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CHARACTERIZATION OF TOTAL SUSPENDED PARTICULATE (TSP)
IN A MOUNTAINOUS REGION IN NORTHERN JAPAN

K. SAITOH, K. SERA * and K. HIRANO *?
International Journal of PIXE, 11, 11-19 (2001)

Total suspended particulate (TSP) samples were collected at the west-facing slope (altitude 700 m) of Mt. Moriyoshi in
northern Japan, from 24 — 27 June (non-snow-clad period) and 11 — 14 December (snow-clad period) in 1996, with a one-hour
sampling interval. The elemental composition and particle shape of TSP samples were determined and/or observed by Particle
Induced X-ray Emission (PIXE), a Scanning Electron Microscope (SEM) combined with Energy Dispersive X-ray (EDX) analysis.
In the hourly TSP samples collected during the non-snow-clad period, 27 elements were determined. Na, Mg, Al, Si, S, K, Ca and
Fe were found to be the major elemental components. On the other hand, 25 elements, excluding Nd and Mo, were found in the
snow-clad period samples, and Cl is a dominant element, i.e., a major element, of the snow-clad period samples, unlike the
non-snow-clad period. Comparing the arithmetic means of concentrations of major elements in TSP for non-snow-clad and
snow-clad periods, Mg, Al, Si, K, Ca and Fe levels in the snow-clad period are 2 — 4 times as much aé those in the non-snow-clad
period, and 30 times for Na. S is similar. For temporal variation patterns of element concentrations, the non-snow-clad period is
different from the snow-clad period.  Al, S, Ca, Ti, Fe, Zn and Pb are similar throughout the non-snow-clad period, and Al, Si, Ca
and Fe are similar throughout the snow-clad period. With the aid of SEM and EDX analysis, aggregates of car exhaust particles,
soil particles and plant spores were observed in the non-snow-clad period samples. In the snow-clad period samples, small
silicon-rich spherical particles, aggregates of car exhaust particles and soil particles were observed.

- *!: Cyclotron Research Center, Iwate medical University; **: Yokohama City Research Institute of Environmental Science

CHEMICAL CHARACTERIZATION OF PARTICLES
IN WINTER-NIGHT SMOG IN TOKYO

K. SAITOH, K. SERA *' K. HIRANO *? and T. SHIRAI **
Atmospheric Environment, 36, 435—440 (2002)

Continuous measurement of PM;o, PM, s and carbon (organic, elemental composition) concentrations, and samples of PM,, and
PM, s collected on a polycarbonate membrane filter (Nuclepore®, pore size: 0.8 um), were carried out during a period from
December 1998 to January 1999 at Shinjuku in Tokyo in order to investigate the chemical characterization of particles in
winter-night smog within a large area of the Japan Kanto Plain including the Tokyo Metropolitan area. These were measured using
an ambient particulate monitor (tapered element oscillating microbalane—TEOM) and a carbon particulate monitor. Elemental
compositions in the filter samples of PM,, and PM, 5 were determined by means of particle-induced x-ray emission (PIXE) analysis.
Ionic species (anion: F~, C17, NO,~, SO,* and C,0,”; cation: Na*, NH,", K", Ca* and Mg") in the filter samples were analyzed by
ion chromatography. The temporal variation patterns of PM, s were similar to those of PM,4 and carbon. PM, s made up 90 % of the
PM), at a high concentration, and 70 % at a low concentration. Concentrations of 22 elements in both the PM,, and PM, 5 samples
were consistently determined by PIXE, and Na, Mg, Al, Si, S, Cl, K, Ca, Fe, Zn and Pb were found to be the major components.
Among these S and Cl were the most dominant elements of the PM, s and PM, at high concentrations. Ionic species were mainly
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composed of Cl -, NO;, SO, and NH,". The component proportion of carbon, the other elements (total amount of measured
elements other than S and Cl) and secondary-formed particles of PM, s was similar to that of PM,,. The major component was
carbon particles at a low concentration and secondary-formed particles at a high concentration. The proportion of NH,;NO; and
NH,CI1 plus HCl in secondary-formed particles at a high concentration, in particular, was as high as 90 %.

*l. Cyclotron Research Center, Iwate medical University, *2. Yokohama City Research Institute of Environmental Science, *3:
Tokyo Dylec Co., Ltd.

COMPARISON OF SURFACE ORGANIC COMPOUND MASS SPECTRUM PATTERNS
BY LD-TOFMS FOR MEGALOPOLIS ATMOSPHERIC PARTICLES
AND DIESEL EXHAUST PARTICLES (DEP)

K. Saitoh, S. Kawabata *', T. Shirai *?, T. Sato ** and M. Odaka **

Second International Symposium on Air Quality Management at Urban, regional and Global Scales 2001,
Proceeding pp. 595-600, 2001, Istanbul, Turkey

PM, 5 and PM, samples for megalopolis atmospheric particles were collected at Shinjuku, Tokyo in December 1998 — January
1999 and August 1999, for two weeks both in winter and summer, with a 24-h sampling interval. Sampling of PM, s and PM, in
diesel exhaust particles (DEP) was carried out using an automobile exhaust testing system, with a diesel truck placed on a chassis
dynamometer. Sampling conditions included idling, constant speed of 40 km/h, M-15 test pattern and 60%-revolution/40%-load of
maximum power. Mass spectrums of organic compounds adhering to the surface of the PM, s and PM, samples were analyzed by
laser desorption time-of-flight mass spectrometry (LD-TOFMS, analytical mass range: m/z 1 — m/z 380,000). LD-TOFMS analysis
of those samples revealed consistently the detection of low-mass organic compounds up to m/z 800. For the megalopolis
atmospheric particles, the mass spectrum pattem of wintertime samples was almost the same as that of the summertime samples for
both PM, s and PM;,. The major peak was m/z 177, and the minor peaks were m/z 84, 94, 101, 163, 189 and 235. The mass
spectrum pattern of DEP was the same for all samples under all test conditions. The major peak was m/z 101, and other detected
peaks were small.

*!: Life Science Department, Analytical Instruments Division, Shimadzu Corporation, **: Tokyo Dylec Co., Ltd., **: National
Traffic Safety and Environment Laboratory

NIST EZB#38% ) PIXE ;5 & ICP-MS i%, ICP-AESkIC kA EEEOHE
FRERE - HEH—RR ¢ - %ERTF ¥ shRfERM *2
NMCC : [FF| AR R Ak R SCEE (2000), 8, 99—108 (2001)

PIXE HHTI3ERE LS TRFARTHESITEE LT—RILLooH 508, BEEHE T ICP-MS ¥, ICP-AES #ki3%
y‘c%lﬁlﬂ%}ﬁoﬁﬁﬁ Li2oT3, #-T, PIXE L ICP-MS IEXIX ICP-AES HEIZ L A EREZ BT 5 Z &1,
RESFICEBWT PIXE BIC L 5 EREZFHE S 2 L TEETH S, £ T, NIST sample @ urban particulate matter,
buffalo river sediment, pine needles % fiV T PIXE # & ICP-MS XX ICP-AES :iZ & 5 EREDOLE#1T o7, NIST i%

MBI ORIEE & PIXE HECOERME LT 5 &, ERIEIX 70 - 110 %D FEE T, 512 Mg, Al K, Ca, Cr, Mn, Fe, Cu, Zn,
Rb, Pb 13 90 - 110 % T > 1=, ICP-MS #£Ti3, Na, K, Fe DEEIEIX NIST DIRFHE & K& < MTHER TV 308, fhodst
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FI1270-110%Tdh»7, ICP-AES #ETIE, Na ZFR<LDITLFEIZ 80-100% TH 7=,
HOBFEERKEY S 7o borry—, ¥ RIRLBRERSMRAEE £

2. FRERR

COMPARISON OF ELEMENTAL QUANTITY BY PIXE AND
ICP-MS AND/OR ICP-AES FOR NIST SAMPLES

K. SAITOH, K. SERA *'. T. Gotoh ** and M. Nakamura **

9" International Conference on Particle-Induced X-ray Emission and its Analytical Applications (PIXE 2001)
8 — 12 June 2001, Guelph, Canada

In the field of environmental research, ICP-MS and ICP-AES have become synonymous with multi-element analysis.
Comparison of values determined by PIXE with those determined by ICP-MS and/or ICP-AES is important in the field of
environmental research in terms of evaluating values determined by PIXE. We therefore compared values determined by PIXE with
those determined by ICP-MS and/or ICP-AES using NIST sample urban particulate matter, buffalo river sediment and pine needles.
PIXE analysis of the samples was carried out using PIXE at Nishina Memorial Cyclotron Center, Japan Radioisotope Association.
Quantitative analysis of elemental concentrations was performed based on a powdered intemal standard method for the urban
particulate matter and buffalo river sediment samples, and on an internal standard method for the pine needle samples. For
preparation of the samples for ICP-MS (HP 4500) and ICP-AES (Varian VISTA), these samples were decomposed with nitric acid
using a microwave oven. The number of elements determined by ICP-MS was 29: Li, Be, Na, Mg, ALK, Ca, V, Cr, Mn, Fe, Co, Ni,
Cu, 7Zn, Ga, As, Se, Rb, St, Ag, Cd, Cs, Ba, Tl, Pb, Bi, Th and U, and that determined by ICP-AES was nine: Na, Mg, Al, K, Ca, Cr,
Mn, Fe and Zn. Values determined by PIXE were 70 — 120 % relative to certified values of NIST samples except for Co in urban
particulate matter and for V and Co in buffalo river sediment samples. In particular, Mg, Al, K, Ca, Cr, Mn, Fe, Cu, Zn, Rb and Pb
were 90 — 110 % in all samples. On the other hand, Na, K and Fe values determined by ICP-MS were very much different from the
certified values in all samples, but the other elements were 70 — 110 %. As for ICP-AES, all elements except for Na were 80 —
100 % in all samples. Comparing the values determined by PIXE and those determined by ICP-MS and/or ICP-AES, there was a
slight difference between the samples, but the range was 70 — 110 % except for Na, K and Fe determined by ICP-MS and Na
determined by ICP-AES, which was generally consistent with PIXE. As this demonstrates, values determined by PIXE are
consistent with the certified values compared to values determined by ICP-MS and ICP-AES.

*!: Cyclotron Research Center, Iwate medical University, **: Analysis and Research Division, Tohoku Afforestation &

Environmental Protection Co., Ltd.

T4—ELHISHFORERAREFTESN A VS
OFHERBE - HEH—M *' - BF B * . E£FERZ ** - /IEhksH *°
FISE =T v JVEE - BT E RS, 200147H, FHED

Sampling of PM, s and PM), in diesel exhaust particles (DEP) was carried out using an automobile exhaust testing system at
the National Traffic Safety and Environment Laboratory, with a diesel truck (engine type: direct injection, displacement: 7,961 cc,
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carrying weight: 2020 kg, equivalent inertia weight: 5600 kg) placed on a chassis dynamometer. Sampling conditions included
idling, constant speed of 40 km/h, M-15 test pattern and 60%-revolution / 40%-load of maximum power. The concentrations of
several elemental and ionic species in the PM, sand PM,, samples were determined by Particle Induced X-ray Emission (PIXE), Ion
Chromatography (IC) analysis. PIXE analysis of the PM, sand PM,, samples revealed 15 elements, of which Na, Mg, Si, S, Cl, Ca,
Ti, Mn, Fe, Ni, Cu, Zn and Pb were found to be the major component. Ionic species were composed CI, NO,”, NO5”, SO,*, Na*, K*
and Ca”. Concentration of elements and ionic species under sampling condition of 60%-revolution / 40%-load was highest in
comparison with those of the other sampling conditions. To compare the elements and ionic species data for the PM, sand PM,,
ionic species of the PM, s occupied about 100% of the PM,,, 70% over for the mainly elements.
LAFERKEIAInbonrEerd—, P RERSA Ly I, FP RBELTLREFRRT
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