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Abstract

Indoor air pollution is liable to affect the human body, since modern people spend most of their time
indoors. Especially, vulnerable people are easily influenced by indoor air pollution and infected environmental
diseases, such as respiratory diseases.

The aims of this study were to discuss the relationship between indoor air pollution and environmental
impact factors for facility used by vulnerable people, and provide basic data to improve the indoor air
quality(IAQ).

The concentration of indoor air pollutants was varied depending on environmental impact factors.
Particulate matter was measured high in old facilities and concentration of formaldehyde was detected high
in facilities that ventilation time was insufficient or interior wall was decorated with wallpaper. The smaller area
was, or longer hours the air deaner operated, the total airborne bacteria was higher level in facilities. If it
was a lot of users, or the air cleaner was operated for a long time, or long-term ventilation was done,
there was more fungi. No trend for carbon dioxide concentrations was found by facility. It was
examined high proportion of heavy metals were originated from crust(Al, Fe, Mg) and paint(Cr, Zn).

The result of the correlation analysis showed necessity of customized management of indoor air
quality(IAQ), because there were different correlations between indoor air pollutants and environmental
impact factors in each facility. In addition, the results presented here showed that heavy metals
contained in paint, or finishing materials were released through enrichment factor(EF) analysis.
Because heavy metals have potential to cause human health effects, EF evaluation, an indicator
of heavy metal release, emphasizes management of household supplies made up of indoors.
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Table 1. Environmental diseases of indoor air pollutants.

Substances Environmental diseases
PM-10 asthma, dyspnoea,
[ PM-2.5 hematogenesis reaction
TABY allergosis, respiratory disease
. allergosis, dermatopathy,
Fungi . .
respiratory disease
cough, chest pain,
HCHO shortness of breath,
respiratory system symptom
CO, drowsiness, headache, dizziness
silicosis, pneumoconiosis,
Heavy metals .
anthracosis

1): Total Airborne Bacteria
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Table 2. Mandatory standards of indoor air quality
for vulnerable people.

Substances Standard
PM-10 75 yg/ni
PM-2.5 35 pg/m
HCHO 80 pg/m
TABY 800 CFU/m

COq 1,000 ppm
CO 10 ppm

1): Total Airborne Bacteria

Table 3. Guidelines of indoor air quality for
vulnerable people.

Substances Guidelines
NO;, 0.05 ppm
Rn 148 Bq/mi

TVOC 400 pg/ni
Fungi 500 CFU/m
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Fig. 1. Location of target facilities
for vulnerable people.

3.2. A

3.2.1. "'ﬂ’é}}_/\}
EREAEE
ﬂﬂﬂ,ﬂ?w- RN
7ol B JFe ¥ 3
AL 493 A9z MEIA 2E A9
OO

371 T Ld=d

17
o

o][‘l
ui
o2
QL
2
i o N AN

L R (B

S
g
52

(o3
3
X
X
)
)

E oATAE odF Ayedd TS
FE a9d B ARE FYHI] 95
NeAH A BFEA L HREAS 5

3} tHTable 4).

Table 4. Category of field research.

No. Category

Construction year

Area

The number of users

Ventilation time

Air cleaner operating time

DO x| N

Interior wall material
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Table 5. Characteristics of studied facilities.

Cl) MZ) SS) P4)

1980s 1 1
Construction 1990s N
year 2000s 6 7 2 4
2010s 4 7 8 6
< 500 7 - - Z
9 500 ~ 1000 7 - 1 7
Area (m?) 1000 = 2000 I . 5 5
> 2000 -1 14 1 1
The number <50 4] - 1] 10
50 ~ 100 4 3 8 _
of users = 100 AT 1 -
Ventilation <5 41 7] 6] 10
) 5~10 2 3 3 _
time (hr) =10 9 - . -
Air cleaner <5 - 2 _ 4
operating 5~ 10 1 4 1 -
time (hr) = 10 14! 9| 9| 6
wallpaper 7 7 9] 10
Interior wall paint 5 2 1 —
material mixture® 3 3] - -
etc. - 3 - _

D: Child-care centers, 2): Medical institutions, 3): Sanatoriums for
older persons, 4): Postnatal care centers, 5): wallpaper & paint
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Fig. 2. Indoor temperature-humidity by facility.
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Fig. 3. Average concentration of indoor air pollutants
by facility.
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Table 6. Average concentration of indoor air pollutants by environmental impact factors - 1.

PM-10 | PM-2.5 | HCHO TAB Fungi CO,
n
ug/m? pg/m’ ug/m’ CFUm® | CFUmY’ ppm
1980s 2 29.6 13.0 235 138.5 2285 666.5
Construction 1990s 4 17.8 10.4 27.4 203.9 232.3 655.1
year 2000s 19 17.3 8.8 20.3 235.8 265.0 626.2
2010s 25 16.5 76 17.3 202.3 2185 6345
< 500 7 18.5 93 20.7 243.9 2451 657.8
Area 500 ~ 1000 15 15.8 8.0 20.3 217.8 231.8 606.1
2
(m* 1000 ~ 2000 | 12| 217 10.3 2.6 | 2298 | 2472 | 6513
> 2000 16 15.3 73 12.9 181.1 232.8 6375
< 50 15 14.6 73 25.2 207.6 178.9 617.0
The number
50 ~ 100 15 21.1 9.9 18.3 196.8 2515 649.4
of users
> 100 20 16.8 8.4 16.1 228.1 271.4 635.9
<5 27 15.3 75 22.8 213.4 212.0 642.8
Ventilation
time 5~ 10 8 20.6 10.5 15.7 148.4 252.4 581.8
(hr)
> 10 15 19.6 9.4 15.7 245.2 276.1 646.9
<5 6 12.4 6.7 24.8 132.8 174.9 619.2
Air cleaner
operating time 5~ 10 6 19.8 8.8 12.8 186.8 189.8 655.9
(hn)
> 10 38 17.8 8.8 19.7 229.2 255.1 633.2
wallpaper 33 17.1 8.4 21.7 214.4 219.4 635.0
Interior wall paint 8 20.9 10.0 17.7 215.6 279.0 634.0
material |\ oyibaper & paint | 6 16.8 8.3 13.5 2415 | 2294 | 619.9
etc. 3 12.5 6.5 12.2 126.5 3447 655.5
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Table 7. Average concentration

of indoor air pollutants by environmental impact factors — 2.

(unit: ng/m®

n LI | Be | Mg | Al | Ca | Ti V| |C |Mn|Fe|Co| N |Cu|Zn| As | Se | S | Mo| Cd| Sb | Ba| Tl | Pb

1980s 2100 00| 92 (81| 63| 07| 02| 34| 26|341| 00| 05| 35289 10| 01| 03] 01| 01| 02| 12| 00| 26

Construction 1990s 4| 00| 00| 86 |743| 40| 04| 03| 29| 18231 | 00| 03| 24| 66| 08| 01| 01| 01| 01| 02| 06| 00| 20
year 2000s 9| 01| 00144 |88 |121| 07| 02| 46| 14 |410| 00| 05| 36210 | 14| 02| 06| 02| 01| 03| 12| 00| 29
2010s 25| 01| 00148 |82 |119| 07| 02| 47| 15|49 | 00| 05| 37|216| 14| 02| 06| 02| 01| 03] 13| 00| 29

< 500 71 00| 00109 |72| 72| 04| 03| 26| 17|215| 00| 03| 22|48 | 11| 01| 03| 01| 01| 02| 06| 00| 24

Area 500 ~ 1000 5101 00| 93693 | 91| 05| 02| 60| 10|56 | 00| 05| 37|284| 16| 01| 04| 02| 01| 02| 10| 00| 25
(m?) 1000 ~ 2000 21 01] 00172 (82 |136| 06| 02| 49| 10 |455| 00| 05| 33|241| 14| 01| 07| 02| 01| 03| 12| 00| 26

= 2000 16| 01| 00| 86 (795 | 84| 07| 02| 50| 15(40| 00| 06| 39|223| 14| 01| 04| 02| 01| 03| 10| 00| 28

< 50 5] 01| 00202 |685|165| 05| 02| 66| 07|42 | 00| 06| 43 |17 | 17| 02| 08| 03| 01| 03| 06| 00| 29

TI;ef I;lezts)er 50 ~ 100 51 01| 00(153(8.7|122| 07| 02| 48| 16|434| 00| 06| 38|2L6| 14| 01| 06| 02| 01| 03| 12| 00| 28
= 100 20| 01| 00| 86|75 | 84| 07| 02| 50| 15|410| 00| 06| 39223 | 14| 01| 04| 02| 01| 03| 10| 00| 28

Ventilation <5 27| 01| 00| 143 |88 |119| 07| 02| 45| 14|413| 00| 05| 36211 | 14| 02| 06| 02| 01| 03| 12| 00| 28
time 5~ 10 8| 01| 00160 846|132 | 06| 02| 49| 09|434| 00| 05| 34228 | 14| 01| 06| 02| 01| 03| 12| 00| 28
(hr) = 10 5101 00 90(720| 84| 07| 02| 52| 16429 | 00| 06| 40| 232 | 15| 02| 04| 02| 01| 03| 11| 00| 29

Air cleaner <5 6| 01| 00| 86|74 | 79| 07| 02| 55| 17|48 | 00| 06| 42236 15| 01| 03] 02| 01| 03] 11| 00| 28
operating time 5~ 10 6| 01| 00| 91 |747| 85| 06| 02| 56| 17|48 | 00| 06| 44 |240| 15| 01| 04| 02| 01| 03] 10| 00| 28
(hr) = 10 B | 01| 000|143 |88 |[119| 07| 02| 45| 14|413| 00| 05| 36211 | 14| 02| 06| 02| 01| 03| 12| 00| 28
wallpaper 331 01| 00149 |83 |120| 07| 02| 47| 15433 | 00| 06| 37|28 | 14| 01| 06| 02| 01| 03] L2| 00| 29

Interior wall paint 8| 01| 00| 91 (87| 83| 06| 02| 54| 17|435| 00| 06| 42230 14| 01| 04| 02| 01| 03] 10| 00| 28
material wallpaper & paint 6| 01| 00| 90 (85| 73| 08| 02| 36| 23346 | 00| 06| 33|301| 10| 01| 03] 02| 01| 03| 14| 00| 26
etc. 3] 01| 00| 66[9%3| 52| 09| 02| 42| 34|310| 00| 08| 49105| 13| 01| 01| 02| 01| 03| 13| 00| 33
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YHEE deFe ARz 1o 7S
DA, 0ol 7MhEE BAVE e ZoE
AFdn. \ges Adsrled =4, 24
FFIARE stoH, W7 LdEd dae
PM-10, PM-2.5, £&t)3tol =, FHFAR, 330,
ojitstgrioln, FAFIRIAE A LJED,
AR, F=EAEE), AH(ED, o-8AHED),

SPIARKED), 718871 7FsARKED, A s e =
(E®)= AH3}H T

FAENL IFS o] s W3]
1000 m* m ¥kl AJAdo] A 5070 Al F 223,
1000 m? o]Fel Aol 28X O % Hlw FE *7}
483k 7] Wi, AAAAEES |2 1000 m
4=

AA FHEAAH FBATE AUE=E
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0.337(p < 0.05), E=¥A=e PM-257} -0.311
(p < 0.05), AYL=e o]akstelart 0.309
(p < 0.05, F71HA7] 7FesAFH FFol7t
0.291(p < 0.05), B7|AZt# FFo]7F 0.288
(p < 0.05), o]&Aet Fdusto]=rF -0.279
(p < 0.09)E EAASE Fo]3ttHTable 8).
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Table 8. Pearson correlation coefficient.

PVHIO | PME25 | HBHO | TAB | Fungi | CO
E1 | .051 | .120 | .06 | .140 | .029 | .128

E2 337 | .390%* | -.059 | -.173 213 .309*

E3 =246 | -.311% | -.226 125 =176 | -.156

E4 114 .079 -209 | -.087 | -.106 .103

E5 -.034 | -049 | -.279* | -.032 181 .160

E6 .160 .166 -.183 152 .288* .273

E7 173 178 .042 229 .291* .061

ES8 -.067 | -.049 -.243 -.075 .260 .009
¥ p-value : ** < 0.01, * < 0.05, / numbers of data : 50

rr

mzo] 1000 m* o]l AL AuAF
%Olﬂ A EAg A 0.493(p < 0.0D),
VAT 0.422(p < 0.05)4= 0.2 LFEFRE
Az =o} PM-2.57F 0.386(p < 0.05)2 %ﬁl@i
folsH Tt Table 9).

rk% nH

Te 9. Pearson carrelation coefficient (Area = 1000 ).

PVHIO | BMR25 | HHO | TAB | Fungi | CO;

El -116 | -.082 .056 .143 -115 .053

E2 .296 .386* | -.031 .044 -.015 .356

E3 -183 | -.251 | -.031 116 -.044 .066

E4 .107 .096 -.249 | -.087 | -.207 .008

E5 -128 | -130 | -.336 | -.037 175 .021

E6 .005 .018 =227 .106 .422* 141

E7 194 .186 .084 .079 .149 .160

ES8 =222 | =212 | =313 | -.343 | .493** | -.205

¥ p-value : ** < 0.01, * < 0.05, / numbers of data : 28

wzlo] 1000 P BRI AMES] SHAGTIAe
e @7_7414— g5} 2oTable 10), Avjess
PM-10, PM-2.5, o|4kstebie}l 742 0.444(p < 0.05),

0.480(p < 0.05), 0.524(p < 0.05), 2 &=+ PM-10,
PM-25, olatslekasl Zbzh 0566 < 0.0D),
0503(p < 0.05), 0.4%(p < 0.05),
PM-10, PM-2.5, Edd|alols, o|aksighas} 72}
-0.427 (p < 0.05), -0.450(p < 0.05), -0.464(p < 0.05),
-0.459p < 0.05), A WAL olikalekaol —0.559
(p < 0.0D, ol&AT= FFolet 0476(p < 0.09),
3k7] A7 PM-107F 0.464(p < 0.05), olxksbekie}
0.491(p < 0.05), &71%A7] 7FeAzEe Fgol9}
0.514(p < 0.05)2 EAHC = FelalHTiTable 10).
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Table 10. Pearson correlation coefficient (Area < 1000 m). Table 11. Average of EF.

PMVHO | BVR25 | HHO | TAB | Fungi | CO; cY M? s¥ pY
E1 | 444 | 480* | 131 | .080 | .145 | .524* Se 830.3 2108.4 1761.0 3679.7
E2 | .566%* | 503* | -.149 | -.385 | .394 | .494* Sb 486.9 1322.7 650.0 2042.9
E3 | -427* | -.450* | -.464* | .169 | -.277 | -.459* As 314.6 496.4 260.2 1445.6
E4 | -283 | -348 | -.016 | .024 195 | =559 Ccd 206.7 431.4 338.9 247.3
ES5 275 355 | -100 | .164 | .476* | .252 7n 559.7 132.0 124.5 174.2
E6 | .464* | 415 | -.156 | .166 200 | .491* Pb 90.0 184.9 140.9 220.3
E7 221 198 | -.087 | .380 | .514* | .118 Mo 48.7 85.6 65.2 354.6
E8 | 316 | 358 | -.070 | 258 | .011 | .247 Cu 24.0 47.4 17.2 148.6
¥ p-value : ** < 0.01, * < 0.05, / numbers of data : 22 Cr 26.5 22.4 11.8 129.4
Tl 12.7 24.5 21.8 37.3
43.2. EF3s 863 8 334 =2 Ni 14 5.2 4.0 13.4
SR mEd AUy A FTEEHS 1 19 926 99 43
Holy AE8F ToA TAss o= Be 36 16 10 20
deEA Ak ofHololt FA UM AE-S= Ba 19 53 97 12
Ry A0 o 13 7+ R 7k
;‘)‘j’jﬁ;gﬂﬁ; E:%:“;\]%;gjjb Ba] C;:: S 0.8 05 15 1.7
F8F 9 AAdelA Pb, As, Zn Tol A= ©o 08 o8 0 -
. } Fe 0.5 0.4 0.3 2.1
Hoha o} =g, EFololA Ni, Cu, Zn, Pb,
Cr, Gdol, sIQlEo] 1 ol Pool, A w1 0T 041 10
Cu. Mn, Pb, Cr. 7n. Se So] A=®g7 o4 Mn 1.1 1.2 0.6 0.0
UTHEA R An| ~Ee), Al 0> 0.7 0.7 08
B oATelA zAR 507} Aae s Mo 04 02 07| 04
24745, A7l oW aEd EFgre 00~ G| 02 ] 01 03] o4
15000.22] W92 Btk EFZro] 100402 =4 Ti 0.1 0.2 0.1 0.1

Z=AF 2230 G Sh As, Cd, Zn, Pb, Mo, Cu, D: Child-care centers, 2): Medical institutions, 3): Sanatoriums for
older persons, 4): Postnatal care centers

Cr, Tl Nielglizdl, o) Fa4o] A wmoly}
YTEE 5 4 B TN A3

aclo] o5 FEHNSS ofvFc

e
Se, Sb, As, Pb, Mo, Cu, Cr, T, Ni & o8] T5<59
EFglo] TR Aol mlsh & 2o vehga,
ATt =0 BT EFH ThE A Mo w3
Eokth AFET A Br|ATre] THE AHo|
s REYN @HEAAIE 87550l
F34 5 AT BAY 3 4L
92 7HsHe AR
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