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In this study, we paid attention to minute particles with diamters under 2.5 um (PMgys) in sus-
pended particulate matter (SPM) in an indoor environment. We also collected the suspended
particles for a short time using a cascade impactor sampling device. This device is designed to
have PM; cutoff characteristics for the size classification of SPM. The purpose of this study was
for the collected particles to obtain detailed information about PMsg; in an indoor environment
by a source apportionment based on the individual particle analysis using an electron probe
microanalysis (EPMA) method. As a result, we could obtain the shape and components of par-
ticulate matter contained in environmental tobacco smoke (ETS). It revealed that ETS parti-
cles were distributed mainly in the particle size range of 0.5~ 1.5 um. In addition, they were
composed chiefly of the C-based particles whose shapes were spherical or roundish and non-
spherical. To use these data, we evaluated the air environments in Kashiwa and Noda city halls
in Chiba. The result showed that there was a difference between the two in terms of PMys.
Especially, there were many ETS particles in Noda city hall. This is related to a smoking place
installed in the hall. In contrast, the presence of diesel exhaust particles was confirmed in both
Kashiwa and Noda city halls as an influence of the outdoor environment. This is largely affect-
ed by Route 16 running in the vicinity of the hall. Consequently, it revealed that the indoor
sources could have a significant influence on the air environment in the hall. Also, the outdoor
sources had an effect on that environment. We could, therefore, understand the realities of
PM;; in the indoor environment by the individual particle analysis using an EPMA method,
which could not be understood by the conventional method.
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Fig. 1 Cross-section view of the cascade impactor

sampling device

Each impactor stage is composed of a nozzle plate and
the impaction plate on which a collection plate can be
set up. The cut-point diameters of upper and middle
stages are respectively 2.5 and 0.5 um with a nominal
flow rate of 3.0 1/min.
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Fig. 2 Sketchs of the first floor in Kashiwa and Noda city halls

White and gray marks show the sampling point and door position, respectively, in each hall.
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Fig. 3 Size distribution and penetration efficiency curve for the cascade impactor sampling device to use stan-

dard particles

White and gray bar graphs show the number of particles collected on the substrates of upper and middle stages,

respectively.
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Fig. 4 Size distribution and penetration efficiency curve for the cascade impactor sampling device to use ETS

particles

White and gray bar graphs show the number of particles collected on the substrates of upper and middle stages,

respectively.
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Fig. 5 Scanning electron microscopy images and X-ray spectrum patterns of the ETS particles

The accelerating voltages of electron beam in shape observation and components analysis were respectively 15
and 10 kV.

Table 1 Results of a source apportionment based on the individual particle analysis (Kashiwa city hall)

Estimated source Number of particles

Cluster . Ratio of particles, %
(X-ray spectrum pattern ™) Upper stage Middle stage Total
1 Soil particle 31 7 38 31.7+5.1
(C, O, Na, Mg, Al Si, Ca, Fe)

2 DEP 0 10 10 8.3£26
€ 0

3 ETS particle 0 1 1 0.8x0.8
(€ 0)

C4 Fe-based particle 5 24 29 24.1=*45

(C, 0, AL S S, Ca, Fe)
Ch Na-based particle 0 8 8 6.7+24
(C,0, Na, S)
C6 Ca-based particle 8 6 14 11.7=3.1
(C, O, Mg, Ca)
The others 16 4 20 16.7 £ 3.7
Total - 60 60 120 100

a) Underlined component means the relatively strong peak.
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Table 2 Results of a source apportionment based on the individual particle analysis (Noda city hall)

Estimated source

Number of particles

Cluster o W — Ratio of particles, %
(X-ray spectrum pattern ™) Upper stage Middle stage Total
Cl Soil particle 37 7 44 36.7x55
(G, O, Na, Mg, Al §i, Ca, Fe)

Cc2 DEP 0 15 15 12.5 £ 3.2
(G 0)

C3 ETS particle 0 11 11 92x28
(G, 0)

C4 Fe-based particle 4 12 16 13.3 33

(G, 0,AlL Sy, S, Ca, Fe)
Ch Na-based particle 0 3 3 25 1.4
(C,0,Na, S)
C6 Ca-based particle 6 2 8 6.7+24
(C, O, Mg, Ca)
The others 13 10 23 19.1 £ 4.0
Total 60 60 120 100

a) Underlined component means the relatively strong peak.

(d) Fe-based particle (C4)

{e) Na-based particle (C5)

(c) ETS particle (C3)

(f) Ca-based particle (C6)

Fig. 6 Scanning electron microscopy images of the typical particles

(a)~ (f) correspond to C1 ~C6 in Table 1, 2.
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Fig. 7 X-ray spectrum patterns of the tvpical particles

(a) ~(f) correspond to C1 ~C6 in Table 1, 2. The accelerating voltage of electron beam was 10 kV.
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Fig. 8 Scanning electron microscopy images and X-ray spectrum patterns of the Fe-based particles

The accelerating voltages of electron beam in shape observation and components analysis were respectively 15

and 10 kV.
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1) 2 [E#k, RsREE, THAIE, WWHFT, &K 15) BA#EGMEREER ZtFEr BN ERSH: JAB

Jq - RERFE SRR, 4, 237 (1991). NOTE 1 AP S DORKDF (b¥REB 5 )"
12) B EW, BELXRIIE, RBEREH], ZIRIFLE, (1999), (H R B EMEEWR).
FARMAT, MIbfE— REREREE 7,53 (1994). 16) BV ELER/mAERE: I LVERBRE~—IE
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14) FHHIERER, fEfEm —: “EH 7 5 A ¥ —HFHF>, 17) 8RR, BLRXRIyME, HLFE: s by
(1992), (NHE#H). (Bunseki Kagaku), 53, 7 (2004)
= B

AWFFETlE, BANRBEIIBITLHAZE 25 um DL FOBUNIT (PMws) (CEHLZ. FLT, A5 —F4
Y8y R REE CHRRICHE SN FIIHL, BTHE~A 20750 2 RiEx Fv kbl F g
ik, BREREEPD PM; ICHT 252 BRI TAZLZHNE L. ZORKE, REFLIF
HIZEFND2RFRYE ETSH ) OBRECICHBROEREZEEBTEL., NS5O F—5 %3 LI,
KT &R OB ENORRREZFM L2 25, PMys (CBLT, IFEMIEVDE LTV,
12, ETSH FICMTBHERID, TERNOETIREL, ENREBEOZELZHEIIZITTO LU RELE D
LHIENWENELR ST —F, T4 —EMEER TICETARERELY, BAREBEOEELZTITWAES
Dot LichioT, SOFEICLD, BHNREEIIBI S PMy; OERBEH/IHBIBT 22 E0°TE
7-.
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