER STATE
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