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Abstract

The study on school indoor air quality was carried out at classrooms, computer-rooms, laboratories and play-
grounds for carbonyl compounds including formaldehyde during the winter time from November to December
2004 and during the summer time from June to July 2005. The sampling was conducted under the general school
condition without any artificial intervention such as the sealing, ventilating or heating at indoor environments. The
concentrations of formaldehyde at all types of indoor environments were lower than air quality standard of 120
ug/m’® for public facilities. The mean concentrations of formaldehyde at indoors were 4.5~6.1 times higher than
those at outdoors. From the comparison between two year and one year old schools after construction, the concen-
trations of formaldehyde in two year old school were 30 ~38% lower than those in one year old school measured at

classrooms and laboratories.
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Table 2. Analytical conditions of HPLC.

System Hewlett Packard 1090
Detector UV-VIS absorbance detector (at 360 nm)
Column SUPELCOS IL™ LC-18,
25cm X 4.6 mm, 5 um
. A: Water/Tetrahydrofuran 80/20 (v
Mobile phase B: Acetonitrileyloo ) v
Flow rate 1.2 mL/min
Injection volume ~ 20pL
Gradient 0—25min B 20— 70%, 25— 27 min,
B 20% hold
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Table 3. Repeatability of HPLC analysis.

Repeatability* (%)

Compounds
Retention time Peak area
Formaldehyde 1.18 1.42
Acetaldehyde 0.82 1.70
Acetone 0.50 3.61
Acrolein 0.61 3.70
Propionaldehyde 0.63 3.50
Methyl Ethyl Ketone 0.93 234
Butyraldehyde 1.12 2.66

*Repeatability was expressed as relative standard deviation (%).
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Table 4. Summary statistics of air quality.
Site Compounds Mean S.D. Median Min Max /O ratio
Formaldehyde 52.56 23.25 51.40 18.70 108.60 6.1%
Acetaldehyde 9.88 3.43 8.47 6.60 22.19 1.2
Acetone 24.36 10.88 23.70 10.80 55.90 1.9%
Classroom (n=36) Propionaldehyde 2.08 1.21 2.06 0.20 4.22 1.6%
Methyl Ethyl Ketone 15.81 7.59 13.55 5.27 30.20 1.5%
Temperature (°C) 22.5 6.2 20.1 14.2 323 -
Relative humidity (%) 383 12.7 36.0 14.7 59.2 -
Formaldehyde 47.24 14.15 45.23 19.43 81.68 5.5%
Acetaldehyde 10.88 4.35 9.50 5.10 21.29 1.3
Acetone 29.79 16.83 27.70 8.85 79.10 2.3%
Computer-room (n=36) Propionaldehyde 2.39 1.24 2.75 N.D. 4.60 1.8%
Methyl Ethyl Ketone 13.92 7.30 12.40 3.65 36.00 1.3
Temperature (°C) 22.9 6.3 21.3 13.3 31.8 -
Relative humidity (%) 36.2 10.4 34.6 18.1 55.6 -
Formaldehyde 38.53 15.48 34.36 16.90 76.02 4.5%
Acetaldehyde 12.63 5.68 10.50 4.60 24.70 1.5%
Acetone 41.82 2543 31.17 13.20 103.44 3.2
Laboratory (n=36) Propionaldehyde 2.13 1.28 1.94 N.D. 4.60 1.6%
Methyl Ethyl Ketone 18.96 16.38 15.65 3.52 84.10 1.8%
Temperature (°C) 21.2 7.7 18.4 13.0 323
Relative humidity (%) 40.6 12.2 372 19.4 62.1 -
Formaldehyde 8.63 5.26 7.60 3.00 22.12 -
Acetaldehyde 8.57 3.65 7.75 3.03 15.57 -
Acetone 13.12 4.99 12.75 7.01 23.28 -
Playground (n=36) Propionaldehyde 1.30 1.07 1.23 N.D. 3.60 -
Methyl Ethyl Ketone 10.74 6.06 9.50 N.D. 21.00 -
Temperature (°C) 21.8 9.9 19.7 6.0 36.0 -
Relative humidity (%) 324 104 31.1 159 60.8 -

*indicates that indoor and outdoor groups are significantly different at a level of 0.05 by Mann-Whitney U test.
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Table 5. Summary statistics of air quality by season.
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Summer Winter
Site Compounds _ S/W ratio
Mean S.D. Mean S.D.
Formaldehyde 57.21 17.16 49.65 26.48 1.2
Acetaldehyde 9.42 1.82 10.18 4.17 0.9
Acetone 18.20 7.98 28.21 10.85 0.6*
Classroom (n=18) Propionaldehyde 2.37 0.99 1.90 1.33 1.2
Methyl Ethyl Ketone 11.42 6.31 18.56 7.15 0.6*
Temperature (°C) 29.8 1.7 18.0 2.5 -
Relative humidity (%) 49.8 6.5 31.1 10.0 -
Formaldehyde 49.73 15.92 45.68 13.22 1.1
Acetaldehyde 10.91 2.99 10.86 5.12 1.0
Acetone 23.08 15.14 33.99 16.90 0.7
Computer-room (n=18) Propionaldehyde 2.48 1.00 2.34 1.40 1.1
Methyl Ethyl Ketone 8.39 3.50 17.38 6.95 0.5%
Temperature (°C) 30.1 1.9 18.4 2.7 -
Relative humidity (%) 454 5.2 30.4 8.6 -
Formaldehyde 41.45 10.65 36.70 17.95 1.1
Acetaldehyde 11.02 4.26 13.64 6.33 0.8
Acetone 23.54 7.57 53.24 26.10 0.4*
Laboratory (n=18) Propionaldehyde 2.13 0.67 2.13 1.57 1.0
Methyl Ethyl Ketone 8.13 4.10 25.73 17.61 0.3*
Temperature (°C) 30.0 1.7 15.7 35 -
Relative humidity (%) 50.2 8.7 34.6 10.2 -
Formaldehyde 12.52 6.06 6.21 2.7 2.0*
Acetaldehyde 9.04 4.47 8.28 3.16 1.1
Acetone 12.32 6.38 13.61 4.05 0.9
Playground (n=18) Propionaldehyde 1.13 0.81 1.41 1.21 0.8
Methy!l Ethyl Ketone 5.98 347 13.72 543 0.4*
Temperature (°C) 32.7 3.4 15.0 5.1 -
Relative humidity (%) 38.1 7.0 28.9 10.8 -

*indicates that summer and winter groups are significantly different at a level of 0.05 by Mann-Whitney U test.
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Table 6. Ratios between indoor and outdoor concentrations of carbonyl compounds.
Classroom Laboratory Computer room
Items

Summer Winter Summer Winter Summer Winter
Formaldehyde 4.6*% 8.0* 3.3% 5.9% 4.0 7.4%
Acetaldehyde 1.0 1.2 1.2 1.6% 1.2 1.3
Acetone 1.5 2.1% 1.9% 3.9% 1.9 2.5%
Propionaldehyde 2.1* 1.3 1.9% 1.5 2.2% 1.7
Methyl Ethyl Ketone 1.9% 1.4 1.4 1.9% 1.4 1.3

*indicates that indoor and outdoor groups are significantly different at a level of 0.05 by Mann-Whitney U test.
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Fig. 1. Concentrations of carbonyl compounds by site and construction year.
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