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Abstract

Background and Objective: High Carbon Dioxide (CO,) concentration can
adversely affect the concentration and intellectual performance of students
and teachers. The present study aimed to assess the air quality of classrooms
using the CO; index in classrooms at the School of Health.

Materials and Methods: CO, concentration was measured using the Aeroqual
device at 15, 30, 60, and 90 minutes in nine classes with three groups of
students on different days (27 times). The data were analyzed in Stata software
(version 18) using the generalized estimating equations technique, and
responses were compared with standard values of CO;concentration using t-
tests.

Results: The results demonstrated that the air exchange rate varied from 0.01
to 1.39 times per hour, which was far from the standard limit. In most cases,
the CO; concentration exceeded the permissible limit after 15 minutes and
continued to increase until the end of the class. Between 30 and 60 minutes,
the concentration trend inside the classrooms was almost constant. The
increasing trend continued until the end of the class.

Conclusion: The present study indicated that, according to the ASHRAE 62.1
Ventilation Standard and the recommendations of the World Health
Organization, the ventilation rate in the classrooms was not sufficient.
Therefore, it is recommended to improve the air quality of the classrooms by
providing mechanical ventilation plans, especially in the cold seasons of the
year.
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Extended Abstract

Background and Objective

Students spend a significant amount of time in
classrooms and other indoor environments,
where indoor air quality plays a significant role
in their exposure to pollutants, concentration,
satisfaction, and academic performance. Given
that population density in educational settings is
approximately four times higher than that in
office buildings, the air quality in these
environments is typically lower. Factors
affecting indoor air quality include ventilation
systems, pollutant sources, human activity,
humidity, and mold growth. Properly designed
heating, ventilation, and air conditioning
systems are essential to control temperature,
humidity, and fresh air intake. Pollutants may
come from inside (e.g., chemicals, dust, mold) or
outside (e.g., vehicle exhaust). In many
developed countries, half of the schools lack
proper ventilation. High humidity can also lead
to mold and mildew growth, threatening the
health of students. Indoor air pollution can
aggravate diseases such as asthma, allergies, and
heart, eye, and respiratory diseases. For this
reason, international organizations have
developed standards for measuring and
controlling pollutants. To measure air quality,
indicators, such as carbon dioxide (CO5), carbon
monoxide (CO), particulate matter (PM,.s),
relative humidity, and radon are used.
According to EPA standards, CO, concentrations
should not exceed 1000 ppm. ASHRAE also
recommends that this value be no more than 650
ppm higher than outside air. The Iranian
national standard also states that the
appropriate humidity for a classroom is between
30% and 70%, and the ventilation rate is 6 liters
per hour. In classrooms, the number of people,
breathing rate, and ventilation system
performance can increase CO; levels. The
classroom air exchange rate should be at least 3
times per hour. Within classroom settings, the
total number of occupants, their respiration
rates, and the performance of the ventilation
system can contribute to rising CO,, levels. High
CO; concentrations have a negative effect on
concentration and cognitive performance,
especially in cold seasons when windows are
closed. Measuring CO, concentrations is a
simple and reliable method for assessing indoor
air quality. Therefore, this study aimed to
investigate the air quality of classrooms at Ilam
University of Medical Sciences, Ilam, Iran, using
the CO, index.

Materials and Methods

This descriptive-analytical study was conducted
using a census method, which included all nine
classrooms of the School of Public Health in the
fall of 2023. The air quality of the classrooms was
examined with three groups of students on

different days, and a total of 27 measurements
were made. All classrooms wused natural
ventilation. Initially, the open area of the
windows was measured. Subsequently, using a
Kimo thermal anemometer, the inlet airflow
velocity was measured, and the air exchange
rate (ACH) was calculated using the following
formula:

Q (m /hr) =V (m/hr) YA(m ) ACH=Q/V

The CO; concentration was measured utilizing
an Aeroqual device, which was adjusted to zero
calibration before each use. The device’s
measurement range is from 0 to 5000 ppm, and
its accuracy is +5%. To investigate changes in air
quality during the class, CO; concentrations
were measured at 15, 30, 60, and 90 minutes after
the start of the class. Moreover, the amount of
COy in the open air was recorded before the
start of the class. The data were analyzed using
the GEE method in longitudinal models and
Stata software (version 18) and compared with
standards using a one-sample t-test. According
to WHO and EPA standards, CO, concentration
should not exceed 1000 ppm, and according to
ASHRAE 62.1, it should not exceed 650 ppm
above the outdoor air. Classroom design
guidelines in Iran (capacity: 32 cases, 3 cubic
meters of air per person, 3-meter ceiling height,
and maximum distance of 9 meters) also
indirectly affect indoor air quality, although no
specific standard for CO, in classrooms has
been set.

Results

The School of Public Health’s educational
building is two stories tall and contains nine
classrooms. Airflow velocity at the window
openings ranged from 0.2 to 1.96 m/s, while the
air exchange rate varied between 0.01 and 1.39
per hour, significantly below the standard
minimum of 2 times per hour. The CO.
concentration in the open air ranged from 306 to
390 ppm. The results showed that in all
measurements, except for cases 6 and 23, after
15 minutes of the onset of the class, the CO,
concentration exceeded the permissible limit
(1000 ppm) and continued to increase until the
end of the class. A GEE regression model was
used to examine the factors affecting the
increase in CO,, such as the number of students,
the position of the classroom door, the air
exchange rate, and the outdoor air flow rate. The
results showed that a larger number of students
was directly related to the increase in CO,. The
closed classroom door also increased CO, due
to insufficient ventilation. In contrast, an
increase in the air exchange rate and outdoor air
flow rate was associated with a decrease in CO,
concentration.

Discussion
Given the higher population density in
educational settings, compared to residential
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and office spaces, the air quality of these spaces
is of great importance. Studies have shown that
poor air quality, in addition to causing health
and concentration problems, reduces cognitive
performance in students and professors.
Moreover, a statistically significant relationship
has been reported between high levels of CO,
and decreased concentration. In the present
study, CO, concentration was investigated as an
indicator of air quality, and the results showed
that this concentration had an increasing trend
during the teaching time. The findings are
similar to the results of a study by Ramalho et al.
in France, in which CO, concentrations were
reported to be above 1700 ppm in 33% of
classrooms. All of the classrooms studied used
natural ventilation. While studies have shown
that mechanical ventilation is effective in
reducing indoor pollutants, naturally ventilated
classrooms often have higher concentrations of
CO.. A study in China also found that opening
exterior windows was more effective in lowering
CO; than opening interior windows. The results
of this study showed that during most of the
class time, CO, concentration exceeded the

o NS (glsn CuiS 5 )8 apST g0 clile

WHO standard limit (1000 ppm) and did not
significantly decrease even during a short 10-
minute break. Other studies have also identified
similar reasons, including high population and
inadequate ventilation, as the cause of the
increase in CO,. The study's statistical model
showed that the number of students, air
exchange rate, outside air flow velocity, and
whether the classroom door was closed all
affected CO, concentrations. Opening the door
or window of the classroom during teaching can
help improve ventilation. Studies by Heracleous
and Teleszewski have also confirmed this
finding and have provided models for predicting
CO; levels and optimally designing classroom
ventilation.

Conclusion

The present study showed that classroom
ventilation is not adequate according to ASHRAE
and WHO standards, especially during cold
seasons. It is recommended that mechanical
ventilation be designed to achieve an air change
rate of at least 2 times per hour and maintain
CO; concentrations below 1000 ppm.
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