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A Field Survey of Indoor Air Environment of Schools

. + . . . . .
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Department of Architecture, Chungang University, Seoul 156-756, Korea
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ABSTRACT: Recently there has been more apprehensions about health and environment.
Since the concern has been increased, it is realized that students need to study in comfort
and clean environment, and plan to study in environmental friendly facilities. Hence it is
needed for both indoor air quality performance evaluation and greening facilities in order to
plan environmental friendly schools. Accordingly, this study analyzes the indoor air quality
throughout field survey of schools to provide preliminary data to develop environmental
friendly education facilities. This paper investigates and analyzes indoor environment standards
and performances in schools. There will be included 15 existing schools and 5 newly built
schools for survey in Seoul and Gyeonggi. Additionally, environmental problems are also
investigated and analyzed by occupants’ questionnaires through surveys.
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Table 1 IAQ maintenance standard of a school health measure
Pollutants Standard Applied facility Remark
Particulate matter(ug/m') 100 Under 10 micrometer
Carbon dioxide(ppm) 1,000 Mechamcally ventilated facility
© 1,500ppm
- All classroom
Formaldehyde(gg/m') 100
Total bacterial colonies 800

(CFU/m")

Airborne microbe(CFU/
room)

10 Infirmary-Cafeteria

Carbon monoxide(ppm)

10 Classrooms of unit heating or |In case of heating by direct

Nitrogen dioxide(ppm)

005 |on the side of the road combustion

Radon(pCi/L)

40 Underground classroom

Total volatile organic
compounds(gg/m’)

In case a school was built New extension or remodeling

400 | ithin 3 years buildings

In case of thermal insulators

Asbestos(each/cc) 0.01 | A school of installed asbestos |. )
including asbestos
) In case an office machine
A teacher’'s room and - :
Ozone(ppm) 0.06 o . (copiers etc.) which generates
administration room .
ozone exists
Mite(density/m") 100 Infirmary
Table 2 List of survey schools
Classification Location
Gangnam-gu, Gwanak-gu, Gwangjin-gu, Nowon-gu, Seodaemun—-gu,
Existing Seoul Seocho-gu, Seongdong-gu, Seongbuk—-gu, Songpa—gu, Yongsan—gu,
school Total 10 schools
Gyeonggi | Gwangju, Suwon, Seongnam, Ansan, Yongin, Total 5 schools

Newly built school

Yongin, Hwaseong, Osan, Total 5 schools

2. AUZoIA #H J|& 2w o AdEr|Ae AgE detstr] 9
A& 1070, 47 A9 1009 F 2070 25T uE
ol ANl dg e undy Wdem dutwd(AEgue] A4e dnkud 2
o HE&gen gow AYFANAY fA NES Mok S (FHE) e AWEr1dE F43
5 Table 1% 2tk Alq@ X o] ibsters, & tHTable 2). o] § 7I&stae 1570, AFHstus
gEstol =, FRAATA A JFELS HE @ eltk. FHma e Ul¥ wizhAl= b Table 3%
Ao HE&H, FIEAAR/SE S gF & 7
& AR BT Z.23x% 349 o A A Table 5% A& n wae] FLddtol=g
|53 9t A E 2dEH T S VH F
Ae A W ARG 2 wFAe] el RE =
3. stmol MUBIIE £H e AhgE Aot
3.1 SOy 4 32 &8N
B Ao AE 20060 119FE 20073 297} =4 708 Table 49k Zom, o] 3uK



£

El
)
it

1o

i
=
ol
N
ol
o,
i

Table 3 Finishing materials of schools

867

General Classroom

Special Classroom

Classification
Floor Wall Ceiling Floor Wall Ceiling
A | wooden flooring | paint paint synthetic Resins | paint paint
B | wooden flooring | paint | gypsum board terrazo paint | gypsum board
C | wooden flooring | paint | gypsum board terrazo paint | gypsum board
D | wooden flooring | paint | gypsum board terrazo paint | gypsum board
E | synthetic Resins | paint | gypsum board terrazo paint | gypsum board
F terrazo paint | gypsum board terrazo paint | gypsum board
G | wooden flooring | paint paint synthetic Resins | paint paint
E;(ci}ig(r)llg H | wooden flooring | paint | gypsum board ferrazo paint | gypsum board
I | wooden flooring | paint paint terrazo paint paint
J | wooden flooring | paint paint terrazo paint paint
K | wooden flooring | paint | gypsum board ceramic tile paint | gypsum board
L | wooden flooring | paint | gypsum board terrazo paint paint
M | wooden flooring | paint | gypsum board terrazo paint | gypsum board
L | synthetic Resins | paint | gypsum board | synthetic Resins | paint | gypsum board
O | wooden flooring | paint | gypsum board terrazo paint | gypsum board
N1 terrazo paint | gypsum board terrazo paint | gypsum board
Newly N2 | synthetic Resins | paint | gypsum board | synthetic Resins | paint | gypsumn board
built N3 | wooden flooring | paint | gypsum board terrazo paint | gypsum board
school | N4 | synthetic Resins | paint gypsum board | synthetic Resins | paint | gypsum board
N5 | synthetic Resins | paint | gypsum board terrazo paint | gypsum board
Table 4 Measurement outline and equipments
Item Method of taking sample and equipments Place
Total volatile Collecting for 30 minutes on Tenax tube by
organic compounds 150mL/min and analyzing using TD-GC/MS
(VOCs) Mimi Pump(SIBATA MP-330)
Formaldehyde %)élem%}ng for 30 minut_es on.DNPH cartridge by
(HCHO) min and analyzing using HPLC method General
Mimi Pump(SIBATA MP-3>1300) Classroom
Total bacterial 1 time measurement of total collecting amount 450L Ci zzi;aolm
colonies(TBC) Air Sampler(TISCH ENVIRONMENT)
Measuring by NDIR method for lhour when students
Carbon dioxide are in a classroom
(Co2) AIRBOXX(KD ENGINEERING)
Measuring by mini volume air sampling method for
Particulate matter | hours by 3mL/min during day time General
(PM10) Microvol 1100 Low Flow—Rate Air Sampler Classroom
(ECOTECT)
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—&— Outdoor —M— General classroom —&— Special classroom

Table 5 Furniture in classrooms
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(b) Humidity
Fig. 2 Temperature and humidity of existing
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Fig. 1 View of filed measurement.
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Table 6 Result of existing schools

. . ST
Ttem AVG |Median| Max | Min DEV
CO2(ppm) 2083 | 2139 | 3254 | 1040 | 7926

TBC(CFU/m) | 2010 | 2214 2077 21.2 |16367
PMio(yg/m’) 1975 1806 4236 | 6251079

HCHO(gg/m’) 268 | 2432 501| 115 13.09
TVOC(pg/m'y | 4187 | 35530 | 1177.3 | 1795 | 267.86
c | Benzene(yg/m) 29 2.26 991 02| 233

Toluene(yg/m’) | 591 4049 | 2057 | 190 | 5844

Ethyllgenzene 79 455 25| 23| 602
(ug/m’)

Xylene(ug/m') 165 1374 40.1 63| 863
Styrene(yg/m') 13 0.83 63| 00| 149
CO2(ppm) 1060 869 1873 | 646 | 4133

TBC(CFU/m') | 1012 | 47.36| 269.1 471 95.09
HCHO(ug/m') 2801 2617 56.5 6.8 1 13.23
TVOC(pg/m') 2679 | 24838 | 4373|1342 |103.28

S | Benzene(ug/m') 31 2.26 122 02| 280

C Toluene(ug/m’) 7.7 52371 2552 230 64.95
Bthylbenzene 6| 550 | 148| 20| 415
(pug/m')

Xylene(gg/m') 1621 16.60 302| 54| 737

Styrene(ug/m') 14 064 65| 01| 163
GC: General classroom, SC: Special classroom
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Table 7 Variation of HCHO and TVOC den-—
sity with time

vajr;};?;n Classroom | Average [ Maximum |Minimum
y | over5 | GC | 2963 | 5914 | 1150
¢ | vears SC | 3089 | 5652 | 1507
Hinder5| GC | 2546 | 4215 | 14.12
Ol vears [ sc | 2470 | 4669 | 682
1| over5| GC | 35097 | 53227 | 17945
y | vears SC | 26528 | 437.31 | 13425
O | under 5| GC |550.59 | 1177.33 | 184.16
Clyears | sC | 27096 | 427.97 | 156.05

GC: General classroom, SC: Special classroom
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Fig. 6 Variation of HCHO density with time.
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Fig. 7 Variation of TVOC density with time.
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Table 8 The satisfaction of indoor air environment

very very
uncomfort comfort

frequency 3 6 6 0 0 15
peroentage|  20% 40% 40% 0 0 100

uncomfort| normal |comfort total

particulate
matter

impure air

dry air

bed smell

smell of
mold

0 2 4 6 8 10 12 14
Frequancy of Response

Fig. 8 The reason why the indoor air envir—
onment is uncomfortable.
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Fig. 9 Sufferer number of rhinitis or skin
disease by classroom.
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Fig. 10 Temperature and humidity of newly
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Table 9 Result of newly built schools

ST

I AVG |Medi M Mi
tem edian ax n DEV
PM10(ug/mt) 179.88 9.7 3B3 72112511
HCHO(ug/m') 113 947\ 2584| 479 646

TVOC(pg/m') 1168.3| 1190.1| 2202.1} 3275|637.56
Benzene(yg/m') 2781 273 437, 124) 111

G

¢ | Toluenetu/m) | 300.37] 310.30] 545.01] 109.06( 12697
Ethylbenzene | 705l 1409| 16248| 563| 5511
(eg/m')
Xylene(ug/m) | 14214]  8852| 682.45| 119219822
Styrene(ug/m') 757 260 3461, 129 1042
HCHO (/) 858| 774 1540 243) 47

TVOC(pg/m') 1058.0| 14554 1873.1| 190.8| 796.2
Benzene(ug/m') 221 200 329 132] 07

S Toluene(ug/m') | 254.00| 22856| 601.94| 58.62|216.64
Ethylbenzene
(ug/m')

Xylene(pg/m’) 69.40| 91.49| 11030 6.12| 4550
Styrene(ug/m’) 757 149 2059 044| 1246

GC: General classroom, SC: Special classroom.
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