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In this study, PM;, and PM, 5 were collected in 20 indoor and outdoor spaces of 5 elementary schools in Seoul,

and analyzed based on quantitative and qualitative characteristics. The concentrations of PM;q and PM, 5 in the classrooms
distributed from 31.0 to 96.4 ug/m?> and 14.5 to 40.2 ug/m>. The 1/0 value of PM, s was 0.46 to 0.80, indicating that PM, s was
less in indoors than outdoors. Since there were various sources in the classroom, the organic carbon contained in PM, 5 was
7.1~12.8 pug/m?, which was more than that of inorganic carbon (0.3~1.6 ug/m?) mainly originated from the outside. Among
the metal components, Fe was the most found with an average of 0.226 pug/m?, and the concentrations of Pb and As were
0.013 ug/m? and 0.002 pg/m?3, respectively. The ionic component, NO5~, was the highest at 2.60 ug/m* compared to other
ions. Despite the small number of samples (100 filters), this study can contribute to understanding the current school
environement by investigating classrooms operating under normal conditions.
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Fig. 1. Location of test schools.
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Fig. 2. Pictures of field sampling at indoor and outdoor (school E-1).
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Table 1. Concentrations of PM;, PM, 5 in elementary schools.
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Fig. 3. 1/0 values of PM;, and PM, 5 according to window opening and air cleaner operation (W-X : window closed, W-O : win-
dow open, A-ON : air cleaner ON, A-OFF : air cleaner OFF).
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Fig. 4. Real-time variation of fine dust concentration in an elementary school classroom.
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Table 2. Metal concentration present in PM, .

Metal (ug/m?3)

Al Ti \ Cr Mn Fe Ni Cu Zn As Pb
Indoor 0.000 0.018 0.000 0.002 0.009 0.186 0.000 0.002 0.032 0.003 0.013
E-1 Outdoor 0.136 0.037 0.001 0.001 0.020 0.462 0.000 0.000 0.050 0.010 0.020
1/0 0.000 0.496 0.394 2.138 0.449 0.403 0.548 0.634 0.711 0.433 0.595
Indoor 0.027 0.028 0.001 0.002 0.017 0.363 0.000 0.003 0.047 0.003 0.015
E-2 Outdoor 0.000 0.035 0.001 0.002 0.017 0.380 0.001 0.003 0.045 0.003 0.017
1/0 0.000 0.799 1.255 1.100 0.980 0.954 0.221 0.998 1.038 1.002 0.893
Indoor 0.000 0.022 0.000 0.002 0.009 0.236 0.001 0.002 0.039 0.002 0.011
E-3 Outdoor 0.202 0.038 0.001 0.003 0.019 0.483 0.000 0.003 0.056 0.003 0.016
1/0 0.000 0.587 0.646 0.635 0.495 0.487 - 0.614 0.689 0.528 0.669
Indoor 0.000 0.014 0.001 0.002 0.007 0.150 0.000 0.004 0.027 0.001 0.009
E-4 Outdoor 0.000 0.016 0.001 0.001 0.016 0.257 0.000 0.004 0.049 0.003 0.020
1/0 - 0.912 1.229 1.640 0.461 0.585 - 1.070 0.563 0.396 0.461
Indoor 0.000 0.023 0.000 0.001 0.010 0.194 0.001 0.004 0.033 0.001 0.018
E-5 Outdoor 0.000 0.019 0.000 0.003 0.024 0.379 0.001 0.004 0.071 0.007 0.037
1/0 - 1.180 0.886 0.505 0.403 0.513 1.781 0.807 0.469 0.224 0.469
Indoor 0.005 0.021 0.000 0.002 0.010 0.226 0.000 0.003 0.036 0.002 0.013
Mean Outdoor 0.068 0.029 0.001 0.002 0.019 0.392 0.000 0.003 0.054 0.005 0.022
1/0 0.080 0.724 0.500 0.900 0.542 0.576 1.000 1.071 0.657 0.385 0.600
2.5

_ ®mAl mTi =V uCr mMn ®Fe ®=Ni mCu “Zn mAs ®Pb

2.0 A

154

1.0 -

Conc. of Metal (ug/m?)

0.5 4 — —

Fig. 5. Metal concentration in PM, 5 and PM; for test schools.
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Table 3. lons concentration of PM, .

A o ol ¥ EE AR n|Fo] Hof pM,,°f
2lE 55

5
A8 22 4 b Ao W,

3.3 F20|2YE &
AR A] Azt EAStE ol2AdE S 84 ©f
27387 80,7, NOy*, NH," 52 752 232
Hate] g2 mA so,””

2 Zgsteg 7% o}
NO, 2 A4 B AeAle] gleiA] Al 1)
s 2Q1Bolm], ot} Whe-S Fote] ZnlwA]

£ A= stER XY o] 7| d-& A5k
FQ AR 7+ NO, & 3R] Aa ‘;g
2FFe] vi7| 7k A BilEH NO, 2] A4St <18 A
ARz 29l Agd 52 53L& Hol= A
2 43HA JAtH(Kim, 2016).

I 32 B AolA AFTE AW 9] pM, 5ol 23
o] Q= F8 o] ARSIt ATiH e R 22 3
719] JAER FE ] Y= PM, 5= o9 SR/l

lo

lon (ug/m3)

cr NO;~ SO, Na*t NH,* K* Mg?* Ca?t

Indoor 0.17 1.32 1.54 0.29 0.38 0.11 0.06 0.57

E-1 Outdoor 0.08 2.86 232 0.29 0.86 0.15 0.07 0.47
1/0 216 0.46 0.66 1.01 0.44 0.71 0.92 1.22

Indoor 0.16 2.60 2.59 0.55 0.75 0.19 0.06 0.55

E-2 Outdoor 0.10 5.44 2.1 0.30 1.58 0.20 0.06 0.59
1/0 1.66 0.48 1.22 1.84 0.48 0.94 1.04 0.93

Indoor 0.27 1.64 1.30 0.34 0.35 0.12 0.06 0.49

E-3 Outdoor 0.24 3.99 1.99 0.29 1.06 0.11 0.05 0.42
1/0 1.14 0.41 0.65 1.15 0.33 1.03 1.16 1.17

Indoor 0.47 1.10 1.07 0.31 0.14 0.11 0.09 0.60

E-4 Outdoor 0.29 3.75 1.99 0.24 143 0.11 0.04 0.30
1/0 1.62 0.29 0.54 1.30 0.10 0.99 2.51 1.98

Indoor 0.22 5.11 267 033 1.77 0.15 0.05 0.44

E-5 Outdoor 0.86 30.17 10.84 1.29 9.95 0.40 0.12 0.90
1/0 0.26 0.17 0.25 0.25 0.18 0.38 0.40 0.49

Indoor 0.26 2.35 1.83 0.36 0.68 0.14 0.06 0.53

Mean Outdoor 0.31 9.24 3.85 0.48 2.98 0.19 0.07 0.54
1/0 0.82 0.25 0.48 0.76 0.23 0.70 0.94 0.99

=71 stE|x| M 37 E M1 5



=y xSstm oy oliein sy e 421

2t Al o EAshE g Aot 9t &, olRARLRE Aol (S0,7)0l T B2 0.9~
4, G4, Ak AdlollA o Hol A W, A 3.88 pug/m’0) 3L, HAto| 23 R EFOIRE B2 5
(NOy), 4 (S0,7), 4w, ZF o2 A7l & &= SIE3h PM e 17 aA AT A2E A

IO rl

Mo o & ox o & ™ e &
e N gy
ox

%ﬂ&%ﬁEEQH”WHEﬁ#WJ%QQ' Fote] BAs DR 47 mANA ARE o
o shief whet Afol7} 9Ioieh 31 NOs O ¥ 2 AIESE PM, 5o} ATHHlIE & 4 gix|et U of
2 25A0] 7lodrt v, 2019 A4 20 2oq Aehee] Zol7} teol wgick hiL, Bac] 4
A BIAE A4 N0, O] 28 @aole, 1T E2ol A Aol o] M, o4 o

2 AR FASHL UTH(SIHE, 2020). A4to] w2 wEg WHEGE HE 0]20] 2.5 um ©]ste] ¥

oL} ol St e FoflA WAste] €]719] ARt & EAlske Ao w ke 4= gl whet
oA A ol = gol S o] AR v F1RY A o]t 2u|HHA7} vt sfed R o dE
o] 7] wioll Aol ATt PM,soll S&Eo] 5SS HolEr
U= F2 BA Gtk Sfulolt. Aujoll £AstkE &
AU g4 e “é Aa A AUg714d ofale 3.4 wi -2 BAYE nE
]9 &S & Ao Atm e} $HH, E-59] 1 7% 4 (Organic carbon, OC)et YAFrA (Ele-
AoME sz o7]dole B o] 2/dZol4 BF  mental carbon, EC)= Hi7] F RIAHA] 9] =8 4
St wAY A fFASHAY e £ 5 24 F ootk f|d s 1 2t oo w
Fol| A AR A o w2 Fo] YA E-5= FE AR, ebldEeekes 2 BdedS
1970 At o]l A e e share] vjal] vl A o) EYRICE ECE T2 B A4REEH Z|QlehH,

o
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7 374717} e

[e}
Ao S QAT s EL e Eg e T (Ho et al, 2004). STwEE AW pM, of X
] Z0

P ol9} A WSl 1288 58] Ak Gkt
o]
Q= OCE 7.899014] 10.21 pg/m*2] 5= $==0| 01,
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Fig. 6. lon concentration of PM, s and PM, for test schools.
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Table 4. OC and EC concentration of indoor and outdoor PM, s.

4.2 &

ocC EC

OC/EC

(ug/m?) (ug/m?)
Indoor 10.21 0.92 11.10
E-1 Outdoor 6.79 1.10 6.17
1/0 1.50 0.84 1.79
Indoor 10.07 1.09 9.24
E-2 Outdoor 5.95 1.21 4.92
1/0 1.69 0.90 1.88
Indoor 8.95 0.72 1243
E-3 Outdoor 4.16 0.97 4.29
1/0 2.15 0.75 2.87
Indoor 7.89 0.76 10.38
E-4 Outdoor 4.39 0.62 7.08
1/0 1.80 1.23 1.46
Indoor 9.60 1.04 9.23
E-5 Outdoor 9.38 1.96 4.79
1/0 1.02 0.53 1.92
Indoor 9.34 0.91 10.48
Mean Outdoor 6.13 1.17 5.45
1/0 1.52 0.77 1.92
= Ak e PM ol ZH o] SlE OCE
7.09914 12.39 ug/m?*2] F& $50]] = 032

ar
oA 1.31 pg/m*9] EEE eRfl 9ot

A Yol FHH G AL 2t
o PMy 94 ] 358 50 ot i
7.9l

F-ln‘. >

OCE 2t AHAZFHE HAEBR, Adybzo

2 ECETh

0 o

i O

T2 HQItH(Kim, 2016). 2 ¢Lo]

A AR A HAER] o EEe] 9= 0ce] 1/0
ratio=1.02°1A] 2.157FA 24 1XHt £ 12 Hol=4),

o 591 F AHgEIE
AT e
She Ao et
Agh ¥& 1/0)& Holizr,

et 9 ujedE T A
Abgo] 22 f71e A9 g kel 7%
3, ECol AUl- 9] Fhw
A ECE Hi

2 253

% 22 4ol PR B9Iel 19t A 2

702 W=t (Ham et al., 2017). T+
5ol AUl EC 5ol 92 A
2 ArREHTH(Cao et al., 2012).

2 Aol s wEF] B2 A9 250 oA
AUl PM, 9] T e BUISHL Y A8
£ 02 oot waba] 20199 10957E 129714
AEA AR Az, 52 deftell f1AIRt 570
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wof Sl 55, o], RS 2SI mlA|
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M, 874871 71Hs, oM EF 7t sk Hst] A=
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