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Chemical composition and source apportionment of
particulate matter (PMyp) in university classrooms

DENG Qi-hong, SHI Bing-bing, LI Jian-dong, LU Chan
(School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The inhalable particulate matter (PM;,) was continuously monitored and sampled in the classrooms of Central
South University at Changsha by Tapered Element Oscillating Microbalance 1400a (TEOM 1400a) from September to
December, 2007. The chemical compositions of the PM,, samples were analyzed by the X-ray fluorescence (XRF), and
then the source apportionment of the classroom particles was investigated by the principal component analysis (PCA).
The results show that the mean PM;, concentration in classrooms is (176.56+57.63) pg/m’, which is much higher than the
national PM,, standard. The concentrations of the main chemical compositions of the classroom PM;, are also higher
than those outdoors. Five sources are identified by the source apportionment method and are respectively soil and dust,
coal combustion, biomass burning, industrial emission, and vehicle exhaust. The present work provides a detailed
understanding of the classroom particles and some scientific strategies for the pollution control so as to improve the air
quality in university classrooms.
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Fig.1 Procedure of source apportionment
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Table 1 Concentration of classroom and outdoor PM10

pl(ugm™)

HEN Bt
]ﬁg WM 24h ﬁgﬁ M 24h
SEBME 17646 13427 160.77  139.98 131.06 136.64
FrfEfmz  57.63 5972 5278  71.63  70.69 68.60
B/ME 3894 2256 3280  16.00 11.54 1433

WAE  265.04 235.0 222.65 226.74 24435 233.34
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Table 2 Concentrations of both PM10 and elements for

classroom and outdoor samples

p(PMy)/(ug'm ), p(JC#)/(ng'm )
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Table 3  Correlation coefficients of chemical compositions in PM10

Al Ca Cl Cu Fe K Mg Mn Na Ni P Pb S Si Ti Zn
Al 1.00 0.78 -0.27 0.20 042 0.36 082 0.01 0.04 018 0.15 032 -0.09 096 0.51 —-0.21
Ca 1.00 -0.42 0.28 039 0.35 063 0.12 —-0.09 0.02 0.05 039 -0.11 0.78 043 -0.25
Cl 1.00 0.01 -0.10 0.07 -0.31 -0.19 049 -0.20 044 -0.11 0.27 -024 0.03 0.25
Cu 1.00 037 0.19 0.09 020 021 0.19 0.16 046 009 024 046 0.24
Fe 1.00 0.71 023 054 032 049 020 030 041 050 045 0.33
K 1.00 005 042 030 030 037 045 067 046 029 0.39
Mg 1.00 006 0.16 0.02 -0.07 026 —-025 081 040 -0.15
Mn 1.00 026 034 -0.07 0.17 0.18 021 0.13 045
Na 1.00 009 040 031 039 0.12 023 057
Ni 1.00 -0.16 0.00 0.10 0.20 —-0.06 0.34
P 1.00 038 0.58 0.18 0.18 0.06
Pb 1.00 044 040 043 0.03
S 1.00 —-0.02 0.03 0.29
Si 1.00 0.55 —0.07
Ti 1.00 —0.08
Zn 1.00
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Table 4 Factor loadings for PM10 elements in classroom and outdoor
HEN &)
Ry 1 By 2 B3 ERSR4 ERGrS ERGE ERGr2 ERGr3 ERGr 4 ERGS

Al 0.96 0.05 0.10 —0.08 0.09 0.53 0.79 0.23 0.02 0.07
Ca 0.78 0.04 0.12 —0.33 0.26 0.51 0.58 0.00 0.43 0.13
Cl -0.25 -0.25 0.21 0.79 —0.04 —0.12 0.03 0.07 0.87 —0.12
Cu 0.06 0.21 0.01 0.07 0.88 0.30 0.19 0.80 0.16 0.23
Fe 0.36 0.67 0.39 0.04 0.24 0.57 0.63 0.32 0.25 0.23
K 0.27 0.50 0.72 0.06 0.07 0.81 0.32 0.28 0.21 0.10
Mg 0.91 0.00 —0.20 0.06 0.06 —0.07 0.97 —0.01 0.05 —0.01
Mn 0.03 0.76 0.06 0.02 0.17 0.53 0.06 0.03 0.38 0.59
Na 0.10 0.24 0.20 0.83 0.17 0.69 0.53 0.33 0.11 —0.03
Ni 0.07 0.76 —0.01 —0.09 —0.07 —0.04 0.09 0.12 —0.22 0.86
P 0.08 —0.25 0.74 0.37 0.12 0.78 0.39 0.33 —0.05 0.12
Pb 0.25 0.01 0.52 —0.05 0.61 0.48 0.13 0.73 0.17 —0.06
S —-0.18 0.20 0.88 0.17 0.04 0.86 0.11 0.41 —0.02 0.02
Si 0.94 0.17 0.14 —0.02 0.15 0.46 0.85 0.19 0.04 0.06
Ti 0.50 —-0.03 0.09 0.15 0.63 0.32 0.64 0.47 0.06 0.28
Zn -0.22 0.66 0.04 0.55 0.06 —0.01 0.14 0.25 0.74 0.56
LSRRI 391 2.59 2.45 1.95 1.79 4.44 4.06 2.15 1.86 1.36
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Fig.2 Source contributions to PM10 in classroom and outdoors
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