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Abstract The aim of this study is to analyze the IAQ concentrations of school rooms. In this study we measured
and characterized IAQ at 440 school rooms from May 2009 to November 2012. At some school rooms, the PM;
concentrations exceeded the IAQ guidelines (100 yg/m’) of the Ministry of Education. CO, concentrations at high
schools were 1.18 and 1.06 times higher than that of the elementary and middle schools, respectively. CO»
concentrations of some school rooms were exceeded the IAQ guidelines (1,000 ppm). Moreover, TBC concentrations
at elementary school rooms were 1.23 and 1.33 times higher than that of the middle schools and high schools,
respectively. TBC and HCHO concentrations did not exceed the IAQ guidelines. The classroom/non-classroom ratio

of PM,o was 1.06, while that CO, was 1.04, HCHO was 0.62, and TBC was 1.16.
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Table 1. Measured results of the concentrations for each pollutant.
Item School (N) Mean+SD' Range2 Median GM’ p-value
o Elementary school (234) 56.02+26.80 12.7-163.0 49.06 50.61
/‘? Middle school (107) 58.95+29.77 11.7-155.3 50.53 5229 0452
(ug/m’) High school (99) 54.32424.12 22.0-148.7 46.50 49.98
Elementary school (234) 675.63£210.84 296.3-1,539.0 655.33 646.35
02 Middle school (107) 755.35+249.43 419.0-1,773.3 699.70 721.73 p<01”
(ppm) High school (99) 799.62+318.05 87.7-1,931.7 709.00 74485
HCHO Elementary school (234) 15.96+5.98 10.0-51.7 14.61 15.06
) Middle school (107) 14.72:4.98 10.0-33.30 1330 14.01 0.067
1 High school (99) 16.48+5.67 9.0-42.0 14.88 15.64
TBC Elementary school (234) 452.24+219.36 79.3-1,157.7 437.10 396.44
(CFU/) Middle school (107) 366.53181.55 44.0-819.3 345.30 315.96 p<01”
High school (99) 341.08+174.43 52.0-881.0 312.00 291.95

T T . 7. T - 3 "
SD: standard deviation, “Range: minimum and maximum, “GM: Geometric mean

3646



U gu wAe] AvFrid B4 B A+
Table 2. Measured results of seasonal concentration variation for each pollutant.
Item Season N Mean+SD' Rangc2 Median GM® p-value
SP 36 57.00+28.73 13.70-128.70 49.00 50.43
PM“T SuU 71 54.23428.29 12.70-145.70 43.83 48.07 0.797
(ug/n) AU 127 56.74+25.54 16.30-163.00 5143 52.14
Sp 36 740.83+230.16 315.00-1,256.30 715.90 706.61
€O, SuU 71 601.04+180.72 336.30-1,272.00 599.70 577.04 p<.01M
(ppm) AU 127 698.85+210.85 296.30-1,539.00 663.70 671.48
HCHO SP 36 16.134+6.45 10.00-36.00 14.24 15.15
(ug/) SU 71 15.244+4.81 10.00-30.30 14.29 14.56 0.475
AU 127 16.31+6.44 10.00-51.70 14.76 15.32
SP 36 458.63+236.11 79.30-1,040.70 443.85 389.11
(Cﬂll;g/cm‘) SuU 71 372.97+£192.95 102.00-764.70 332.70 323.50 p<.01M
AU 127 494.74+217.81 114.00-1,157.70 474.00 446.52
Table 2. Continued(middle school).
Item Year N Mean£SD' Rangc2 Median GM’ p-value
SP 32 62.89+26.97 28.70-128.70 52.65 57.79
PM[Q SU 32 50.15+24.66 11.70-148.00 45.00 45.17 0.136
(ug/m’) AU 43 62.57+34.16 14.00-155.30 54.30 54.12
SP 32 767.42+214.79 436.30-1,420.00 748.80 740.10
CO, SU 32 674.27+266.60 419.00-1,773.30 647.50 640.50 0.070
(ppm) AU 43 806.72+250.38 460.00-1,569.70 733.00 774.19
HCHO SP 32 15.01+4.56 10.00-25.00 13.73 14.37
(ug/m) SuU 32 14.86+5.23 10.00-32.50 14.05 14.12 0.854
AU 43 14.3945.18 10.00-33.30 13.00 13.66
SP 32 247.91£196.03 38.00-869.00 208.00 178.73
(C’;ﬁ/(:mx) SU 32 311.47+£163.81 44.00-631.30 265.00 264.25 p<.01 ”
AU 43 442.49+181.97 86.70-819.30 423.30 399.71
Table 2. Continued(high school).
Item Year N Mean+SD1 Range2 Median GM3 p-value
Sp 32 61.99+31.46 22.00-148.70 53.35 55.52
PMI(: SU 27 49.10£15.32 27.30-86.00 43.70 47.05 0.082
(ug/m’) AU 40 51.71+21.09 22.70-100.30 44.57 47.87
SP 32 765.67£214.59 466.50-1,654.70 710.63 743.07
€O SuU 27 872.09+454.65 87.70-1,931.70 751.30 750.47 0.380
(ppm) AU 40 777.854273.32 504.30-1,561.30 700.65 742.49
Sp 32 17.33+6.97 10.00-42.00 14.84 16.23
ch:}:lrl?) SU 27 17.11+4.77 10.00-26.70 16.90 16.46 0.266
AU 38 15.31+4.93 9.00-27.00 13.45 14.62
TBC SP 32 302.29+203.22 52.00-881.00 266.30 239.61
(CFU/m) SU 27 331.03+164.43 55.30-641.30 312.00 283.91 0.162
AU 38 380.88+149.46 127.30-680.70 359.50 351.72

ISD: standard deviation, 2Range: minimum
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Fig. 1. Seasonal concentration variation of each pollutant at school rooms
E: elementary school, M: middle school, H: High school, Sp: Spring, Su: Summer, Au: Autumn
Table 3. Comparison of classroom/non-classroom ratio.
Item Mean+SD' Rangc2 Median GM’
- p-value
Class/Non-Class Ratio
PMjg 1.06 1.10-0.94 1.07 1.07 p<.01”
COy 1.04 2.59-0.93 1.03 1.05 p<.05"
HCHO 0.62 4.00-0.60 0.57 0.65 p<.01”
TBC 1.16 3.14-0.91 123 1.28 p<.01”

1 e 2 .. .
SD: standard deviation, “Range: minimum and maximum,

’GM: Geometric mean
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Table 4. Measured results of concentrations for each pollutant at classroom and non-classroom.

Item School Class/Non-Class Mean+SD' Rangez Median GM’ CN Ratio(AM/GM)  p-value
Element ool Class 57.15+27.08 12.5-163.0 50.38 51.72 1.06 / 1.08 p<.01”
ementary schoo Non-Class 53.82428.36 10.0-181.0 4618 4771 - -
Cl 60.41532.19  11.00-170.50 5225  53.06 1.07 7 1.06 <01
PMi0  \fiddle school ass p
(ug/m) Non-Class 56.58£2825  11.00-142.00  47.80  50.07 - i
. Class 55.06£25.96  1550-145.50 4775 50.14 1.04 / 1.03 0.089
High school
Non-Class 527242283 18.00-167.00 4650  48.60 - -
Elementary school Class 682.65£219.5  2345-16700  663.50  650.91 1.03 / 1.06 0.079
ementary schoo Non-Class 660.165248.54  33.0-1,658.0 62467 61224 - -
COy . Class 763.624284.24  316.50-1,866.5  696.50  720.05 1.03 / 1.03 0325
Middle school
(ppm) Non-Class 739.404268.50 358.00-1,689.0 7100  699.74 - -
, Class 812.524349.60 85.50-1,942.50  708.50  748.18 1.05 / 1.05 0.119
High school
Non-Class 772.054321.73  92.00-2,081.00  721.00  713.90 - -
Elementary school Class 13,1924 88 10.0-47.5 1124 12.54 - -
ementary sehoo Non-Class 21.19+10.28 10.0-80.0 19.60  19.12 0.62 / 0.66 p<.01”
HCHO o ] Class 12.3943.87 10.0-30.0 1091 11.93 - -
(ug/m) Non-Class 19.39+9.19 10.0-55.0 1813 1741 0.64 / 0.60 p<.01”
. Class 13294522 8.00-48.00 1141 1262 -
High school o
Non-Class 22.75:10.19  2.00-55.00 200 2037 0.58 / 0.62 p<01
Elementare school Class 465.89239.71  72.0-13400 43400 40139 1.10 / 1.15 <0l
T8e ementary schoo Non-Class 42448824472 56.0-14740 39200  349.81 - -
(CFU Middle sehool Class 393.40£199.01  44.0-875.5 377.00 33398 125 / 1.44 p<0l"
) Non-Class 31432421616 18.0-941.0 25600  231.30 - -
Hich <chool Class 365.06+189.86  47.00-88450  339.00  309.20 125 / 1.45 p<0l"
1]
g1 sclleo Non-Class 292.674199.43  14.00-87400  270.00  213.49 - -

1 .. 2 .. . 3 .
SD: standard deviation, "Range: minimum and maximum, "GM: Geometric mean
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