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Abstract

In regard to indoor air quality patterns, the government introduced various polices that were about managing and
monitoring quality of indoor air as a major assignment, and also executed “Indoor Air Quality Management Act”
which was presented in the May, 2004. However, among the multi-usage facilities controlled by the Act, the school
was not included yet.

This study goal was to investigate PM 10 pollution patterns of the high school classrooms using a pattern
recognition method based on cluster analysis and disjoint principal component analysis, and further to survey
levels of inorganic elements in May, June, and September, 2004. A hierarchical clustering method was examined to
obtain possible objects in pseudo homogeneous sample classes by transformation raw data and by applying various
distance. Following the analysis, the disjoint principal component analysis was used to define homogeneous
sample class after deleting outliers. Then three homogeneous patterns were obtained as follows: the first class had
been separated and objects in the class were considered to be sampled under semi-open condition. This class had
high concentration of Ca, Fe, Mg, K, Al, and Na which are related with a soil and a chalk compounds. The second
class was obtained in which objects were sampled while working air-conditioners and was identified low
concentration of PM10 and elements. Objects in the last class were assigned during rainy day. A chalk, soil
element and various types of anthropogenic sources including combustions and industrial influenced the third
class. This methodology was thought to be helpful enough to classify indoor air quality patterns and indoor
environmental categories when controlling an indoor air quality.
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Fig. 1. Location of sampling sites.
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Table 1. Brief conditions of sampling sites.
Temperature (°C) idi
1D Date _cmperafarel ) Humidity Reference Place Vol. of 3
Min.  Max. (%) classroom (m”)

1

2 04-May-06 8.9 22.3 48.5 -

3

4 A 2

5 04-May-11 136 333 519 - 2nd floor 160
3 04-Jun-03 10.9 22.4 75.9 A/C condition working

8

9 04-Jun-16 11.0 22.1 46.3 -

10

1 3 d]?ioor 1715
12 04-Jun-17 17.9 229 80.9 Rainy :

13

14 .

is 04-Jul-08 20.3 25.0 83.9 Rainy

16

17 04-Sep-10 15.9 26.8 61.8 Air condition working

18

C
162.
;3 04-Sep-13 17.8 24.3 65.1 - 3rd floor 62.8
21 . .. .
2 04-Sep-14 16.4 28.1 72.1 Air condition working
23
24 04-Sep-22 12.0 24.5 68.9 -
D

25 04-Sep-23 15.8 253 68.6 - 9nd floor 171.0
ig 04-Sep-24 14.9 27.1 68.1 Air condition working

gt Alar fedgzeze) ARy
(inductive coupled plasma-atomic emission spec-
trometry; ICP-AES) (DRE ICP, Leeman Labs Inc.)<
0] 8-3}ed Al, Mn, Ti, V, Cr, Fe, Ni, Cu, Zn, As, Se,
Cd, Ba, Ce, Pb, Na, Mg, K, Ca 5 & 1952 274
& $AE AN AR WA FYe 23 29
2o, A4¥ ICP-AESS] BMZAL % 20 A4
ity

F71904 FAel| o|-&" ICP-AES®] Z&3A = Al
22| Aol AHE 7)) ulEkA|F (blank test)el] =
3t 30 W o = AFE3Il e, Al0.056, Mn 0.000, Ti
0.002, V 0.001, Cr 0.012, Fe 0.013, Ni 0.201, Cu 0.005,
Zn 0.003, As 0.008, Se 0.044, Cd 0.002, Ba 0.014, Ce
0.089, Pb 0.132, Si 0.236 mg/LZ Al AF=] o}

2.2 ZF&EM oiF
ALY 2 A (object)] frAbx (similarity)
2] SAgel w2 A URe FRe
2 &3 AAES FA4T e 2R
Az AdolAdE s FARAHeR,
B2 ¥Reb] A FI s150] 2ANA @
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Table 2. Analytical conditions ICP-AES.

RF Power® (kW) 1.0
Coolant 19.0
Flow Rate (L/min) Auxiliary 0.5
Carrier 1.0
Uptake Rate (mL/min) 0.8
Nebulizer Pressure Hilderbrand grid nebulizer 45.0
(psi) (Ultrasonic nebulizer) :
Spray chamber Scotty type

750 mm focal length
1,800 groove/mm
0.2 nm/mm

Spectrometer

“RF Power: radio frequency power

L Weighting the membrane filter with microbalance |

|

L Inserting the filter into a Questron vessel ’

v

Dissolving filters with 7.0 mL nitric acid and 3.0mL of
hydrochloric acid in vessel

v

Heating the Questron microwave oven with
power 5 for 5min, power 4 for 5 min

|

| Cooling the vessel and filtering solution with No. 5B filter \

v

‘ Massing upto 50 mL with distilled water |

¢

L Analysing inorganic elements with the ICP-AES J

Fig. 2. The pretreatment procedure for analyzing inor-
ganic elements.
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Data sets of PM10 and inorganic elements in the
highschool classroom

¢

Various data transformation of each variable
(non-transformation, log transformation,
square root transformation)

< Hierarchical Cluster Analysis >

% V N
Euclidian Squared Euclidian City-block
distance distance distance

' ' |

| Choice of similarity degree |

|

[ Determination of similar classes |

'

I Determination of training and test set |

@ Principal Components @

I Determination of homogeneous classes |

Fig. 3. A flow chart for the pattern recognition proce-
dures of in this study.
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Fig. 4. Dendrogram using the squared Euclidian dis-
tance after logarithmic transformation.
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Fig. 5. Cooman’s standard decision plot between specif-
ic classes.

Table 3. Classification objects for PM10 groups.

Class Objects
Class 1 8,14,9,10,6,22,16, 1
Class 2 20,26,27,23, 17
Class 3 7,11.5,12,15,13,2,4

Class 99 18,24,25,21,19,3
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Fig. 6. Average concentrations of inorganic components for the three homogeneous PM10 classes.
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Fig. 7. Outdoor and indoor ratio of PM10 and inorganic components for each class.

Table 5. Composition of inorganic elements in the soil
source and chalks. Each value is the weight per-
cent of chemical species.

Chemical species Soil¥ Chalk
Ca 0.34+0.04% 42.4140.08
Al 11.09£0.07 16.55+9.63
Ce 10.724+2.37
Na 0.17+£0.04 8.37+141
Mg 0.0610.01 7.31£3.51
Fe 8.4440.03 4.76x3.31
K 2.47+40.06 3.62+1.23
Si 17.14+0.08 2.14+0.50
Cu 0.03£0.002 0.81+0.69
Mn 0.16£0.006 0.68+0.4
Ba - 0.57+0.59
As - 0.56£0.05
Se - 0.41£0.03
Zn 0.04 +£0.004 0.40+£0.20
Cr - 0.17+0.02
Hg - 0.17+0.10
Ti 0.66+0.022 0.12+0.05
Pb 0.01 +0.002 0.1040.01
Ni - 0.06+0.01
\Y - 0.06x0.01
Cd - 0.01 £0.00

I ee, H.S. et al. (2005): Each value is the weight percent of chemical
species in the PM total mass
YStandard error
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