SHREAR MR, M 462 K 33(2020) PISSN: 1738-4087 eISSN: 2233-8616
J Environ Health Sci. 2020; 46(3): 344-352 https://doi.org/10.5668/JEHS.2020.46.3.344

‘9_-;1 X ‘Original articles

% - £ - DS8me| oAlS|Els S5 I B

i
N
or

E.I.
d

E|2dEf* - °.|X-I* HEX|Sq* - 7I 2xf* - Fel* - ,7:'%—’.-_:—*
=0k . O|Xff&H+* - O|BLH*** - AT *T
s HE YT kA A B A s, el st R el AQade)shal, B ad el ST,
k=2 k)| Sk SV B 71 8k}

Evaluation of Carbon Dioxide Concentrations and Ventilation Rates
in Elementary, Middle, and High Schools

Youngtae Choe*, Jung Heo*, Jinhyeon Park*, Eunchae Kim*, Hyoensu Ryu*, Dong Jun Kim¥*,
Mansu Cho*, Chaekwan Lee**, Jongdae Lee***, and Wonho Yang*’r
*Department of Occupational Health, Daegu Catholic University
**Department of Occupational and Environmental Medicine,
Busan Paik Hospital & Institute of Environmental and Occupational Medicine, Inje University
***Department of Environmental Health Science, SoonChunHyang University

ABSTRACT

Objectives: Much attention has been paid to indoor air quality. Ventilation within schools is important because
of indoor air quality and its effect on health and learning performance. In this study, we evaluated the carbon
dioxide (CO,) concentrations and ventilation rates in schools.

Methods: This study measured the concentration of CO, in elementary, middle, and high school classrooms over
six months. The seasons during the study were summier, fall, and winter. Sensor-based monitoring was used and
the basic characteristics of the classroom were investigated. The body surface area of the students was used to
calculate the CO, generation rate, and the air change per hour (ACH) was evaluated using mass balance
modeling.

Results: The average CO, concentration measured in most schools exceeded 1000 ppm. The ventilation rates
varied from season to season. Compared to the recommended ventilation rate of 4.9 ACH, the roughly 3 ACH
calculated in this study indicates that most schools possessed insufficient ventilation.

Conclusions: The concentration of CO, in school classrooms could be an indicator of indoor air quality and can
affect students' learning ability. In this study, CO, concentrations exceeding the standard indicate a lack of
ventilation along with problems with indoor air quality. Therefore, appropriate improvements are needed to
overcome these problems.
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Table 1. Characteristics of each school classroom and the number of students in the classroom
* Sex

oo eV Nl et e

A Elementary 171.6 26 11 15 8 3

B Elementary 175.2 15 9 6 6 4

C Elementary 178.9 26 15 11 6 4

D Elementary 164.6 23 13 10 10 4

E Elementary 154.2 23 11 12 6 4

F Middle 168.6 25 6 19 6 3

G Middle 175.6 27 14 13 8 3

H Middle 173.2 21 13 9 6 2

I Middle 164.1 19 - 19 6 3

J Middle 156.4 34 - 34 6 3

K High 163.6 25 25 - 8 1

L High 161.6 23 23 - 6 3

M High 158.7 32 14 18 6 3

N High 180.5 29 29 - 6 1

(6] High 170.9 26 8 18 6 2

*Number
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Fig. 1. Comparison of average carbon dioxide concentrations
in classrooms by month
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B9 CO, 7155=S] 1,000 ppm Rt} £ &
£ A& FAE Btk SE Al o
. 2~49] YERASATE.

T AN

CO, ¥= H3}E Fig

3. E8TXAE 0|88 ACH ME

CO, 5 Aole] YelozE ol gelo] giek. 1
F Syse AEuRe Ue P, P o9
Apol, swadel AH, LA Fol 9k, 7 WA
AR B AFAR mae] A, L,

ruz

CO,&=E o]&st BYFGS FHsIih

J Environ Health Sci 2020; 46(3): 344-352

. =7} 24.1°CYE 714

gt W S AT 157 AAEwe] 3

o YRS 1352 cmi/seco| o, 258wl ¥
E|

o
o WAZL 117 cm/sec, =] HF WAHS
134.3 cm¥/sec, J:«ﬁbl«] Het DAL 1542 cm’/
seco|tt. €l wE $|3FE vlwslr| f)ste
ACHZ EA3193t} 7P¢ w2 87|38 Hel X
S 795} 1199 1.2 ACH, 7P a3t 371314

http://www.kseh.org/



(e}
=
Loﬂ
il
5

H’
H‘|

=]

349

)

tol
]
Il

3100

2800

2500

N
[N
=3
S}

=
©
=}
s}

1600

Carbon dioxide (ppm)

-
w
=}
o

=—Summer
== Fall

=Winter

+-+Recommended

700

400

7:30 8:00 8:30 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30

Time
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Table 2. Air change per hour (ACH) calculated in schools per month

School Volume per G ACH (hr)
person (m’)  (cm’/sec) Jul Aug Sep Oct Nov Dec  Recommended

A 6.6 133.5 2.1 29 2.7 4.1 35 2.8 4.7
B 11.7 752 1.9 3.0 3.6 4.6 25 1.6 2.6
C 6.9 137.7 2.2 1.9 23 54 35 23 4.7
D 7.2 118.9 39 44 4.6 5.5 24 1.6 44
E 6.7 120.4 5.1 39 3.8 43 24 1.6 4.7
F 6.7 128.9 24 1.9 3.1 53 4.0 3.1 4.6
G 6.5 119.3 3.0 1.4 1.9 7.5 4.4 3.8 52
H 8.2 150.0 3.0 2.1 2.9 3.5 32 2.9 42
I 8.6 102.6 1.6 1.3 1.7 2.7 1.4 1.2 3.8
J 4.6 170.7 2.0 23 2.1 4.0 34 22 6.6
K 6.5 164.7 1.5 1.8 2.7 5.9 39 2.8 6.1
L 7.0 151.0 44 3.8 5.5 7.0 43 3.1 5.7
M 5.0 177.3 1.8 1.7 23 3.5 24 23 6.8
N 6.2 139.5 12 1.3 1.4 3.6 2.7 2.7 4.6
(@) 6.6 138.6 3.0 2.7 34 4.0 3.0 33 4.9

Total 7.0 135.2 2.6 24 2.9 4.7 3.1 2.5 4.9
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Table 3. The average concentration of carbon dioxide and ACH according to school grade

School CO, (ppm) ACH (hr'")
Average SD* Average SD
Elementary 1288 240 3.21 1.17
Middle 1600 334 2.84 1.33
High 1686 375 3.10 1.37
“Standard deviation
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