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Abstracts

The indoor air quality (IAQ) was measured in Children and Senior welfare houses in Busan

Air pollutants measured in this study included airborne bacteria, airborne fungi, PM10, total volatile organic compounds

(TVOCs) and carbonyl compounds.

Average concentrations of most of chemical pollutants were lower than the recommendation levels of TAQ at

pre-occupation stage in new apartment. However, the concentrations of toluene, xylene and formaldehyde in some houses

exceeded the current standards due to their new furniture or raw materials used in renovation.

As the results of investigation for the children and senior resident welfare facilities, TVOC and bacteria in indoor air

are considered as the major indoor pollutants in these facilities.

The concentrations of indoor air pollutants in residential detached and multiplex/terraced houses were shown to be related

with as follows :

1) features of a house such as construction ages, floors and its location 2) living habits of dwellers

like patterns of ventilation, regularity of home cleaning and smoking 3) interiors for instance purchasing new furniture

and elements used in building materials.
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Table 1, Target compounds selected for this study

g
=

g

%

VOCs Carbonyl Compounds Bioaerosol Particulate matter
Benzene Formaldehyde Bacteria PM10
Toluene Acetaldehyde Fungi

Ethylbenzene Acetone

m,p—Xylene Propionaldehyde

o—Xylene Butyraldehyde

Styrene Benzaldehyde

TVOC
e =02 UarA FR B= AHHS aFo=w F4) conditionerE o838 er AAVIAZE 2 100 mL

A&, 2Hbof| ddgel 2egt HYE Aleds 54 2 52F= 24 3toA 300 TollA 2~3A17F A A 2|5}t
o= sz AAEE T A3+ TH,

AYF7|LAEd Fo Al FFols S5 ANBAFH7 B FA2 4 TolgtelA] E@stair,
g ast gaddst 9 2T 55 4ov)= Wl AZ2AQF Alebet A% FA R (Field blank)9t A3 AW
242 Agdrs 5o mage] gt Zdgstol= FAl&E(Lab blank)E wtHste] AlE22F] 2 &RFEI7]
= Sdoll ol AAZ 7 =W FFotlA F2 o F 3 AT 5 e o AEE FIskl
= AF(EE, 7Hs, 5 RS 98 5 ok As VOCs? &% A 913 A=A (Calibration curve)
Fo] Zogslo|to) 2EH & F, 2 d niE 22 L MAFFEZ(Custom VOC standards 9 compounds,
s, Hale] et wizke 4 okn 2uE uh e, Accu, USA)E o|&3te] 54| 5= FTAIRE ©|-85t
PM109] thgt Atol A= g3 oA S(F-f-oF, =2l)o] At TVOCE HGRZEAE ol8e REAHe=
U AR 587 d3E 7 SlE Al U] =50 HFA o didste] =5 Fsiglon, 1 9 7
ETh JAFGFAGE 2Fo] EoH, 53] odlo]o H VOCE 7 7 H+= #5540 T-SASFE o835}
Al Qo] A= ol 4 #H 7 daE v FEE ATkt ol ASAs d AR o] AR
4= lekal sl HRHAIG e, ookt st 1 =49 9aude F o|2ARuEIM(TIC)S o]t
SAHA, HRIE 52 dRrIskeEe] el E Atk
Atk WA 2 Aol A RIFH AT Y Al |F EFAR U FFA R FF-H VOC didEZE L] 24

nx= F9 AYedER] Uty F7|sehE, 7R o= B E2AA (Gerstel, Germany)7} 7kA~F 2}

= 2
dolgtE, e 9 AR S AL dEER
A

Aol Table 1),

AM=ExHF 2 SAEH

EA5713HHE(VOCs)

dR7IERES AR FHe A8FEEZMP-2
30H, Sibata, Japan)g AFH&3F] 100 mL/min F72
& 3057F 23] Tenax—TA 180 mgo] 2% 1452t
6 mm X 17.8 cm, Gerstel)S 0|88t X231,
2 Ao AMEE A Abs AAE AAQl Tube

EI#Z(GO)ZHE(HP-5 60 mx 0,25 mmx1.0 z m)
o2 A Qdd ZpAARntE I 2/ AR A7 (Agilent
HP6890/5973, USA) Al&®& ARESIATh SaHel
A EAE VOCE dAH o2 260 ColA 497}
2 Heoll 9J3}] 60 mL/min®| §Fo =2 583 4 &2t
oF, g2k AlRE A -30 To A2SEHEHNA 5
% 5 300 TollA oz} & FztEe] GCo| EAZHe
FAEA "k VOCAI = Bajof Ag-H dezbatx] &
Z7& Table 29 Yefyil o, GC/MSS] x4
Table 31} Ztt,
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Table 2. Operating condition of thermal desorber for VOCs analysis (TDSG, Gerstel, Germany)

Parameter

Condition

Desorption time and flow
Desorption temperature
Cold trap low temperature
2nd desorption temperature
Cold trap holding time
Cold trap packing
Split/Splitless

Valve temperature
Transfer line temperature

5 min, 60 mL/min
260 °C

- 30 °C

300 °C

10 min

Tenax TA
Splitless

260 °C

260 °C

Table 3. Operating condition of GC/MS for VOCs analysis (HP63890/5973, Agilent, USA)

Parameter

Condition

GC Column

Initial temperature
Oven rate 1

Oven rate 2

Final temperature
Column flow

MS source temperature
Detector type

MS range

Electron energy

HP-5 (60 mx0.25 mmX 1.0 z m)
60 °C (3 min)

3 °C/min (60 ~ 150 °C)

7 °C/min (150 ~ 230 °C)

230 °C (7 min)

1.5 mL/min

230 T

EI (Quadrupole)

35 ~ 270 amu

70 eV

7t d3RME

7hE ISR AlRAFH= %
(Waters, USA) & %2t 24-DNPH 7HEFX
(Supelco, USA)E A&HFHIZ(MP-3100H, Sibata,
Japan)ol @Z2st] 500 mL/min 2o &2 3087 23]
AABHATH

ANBEAQH7 B 7IEAE YE7F GRojsoez #
AL AE EASF] 4 Coltol A WA Bk
o} ANEAF Al vt @ FAIE(Field blank)9}
Al

]

Aol Ozone scrubber

9e
s
43
s

SA1&E(Lab blank)E wteste] Alzaf5] 9 4k
A o e 2d=E Felskih
DNPH®} ¥h3-sto] FAE Al I3t 52
5 mL9| acetonitrile (Merck, Germany) &
of, FEH2 ZAuto|do] E& & HIZE golzz Y
Boto] Hsigitt &9 DNPH F=A9] 242 14
SHHZZ2utE 19 (HPLC, Agilent 1100 series,
USA)E o839ttt DNPH =4+ 350~380 nmol|

A WA EE 7HAA HEE 2 d4ts 93-S 360 nm
of YA 7HHESES 4 5?%‘1‘:} ojuf o]&42

3 1.2 mLZ si3ith, 99 22 &4 =740l 4, CARB
Carbonyl-DNPH Mix 1(Supelco, USA):—_I 3] 435te] 5
Mo FEEME Alxste] FFAHE 25kt HPLC
o] BA 27L& Table 49 WLt

u| &

U AE A B FH = HSAF 244 (Bio air sampler)
£ AF&3Fo] 100 L/min %22 187F TSA (Tryptic
Soy Agar), SDA (Sabouraud Dextrose Agar) HJX| S
ARgSte] ATt FRAEFE 2T TSAHA =
35 C Incubatoro|A] 48A17F vljoFst & colonyS A543}
I sample volume (m®) 2.2 FAFSIe] CFU/m” ©he)&
7ttt F%olE EZZgE SDA HiAl= 25 €
Incubatoro| Al 72417t vieFeE &, BNt} LA
B 7¥st 3 ch(Table 5).
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Table 4. Operating condition of HPLC for Carbonyl compounds analysis (Agilent 1100 series, USA)

Type Condition
Injector Autosampler
Column ODS-3 C-18 (5 ym X 4.6 mm X 250 mm)
Detector UV-VIS
Mobile phase A : Water, B : Acetonitrile
Gradient elution 0O~ 9 min : A/B = 60/40
9 ~ 20 min : A/B = 60/40 — 100/0
20~ 25 min : A/B = 100/0 — 60/40
25~ 30 min : A/B = 60/40(hold)
Detection Absorbance at 360 nm
Flow rate 1.2 mL/min
Injection volume 20 ¢ L
Oven temperature 30 T
Table 5, Sampling method of bioaerosol
Bioaerosol
Bacteria Fungi
Sampling flow 100 L/min 100 L/min
Sampling time 1 min 1 min
. TSA SDA
Media .
(Tryptic Soy Agar) (Sabouraud Dextrose Agar)
Incubator 35 C, 48 hr 25 C, 72 hr
ol A7) (PM10) Znt 9 D

AR = AEFE oA (Pure Quartz Filter,
pore size 2.0 x m, @ 47 mm)7} 2= Mini— Volume
Air sampler& AFME3}o] 3.0 L/min $F S &2 6AI7F &
QF AHBHATE AlmAF O AR s A= AEAF]

A LE(20 + 2 T FEG0 + 2 %)7F LA 54
H 2354 (desiccator) ol A 48417 oA B &
FAE %X&"SP o}, AHT A BE= EFolA PTFE A&
o] glo|Z g Wrs} ok AFAR ouF & gL gk o
AlAlo

[E]o] A|RE 48417t B9 Bt | oJx]& 0.001
S AFE = = AAAAEE o]gsto] F

AE S5l AR T A5 FAA] o TF =

o

Table 69 éE‘JB‘P ot

AHA ] AL 1000 m” o]4kel AL ZA}EHJBL
20704 & 157AR ZAME RIS
AE 14NeE AT

ASAE= 20009 ofde] ditkarolut 2007 o] %
A A S Tpbol4to] S-S FAE §F AoR
Uebsteh, tiAAE T 135S AlQRE AAJEe] AR
of AL Sl A= e

oAl 9 HJTHP‘ZHEL HHL 552 %7F A2
e QLo e 75,9 %7t 2lmE A v e R
Bl zdpsbsi=g

Aae AU

N
2

R

ov, 1000 m” w¥Fel A]

o] 8227t 30~607 2 AlA

Tlo



31.0 %, 61~90W 2l A
2.20.7 %= JERTY
ZEAofl AAJkar Qlo,

3134,

HopAS

& 276 %

7IAZ7 1A=

Qo Agoln, 7135719 A

Table 6, The description of sampling sites

AZAH that A

, 91~120% <1 Al
EEEE RN
37 4ule] 477}
AL 73.7 %7}

GZ]-E o)A tiZHEHe 100

o} ZZ]-E olat =& 100 mo]
Bo $1X3 A% 3

29714

CEEES
VOCs+=

GA 2 EFst9S 'IH,
27N i*}ﬂ%”
= 1174, o
2R RAE QT

’

AUS7|2EE AEf Azt

713 =

S71¢ol ot g7l

ToE A SHEHL

Clas;ific— Are23 (YeAagre of Remodeling Use district fyve No. of Traffic
ation (m?) opening) Wall Floor occupancy
Child 2337 2003 2008 Rural Wallpaper floor paper 91 Low
Child 1598 1987 1997 Residential ~Wallpaper floor paper 123 Medium
Child 1973 1973 2004 Residential Paint Wood 350 Medium
Child 2279 1974 2003 Residential Paint floor paper 374 Medium
Child 955 2000 2007 Residential ~Wallpaper floor paper 53 Low
Child 396 1979 2005 Residential Paint floor paper 32 High
Child 811 1984 2009 Residential Wallpaper floor paper 39 Medium
Child 1670 1956 2008 Residential  Wallpaper Wood 51 Medium
Child 600 1979 2004 Residential Paint floor paper 91 Medium
Child 1330 1969 2004 Residential Paint Wood 51 Medium
Child 1159 1994 2009 Residential  Wallpaper floor paper 46 Low
Child 350 1972 2008 Residential  Wallpaper floor paper 34 High
Child 2650 1987 2007 Residential  Wallpaper floor paper 98 Low
Child 798 1984 2008 Residential ~Wallpaper floor paper 59 Low
Child 1050 1970 2006 Residential Wallpaper floor paper 70 Medium
Child 282 1987 2006 Residential Wallpaper floor paper 15 Medium
Child 1057 1957 2005 Residential  Wallpaper floor paper 76 Low
Child 1102 1970 2005 Residential Paint floor paper 71 Low
Child 158 2004 Residential Paint floor paper 7 Low
Senior 1595 1975 2006 Residential Paint floor paper 95 Medium
Senior 1233 2003 2009 Residential  Wallpaper Wood 86 Medium
Senior 986 1964 2003 Residential Paint floor paper 98 Low
Senior 640 1998 2009 Residential Wallpaper Wood 46 Low
Senior 471 1995 2006 Residential Wallpaper Wood 88 Low
Senior 729 1999 2009 Residential  Wallpaper Wood 71 Low
Senior 1980 1998 2002 Residential Paint floor paper 165 Low
Senior 760 1986 2005 Residential Paint floor paper 76 Low
Senior 1007 1992 2006 Residential Paint floor paper 82 Low
Senior 990 2002 Residential Paint floor paper 95 Low
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Table 7, The effect of VOCs in human
i a9y

Benzene oF, &zt T& ulayt
Chlorobenzene TE, 3zF m=27+
Acetate E o ks, € ASL FEA
Toluene, Xylene TE, $kzb d"a|, Rzt
Styrene AAY At TLE, o 99t

Aof wheh Q1A o oS Holar glon 7] FollA= o]t A A 9] VOCs I/0 ratio= 3.8 ~ 16.0 M=
Fobe WS 4o @& W PAN 5 38} A E UER AYe] e AEH srt ARt =4 Uebge
A BAPANA Foe ~2n0E fishe EYUE wol & ™, styrene 16,0282 Ve ARt} Ay W&
HA ok, WA AR, gebd, SHA, FFEIEE 5 Al o wol sk Ao ettt dE3]e] At
e oA EatA AHE % 7188 50| A9 It 9314 1/0 ratio= 1.4 ~ 73.8 ¥= B 195190,
AR71skeEel AdeAs 2 ASAAet vy ot 2ARAMe} HIIL Al styrene(73.8) TVOC(9.1)=
=, A& HAHYE S 4% Aﬂzvﬂ. EA] 9 ZE H &2 1/0 ratio7} VbR, ojef 22 A= F& 21
EY Fombg it A A7 o) HAPAAET AHAE, oF

Benzene®| 7-¢- WA ZAFo] ok W 9 Z4
YFog s A+, WHE
F WEdE {2 o o Toluned] 35, S54l
o A=om & 49 *J%‘

3}
=
Ethylbenzene®| %%, IsE S Al 4t S5341
T 2

T YAEEA A F3EAARTIsHE] AW
FEO] F7tof| 719l Ao g detEct

Table 99} Fig. 10oAE FHefA|S FAA AN &3]
718 (TVOC) 9 AUls7] HEEdxA diks

ek

B

=)

1o

o)

By

i)

2
ox, o=
IR A

P
52,
T

A Ueliglch, TVOCY] HitsEs 241.3 x4 g/m’o]r,
of JFE A, Ask A7 eEA WZ7H FFS 16.4 %7} BSAE W72 400 4 g/m’S 233 A
o2 4= 9tk Xylene9] 7%, A17A=, sshd z4|%, o2 Yehgth TVOC] 97] FdsEs 32.7 1 g/m’
d, 24, 75, 7199 Asl, oA 58 el 2 AT

=13
s 5o F4eE7] 43 TR A A Priets
%]

dletE 55 AAETl o848k BeAM S dHOR 7 ¢
712 FUE 4 QAL o|= <lsf 2, Q% i 5 APl Aol A HgAH 2 BAAEW] TVOC B
A=ZApe] WAsk Al Aswe] 7] wE Al A FeEs 304.6 4 g/m'T 3016 4 g/m 0B A
FEAE oS FEst7= gttt Table 7o S9E/4F ow 27.7%, 21.8%7F AN/ EL 215t Aog XA}
Z18keHEo] QAo wAe JFS vehfet”, =gt mAEe] ATelAE ofRlol e TVOCE
Aeg7Iede] oF Ag] edE 9F R Ae AT An FRsEst 12229 p g/m’om 2AHE o
FY EA 7= Tepstr] flste] el L 9= HE SHAHA drEE 23ekqnh o dA+A
tsto] AU/ AHe] sEHE Al4lske] Table 8o Let = IAF E 2AE] TVOC d-AxRc) e gk
Ak 1/0 ratio7h & BAUSE Aol s o] ¥ & B},
Aste 2492 & 4 den, 1o 7kes Ayl N VOC Follde &7 B 5%=7F 29.4 ¢
o9igio] gAY, o] RS Witk kR 4 Gtk g/mloR /4 B8 A0® ZAOH, m.p-Xylene
Table 8. Concentrations ratio of VOCs in indoor & outdoor air (Unit : z g/m°)
Pollutant Benzene Toluene bgi?grlle m,p—Xylene  Styrene o— Xylene TVOC
Indoor 3.9 29.4 4.5 5.7 3.2 2.3 241.3
Outdoor 0.6 3.6 1.2 1.4 0.2 0.5 32.7

1/0 6.5 8.2 3.8 4.1 16.0 4,6 7.4
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Table 9. The distribution of VOCs concentrations in indoor air (Unit @ x g/m°)
Pollutant Mean S.D Max Median Min
Benzene 3.9 0.9 10.8 2.7 0.0
Toluene 29.4 30.2 231.5 13.1 1.0
BEthyl benzene 4.5 2.3 20.0 2.7 0.1
m,p—Xylene 5.7 3.1 34.1 3.0 0.0
Styrene 3.2 4.0 20.2 2.1 0.0
o— Xylene 2.3 1.1 15.1 1.7 0.0
TVOC 241.3 204.7 905.8 181.6 67.9

5.7 g/m’, ol&WA 4.5 4 g/m®, WA 3.9 4 g/m’® L
2gdl 3.2 4 g/m’Y) &0z eyt

AL R7IsREES] B rdg 2 SIS Al wol
TAE = 2424 AAA 7]7F o] R XA k7]
ool thFe] A Rr|sktEe] WEE AoR AlRH
1:}' g%ﬁ%ﬂgﬁ%o o]: 3~493 EO}- 74]_._1—1 og tﬂ—z
oz gudsy 4 S5 A [ ASAAE o]8-5)
I A &A Q] wlo] = o}%-(Bake Out)d} thofslt g7 Al
S AAFo N FHAAZANA =EEHE F= FofoF

[¢]

!

o Aoz mekEn
Flg, 2= FoAZ FAA Mol 248 Su45713
o] TANIE UERIL Itk Fig, 2014 & 4 Qo]

EZao] 12.2 %= 7P L Aoz A EgoH,
m,p—Xylene (2.3 %), Ethylbenze (1.9 %), Benzene
(1.6 B)w=22 e RBFH o—Xylene?] +4H]= 1

% v|qto] ek, ESE o] ATroA] ElskA] ¢k u]El
VOC7} 79.7 %S AA|3HT)

72 St

]

[=]
=

AYF7] oA YA El= 2HdEE F 53]
=(Formaldehyde : HCHO}= g0 A 714+
7t2HHSgHE 5 shuolt), Fddsto| =9 =4
° w}E]ZHE(particle board), =H —?ﬁ%——ﬂr(Medlum
Density Fiberboard MDF), 3%(plywood), #R
(resins), 24l (adhesives)et 22 AEAA ol A Hol
e ERF AW A RS Aanky, §49,
RELE, A, JorE SoAE YEETL, o=
g o g ARgo] FAIE o &0 dEdS Heks)r|
Hate ¥ o] A= UFFI (urea formaldehyde
foam insulation)®= HCHOS| ¥riLolc},

80 800
L]
60 1 600
i - E
2 =5
\g 40 - 400 g
2 . - 2
= <
o &S]
& <
g 20 200 E
[ ]
] . .
-
-
o 4 - =5 i 4 6
T T T

Benzene Toluene

Ethylbenzene m. p-Xylene

Styrene o-Xylene TVOC

Fig. 1. Concentration of volatile organic compounds in indoor air,
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79.7%

o-Xylene, 0.9

Fig, 2, Composition ratio of Volatile

%

Ethyl
benzene, 1.9%

m,p-Xylene, 2.3%
Styrene, 1.3%

organic compounds in indoor air,

HCHOE: A%E3} wald Aehe Uehlle sistgds wudg Alrh ok, =3 $4% woldde vehin
A, HCHOZ} AbholA A= 93 2571, 2317] SE7IE A dEEr)d Ao FRAEAE A% He
HHE F3 A2 JFHIL, olF 2F o3t 54| T 9 H1HEd, o9 dAEEES dole Aer A}
7P =2 A0R dHA SZlEP Zdtstoles SEHE =t E5] FElo) gAfR QoL E gdgS
ofl A et et A7 e Hom It A= ARt AHERE o] AL QlE Rl 5& e R RARRE At
ARl FAE 7HAAL SQlof ml= FAHEZANA Bl %4717 HCHO®|| =25 %e 35 4414 &¢Hd, 7199
(Probable human carcinogen), $-2jtte} 4H¢] Qb 2.2 A, AARES 2 55 UESlH 5714 deke
HolAE A0 BAR )R TR k'Y, A whgol] tisted oF 3 ppm o] HCHO $E7H4E %
B AEH g W Alge] Wb Hilk ofd] glo  Hel 557] &4 AAex] 3= Aow nuEgrt?
™ o] %58 (mobile home)©] At} HCHO %9} 1]Ql: 23] AZARol A BAE ELslo| 2 AZAA 0l
(nasopharyngeal) 2] §2]3F A3Hd-& Vaugham 5°] 2 AU e 9 &5 Zof whel o WrEeko] o,
Table 10, The effect of Formaldehyde in human

5% (ppm) A B F
0.1~5 w8 A=, HRAE, A=Y A=
1o]8} v, 2, 59 A=
0.25~5 718A] Aol Q= AbRolA ARt A
10~20 71, w7t £AS, AdEso] weky
50~100 H o] AF, A, G E, AAL @7, AE, IAETS
Table 11, The distribution of carbonyl compounds concentrations in indoor air (Unit : « g/m3)
Pollutant Mean S.D Max Median Min

Formaldehyde 20.5 12.3 74.1 18.4 3.2

Acetaldehyde 6.9 6.1 37.8 5.3 0.4

Acetone 25.7 19.1 127.9 23.6 0.9

Propionaldehyde 4.5 4.5 27.2 3.2 0.0

Butyraldehyde 1.2 1.5 7.7 0.8 0.0

Benzaldehyde 3.7 3.2 12.5 2.5 0.0
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Carbonyl compounds Concentration(ug/ms)

se .

:

Formaldehyde  Acetaldehyde
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Fig 3. Concentration of carbonyl compounds in indoor air,

Propionaldehyde
7%

Butyraldehyde

2%
Ve
__—Benzaldehyde
6%

Fig 4. Composition ratio of carbonyl compounds in indoor air,

AubA o & Hr2E|L 7|7kS 4 4907 FgEchal gt}
Table 100] Zdsto]=7} QAo nA &= 7S et
yeict.

FtEGEEe] HoAE FAXNL AT B E
4] ZAPAIZ Table 113 Fig, 30 Yehgict. &<
sto]=9] Wi FEE 20.5 x4 g/m’, OMAIE 25.7 u
g/m’, oA EATEIOI= 6.9 4 g/m®, ZRT]2UT|s}0]
= 4.5y g/m’ o2 AT Eduslo| =] A9 &
TX 7.6 4 g/m’eg2 2AE

1/0 —‘nium —3— EAY4E AolA o wo] w4y

l

She BAYS & 4 glom, 10 AHess e @

d210] QI 48] S ok e 4 9l o
8 FoHA AN A0 Bdulstols AY/AY Sk

(1/0 ratio}i= 2.7% ZAPE9ich, 7R dBkalEo] wizhAl
A ARAT M 1/0 ratiot ELHSIOI=7t 2.3, of
Ao 1602 thie] o] Aveld &7 vend
Aoz wusgon AHgEFd Fdvsiel=
U4 I/0= 8.2%04L, ¥+ ¥ I/O0+= 33.02% 7lHd
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Table 12, The distribution of total suspended bacteria and fungi concentrations in indoor air

(Unit : CFU/m®)
Pollutant Mean S.D Max Median Min
Total suspended 451.3 339.3 2148.0 336.8 78.2
acteria
Fungi 234.4 195.1 836.7 164.5 10.1
A2 W2 asjjof 3 FaAlo] g Aoeg Azt #3<, mVOCs (microbial volatile compounds) &%
}, < WAAA Tt B3RS Eeta, SAEeIY g
g4 el AgEY] F slmdsibge] FANE o 29iE A9 AEe] el o] 4F5S do
Flg 49} 2t} olflzAol A obilEe] 1 & ug  S& ik AWg7] Fo Rgat ol ol g
Ql 41 »E UEer, 2YYsto|E 33 %, oHHNEYY] AT} AT 7S AL F Bl (Bacteria) 2 F
glo]E 11 %o 2 Ut 7|8 7R d3gHES] v)& F&o] (Fungi)olth
& 9~7 %o) W9lm vehget, % ReATe WAL 571 Sol vAESe] H3tw
of &L glon, 2 FTFV|He| 3} Ho JF
£ sgopus & 23 A4t 97 ] vt RS ns
ool F71YHEe} WAT AT gk Ay Bo
= HoOo HE O 2] 51 A ZA= I A o] AE
() T‘”‘U]}\OE\_ E.'LH gl ooﬂ LXHO]—L ]:H‘U—Z_IL]_ }\OE %ZH—S]'_]—_’_ 31% Ul}}lj%‘%’g‘ E]"{:'—\-—Sl—ﬂ ;7]7]_ %%‘*E‘—S]’Eq
—gi']_;(_] O 3 ?_]_Xicﬂ' o] o ’/\]—E ;ﬂﬂ_e7 =z = o _ B = o
. ‘;;” of o “ j‘u‘f et o };TT F7)Mo] U A9 2 st ATEE, ofjghEETt
= R | O I o) Z
ST A IS IS BT T o weo] siek. vEo] 443 e 2t
e hva = =3
N o 7l e, jT fﬂ A HUSED cant gopro) FHsolor shov A 89l 49 v)
E‘j:"v——7]y O]-E-‘U’]“‘L‘TU, ﬁo{ ouoﬂ H]o]-oq Elﬁoﬂj\i }\g% }\ézo]—oﬂ l—é‘g_éj_ ]?’__}'i 3—_1_15\_., %]_’ ?_]_ 1(:):; r@"é‘]—ﬂ 9\)\
AEsl= A|7ko] Wo molgo] oksl 9]0 ol.0 0 .
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= o 11
O 3 o} Al H 25 I AISF A O oFx _
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Fig 5.

Concentration of particle pollutants in indoor air,
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Table 129} 7},
% H-fAlt(bacteria)®] 79 BasEE 451 CFU/m’
(78 ~ 2,148 CFU/m®) 2.2 eyt o] Hr= Ay

Table 13. Health effect by PM10

‘3

(it
e

Nt 133

71| o] tEol g d (w7, ESAL, 35
wolRoFA A 9 el MY, ATzl Ay
A §A71% 800 CFU/m’Y] oF 56 % F=3olH, F 10
%7} 71%S ZIFsHect,

FYe et Ao mad o e By
ngE F AFY #HiEs=E: 1,302 CFU/m’
(173~7,283 CFU/m’) 2 t}5ol 844 GA7|1&S 23}
k= Aldi7F B (67 %), E3] & - FEI}F Eol 77
=o| Rfjstr] 4| A5HL AES A 514 Y= Al
oA £& TS Vel o2 Ao A weladk
AAoMe] & B¢ FEE 426 CFU/m® (44 ~
1,140 CFU/m% & ¥ 18+, Shun Chen Lee’Yo) w
2H 35 FAFLNMY F BEeAE == 800
CFU/m® (400 ~ 1,100 CFU/m")& X 13}3ic},

% Bgawold AL Wi FEL 234 CFU/m’
(10.1 ~ 836 CFU/m%2oz uUehgon, o] Hri
WHO Hi17]12]¢] 500 CFU/m”?] 53 %4202 e}

FPeAst A7) w2y o ofute Fu
o] WisEE 407 CFU/m’ (27~5,000 CFU/m’)&
WHO il 7|38 23sh= A7t 22 %2 Hebtor,
FE o] 2A7L gol WAste B3I A3 ofgiE]
A =7 debdeh SAEE ] B9 Sl whek B
Z3olo] L= 7} 440 ~ 1,078 CFU/m’e.2 HA7} 2
Al e AsHAI el A= EREge] o] 53] F9
g 7lecloF & AR Uuylth te dlAs 8%
Al HisEs 409 CFU/m’, £33 Y Hiss
101 CFU/m’2 ®31*s}3 9},

A F=7F 60 % o)l FEoM= 1 olskel
o SERAlRe] st 1.3, FRFEEele 2

K

Concentr?tion Exposure time Effect of human body
(ug/m”)
80~100 Yearly Death rate increase
100 Yearly Chronic organ disease rate increase
100~135 - Increase of chronic respiratory disease
150 24 hours Weakness and old person death rate increase
300 1 hour Weakness and old person death rate increase

more than 300 -

Respiratory disease rate is becoming worse

Note)Source : US EPA(1997), NAAQS (National Ambient Air Quality Standard)
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Table 14, The distribution of PM10 concentrations in indoor air (Unit : z g/m®
Pollutant Mean S.D Max Median Min
PM10 51.2 18.1 87.5 45.7 19.9
Hi ol HAlE 8T 4= = FaEEele Mg 97 AZE Y= AL 18 o Aorch= AyoA ¢
A= AW FEe] 2Ho] wjg- Fasioh(u|= A3t = EE 4 YA AHFHoRE KBy At v

AR AH(OSHA) AW % HiL 7] 20 ~ 60 %).
3 9)7)0] o3 AE7] 2YE FF % Ayedd
A 4575 sotsly] F A7 Amo] waw & 7
Aol Al/Ae) FEHlE 13,72 et Ay edd
o Ql= Ao e, v FolE 0,622/ A

wrhs Aol e@gle] gl Ao ekt

O|MHX| (PM10)

7] Foll Fg=o] = AL HA|Q YA(particle)
58 FA5I] JAAAEA E= of|o]2ZF(aerosol) o]kl
3ith, 7187 o= PM (particulate matter) @& 1}

Rl At37]E diRE 0.001~10 £ mo] Hejolct,
| Aol JAA7|E 7H PM2 thi-& Aol 587]
= oA s71ek A S =5 4 7] w2l A%
FF SHA Fasith PM10E

than 10 microns in aerodynamic diameter"®] 9Fx}=
o570 SYEe] 542 4 vk 10 ¢ me= Hr=
T 1/77 Eolth,

5 515 A~
PR FFEALTE, FFE, ANE 2

O

“particles less

7}
=2 9 FHA feste B¢ 227 AR Al de
© WA, 294 doeTlolM #ddE MAR U= = 3
ct.

139] LFehi e} o] Alztat Qjakg v

sk dake u)A 4 olnh, U
How Aol grle] 554 B g mEATE A
sho] w4 ol oFolA: o, AstATE TR
B A9 r)e) R oEt w2 0 Az
Tk oIt A4 B mFe A BN Be

At} Pope et al,> 19864 0l|A] 19872 A4 7|7¢
&<t v]=-9] Utah Valley A 9ollAl AR At wlAH
274 10 wg/m” ZF4 W 2otofA] HAT 7| HA PR
HYS YUshs A97 4.2 % gasks Aow wa?
3l4tt. Schwartz et al.?} Sunyer et al 9 ©j=
Seattle?] HAloZ Qlgt S-FA HE I} Barcelona©] Al
o] W Tg7] Aoz Qg SFA R T
H

=
AFoM e 5715 A =9 54 Y=dee o

stolon Ea] vhg7]A, 718G 53 BAge] & A
oz wistget, E3 uAHA7}F 10 pg/m® Z713 uf
7B Golu w7 He] 5 ~ 25 % A= Z7leHe Ao
2 21skgict,

FFAZo] AZEA Ao uwz RIEARS

Table 14¢] Yeldch BitsEs 51.2 1 g/m’ (19.9
~ 87.5 u g/m) o2 eyt

o] Keeler,(2002)¢] Aol A HAS gt 9l& of
o]So] AFsh= Aol PM109] HisEs 52.2 4
g/m’oR B Aol gAlslgITh 4719 AFoA =
oleokA Aol AY PMI10 s ELt 72.8 4 g/m’o2
B AqAvtrct 1,28 A dehgon 98] A3
HA A A AY PM10 Hi5Es 369 4 g/m’o& &
Tate] B ApATEch okt

Aol F7o] o3t AEy] LdE JF 2 Auedd
o] 24 §RE metsly] 9ste] AT AEo] w2
nl W o] Aul/e) FEr= Bt 0,82 vERt A9
HuAEE7t 22 Aoz sy’ oL nl4wz
o] odglo] Ao el ofgt AR Ao
QL wra gk o vehgch v 57 o
2 PM102 A9)7} B4 53,07 4 g/m’o.2 AYHEAF
46.27 1 g/m’e] Bl5to] & F=E Uehfdch PM10
27l AR A97l &S JLo] 786 %l ACE H
15+t Kirchner et al’9] -9 Zelo] A o] Au/9)

fr
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