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Indoor Air Concentration of Particulate Matter and Endotoxin in Public Facilities
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This study was conducted to measure concentrations of
particulate matter (PMw, PM2s) and endatoxin in thirty public
fadlities (7 dderly-care fadilities, 4 hypermarkets, 4 universty
hospitals, 7 child-care facilities, 4 subway staions and 4 bus
terminds) from September 2004 to February 2007 in Seoul and
Gyeonggi-do province.

PMio or PM2s was measured with glass fiber filter and mini
volume air ssmpler for 6 to 8 hoursin indoor and outdoor of the
facilities and expressed as pg/m'. After weighing the filter,
endotoxin was analyzed by Limulus Ameobocyte Lysate
method (EU/m’).

PMuo in indoor air was higher (GM and GSD was 78.00 and
192 pug/m', respectively) than the outdoor ar (GM and GSD
was 60.70 and 2.23 ug/m', respectively, 1/0=1.28). All
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measurements was not exceeded the nationa maintenance
dandard. Elderly-care and child-care fadilities showed rdadively
higher concentrations (83.27 g/m' and 81.75ug/m’; 1/0=2.01
and 1.19, respectively) than hypermarkets or university
hospitals. The highest PM2s was seen in child-care facilities
(62.15 g/m', 1/0=2.42). The |/O of the endotoxin in the PM10
and the PM2s was exceeded 1.0 (1.37 and 1.57, repectively).
Indoor PM1» was affected by user/day and humidity, and
endotoxininthe PM10 was afected by temperature.

In conclusion, elderly- and child-care facilities are high
priority fadlitiesto beimprovedindoor air qudlity.
KeyWords:  Indoor air, Public fadilities, Paticulate matter,
Endatoxin
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Table 1. General characteristics of the study facilities (N=30)

Ageof . Air
T 0 .
Grap N facility L(’sa’d‘"’g’ (‘fg‘)p H“(o”);‘y veloity
(vesr) basa (pom) (m9
Elderly care 7 6675 35212856 352112856 411+162 9161+327  00+00
felity
Hypermarket 4 35405  5/00+379 27+12  B3+50  1146+678  00+00
University 4 166454 1750014822 25408 246466 175004822  00+00
hospitd
Cild care 7 134478  1673+130 28425 460456  88L4+2486  00+00
feility
Subway gtion 4 240442  QU00+7TIB1 16611  25+42  12910+618  01+01
Bustermind 4 135486 76000174803 70409 4741194 126084618  02+01
Meen=SD 0 124+91 1345+773681 198%58  B6T145 110745634 01007
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22 5= SH/O B E YER 2ot A PMo 5 5= 7800 g/
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A9 FE Bk Eokth Al FHE 2 & 2|5k Ake] 79 A
E5 10604 pg/m', A9 F5 5498 pg/m' (I10=199) = A7)
T (150 pg/m) Bt ok o), T ATl Blel 29k, e
AAIA I} ofdol 9o A s 77 83.27 pg/m’
(1/0=2.01), 8L.75 pg/m (I/0=L19)E I A] -§-4] 7] (100 pgfmr)
S 235 = AR wRIA A O] A A E ) A 9]
5ol vl af 20 okt that R 413 (5363 pg/m') <} B R
(9825 pgm') 2] AUls= JA A7 Es 23 544 Fe
M /0= 2420759 10002 s 27k AL 2okeh A
UE7] 5 PM102 Al T 7 2] 8t ko] 7} 9191 T (p=0.38).

PM 25¢] 7%, AU = 3895 pg/m’, 2 95 5 = 5070 ug/
m =2 AUE Lt A9l s By okt A8k Ake] Al
T7}6569 ug/m' 2 7HE =9k 1, o] A o)A 6215 pgt, =31 A
A 3975 pg/m' ok, A - 9] F&H] (I/0)= o "ol
O] 1/0=242% PM2s2] A |57} A 9] of] 1] 3] 24l o] 4 =3k
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Fig 1. Distribution of PMw (a) and PM:s (b) in the facilities.
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Table 2. Concentrations of PMw, PM:s, endotoxin in PMw and endotoxin in PMzs

Indoor

Outdoor

/O

PMw Endol Endo2 PM,s Endo3 Endod | PMw Endol Endo2 pPM,s Endo3 Endod | PMw Endol Endo2 pM,s Endo3 Endod
(te/m’) (BUm)) (EVlkg) (vg/m) (EUM) (EUlkg)| (te/m’) (EUMm) (EUm') (wg/m) (EUMm) (EUMm)| (wg/m) (EUMm) (EUm) (ug/m) (EUm) (EUMm)
Eldely | GM 827 1539 68 3075 649 1360 | 4143 THA 960 4330 -
dﬂmm__\m\ G | 18 358 338 255 497 407 272 342 220 123 - 201 1A 071 091
DN o @ B ® B W @ W @ () ()
Hyper GM | 5363 1801 32 2806 660 426 | 7176 1649 443 - -
makg | GD | 13D 243 243 148 250 240 255 272 317 - - 075 107 074
@ Tv® ® ® ©® ©® ©® | ® ©® © O O ¢
. . | GM | 6814 159 698 2402 98 386 | 5983 1041 703 - -
Univergty
hogitd | GSD | 139 310 163 1% 58 264 15 195 188 - - 114 154 09
@ Tv® ® ® ® ©® ©® | ® ©® O O O ¢
Chid | GM | 875 1511 607 6215 747 1016 | 6844 1073 817 26566 507 550
dﬂmow_\m\ GD | 202 216 202 179 34 233 213 286 251 279 161 284 119 141 0.74 242 147 201
m N @ @ @ o O O @ @ © 6 @ O
Sway GM | 10604 1546 425 6569 326 2147 | HA98 65 103 R4 520 191
daion | GD | 3R 181 262 141 242 214 208 982 495 271 423 1368 | 193 2.36 041 071 062 112
TV 8 0 0 B0 0.0 0 60 0 6 0
Bls GM | 8% 526 193 2047 119 2785 | 9868 639 1541 B8 058 1657
temind | GD | 179 246 192 248 29 118 157 191 202 - - 100 082 126 04 205 168
4
TN 0 0 0 8 0le o o 0 o o
GM | 7800 135/ 650 38%B 6917 901 | 6070 987 800 5070 393 1287
Tod |GD | 192 281 260 212 414 322 223 298 2H 271 312 124 128 137 081 077 157 0.70
N @ @ @ @® © @ W W W © ©® ©

* GM: geometricmean;  GSD: geomdric dandard deviation; 1/O: Indoor/Outdoor ratio; Endol, Endo2: Endatoxinin PMu,; Endo3, Endod:Endotoxinin PM-2s
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wizel A nlad = flou S99 F A9 w0t
50.70 ug/m' 0.2 EPA th7] 71 R i & < A3IT
Abt 5 ( )& 7Hg o] A A &4 B FARIA &
2], g, AP WA Yol 7P TaE dd o g A
%EOﬂE FES v H 2 (110=2-39), YA =17) HE T 3}

A7 o 2] Eoke) Q) A} 7]+ 00205 im (B2 4 A7),
oAl ol 07-10m (37193804 A 4), 18] 3 AFE] 4
&) wjof+=34.3 ﬂm_‘li H 3k Tk

PM109] 7|3t ez o3t A7 ol wet d7r= e
FoH (Euleretd 1987, Euler et d., 1988; Abbey et d., 1995),
717 wEo g3k Jeko 7 557 A Ak A glko] vk
53 55, 9 715 AAelA 9] A2 (Popeet d., 1991; Pope
& Dockery., 1992), ¢ 919§ (Schwartz, 1994a 1994h), AH
% 57} (Dockery et dl., 1992; Katsouyanni et d., 1995) ol A+
=9t} Li (1994)= TSP (F5-4-271), PMu, 2D PM2s2] 2]
£ gk A3} Ao} 299 PMos=2] 20% 2 40 %7t
150 pg/m' = Z 351 0. v A TSP PM10 5 5= 10 2
Foh= 9] FEek Aol 131 (=0.99) PM103} PMes AL
ool = Aujje} A 9] ko] 7+ 0.75 2 083, /0= 06022
H gk up olek & Aol M= TSPE S A ke
PMas®] 2uj of A 9] ©] A2 o 6P<l ‘Eé‘}k (p=037).

AU ARAF B2 0] B o A} (AR FES &
M EXEA), B, =, 28, 5, AT AFA R,
PV, W ABEE, §7 - B $F Solth vy mp
2] 2 v oeh 28 oo A A AA e W)
AP B2 0] o= As] Atk 1 mo) ke YA B2
TR AL, 7h-t)-44 Ak A 3 (gesto-partide conversion), 27
g 8 g3, i F35 0k 39 o2 RE YA
TR0 IS 72 A, vk, 7, B9 vk 2
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Ao ol AV AW E 7] F AR o} vl AA] T 540 F e 267

TR oz RE AR o| BAL 13 YR
Aolr ol 21& 234 0 7] Bk 7] F A
BEAY FoH EAS 1 A7) B xolv A e
o} (Pluschke, 2004). w}ebH] F A B9 Bet4) 24
S0 B4l ub o o) Bt A7k Ao Aol
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Fg 2= 72 AT A SAE PMoz W54 (@) 2 PMess
2 ()2 Hohgh, A gk 4k ALE9 T, ABRRES]
T2 AFEEto] YER 210 2 PMus US54 0lA] Ao
1 SAE ol 7P WA xS o, mRIAA, of¥lo]
A, A kAL ol A Ttk ]“Oﬂ Az AeS Ve
3, M VS QlA) 4, of o) R SollA] F9k4t o]
AT AL o5 AT P 4] e
= 1357 EUIm' (1/0=137)2.2 A5 =7t A9 ur} =9to
v it ¥ 7 329431 (1801 EU/m) Elv] o] 7}
B9k (5.26 EUMm) A4k 218 Aol 919t
(=029, E11 1 A2k 7 el AR ElA A
7 Al vl8) ko, Asteiatel F¢ A Bt A
Qof B3} 2F 244 (1/0=2.36)% 7} =%t PMess U 54
o Hi AYFEE 617 EUME A Ay 571 A9
(393 EU/m) Xt} =9k (I/0=157) A+ 7k f-2) 8t 2fo]
= 8191t} (p=0.15, Table 2). PMu¥} PMwZ Uj 549} 0] At}
PMzsg} PM2sz 141%,/1\_94— Ab3o. 7]‘7]‘ %./] 0]_0:]];]_ (r-049
p=0.001 % 1l =041, p=001) tH/\HD]HOﬂH PMuZ! PM2s% W)
=49 5% (EUldugt ¢g)+= 19.36 EU/ug 2 27.85 EU/ug O =
E}E }\]}\-]l;’—oﬂ u]gﬂ lr_ol- _7—7(;)];], (2(D5) O]—g]E7] 3}t
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Fig 2. Distribution of endotoxin in PMw (a) and endotoxin in PMzs (b).
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X %+t 3576~ 7455 EUfg U 547 AEE ko B gl o

1, Osmen 5 (2007) #4382} 7Hg o] A7) E
S A7 W54 w29 17 E 9k e glha &t

oLt 3t 958 EUfdust mg W= 27t A& H Stk B sk
wh ik

s 2834 Al o] 9 A2 2] lipopolysaocharide
(LPS)-protein complex=. %81 1} Ad (amphiphilic) 2] o <Hg gk
EAolth Uk 3 Foll= 1857 Alate] Al 59
Ao = EAf gt o] wiitel 37] & Ui5ie] st &
T/ =zo] A Qo ZEAES HACE g ysa
=EF 7 Aol AL () "M AR 7 H A, #7) 5 At
o}o] #HE AL oju] gel ® uf 9lov (Burd & Ye, 1990;
Gordon et d., 1992), A} 718 o A 2] Ao A= ~50
EU' ¢ 5ol 34 71 Sa e B2t (Zock e d.,
1998). &= POPJO]Q} el A *‘IH 3 5 Ul=Aek A4
otglote] Ato] o] A”l TAIE Akgt A7} 91O} (Michd
et d., 199; Park e dl., 2001) V)52 A 249 3} g eki A
o e EFAA) $FOR 1w 27)F AP AR o1
A| 9T (White, 2002).

Telede: A1) £3 A3kt Aslol 84 ol
PMio, PMas, PMio & PM2s5 US4 55 B Zlo|t} A| A 9]
to]= 5y ol g, 6144, 154 o]0 2 Ljro] 19k v 4]

A o] Yo7t S74EE PMue] %7}3 = 73 8ol Q%o
o] 8 2ol = G, PMas, PMo 2 PMes 5 Ul =54~ &
= 9% Ao AL, QA F18 Holi= G 2
o] &4} 4~E 10007 ©] 3}, 1001-1000078, ! 10001 o] AFo.
Uro] HokS uj] BE SHE_ P, PMas, PMo 2 PMes = U=
Sl ol g o) T Holt AL AL 19
17, 100019 o]Akel #-$- 107.15 pg/m' O 7 F-A 7] (X] £ ez
Ab ABEE A7E A r)E o) Y3 59 4175 150 gl

m' A8)s A= AR T2 Al Ttol| vl 3l w27t
=T

AU F7] = PMu, PMas, PMo 2 PMosm= =S4 &
S A= TS Loty S8 Al FE &
T, dLo| g7, 25, FEE SHUTE 3l
st A7 PMwell = 49 847 271 PMus Ul
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Table 3. Concentrations of PMw, endotoxin in PMw, PMz2s and endotoxin in PM:s according to age of facility

and user/day

PVlo Epdotoxin PV Epdotoxi n
. inPMuw . inPMz
(ug/mr) (EUIm) (ug/m’) (EU/m)
GM GM GM GM
GSD(N) GSD(N) GSD(N) GSD (N)
- 7115 2094 4133 803
B 200(14) 311(10) 209(12) 433(12)
Agedf
taility 614 7915 1078 B2 420
(vear) 172(18) 2.95(20) 220(17) 353(16)
o< 82237 1376 4115 735
B 212(17) 245(19) 2.16(14) 460(17)
844 1524 4959 690
<1000
1.99(24) 271(29) 221(20) 42523)
Usar/day 1001-10000 6212 1312 27.36 730
(person) 142(17) 314(19) 1.64(16) 400(17)
107.15 1014 4381 208
10001<
2698) 221(7) 2.4(87) 3.205)
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