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1. FEERBMEI

DETERMINATION OF ELEMENTAL AND IONIC COMPOSITIONS FOR
DIESEL EXHAUST PARTICLES BY PARTICLE INDUCED X-RAY EMISSION
AND ION CHROMATOGRAPHY ANALYSIS

K. SAITOH, K. SERA *!, T. SHIRAI **, T. SATO ** and M. ODAKA *
ANALYTICAL SCIENCES, 19, 525-528 (2003)

The purpose of this study is to clarify the chemical characterization of PM, s and PM, in diesel exhaust particles (DEP).
Sampling of PM, s and PM,, in DEP was carried out in November 1999 using an automobile exhaust testing system at the National
Traffic Safety and Environment Laboratory, with a diesel truck (engine type: direct injection, displacement: 7961 cc, 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. Samples were collected on a
polycarbonate membrane filter (Nuclepore®, pore size: 0.8 um) using a MiniVol Portable Air Sampler (Airmetrics Co., Inc.). The
concentrations of several elemental and ionic species in the PM,sand PM,, samples were determined by particle induced X-ray
emission (PIXE) and ion chromatography analysis. PIXE analysis of the PM,;and PM,, samples revealed 15 elements, of which
Na, Mg, Si, S, Cl, Ca, Fe and Zn were found to be the major components. Ionic species were CI, NO,", NO;", SO,”, Na', NH,",
K* and Ca®. Concentrations of elements and ionic species under the sampling condition of 60%-revolution/40%-load were highest
in comparison with those of the other sampling conditions. The elemental and ionic species data were compared for PM, s and
PM,,; PM, s concentrations were 70% or more of PM,, concentrations for the majority of elements, and concentrations of ionic
species in PM, s and PM,, were almost identical.

*!. Cyclotron Research Center, Iwate Medical University, *2, Tokyo Dylec Co., Ltd., *3. National Traffic Safety and
Environment Laboratory.

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 *2, T. SATO ** and M. ODAKA **
Water, Air and Soil Pollution, Focus 3, 167-174 (2003)

PM, s 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, 5 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 pattern 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
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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.
*!: Shimadzu Co., **: Tokyo Dylec Co., Ltd., *3: National Traffic Safety and Environment Laboratory.

CHARACTERIZATION OF ATMOSPHERIC TOTAL SUSPENDED
PARTICULATE (TSP) IN A MIDSIZE CITY IN NORTHERN JAPAN:
NON-SNOW-CLAD PERIOD TO SNOW-CLAD PERIOD COMPARISON

K. SAITOH, Y. IWATA *!, K. SERA * and K. HIRANO **
International Journal of PIXE, 13, 51-64 (2003)

Total suspended particulate (TSP) samples were collected from three areas (commercial, residential and agricultural) in and
near Akita City in northern Japan, from May — June 1996 (non-snow-clad period) and January — February 1997 (snow-clad period),
over three days with a one-hour sampling interval for each area. The elemental composition and particle shape of TSP samples
were determined and/or observed by Particle Induced X-ray Emission (PIXE) and 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,
23 clements were determined for each area, and Na, Mg, Al, Si, S, Cl, K, Ca and Fe were the major components. On the other
hand, 25 elements, excluding As and Rb, were found in the snow-clad period samples, and P, Ga, Nb and Mo were only found in the
snow-clad-period- samples. Dominant elements, ie., major components, of the snow-clad period were the same as the
non-snow-clad pericd. Comparing the arithmetic means of elemental concentrations in TSP for the non-snow-clad and snow-clad
periods, in the commercial area the elemental concentrations in the snow-clad period were the same or lower than those in the
non-snow-clad period, with the concentrations of Na, Mg, Al, Si, S, K, Ca, Ti and Fe in particular being markedly lower. In the
residential area the concentrations of Na, Mg and Cl were markedly higher in the snow-clad period than in the non-snow-clad period,
while the concentrations of the other elements were the same or only slightly lower. In the agricultural area, the concentrations of
Na and Cl were markedly higher in the snow-clad period relative to the non-snow-clad period, and the concentrations of the other
elements, except for P, were low. The concentrations of the major elements and Pb were particularly low. Thus, in the residential
and agricultural areas the effect of winter winds on TSP can be observed by Cl, and it is conjectured that soil particles rising up into
the air is inhibited by snow accumulation. Soil particles rising up into the air seems to be inhibited by snow accumulation in the
commercial area as well. With the aid of SEM and EDX analysis, aggregates of diesel exhaust particles (DEP), soil particles and
small silicon-rich spherical particles were observed in the non-snow-clad and snow-clad period samples for each area. In addition,
small aluminum-rich and iron-rich spheres were observed during the non-snow-clad period in the commercial area. Zinc-rich fiber
was observed during the non-snow-clad period in the residential area.

*!: Faculty of Education and Human Studies, Akita University, **: Cyclotron Research Center, Iwate Medical University, **:
Yokohama City Research Institute of Environmental Science.
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APPLICATION OF MICRO-PIXE IN ATMOSPHERIC ENVIRONMENTAL SCIENCE RESEARCH:
ELEMENTAL MAPS IN ROOT OF SIEBOLD’S BEECH SEEDLING

K. SAITOH, Y. WATANABE *!, H. IMASEKI *' and M. YUKAWA *!
International Journal of PIXE, 13, 115-119 (2003)

Micro-beam scanning PIXE (micro-PIXE) and scanning transmission ion microscopy (STIM) were applied to measurement of
one-year-old seedling root from a Siebold’s beech (Fagus crenata Blume) tree.  The beech seedling root samples were collected at
the centerpiece of the Shirakami-Sanchi World Heritage Area during October 2001. Target samples for micro-PIXE and STIM
analyses were transverse sections from tip, midpoint and root of the beech seedling root. We focused shedding light on tree root
metabolism, and are to get a real image about the elemental distribution in the tree root. ‘STIM images were similar to those
generated using stereomicroscope and/or transmission microscopy. Real images in the form of elemental maps were obtained for
nine elements: Na, Mg, Al, Si, P, S, Cl, K and Ca. Of these, typical elemental maps were Si and Ca, which were both concentrated
in the epidermis.  Si was prominent in the tip, while Ca was prominent in the root.

*!: National Institute of Radiological Sciences

PIXE ANALYSIS OF NIST URBAN PARTICULATE MATTER COLLECTED
ON A POLYCARBONATE MEMBRANE FILTER

K. SAITOH, K. SERA *! and K. SHIMOMURA **
International Journal of PIXE, 13, 141-147 (2003)

In order to confirm the accuracy of direct analysis of filter samples containing atmospheric aerosol particles collected on a
polycarbonate membrane filter by PIXE, we carried out PIXE analysis on a polycarbonate membrane filter (Nuclepore®, pore size:
0.8 um) on which was collected National Institute of Standards and Technology (NIST, USA) urban particulate matter (SRM 1648).
We also investigated whether a polycarbonate membrane filter would possibly bias elemental quality determined by PIXE analysis.
We found that the polycarbonate membrane filter did not bias values determined by PIXE. In the case of filter sample A in which
the powder sample (urban particulate matter mixed with palladium-carbon powder (5% Pd)) was collected under dry conditions,
elemental quantitative values were 80—110% relative to NIST certified and non-certified values except for Mn and Fe. On the
other hand, in the case of filter sample B in which the powder sample was collected under wet conditions, elemental quantitative
values were 70—110% relative to NIST certified and non-certified values except for Cl and Zn. Determined values for Mn and Fe
in the case of filter sample A and Cl and Zn in the case of filter sample B were clearly lower than NIST certified and/or non-certified
values, but this was believed to be attributable to the sampling procedure rather than a problem associated with PIXE analysis.
Direct analysis of a filter sample containing aerosol particles by PIXE provided sufficient elemental quantity accuracy.

*!: Cyclotron Research Center, Iwate Medical University, **: Sibata Scientific Technology Ltd..
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WIDE RANGED MEASUREMENT OF ELEMENTAL COMPOSITION IN
THE ATMOSPHERIC AEROSOLS — RESEARCH RESULTS 2002 —

K. SAITOH, K. SERA *'and S. OHTA *?
NMCC ANNUAL REPORT (2002), 10, 206-210 (2003)

The wide ranged measurement of elemental composition in the atmospheric aerosols was done as part of “The study on
indirect effects of aerosols on global warming/cooling for atmospheric environmental impacts of aerosols in East Asia.” Aerosols
samples of elemental analysis were collected during a period from June 2002 to January 2003 at isolated islands (Fukue-jima,
Miyako-jima, Amami-oshima and Chichi-jima) in East China Sea. Elemental composition of the aerosols samples was determined
by PIXE. 29 elements: Na, Mg, AL P, Si, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Sr, Y, Nb, Mo, Cd, Hg and
Pb were determined in total. The elements Na, Mg, Al, Si, S, K, Ca, Fe, Zn and Pb were found to be the major elemental
components at all the isolated islands.

*!: Cyclotron Research Center, Iwate medical University, **: Graduate School of Engineering, Hokkaido University
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