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Background and objective: Quarter of the world population estimated to be exposed air pollution,
from these population children are considering to be at risk as they spent 90% of their time indoors and
mostly in school. The school is an important place for child psychosocial development and mental
health. School environment has a direct effect on both physical and mental health of student, many
health issues are associated with indoor air pollution (IAP) and with poor ventilation of the building and
humidity. In 2017 world health organization (WHO) report that respiratory infection like pneumonia
attributed to IAP and outdoor air pollution (OIP) and second-hand smoking caused death of 570 000
children under 5 years, this study aims to assess IAQ in public preschool in Jeddah. Methodology: This
is a cross sectional study conducted in Jeddah, the preschool was selected according to the geographical
location of the ministry of education, four preschools were selected. We used the following devise to
assess the IAQ: an air detector for Formaldehyde (HCHO), Volatile Organic Compound (VOC) and
fine particulate dust matter measuring (PM2.5) and (PM10), a carbon dioxide (CO2) detector with
temperature and humidity. Result: Most of IAQ measure fall within normal range of WHO guideline
except for CO2, we recorded the highest reading in the preschool in the east region (1595.78+ 393.900)
ppm and lowest reading in the preschool in the north (1143.27+ 356.559) ppm Conclusion: Inadequate
ventilation for the classroom during lesson were the main finding, high number of students in small
classroom, closing window and door during lesson were mainly the cause of the high CO2. Education
for the preschool teacher in how to maintain good air quality inside classroom and how to maintain
active air way exchange is recommended.
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INTRODUCTION

One of the most cost effective preventive method is the
investment in school health program, WHO is using the health

Keeping a health environment is one of the challenges in the
world, people across the world start caring for the environment
and its effect on health and disease development (1). As
children spent 90% of their time indoors and mostly in school,
school is considers as an important place for the development
of the child psychosocial aspect and mental health, School
environment have a direct effect on both physical and mental
health of the student and teachers (Somersalo, 2002). The
American Academy of Pediatrics (AAP) (1993) defines a
healthful school environment as “ one that protects students
and staff against immediate injury or disease and promotes
prevention activities and attitudes against known risk factors
that might lead to future disease or disability” (Muller, 2010).
In a safe and healthful school environment, identification of
potential hazards have been made and actions have to take a
place to reduce any potential for injury or illness (Muller,
2010). In 2016 WHO estimated that 25% to 33% of global
burden of disease related to environmental risk factors. Focus
on reducing environmental and social risk factors will lead to a
reduction in the global burden of disease (WHO, 2016).

promoting school program as a strategy to prevent important
health risks among youth control of school health environment
can reduce the risk of many disease like respiratory illness,
musculoskeletal pain and injury (WHO, 2010). The global
morbidity and mortality related to respiratory diseases in
children has been a major issue in health care systems in both
developing and developed countries.®In 2000, WHO state that
(IAP) was responsible for more than 1.5 million deaths and
2.7% of the global burden of disease ( http://www.who.int/i
ndoorair/publications/fuelforlife/) (7). In 2017 WHO report
that respiratory infection like pneumonia attributed to IAP and
outdoor air pollution (OIP) and second-hand smoking caused
death of 570 000 children under 5 years (http://www. who.in
t/news-room/detail/06-03-2017-the-cost-of-a-polluted-environ
ment-1-7-million-child-deaths-a-year-says-who). Air pollution
(AP) is the contamination of the indoor or outdoor
environment by any physical, biological or chemical agent that
modifies the natural characteristics of the atmosphere
(http://www.who.int/topics/air_pollution/en/). Frequently, AP
sources may build up to appreciable levels due to the slowness
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of air exchange. It is estimated that a quarter of the world
population is exposed to unhealthy concentrations of air
pollutants and children are the ones most at risk of these (IAP)
due to their respiratory organ systems immaturity (Mundackal,
2010). Schools are involved in some activities that have a
range of hazards. These hazards and the risk associated must
be managed to ensure the safety of the staff, students and
visitors. One of these hazard is AP, it is consider one of the
most serious environmental health problems most often the
cause of it by human activities like transportation, construction
industrial ~ work, agriculture, mining and smelting
(https://www.environmentalpollutioncen ters.org/air/). The
most important IAP From the health point of view are
particulate matter (PM), carbon monoxide (CO), carbon
dioxide (CO,), sulfur dioxide (SO,), nitrogen dioxide
(NO,), and volatile organic compounds (VOC) (Franklin,
2007) (Meininghaus et al., 2003). CO?2 is a colorless, odorless,
non-flammable gas (https://ohs online.com/articles/2016/04
/01/carbon-dioxide-detection-and-indoor-air-quality-control.as
px) (14), it is a production of normal cell function and it is
removed from the body through the lungs. It is also produced
when fossil fuels are burned (https:/ hsonline.com/articles
/2016/04/01/carbon-dioxide-detection-and-indoor-air-quality-
control.aspx). A review conducted in 2018 indicate
CO, concentration is an indirect index of the contamination of
IAQ (Azuma et al., 2018). It have many effects on the health,
a study conducted in 2010 show that exposure of indoor
CO, concentrations with dry cough and rhinitis were statically
significant (Simoni et al., 2010).

PM is a mixture of solid particles and liquid droplets found in
the air. Some particles are visible and can be seen with naked
eye like dust, dirt, soot, or smoke. Others are so small they be
detected by an electron microscope. These Particle pollutions
includes PM;ywhich is inhalable particles Its diameters that
are generally 10 micrometers and smaller and PM, s which
is fine inhalable particles, its diameters that are generally 2.5
micrometers and smaller. Some PM are emitted directly from a
source, such as construction sites, unpaved roads, fields,
smokestacks or fires. Most PM form in the atmosphere as a
result of complex reactions of chemicals such as SO, and
nitrogen oxides (NO), which are pollutants emitted from
power plants, industries and automobiles (https://www.epa.g
ov/pm-pollution/particulate-matter-pm-basics). In 2004 a
Comparative quantification of health risks Global and
Regional Burden of Disease Attributable to Selected Major
Risk Factors have been conducted, it is estimated that
approximately 3% of cardiopulmonary and 5% of lung cancer
deaths are attributable to PM. In the European Region, this
proportion is 1-3% and 2-5%, respectively, in various
subregions (Ezzati et al., 2006). In 2010 a systematic analysis
for the Global Burden of Disease have been conducted in 21
regions, this study estimates that ambient air pollution, as
annual PM2.5, accounted for 3.1 million deaths and around
3.1% of global disability-adjusted life years (DALY) (Lim et
al., 2012). According to the author Knowledge limited studies
have been conducting regarding air quality in Saudi Arabia
and this the first study to assess IAQ in preschool. The main
objective of this study was to assess IAQ in public preschool
in Jeddah city.

MATERIALS AND METHODS

A cross sectional study has been carried out between
November to December 2018, By stratification, according to

Ministry of Education (MOE) geographical mapping, there are
four geographical area in Jeddah, (Central, East, South, and
North).A total 51 preschool are distributed as follow: the
central area includes 13 public preschool, the eastern area
contains four preschool, the western area includes 13
preschool, and the north area contains 21 preschool.

Data collection tools

IAQ instruments: Ingress is an air quality detector for the
following indicator: Formaldehyde (HCHO), Volatile Organic
Compound (VOC) and fine particulate dust matter measuring
(PM2.5 and PM10), and Az-5577 to detect CO,, temperature
and humidity.Wefollowed the guideline of WHO(20), Canada
(21)and Australie(22)to interpretour result (Table 1)(23).

Data collection technique : After obtaining ethical approval
from Saudi Board of Community Medicine Research
Committee, Ministry of Health and Administrating Education,
we visit the selected preschool to assess IAQ of the classroom
using the instruments. Instruments placed during occupying
hours approximately at the level of children's breathing zone at
a height of about 0.6—1.5 meters above the floor, the selected
place was not closer than 1 meter to a wall, a door, or an active
heating system.

RESULT

We conducted the study among 4 kindergarten located in
south, west, center area in Jeddah city. Majority of IAQ
measure in the four preschool classroom environments were
within stander level of WHO, except for the CO2 which was
high in three out of four preschools with mean value of
1423.001+ 369.086 (Table 1). The result sow there is a
statistically significant difference (P >0.05) between the IAQ
measure means between the four school (Table 2).

DISCUSSION

Comparison of IAQ between preschool:Between the four
preschools, Classroom of the North preschool show a statically
significant low concentrations levels of CO,, PM, s, PM,, and
VOCs, on the other hand classroom of Eastern preschool show
highestlevels of CO,, VOCs and humidity.

Carbon Dioxide (CO,): The high concentration could be
explained by possibly higher pollutant in this area (Azuma et
al., 2018), high level of CO, could be due to inadequate
ventilation (Rosbach et al., 2013). According to WHO
guideline limited amount for CO2 is 1000 ppm®”, our study
showed that three out of the four preschools have a
concentration level above WHO stander levels. The average
highest concentration was recorded in Eastern preschool
(1595.78+ 393.900) ppm and lowest recoded in North
preschool (1143.27+ 356.559) ppm, a study conducted in
2015 in Poland which the measurements were taken prior to
the arrival of children and staff, as well as after all the classes
had been occupied they noted that measurement of IAQ was
low in the afternoon®. Other study in another countries
reported a similar result of CO2 level that exceeded the
recommended level like the one that conducted in 2014 in
Malay (http://dx.doi.org/10.1016/j. proenv.2015.10.054), a
study conducted in 2014in Portuguesa show same result
(Aratijo-Martins et al., 2014), this inadequate ventilation can
be explained by the small size of the classroom, overcrowding
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Table 1. Guidelines of IAQ mesurement

Indicator WHO guideline Canada Australia
HCHO .081 (100 pg/m3) 0.1ppm(123pg/m3) asl-h average NA
VvOC 300 (100 pg/m3) NA NA
PM2.5 NA 100pg/m3as1-h average NA
PM10 NA NA 90 pg/m3 asl-h average
co2 1000 PPM NA NA
Temperature NA 20.0-23.5°C in winter NA
Humidity NA 30-55% in winter NA
Table 2. Mean of IAQ measurements
IAQ measure Mean (+ SD)
Formaldehyde .02485(x .058729)
Volatile Organic Compound 28145 (+1.331696)
Particulate matter 2.5 .01429(x .005646)
Particulate matter 10 .02(.007)
Carbon dioxide 1423.01 (£ 369.086)
Temperature 23.86(£2.049)
Humidity 41.03 (+ 6.232)
Table 3. IAQ measure in classroom
Centre East South North P. Value
Studied preschool " 'Mean+Sd  Mean + Sd Mean + Sd Mean + Sd
1. Formaldehyde .0163+.023  .0500+.098 .0116+.023 .0167+.026 0.00*
2. vOoC .0720+.142  .888+2.356 .0188+.043 .0013+.001 0.00*
3. PM 2.5 .0069+.001  .0200+.003 .0134+.004 .0150+.001 0.00*
4. PM 10 .0069+.001  .0217+.004 .015+.005 .0186+.006 0.00*
5. CcO2 1291.0+£122  1595.84393.9  1529.25.23+3  1143.34356.6  0.00*
6. Temperature 25.2343.64  23.43+.817 23.46+1.56 23.65+.39 0.00*
7. Humidity 36.19+4.87  46.70+4.74 37.21+4.69 43.57+1.955 0.00*
and the practice of closing doors and windows during session Acknowledgements: The authors would like to thank

which prevent the active airway exchange, moreover the worm
wither condition in Jeddah prevent frequent window opening.

Particulate matter (PM,s and PM,y): The highest indoor
concentrations of all PM (PM,s PM;,) were found in the
Eastern preschool. Meanwhile, lowest concentration observed
in the central region. This discrepancies between the four
preschools was statically significant (p = 0.00). All reading of
PM was below the recommended level of Canada and
Australia. Many studies have been conducted regarding PM,
almost all studies report PM level were exceeding the
recommended level(28).This difference in the result may be
due to the difference in the method of measuring PM, in which
they measure it 24 hours while in our study it was measure
once during session, another factor may be due to the different
tools we used.Almost All measure of TAQ were within normal
except for CO,, the mean recorded of CO ,inside
classroomswere higher than the value which is recommended
by the WHO. These results reflect the relative bad indoor air
quality in the preschools of Jeddah due to the inadequate
ventilation and the lack of environmental awareness.

Limitation: In our study time was limited, we have a limited
time to conduct the study so we should highlight the fact that
this study conducted during one season more research is
recommended during other season, also limited tools were
used during this study due to limited fund, more advance
equipment's are required for future research.

Conclusion

Inadequate ventilation for the classroom during lesson were
the main finding, high number of students in small classroom,
closing window and door during lesson were mainly the cause
of the high CO,. Education for the preschool teacher in how to
maintain good air quality inside classroom and how to
maintain active air way exchange is recommended.
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ministry of education and staff of the preschools that
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