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The aim of this study is to understand the characteristics of indoor air pollutants and provide information
about the present Indoor Air Quality(IAQ) in 104 public facilities from January 2011 to December 2012. The
measured air pollutants are PM,,, HCHO(formaldehyde), CO, CO,, and total airborne bacteria(TAB). And the
effects of environmental factors such as temperature, humidity and construction characteristics were analyzed
in relation to the measured concentrations. The results of this study showed that the mean concentration
of PM,,, CO,, HCHO, CO, and TAB were 55.3 /, 558.6 ppm, 31.0 /, 1.2 ppm, and 561.3 CFU/, respectively.
The correlation analysis showed that CO, and HCHO (r=0.497, p<0.01), CO, and TAB (r=0.468,
p<0.01), and PM,, and CO (r=0.342, p<0.01) were significant. The result of regression analysis was
found that the influence factors associated with the concentration of PM,;,, HCHO, and TAB were the year
of building construction, the temperature and the humidity
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Table 1. Classification on seven public facility by year of building construction

Year of building construction

Public facilities <5 years 610 years > 11 years Total
Total 33 29 42 104
Hospital 18 6 9 33
Child care facilities 10 5 12 27
Indoor parking 3 3 8 14
Large store 2 3 7 12
Steamer room - 6 1 7
Subway station - 6 - 6
Library - - 5 5
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Table 2. Summary of instrumental and analytical conditions

of HPLC
HPLC System Agilent 1100
Column ZORBAX ODS(C18), 4.6x250 mm, 5 um
Flow rate 1.0 mL/min
Elution 60:40 (Acetonitrile:water)
Injection volume 20 uL
Detector UV@360 nm, Diode array detector
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Table 3. Sampling and analyzing conditions of indoor air pollutants

Sampler or

Air Pollutant Sampling/Analyzing Method Sampling Time Analyzer Maker
PM, Gravimetric method 6 hrs TAS Airmetrics
Carbon monoxide Non-dispersive Infrared spectrometer 1 hr 300E Teledyne
Carbon dioxide Non-dispersive Infrared spectrometer 1 hr 4101 Thermo
Formaldehyde 2,4-DNPH cartridge and HPLC 30minsx2times MP-100 Sibata
Total airbone bacteria Impactor 2.5minsx3times MAS100 Merck
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Table 4. The result of measurements from public facilities
Pollutants PM,, CO, HCHO CO TAB
Sites (ug/m?) (ppm) (ug/m®) (ppm) (CFU/m®)
Total Mean 55.3 558.6 31.0 12 561.3
(1=104) SD. 17.9 144.6 289 1.0 253.0
Range 29.9~137.9  355.9~986.9 3.5~170.4 0.4~7.0 77.8~1,151.6
Mean 498 610.2 345 0.9 4492
Hospital SD. 8.5 153.0 24.8 0.2 236.6
(n=33) Range 345~72.3 355.9~986.9 7.9~96.1 0.4~15 77.8~1,124.3
Standard 100 1,000 100 10 800
_ Mean 52.1 579.6 27.2 0.8 698.3
%{‘c‘fﬁ;fse SD. 13.1 156.1 33.1 0.3 202.3
(n=27) Range 31.8~80.6 408.7~919.7 3.5~170.4 0.5~1.6 205.8~1,151.6
Standard 100 1,000 100 10 800
Mean 76.2 486.6 19.6 2.8 R
I“‘L"."r S.D. 20.5 57.7 118 15 ;
o1y Range 525~1379  4055-5021  5.8~40.8 14~7.0 :
Standard 200 1,000 100 25 -
Mean 454 555.6 50.4 14 R
tigfg S.D. 9.0 95.3 35.0 15 -
(n=12) Range 29.9~56.3 379.4~683.4  13.3~1189 0.4~5.9 -
Standard 150 1,000 100 10 -
Mean 41.1 4104 20.3 0.9 -
Striffner SD. 43 385 10.0 0.4 -
(=) Range 34.0~46.1 364.5~455.9 11.3~39.6 0.5~1.7 -
Standard 150 1,000 100 10 -
Mean 92.6 4199 4.9 0.8 R
Ss‘t‘:UW;y S.D. 11.1 9.1 05 0.2 -
(0=6) Range 77.9~109.9  410.8~435.1 42~55 0.6~1.1 -
Standard 150 1,000 100 10 -
Mean 497 687.0 615 0.8 R
Library SD. 11.1 153.7 36.9 0.2 -
(n=5) Range 36.7~61.6 528.9~904.9  27.4~121.1 0.6~1.0 -
Standard 150 1,000 100 10 -
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A 3] dgo= 7, a52E S5 Ukt 59 &5k ol 84d o8 AEVIE ST, tiFE
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Fig. 1. The ratio of indoor air pollutants to IAQ standards.
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Table 5. Results of correlation analysis of each pollutant in public facilities

PM,, CO, HCHO CO TAB Temp. Hum.
PM,, (ug/m®) 1.000
CO, (ppm) -0.153 1.000
HCHO (ug/m?®) -0.330" 0.497" 1.000
CO (ppm) 0.342" -0.050 -0.013 1.000
TAB (CFU/m®)? -0.006 0.468" 0.324" 0.092 1.000
Temp. (°C) -0.332" 0.043 0.394" 0.091 0.157 1.000
Hum. (%)° -0.378" 0.068 0.432" -0.063 0.281" 0.452"" 1.000
*TAB: Total airborne bacteria, *Temp.: Temperature, “Hum.: Humidity
#<0.05, **p<0.01
Table 6. Results of variance analysis of indoor air pollutants by construction year
Mean + Standard deviation F p-value
< 5 years 6~10 years > 11 years
PM,, 51.0+11.4 58.1%22.2 56.8+185 1.47 0.235
Co, 589.9+137.8 510.7+156.3 567.0+136.1 251 0.086
HCHO 30.3+25.4 32.7+38.8 30.5+23.8 0.07 0.935
Cco 1.0+1.1 1.2+0.7 1.3+1.1 1.08 0.34
TAB 519.4+208.5 562.9+361.6 616.4+243.1 0.88 0.421
o YehRit E425, oilslekie) FUslol= AF m?, 6 o] E AEIME 58.1 ug/m’, 56.8 ug/mo=

.
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Table 7. Results of variance analysis of indoor air pollutants by the number of users

Mean =+ Standard deviation

< 100 persons 101~1000 persons > 1001 persons F p-value
PM;, 48.9+9.9 53.1x16.2 64.0+21.8 4.38 0.015
CO, 583.7+162.0 571.8+154.4 512.1+96.8 1.76 0.178
HCHO 49.1+46.8 28.6+24.3 30.5+30.6 2.26 0.109
Co 0.9+0.3 1.1+1.1 1.4+1.0 1.39 0.254
TAB 671.4+302.3 536.0+240.7 702.6 1.37 0.264

Table 8. Results of multiple regression analysis between pollutants and environmental factors

Parameter Coefficients p-value r

construction year 8.030 0.035

PM;, temperature (°C) -0.959 0.024 0.267
humidity (%) -0.338 0.004
temperature (°C) 1.830 0.009

HCHO humidity (%) 0.645 0.001 0258
area (m?) -246.631 0.002

TAB number of users 203.424 0.050 0.249
humidity (%) 6.385 0.010

PAREA sed G vIAE e 1S B
o 2 FER, 45 AT 5d ol A4
8.030 pgm*y s} L, &% 1°C Lok Wn}
o 0959 pgm*4, FE=7F 1% Sebd weic) 0.338
ngm*¥ F=rh Soprls Aoz vehkith AgASE)
= 026702 4% 320l ofs) A mAEA] w=
] 26.71%= AW E F glor, FelrE 0.05004 2
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