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Objectives. Most studies on the indoor air quality of newly built schools have focused only on the
number of schools exceeding a standard or on subjective symptoms, such as sneezing, irritated eyes and
an irritated nose. However, there has been no report on how poor indoor air quality affects children’s aca-
demic performance. This study evaluated the effects of indoor air quality on the neurobehavioral perfor-
mance of elementary school children.

Methods: This study measured the indoor air pollutants and compared children’s performance, using a
computerized neurobehaviora test, between a newly built and a 12-year-old school. In addition, a ques-
tionnaire was administered regarding the indoor air quality related symptoms of children in a newly built
and a 12-year-old school.

Results: In the newly built school, the formaldehyde levels in the 1% and 4" classes with an open win-
dow were 34.6 and 27.3 pg/m?, respectively. The levelsin the 1¢ and 4™ classes with the window closed
were 80.2 and 127.1 ug/m?, respectively. In the 12-year-old school, the formaldehyde levelsin 1¢ and 4"
class with open and closed window were 12.6 and 7.5 ug/m? and 19.8 and 25.2 ug/m?, respectively.
With respect to total volatile organic compounds, the levels in the 1% and 4™ classes with the window
open in the newly built school were 87.2 and 428.2 1g/m?®, respectively. In the 1¢ and 4" classes with the
window closed, the total volatile organic compounds were 1,283.5 and 1,715.4 pg/m?, respectively. In
the 12-year-old school, the total volatile organic compounds were 240.9 and 150.8 #g/m?, and 371.9 and
448.0 pg/m? in the 1 and 4™ classes, respectively. In the case of anewly built school, the performance of
the students in the neurobehavioral test in the 4™ class with the window closed was 8.3% lower than for
those in the 1% class with the window closed, but was only 5.9% lower when the windows were open.
There was a statistical significant differencein the total numbers of symptoms between the two schools.
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Conclusions: These results suggest a proper evaluation of the indoor air quality within schools is
required into both the level of contamination and the health effects of these contaminants toward children.

Key Words: Indoor air quality, Neurobehavioral performance test
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Table 1. Distribution of study subjects

Unit : No. (%)

5" grade
Schools Total
Male Female

Newly built

Strong ventilation 16 (51.6) 15 (48.4) 31 (100.0)

Normal ventilation 17 (53.1) 15(46.9) 32 (100.0)
Control 26 (52.0) 24(48.0) 50 (100.0)
Total 59(52.2) 54(47.8) 113(100.0)
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Table 2. Concentration level of carbony compounds and VOCs between 1¢ class and 4" classin newly built and control schools ypit: pgln?

Schools 1¢ class 4" class 1% class 4" class
Newly built Strong ventilation Normal ventilation
VOCs Benzene 28 20 2.9 3.2
Toluene 144.6 128.1 313.9 345.9
Ethylbenzene 45.7 38.6 123.3 145.4
m,p-Xylenes 121.6 102.3 319.7 3575
Styrene 5.9 4.0 11.9 185
o-Xylene 24.7 205 68.1 80.7
TVOC 487.2 428.2 1283.5 17154
Carbony compounds Formaldehyde 34.6 273 80.2 1271
Acetaldehyde 17.9 6.5 19.9 19.6
Acetonet+Acrolein 336 18.9 43.0 54.1
Propionaldehyde 19.0 4.4 16.6 10.2
Methylethylketone 389 22.7 84.2 137.4
Control Normal ventilation Normal ventilation
VOCs Benzene 19 31 16 22
Toluene 37.7 57.7 35.0 62.9
Ethylbenzene 2.7 28 21 4.2
m,p-Xylenes 4.3 53 35 7.8
Styrene 04 0.9 0.8 11
o-Xylene 14 1.9 12 31
TVOC 240.9 371.9 150.8 448.0
Carbony compounds Formaldehyde 12.6 19.8 75 25.2
Acetaldehyde 5.7 13.3 6.5 13.9
Acetonet+Acrolein 17.8 30.8 15.2 36.0
Propionaldehyde 7.7 253 9.5 24.2
Methylethylketone 30 7.4 4.8 10.8

Note: 1,4-dichlorobenzene, butyral dehyde, and benzal dehyde were not detected in any samples.

Table 3. Neurobehavioral performance change of students between 1st and 4th classesin newly built and control school children

Reaction time (ms) No. of correct answer
Schools % change p-value* p-value*
1¢ class 4" class 1¢ class 4" class
Newly built
Strong ventilation 2,343+ 326 2,510+391 5.9 0.000 88.3+1.9 88.7+14 0.385
Normal ventilation 2,340+434 2,563+ 462 83 0.004 88.6+2.2 88.3+2.0 0.644
Control 2,585+494 2,459+ 458 -5.0 0.001 87.9+3.1 88.0+3.3 0.924
Data were expressed in mean + SD.
*paired t-test.
0.05). £m7ke, HeEolE, 713, AF7H %, W27w o ot AAY 56.4%<1 31324 VOCsH o] 374
< F gt gl fofg Atol= glith(Table 4). 2 71% 500 pg/m’s 233 Aoz Yehgor, X5
dal=e 4% dA4Y 7% 0.1 ppme 233t sturt
o F 27.3%91 153°]tHKorea University, 2005). A=
o 114 guE ez dlar|dE 34, ¥4¢ A
AT wSARYR FHow AZ 55 49, % - TFolM e EFLUEI=e A% 10 gt F 40 art
% - anE ez gw AUl 34 ke AR AR 71EA] 120 wg/m’E P e, TVOCsY

69



cietotdelstalxl M 19 #H M 1= 20074

Table 4. Indoor air quality related symptom of studentsin newly built and control schools

Unit: No. (%)

Newly built school

Control school

Symptoms p-value*
Strong ventilation (n=31)  Normal ventilation (n=32) Total (n=63) Total (n=50)

Irritated eye 2( 65 7(21.9) 9(14.3) 3( 6.0 0.132
Irritated nose 4(12.9) 4(12.5) 8(12.7) 0(-) 0.007
Sneezing 17 (54.8) 12 (37.5) 29 (46.0) 14 (28.0) 0.025
Sore throat 10(32.2) 7(21.9) 17 (27.0) 8(16.0) 0.119
Headache 8(25.8) 2( 6.3 10 (15.9) 9(18.0) 1.000
Coughing 10 (32.2) 9(28.1) 19 (30.2) 13 (26.0) 0.314
Itchy skin 4(12.9) 6(18.8) 10(15.9) 13 (26.0) 0.491
Nausea 3(97) 6(18.8) 9(14.3) 6 (12.0) 0.587
Statistical significance were tested between total no. of symptom of two schools.
* Chi-square test.
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