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ABSTRACT

This study evaluated formaldehyde concentration in classrooms and on roofs at 4 elementary schools, 3 middle schools
and 3 high schools in Incheon City. These schools were chosen based on their surrounding environments that included
industrial site, landfill, railway, 8-lane road and harbor. Indoor concentration ranged between 4.65 and 56.25 pg/m®,
while that of outdoor concentration was 1.23~10.22 pg/m®, both of which were below 100 pug/m?, a formaldehyde cri-
terion stipulated by the School Health Act. Indoor concentration was higher than outdoor concentration by 1.4~5.9
times, and there was a positive correlation between indoor and outdoor formaldehyde concentrations (R=0.49). As for
indoor concentration, multi-use practice rooms had an average 2.8 times higher than that of usual classrooms with a sta-
tistically significant difference (p<0.01). Indoor formaldehyde concentration had a positive correlation with the con-
struction year (R=0.55). The school close to the industrial complex had the highest ambient formaldehyde concentration,
followed by the one near a landfill. The formaldehyde concentration in school in the vicinity of the industrial complex
was twice or more than that of the school located other site. In conclusion, this study suggests that it is crucial to con-
sider surrounding environments in selecting school sites, as it can influence ambient air contamination, as well as using
construction material that emit less formaldehyde, in order to protect the health of students, teachers and school staff.
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Table 1. Characteristics of schools surveyed in this study
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School D Opening year Surrounding students per class
ES-1 1995 Landfills 31.6
Elementary ES-2 1997 Residential street 354
ES-3 2002 Eight-lane load 334
ES-4 1979 Railroad 34.1
MS-1 1960 Industrial complex 41.5
Middle MS-2 1983 Residential street 40.6
MS-3 1994 Residential street 413
HS-1 1997 Apartment complex 358
High HS-2 1971 Residential street 39.1
HS-3 1945 Harbor 33.8
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Table 2. Analysis condition of formaldehyde

Item Condition
Instrument HPLC(Waters 2690 XE Separations
Module)
Column Phenomenex Luna Cq

(150 mmx 4.6 mm x 5 pm)

Mobile phase Acetonitrile/water=45:55 (v/v)

Detector Waters 2487 Dual 2. UV-absorbance
detector, 360 nm
Flow rate 1.5 m/min

Injection volume 20 W
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Fig. 1. Log-normal distribution of formaldehyde concentration.
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Fig. 3. Photo of practice Toom in HS-2. Fig. 5. Correlation between construction year and formaldehyde
concentration.
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Table 3. Summary of formaldehyde measurements

School . Construction Indoor Outdoor /0
Building - - .

ID* Year Site Floor Floor material Con. pg/m*  Floor Con. pg/m® ratio
ES-1 Main 1955 Classroom 2 Wood 19.15 3 5.08 3.8
ES-2 Main 1998 Classroom 5 Urethane rubber 11.62 5 3.10 3.7
ES-3 Main 2002 Classroom 5 Patterned lumber 727 6 1.23 59
ES-4 Main 1979 Classroom 4 Patterned lumber 13.39 5 291 4.6
MS-1 Main 1984 Classroom 2 Wood 21.55 5 10.22 2.1
MS-1  Annex 1997 Classroom 2 Patterned lumber 20.83
MS-2 Main 1983 Classroom 4 Marble 5.90 5 432 1.4
MS-2  Annex 2005 Practice room 1 Patterned lumber 3891
MS-3 Main 1994 Classroom 5 Marble 6.91 6 2.73 2.5
MS-3  Annex 2005 Practice room 1 Patterned lumber 16.04
HS-1 Main 1997 Classroom 4 Marble 8.39 6 4.83 1.7
HS-2 Main 1971 Classroom 2 Marble 4.65 5 3.01 1.5
HS-2  Annex 2002 Practice room 1 Marble 56.25
HS-3 Main 1945 Classroom 4 Marble 16.13 5 2.80 58
HS-3 Annex 2001 Practice room 3 Marble 26.18

Arithmetric mean 18.21 4.02 3.30

Standard deviation 13.92 246
Total

Geometric mean 14.4 3.50

Geometric standard deviation 2.0 1.7

*School ID: ES-elementary school, MS-middle school, HS-high school
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Fig. 6. Comparison of formaldehyde concentrations by surroundings.
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