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ABSTRACT

KEYWORD

Purpose: In order to improve the existing school fine dust environment, 12,095 elementary, middle, and high schools ~ 37|2t&

in Korea were analyzed by statistical analysis, and the purpose of this study was to derive the priority of field diagnosis
and improvement through the scoring system. Methods: First, through the data of "school alert" of the Korean

*_‘I@ EEAﬂﬁ

Educational and Academic Information Service, a total of 12,095 types and sizes of schools, classroom types and sizes, — Ex|2Af
areas, building years, fine dust, formaldehyde, noise, and asbestos were analyzed. Second, the types were classified into

6 evaluation items through the analysis of fine dust detail and consultation with experts in the air environment
improvement council. Result: 12,095 schools were classified into the top and bottom based on the playground, building
year, indoor and outdoor fine dust concentration, number of students per class, fine dust warning and alarm scoring
system. The results of the analysis of the combined score of the regional influence factors were analyzed as Gyeonggi
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Province, Jeollabuk-do Province, Chungcheongnam-do Province and Incheon, which recorded the highest score of 27

ACCEPTANCE INFO

out of 28.
Received Jan. 15, 2021
Final revision received Feb. 3, 2021
(© 2021. KIEAE all rights reserved.  Accepted Feb. 8, 2021
1. ME 12, 7] ¥ 2 A9
S AR TRAAE Fig 1.7 2om 4203 dolet 142 @

R Sa4oeHRe Gaden’ dolds Bkl F 12,0050

AR G RYo] o4 AR e st 18 AntE A2 S 9 W 3R, 24 99 U 4R, A, A5EE nqud %
259 20259744 182 5000008 FYstod AT ¥R A BUHSIE, 22 AW 5O YFRE EALAS WA 271
= 28357152 dAE 9 A A AfAstE AlgS 7HA L B FQIFUA B S5l 3719 M A HErHa S A
Ak ESF ARE 20229702 wlHEA] BiERE XS aE 97, ot A 2 AFAlE 74, e (RE ], Az
0% AEsH A0S YEetGom ook B WEAL T 4kl ATV, LANLIERONTA AATH ARF GoIE
WA= 37 MUs 71 A, Bg5Fo Pt EAY o= 9l 67 B E (2, A%, AUl e] v A sk, Y
T AL Qe WSAES o wAof 207 0] H= oMol AR5t P, A 2] o H gl A H), 57 S vl A 283 v 7]
G AARET L FA2 DY YR SFY HYCRZ AW H  FoR $YL REsdn. ok FIAATRY ooizelel
AR, ottt A 50 L HETH S A o= o4 SHAT ofof o PMI10 AIZH8-5 =7} 150ug/m' o1 2417 2145 = nlAH =] 5
@ QAU B $Heg] BAL REG Agolch Wb AT o|w PMI0 AR @SR} 300ug/m 014 2417 A A
AN 71E st F718H3 JHAdS st A= 12,095709) 2% 2] AR 9 A S Er sty 7| AR u A BE Aes 2
7oL 48 EARAS ANl hEAE B AR ATAN  Hojol BAL AN
W SHE90E EEstna gt

pISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813/kieae.2021.21.1.029

‘ " Consultation " Bevaluation D d
“School alert with experts on items (28 points) iagnosisan
data’ statistical airenvironment and eachschool improvement
analysis improvement evaluation school
i selection

council progress

Flg 1. School Selection Process for Diagnosis and Improvement

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 29


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2021.21.1.029&domain=http://kieae.kr/&uri_scheme=http:&cm_version=v1.5

=W O] 7 Tt HAR AR oA &7 A F 225
o] 247)E 714 n| o 3 9 AR 7ES AlASkL Aok, 7t
ot AWg71d ] Higt 27152 L HFEE & Table 1.3} 2ol
AIASHAL ot
Table 1. Maintenance Standards

Poiltleul:lant Standards Application facility Note

s | School building and food dust less than 2.5 um
35ug/m service facilities diameter
. s | School building and food dust less than 10 pm
Fine dust 75ug/m service facilities diameter
150pug/m’ | Gymnasium and auditorium déli:ltnlle;‘irthan 10 ym
If the School building and
the food service facility
School building and food use the machine
€02 1,000ppm service facilities ventilation system and the
main ventilation is done,
it is 1,500ppm or less all
School building, dormitory
(limited to dormitory not Architecture includes
Formaldehyde | 80U/’ | more thap (hvee years #fer | extension and renovation
service facilities
Total airborne ;| School building and food
bacteria B00CFU/M |- (ervice facilities i
Falling 10CFU/ro0 | Health center and food service
bacteria m facilities
The heating classroom is
Cco 10 Individual heating and limited to a direct
ppm roadside classrooms combustion heating
classroom
The heating classroom is
. . Individual heating and limited to a direct
Nitrous oxide | 0.05ppm roadside classrooms combustion heating
classroom
Dormitory (limited to
dormitory which has not been . .
5 : Architecture includes
Radon 148Bg/m’ | built for three years), ; .
School building on the first extension and renovation
floor and underground
Uil VOLatlle 400pg/m’ Schools that have not been Architecture includes
U M built for three years extension and renovation
compounds
Schools falling under asbestos
buildings under the latter part
Asbestos | 0.01unit/cc | of Article 22 (1) of the -
Asbestos Safety Management
Act
Limited to cases where
AT there is office equipment
Ozone 0.06ppm Ooffgiee and administrative (copy machines, etc.) that
generates ozone in the
applicable facilities
: 100per one
Tick head/m’ Health office
2 | Dormitory that have not been | Architecture includes
Benzen 30ug/m built for three years extension and renovation
s | Dormitory that have not been | Architecture includes
Toluene 1,000ug/m built for three years extension and renovation
s | Dormitory that have not been | Architecture includes
Ethylbenzene | 360ug/m built for three years extension and renovation
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Table 2. Management Standard

Target facility Key management standard

A new school

1) No construction materials for pollutant emission
shall be used pursuant to Article 11 (1) of the
Indoor Air Quality Control Act;

2) Aventilation facility shall be installed for smooth
ventilation in a school building;

3) The equipment of schools, such as desks, chairs,
and upper plates, shall be used for products

certified as Korean industrial standards pursuant
to Article 15 of the Industrial Standardization Act;

4) To take necessary measures to ensure that
formaldehyde and volatile organic compounds
within the shool building meet the maintenance
standards and use them;

Schools within three
years after the school
opened

* It will focus on managing formaldehyde and
volatile organic compounds to meet maintenance
standards

Schools that have
passed for at least ten
years since their
opening

1) It shall be managed with a focus on fine dust and
airborne bacteria to meet the standards for
maintenance;

2) Where existing facilities are repaired, no

construction materials for pollutant emission

shall be used pursuant to Article 11 (1) of the

Indoor Air Quality Control Act;

The equipment of schools, such as desks, chairs,

and upper plates, shall be used for products

certified as Korean industrial standards pursuant
to Article 15 of the Industrial Standardization

Act;

3

~

Schools falling under
asbestos buildings
under the latter part of
Article 22 (1) of the
Asbestos Safety
Management Act

* Focus on managing asbestos to meet maintenance
standards

Individual heating
(limited to direct
combustion heating)
classrooms and
roadside classrooms

* Focus on managing carbon monoxide and
nitrogen dioxide to meet maintenance standards

* Fine dust, carbon dioxide, formaldehyde, total

Food service facilities airborne bacteria and falling bacteria should be
managed to meet the maintenance standards
Health office * Focus on managing drop bacteria and ticks to meet

maintenance standards
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Table 3. Literature Review
2500
Name(Year) Subject Evaluation type | Methodology | Ref
. = 2000
Pa&;'(lz{dm) R:\r;ﬁligg Qualitative Graded score | [1] g
gll.iﬂﬂ
H.G. Importance by L &
Kim(2007) | evaluation ftem | Qualitative AHP (2] S 1000 73
= 491
B.U. Aging litati Checkli 3 8 s _43 193
Oh(2004) | determination | Qualitative ecklist | [3]
Kjrl;i(%06) ahﬁga:‘l;;legggil Quantitative | Measurement | [4] @9 bﬁ\ & @ c, & & &
o

BAALe A 12,0957 25 5SS o
sholch. B¢ EANY o R L AR uR &R “SFnen v
oElE Fotel F 12,0959 ot 49 2 7, B4 43 L 72

A, AFE, oA, 2%, HE 59 AFRE
0 eole] WES BARLS LAY ol Fig. 2.~10.34 2
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(104 BHAIZES] 4-5-F0] ottt 2 A0 2 245|907 o
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A5 SAolE & &85kl e 23717k 2019d 195E 114
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Fig. 2. School Data Frequency by Region
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Fig. 3. Normal Distribution and Data Frequency of Fine Dust by Region
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4. Normal Distribution and Data Frequency by Construction Year
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Fig. 5. Normal Distribution and Data Frequency by Indoor Fine Dust
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A 0] 749 0.003~0.0057/cc 1t ol 7Hg B2 £2E Ho| 4200 4102 0.10
2|9k glo] ¥1E4-9] -9 0.0017H/cc Bt 2,47970 =2 Hlo] &
L 3,500
Vg e Ao s BALT B BR-L 000377/ cc, BAFL ' 00 =
0.00422 B4 =g}, ¢ 2800 E
= ‘e
&g BX] 9 40~50dB(A)l 71 e REE Holn ¢ g 5 2
& 2,100 0.05 3
ol§ BIZZ= T3t 50dB(A) 77} 3,20170 2 B0l |7} 7p v & 3
< 1,400 =
2708 BRI B2 45.0dB(A), BAH 6,602 A H g 49 003 2
oot 700
itk 340 716
141117 78 19 2
) o ois ) 0 0.00
3.2. Adsty ARS AT FHRE A2 0 10 20 30 40 50 60 70 S0 90 100 110120
- HCHO
12,0947 25 67 712 (254 8 1:1-52,7-1111,_5’ Al
(e E: f o_ FS(Esg vEET A5 sl Fig. 7. Normal Distribution and Data Frequency by HCHO
MR E 5, skt SHl 4, m A A] F=olH 9 FH) 57 54
A 284 T 71Eo 2 FEI A2 Table 4.9 2t v|A| 1,500 1482 0.02
W2 Heolee A=egedo] ofojzeop wAHAl Fo|H
(PM10 ATt 557 150ug/m’ o4 2417 A|<5) 2 A K (PM10 1,200 0.02
AZHB - E = 7E 300ug/m' o1/ 247 A &) Elol 8 & &85t . H
B g 900 £
T FRLSeEY R0l stucreln] Hoe, GuaTpTY oL
= = & e
ot 7124 R 9 e 0 A B YoleE A ste] EAEAS A £ g 3
- [}
Al 5] . a E
|skct 0.01 7,
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Table 4. Evaluation Criteria for Selection of Diagnostic Schools
Contents Evaluation criteria 0 0.00
0 50 100 150 200 250 300 350 400
Soil- Natural | Artificial TVOC
Playground Type cement e turf Urethane Etc. . o
type Fig. 8. Normal Distribution and Data Frequency by TVOC
Score 3 2 1 1 1
Indoor fine | concentration | 0~247 | 24.7~39.5 | 39.5~54.6 | 54.6~73.6 | 73.6~101 3,000 100
20
dust Score 1 2 3 4 5 2,500 2479 5
a =
Onidhme e concentration | 19.8~38.1 | 38.1~41.0 | 41.0~44.2 | 44.2~47.3 | 47.3~56.6 & 2000 70 _g
dust Score 1 2 3 4 3 g 60 g
£ 1,500 1339 s0 3
Y 1923 1974 1984 1995 2005 = —_
Architectural . ~1974 | ~1984 | ~1995 | ~2005 | ~2020 g 0 3
year g 1,000 0 3
Score 5 4 3 2 1 7
500 346 20
Number of Number 1~11.5 | 11.5~20.1 | 20.1~23.4 | 23.4~26.2 | 26.2~50.0 0 212 5 50 25 24 48 10
students 0 —_— =
per class Score 1 2 3 4 5 0.0000.0010.0020.0030.004 0.0050.006 0.007 0.0080.0090.010
Asbestos(Unit/cc)
Fine dust [Lmchuy ({05263 366131'76~ ?(1)%96; 1102159151~ 1125541flz~ Fio. 9. Normal Distributi d Data F by Asbest
warning a.nd d & 0 a 1g. 7. orma. i1stribution an ata requency by Asbestos
alarm Score 1 2 3 4 5
3,500 1201 0.30
3,000 0.010
2,300 0.24
2,500 0.008
g B
2 2.000 £ g 2,100 0.18
Z 0.006 2 g
H = &
E‘ 1,500 2 &
s 0.004 E ‘E 1,400 0.12
& 1000 £ A
z
=00 0.002 700 0.06
0 0:000 0 0.00
NS S S ST LSS S S S 0 50 100 150 200 250 300 350 400
con Noise (db(A))

Fig. 6. Normal Distribution and Data Frequency by CO,
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Fig. 10. Normal Distribution and Data Frequency by Noise
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Table 5. Upper Regions of Warning and Alarm Time Sum

q 3 PM10 PM10 PM2.5 PM2.5
Province City ing et warning I Total
Anseong 436 17 993 85 1531
Yeoju 436 17 993 85 1531
Gyeonggi Yongin 436 17 993 85 1531
Icheon 436 17 993 85 1531
Pyeongtaek 436 17 993 85 1531
Incheon 572 36 766 21 1395
feontabuk | pysan 247 0 960 1z | 1319
Gyeonggi | Goyang 289 40 890 52 1271
Gyeonggi Gimpo 289 40 890 52 1271
Gyeonggi Yangju 289 40 890 52 1271

Table 7.2 A9 FPAA GAHS L2 ehd Holeh. 28
AW 274 AL N1ST AL AN, WehBE, FAYE,
QRGN 2 EHE ALk The 292 2698 715 AL A=,
HRE, FHYTE, AAFAN, AL EHAR RS, 57
S5 oAU YFS WOl WE Aolr] W47t F 42
UAEA S e WA e 02 B 4 ook B A 4
S 9], okl SRR shwel AR 47 A
ko] GRYe) AE A, BE Sl A, oty
B9 AP TS Wot YT RS WSt B 4
177 A= 183 % 1767) DAL Sotel st o)A &
49 87 AR Fel B2 AT HEH02 99T ot
F7197 A BA A DS Fotod FofelF ot F
M2 9 St E AT o Folet 4 el 2 o) dmEz
st zge] g WAl AuEI1d 59 A9 9 s Ay
FAAGEIARA, BE 5 2 8F AP S AT oA
oek.
4. AE

stweren) Blo|el Fatol 3 12,0059 st @guo]H 2
Sk £AF doldE 142 % 49 9 72, 14 49
0 R, A, AHEE, SN, TEAUIE, 48, 48 5O
2 MEg AFRE 242 S 2R,

A A7 o] g7t A9 20.2%2 7V L, 425
Al7F11.1%9] 22 = vergeh 29 n A 2] 40~46ug/m’ F7F
| Y e —E: 9 doly WESE HYT AZEEE
Hele] S22 wolst 29 4

40~60ug/m’ ?7}01 7% B2 o] 51 —Eri_t ‘3—! HJE—’F% Eoﬂﬁ}. 01
AsfE e BE9] 9 600~800ppmo] 717 B BES Hol A5t
Yol8 HIE20] 7S 900ppm 77 14 BE Aoz HA
Atk
Table 6. Lower Regions of Warning and Alarm Time Sum
q q PM10 PM10 PM2.5 PM2.5
Province City waming | alram warning e Total
Hongcheon 47 0 55 0 102
Gangwon
Hwacheon 47 0 55 0 102
Sacheon 46 8 34 0 88
Jinju 46 8 34 0 88
Sancheong 43 8 25 0 76
Oyongian | Uiryeong | 43 8 25 0 76
Cangnyeong 43 8 25 0 76
Haman 43 8 25 0 76
Hapcheon 43 8 25 0 76
Gyeongsan
ik Ulleung 7 0 0 0 7
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Table 7. Influence Factor Sum Score Distribution by Region
Contents 5 6 7 8 9 10 [ 11 |12 | 13 [ 14 |15 (16 | 17 | 18 | 19 | 20 | 21 | 22 |23 | 24 | 25 | 26 | 27 | 28
0 0 0 0 0 0 1 2 20 25 71 51 118 | 58 | 107 | 52 70 47 27 13 6 4 0 0
i 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 3% | 4% | 11% | 8% [18% | 9% [ 16% | 8% | 10% | 7% | 4% | 2% | 1% | 1% | 0% | 0%
. 0 0 0 0 0 0 0 0 0 0 0 0 2 6 13 21 50 68 | 125 | 207 | 300 | 403 | 444 | 369
Cyeongel =00 ™ ons | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 2% | 3% | 5% | 8% | 12% [ 16% | 18% | 15%
Gyeongsang | © | 0 | 0 [ 0o [ o | o | o[ 4 |13] 7[5 [35 |127 102817 [139]7 |56 |2 | 7|5]|0]0
namdo 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 5% | 4% | 13% | 11% [[22% | 12% | 14% | 8% | 6% | 2% | 1% | 1% | 0% | 0%
Gyeongsang 0 0 0 0 2 0 2 5 9 27 52 35 98 55 | 147 | 8 | 137 | 82 | 100 | 53 35 28 12 7
bukdo 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 3% | 5% | 4% | 10% | 6% [ 15% | 9% | 14% | 8% | 10% | 5% | 4% | 3% | 1% | 1%
i 0 0 0 0 0 0 0 0 0 0 0 0 3 1 11 11 8 13 31 8 1 1 3 0
Sejong 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 3% | 1% | 12% | 12% | 9% | 14% | 34% | 9% | 1% | 1% | 3% | 0%
0 0 0 0 0 0 0 0 1 1 5 9 13 15 35 42 93 64 88 79 86 88 82 40
Jeonrabukdo
0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 2% | 2% | 4% | 5% [12% | 8% | 11% | 10% | 11% | 11% | 11% | 5%
0 0 0 0 0 0 0 3 4 10 52 35 119 | 66 | 170 | 97 | 115 | 72 74 28 19 4 3 1
Jeollanamdo
0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 6% | 4% | 14% | 8% [20% | 11% | 13% | 8% | 8% | 3% | 2% | 0% | 0% | 0%
X 0 0 0 0 0 0 0 0 1 0 1 3 8 6 30 17 27 24 42 18 16 3 2 0
Jeju 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 0% | 1% | 2% | 4% | 3% | 15% | 9% | 14% | 12% | 21% | 9% | 8% | 2% | 1% | 0%
Chungeheong | © | 0 | 0 [ o [ o o oo |2 ]2 [10]3 |4 |19]71 |3 [H06]5 |8|s5|7|5]|6|4s
namdo 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 0% | 6% | 3% | 10% | 4% [ 14% | 7% | 12% | 7% | 10% | 8% | 9% | 6%
Chungcheong | © | 0 | 0 [ o[ oo |o]o]o|o]o |3 |5 [14|3 |46 |5 |5 |N8 62 |65]34]19]4
bukdo 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 3% | 7% | 9% | 12% | 12% | 17% | 13% | 13% | 7% | 4% | 1%
0 0 0 0 0 0 0 0 0 0 2 4 10 20 28 36 60 26 38 15 7 2 0 0
s 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 2% | 4% | 8% | 11% | 15% [24% | 10% | 15% | 6% | 3% | 1% | 0% | 0%
0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 5 23 23 50 58 97 91 78 50
L o 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 4% | 4% | 9% | 11% [ 18% | 17% | 15% | 9%
. 0 0 0 0 0 0 0 0 0 0 0 0 2 10 19 26 46 77 89 28 20 4 0 0
Cwangiu 1o 0 | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 3% | % | 8% | 14% | 24% [28% %% | o% | 1% | o% | 0%
0 0 0 0 0 0 0 0 0 0 3 3 9 19 33 31 49 58 75 69 48 31 18 10
Dacgu 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 2% | 4% | 7% | 7% | 11% | 13% | 16% | 15% | 10% | 7% | 4% | 2%
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