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Abstract: Indoor Air Quality (IAQ) assessments conducted in classrooms in hot arid regions differ greatly
from cases found in the general literature due to variations in sociocultural context, climatic conditions,
building design, and operation. This paper aims to create a systematic review on IAQ of educational buildings
in the Kingdom of Saudi Arabia (KSA) within the past 25 years, identify pollution risks, and indicate
gaps in investigations. The review covers a collection of IAQ indices from subjective investigations,
experimental studies, simulation work, physical environmental measurements, and statistical analysis from
multi-disciplinary fields to introduce a holistic overview. This review is significant since investigations
for such context with complete reliance on mechanical air-conditioning (AC), are limited in number and
level of details. Using PRISMA guidelines, 17 original studies were found to fit the review criterion; some
were unique in terms of examined variables. Among the reviewed studies, classroom CO2 concentrations
and some of the measured indoor air pollutants were significantly higher than the values recommended
by reference standards. Serious health risks and bacterial contaminations were associated with poor AC
systems and inefficient ventilation. Implementation of practical guidelines is recommended to mitigate

indoor environmental issues in classrooms and reduce their physical and psychological impact on occupants .

Keywords: Indoor Air Quality; indoor air pollutant; CO2 concentration; particulate matter; heavy metals;

contamination; thermal comfort; educational facility

Practical Implications: This systematic review objectively exposes risks and challenges that may be
presiding in the indoor environment of classrooms in Saudi Arabia and the surrounding region with similar
climatic conditions. It shows the limited amount of national investigations found in the literature. This review
also clearly identifies gaps in investigations and monitoring and signifies the urgency and direction of actions
needed by local stakeholders. A collective effort and multidisciplinary interventions should be considered

to further examine and enhance classrooms’ environmental conditions for students to thrive and succeed.

1. Introduction

Indoor Air Quality (IAQ) is one of the main
physical parametersofIndoor Environmental Quality
(IEQ) that impact occupants’ wellbeing and comfort.
The Environmental Protection Agency (EPA) defines
good IAQ as good control of indoor airborne
pollutants, adequate outdoor air supply and

423

distribution, and maintenance of acceptable levels
ofindoor relative humidity (RH) and air temperature
as they affect the indoor contamination (EPA, last
updated 2020). Factors affecting the degree of
IAQ include pollutants from biological sources,
chemicals from commercial products, and particulate
matter (EPA, 1989). Pollutants may include mold
and fungi growth, airborne viruses and bacteria,
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asbestos from insulation, radon gas, lead released
from building materials and finishes, heavy metal
particles, and Volatile Organic Compounds (VOCs)
that are harmful chemicals emitted from products
and processes (WHO, 2004). Additional sources
of pollutants may include occupants’ bio effluent
that is also partially influenced by their activity
level and metabolic rate, and outdoor pollutants
that may infiltrate the building (Mujan et al., 2019;
Panagiotaras et al., 2014). Takigawa et al. (2009)
stated that the Sick Building Syndrome (SBS)
is impacted mainly by high levels of Indoor Air
Pollutants (IAP) specifically the biological
contaminants as VOC and Formaldehyde.
Decreasing these concentrations enhances [AQ,
and reduces symptoms of SBS, such as dizziness
and headaches.

Students and staff spend the school hours
mostly confined in mechanically air-conditioned
(AC) buildings that are normally densely-occupied.
This, along with the nature of school activities,
lead to accumulated biological gases and bacteria,
and high levels of pollutants. Contaminated indoor
air can have negative impact on students’ learning
abilities, performance and attention, and can result
in harmful health respiratory and asthma issues
(Cleary et al., 2017; Satish et al., 2011; WHO,
2004). This is further reflected on students’
short-term health and risks of infectious diseases
impacting their attendance. Serious neurological
or cancerous problems were also reported by
the World Health Organization (WHO, 2004).

Globally, numerous studies investigated and
assessed IAQ in educational spaces. Studies were
mostly done in Australia, the United States, as well
as Finland, United Kingdom, Sweden, and other
European nations, and countries in East Asia as
Japan and China (Bluyssen et al., 2020). In the
Arab countries, where the climatic and cultural
conditions may differ, IAQ assessments are rare.
This was found to be also true to national stage in
Kingdome of Saudi Arabia (KSA), where climate is
characterized to be hot-arid (average temperature
range of 37 to 45 °C), with scarce precipitation
(Alrashed & Asif, 2015) and high level of dust and
seasonal sandstorms (Al-Rehaili, 2002). This kind
of harsh climatic characteristic led to complete
reliance on mechanical ventilation and AC (El-
Sharkawy, 2014) and smaller envelope openings.
Windows would be designed for daylight
transmittance over ventilation (Al-Khateeb et al.,

2017). Making assessments for such context is
well needed to identify areas of risks and potential
improvements, and particularly important as
existing assessments are limited in number
and level of details (Al-Khatri, 2020; Alzahra-
ni, 2018; El-Sharkawy, 2014; Al-Rehaili, 2002).

This paper aims to review available studies
investigating classrooms’ IAQ and the level of
pollution risks existing in educational facilities in
KSA. A collection of TAQ indices and variables
are used to help introduce a cohesive overview.
IAQ patterns and potential risks are discussed
to help characterizing IAP levels, developing
recommendations and implementing corrective
measures to guide national development of
healthy educational spaces for students to learn,
succeed, and thrive.

2.Methodology

2.1 Literature Search Strategy

This paper followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA), consisting of four phases represented
in a flow-diagram; these are: identification,
screening, eligibility, and included. The study
initiated a search in peer-reviewed literature in
all languages. Search records were screened, and
eligibility criteria applied, reducing the number
of included articles. PRISMA is recommended
(Zhu et al., 2020; Bower et al., 2019; Moher et
al., 2009) as it improves the reporting quality
of the systematic review and provides a better
understanding of the literature selection process
while ensuring transparency and avoiding bias.

The literature search was performed on
June 30, 2020. All related records published up
to the search date were included. Keywords were
identified to limit the searched items. Topics covered
different indices related to TAQ, such as the TAP,
their concentrations, contamination risks, thermal
conditions affecting occupant comfort, and
technical tools developed for assessment purposes.
Keywords used for this search were: “Saudi Arabia”
and “classroom or schools” and “indoor air quality
or thermal comfort or air pollutants or
contamination”.

A range of databases were incorporated in the
initial search, then were excluded during the title
and abstract screening as the appearing results were
not relevant. Eligible searched databases included;
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Web of Science, ScienceDirect, Scopus, Springer,
the Saudi Digital Library, and Google Scholar.
Two weeks prior to final submitting the systematic
review paper for editorial approval, an updated
search was performed in the specified databases
in order to identify any newly published studies
related to the scope of this review. At this stage, no
additional records meeting the selection criteria
were found.

2.2 Inclusion and Exclusion Filtration Criteria

A filtration criterion was developed to refine
the selection of reviewed literature. Studies included
in this review are the ones investigating IAQ and
thermal conditions in educational facilities in KSA.
They were limited to assessment of classrooms
with similar building use as schools, colleges, and
universities. Articles excluded from this review
include studies not reporting quantitative data on
IAQ, studies focusing solely on external
environmental measurements, studies focusing
on evaluating IEQ parameters other than I[AQ
and thermal conditions, and studies conducted
in educational spaces other than classrooms
(e.g. laboratory, teachers’ offices).

The inclusion search followed a process to
identify, select, and categorize the literature;
these steps are:

1. Preliminary process started by screening the
titles and abstracts of all retrieved records
to determine which studies are eligible for
full-text assessment.

2. Full-text articles were screened and
evaluated, then the ones meeting the
inclusion criteria were selected.

3. After reviewing and selecting the
initial group of eligible full-text literature
articles, their bibliographies were screened
for additional relevant literature.

4. Selected full-text articles were categorized
based on title relevance or field of study, for
reviewing purposes.

5. The authors of the selected articles were
contacted inquiring for additional published
articles or valuable unpublished data with a
similar scope.

6. The final step involved searching for any
available gray literature on the topic,
including unpublished research material and
reports

3.Results

3.1 PRISMA Flow Process

After mining the databases, a total of 203
literature items were identified as an initial stage
of PRISMA process (Figure 1). Several database
filters were applied in order to eliminate
unrelated publications.

A total of 56 literature items were selected
after title and abstract screening, and the removal of:
the duplicated items

e articles with unrelated topics
e studies conducted outside KSA
e and items without full-text available

The remaining records were subject to
full-text assessment. A total of 21 articles met
the eligibility stage; while the other 35 items
were excluded for the following reasons:

e the study is not reporting quantitative data
on [AQ in KSA,

e the study was focused solely on external en-
vironmental measurements,

e the study was conducted in non-classroom /
non-educational spaces.

A final refinement was conducted, and four
articles, where the same authorship team had
published multiple papers from one study (Alzah-
rani, 2018; Alzahrani et al., 2020; Al-Sulaihi et al.,
2015; Al-Sulaihi et al., 2015; Ahmed et al., 2017;
Ahmed et al., 2017; Ahmed et al., 2018), were
excluded due to duplicated findings. Eventually,
a total of 17 studies were included in the review.

3.2 Studies Characteristics

The PRISMA process concluded to 17 studies
published between 1999 and 2020 (Figure 2). The
papers were conducted in three main Saudi cities:
Riyadh (in the central region), Jeddah (in the West
coastal region), and Dammam (in the East region).
Almost half of the studies focused on school settings,
while the other half were conducted in facilities
for higher education (universities/colleges). Most
of the studies conducted assessment of TAQ (Has-
san and Abdallal, 2011; Alsubaie, 2014; Al-Sulaihi
et al., 2015; Al-Mijalli, 2016; Ahmed et al., 2017;
Alzahrani, 2018; Alghamdi et al., 2019; Algham-
di et al., 2020, Al-Hebshi et al., 2020; Al-Khatri
et al., 2020), while few investigated the indoor
and outdoor measures to compare findings and
relationships between the ambient measures and
indoor environmental values (Al-Rehaili, 1999;
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(n = 55) Science Direct
(n=9) Web of Science
(n = 8) Scopus

(n = 203) Records identified through database searching:

(n=71) Springer
(n=7) Saudi Digital Library
(n= stopped at 53) Google Scholar

l

(n=190)

Records after duplicates removed

[ Screening ] [Identification]

Records after title and abstract
screening (n = 56)

(n = 134) Records excluded:
(n = 58) Unrelated topic

(n = 48) Not about KSA

(n = 28) full-text unavailable

l

(n = 35) Full-textarticles

| excluded, with reasons:
(n =25) Not reporting

quantitative data on IAQ in KSA
(n = 2) focused on external
environmental measurements

(n = 8) not for indoor
educational spaces

[

—
Z Full-text articles assessed for
i eligibility (n=21)

D
w
- |
Studies included in qualitative
synthesis
(n=17)
-
[}
b=}
S
]
£

[n = 4) Records excluded:
duplicated findings by the
same authorship team

Figure 1. Article selection process following PRISMA guidelines

Al-Rehaili, 2002; Alghamdi, 2013; El-Sharkawy,
2014; Al-Khateeb et al., 2017; Sebiany et al., 2018).

While most of the reviewed studies
addressed classroom [AQ through objective field
measurements of environmental conditions, few
of them looked into the subjective side of their
study in order to evaluate the thermal sensations of
occupants of examined classrooms, the impact of
environmental conditions on participants abilities
and skills, their socio-economic background, and

medical history (Ahmed et al., 2017; Sebiany et
al., 2018; Alzahrani, 2018; Al-Hebshi et al., 2020;
Al-Khatri et al., 2020). Questionnaire surveys,
ASHRAE thermal scale, and cognitive tests were
various forms used for the subjective assessment.
One study investigated the relationship between
participants’ gender and their thermal sensations
and adaptive actions in high schools (Al-Khatri
et al., 2020). Table 1 lists the selected literature.

NUMBER OF STUDIES
N

1999 =8
2000
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2002 &
2003
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2006
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2009

2013 EEsEEE

< 1N W~ 0 O O
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2011
2012

YEAR

Figure 2. Number of IAQ publications in KSA over time
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Selected literature items for review

Item Article title Reference Published in Search engine

number
Outdoor-indoor  air quality in . .

1 Riyadh: NO, NO,, and Os (Al-Rehaili, 1999) Ecology and the Environment Google Scholar
Outdoor-indoor  air quality in

2 Riyadh: Particulate Matter, Pb and  (Al-Rehaili, 1999) The Built Environment Google Scholar
co

3 Outdoor-indoor air quality in (Al-Rehaili, 2002) Environmental ~Monitoring and Springer
Riyadh: SO,, NH;, and HCHO Assessment pring
Populations and distribution of

4 filamentous fungi and bacteria in  (Hassan and Al- Journal of Food, Agriculture & Web of Science &
some educational buildings in  Abdalall, 2011) Environment Scopus
Dammam, eastern KSA
Indoor/ Outdoor Particulate Matter The Saudi Dieital

5 Concentrations at Some Elementary  (Alghamdi, 2013) Met., Env. & Arid Land Agric. Sci. Libr &
Schools in Jeddah, KSA ary

. Study the 1AQ level inside g o youy 2014)  International Journal of
governmental elementary schools of Environmental Health Eneincerin Google Scholar
Dammam City in KSA g e

7 Indoor air ventllatloq in primary (Alsubaie, 2014) International Journal of Current Google Schol
schools in eastern province, KSA Research

8 Assessing IEQ of educational ngll-SS)U]alh] etal, Journal of Environmental Science Google Scholar
buildings using BIM and Engineering s
Bacterial Contamination of Indoor (Al-Mijalli, 2016) . .

9 Air in Schools of Riyadh, KSA Air & Water Borne Diseases Google Scholar
Seasonal variation of indoor radon (Al-Khateeb etal.,

10 L . 2017) Applied Radiation and Isotopes ScienceDirect
concentration in a desert climate
The effect of indoor temperature and

1 CO; levels on cognitive perfo.rmaqce (Ahmed et al., 2017) Energy Procedia ScienceDirect
of adult females in a university
building in KSA
Association between air pollutants

12 and anth'ropomﬁetnc measurements gf (Sebiany et al., 2018) J oun}a} of Family and Community Web of Science
boys in primary schools in Medicine
Dammam, eastern KSA
Developing a model for assessing the

13 effect of phys'lcal IEQ on teachers (Alzahrani, 2018) WIRE, University of Google Scholar
performance in Saudi educational Wolverhampton
buildings
Risk Assessment and Implications of (Alghamdi et al., International Journal of  Web of Science
School  children  Exposure to . .

14 . . 2019) Environmental Research and Public &
Classroom Heavy Metals Particles in Health Sconus
Jeddah, KSA pu
Classroom Dust-Bound Polycyclic
Aromatic Hydrocarbons in Jeddah (Alghamdi et al International Journal of

15 Primary Schools, KSA: Level, 202%) N Environmental Research and Public ~ Scopus
Characteristics and Health Risk Health
Assessment
Improving thermal sensation in .
classrooms with respect to draft (Al-Hebshi et al., 86" Research World International

16 . S 2020) Google Scholar
avoidance by optimizing the Conference
mechanical air supply method
Exploring thermal comfort

17 experience and adaptive  (Al-Khatri ctal, Journal of Building Engineering ScienceDirect

opportunities of female and male
high school students

2020)
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4.Discussion

Considerably few studies met the search
criteria. Those studies conducted their investigation
from various angles. Some reported actual
assessment data or measured values of the indoor
educational spaces while others approached
IAQ from the angle of health and microbial
risks. Developing methods to assess and enhance
IAQ and thermal conditions was the objective
of some of the selected reviewed articles.
The following sections analyze these studies.

4.1 CO2 Concentration Levels and IAP in
Classroom Setting

Al-Rehaili’s study is one of the earliest in
KSA addressing TAQ in buildings (Amoatey et
al., 2018). The evaluation included 32 buildings
in Riyadh city between 1992 and 1994 of different
types, and included one educational facility
(Al-Rehaili, 2002). A total of ten air pollutants and
other environmental parameters were monitored
and measured for four days during summer, and
four days during winter season. Environmental
data collected included outdoor temperature, RH,
solar radiation, and wind speed and direction,

as well as indoor air temperature and RH.

The investigation showed that sulfur dioxide
(SO2) and ammonia (NH3) recorded values
exceeding the standard recommended levels for
both indoor and outdoor, with indoor being worse
during winter season. formaldehyde (HCHO) level
was high at some sites with outdoor being higher
(Al-Rehaili, 2002). Similarly, the indoor and outdoor
Total Suspended Particles (TSP), Lead (Pb), nitrates
(NO) and nitrogen dioxide (NO2) were higher than
recommended values at most examined locations.
However, carbon monoxide (CO) measurement
showed acceptable levels, except for few sites
locatedincongestedheavy-trafficareas, withsummer
values being higher than winter (Al-Rehaili, 1999).
Ozon (03) results revealed acceptable levels in all
examined locations (Al-Rehaili, 1999) (Table 2).

El-Sharkawy’s (2014) investigation involved
assessing IAQ and levels of IAP in elementary
public schools in Dammam city. Variables reported
include street traffic, classroom location on floor
plan, type of public school examined, window and
classroom areas, occupancy, and ventilation rate.
A total of 16 public schools were examined; 12 of
them were formal school buildings (constructed to
be purposed as a school), and the other four schools
were rentals (repurposed to become a school).

Table 2. Summary of indoor and outdoor air pollutants at the examined sites reported in studies by Al-Rehaili in comparison

with recommended standard value limits

R fi R: f out R
Air Pollutant ange o mc‘loor ange o ou‘door ecommended Reference
concentration concentrations values
0.001 to 1.5 ppm 0.043 to 1.49 ppm "
§0: Mean: 0.46 ppm Mean: 0.42 ppm 0.28 ppm MEPA
0.472 to 2.91 ppm 0.337 to 3.937 ppm
NH. 0.72 **ASHRAE St:
? Mean: 1.46 ppm Mean: 2.92 ppm 72 ppm S Standard
0.0 to 0.076 ppm 0.0 to 0.129 ppm
HCH 0.1 ASHRAE Standard
CHO Mean: 0.022 Mean: 0.029 ppm PP S Standar
TSP 6 to 478 pg/m3 64 to 1892 pg/m?3 150 pg/m? **FWHO
Mean: 68.9 ug/m’ Mean: 307.25 ug/m’ 340 pg/m’ Saudi Standard
0.01 to 2.13 pg/m3 0.13 to 6.19 pg/m?
Pb 1.5 pg/m? ****USEPA
Mean: 0.7 pg/m? Mean: 8.803 ug/m’ Hem
0.073 to 2.82 ppm 0.077 to 4.14 ppm
NO 0.82 ASHRAE Standard
Mean: 0.88 ppm Mean: 1.103 ppm ppm andar
0.023 to 0.609 ppm 0.001 to 0.859 ppm
N 0.053 MEPA
0: Mean: 0.171 ppm Mean: 0.267 ppm ppm
0.0to 116 ppm 0.0 to 59 ppm .
35 di Standard
co Mean: 4.02 ppm Mean: 2.76 ppm ppm Saudi Standar
o 1.0 to 38 ppb 4.0 10 44 ppb 0.15 ppb MEPA
¥ Mean: 6.92 ppb Mean: 19.92 ppb 0.05 ppb ASHRAE Standard

*MEPA: Meteorological and Environmental Protection Administration

**ASHRAE: The American Society of Heating, Refrigerating and Air-Conditioning Engineers
***WHO: World Health Organization
#x%*USEPA: United States Environmental Protection Agency
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Sample size selection were proportional to school
types. Measurements included the indoor thermal
conditions (air temperature and RH), and levels of
air pollutants (including TSP, CO, CO2, NO2, SO2,
and Benzene); recorded using personal air sampler.
Measurements were compared to national and
international Air Quality Guidelines (AQGs)
recommended by the WHO. In each examined
school, four classrooms were selected for
measurement sampling, and a fifth point outside to
record the ambient measures. For IAP other than
TSP, measurements were conducted at two periods
during school time; from 08:00 to 09:00 AM, and
after recess; with 15 to 30 minutes recordings at
each period. TSP levels were measured using a
two-hour continuous measurement for one period.
IAP concentration were generally higher in formal
public schools compared with the rented buildings.
This is due to differences in the site location, design
of each type, and number of occupants being higher
in public schools. Concentrations in classrooms
located on the ground floor were higher than levels in
the ones located at upper floors due to the dispersion
process. No correlation between CO2 levels and
the total volume of windows, indicating reliance on
mechanical AC systems. This concurs to a
conclusion found by Alsubaie (2014), that
windows are kept closed most of the time due
to KSA harsh climate.

El-Sharkawy (2014) also found that CO2
levels were higher than recommended by WHO
and AQGs, in all examined classrooms. Similarly,
concentrations of SO2 and Benzene were over
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the standard values in 50% of the investigated
classrooms. The average levels of TSP, NO2,
and CO were lower than maximum allowed by
standards. Indoor air temperatures were higher
than the values recommended by ASHRAE
Standard-55 (26-26.5 °C during the first period, ris-
ing in the late morning to 27-27.4 °C) (ASHRAE
Standard-55, 2017), which negatively impacted
students’ perceived thermal comfort. Testing
the effect of street traffic on pollutants’ levels
reflected pollutants’ concentrations higher for
schools located on moderate traffic street compared
to low traffic. However, mean CO2 concentrations
were found to be influenced mainly by indoor
occupant rather than outdoor traffic conditions.

Alsubaie compared CO2 concentration levels
in classrooms at two public school typologies; for-
mal public and rented. A total of 36 elementary
schools were examined in the Eastern province,
KSA; 26 formal public, and 10 rented buildings.
In each school, four classrooms were selected
randomly for spot measurements. Sampling of CO2
was conducted at two periods during school hours.
Results indicate that mean CO2 concentration
levels in almost 90% of the examined classrooms
were higher than the 1,000 ppm recommended
by ASHRAE Standard 62.1 (2013). CO2 levels
in rented schools were higher than formal
schools, in both measurement periods, with noon
period reporting higher levels than morning

Both El-Sharkawy and Alsubaie’s studies
(Table 3), traced relatively poor IAQ to inadequate
ventilation, high occupant-density and activity

Table 2. Summary of indoor and outdoor air pollutants at the examined sites reported in studies by Al-Rehaili in comparison
with recommended standard value limits

Data Avg Avg
. . Measureme Concentrations at  Concentrations at  Occupant
Study collection Subject Pollutant . .
date nt method Formal Public Rented Public Count
Schools Schools
16 public schools:
Estimated 15 to 30 TSP 2.9 £ 0.84 mg/m? 1.4 £0.13 mg/m?
(EL- car of - 12 formal minutes CcOo 2.4 +0.89 ppm 1.3£0.27 ppm Av.
Y schools reading CO, 1597 +245.5 ppm 1363 £ 292 ppm &
Sharkawy, study: . between
2014) Academic (governmental during two NO, 0.019+0.005 ppm  0.01 +0.003 ppm 15 and 34
constructed eriods for SO, 0.046 £0.01 ppm 0.029 £ 0.004 ppm
year of 2013 p P PP
- 4 rented schools one day Benzene 03+0.11 ppm 0.14 +0.03 ppm
36 elementary
public schools: Spot
Estimated PO "
measuremen
. year of - 26 formal .
Al five t
(Alsubaie, study: schools 1ve times Co, 12664390 ppm 1672 + 616 ppm Not

2014) Y during two pp PP provided

Academic (governmental eriods for

year of 2013 constructed) p
one day

- 10 rented schools
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level. The authors stressed on the need to reconfigure
the design of public schools in KSA, to limit and
control air pollutants’ levels and provide sufficient
ventilation using both mechanical and natural
means.

In Jeddah city, using university students,
a study was conducted to test the impact of CO2
concentration on students’ cognitive performance
(Ahmed et al., 2017) in two typical classrooms.
Except for temperature and CO2 concentration
levels, environmental parameters including sound
level, lighting intensity, air velocity, and RH,
were kept within constant ranges during the study.
Participants were instructed to avoid intense
physical activity 12 hours prior to participation,
avoid drinking coffee, soda, energy drinks, and to
have adequate sleeping times. No restrictions were
made on their clothing. Monitoring was performed
under nine different exposure conditions, combining
three temperatures (20, 23, and 25 °C) and three
CO2 levels (600, 1,000, 1,800 ppm). Measurements
were repeated on schooldays for five weeks, from
08:30 to 15:00. 499 students participated in the
study. Performance tests included; Continuous
Performance Test (CPT) for assessing attention
tasks; Match to Sample (MTS) for memory tasks;
and Behavioral Assessment and Research System
(BARS) for cognitive performance. Results
revealedthatexposureto CO2 concentrationsof1,000
ppm and 1,800 ppm deteriorated accuracy rates in
performing memory and attention tasks, as
compared to being exposed to CO2 concentrations
of 600 ppm. Symptoms like dizziness, headache,
and fatigue increased the percentage of errors for
cognitive tasks. These symptoms might be related
to poor ventilation in the examined settings. The au-
thor stated that the AC type installed was a Central
System (CAV); however, the damper of the fresh air
was kept shut by the building operators, preventing
freshairdilutionofairpollutants (Ahmedetal.,2017).

Alzahrani (2018) developed a model to
explore the effect of IEQ on teachers’ performance
in educational buildings in KSA. This study is
considered as one of the first in KSA to focus on
teachers’ performance and perception of comfort. It
involved thermal comfort, IAQ, lighting quality and
acoustical performance. For the sake of this review
paper, only IAQ and thermal parameters were
included.

To develop the primary data of IEQ conditions
in KSA classrooms, Alzahrani (2018) conducted
objective field measurements for eight physical

environmental factors at Jeddah Technical College
(JTC), as well as subjective surveys (124 partici-
pants) to evaluate teachers’ perception of indoor
conditions. Collected data were analyzed and used
for developing the assessment statistical model
using the Artificial Neural Network (ANN) and
algorithm method. The data were collected for six
months; two months at each season to cover the
annual academic range. 42 occupied classrooms
were examined during the autumn term, 44
classrooms in Winter, and 38 in Spring term
(total number = 124 classrooms). Measurements
were recorded three times in each examined
classroom over a thirty-minute period for one day.
It was found that the environmental measurements
in all examined classrooms were relatively in
good compliance with the standards recommended
measures. Average CO2 concentration levels
varied between 632 ppm to 867 ppm with an overall
of 87% of readings being within the recommended
value. Considering the subjective surveys, 59% of
teachers reported that TAQ was acceptable, and 65%
believed that IAQ had positive performance impact.

In consistency with Ahmed etal. (2017) results,
Alzahrani (2018) indicated the relationship be-
tween CO2 levels (representing IAQ) and perfor-
mance; that when CO2 concentration decreased,
performance of teachers improved. Optimal CO2
level to maximize performance was in the range
of 650 ppm.

In conclusion, the above studies show that
CO2 concentration levels in public schools were
above the maximum limit of 1,000 ppm, mainly
due to overcrowded classrooms and inadequate
ventilation rate. In addition, concentrations
of SO2 and Benzene were over the standard
values in 50% of the investigated classrooms in
the public schools (El-Sharkawy, 2014). CO2
levels in university classrooms reported lower
concentrations varying between 632 to 867 ppm
(Alzahrani, 2018). However, Ahmed et al. (2017)
raised an essential issue associated with operating
mechanical AC systems in university classrooms.
They pointed out that although a central
ventilation system has been installed, the admission
of fresh air was blocked by the building operators,
resulting in an accumulated air pollutant
concentration which might impact students’ well-
being. Creating awareness and providing practical
guidance on operating healthy AC systems is a
priority to ensure a better classroom
indoor environment.
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4.2 Indoor Environmental Studies

Radon is one of the significant IAQ pollutants
in buildings. The WHO (2009) reported that
radon is the main cause of lung cancer after cigarette
smoking. The main route for indoor radon is the
leaking of radon from soil to building through cracks
in floor, foundation, or walls below ground level
(the International Commission on Radiological
Protection - ICRP, 2011). Al-Khateeb (2017),
investigated the seasonal variations of indoor radon
concentration levels inside King Abdulaziz
Medical City (KAMC) buildings in Riyadh City.
This medical city consists of multiple buildings;
King Fahd Hospital, Administration Building,
Research Center, and included three educational
buildings related to the College of Medicine
(COM-A, COM-B, and COM-F). Concentrations
were measured using 400 dosimeter (200 for winter
measurements and 200 for summer) placed inrandom
locations at ground floor at each building, for a
period of three months for Winter and three months
for Summer season. Results show that radon level
had different behavior from one building to
another although they all have the same
meteorological conditions. These variations were
due to amount of fresh air supplied by the AC
systems, and the floor under examination being
ground or basement level. It was found that the
Administration building (with basement level),
exhibited a significant difference in radon levels
between the different meteorological seasons, as
compared to the other buildings without basement.
Radon winter concentrations (44.3+3.1 Bq m3)
was higher than the summer levels (26.1£1.7 Bq
m3). Educational buildings COM-A, and COM-B
(with no basement) showed no difference between
winter and summer concentrations of radon.
However, in the educational building COM-F, radon
concentrations in winter were greater than summer,
which can be attributed to the excavation work
as this building was newly-built. The radon
concentration in the hospital building during
winter was lower, and generally performing well
due to its good ventilation system that supplies 70%
fresh air. Overall, results of radon concentration
range (max, min, and avg.) in all examined
buildings, during both seasons, were far below
the range levels (75-150 Bq/m3) needing mitigation
as recommended by ICRP (2011).

Indoor and outdoor particulate matter levels
(PM10, PM2.5, PM1) were measured in fifteen

Jeddah primary schools, located in various traffic
density zones; six of which located in North Jeddah
while the rest (9 schools) located in the South
(Alghamdi, 2013). It was found that the indoor
PM concentrations were higher than the levels
outdoors, except for some schools at the North and
South where PM10 levels were higher outdoors;
with highest indoor and outdoor PM10, PM2.5,
PM1 concentrations measured at the schools
in South Jeddah. This can be attributed to the
infiltration of outdoor air, and the generation of
particles due to the presence of occupants and their
metabolic activities as respiration and movement.
Around 37% of the examined schools reported
indoor PM10 levels exceeding the maximum 24-h
and annual concentrations permissible by the WHO
and EPA. Also, around 47% of the examined schools
showed PM2.5 levels higher than the maximum 24-h
valuesrecommended by WHO. All examined schools
(100%) reported PM1 concentrations exceeding the
annual value recommended by WHO. Alghamdi
(2013) indicated that the indoor PM concentrations
in classrooms at all examined schools showed
increased values with the presence of students.

A study was conducted in Jeddah to assess
the heavy metal contamination levels in Classroom
Air Conditioner Filter (CACF) as a way to provide
useful information about IAQ in school environment
and the associated health hazards and diseases
(Alghamdi et al., 2019). CACF particle samples
were collected from ten primary schools located
in urban, suburban and residential areas to
compare findings and relate IAQ conditions to
location. 40 samples were collected, during the
months of April-May 2019; four samples from AC
filters of different classrooms at each examined
school. CACF particles selected for the investigation
were the ones measuring < 38 pum diameter in
order to increase metal concentration as compared
to dust particles, and because smaller particles
pose higher health risks (Li et al., 2013), remain
airborne for longer time, and can be transported
easily (Soltani et al., 2015). Results indicate that
the levels of heavy metals in CACF at urban
schools were higher than those at suburban and
residential schools. This is due to the influence of
heavy traffic emissions in the urban areas. Urban
schools were heavily contaminated by Pb and Cd.
Suburban and residential schools were moderately
to heavily contaminated by Pb and Cd. All schools
were moderately contaminated by Zn and As
(Table 4). Although some of the measured met-
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Table 4. The mean concentrations (ng/g) of heavy metals in CACF particles of examined Jeddah schools. Data extracted from
source: (Alghamdi et al., 2019).

School Fe Mn Zn Pb Cd % Co Ni As Cr Cu
Urban 8,650 4817 4623 2003 31 683 118 53 117 52 1133
Schools
Suburban

8.166.7 3608 3198 120 18 403 93 35 82 397 874
Schools
Residential
esidential o\ ie0 3328 2461 433 14 233 33 19 39 29 63
Schools

al particles were within the acceptable range
recommended by EPA, their accumulation
in body tissues can cause serious
health impact (Martin et al., 2009).

In addition, it was reported that ingestion is
the main way of children exposure to heavy metal
particles in classrooms of Jeddah schools, followed
by dermal contact and inhalation. Heavy metal
particles can cause some serious health issues for
children, and some can be a source for cancer risks
(ones found in Jeddah schools were: cadmium (Cd),
chromium (Cr), arsenic (As), lead (Pb), nickel
(Ni), and cobalt (Co). Co (56.3%) and Ni (21.1%)
were the predominant contributors to cancer risks,
whereas Pb (33.9%) and As (25.8%) were the
predominant contributors to non-cancer risks in
Jeddah schools. The rank order of schools in terms
of Carcinogenic and non-carcinogenic risks on
children associated with heavy metal particles was:
urban schools > suburban schools > residential
schools.

Polycyclic Aromatic Hydrocarbons (PAHs)
are a significantly related to school 1AQ. PAHs
are organic compounds distributed in both gaseous
and particulate forms in the atmosphere and indoor
air (Dat and Chang, 2017). They are atmospheric
pollutants recognized as toxic, carcinogenic, and
mutagenic compounds (Jyethi and Khillare, 2014;
Krugly et al., 2014). Dust-bound PAHs originate
from both nature and human activity pollutants
(Dat and Chang, 2017). PAHs’ Natural sources
include volcanic eruptions and woods’ fire.
Human activity pollutants include indoor sources,
such as cooking and heating processes and
tobacco smoke, and outdoor sources such as
fossil fuel combustion (Zhang et al., 2020; Hassan,
2018; Dat and Chang, 2017; Chen et al., 2016).

Alghamdi et al. (2020) studied the
concentrations of dust-bound Polycyclic Aromatic
Hydrocarbons (PAHs) in Jeddah’s schools and

the associated potential health risks to students. A
total of 16 PAH compounds were examined from
40 classroom AC filter samples collected from 10
schools located in three areas, urban, suburban, and
residential areas. Schools located in urban areas
reported the highest average of PAHs due to highest
traffic density while the lowest average were found
in the residential areas. The PAH compounds with
the highest concentrations identified in this study
were benzo(a)pyrene (BaP), considered as an
indicator of total exposure to PAH compounds
and a marker of overall carcinogenicity for these
PAHs, and Dibenz[a,h]anthracene (DBA). Also, it
was found that there was no specific indoor source
of PAHs; however, combustion emissions from
vehicular traffic around schools were the main
outdoor source; reaching classroom via infiltration.
Inhalation, ingestion, and dermal contact are the
three main pathways of PAHs exposure. Alghamdi
et al. (2020) reported that the major exposure
pathways for cancer risks associated with PAHs
were the dust ingestion and direct dermal contact.

The health risks from exposure to classroom
dust-bound PAHs were assessed in this study using
a standard assessment model developed by the
EPA. The values resulting from these standard
assessment tests (LAR and TLCR) indicated that
schools with highest health risk were in the urban
arcas, followed by suburban then residential.
However, all reported values were lower than the
high-risk-value showing that there was no current
significant risk of PAHs on students. Thus, the
risk might increase if the dust-bound PAHs levels
were to increase (Alghamdi et al., 2020).

To summarize, IEQ evaluation in KSA
were all unique in their investigated indices and
to the areas where they were conducted making
incomparable. However, these studies give insight
to IAQ KSA educational IEQ. Alghamdi et al. (2019)
emphasized the importance of monitoring the levels
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of heavy metal particles in classrooms regularly
to ensure better IAQ and lower health risks.
Investigating and identifying the sources of these
heavy metals, especially Pb and Cd as they were
found with the highest concentrations, would assist
in controlling their levels and deterring the
associated health risks. Also, in a recent study,
Alghamdi et al. (2020) reported that the levels of
PAHs need to be assessed regularly to ensure their
concentrations are kept below the permissible
values by standards for healthy classroom.
Particulate matters possess a significant risk to
student health in KSA schools as Alghamdi (2013)
reported. Radon concentrations in all examined
buildings were below the level requiring mitigation
actions; however, buildings with basement
showed higher indoor radon levels compared to
buildings without (Al-Khateeb et al., 2017).

4.3 Thermal Conditions in Classroom Setting

Thermal conditions represented in air
temperature and RH dictate occupants’ comfort and
greatly impact their wellbeing and performance.
In reference to previously discussed study of
Ahmed et al. (2017), where the effect of three
levels of temperatures were tested on students’
thermal comfort and performance, it was found
that at all exposure conditions at which the
temperature was set to 20 °C, the percentage of
errors increased significantly. Fast performance
at cognitive tasks was observed when temperature
was set at 25-23 °C as compared to 20 °C, but
intolerable thermal discomfort impaired focusing
abilities. The wvariables that were found to be
statistically-significantly —associated with the
accuracy and speed of students’ performance
were: ethnicity, age, clothing insulation, physical
activity, and thermal comfort sensations
(Ahmed et al., 2017).

In Alzahrani’s et al. (2020) study, 84% of
temperature readings (between 21.5-26.5 °C)
complied with the recommended range of
ASHRAE Standard-55 (2017). 93% of RH records
(between 46-71%) were within the standard
range. Considering the subjective surveys, 60% of
participants found thermal conditions to be
acceptable, and 70% believed to positively impacted
their performance. Performance improved with
increasing temperatures to up to 25 °C, while
having RH up to 68% and ventilation rate up
to 0.40 m/s. Optimized measures stated by

Alzahrani et al. (2020) for enhancing
performance are temperatures between 23-25 °C,
RH between 60-68%, and ventilation rate of 0.3 m/s.

In order to understand thermal comfort
variations among gender, Al-Khatri et al. (2020)
conducted two studies to investigate and compare
the thermal conditions of female and male high
schools, during the cool season. The first study was
done in five female schools in Muscat, Oman, while
the other study focused on three male schools in
Jeddah, KSA. Three classrooms, each conditioned
by two split units and ceiling fans, were selected
at each examined school. Objective measurements
of indoor and outdoor air temperature, globe
temperature, RH and air velocity were performed.
In addition, two survey questionnaires consisting of
groups of questions were performed to investigate
students’ thermal comfort according to ASHRAE
sensation scale (from -3 being cold, to +3 being hot).
Indoor thermal conditions were weakly associated
with the outdoor due to the complete dependence
on mechanical AC. 77% of indoor air temperature
in Oman female-schools ranged between 24-26
°C. In the KSA male-schools, 69% of the indoor
temperatures were between 26-28 °C, and 26%
were between 23-25 °C. Students’ insulation level
was determined according to their clothing; female
uniform was estimated to be 1.07 clo while the Saudi
male students had lower insulation level of 0.74 clo
for wearing traditional white thowb. Activity level
was around 1 met as students were seated for reading
and writing in both studies (Al-Khatri et al., 2020).

Based on questionnaire, 55% of female
students voted (neutral) in the ASHRAE sensation
scale, and another 20% voted (slightly cool). On
the other hand, male students’ votes increased on
the warm side of the thermal scale with (warm)
category receiving highest votes among other
categories (29%). Al-Khatri et al. (2020) results
show that females tend to be more sensitive to cold
conditions, while males are more sensitive to hot
conditions. In addition, 60% of the students in both
studies showed their preference of increased air
velocity. When discussing thermal adaptive
behavior, the female students were more aware
of other adaptive actions besides turning AC
on, as compared with the male students. 36% of
female students reported using AC for cooling,
and others used windows and fans as means
of improving the thermal conditions in their
classrooms. However, 46% male students depended
mostly on using AC for cooling and some reported
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altering their clothing level, with a suggestion
that male students are more AC dependent.

A Griffiths’ method was applied in this study
in order to compute the neutral temperature, and
the 80% and 90% acceptability limits. Neutral
temperature for the female students was estimated
at 24.3 = 1.09 °C, and at 26.1 £ 0.92 °C for the
male students. The 80% acceptability limits were
22.6-26.1 °C and 24.3-27.8 °C for the female and
male students, respectively. The 90% acceptability
limits were 23.3-25.4 °C and 25.0-27.1 °C
for the female and male students, respectively
(Al-Khatri et al., 2020).

In summary, indoor air temperatures set
between 23-25 °C  improved occupants’
performance (Ahmed et al., 2017; Alzahrani et al.,
2020). According to a survey for set temperatures
in educational buildings in Jeddah, 20 °C was the
most common set temperature, found in over 80%
of the surveyed buildings (Ahmed et al., 2017).
This reflects the need to reconsider the operational
of AC systems to ensure a comfort without
unnecessary energy loss. Al-Khatri et al. (2020)
reported that female students tend to be more
sensitive to cold conditions, while males are
sensitive to hot conditions. They suggested that
level of insulation of the former is heavier than the
latter. However, another factor that could influence
the results were the mean temperature the male
school were 26-28 °C compared to female schools
mean temperature 24-26 °C. Understanding the
thermal preferences and perceived comfort is an
essential step that can lead to reducing reliance
on mechanical AC systems for cooling and
ventilating.

4.4 Epidemiological Studies on Health and
Contamination

Microbiological TAQ greatly influence
students’ mental health, physical development,
and performance. High fungal and bacterial
contamination is associated with respiratory issues,
asthma, and can lead to absenteeism (Mendell and
Heath, 2005; Becerra et al., 2020). The microbial
content of indoor air depends mainly on
occupant-density, occupant activity, ventilation,
and building age.

A study conducted at 12 educational buildings
in Dammam investigated the fungal and
bacterial colonization on AC filters, walls, ceiling,
toilet and cafeteria in order to identify the

contamination risks impacting IAQ (Hassan and
Al-Abdalall, 2011). A total of 240 samples were
obtained and analyzed. Results revealed that 45%
of the fungal isolates were collected from the
walls, 32% from ceiling, 17% from toilets, and 5%
from cafeteria. Dust samples were collected from
classroom AC. These samples recorded six fungal
genera with various species affecting the classroom
IAQ. This diversity and high-density of
reported findings indicated that AC systems are
significantly linked with fungal contamination. In
addition, it showed that all tested buildings suffer
of microbial contamination and confirmed that
inefficient maintenance of the AC systems caused
an accumulation of microorganisms (fungi and
bacteria) and a potential source of IAP (Hassan
and Al-Abdalall, 2011). The study also analyzed
the impact of changes in indoor air temperature
and RH on fungi growth in the isolates obtained
from the examined buildings (Hassan and Al-Ab-
dalall, 2011). The most frequently isolated fungi
reported from the AC system samples, Aspergillus
niger, Aspergillus flavus and Stachybotry, were
used to test growth rate at various temperatures
(5, 10, 15, 20, 25, 30, 35, 40, 45 °C) and different
RH (35, 50, 65, 75, 90, 100%). It was found that
the optimum temperature for the three tested fungi
species was 25 °C, and the optimum RH was
100%.

Another study investigated classrooms in-
door air for 25 middle schools in Riyadh, with
the aim of estimating indoor airborne bacterial
contaminations and health hazards to create
standards for IAQ control (Al-Mijalli, 2016). 252
AC air filters samples were collected at public
and private schools. Al-Mijalli (2016) found
that highest level of bacterial contamination was
detected in classrooms during lessons. In
addition, high concentrations of bacterial
contamination were observed in public schools
where classrooms are usually more crowded.
Sample results showed that there were different
bacterial species with majority showing resistance
to one or more antimicrobial compounds. Al-Mijalli
reported that lack of AC cleaning may result in
microbial growth, causing several diseases.
Implementing indoor air distribution techniques
help in controlling the transmission of infection
and the stratification of pollutants
(Haghighat and Donnini, 1999).

Sebiany et al. (2018) investigated the main
IAP impacting the physical growth of school
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students (male aged 6-12 years) in Dammam.
This cross-sectional epidemiological study was
carried out in five primary schools; one in a resi-
dential area, another from a commercial area, and
three from an industrial area. A total of 851 boys
participated in the study. These participants lived
and went to school in the same selected area for at
least one academic year. Four indoor and outdoor
air pollutants, including SO2, CO, NO2 and CO2,
were measured for a two-hour period, five-minute
intervals. Also, indoor and outdoor TSP was
sampled wusing a portable air sampler. A
questionnaire was distributed on students’ parents
or caregivers to collect information on participants’
demographics and their socioeconomic status. In
addition, predicted anthropometric measurements,
student’s body weight and height, were calculated
using the 50th percentile values from Harvard
International Standard and the national Saudi
standard (Sebiany et al., 2018). Anthropometric
measurements included body weight, height,
mid-arm circumference, and triceps skin-fold
thickness. They are a significant reference for
evaluating child growth: an increase in the
physical body measurements indicates a good
progress in growth and health (Falkner and Tan-
ner, 1986). Results of the mean anthropometric
values were the highest for students in the
residential area, followed by the commercial
then industrial areas (Sebiany et al., 2018).
It was found that there is a significant relationship
between student’s anthropometric values and the
exposure to CO and NO2 pollutants. Students who
were exposed to higher levels of CO and NO2
showed lower anthropometric measures. Similarly,
the exposure to TSP impacted the body measures
negatively (Sebiany et al., 2018). The measured
environmental data revealed that the indoor and
outdoor levels of TSP were higher than permissible
values recommended by WHO and National Saudi
Standards, with highest measures being recorded

in the industrial area due to industrial emissions
and heavy traffic. NO2 indoor level exceeded the
values recommended by WHO, but within Saudi
Standard values. Other measured IAP were
lower than the maximum permissible values
recommended by WHO and the National Saudi
Standards (Table 5).

The association between IAP and the
anthropometrical measurements of students in
Dammam. The concentrations of air pollutants were
generally higher in the industrial areas compared
to commercial and residential arcas (Sebiany et
al., 2018). Al-Mijalli (2016), and Hassan and
Al-Abdalall (2011) also concluded that health
risks and bacterial contaminations are of a serious
concern in KSA public schools specifically because
of the increased number of students, and the
inefficient maintenance and cleaning of AC systems
causing an accumulation of dust and microbial
growth. Intervention need to be considered to
educational spaces that comply with the
IAQ standards.

4.5 Technical Application for IAQ Assessment

Technical application to investigate and
advance educational IAQ have a great impact on
developing strategies and corrective processes. Two
studies by Al-Sulaihi et al. (2015) were concerned
with developing a framework for assessing and
improving IEQ of educational buildings in KSA
using Building Information Modeling (BIM). A
College of Engineering building in Riyadh was
selected to implement the proposed framework.
Standards’ IEQ recommended values were inserted
to the database. Sample measurements of thermal
comfort, TAQ and visual comfort parameters
were collected then integrated with the
BIM model to compare the measured values
with the standard ones, detecting IEQ problems
and identifying poor performance.

Table 5. Mean values of IAP in the different examined school areas in Sebiany et al. study.

Pollutant Residential Commercial . WHO standard Saudi Standard
Industrial Area
(ppm) Area Area measure measure
CO (ppm) 7.2+0.27 9.41+0.94 10.21+0.56 35 35
CO: (ppm) 571.25+15.48 818.12+64.31 931.124+23 1000 1500
NO: (ppm) 0.0175+0.002 0.275+0.119 0.321+0.015 0.053 0.35
SO: (ppm) 0.054+0.001 0.094+0.0019 0.145+0.0017 0.14 0.169
TSP (png/m’) 686.1+4.33 604.16+96.38 727.51£96.39 150 340
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Alhebshi et al. (2020) conducted a subjective
assessment of occupants’ thermal comfort in two
university classrooms in Jeddah through Predictive
Mean Vote (PMV) questionnaire form. In addition,
sample measurements of air temperature and air
velocity were recorded at various points within the
examined classrooms for a duration of 10 minutes
in order to compare results and evaluate the existing
thermal conditions using ASHRAE Standard 55.
Results indicates that the PMV values of the existing
conditions at the examined classrooms did not meet
ASHRAE 55 (2017) minimum requirements. In
order to improve thermal comfort while avoiding
draft sensation, different configurations of air
supply diffusers were tested using Computational
Fluid Dynamics. These strategies included Mixing
Ventilation (MV), Displacement Ventilation (DV),
and Stratum Ventilation (SV). It was found that
SV and DV strategies resulted in enhanced PMV
indices and consistency in air temperature and
air velocity distribution (Alhebshi et al., 2020).

5.Conclusion

The aim of this paper is to review available
national studies investigating classrooms’ IAQ
to identify the level of pollution risks to the
quality of indoor air existing in educational
facilities in KSA. All indicators emphasize the
limitation in number of studies on the national
scale, and the need for further investigations
tackling different KSA regions and covering the
basic IAP indices. Conclusions from IAQ and
thermal conditions and can be summarizes as
follows:

e (Classrooms CO2 concentration  were
significantly higher than 1,000 ppm the
permissible measure by ASHRAE (Avg.
among examined schools were between
1200 to 1700 ppm), and were in poorer
environmental conditions when compared to
classrooms in higher educational facilities
(El-Sharkawy, 2014; Alsubaie, 2014; Alzah-
rani, 2018; Sebiany et al., 2018).

e (CO2 levels are mainly influenced by
occupant activity rather than outdoor
conditions (El-Sharkawy, 2014).

e NO2, CO, SO2, Benzene, and TSP were
the major IAP with highest levels exceed-
ing the recommended values by standards,
compared with other pollutants (Al-Rehaili,
1999; Al-Rehaili, 2002; El-Sharkawy, 2014;

Sebiany et al., 2018).

Schools located in industrial and urban
areas showed higher IAP when compared
to schools in residential areas (Alghamdi,
2013; Sebiany et al., 2018; Alghamdi et al.,
2019; Alghamdi et al., 2020).

Pb, Cd, and As were the main heavy
metal particles found in air in examined
classrooms with concentrations exceeding
the permissible measures by standards (Al-
ghamdi et al., 2019). Some of these heavy
metal particles causes carcinogenic risks for
occupants.

Ingestion was found to be the major exposure
pathway for PAHs air pollutants (Alghamdi
et al., 2020) and heavy metals (Alghamdi et
al., 2019), followed by dermal contact then
inhalation.

Particulate Matters PM with small size
were found to be a significant [AP in
educational buildings in KSA. 100% of
examined schools by Alghamdi (2013) re-
ported PM1 indoor level exceeding the an-
nual average recommended by WHO.

High level of microbial contamination and
diversity in bacterial and viral species were
found in classrooms AC filtration in studies
conducted in educational buildings in KSA
(Hassan and Al-Abdalall, 2011; Al-Mijalli,

2016).
AC systems are significantly linked
to fungal and IAP, and they are a main

source of infection if not maintained and
cleaned effectively since accumulations of
microorganisms pose a potential risk for
poor IAQ (Hassan and Al-Abdalall, 2011;
Al-Mijalli, 2016).

Samples collected from classroom walls and
ceilings recorded high levels of microbial
contamination indicating that the examined
educational buildings suffer of contamina-
tion and infection risks (Hassan and Al-Ab-
dalall, 2011).

Indoor thermal conditions impact fungal
growth rate; optimum indoor air temperature
was found to be 25 °C and optimum RH was
100% for the tested fungal species (Hassan
and Al-Abdalall, 2011).

Uncomfortable thermal sensations, as high
and low air temperature, and high CO2 con-
centrations exceeding the recommended
value, impacted students’ cognitive abilities
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and task accuracy negatively (Ahmed et al.,
2017).

e Gender of occupants impacts their ther-
mal sensations in spaces and influences
their adaptive behavior as a response to the
thermally-uncomfortable settings. Females
tend to be sensitive to cold conditions while
male participants were more sensitive to
warmer conditions (Al-Khatri et al., 2020).

6.Limitations

The systematic review reveals the limit-
ed number of studies that would reflect the local
context. This leads to inconclusive finding and
difficulty to conduct meta-analysis as some publi-
cations were unique in terms of examined aspects
and variables. Some reviewed studies, failed to
acknowledge the variables impacting measured
indices such as; tracking of occupant count, type
of AC system installed, and position of openings.

7.Recommendation

e Further studies are needed to identify com-
mon sources of indoor pollution in KSA
school and procedure to eliminate them. This
include improving the mitigation of heavy
metal particles and control the transmission
of bacterial infection and risks.

e Further studies are needed on optimal me-
chanical AC systems configuration for KSA
climates. Where AC has an essential role in
ensuring thermal comfort and controlling of
indoor air contamination spread.

e Further attention is needed for this topic on
local level and context in order to create
awareness and to guide policies and deci-
sion makers, where solutions to elevate the
classroom environmental can be developed.

e Acknowledgments: The authors would like
express their appreciation to Dr. Heba Sab-
bagh, for her detailed comments and feed-
back during the development of the review
manuscript.
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