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PIXE Analysis of Atmospheric Nano- to

Micrometer-Size Particles in Roadside

Atmosphere

K. SAITOH, K. SERA*', A. FUSHIMI*?,
Y. FUJITANI* S, HASEGAWA¥*?,
K. TAKAHASHI*?, S, KOBAYASHI*? and
K. TANABE**

" International symposium dedicated to advances
in biological, medical, and environmental
applications of proton-induced X-ray emission,
16-20 June, 2008, Richland, Washington, USA

Atmospheric  particulate  matter (PM) is
considered to be one of the most important risk
factors for human health. Unlike other pollutants,
PM is a complex mixture of natural origin particles
(wind-borne dust, sea spray, etc.) and man-made
origin particles (combustion of fuels, smelting,
etc.). Moreover, there are directly emitted particles
(primary aerosol) and those formed in the
by

(sccondary aerosol). The range of particle size is a

atmosphere gas-to-particle conversion
few nanometers (nm) to a few tens of micrometers
(um) in diameter. The complexity of physical and
chemical properties reflects the various emission
sources and atmospheric processes.

In large cities in Japan, severe air pollution due
to PM occurs frequently, and the attainment rate of
environmental air quality standards for suspended
particulate matter (SPM: particles with diameter
lees than 10 pm) is low for long periods. In
particular, the attainment rate at automobile exhaust
gas monitoring stations is extremely low. Many
reports have suggested that one of the reasons for
this pollution is a high density traffic namely
particles emitted from many diesel vehicles.

In order to shed light on the PM pollution of
roadside atmosphere in the Tokyo metropolitan
area, we have begun to study a multi-probe

physico-chemical characterization of nano- (o
micrometer-size particles in roadside atmosphere.
We describe

symposium.

the following contents in this
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Outline and point of the study
High time-resolution sampling of PM
Size-resolved sampling of PM
PIXE analysis for high time-resolution and
size-resolved PM samples
*!: Cyclotron Research Center, Iwate Medical
University, **: National Institute for Environmental

Studies.
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Multielement Analysis Using PIXE for
Beneficial Use of Ashes from a Biomass
Power Plant

Shigeru YAMAUCHI*', Katsumi SAITOH,
Koichiro SERA*?, Yoshihisa WADA,
and Masaaki KUWAHARA#*'

Journal of Wood Science, 54, 2008, 162-168.

Elemental analysis of wood fuels and ashes from
a biomass power plant was carried out using particle
induced X-ray emission (PIXE) to confirm that the
ashes can be utilized safely. The power plant
produced four types of ash: one cinder and three fly
ashes. Ignition loss tests revealed that the cinder
included little unburned carbon, while the unburned
carbon concentrations in the fly ashes were
considerably higher. From PIXE analysis, more than
20 elements were found in all the ashes and it was
shown that aluminum, silicon, calcium, potassium,
and iron were the major elements in the ashes. In the
fly ash collected in a bag filter, sodium, sulfur, and
chlorine were also classified as major elements.
Although chromium, arsenic, and lead were detected
in all the ashes, leaching tests indicated that there
were no potential problems associated with landfill
treatment of the ashes. It was assumed that temporal
fluctuation in the concentrations of major elements
in the ashes was not significant. Ninc kinds of waste
wood fuels were analyzed by PIXE and 24 elements
were determined. Lead was detected in all the
woody fuels, but arsenic was not detected.
Akita
Cyclotron Research

*': Institute of Wood Technology,
Prefectural University, **:

Center, Iwate Medical University.

Characterization of Atmospheric Aerosol
Particles in a Mountainous Region in
Northern Japan

Katsumi SAITOH, Koichiro SERA*!
and Tadashi SHIRAI*?
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Atmospheric Research, 89, 2008, 324-329.

In order to shed light on the long-range transport
of atmospheric pollutants in the Northeast Asian
regions, we studied a multi-probe, chemical
characterization and composition profile of airborne
particulate matter (PM) on Mt. Moriyoshi (altitude
1454 m), located on the Sea of Japan side of
northern Honshu, Japan. Sampling of size-resolved
airborne PM was carried out on Juhyou-Daira (west
side near the summit, altitude 1167 m) from
February 1-16 (winter period) and July 7-19
(summer period) in 2004, Concentrations of several
elemental and ionic species in each size-resolved
PM sample were determined by particle-induced
X-ray emission (PIXE) and ion chromatography
analysis. From the winter period, results suggested
that PM was formed from soil and sea salt particle
sizes of PM;y-PM,s and from ammonium sulfate
particles, secondary particles <PM, ,. However from
the summer period, results suggested that PM was
formed from soil and sea salt particles >PM,(—PM; s
and secondary particles <PM,;,. With the aid of
SEM-EDX analysis, many cubic particles were
observed throughout the winter and summer periods.
In particular, particles <PM, ; were almost all cubic
particles. Small spherical particles were mainly
detected in PM,(—PM, s and PM; s—PM, , categories
of the winter period. These cubic and small
spherical particles were the silicon-rich type.

*1: Cyclotron Research Center, Iwate Medical
University, **: Tokyo Dylec Co., Ltd..

Development of Sample Preparation Method
for Honey Analysis Using PIXE

Katsumi SAITOH, Keiko CHIBA*!
and Koichiro SERA*?

International Journal of PIXE, 18, 2008, 31-38.

We developed an original preparation method for

honey samples (samples in paste-like state)

specifically designed for PIXE analysis. The results

of PIXE analysis of thin targets prepared by adding
a standard containing nine elements to honey
samples demonstrated that the preparation method
bestowed sufficient accuracy on quantitative values.
PIXE analysis of 13 kinds of honey was performed,
and eight mineral components (Si, P, S, K, Ca, Mn,
Cu and Zn) were detected in all honey samples. The
principal mineral components were K and Ca, and
the quantitative value for K accounted for the
majority of the total value for mineral components.
K content in honey varies greatly depending on the
plant source. Chestnuts had the highest K content. In
fact, it was 2-3 times that of Manuka, which is
known as a high quality honey. K content of
false-acacia, which is produced in the greatest
abundance, was 1/20 that of chestnuts.

*!: Morioka Junior College, Iwate Prefectural
University, *% Cyclotron Research Center, Iwate
Medical University.

Development of Sample Preparation Method
for Engine Lubricating Oil Analysis Using
In-air PIXE

Katsumi SAITOH, Takahiro ISHIKAWA*!,
Hiroyuki ISO*', Shuichi HASEGAWA*?,
Akihiro FUSHIMI*, Shinji KOBAYASHI*?,
Kiyoshi TANABE*?, Teruaki KONISHI*’
and Hitoshi IMASEKI*'

International Journal of PIXE, 18, 2008, 47-52.

We originally developed a preparation method for
samples of automobile engine lubricating oil (liquid
sample) specifically designed for in-air particle
induced X-ray emission (PIXE) analysis with
Helium ions. In the developed preparation method,
target samples were fixed by making the oil sample
sandwiches with 1% collodion solution based
ethanol. With this analytical method, elements such
as Al, Si, P, S, Cl, Ca and Zn can be detected from
the oil samples, while Si, P, S, Ca and Zn were the
elemental components of the oil additives.

*l: Fundamental Technology Center, National
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Institute of Radiological Sciences, **: National

Institute for Environmental Studies.
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kBB THDZ LRI IR, KKPTD
17a(H) 21B(H)-hopane DERSF %M IET S &,

LHEBEHMTH, RFEEDZY 1TaH),
ZIB(H)-hopane BEI/NIWVRITFIZEEED»- T,
Lo, IRELEEMOF / B+ (K 0.032 pm
UT) X, »RDERPEATVWEN, T/ 1VE
ERSETDET 4 —EAHERT 2K FICH kT
B ENTEBEINT,

o EMBRENAR, ¢ BARE#HEE Y —

V—RAETILEZEERBLE-AXKR SR REEA
FIZTDINT
EEE N
2 EREMSE, 33,2, 2008, 109-115.

K& OYE B E OBLRFSE R b JEHIR DAL
BRUBELZRDLMEIL, Wbwd THffE)

Wb, —MREEE LTI, SHOMAT
BRIZITo TIRESMAZRD 5 HER, ZIHED
HERREZRAOCTHRIT2HFESHAVLR B0,
BACEMOEBML, 20X ERITH Z

LIXREERBERD S,

ZZC, THHREIL TR ECFEETS, | &
WO RANCE D&, BRAEROAME LHRE, X b
R & BIER S IITBRREERDD Z N
TEHY—RETNVIZERL, ZThE ¥REILG
RALT, [SEEHREAE R O HEHFE O E &
MEAERD L S LB PEHIROAIE L ME S
REFIZCESD D Z LT —MRITIIEETHHN, Zh
HBOMBANBONRDEZ EnD, 2y ZRTHE
BEICHHEEEZ 72y b UISEHHRE S AR
LEZDZEBRTE D, HHIROAME L & 2
PEHHIENRF O, T, SFHMEL2 525
EHEHIR DM BER /N D, EEIZIE, TR
HAAELEIC LT EME LN T 2B
REKV AL Z ENRFETH D, ARHE ORI
BOYEHEE DHEHMREOHEITFIRE L & X
Lbiad, i, SeHmE A ETE 542003, 58
ELABEOBENL, ST OMBEHEETED
IR MR E BN D DOER
RELE ORGSR OHEICLE L 2D FIEIZ
DNWTHER, FIFBIZ LV, KIEOERATHEMEZ R
AEL 72,

EINBERTREBICS T IHBEBEOER
FoKitl

KIS+, fMBEA, RBEEF,
N, AAm R

KER 2355, 32, 1, 2009, 29-32.

EJHRRE FHREICR T3 pHIE TORREERD
—HRE LT MK TOHMILMEOERSM AR
BELE, EJNRRTHOBEB)NIR)I A SRR L
=MDV T, 16S TRNA O EES| 247 L
R, PBESEBLELMEO —FETH D

Acidithiobacillus ferrooxidans & FARME 100% % 7~

TEEBIEHMENEENTWBE I 2R LE, M
Bl EZ P ich BBk EIO 8 #Haizon
T pHZHIET S L EHIZHEAKEERL, MPN
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B L0 gBIbEoEK T ED, TORRE, Jerrooxidans DAL U= pH 2~3 OREERE
pH G HE L OBEZELLEATFEMAIT 4 o027V FTT, 10°~10° [MPN-100 m/'] OB %5 L,
— o b, E)RRRAKPHATHE) - TR KRE LR EIR A
BEINOMMNAZREICBT 2R TX, 4
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