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ABSTRACT

The purpose of this study was to investigate the concentration of indoor air pollutants at 63 elementary schools, 41

middle schools and 51 high schools in Ulsan from the beginning of May to the end of December, 2008. To assess the
indoor air quality of the various classrooms, the 8 indoor air pollutants such as CO,, CO, NO,, Os;, PM;y, TVOCs,
HCHO and TBC were measured and analyzed. The mean concentrations of PM,, and TBC in the elementary schools
were significantly higher than those of middle and high schools (p < 0.01). For the HCHO, the multi-use practice rooms
showed an average 1.5 times higher than general classrooms. In schools located in urban areas, the concentrations of
CO, O;, PM,(,, HCHO and TBC were lower than in the vicinity of industrial complexes. The exceeding rate of the
school air quality maintenance limits in the 6 air pollutants by law were 6.7%, 3.5%, 1.7%, 18.2%, 13.0% and 18.4%
for CO,, NO,, O;, PM,y, HCHO and TBC, respectively. Based on these results PM,, and TBC have to be in the order
of priority of need to improve the classroom air quality in elementary school of Ulsan.
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Table 1. Levels of temperature and humidity by academic grade

Fol 270

*

Temperature (°C)

Relative humidity (%)

School N -
Mean + S.D Range Mean + S.D Range

Elementary 187 23.08 £ 3.30 15.69~28.88 4747 +9.70° 19.72~68.01

Middle 123 23.82 £3.17 15.94~29.83 50.93 + 11.56* 28.95~71.25

High 151 23.51 +£3.18 14.13~29.71 45.16 = 11.87° 20.63~71.45

Total 461 23.41 £3.23 14.13~29.83 47.64 £ 11.15 19.72~71.45
*N : Number of samples.
*S.D : Standard deviation.
*a, b : Group with the same letters were not significantly different by Duncan test (o= 0.05).
Table 2. Concentrations of indoor air pollutants by academic grade
Elementary (N = 187) Middle (N = 123) High (N =151)

Contents Mean + S.D" Range (];R) Mean+S.D Range (E‘ylj) Mean+S.D Range f‘yl:) p-value
CO, (ppm) 645.5+183.3° 380.0~1460.0 3.7 628.4+192.4° 350.0~1266.8 4.9 704.3+284.0° 323.0-2499.4 119 0.011"
CO (ppm) 1.44+1.58 0.05~9.23 00 1.04+132° 005-797 0.0 13+1.3* 0.05~5.6 0.0 0.058
NO, (ppm) 0.003+0.01° 0.0~0.08 21 0.01+02% 0.0~0.16 33  0.01+0.1* 0.0~0.7 53 0.050°
O; (ppm) 0.01+0.01>  0.001~0.10 1.6 001+0.1* 0.001~0.12 24  0.02+0.1° 0.001~0.1 1.3 0.062
PM,, (ug/m’) 69.1+37.5 0.17~170.0 219  67.0+39.2 8.5~219.1 146 62.8+£36.2 7.1~1913 16.6 0.299
TVOCs (ugm’®) 248.8+107.7 81.0~370.0 0.0 2652+75.7 1563~3449 0.0 241.0+755 128.3~370.5 0.0 0.770
HCHO (ug/m®) 60.3+52.8*  0.0~301.7 128 77.0+£142.1° 0.0~1208.0 17.9 449+87.7° 0.0~998.5 93 0.023"

TBC™ (CFU/m’) 678.4+549.7*

10.0~2628.0 289

481.0+432.2° 20.0~1752.0 13.0 333.9+311.4°

19.0~14485 9.9 0.001™

*N : Number of samples.

*a, b, ¢ : Group with the same letters were not significantly different by Duncan test (o= 0.05).
*ER(Exceed rate) : (No. of classroom over maintenance limit/No. of classroom)x 100.

*p-value<0.05, **p-value<0.01.
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Table 3. Concentrations of indoor air pollutants by classroom

General classroom (N = 308)

Specific classroom (N = 153)

Contents p-value
Mean+S.D Range ER (%) Mean+S.D Range ER (%)

CO, (ppm) 704.5+215.6  323.0~1,700.0 8.50 5713+2184  350.0~2,499.4 3.27 0.001"
CO (ppm) 1.39+1.5 0.05~8.59 0.00 1L.1£1.2 0.05~9.2 0.00 0.016"
NO, (ppm) 0.006+0.02 0.001~0.1 3.26 0.01+0.06 0.001~0.7 3.92 0.289
O; (ppm) 0.01+0.02 0.001~0.1 1.95 0.02+0.01 0.001~0.1 131 0.502
PM,, (ug/m’) 71.4+38.8 0.4~219.1 23.1 56.5+33.0 0.2~149.7 8.50 0.001"
TVOCs (ug/m’) 256.6+80.7 81.0~370.0 0.00 2254+83.8 128.3~370.5 0.00 0.401
HCHO (ug/m’) 50.7+69.1 0.0~748.7 104 77.1+£131.8 0.0~1208.0 183 0.023"
TBC (CFU/m’) 593.9+489.7 10.0~2628.0 23.8 346.5+392.5 21.0~2628.0 7.8 0.001™

*N : Number of samples.
*Comparisons between group by
*p-value < 0.05, **p-value <0.01.
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Contents Mean+S.D Range (E[yi{) Mean+S.D Range (]ZJA;R) Mean+S.D Range (Eo/i() p-value
CO, (ppm) 596.9+243.5" 350.0~1460.0 103 699.6+263.0° 323.0~2499.4 3.9 634.3+171.2*" 388.7~1512.0 8.8 0.002
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*a, b, ¢ : Group with the same letters were not significantly different by Duncan test (oe=0.05).

*N @ Number of samples/schools.
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Table 5. Correlations among indoor air pollutants measured in classrooms
Contents CO, CcO NO, 0; PM, TVOCs HCHO TBC
(ppm) (ppm) (ppm) (ppm) (ng/m’) (ng/m’) (ugm’)  (CFU/m’)
CO, (ppm) 1.00
CO (ppm) 0.04 1.00
NO, (ppm) -0.10° 0.09 1.00
O; (ppm) -0.01 0.15" -0.02 1.00
PM,, (ug/m®) 0.12° 0.15" -0.01 0.08 1.00
TVOCs (ug/m’) 0.08 0.1 -0.05 033 033 1.00
HCHO (ug/m°) -0.05 0.03 -0.02 0.15" 0.02 0.16 1.00
TBC (CFU/m’) 0.17" 0.06 0.01 -0.02 0.19" 0.14 -0.03 1.00

*p-value < 0.05, **p-value <0.01 by Pearson correlation.
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Table 6. Multiple regression analysis of indoor air pollutants
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CO (ppm) Temperature 0.0221 -8.25 0.001 0.154"
Temperature 0.0002 -8.26 0.001
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HCHO (ug/m®) Relative humidity 0.464 5.69 0.001 0.078"
Temperature 7.696 2.60 0.010

TBC (CFU/m’) No. of Students 0.173 -4.78 0.001 0.094"
Construction year 1.094 3.54 0.001

*p-value <0.01.
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