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

K. SAITOH, K. SERA *', T. GOTOH ** and M. NAKAMURA **
Nuclear Instruments and Methods in Physics Research B, 189, 86-93 (2002)

Urban particulate matter (SRM 1648), buffalo river sediment (SRM 2704) and pine needles (SRM 1575) of standard reference
material prepared by the National Institute of Standards and Technology (NIST, USA) were analyzed by three multi-element
analysis methods, i.e., Particle Induced X-ray Emission (PLIXE), Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES), values determined by those analysis methods were
compared with certified and/or non-certified values of NIST samples. Values determined by PIXE were 70 — 120 % relative to
certified and/or non-certified values of NIST samples except for Co in the urban particulate matter, for V and Co in buffalo nver
sediment and for Ni and Br in the pine needles samples. In particular, Al, K, Ca, Cr, Mn, Fe, Cu, Zn and Pb were 85 — 110 % in all
samples. On the other hand, Na and Fe values determined by ICP-MS were very much different from the certified values in all
samples, but the other elements were 70 — 120 %. 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 75 — 120 % except for Na, V, Fe and Co determined by ICP-MS and Na determined by ICP-AES,
which was generally consistent with PIXE.

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

Environmental Protection Co., Ltd.

CHARACTERIZATION OF TOTAL SUSPENDED PARTICULATE (TSP)
ALONG HIGHWAY IN MIDSIZE CITY IN NORTHERN JAPAN

K. SAITOH, Y. IWATA *' K. SERA *?, K. HIRANO ** and H. SUZUKI **
International Journal of PIXE, 11, 133-147 (2001)

Total suspended particulate (TSP) samples were collected along a highway (Barajima air pollution monitoring station) in the
center of Akita City in northemn Japan, from 9 - 11 May, 1996 (non-snow-clad period) and 7 — 9 February, 1997 (snow-clad period),
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) 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, 26 elements were determined. Na, Mg, Al, Si,
S, C1, K, Ca and Fe are the major components. On the other hand, 24 elements, excluding As, Rb and Nb, are found in the snow-clad
period samples, and Gallium is only found in the snow-clad period samples. Dominant elements, i.e., major components, of the
snow-clad period were the same as the non-snow-clad period. Comparing the arithmetic means of major elemental concentrations in
TSP for the non-snow-clad and snow-clad periods, Na, Mg, Al, Si and Fe are similar. However, S and Ca levels in the
non-snow-clad period samples were 4 and 6 times as much as those in the snow-clad period samples, respectively, while Cl and K
levels in the snow-clad period samples were 1.5 and 2 times higher than those in the non-snow-clad period, respectively. In the

non-snow-clad period, the temporal variation pattern of total elemental amount was consistent with the variation pattern of NO and
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CO, which are pollutants used to observe the effects of automobile exhaust gas, and it was comparatively consistent with the
variation pattern of SPM. On the other hand, in the snow-clad period, the temporal variation pattern of total elemental amount was
not consistent with the variation pattern of NO and CO when the wind was blowing from the southeast, so the TSP may be strongly
influenced by wind direction and wind velocity in addition to automobile traffic. Factor analysis allowed us to identify four major
sources, with automobile emission, industry and soil being the major contributors. 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.

*l. Faculty of Education and Human Studies, Akita University, *2, Cyclotron Research Center, Iwate medical University, #3.
Yokohama City Research Institute of Environmental Science, **: Environmental Data Analysis Laboratory, System Design, Inc.

INFLUENCE OF ALUMINUM ON ELEMENTAL CONTENTS IN WHITE ROOTS OF
CHAMAECYPARIS OBTUSA SIEB. AND QUERCUS SERRATA THUNB.

R. TOMIOKA *', C. TAKENKA *' K. SAITOH and K. SERA *?
International Journal of PIXE, 12, 35-40 (2002)

We studied the effects of aluminum on macro- and microelement concentrations in-white roots of Chamaecyparis obtusa and
Quercus serrata Thunb. through analysis by Particle Induced X-ray Emission (PIXE). One-year-old seedlings were exposed to
various concentrations of Al for nine weeks. In both species, the Al and P concentrations increased as the Al concentration in the
nutrient solution increased, but the concentrations of the divalent cations Mg, Zn, and Mn decreased in both species.

*!: Graduate School of Bioagricultural Sciences, Nagoya University, **: Cyclotron Research Center, Iwate medical University

APPLICATION OF MICRO-PIXE IN ATMOSPHERIC ENVIRONMENTAL
SCIENCE RESEARCH: ELEMENTAL MAP OF LEAVES

K. SAITOH, H. IMASEKI *', M. YUKAWA *!' and O. NAGAFUCHI **
International Journal of PIXE, 12, 231-236 (2002)

Micro-beam scanning PIXE and scanning transmission ion microscopy (STIM) were applied to measurement of Siebold’s
beech (Fagus crenata Blume) leaves. The beech leaf samples were collected from selected beech trees at Tsugaru Pass near the
Shirakami-Sanchi World Heritage Area, in the 1999 growing season. We focused our interest on the influence of the atmospheric
environment (acidic deposition, aerosol and gaseous substances, etc.) on the forest ecosystem. Our approach to real images of the
deposition of airbome particulate on leaves led to the elucidation of the process of elemental absorption from air and plant
metabolism. As a result, it is suggested that 1) overlapping STIM images and elemental maps demonstrate the pattems of the
elemental absorption into plants, 2) comparison of the elemental maps of leaves taken at the different growth stages may provide
useful clues to the elemental accumulation mechanism in leaves, and 3) silicon distribution in leaves is indicative of airborne
particulate deposition on them.

*! National Institute of Radiological Sciences, **: Fukuoka Institute of Health and Environmental Sciences
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ELEMENTAL COMPOSITION IN SIEBOLD’S BEECH SEEDLING ROOTS AT
SHIRAKAMI-SANCHI WORLD HERITAGE AREA

K. SAITOH and K. SERA *!
NMCC ANNUAL REPORT (2001), 9, 90-95 (2002)

Siebold’s Beech (Fagus crenata Blume) seedlings were collected at three sites in and near the Shirakami-Sanchi World
Heritage Area, a mountainous region, in October 2002, and their elemental compositions were determined by PIXE. 24 elements
were determined in total. The elements Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Mn and Fe were found to be the major elemental
components. The concentrations of major elements, Zn and Pb in root sample at the monitoring site (Mt. Kushiishiyama) were
different from those in root sample at other sites (Futatsumori and Tsugaru pass). To compare the elements data for the tip, midpoint
and root of the beech seedling root in three sites, Al, Si, Ti, Fe and Pb were prominent in the tip, and Zn was prominent in the tip and
midpoint. The purpose of this study is to obtain basic data for monitoring and investigating the influence of acidic deposition on the
forest ecosystem of Shirakami-sanchi.

*!: Cyclotron Research Center, Iwate medical University

BREN—HROOT IS T7EEPMEIZLDIREDD
BEREERIEESY (VOCs) REMRELEHN A DLLEIRE

FIREA - BREBE
2ERBEMESEE, 27, 133-138 (2002)
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APPLICATION OF MICRO-PIXE IN ATMOSPHERIC ENVIRONMENTAL
SCIENCE RESEARCH: ELEMENTAL MAP OF LEAVES

K. SAITOH, H. IMASEKI *', M. YUKAWA *' and O. NAGAFUCHI **

The Fourth International Symposium on BioPIXE
15 — 19 April 2002, Mexico City, Mexico

PIXE using ion micro-beams (micro-PIXE) has been a useful technique for analysis of elements in small areas of samples, and
is now recognized as a powerful tool for elemental mapping and chemical microanalysis in the environmental science fields.
Micro-PIXE analysis yields information about the elemental map, which is different from the conventional PIXE that gives the
average concentration of elements. This information may provide a clue to the absorption mechanism of elements at the cellular
level and to elemental characteristics of individual particles from a polydisperse aerosol.

In the present study, micro-beam scanning PIXE and scanning transmission ion microscopy (STIM) were applied to
measurement of Siebold’s beech (Fagus crenata Blume) leaves. We focused our interest on the influence of the atmospheric
environment (acidic deposition, aerosol and gaseous substances, etc.) of the forest ecosystem. Our approach to real images of the
deposition of airborne particulate on leaves led to the elucidation of the process of elemental absorption from air and plant
metabolism. Our results suggest that:

- Overlapping STIM images and elemental maps demonstrates the condition of the elemental absorption into plants.

- Comparison of the elemental maps of each leaf on the deferent growth stages may provide a useful clue to the elemental

accurnulation in leaves.

- Silicon distribution in leaves is indicative of airborne particulate deposition on them.

*!. National Institute of Radiological Sciences, *2. Fukuoka Institute of Health and Environmental Sciences

ELEMENTAL MAPS IN ROOT OF SIEBOLD’S BEECH SEEDLING
K. SAITOH, Y. WATANABE *!, H. IMASEKI *' and M. YUKAWA *!

8" International Conference on Nuclear Microprobe Technology & Applications
8 — 13 September 2002, Takasaki, Japan

Shedding light on tree root metabolism is a key- factor when evaluating the forest ecosystem in terms of acidic deposition,
because soil acidification progresses as a result of acidic deposition, resulting in suppression of rootlet development and growth of
plants due to metals harmful to plants such as Al and Mn being released into soil solution, which inhibits absorption of elements and
water required by plants. As a means of shedding light on tree root metabolism, we chose a one-year-old seedling root from a
Siebold’s beech (Fagus Crenata Blume) tree, which is the centerpiece of the Shirakami-Sanchi World Heritage Area, a globally
valuable forest ecosystem, and measured elemental maps and scanning transmission ion microscopy (STIM) images of transverse
sections from the tip, midpoint, and root, using a micro-beam scanning PIXE and STIM. 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
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THE INFLUENCES OF SAMPLE COLLECTOR TEMPERATURE ON
ELEMENTAL AND IONIC COMPOSITIONS OF ATMOSPHERIC PARTICLES

K. SAITOH, K. SERA *!' and K. FUNATO **

The 19" Symposium on Aerosol Science & Technology
6 — 8 August 2002, Kyoto, Japan

We collected PM, 5 on a polycarbonate filter (Nuclepore®, pore size: 0.8 pm) at an ambient sample collector temperature (2 —
16°C) and at a sample collector temperature of 50°C, analyzed several elements and 10nic species in the PM, s by PIXE and ion
chromatography, and studied the elements and ionic species desorbed on the filter and the extent of the desorption. We confirmed the
desorption of the element Cl and the ionic species CI', NO; and NH," on the filter. The extent of desorption was 80% in the case of
Cl, CI" and NO; and 70% in the case of NH,". Therefore, we concluded that analysis data for Cl, CI", NO;” and NH," needs to be
handled carefully when there is a marked difference in the ambient temperature and the temperature of the sample collector.

*!: Cyclotron Research Center, Iwate medical University, **: Tokyo Dylec Co., Ltd.
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