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Abstract The objective of this study was to investigate PM;o and CO, concentrations in the classrooms of 286
elementary schools in Suwon, Ansan, and Hwaseong in the province of Gyeonggi between August 2008 and
December 2012. By gaining an understanding of the environmental factors that influence these concentrations, this
study also aimed to establish a management plan for indoor air quality in schools, which substantially affects the
health of elementary students. When the schools were classified by region, no statistically significant difference in
PM)o concentration was observed. However, PM;o concentration was relatively high in industrial areas and low in
rural areas. No difference in CO, concentration was observed among the surveyed cities. Analysis of annual PM,o
concentration showed that the highest values for Suwon and Hwaseong occurred in 2008 and 2009, respectively
(p<0.01). In the case of Ansan, the highest concentration occurred during 2009, but the difference was not significant
compared to the other years. Analysis of the annual CO, concentration of each city shows no significant difference
among the cities (p-value=0.366,0.730,0.210). According to a time series analysis of PM;o and CO, by season, from
autumn 2008 to winter 2012, PM;o concentration was high during 2009, then it gradually decreased until 2012, and
started to increase again. While no difference in annual CO, concentration was observed, the concentration had a
tendency to be higher in spring and winter than in summer. By analyzing the relationship between PM,o and CO;
and the environmental factors (years of construction, average students of classroom, temperature, and humidity), it
showed a significant negative correlation was found between CO, and the environmental temperature and humidity,
at -0.329 and -0.188, respectively (p<0.01).
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Fig. 1. Survey locations of elementary school.
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Fig. 2. Distribution of PM;o and CO, concentrations at
elementary school(solid lines are standard)
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Table 1. Comparison of PMjo and CO, concentrations at elementary schools by cities.

Items Area N Mean=SD' Rangez Median GM’ p-value
Suwon 163 57.6= 50.7 11.7-163.0 27.9 51.7

PMo Ansan 53 57.9+ 52.3 14.3-155.3 25.7 53.0 0.458
(ug/ ') Hwaseong 70 57.0+ 46.3 14.0-148.0 25.1 52.1
Total 286 57.5+ 49.8 11.7-163.0 26.2 523
Suwon 163 748.6= 698.7 315.0- 1,931.7 257.6 712.7

CO, Ansan 53 725.1= 712.0 296.3-1,569.7 223.1 694.7 0.721
(ppm) Hwaseong 70 682.6+ 660.0 87.7-1,528.3 220.9 646.9
Total 286 718.8+ 690.2 87.7- 1,931.7 2339 684.7

'SD: standard deviation, 2Range: minimum and maximum, "GM: Geometric mean

Table 2. Concentrations of PMjo in elementary schools during 2008 ~2012.

PM,o (ng/m’) Year N Mean=SD' Range2 Median GM’ p-value
2008™ 32 79.0+34.3 33.3-163.0 70.8 72.8
2009 49 66.6+30.6 13.7-145.7 66.0 592

Suwon 2010 27 36.5+7.2 19.7-44.7 39.7 35.7 p<0.01
2011 32 47.0+15.7 12.7-85.3 492 43.9
2012 23 57.3£19.6 28.3-95.0 553 542
2008 18 62.7+17.2 34.7-99.0 56.2 60.5
2009 16 67.0+30.8 38.0-134.3 54.2 61.3

Ansan 2010 3 41.746.4 37.0-49.0 39.0 414 0.101
2011 8 42.9+14.7 26.3-64.7 40.7 40.6
2012 8 62.24243 37.3-112.7 529 58.6
2008 10 58.4+24.1 20.0-83.0 62.9 53.0
2009 19 75.4+27.4 37.7-124.0 67.0 70.7

Hwaseong 2010 9 35.5453 29.0-43.3 34.7 351 p<0.01
2011 13 39.0+16.1 14.0-77.0 385 359
2012 19 55.7+18.0 32.5-89.0 51.0 53.1

'SD: standard deviation, 2Range: minimum and maximum, “GM: Geometric mean
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Table 3. CO, concentrations at elementary schools during 2008 ~2012.

CO: (ppm) Year N Mean+SD' Rangc2 Median GM’ p-value
2008 32 698.0+136.7 449.3-1,117.3 693.2 685.4
2009 49 729.6+265.0 343.0-1,455.0 648.7 689.0
Suwon 2010 27 642.0+138.6 386.3-984.7 636.7 627.3 0.366
2011 32 658.9+156.7 338.0-1,005.7 646.4 639.3
2012 23 713.2+259.0 315.0-1,539.0 678.0 672.9
2008 18 730.3+105.3 500.7-916.7 732.9 722.8
2009 16 701.9+303.6 382.0-1,519.0 621.9 652.8
Ansan 2010 3 638.3+£216.4 391.0-792.7 7313 609.7 0.730
2011 8 700.8+195.7 523.7-1,076.0 628.2 679.8
2012 8 611.4+156.0 296.3-728.3 705.2 588.9
2008 10 695.6£90.5 550.5-820.5 682.8 690.2
2009 19 736.7£281.4 336.0-1,256.3 786.5 683.4
Hwaseong 2010 9 566.1£104.7 440.7-718.0 545.0 557.7 0.21
2011 13 655.5+214.8 336.3-982.0 703.5 621.5
2012 19 616.8+155.5 343.5-898.3 602.0 597.8
'SD: standard deviation, 2Rangc: minimum and maximum, “GM: Geometric mean
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Table 4. PM;, and CO; concentrations at elementary schools during April~December.

PMyo (/) Month N Mean+SD' Range’ Median GM’ p-value
4 12 62.1435.3 28.3-128.7 45.0 54.6
5 11 48.6:20.0 13.7-81.7 523 44.0
6 40 54.2+31.3 12.7-145.7 4.0 46.4
Suwon 9 14 53.9+18.5 243933 51.2 50.9 0.407
10 28 59.0+35.7 16.3-163.0 50.7 51.7
11 2 60.2+25.1 29.0-127.3 53.5 55.8
12 36 67.2+23.7 25.7-152.0 66.5 63.5
4 1 49.0 49.0 49.0 49.0 -
5 2 62.8436.1 37.3-88.3 62.8 57.4 -
6 8 60.0+31.5 37.0-128.3 472 54.7
Ansan 9 5 559453 52.0-64.7 53.7 55.8 0.011
10 12 62.3+28.4 26.3-134.3 55.7 57.2
11 18 49.0+13.6 26.3-76.3 48.8 473
12" 7 85.7+17.7 56.0-112.7 85.3 84.0
4 55.1437.9 14.0-124.0 46.2 45.0
5 66.8+18.8 45.5-83.3 69.3 64.7
6 24 53.8422.6 21.7-123.0 45.8 50.0
Hwaseong 9 9 47.4+18.4 20.0-73.7 38.0 44.0 0.735
10 7 68.1431.9 29.0-111.0 83.0 60.9
11 12 5524222 29.3-90.5 44.8 51.4
12 8 55.6429.8 25.5-106.7 47.5 48.9
Table 4. Continued.
CO: (ppm) Month N Mean=SD' RangeZ Median GM’ p-value
4 12 789.7+248.3 451.3-1,219.7 777.7 7543
5 11 692.9+205.2 315.0-1,102.7 690.0 662.8
6 40 597.4+190.5 338.0-1,272.0 606.7 5715
Suwon 9 14 641.3+114.2 462.0-891.3 630.7 632.1 0.001
10 28 686.3+126.0 449.3-1,005.7 677.4 675.6
1 2 828.9+284.4 477.7-1,539.0 735.4 791.5
12 36 707.8+179.5 453.3-1,134.0 707.5 686.8
4 1 792.7 792.7 792.7 792.7 -
5 2 593.3+190.9 458.3-728.3 593.3 577.7 -
6 8 507.8+104.1 382.0-713.0 507.4 498.9
Ansan 9 5 582.2+164.0 296.3-704.3 654.0 557.3 0.017
10 12 745.0£237.5 445.3-1,106.3 696.5 711.9
11 18 737.14217.1 500.7-1,519.0 715.1 7153
127 7 804.1+72.3 711.0-916.7 814.7 801.3
4 752.74270.1 442.5-1,256.3 714.7 717.1
5 769.1+288.2 444.0-1,141.7 7453 727.9
6 24 632.1x177.1 336.3-1,120.0 624.7 609.5
Hwascong 9 9 566.1£193.0 336.0-990.7 497.5 540.5 0.004
10 7 453.6£74.7 343.5-545.0 473.0 4482
11 12 744.6+164.1 419.0-982.0 780.0 725.9
12" 8 790.0+138.6 518.0-945.0 826.9 777.9

1 . 2, .. . 3 .
SD: standard deviation, “Range: minimum and maximum, “GM: Geometric mean
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Table 5. Results of the correlation of independent variables using regression analysis.

PMjo CO; Con. Year Cla. Num Tem. Humidity
PM;o 1 0.191%* -0.008 0.033 -0.085 0.106
CO, 1 -0.014 0.050 -0.329%* -0.188%*
YCon. Year 1 -0.494* 0.025 -0.002
JCla. Num 1 0.033 -0.001
ITem. 1 0.433%*
“Humid. 1
1) Con. Year : Construction year
2) Cla. Num : Class Student Number
3) Tem. : Temperature(C)
4) Humid. : Humidity(%)
5) * P-value <0.05, **P-value <0.01
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