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ABSTRACT KEYW O RD

Purpose: The purpose of this study is to develop a control technology for air-clearing ventilation system  SfilA|d
considering the characteristics of school facilities, and to investigate, classify, compare, and analyze data that can ;Ell;"llﬁﬂﬁ
consider general environment and school characteristics. Method: The current and characteristic of school facilities IU_I Mo X_I =
and the status of management of pollutants were investigated using government public data and the resulting
environment variables were derived. The concentration of fine dust and carbon dioxide, which are the main causes ~ School Facility
of human activity and breathing, was selected as the main factors to analyze the correlation with general school Indon Air Quality
facilities, such as locality, establishment date and coeducation status. Result: First, the standard classrooms in Korea \Ff:?tti!ifla(zg IEAyaStttee T
are located in Seoul and Gyeonggi-do, with a total of 23 students or less. Second, the survey on the concentration of
fine dust by age of school facility showed no significant difference, but in the case of carbon dioxide, the average ACCEPTANCE INFO
concentration decreased as the age of school facility grew older. Since the age of school facility is related to the  Received Feb. 4, 2020

building’s confidential performance, it is considered that the building’s airtight performance is highly correlated ~ Final revision received Feb. 14, 2020
Accepted Feb. 19, 2020

with the concentration of carbon dioxide. Third, according to the analysis of indoor air quality according to the sex
ratio of students, this ratio is also a major factor for indoor air quality, and it was deemed necessary to consider this
when applying the air-cleaning ventilation system.

© 2020 KIEAE Journal
1 ME PR o] thEe] AuHACl ARFZI AR AAE © Aolo]
ol &= Qlrt, whehA S o) A8 S| A AR Alo] Z]so] Ba
LL @7e] 7 9 24 Sk, 7ol o] S0 e e Ao} 47 Sl

F 4z Aol mefety d5AE(AD, ARERlEHl(oT), &

A 37] QAR AT QAL =ED B ARRAL 2
w9 obx)7] WRA[1-4], AT AL/ 8Y] 44 @ gl TEEDTCmartbuiding) 5 TS - 5T 71l A R A
e Zast B9, ojalol} opao] A9 wEe| e Azg Aol AHACR Bt s Aolr qedt A 9 Al
a0l B olx)7] tRe] AU Helrt Baste(5-7] A=) gen).

shmA| A A A 0 & AZMAYo] ©]dlo] Zokst Aol udd SHAIRE ob27h2] st Al o] E4of g 482 4 e 71
o] AWF 6A|7F oA} A2 EAL AT 9lo] Sk AR A W &) A2 A 0] 7]E2 A E o] YA itk o] & A
Ao| g2 U Frals} B3] Fasckn 8 4 ok 171 flsiM e fAH R st e ohefetal Bt vieE 1
olo] whet 2 - QlofA] AT A AL ste] Ftol=akel 2lsto] gt o] AMg S of HAstH AlFr]|d mYEY 9 Ao

ol QA ol S thokst L 2lo] Z7}shT 9lom[8, 9], o] shi 7l& 7ol Y asi.
A 0] AYZ|A G oe] TGE AL st n W] 7% AWE71E Ao 715 e Asiie AUl - o 2k, 55, 7
748}, Azskaol] gt 7| As] A28 olma ] A sk 27]A Fo| ekt £ T AYF 7| dof JFE & 4 ol durEQl 3
S0 BAH M2 zoele st 1L g wA] i Q4 oty zt ot o] A1l B AIRY s, A (),
(2018.04.06.)"& TrHsto] Fjata ATH10]. A, Ao 8=, AFAT 5 o] EAL BT+ 9lE 94E
S T WAL AT W8l et ohefet 82 88 o] Al g ZALe B4 W 127} 4t of of ghet, SRR AU
A Aol 71& e 913t st o] B4 9 kg B4 tigt 71 =

PISSN 2288-968X, eISSN 2288-9698 Z}E% ?](j.‘;l‘_ﬁ]—]:]-

http://dx.doi.org/10.12813/kieae.2020.20.1.143

©Copyright Korea Institute of Ecological Architecture and Environment 743


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2020.20.1.143&domain=http://kieae.kr/&uri_scheme=http:&cm_version=v1.5

ebA 2 Aol A st Ao EAE AT 5 e 5713

AT
2] Aage Alof 71 EE It 7|2 A=A GEbA gl @
7 9 ot 54 1AF 4 g olHE 24 BRste] vl

BAstert,

F

,_.
o
e

SORERAED

SHLA A0 27147 B7) A AF 59 A wsor o
P 91t |2 @old, 87 W5 52 Sl

% So] B s, fo]

N

HEESTH AL JR(A Y, AHY, &

T 5 A AR o o] whet of
2k = (M AHZ](PM, ), o]4ts}
ofr}.

7, R
o] 7] w2l A
7] A" €] 7]

t
re
+
fr

o

of o T
rE
>
j

LN
[e]

El
>,

¢

olch
A|m
o ¢
[-o
o2
n
5
g
i)
&

ol e

e e

i

El
IS

o x|
i)
El
o
S
of, ©:

s
=1
2 El
>
of
it
Fll‘

o
@
2,
Io

fu oot o 1o 1o
ol

)
o
>,
BN
>,
r
I'O _1
LJ

o
xlﬂ [ e

o @
o}‘)lv
ol
i
ox,
Jo d
N
foly m
)
m{n
ot =

o}w
ol
i
ox,
Jo
N
j_'OL
B
Hd
10
ol g

el
gstol=
ERBPEERES
A AT ol 47
ol il £

ook Pl
mSl n]-bl
L
in}
I

_1_>|: =
i)
)
Eu)
ol
rk
i)
0%
rjg

BNe S o
BN o
e}
|o
frtl
rlr
ol
N
ol
o,
el o

_h'L

7179 s QWOE gt *E“H%ﬂ@ o4
ZAHE F-3otltH14].
2 719 ke uAHA EAg o = QIR A7
o9 Ay A gt #e)r]E PQ}OHE%E}*E‘
A47F FE o F 2 ek 247 2J(2017)+= 371
AH 0] 7hs-5ol| whE AW WA A 11171*0
on], A5 2](2018)+= <59 F&of w2 nAHX
3 A1LE $85tATH1S, 16). A& £0(2019
WAS o R A nAHA] HUEARS 245
(2018 )% *E 1 2] A2E flof S7|A1A o] A
.o} o] F o= AR nAH
ﬂﬂd H FAEA, AA B ol et A+

o
1o
Ho
)
fo

=}
>

I

o,

N
i
)
re

I

lo
Jdo gy o

[N

_O'L

X,

iél
3

= 0
rl
1o |

fr 1o o
P
© ol
I 2 o Bl ox 3 o L

=

=
9

=

oo

oL

S
lo

il
il

B
3 Lo

ol
T o

)

S
)
o
Rl
>
e
=

}10_15

N
e,

N ol-;]
N
ox

o ox
>
2
10

-0,

o mx
% o
Bl
> o
oo
L
o oo >
e

_,
~
==

ol
o
o2
n
X,
ral,
ol
=
=
ot
Y
fu
N
iz} L
Fo
r
i)
o
o,
K
O B O

uly el = Y
Ar we
i

flo X r
18 X
9
re
Al
rok
4,

N
o
v
£
2]
R}
18
o
4o
1o
P
of
=1l

144 KIEAE Journal, Vol. 20, No. 1, Feb. 2020

S AEs)d el e PEE 9 ke fo ujet 87
L TEEER, LER 37 AN 27t PelsaL ok, 64
_]

A oo 4o

B rl P
=
(kL o
T -
=
o

nE

SIS 2 AZG 1A, FHANL, AST L 3T 5ol
AUFAY f4 2 BE PR ZoAUARM,), oA
Lo

(PMyp), ol4tetgta: (COy), FLHlste]E(HCHO), F5-/AIw
(Free—floating bacteria), YoFAlet(Falling bacteria), @AreFe4
(CO), ol4ta}d4(NOy), 2H=(Radon), FHAR7ISIE=E
(TVOQO)L.2 FEH 7|FA] & Table 1.3+ .

Table 1. Indoor air quality maintenance criteria for school facilities

Criteria by effective date
Pollutants Location
06.01.01. | 18.03.27.|19.07.03. | 19.10.24.
Classroom, R R R
PM, 5 Cafeteria - 35ug/m’ | 35 ug/m’ | 35 ug/m
Classroom
) 100 ' 100 ' 75 ’ |75 ’
PM,q Cafeteria pg/m pg/m'| 75 pg/'m pg/m
Gym, Auditorium - - - 150 pg/m’
co Classroom, 1,000 ppm (1,500 ppm, when using
? Cafeteria mechanical ventilation)
Classroom
(less than 3 years . 5
HCHO after construction) 100 pg/m 80 ug/m
Cafeteria
Free-floating Classroom
8 FU/m’
bacteria Cafeteria 800 CFU/m
Falling Cafeteria,
’ 1 FU/R
bacteria Nurse’s office 0 CFU/Room
(60) Classroom 10 ppm
(Individual heating
NO, or roadside) 0.05 ppm
Classroom
Radon (Ist floor or 148 Bg/m’
underground)
classroom
TVOC (less than 3 years 400 pg/m’
after construction)
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Lo - YYH - 4G - g5 - B AE - BTR
F3t WSR= wA 0] A2 E T 5] flof B8 i Elementary | Middle High
A7) 8 Pe]7)E S uhIshL, Z A8 dH) S A% A g o eglon school | school | school | %
nHog Azt 7|& Stuk LAF 072 186ty BEo|3H A Incheon 260 (4.1%)| 135 (4.2%)| 125 (5.3%)| 520 (4.4%)
£ 371747718 HAAotE S o1 tH22]. w-55+=201949 12€ 7] Jeollanam-do 465 (7.4%)| 254 (7.8%)| 142 (6.0%)| 861 (7.3%)
FORRE X .. 1 WA 88 1% Z7NHAYE HEII L Jeollabuk-do 423 (6.7%)| 209 (6.5%)| 133 (5.6%)| 765 (6.4%)
™, 20209 187k4] 100% Hg F315kcH23]. Jeju 118 (1.9%) 45 (1.4%)| 30 (1.3%)| 193 (1.6%)
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Table 2. Status of elementary, middle and high schools(as of 2019)

Elementary | Middle High
school school school

Region Subtotal

Gangwon-do 377 (6.0%)] 162 (5.0%)| 116 (4.9%)| 655 (5.5%)
Gyeonggi-do | 1,309(20.8%)| 635(19.6%)| 475 (20.2%)|2,419 (20.4%)
Gyeongsangnam-do | 519 (8.3%)| 266 (8.2%)| 190 (8.1%)| 975 (8.2%)
Gyeongsangbuk-do | 508 (8.1%)| 269 (8.3%)| 184 (7.8%)| 961 (8.1%)

Gwangju 156 (25%)| 90 (2.8%)| 67 (2.8%)| 313 (2.6%)
Daegu 229 (36%)| 125 (3.9%)| 93 (3.9%)| 447 (3.8%)
Daejeon 150 (24%)| 88 (2.7%)| 62 (2.6%)| 300 (2.5%)
Busan 304 (48%)| 172 (53%)| 142 (6.0%)| 618 (5.2%)
Seoul 602 (9.6%)| 385 (11.9%)| 320 (13.6%)|1,307 (11.0%)
Sejong 49 (0.8%)| 24 (0.7%)| 18 (0.8%)| 91 (0.8%)
Ulsan 122 (19%)| 63 (1.9%)| 57 (24%)| 242 (2.0%)

Chungeheongnam-do| 420 (6.7%)| 188 (5.8%)| 117 (5.0%)| 725 (6.1%)

Chungcheongbuk-do | 268 (4.3%)| 126 (3.9%)| 84 (3.6%)| 478 (4.0%)

Total 6279 3236 2355 11870
Table 3.2 A% 2 - %+ ] 534 9 913 B3 P4 %ol
o, 258k 123,75270, S8t 51,7177), 158t 58,0167 &3
ol %9 % oItk Y BT A S 259 2147, F5
24.0%, 155t 24.37 o]},

Table 3. Number of general classes and students of elementary,

middle and high schools(as of 2019)

Elementary school| Middle school High school
Region
Class |Student*| Class |Student*| Class |Student®

Gangwon-do 4283| 17.66 | 1,736 | 22.15 | 1,902 | 22.81
Gyeonggi-do 31,148 | 24.71 | 12,345 | 28.67 | 14,384 | 2543
Gyeongsangnam-do| 9,161| 21.24 | 3,598 | 24.77 | 3916 | 24.12
Gyeongsangbuk-do| 6,433| 20.42 | 2,880 | 15.44 | 3,240 | 22.19
Gwangju 4,071 21.86 | 1,798 | 24.10 | 1,832 | 27.10
Daegu 5458| 23.11 | 2,617 | 24.05 | 2,892 | 24.73
Daejeon 3,888| 21.28 | 1,584 | 25.82 | 1,859 | 2442
Busan 6,905| 22.53 | 2,963 | 24.82 | 3,535 | 23.24
Seoul 18,690| 22.59 | 8,786 | 23.64 | 9,549 | 24.96
Sejong 1,328 21.00 | 496 | 22.58 | 417 | 2272
Ulsan 2983| 2297 | 1,233 | 2520 | 1,405 | 24.24
Incheon 6,995| 23.00 | 2,892 | 25.80 | 3,283 | 24.00
Jeollanam-do 5,151| 1843 | 2,067 | 22.23 | 2431 | 21.85
Jeollabuk-do 5,147| 18.99 | 2,073 | 23.59 | 2,426 | 23.54
Jeju 1,805| 22.75 721 2638 | 717 | 27.96
Chungcheongnam-do|  6,007| 20.38 | 2,235 | 25.15 | 2,454 | 24.83
Chungcheongbuk-do|  4,299| 20.17 | 1,693 | 24.18 | 1,774 | 25.07
Total 123,752 21.4 | 51,717 | 24.0 | 58,016 | 243

* the average number of students per class

37 4u|(7)A) AX] H]&-L2 Table 4.9} Zo] 253811 58.1%, &
3 57.8%, 155HL 56.8% % Bt 57.5%2] A 2] v]-&-S Lrehdic),
il

SR EE

Table 4. Installation ratio of mechanical ventilation(as of 2019)

School | Elementary school | Middle school

High school

Install 3,637 (58.1%) 1,866 (57.8%)

1,337 (56.8%)

Uninstall | 2,627 (41.9%) 1,365 (42.2%)

1,018 (43.2%)

Total 6,264 (100%) 3,231 (100%)

2,355 (100%)
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Table 5. Status of PM;y and CO; in schools by year

PM; o(pg/ m) CO;(ppm)
Classification Average Excess Average Excess
concentration | number® | concentration | number*®
2016 48.1 752 650.7 105
2017 48.7 940 672.0 104
Elementary = ) ¢ 528 1,343 703.6 110
school
2019 49.8 1,216 713.7 90
Avg. 49.9 1,062.8 685.0 102.3
2016 48.4 370 664.4 4
2017 49.0 471 684.2 5
Middle 7 ¢ 527 648 712.0 7
school
2019 49.1 594 730.5 5
Avg. 49.8 520.8 697.8 5.3
2016 47.8 272 695.0 2
2017 48.6 344 722.7 1
High = 17018 50.8 447 729.6 1
school
2019 474 404 743.7 0
Avg. 48.7 366.8 722.8 1.0
Average of school 49.5 - 701.9 -

* Number of schools exceeding the standard(PM;o 75ug/m’, CO, 1,000ppm)
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Fig. 4. Particulate matter(PM;y) concentration by year
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Fig. 5. Carbone dioxide(CO,) concentration by year
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Table 6. Concentration of PM,y and CO, according to the age of
school facilities

PM;o(pg/ m) CO;ppm)
Classification
2016 (2017|2018 (2019| Avg. (2016|2017 {2018 {2019 | Avg.
More than
478 | 479 | 520 | 486 | 49.1 | 6417|6629 | 693.9| 700.0| 6746
30 years
2920 | 4eu | 500 | 531 | 507 | 506 | 6632|6788 | 7139|7442 | 7000
Elemen| Years
_tar )~
Y 119510 o 507 | 61 | 22 | 521 | 6762|7035 | 7303| 7408|7127
school |  years
Lessthan | 1o o1 519 | 556 | 564 | 534 | 6823|7017| 7402|7501 | 7186
10 years
Avg. | 488|501 542|520 513 | 6659|6867 | 719.6| 7338] 701 5
Morethan |\, o | 476 | 15 | 478 | 488 | 6564|6727 | 7048 | 7236 689.4
30 years
2920 | s | sis | sa2 | 514 | 518 | 6877|6902 | 7153| 739.6| 7082
years
Middle 19-10
school 506|529 | 552 | 516 | 526 |672.5|717.7| 727.1| 3.1 | 715.1
years
Less than
460 | 504 | 541|529 | 509 | 7022|7289 |752.1 | 757.6| 7352
10 years
Avg. | 486|507 | 538 | 509 | 510 | 679.7] 7024 | 7248 | 7410|7120
More than |\« o 175 | 05 | 468 | 510 | 6852|7160 | 723.8| 7339|7147
30 years
29~20
495 | 484 | 545 | 481 | 476 | 7178|7403 | 7529 7710|7455
years
High 70700
school 510|517 ] 539 | 483 | 50.1 | 718.7) 7364 | 734.9| 758.1| 7370
years
Lessthan | o) 1 639 | 519 | 501 | 502 | 7123 | 7350| 739.6 | 7672 | 7385
10 years
Avg. | 498|504 | 25| 483 | 502 [ 708.5]7319] 7378|7576 | 7339

Table 7. Number of schools exceeding standard of PM, and CO,
according to age of school facilities

o PMo(pg/ ) CO,(ppm)
Classification
2016 | 2017 | 2018 | 2019 | 2016 | 2017 | 2018 | 2019
Morethan| o)) | aa | 922 | 771 | 86 | 87 | 91 | 72
30 years
2920

621 | 760 | 1071] 927 | 10 | 9 10 | 10
Elementary| years

school 19~10
years
Less than
10 years
More than
30 years
29~20
Middle years
school 19~10

96 | 131 | 182 | 186 | 9 8 8 8

35 1 49 | 9 | 103 | 0O 0 1 0

269 | 312 | 433 | 373 | 4 5 7 4

304 | 367 | 513 | 454 | O 0 0 0

52 1 80 | 92 | 93 0 0 0 0

years
Lessthan | 0l oy T as (a7 0 | 0 | 0 | 1
10 years
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