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In the source apportionment of suspended particulate matter (SPM), not only the aver-
age composition, but also the compositional distribution within an SPM particle is impor-
tant. However, it is difficult to obtain both kinds of data with one analytical technique.
Electron probe microanalysis (EPMA) is suitable for average compositional analysis,
while gallium focused ion beam secondary ion mass spectrometry (Ga FIB SIMS) gives
us the compositional distribution of a particle. Therefore, the combination of EPMA
and Ga FIB SIMS is desirable for obtaining detailed information on a particle. Howev-
er, two problems must be overcome to make this combination practicable: avoidance of
charge-up and identification of the same particle in separate microscopic fields. We
proposed a procedure to overcome these problems by using a Ag membrane filter and Au
index grid. This procedure was applied to the analysis of SPM particles collected near a
traffic road. As a result, mineral origin particles in addition to a lot of soot were found
in EPMA analysis, and Ga FIB SIMS clearly showed the existence of minor elements
and their compositional distribution on the single particle level.

Keywords : suspended particulate matter; SIMS; EPMA; individual particle analysis.
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SPM ¥ THHEZ DR T 4 V¥ —DIEZED% 5mm fA
oL, EEEORBET —7TT IV Iy A8
HEBICETE L. ChIZ@4 v Fy o279 K
(BAL-TEC #, E# 3mm) &2#+¢, FE{X— 2 b TH
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Ag membrane filter Au index grid (3mm @)

Adhesive tape

Al sample holder

Fig. 1 [Illustration of the sample preparation for
EPMA and SIMS analyses
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B-2, B-3) KDWCRAKROFEHET X BMART Fvzdl
FEU. X, %0 SIMS OBICEA—NTZ2RET ST
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2+4 Ga FIB SIMS

EPMA BIE#DOFEE B % Ga FIB SIMS E&EIZEA
U7z, GaFIB I3¥— AT ANVF— 30keV, E—LEHR
250 pA, E— 4% 02um¢ (K¥— LB E 08A/
cm®) DOFMHF TRz, Ga FIB SIMS & T T B-
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RY — LA DKEHEER 2 WERE, EHEARESZ B
DTEOVEE GEIEEIN 10" 1) T—EEDHE
BT S, COLENTEEEEEMBEICE> THRRA Y
yF) v raIn, —EEEBRBICIIERIZANNy ¥ ) v
JENB. 5T shave-of EBFD IRA + VEER
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WA, B, W8, BiE, TH : EPMA R U SIMS IZ & 5 KKIFEN TR E O 5T 481

Table 1 Result of cluster analysis on sample A

Detected element Deduced origin  Number
Si (with high background) Soot 50

Other than soot:

Si, AL, S, Fe, Ca Tire dust 15
Si Mineral 13
Ca, S, Si, (AL, S, Fe) Building 7
Fe, (Al, Si, Ca, Ti, Cr) Fe 7
Si, Al, Ca, Fe Mineral 5
S S 1
S, Ba Paint 1
Cu Cu 1

LELDLENIMESRENEONS.
3 MREIEE

31 EPMA £3

kA D EPMA o BN HAKEEEZENT
75 R =S RITo 12/ER % Table 1 IKRU 2.
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50 BT 1357 4 VI CARTEIM S ENELERTH
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S —BHAVTHELUEE B O 2T 1.

Fig. | DFETHR LU 28 B O ZIXE T4 % Fig.
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4 —HRD Ag ¥— 7 MR BRIE NS Z EFE N
LEZHND. —RIZ SPM NP TR SN BTH
DHEPT Ky E—=I DB Ag E— T LERLTVBEDE
Ca b KTHhoM, AgLMOPEY—27TH%5 Ag La
EEENEN 0.706, 0.828eV DENH B 2HEVICTF
B9 5H Lm0,

KT B-1 (K& & 87X4.7um?) O X FART b
% Fig. 3c KR U Tz, Ag R Au E— 27 SR o128,
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Fig. 3 X-ray energy spectra

Fig. 2 Scanning electron micrograph of prepared
sample B (scale bar: 500 um)

a: blank Ag membrane filter; b: Au index grid; c:
mineral particle in sample B
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Fig. 4 Secondary ion mass spectrum of particle B-1
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Fig. 5 Shave-off profiles of particle B-1 (homo-
geneous particle)
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~, Na, Mg, K »#iticians. Zhso kA
FVRBEHENTAT M) v T ATOE A £+~ DHE
WREEFHYEEZET AL Na, Mg, K 3L Fhb Si
IR LTH % L TOMBLHELRBEL OO,
EPMA CRBRHIhar-b0EEZHSND. Fig. 5
12 F B-1 O shave-off 70 7 4 VAR U 72, Shave-off
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Fig. 6 Shave-off profiles
homogenous particle)
+:Na"; @: Mg"; O: AlT; O:si™; K*;
L: Ca+; @®: Fe'

of particle B-2 (in-

teoEms, KT Bl W8 THE I EMNTr -
tz. —7, Fig. 6 IZ/R U 72KF B-2 @ shave-off 707
AT, KT BEho kA 4+ v Rz 0RO AR
K%<, Cat WERICELLOHEL TV AR MO
WITHhBIENHEALMEL -T2, TD&DIT Ga FIB
SIMS % W 12 shave-off 342 & - T, EPMA TidiF
BLEDTERDPSIINRAESTEBFLENTE
fo. CO &5 SPM KT OPERHEEICBE Y 2 EWI,
FEBELKRAFETOER 2 KISIC &SR TOWRE
b EDORFIZZRIDHDEEZ OHNS.

DEOR—KFHHER%Z Table 2 IZE & B 12,
EPMA COBHITHEIL K, ¥ — 7 HEBEICR L. X,
SIMS T & 5 HITFE X, shave-off FHTHD RS *+ »

Table 2 Analytical results of sample B by EPMA and Ga FIB SIMS

Detected element

Particle  Deduced origin  Size/pum?® Structure
EPMA® SIMS"
B-1 Mineral 8.7X4.7 Si, Al, Ca, Fe Si, Al, Mg, Ca, Na, Fe, K homogeneous
B-2 Mineral 6.7X7.0 Si, Ca, Al, Fe Si, Al, Fe, Ca, Mg, K inhomogeneous
B-3 Mineral 4.0X4.0 Si, Ca Si, Na, Ca, Mg, Al, Fe, K homogeneous

a) Order of K, peak area, b) Order of intensity considering relative sensitivity factors
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DA v MEERBRERE > 5157 ST IS Y 518
KEEENEIZZ T 2. EPMA TR X W2 JcKid SIMS
KBV THFEICHRE LTHRBEN, #72IK Na, Mg,
K & nMEINHZLBE I N, BT shave-off HH7
LS THRIRICESHENE LN, ZOBEBIIL-THR
TEBABICYET AL TE . X, Ihsd SIMS
BlIERICLEF+—YT7 v TIdR o513 EPMA, SIMS
WHEIZBIBF¥—I7 v 7OMEE, B7 45 —%
WA &I k> TRRT B ENTE. BHIZ, &4
VFEYIRAT) y REHELIEIE ST, EPMA T
BIE U E—0R T % SIMS IKBWTHHRICET 2
EWTEN. ZORR, B—DOOMFRICLBEREL
DHEALD SPM RN TICBELTE S DBEREBL LN
T

il £ D SPM KT D FIGHAIE R & RN —IRITILHR S
W%/ 57512 EPMA & SIMS & W5 2o DRk
THE—® SPM BF 2919 2 FIHAZEFL, €D
REERAF+—Y7y THBENTUNEREDHEE
WAz, ARFEAEBEDO SPM W TICHEA U AR, ¢
%0 EPMA & FBEOBHIZIZ T, Ga FIB SIMS 12
ko THBICESBRHI N, RRTTESHESE LN,
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EPMA, SIMS %4 ORFEZHA4EHE I AHIZREKR
HEOD EPMA « 7 5 A =0 OFER, RHHY &5 g
VB D FEAT R T- D ERASE > & TR BAE X M R
BREELS EORITICHEATELZLDEEALNS.
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