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Abstract

This study analyzed indoor air pollutants from elementary school with different environment. Air sampling and
measurement were carried out from classrooms and hallways from three target elementary schools in the fall and
winter seasons. The winter average concentrations of PM4,, CO,, CO, aldehydes and ketones, and benzene were
higher than the fall ones. The fall average concentrations of O; and NO, were higher than the winter ones. The con-
centrations of PM ;5 and CO, at the schools near the heavy traffic areas and having poor ventilation were higher than
those from the other elementary school. The average concentration of CO at the school having heavy traffic volume
was highest. The concentrations of O;, NO,, aldehydes and ketones, and VOCs at the school near the shipbuilding

industries were highest among the three elementary schools.
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Table 1. 3-year averages of air pollutant concentrations and air quality index (AQI) near 3 elementary schools selected

for this study.

Regions SO; (ppm) NO; (ppm) O3 (ppm) PM o (ug/m?) CO (ppm)
Average conc. 0.006 0.021 0.029 46.5 0.298
A AQI 8.8 - 22.7 431 34
AQlgyera (8.87°+22.75+43.175+3.42%)2°=46.7
Average conc. 0.006 0.024 0.032 58.4 0.330
B AQI 8.8 - 25.0 52.7 38
AQl yeral (8.8%5+25.075+52.725+3.82%)V25=56 1
Average conc. 0.008 0.020 0.028 50.2 0.366
C AQI 11.8 21.9 46.5 42
AQl gyeral (11 825421.9%5+46.55+4.225)Y25=49 8
4 [ - 4 [Cafeterial 4
Main building = T— fi]
Main building ‘—‘
J Main building v
Annex Playground Playground
Auditorium Flayground V’\\"% Auditoriym
A school B school C school
Fig. 2. Building layout of three target elementary schools.
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A school (Winter) B school (Winter) C school (Winter)

Fig. 3. Wind roses observed at the air quality monitoring sites located in the vicinity of three elementary schools during
the study periods.

Table 2. Constructional year and number of students of three target elementary schools.

A school B school C school
Construction year 2000 2002 2004
Total number of students 1058 1938 701
Number of lower grade students 322+3.0 354+17 31.0+25
Number of upper grade students 31.8+04 36.0+1.6 30.6+2.6
T REE AR E4ES 224" E s Im A=z 3ot 4E22H(09:50~10:10)o = =
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Table 3. Sampling time at the measurement places.
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Grade Floor Period In class(Classroom) Break (Hallway)
Lower (1~3) 1F~2F Period | 09:10~ 09:50 (40 min) 09:50~ 10:10 (20 min)
Upper (4~ 6) 3F~4F Period IV 11:40~ 12:20 (40 min) 12:20~12:40 (20 min)

Table 4. Sampling equipments and terms (intervals) for each pollutant.

Items Instruments

Sampling

CO;, 03, NO,, CO,
Temperature, Humidity

Indoor air quality probe
(1Q-610Xtra, Graywolf sensing solutions)

Continuous
(60min, 10 sec Interval)

Formal dehyde meter

Continuous

HCHO (Z-300XP, Environmental sensors) (60min, 10 sec Interval)
PM Particle mass monitor (GT-331, Sibata) (60 miﬁogtr::}l;oll:]stew a)
Tenax-TA stainless steel tube (Markes),
VOCs Mini pump (MP-3_100, Sibata) Continuous
Thermal desorber (Unity, Markes), (20 min)
GC-MSD (CP-3800, Varian)
DNPH-cartridge (TS-300, Top trading eng),
Ozone-scrubber (OS-200, Top trading eng), Continuous
Aldenydes and Ketones Mini pump (MP-3"300, Sibata), (60min)

HPLC (1200 series, Agilent)

st 7] 3 AR A 27 H A 15
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Table 5. Maintenance standards of indoor air quality in classroom.

Pollutants Standards Application facilities Notes

PM o (ug/im?) 100

CO, (ppm) 1,000 Compulsion ventilation (1,500)

HCHO (ug/m) 100 All classrooms

Total suspended bacteria(CFU/m®) 800

Air-borne bacteria(CFU/room) 10 Infirmary, Cafeteria

CO (ppm) 10 - . . ) )

NO, (ppm) 005 Individual heating, Near from the road Heating by direct combustion

Rn(cPi/L) 4.0 Basement

TVOC (ug/n) 400 within 3 years since the construction Including extension and remodeling

Asbestos (unit/cc) 0.01 Buildings used the asbestos

O3 (ppm) 0.06 Teacher’s room, Administration room Havi r_]g the ozone generati .ng office
machine such as photocopiers

Mite (head/m?) 100 Infirmary

Table 6. The meteorological condition during the sampling period.

1st Meas. 2nd Meas. 3rd Mesas. 4th Meas. 5th Meas. Avg+SD

Cloud Sunshine Cloud Sunshine Cloud Sunshine Cloud Sunshine Cloud Sunshine Cloud Sunshine

A Fall 85 0.0 25 105 23 85 29 8.3 13 10.9 35+29 76+44
Winter 0.0 9.5 0.9 6.8 0.6 6.9 20 8.2 4.6 5.1 16+18 73+17

B Fall 9.4 0.0 7.6 55 7.5 14 4.8 7.6 9.1 0.7 77+18 3.0+33
Winter 85 0.2 0.4 8.3 2.8 6.8 36 7.0 25 8.9 36+30 62+35

c Fall 5.4 3.7 8.4 0.0 6.8 4.8 43 7.8 53 4.6 6.0+£1.6 4.2+28
Winter 0.0 9.4 35 75 10.0 0.0 6.3 6.0 30 8.7 46+38 6.3+38

*Cloud: an average fraction covered by cloud (x out of 10, e.g., 8.5 means 85% covered by cloud). Sunshilne: a sunshine duration time (h). Meas.: a

measurement day
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Table 7. Seasonal comparison of concentrations of main indoor air pollutants from the classrooms between fall and

winter seasons. (n=10)
A school B school C school
Items Conc.
Fall Winter Fal Winter Fall Winter
Avg+SD  67.0+24.6* 270.3+58.8** 73.7+44.3 118.2+56.7* 47.0+20.6* 91.5+48.6
PM o (p_g/m3) Min, Max  37.4, 105.2* 197.9, 343.3** 34.1,155.1 44.6, 203.1* 29.0, 79.4* 39.7,193.7
p vaue 0.000 0.072 0.021
Avg+SD 616+ 99* 1823+334 626+ 90 2026+471 670+ 294 1821+501
CO, (ppm) Min, Max 466, 790* 1277, 2460 482, 761 1459, 2944 429, 1307 1262, 2843
pvaue 0.000 0.000 0.000
Avg+SD 1.3+0.4* 15+0.2* 15+1.0 26+19 1.2+0.3 15+0.3
CO (ppm) Min, Max 0.9, 2.0 11,17 0.6, 3.6 11,59 09,19 09,20
pvalue 0.078 0.116 0.131
Avg+SD 0.055+0.019* 0.021+0.011  0.040+0.015 0.030+0.013* 0.052+0.026 0.038+0.016
O;(ppm) Min, Max  0.035, 0.088* 0.007, 0.039 0.023,0.067  0.017, 0.053* 0.017,0.104  0.010, 0.059
p vaue 0.000 0.159 0.171
Avg+SD 0.066+0.025* 0.024+0.013 0.047+0.020 0.036+0.015* 0.062+0.034 0.043+0.020
NO, (ppm) Min, Max  0.039, 0.108* 0.006, 0.049 0.025,0.083  0.021, 0.063* 0.019,0.132  0.010, 0.071
pvaue 0.000 0.186 0.156
*n=9, **n=8
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Fig. 4. Concentration distributions of main indoor air pollutants from classrooms between fall and winter seasons (Solid

lines indicate standard).

Table 8. Seasonal comparison of concentrations of main indoor air pollutants from the hallways between fall and winter

seasons. (n=10)
A school B school C school
Items Conc.
Fal Winter Fall Winter Fall Winter
Avg+SD 116.7+60.7 2248+87.5** 106.4+63.8 117.9+65.3* 40.7+101* 86.2+21.0
PMy, (ug/m3) Min, Max  30.4, 204.1 54.6, 322.2** 39.6,217.0 29.5, 257.3* 26.2, 56.2* 56.9, 113.8
pvaue 0.007 0.702 0.000
Avg+SD  611+102* 1058+ 316 589+ 106 1094+ 414 491+41 912+191
CO, (ppm) Min, Max 483, 763* 651, 1541 415, 788 438, 1731 422, 567 652, 1271
pvaue 0.001 0.004 0.000
AvgtSD  1.2+0.3* 1.3+0.2* 1.0+0.5* 20+16 0.9+0.2* 12+04
CO (ppm) Min, Max 0.8, 1.7* 1.0, 1.4* 04, 2.1* 05,54 0.6, 1.1* 0.6,1.8
pvaue 0.555 0.079 0.019
Avg+SD 0.062+0.025* 0.024+0.006* 0.041+0.009* 0.032+0.012* 0.066+0.022 0.051+0.015
O;(ppm) Min, Max 0.034, 0.117* 0.012,0.033* 0.025, 0.053* 0.021, 0.056* 0.034,0.105  0.020, 0.066
pvaue 0.002 0.108 0.078
Avg+SD 0.075+0.034* 0.030+0.013 0.048+0.011* 0.038+0.017* 0.081+0.030 0.060+0.020
NO, (ppm) Min, Max 0.036, 0.149* 0.012,0.063  0.027, 0.062* 0.023, 0.071* 0.039,0.134  0.020, 0.080
pvaue 0.001 0.159 0.083
*n=9, **n=8
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Table 9. Seasonal comparison of concentrations of aldehydes and ketones from three elementary schools between fall
and winter seasons.

(ug/m?, n=10)

A school B school C school
Items Conc.
Fall Winter Fall Fall Winter
Avg+SD 27.23+6.84 33.48+4.48 15.83%£6.20 33.13%£8.10  25.64+6.60%  35.55+7.65
Formaldehyde Min, Max 16.91, 37.32 23.11, 38.22 6.05, 25.10 18.08, 44.47 15.85, 33.90* 28.61, 49.48
pvaue 0.026 0.000 0.008
Avg+SD 8.13+4.77 15.15+6.27 6.92+2.88 12.80+3.40 13.75+2.51* 15.98+6.51
Acetaldehyde Min, Max 2.93, 16.55 7.69, 28.76 3.64,11.85 7.22,19.27 9.64, 17.00* 8.70, 30.47
p vaue 0.011 0.001 0.349
Avg+SD 9.12+6.40 25.69+9.31 4.17+3.02 25.45+9.61 14.67+7.02* 23.39+10.03**
Acetone Min, Max 1.76, 24.07 10.44, 41.36 0.00, 10.85 13.36, 39.98 6.77, 27.07* 9.81, 39.67**
p vaue 0.000 0.000 0.053
Avg+SD 1.27+1.60 1.58+1.77 0.17+0.17* 057+0.31** 2.08+2.55* 1.09+0.85**
Propionaldehyde Min, Max 0.00, 4.73 0.08, 4.53 0.02, 0.54* 0.18, 0.95** 0.16, 6.90* 0.27, 2.75**
pvaue 0.686 0.009 0.299
Avg+SD 0.00+0.00 3.30+£2.94* 0.00+0.00***  2.44+1.56 1.63+ 257 5.64+1.88
Butyraldehyde Min, Max 0.00, 0.00 0.00, 10.00*  0.00, 0.00*** 0.00, 4.37 0.00, 7.67* 2.65, 8.58
pvaue 0.010 0.001 0.001
* n=9, ** n=8, *** n=7
Formaldehyde Acetaldehyde
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Fig. 6. Concentration distributions of aldehydes and ketones from three elementary schools between fall and winter

seasons.
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Table 10. Seasonal comparison of concentrations of VOCs from three elementary schools between fall and winter seasons.

(ng/mé, n=10)

A school B school C school
Items Conc. - - -
Fall Winter Fall Winter Fall Winter
Berzene Avg+SD 0.636+£0225 087740133 0.620+0397 0895+0.421 0595+0.236**  1.342+0.644
papkac Min,Max  0.306,0993  0.666,1.002 0.166,1.323 0.327,1488  0.303,098**  0.650, 2.669
H pvalue 0.009 0.151 0.005
Toluene Avg+SD 10.310+4.706 8.609+2.899 5.984+2.642 988745480 7.555+4.505** 10332+ 6.576*
(g Min, Max 4.136,15.896 4.996, 14.932 2.878,10.435 3.943,20.272 3.410,16.252*** 9,115, 26.611*
H pvalue 0.346 0.058 0.001
Ettviberzene AVOESD 254311690 1917+0607 0.903+0687 0.626+0315% 26802404  7.699:+3.859
(g)’mg) Min,Max  0.000,5.494  0.999,2.922 0000,1.962 0.168 1.077* 0.162, 5907***  2.438, 13.503
H pvalue 0.285 0.275 0.008
roxviene  AVOESD 643042731 357041299 432042005 266541424 10326+09.425'**  23108+8471
('g/m% Min,Max 1.991,10.802 18315633 16818507 06715458 2428 25.631***  11.231, 34.616
H pvalue 0.008 0.054 0.010
Svrene Avg+SD 0.321+0518 064340609 0.000+£0000 0000+0.000 0.000+0.000**  0.828+0.883
( é/mg) Min,Max  0.000,1.137 0.162,1.785 0.000,0000 0.000,0.000  0.000,0.000** 0.0, 2.329
H pvalue 0.219 - 0.016
oxviene  AVOESD 176740840 105840353 LOS5+0573 086140563 3272+3276"**  8769+3537
( g}r’n3) Min,Max  0.460,3.225 0666, 1.623 03362076 0168 1784  0.607,8544***  3.744, 13107
K pvalue 0.030 0.456 0.005
* N=0, ** N=8, *** n=7
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Fig. 7. Concentration distributions of VOCs from three elementary schools between fall and winter seasons.
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Table 11. Concentrations of Oz and NO, at the playground during the sampling period.

A school B school C school
Items Conc.
Fall Winter Fall Winter Fall Winter
Avg+SD
0.096+0.039 0.037+0.012 0.083+0.029 0.075+0.059 0.136+0.005 0.087=+0.022
(Playground)
O;(ppm) ( é\;g:oia) 0.055+0.019 0.021+0.011 0.040+0.015 0.030+0.013 0.052+0.026 0.038+0.016
P/IC 1.75 1.76 2.08 2.50 2.62 2.29
pvaue 0.027 0.026 0.002 0.046 0.000 0.000
Avg+SD
0.112+0.040 0.042+0.016 0.104+0.038 0.095+0.078 0.175+0.006 0.109+0.029
(Playground)
NO, (ppm) (é\;gs_rio?)lr?q) 0.066+0.025 0.024+0.013 0.047+0.020 0.036+0.015 0.062+0.034 0.043+0.020
P/IC 1.70 1.75 221 2.64 2.82 2.53
pvaue 0.027 0.032 0.002 0.042 0.000 0.000

Table 12. Concentrations of VOCs at the playground during the sampling period.

Compounds Concentrations A school B school C school
Benzene Avg+SD 0.578+0.207 0.857+0.528 0.720+0.343
Min, Max 0.336, 0.816 0.311,1.328 0.368, 1.131
Toluene Avg+SD 2.289+0.969 5.568+3.724 14.517+14.007
Min, Max 2.121,4.371 1.398, 9.147 4.256, 35.218
Ethylbenzene Avg+SD 1.160+0.623 1.578+0.070 4.897+3.784
Y Min, Max 0.494, 1.996 1.498, 1.623 1.717,9.370
mo-Xylene Avg+SD 2.118+1.368 4.035+0.934 17.474+14.721
PRy Min, Max 0.824, 3.992 2.796, 4.827 6.253, 37.480
Styrene Avg+SD 0.000+0.000 0.000+0.000 0.000+0.000
y Min, Max 0.000, 0.000 0.000, 0.000 0.000, 0.000
o-Xvlene Avg+SD 0.457+0.253 1.263+0.350 6.547+5.919
y Min, Max 0.165, 0.673 0.777,1.614 1.839, 14.540
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Table 13. A concentration comparison of main indoor air pollutants from three elementary school classrooms. (n=20)
Items Concentrations A school B school C school
PM 0 g/m3) Avg+SD 162.6+112.9** 94.8+54.1* 70.4+43.5*
Sk Min, Max 37.4, 343.3** 34.1,203.1* 29.0, 193.7*
CO, (ppm) Avg+SD 1252 + 666* 1326+ 790 1246+ 713
2 (PP Min, Max 466, 2460* 482, 2944 429, 2843
Avg+SD 14+0.3* 20+1.6 1.3+0.3
O (ppm) Min, Max 0.9, 2.0¢ 0.6,5.9 0.9,2.0
0, (ppm) Avg+SD 0.037+0.023* 0.035+0.014* 0.045+0.022
5 (PP Min, Max 0.007, 0.088* 0.017, 0.067* 0.010, 0.104
NO, (ppm) Avg+SD 0.043+0.029* 0.042+0.018* 0.053+0.029
2 (PP Min, Max 0.006, 0.108* 0.021, 0.083* 0.010, 0.132
*n=19, **n=17
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Fig. 8. Concentration distributions of main indoor air pollutants from three elementary school classrooms (Solid lines
indicate standard).
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Table 14. A concentration comparison of main indoor air pollutants from three elementary school hallways. (n=20)
Items Concentrations A school B school C school
PM o (Lg/m?) Avg+SD 164.8+90.3** 111.8+63.0* 64.7+28.4*
0{Hg Min, Max 30.4, 322.2%* 29.5, 257.3* 26.2,113.8*
O, (ppm) Avg+SD 846+ 327* 841+ 392 701+ 254
2(PP Min, Max 483, 1541* 415, 1731 422,1271
O (ppm) Avg+SD 1.2+0.3** 15+1.3 1.0+0.3*
PP Min, Max 0.8, 1.7** 0.4, 5.4* 0.6, 1.8*
0. (ppm) Avg+SD 0.043+0.026** 0.037+0.011** 0.059+0.020
3 (PP Min, Max 0.012, 0.117** 0.021, 0.056** 0.020, 0.105
NO, (ppm) Avg+SD 0.051+0.033* 0.043+0.015** 0.071+0.027
2 (PP Min, Max 0.012, 0.149* 0.023, 0.071** 0.020, 0.134
*n=19, **n=18
PMy, CO,
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Fig. 9. Concentration distributions of main indoor air pollutants from three elementary hallways (Solid lines indicate
standard).
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S@eA 7)EE= (10ppm) et FR v pFe] P AL, o R A Z253ha (a4 0.037 ppm,
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Table 15. A concentration comparison of aldehydes and ketones from three elementary schools.

(ug/mé, n=20)

Compounds Concentrations A school B school C school
Formaldehvde Avg+SD 30.35+6.47 24.48+11.32 30.85+8.63*
Y Min, Max 16.91, 38.22 6.05, 44.47 15.85, 49.48*
Avg+SD 11.64+6.51 9.86+4.30 14.92+5.03*
Acetaldenyde Min, Max 2.93,28.76 3.64,19.27 8.70, 30.47*
Acetone Avg=+SD 17.40+11.52 14.81+12.93 18.78+9.42**
Min, Max 1.76, 41.36 0.00, 39.98 6.77, 39.67**
. Avg+SD 1.43+1.65 0.36+0.31 1.61+1.96*
Propionaldenyde Min, Max 0.00,4.73 0.02,0.95 0.16, 6.90*
Avg+SD 1.56+2.59 1.47+1.67 3.74+2.99*
Butyraldehyde Min, Max 0.00, 10.00 0.00, 4.37 0.00, 8.58*
*N=19, **n=17
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Fig. 10. Concentration distributions of aldehydes and ketones from three elementary schools.
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Table 16. A concentration comparison of VOCs from three elementary schools. (ug/m?, n=20)
Compounds Concentrations A school B school C school
Benzene Avg+SD 0.757+0.218 0.758+0.422 1.010+0.623*
Min, Max 0.306, 1.002 0.166, 1.488 0.303, 2.669*
Toluene Avg+SD 9.460+ 3.903 7.936+4.641 14.1794+8.241***
Min, Max 4.136, 15.896 2.878,20.272 3.410, 26.611***
Ethvibenzene Avg+SD 2.230+1.277 0.780+0.558* 5.632+4.126**
Y Min, Max 0.000, 5.494 0.000, 1.962* 0.162, 13.593**
m.o-Xvlene Avg+SD 5.004+2.549 3.492+1.939 17.845+10.757**
PRy Min, Max 1.831, 10.802 0.671, 8.597 2.428, 34.616**
Styrene Avg+SD 0.482+0.575 0.000+0.000 0.460+0.769*
y Min, Max 0.000, 1.785 0.000, 0.000 0.000, 2.329*
o-Xvlene Avg+SD 1.413+0.725 0.958+0.916 6.505+ 4.340**
y Min, Max 0.460, 3.225 0.168, 2.076 0.607, 13.107**
* n=18, ** n=17, *** n=16
Benzene Toluene
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Fig. 11. Concentration distributions of VOCs from three elementary schools.
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