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BOWTHONMBEREOEOVEEITH D, T ld, FERRIUADBAFR 21T\, EILHR EROREH 3t
THMITEDOHIRE L 2 HIFEWET D Z LI L W, Zo TEERRINAR] 13, #28
Zeth 3 o Mgkl e & AP ROREBHI BIGH ST 5,
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S BIZRA PIXE & FHZE PIXE % [RIRFZATV, 72 2 2 OBV T 2 FIRFIZIT 5 THZE « KA
RSS2 5B OBFE 2TV, BUEIZRZ PIXE BT 5 12 BRI 2T 4
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Wiz TRERRIAR ) 72 EOWIAZ33E L, KL EOBETHEOWELEITH, —J7. No. 2 %
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ZHDNABS THY 2, oKk a— FEHVIE, Wink 5BMERTGIROWRIE (77 =
~$~w-5y$—w-7ﬁx%y7-%5»%&%&%@@%%@@)T%%@Lﬁ@ﬁ%ﬂ
—OFNETHE - EICIRET DI ENTE D, ZOHEORBICEY . Bl X 5 I2ETEN
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DOARFREHZ R LTI, 1ec DKEERy T 4 72X 0 F 22— 2 A ., 1000 ppm @ In - Ag -
Y 7p & OERER & 10 pl £ U % vortex mixer THJ—{bd94uE, 10 ppm OREHIFAR CTE 5,
FNEEFE UL IFEAN Yy F VBRI T LERSE X —F7 > NOHR ERDY L7225, kS
JROGGEITIE, 85 100 ppm ONEHERELARINT 5, K 7 ICEXy T 0 U 710 K BKRER R
DFNEE T,

®
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6

mixing

l
Liquid (|
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Vortex mixer solution

7. ERYy T4 U TIC & BKEHAHOFIE,

4.2 HHEEIRAEIE

NMCC (Z331F 2 — M D AEWRREHT 3 5 E EIEDEARITNEFELE TH H, AEDHEH DT
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D FBEDER LI TNTR, b L7 A RGEUEH e L o6 B—MEICRIBERE L 258 620
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iz L L %), 2V EWRE OREERRNE D IEEL 75> TV 5, X 8 ICRYERIK L D FIE
R,
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2N
=" [

Heating with kitchen range

| I—

Weighingof A ddition of the internal
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@ drying
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L, 7 7 v CRBHE )R ZRNICEEE & IR EER 2 ANNEEMER (B A HBIRIR) %
W, B Ly yERAWTKRE, Bkl (RICBRIEERZRNT255055), NyF v
JHEEICH T « fip S 24—y bEeT500THY, BRI ET RN E L . £ D
BERVWHBMENGOND Z EDNHREN TS, L LME—DORAZ, 7vHE-EE-RFE- 3
URREO T I UOEBEOTLENBSRT HRICH Y  ZDIDENLDOTE I E D
HIE T 2EAICIT A TE R, WIKALIEO FIAOFEMIT, 2530k 35 22 I,

EDICREEK (MRaETERRKACEHE) 13, KIELE#K, EB 2y —7 v N &Ek
T2 HMT, RILEZETE LNy F o 7 EICEET 2 HEORELIT> TS ¥, Zhbo
JFEOREEE « FEMEIT . NIST-Bovine Liver %1% U & 92 Bl R UEGEL O 230 i 5 2 %A &
g% Z L2 K0 FICHER S AL, BEERUEL O /3T I X BLAE &£ C 1000 Bl A8 2 T D,

4.3 MERNIPZEX

R IRALIE T A R ORENCE I TH DA, 1B - B - BERIK 2 & O SR TR
REN DB TE AN CH 5, Fio, Bk MR | (XPNEEEORMZ LI & L2
B, ZOFELEEY~ N 7 ARBHCOAEHATRETH D, TOHHAE T NGE Z ¢
F~ MU 7 ZAO\ARRBHIKRT LT, BARRONEIEEL WD DR RN | 2 ML LTz
W, KEZ ATV AH—ARy (PAd-C) HRZNMEEL LTHWE LD T, A/ vk Tk
X% 10000 ppm & 7D K OCEREHZIM LS —{bT 2D THY | B—M - BB Tl
BT RELDOTH D, Pd-C HIKRZHND Z &EDFLEIFTN 20 dH 0 . = 513O Pd-C 28 5%
Palladium (LS TW 5720, D EOREHIRTT 2 NEMEEDOFL &R E MR TS, @ Pd ©
L-X rays 28 Ar-K fHEIC 2 728, ek O HTiE IS IR E B LY - 2 720, @) PA-C TR T
boT2, ke DY —MERIRTHRTE S, RETH D, ARIEILS um LT ORI 1Zx LT
RFER IR E RN S, ME—D R ST Pd-C 12 Fe, Zn, Ca R EDORMMNRHHETHY ., =
D DILFEOPREIMRNFEHI I L I EICRENE T 5, 20846 PA-C 2N 724 —7
T RS D 1 THEOEEZRD, RIZ PA-CERINY —47 » b &HELE D 1 55# % N
YL Bp L CERSH AT O “HIEENE BRD, 5 um BREDORE TH->Th, Na~Al £T
DART RV F—X FRKkE U THIRL N O B SRR & 72 223, EORIEL B RS 1272 5
FTHRVIR LT FIELBRER SR D, BRNEEE TR SN 2 —%  ME, BRo T
BRI AR THRIE 21T 5 BA N LW 100 X 9 ITKRINEREEAEEIC & 2 3B O FIEZ R~

1% Collodion
\Sollltion
L ] Powdered Powdered internal o o
samples standard (Pd-C)
Weighing of © ©

the sample

@ @ Sample
<1lmg

. Homogenization
Powdering =

———

B 9. MRMEELRICE D HMALDFIE
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4.4 HEYHBIIHT HMARNEIREER

BERZOSBHICBWNTCIE, 7yR R0 UNERTRERD I ENEL, 280
KEZOBENL L IAVRORENEELERERFOBENH D, 4-2 THA LI-EERKILE %
AW EE 2N oiTiTFE kb, FEMESCE LR Y, IRIESEIC X » T —#nkbnd &
BRESNsTHz L H 5, FFICERENEICBWTEER Y v FZONM21T) BT, #i Ge Hilligss
AW AT D AR L2 2 IR O Y TH 508, Z OAREFARE b N e 7 5%
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What can be performed by means of PIXE at NMCC?
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Abstract

The Nationwide-common utilization for PIXE at NMCC has been carrying out since April 1993, and
more than 100000 samples have been analyzed up to the present. PIXE has been applied to many studies
in various research fields. As a result, the samples analyzed have diversified shapes, characters and
compositions. In order to cope with these diversified samples, we have been continuously developing the
methods of measurement, data analysis, sample preparation and quantitative analysis. Now, one of our
catchphrases is “We’ll perform quantitative analysis of any kind of samples”. Especially, the standard-free
method for quantitative analysis made it possible to quantitatively analyses infinitesimal samples,
powdered samplesand untreated bio samples which could not be well analyzed quantitatively in the past.
It also allows us to carry out quantitative analysis of untreated samples, and it saves labor and time for
procedure in target preparation. Moreover, “The powdered-internal-standard” is working miracle in
analyses of high-Z-matrix-powdered samples such as soil, rock, ash, dust and aerosol.

The recent topics are as follows. In in-air PIXE, a physical method of quantitative analysis was
established and the samples which has been difficult to be analyzed in vacuum can be quantitatively
analyzed in in-air PIXE. Moreover, standard-free methods for various samples have been developed in
in-air PIXE, and it becomes possible to quantitatively analyze the samples such as a drop of oil and living
plants which have been difficult to be quantitatively analyzed by traditional methods. In in-vacuum PIXE,
the standard-free method for organs taken from patients and experimental animals has been established
and it becomes possible to quantitatively analyze very small organ samples of less than 101g. These
methods have already been applied to many practical studies.

Keywords : PIXE, Quantitative analysis, Standard-free, Internal standard, External standard, Living
plant, Organ, Oil, Measuring system, In-air, Spectrum analysis, Small quantity, Clinical
samples, Experimental animals, Environmental studies, Human exposure, Toxic elements,
Powdered samples, High-Z, Untreated samples, Absorption curve, Efficiency
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X7 a2 BITRD 4 SO X A TRHRENT WD, ARBFZE TIIRK H AL EE U8 B a0 R & BRI T
AV A b, MECEEOHEREKIIEREEZ AT 5L &5 (Herrington et al., 2005, Fig. 2) Ural %,
Baimak 8K & AP ZE % G & L7z, Baimak BUSLIR I DUV CITERIEILR & Rl ¥ A 7 & 32 Afi# (Herrington

etal, 2005) &, BRI OFE AR 5 I Table 1. Type of volcanogenic massive sulfide deposits in Urals

D H AT T DM (Glasby et al, (modified from Prokin and Buslaev, 1999: Matsukuma and
2008) 23d 5, Horikoshi, 1970).
Ural BUGEPR 13, BEERSL, PORESHEL A2 &
T f i H . .
KE LI eEa s, 01k dzxs?ts :;it::c m(::s Major elements Oré minerals QT:Z:;W
’_‘Af(ﬁﬂﬁklj Cu-Zn "G%?ﬁ/)”— b ":) —ji szzlt:opyrite ;ear:;‘r?;‘me
Back- d  Rhyolite- halerit it
Baimak RUSER 1%, RANFL, PAERENSL, 7 Usatiype inT;-aarrcC;:sin Ba::ltle euzn ;parac:;t: hm:rgzztee
pyrrhotite electrum
EAE I R R e L DI (= 3 i A bkt )
. pyrite tennantite
Cu-Zn (-Pb) -Ba THRE ST HL5H (Table chalcop.yrite bornite .
) i ” ) Dacite- sphalerite arsenqpyrtte
1 ; Prokin and Buslaev, 1999) ° 1ﬁ%kﬂi\ Baimak-type Island arcs Andesite Cu-Zn -(Pb) -Ba galena argentite
barite germanite
H ZKODZHZEHE@%@K%PE L iﬁ\ﬁ;\[ Lf:f’ifl% jalpalite
electrum
f‘ﬂ/ﬁ\‘ﬁj EEOLINTWVWD (Table 1; pyrite ] tetrahedrite
Rhyolite- chalcoplyrlte bornite
Prokin and Buslaev, 1999) . Kuroko-type  Back arc Basalt Cu-Zn-Pb-Ag-Ba sp:laleme electrum
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KAIPESRIRBAL IR 1 Z TR baits

OME (Klau and Large, 1980) | #LIRH D FZE4JE ks> (Hutchinson, 1973) | #i&35 (Sawkins, 1976)
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JLA D Cu-Zn-Pb DE A ERICE S X, FriaMa L7z,

BhEg - 4 = -
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BUREOEREAKIEEEZ A &35 (Herrington et al, 2005, Fig. 2) .

a) cp, sl-rich ore . b) cp-rich ore

Ural-type Molodezhnoe VMSD

e : > e L
Baimak-type Dusa VMSD [} Baimak-type Safyanovka VMSD = Baimak-type Dusa VMSD Baimak-type Safyanovka VMSD

Fig. 3 Representatine ores of the Molodezhnoe Dusa Fig. 4 Photomicrographs of ore minerals of the

and Safyanovka volcanogenic massive sulfide Yaman-Kasy, Molodezhnoe, Dusa and
deposits. a) cp-sl-rich ore, ; b) cp-rich ore, ; c) Safyanovka  volcanogenic  massive  sulfide
py-cp-rich ore, ; d) sl-gn-ba-rich ore. py : pyrite, deposits. a) cp-sl-rich ore, ; b) py-rich ore.
cp : chalcopyrite, sl : sphalerite, gn : galena, ba : Tellurobismuthite and clausthalite occur in the

3 HLEDHEH

Yaman-Kasy #.f&  (Ural &) 1, Eﬁlﬁlﬁi POHENIRNIC S Tediq 2 FEIL A & 95, ALK TIIfh o #
A 7O KIPESRIR AL FER I ITFR D B AL WEEERINIZ & Tl A HE T %, Molodezhnoe $I27K  (Ural
) OEFHAVIEMIL, PG Th D20, —EIITEMIL, PHMILIC SO Aa I RO EMA L
atebo (Fig.3a) bbb D, Eio, HEFUCE A (Fig. 3b) | BEMIKICE LI A S EHT 5, Dusa
PLPR (Baimak ) o EEHL AT, AL A EARE Lfif (Fig. 3c) CToh b, Safyanovka K Tl EHE
oA L UCHERgL, MHEehIlc B Oodin, ML EOIA 2 EN T 2, AREUR TIZBIGLR OB
O BRI, L PAHEN L. HEndh, ESA S TR E o 28m (Fig. 3d) © A BEHT 5K %
%D, Safyanovka JLIK TIERAEAINGRD H AV, FLR FHE CITEEINICE Tofim 28 . JLAR LE Tl
Pi, POMSHEMICE LI ANENT 5, SHICHR EFICEWTRIENIE ANV EENT 5, 20 X957
BOWBRCANT BILILIR D EESR, WEEL, BIL0 BAERSNEET 5,

4 LBIGYMESE

ARWEZECILRERIR, SEEREL, PAMEREL, Jrdndl, B A OFERIZEH L, Ural B!, Baimak %I, 2
SRR IO LM E SR BRAL P SE IR D SEM MRS & T L7z (Table2)
4.1 Ural 2 VNSD—Sitnfi &t

Yaman-Kasy #LK OFLAIE, $EEHE > S ERHL > [ digh s > I %@®@%%ﬂAﬁT%1§(60f bhd,
o, WL > MBIL O AR 2RO A b ENT D, DEEN BEILOHIZT VLVEREL, &
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L ogndlh (Fig. 4b) ZBEMET 2., ARFUR TIZ G EEE, =LA XD 572y, Molodezhnoe SRR 1L, ¥

%ﬂ>ﬁ%ﬂ>%ﬁ%ﬂ>@ﬁ%%(ﬁg%)®ﬂ%ﬁéﬁfﬁ@ﬁﬁ%ﬂéoE%%K%Uﬂf\%

SFLICE I ABEHR L, fICERREAH 5, EHMINICE LA IRV EDOE L UL, £
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BREDLID,

Table 2. Mineral assemblage from the Yaman-Kasy, Molodezhnoe, Dusa, Safyanovka and Koroko
volcanogenic massive sulfide deposits (Matsukuma and Horikoshi, 1970).

2
Type of 2 8 3 © é
) Deposits Type of ores 2 = e 52 £ T 2 2 o £
deposits e g ¢ = 25 & ¢ £ B 2 F 3 N g
£ 8§ 3§ E ¢S EEg& = s 3 5 5 £ B §F =
& & 5 8 8 8% ¢ § 8§ %8 E 2 o & 8§
pYy, cp, hm - rich ore © O A A
Yaman-Kasy py. cp, mag -richore  © A - — ©
py, cp, sl - rich ore © O A ©
Ural-type py, cp, sl - rich ore O © A © - A
- rich ore A A
Molodezhnoe py 9
cp - rich ore — © =
bn - rich ore O © —
Dusa py. cp - rich ore © — © — A
py, cp, sl - rich ore O © A © A
Baimak-type py - rich ore © A
Safyanovka
cp - rich ore — © —
sl, gn, ba - rich ore — A O © O ©
Kuroko deposits ~ PY - fich ore O O ©
Kuroko-type |destrictin py. cp - rich ore © © — A — A
Hokuroku sl, gn, ba - rich ore = A O © O A ©
Ural R IIPESIRFRAL W HE IR 132 B O B ERFE ., PORLENILIC & Ledi A TRES I b, £ LT, Bk

WA HENDHIIL, BRAOEIRMLEY, FELTLZOREIMD THOR, EEFERITPVET
&% 73, Ural RGER T IR D I L i A,
4.2 Baimak Z! VMSD— L& D 45

Dusa 50K 0§ A7 13 88§80k > 25 8 91 >> PO i h §ik > DU i $GE O SR & TR b s (Fig. 4c) o
ARPLIR CIEPATERIE & DU S dE o0 & A B3R < . Fepdh, EAAIERO Sy, Dusa LK OIS
H ORI, Ural BUER IR L 72 8iii & 2 Ff5>, —J7. Safyanovka $IL 0K 0O 3= ZHL A 13 8K k8L > 3
SREE > PIHE SR PE > WU SASE DS AR 2 Fio, T HESICE R A b EHRT D, RIS IEMI T
% PR SR L > J7 gk > MU dRHL > &l A O SLAL A 2 R o8 A (Fig. 4d) A EPEHT D,

BHLR OLF A D> 5 1%, Yaman-Kasy $i0£, Molodezhnoe #&. Dusa 5K % o $445 > B8R HE5 > PY
FFERFE > V0 $PE DFLFLAE TRM ST o2 AZ2 R TH8KE LT, M—%A4 7L TLLTE
LD LN TE D, Safyanovka FLIRIT ERE O 3 FLK & AR BL A & (1 5 25, BIEALILAZREMET 5
ZLEBETLE MDA T TEHLEEZOND, LML, BIGURE T 5 & Safyanovka FLK
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(CEET DB ATV ETH Y BIHIR L YRR RN D 5,

5 ShEDIEFHERK

5.1 HMFARZER LVAITEE
THEIL AR TEOTEEONIL. & TFERKFZY A 7 ka2 % —o PIXE (Particle Induced X-Ray
Emission) . kK KZ T REPRLEEHA O W63 (Atomic Absorption Spectrometry, AAS) % fu»
Tz, Fe, Cu, EHEIL AAS IEZ V. Taple 3. Chemical compositions of ore samples
Zn, Pb HHEIT PIXEEEZENENH WO 21T from the Yaman-Kasy, Molodezhnoe, Dusa and
~7- (Table 3) , PIXE JE2BHERRIC 1T 886k THLFE Safyanovka volcanogenic massive sulfide deposits.
S LB a A U TS HITHA< RIE L
2o FOMKREZam OF L BWR)IEKTHY

Elements (W%) Fe Cu Zn Pb
Yaman-Kasy VMSD

Ta L7 4 )VAZEEL, O E{To =, A10 327 61 103 0.5

L A11 354 2.9 14.5 1.1

5.2 ERMAMATER - AR A22 327 81 01 05

Yaman-Kasy i O 857 15, $E88E, BARSEIC T Dusa VMSD

g _ " A50 39.1 5.4 0.1 0.8

B P A 2o Lo (Fig. ba) o ALK OFLA AS6 4.7 4.4 0.3 0.5
Molodezhnoe VM SD

0i CU Zn | 77‘ Fﬁ?ﬁéﬁfiiﬁff“/‘ﬁﬂﬁ ﬁ‘ﬂﬁk A107 19.3 3.3 0.0 0.7

BWEITEZ Y, PbizZ LV, Molodezhnoe §i/K @ A112 22.8 1.1 323 13

L . . A113 29.9 35.1 0.1 0.1

FrA, BRSNS EOIA . BEHILIC E i A, A115 251 119 169 17

SEEASL . PIMEEA LI B Tedl o AT LT (Fig. 5a) . A119 14.8 53.4 1.3 11.5

Safyanovka VMSD

ARILR OFLA L. Yaman-Kasy $EFR[F&E, Cu, Zn A167 1.1 1.1 182 116

2 F, Pb 122 L\, Dusa §k K OFE A7 1358 BL85 . Ao She it Le o8

A172 29.2 35.3 0.0 0.0

FEERAPLIC E T im0 L= (Fig. Bb) . AFLK A176 37.3 8.1 07 07

DFA S, CulZEH, Zn, Pb {Z2Z L\, Safyanovka

PR OFL AL, PN B I A, L, RN E Iia . PIHSAIE, FEndL. EAAICE TR
B A 2= b LT (Flg 5b) . AFLKOHA I, Cu, Zn IZE &, PbIZZ LWEA E Zn, Pb ICE Todk
FIZH T oD, Zn, B Od A TR A ORER LRI T e Yy F D,

I ZEtrElwd ., WOX 1275, Ural LD Yaman-Kasy #L K. Molodezhnoe $LpR DL A
I% Cu-Zn, F721% Cu THES T biv, BADBILFUR & Hlg LT Pb MRV A FF>, Baimak B o
Dusa LR DFLA & Cu lZ B LM A Fi>, Lol [AZ A 7L S5 Safyanovka FL0K O FEHET L, Ural
BIEERIZ Cu-Zn THRE ST B b 23, SR O B2 Zn-Pb IZ B o8 BFEET 5, Yaman—Kasy
JK. Molodezhnoe #5/K . Dusa #i/KI% Cu, Cu-Zn THHE DI Hiv 5, Safyanovka #L0K 1 Cu-Zn (2 & Tedk

A0z, Zn-Po \Z & el A % FEH 9 % A8 C Yaman-Kasy 2 O SRR S IX R D A RetE N & 5,
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a) Cu Ural-type b) Cu Baimak-type
0 (Cu-Zn type) Safyanovka VMSD | 1= (Cu-Zn-(Pb)-Ba type)

Yellow-ore

\
\ 0.2 A Dusa VMSD
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5 WA/\AV 5 / W\/\‘
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Safyanovka VMSD
black ore

Fig 5. Cu-Zn-Pb ternary diagrams of the volcanogenic massive sulfide deposits, Ural-, Baimak- and
Kuroko-type ores. Shadow area: representative chemical composition of Kuroko ores (modified from
Kajiwara, 1996).

6 F&&H

AWFZE TIE Ural BLLPESRIRFRAL S 85K T & 5 Yaman-Kasy §0K . Molodezhnoe $5R, Baimak % Jk (L]
PSR AL SEIR T % Dusa $LK, Safyanovka SERIZ DUV THLA O WIRIIFHE, S A, 2L
LR IR E BT LT, a0 WIRMIER S & I AaY, EEIATHEEH &) SIX, Yaman-Kasy ik
J&. Molodezhnoe §i /&, Dusa #5 PR XL 35 AlREMEA & 5, Safyanovka §iR 1% EFE D 3 JE5KR & EEL L 7=
Pz PEM T o0 BMEBEILAEEST 5 2 &b Ural BLKLIMESRIRFAL P IER & 1T R 5, L,
Safyanovka $i PR 1 BELELSL A DPEH N DI T L . B QUSRI L RE & b B2 D AT RE
PERH 5,

LAt U7 R s e O, EE Y T VERR IS 1 Cu, Cu-Zn THIE-S 1 & 5 KSR A b Wik ok
1% < AFAE L. Cu-Zn-Pb-Ba-Ag THHES T 6405 X 9 e B K IIPESLIR AL IR 130 e & b
Do TAYA N, WHCHEOERE KA EE B4 Uz K LESLIRERAL LR 1X, Cu-Zn-Pb THEE S
HBILDZENZVR, AL OSREEIL Cu, Zn ITE A Pb O EH &AM TRWZ &b AT
PR SZ A T ORRE E HITHFT 2 MNERH D,
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Abstract

The volcanogenic massive sulfide (VMS) deposits in South and Middle Urals are divided into Cyprus,
Bessi, Baimak-, and Ural-types volcanogenic massive sulfide deposits. The aim of study is to clarify
characteristic features of ores of the VMS deposits (Yaman-Kasy, Molodezhnoe, Dusa and Safyanovka
deposits) in South and Middle Urals based on data of minerals assemblage and chemical compositions of ores.
The chemical compositions of ores of Ural- and Baimak-type VMS deposits were characterized by high Fe-Cu
and low Pb contents except Zn-Pb-rich ores of the Safyanovka deposit. The Yaman-Kasy, Molodezhnoe and
Dusa volcanogenic massive sulfide deposits have similar characteristic, however the Safyanovka deposit is

thought to be different type from the Yaman-Kasy, Molodezhnoe and Dusa deposits.

61



NMCCH: [RIF| FAAFF 5 pc SR 4R SCEE 16 (2009)

ADIz—TUVEY I LI THER) —F UBKEEHLAD
HhER 1L 2F B 45 1

B M, LR EL KHEERE, Allen, R LA, B #HE—IR°

K F KR TR R R R BT R IR e o & —
010-8502 kW FEFEMT1-1

2o R M ER B BR B L
EE = B chl B[R

SR ZEEERZHAENIE S & —
010-8502 kW FHEFEMT1-1

RY —F R LR A
20 x—F V[H

SETPERKZEY A 7o by ¥ —
020-0173 = FIR7A FRRFE IRAT IR T84 13 %k 348-58

C =]

AU x—7 VEIEH Y = U7 T HUIRBEEICALE T 2 5 ah Y —7 CHREE W ERIR X, 18.9~18.5(K
FEO KBRS CER Sh-Ema et CEH15 ppm) OFEE LTMbTWb, R Y —F VHE N
D OFEA DAL FRVREIL, SEWHAAE R, JRFBREE, PIXEWE, ICP-MSIEIZ X (L PRI HE S W TR
e, RV —FT VRO AL, DR EN, BiimE o B~ YA OmMEIL, ek
Ph, =L 7 N7 LEPED A & BRI, RERREREL. POMESREE, SRENPL, WmESsL, BEgL, T A X VL,
HRE A~ A5 72 5 8l 2 & To s8R EE — S8 — PUdERIEgi A CTh 5, RIFIXBE U N D,
TADOTIOGHEEAUGAHEORICIZTIEOMEANRD D, £/-, LTI (TiOy) X, AU —F VL
IROGFE KA =AYV FA DR OMBUEEERICHET 2, SEWHEE LAk FkOT — ¥
WX B EERSEREBUKRKRIC I &R SN2 & &2,

62



NMCC ANNUAL REPORT 16 (2009)

Geochemical characteristics of gold-bearing ores of Boliden deposit,
Skellefte district, Sweden

Zhang, J. D.?, Ishiyama, D.*, Mizuta, T.%, Allen, R. L.* and Sera, K.

'Center for Geo-Environmental Science, Graduate School of Engineering and Resource Science,
Akita University, 1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

?School of Geoscience and Environmental Engineering, Central South University
Changsha 410083, China

® International Center for Research and Education on Mineral and Energy Resources, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

*Boliden Mineral Exploration Department, Sweden

>Cyclotron Research Center, lwate Medical University

348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

The Au-bearing Boliden massive sulfide deposit located in the eastern part of the Skellefte district in northern
Sweden was formed in a volcanic arc setting at 1.89-1.85 Ga and well known for its high gold grades (average 15
ppm). Chemical characteristics of ores from Boliden deposit were examined in this study based on the data of
mineral assemblage and chemical compositions of ore determined by AAS, PIXE and ICP-MS. The ores of the
Boliden deposit are divided into two types, aresenopyrite-rich ore consisting mainly of recrystallized euhedral to
subhedral arsenopyrite, pyrite, electrum and rutile and sulfosalt-rich pyrite-chalcopyrite-sphalerite ores
consisting of pyrite, pyrrhotite, sphalerite, chalcopyrite, tetrahedrite, bournonite, laitakarite and native bismuth
which cut the arsenopyrite ores. TiO, and Au contents of the ores show a positive correlation. Rutile is also
associated with acidic alteration zone composed of quartz-andalusite-kaolinite of the Boliden deposit. Data of the
mineral assemblage and chemical composition of ores suggest that the gold mineralization was caused by acidic

hydrothermal activity.
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1. Introduction

The Au-bearing Boliden
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Fig.1 Location of the Boliden deposit in Skellefte district. Modified from
Weihed et al. (2005). geochemical investigations
indicate that the Bolden deposit
may is a high-sulfidation-type epithermal sub-seafloor deposit formed by infiltration and replacement (Allen et
al., 1996; Weihed et al., 1996). Particle induced X-ray emission (PIXE) can been used to analyze minute
samples smaller than a milligram, not only simultaneously detects elements from Na to U in a short time but also
detects major-to-trace elements at the concentration level of ppm (Vaggellia et al., 2003; Saitoh et al., 2002). We
examined chemical composition of ores from the Boliden deposit by PIXE and ICP-MS to know the chemical

characteristics of the ores based on the relationship between Au concentration and other elements in the ores.

2 Outline of geology

The Boliden deposits are located in the eastern part of the Skellefte district in northern Sweden which has
been mined for base and precious metals in the early 1920s (Allen et al., 1996) (Fig. 1). The deposit has mined
8.3 million tons of ore including 128 t of Au, 411 t of Ag, 566,000 t of As, 118,000t of Cu, and 2.1 Mt of S. The
massive sulfide orebodies of the Boliden deposit occur as a set of elongate lenses, obliquely cutting the host
rocks structurally. The lenses trend east—west with a roughly vertical dip (Wagner and Jonssor, 2001). Alteraion
of the Bolden deposit can be classified into two types: sericite-kaolinite-andalusite zone and chlorite zone. The
sericite-kaolinite-andalusite zone is surrounded by the chlorite zone. The orebody occurs in the
sericite-kaolinite-andalusite alteration zone. The samples used in this study are of upper (Borehole 24) and

middle (Borehole 64) positions of orebody.

3 Mineral assemblages of ores

The two different types of ore can be distinguished in the Boliden deposit: aresenopyrite-rich and
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sulfosalt-rich  pyrite-chalcopyrite-sphalerite  ores. The occurrence mode of the sulfosalt-rich
pyrite-chalcopyrite-sphalerite ores cutting arsenopyrite ores suggests that the arsenopyrite-rich ores were formed
prior to the formation of the sulfosalt-rich ores (Figs. 2B and 2C). The arsenopyrite ores are generally
fine-grained (Figs. 2A and 2B). The ores consist mainly of recrystallized euhedral to subhedral arsenopyrite,
pyrite, electrum and rutile (Fig. 2A, Tablel). The mineral assemblages of sulfosalt-rich ores consist of pyrite,
pyrrhotite, sphalerite, chalcopyrite, tetrahedrite, bournonite, laitakarite and native bismuth (Fig. 2D). The gangue

minerals are quartz, biotite, muscovite, andalusite, kaolinite, sericite, and chlorite.

Fig.2. Photomicrographs in reflected light showing representative textural relationship for
aresenopyrite-rich ores and sulfosalt-rich ores, Boliden deposit. A. Anhedral rutile crystal
enclosing electrum in fine-grained and partially recrystallized arsenopyrite ore. B. Typical
sulfosalt-rich vein consisting of chalcopyrite and pyrrhotite crosscuts fine-grained massive
arsenopyrite containing numerous silicate and sulphide inclusions. C. Pyrite porphyroblasts
coexistiong with sphalerite and chalcopyrite in sulfosalte-rich vein. D. The intergrowth of
tetrahedrite, bismuth and selenium-galena formed the veinlet occur in massive chalcopyrite.

Table 1. Mineral assemblage of typical ores of Borehole 24 and 64 of the Boliden deposit

Sample Type of ore pyrrhotite pyrite Arsenopyrite chalcopyrite sphalerite electrum  rutile quartz

Boliden 24, .

py-cp-rich + +++ + ++ ++ ++
99.71-99.73 m
Boliden 24, .

py-asp-rich +++ + + + ++
138.00 m
Boliden 64, .

asp-rich +++ + + + ++ ++
14.07-14.09 m
Boliden 64, .

py-cp-rich + +++ ++ ++ + ++
21.80-21.83 m

+++ abundant, ++ moderate , +a few
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4 Methods

The rock and ore samples were prepared using PIXE developed by Sera et al., (1999), where the bulk
sample was ground into fine powder in an agate mortar. Thin targets were prepared by taking about 0.1 mg of the
powder and putting it on a 0.40 um thick polypropylene film, dropping roughly 1ul of 10% collodion solution
diluted with ethyl alcohol on it to fix the powder, and drying the film through a oven, then keeping the film into
the polypropylene bottle. Chemical composition of the samples was determined by PIXE at Nishina Memorial
Cyclotron Center (NMCC), Japan Radioisotope Association, using 2.9 MeV protons from a baby cyclotron.
Beam currents, the accumulated charge and the typical measuring time were 20-40 nA, 11-19 uC, and 5-10 min,
respectively. X-ray spectra were analyzed using the SAPIX program.

Quantitative data were obtained by the combination of data determined by PIXE and Cu and Zn contents of
corresponding samples analyzed by AAS. The ore samples examined by PIXE are also analyzed by ICP-MS
described by Satoh et al.  (1999).

5 Results and Discussion

The analytical results by PIXE and ICP-MS are summarized in Table 2. Ores of the Boliden deposit
consist mainly of arsenopyrite. Therefore, Cu, Pb and Zn contents of ores in the Boliden deposit are low and
range from 446-19600 ppm, 429-1590 ppm, 28-27200 ppm, respectively. On the other hand, arsenic content of
the ores is high for the arsenopyrite-rich ores (maximum content of 249000 ppm), TiO,, Ag, Au and Bi contents
are also high in the arsenopyrite-rich ores (4940 ppm TiO,, 55.0 ppm Ag, 1730 ppm Sb, 36.4ppm Au and 762
ppm Bi). TiO, and Au measured by PIXE and ICP-MS shows a positive correlation (Fig. 3). The electrum
containing Hg were observed in a rutile crystal in the arsenopyrite-rich ores. The mode of occurrence of electrum
accords with the data of TiO, and Au contents of the ores. Rutile is also present in altered rocks composed of
quartz, andalusite and kaolinite and is thought to be formed by recrystallization of the acidic altered rocks
surrounding lenticular orebodies of the Boliden deposit. The positive correlation between TiO,and Au suggests

that gold mineralization was caused by acidic hydrothermal activity.

Table 2. Chemical composition of ores from the Boliden deposit

Sample TiO, Mn Co Cu Zn Ga As Sr Mo Ag Cd In Au Pb Bi
Boliden 24,
39 129 5 7000 27200 33 1860 0.37 2132 477 171 14.70 0.31 429 13.2
99.71-99.73 m
Boliden 24,
1050 34 184 820 3000 1 6920 1.75 0 8.51 13.5 0.21 7.26 452 13.6
138.00 m
Boliden 64,
4940 18 480 446 28 2 249000 0.99 645 55 1.55 0.36 36.4 1594 762
14.07-14.09 m
Boliden 64,
718 486 29 19600 1310 21 37900 14.67 0 41.90 12.2 9.96 3.37 453 24.9
21.80-21.83 m

TiO,, Pb and As contents were determined by the combination PIXE and AAS, concentration of other elements were determined by ICP-MS. unit: ppm
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Solid diamond: asenopyrite ore; Solid square: pyrite-arsenopyrite

6 Conclusion

The geochemical characteristics of ores from the Boliden deposit examined on the basis of mineral
assemblage and chemical compositions of the ores. The two different ore types can be distinguished in the
Boliden deposit: aresenopyrite-rich and sulfosalt-rich ores. The aresenopyrite-rich ores consist mainly of
recrystallized euhedral to subhedral arsenopyrite, pyrite, electrum and rutile. The mineral assemblage of sulfosalt
ores consist of pyrite, pyrrhotite, sphalerite, chalcopyrite, tetrahedrite, bournonite, laitakarite and native bismuth.
The positive correlation between TiO, and Au contents suggests that gold mineralization was caused by acidic

hydrothermal activity.
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Abstract

The Chatree gold deposit is classified as a low sulfidation epithermal deposit. Gold mineralization
at Q prospect occurs as veins and stockworks in andesitic volcanic-clastic and volcano-sedimentary rocks.
Gold mineralization of the deposit is divided into four stages; Stage I: precious and base metal
mineralization, microcrystalline quartz with minor dendritic pyrite, chalcopyrite, K-feldspar and calcite;
Stage Il: barren coarse-grained comb quartz; Stage Ill: barren medium-grained mosaic quartz with minor
pyrite; Stage IV: precious and base metal mineralization (stockwork), fine to coarse-grained quartz
showing flamboyant texture, K-feldspar, calcite, fine-grained pyrite and chalcopyrite. Stages | and IV are
characterized by dendritic and flamboyant textures suggesting rapid crystal growth, higher gold, K,O and
CaO contents. Stages | and 1V are thought to be formed under highly supersaturated hydrothermal

solutions caused by boiling based on the texture and mineral assemblage of ores.
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1 Introduction

The Chatree deposit is located about 300km north of Bangkok (Fig. 1). The deposit is in the
central part of the Loei-Phechabun-Nakhon Nayok Permo-Triassic volcanic belt (LPN). This belt extends
from western Lao along the western edge of Khorat plateau to the Cambodian central plain (Bunopas and
Vella, 1983, 1992; Charusiri et al., 2002). The Chatree gold deposit consists of several prospect areas. The
deposit has an estimated total gold production of about 5 million ounces and 35 million ounces of silver,
with an average ore grade 1.07 g/t of gold and 7.5 g/t of silver (personal communication). Gold occurs in
quartz-carbonate-sulfide veins and stockworks in a sequence of volcanic rocks (Jame and Cumming, 2007;
Salam et al., 2006).

The Hishikari epithermal Au-Ag deposit is located in Japan. It is one of the richest gold veins in the
world. Gold reserves are estimated to be 150 metric tons at an average grade of 80 g/t with ore produced at
a rate of 350~400 metric ton/day (lbaraki et al., 1991). The veins in Hishikari deposit are mainly quartz,
adularia and smectite showing banded structure. In comparison with Q prospect at the Chatree and the
Hishikari deposit, the characteristics of width of veins, ore grade and mineral assemblage of Q prospect are
different from those of typical epithermal quartz veins such as the Hishikari deposit.

The aim of this study is to clarify confirm that the gold mineralization of Q prospect is epithermal-
type mineralization based on data of textures of quartz and chemical compositions of ores.

20°
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Fig. 1 Map showing the location of the Chatree deposit in Loei-Phetchabun-NakhonNayok Volcanic
belt (LPN) (partly modified from Charusiri et al., 2002: Cumming et al., 2007).

2 Outline of geology and ore deposit

Geology of the Chatree deposit is composed of oceanic and continental arc complexes that
developed before and during the suturing of the Shan-Thai and Indochina Terranes (Charusiri et al., 2002).
The geology of LPN volcanic belt including of the Chatree deposit is composed of conglomerate, sandstone,
shale and limestone dominate the district-scale geology of thick Carboniferous to Early Permian
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sedimentary sequences. The Chatree deposit occurs in coherent andesitic to rhyolitic lavas, which is
overlain by fine-grained volcaniclastics, epiclastic siltstone and mudstone (Fig. 2) (Corbett, 2006;
Cumming et al., 2008). Alteration in the regional scale is associated with volcanic centers and major NE-
SW fault systems (Corbett, 2006: Crossing, 2006). Alteration of southern part of the Chatree deposit is
propylitic alteration (chloritetepidote-calcite-pyrite), while alteration of northern part of the deposit is
argillic and phyllic alteration (sericite-illite-quartz-pyrite) (Cumming, 2006).

The radiometric age of gold mineralization of the Chatree deposit is estimated to be 250.9 + 0.8 Ma.
The age is close to the emplacement of the andesitic volcanics (Early Triassic) (Zaw et al., 2007; Salam et
al., 2007 and 2008). Granodiorite intruded in the southern part of the Chatree deposit. An age of
granodiorite is estimated to be 244 Ma suggesting the age of post mineralization in the area (Zaw et al,
2007; Salam et al, 2007 and 2008). Dikes are cutting all of rock units.

1803000mN

Fig. 2 Geologic map of the Chatree deposit (partly modified from Salam et al., 2004).

3 Vein characteristic and Petrography

The area studied in Q prospect is one of the major prospects of the Chatree deposit (Fig. 2). There are
many veins at Q prospect. The veins are orientated along NW-SE, NE-SW and N-S direction with moderate to
steeply dipping. Veins mineralized also occur between strata consisting of volcanic-sedimentary and andesitic
volcanic-clastic rocks. Gold occurs in veins and stockworks with minor amount breccia of the andesite
volcanic-clastics and volcanic-sedimentary rocks. Gold-bearing veins are composed of mainly quartz, adularia,
chlorite, carbonate and sulfide minerals.

Mineralization stages at Q prospect were examined on the basis of cross-cutting relationships of veins
(Fig. 3). The stages are divided into four stages:
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Fig. 3 Paragenetic sequence ore and gangue minerals of Q prospect at the Chatree deposit.

Stage I: light-dark grey quartz veins, veinlets and breccias containing precious and base metal mineralization.
The constituent minerals are a large amount of microcrystalline quartz with small amounts of pyrite (dendritic
pyrite), chalcopyrite, K-feldspar and calcite.

Stage Il: a large amount of barren coarse-grained comb quartz with a small amount of coarse-grained pyrite.
Stage IlI: a large amount of barren medium—grained mosaic quartz with small amounts of pyrite and chlorite.
Stage IV: Ores of stage IV shows network structure composed of mainly quartz and calcite. The stage IV is
characterized by a precious and base metal mineralization. The constituent minerals are fine to coarse-grained
quartz with small amounts of K-feldspar and calcite. Clasts of stages | (dark grey quartz), Il and Ill are
included in network as breccias.

Fig. 4 Photomicrographs (crossed nicols) showing quartz texture from stages | to IV. a: Microcrystalline quartz
in stage I. b: Comb quartz (stage 1) cutting fine- grained quartz (stage 1). c: Mosaic texture of medium-grained
quartz. d: Flamboyant texture of quartz in stage IV.
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Gain size of quartz from stages | to Il changes from fine-grained to coarse-grained according to
progress of mineralization stages (Fig. 4). Stage | is also composed of a large amount of fine-grained pyrite.
Quartz in stages Il and Ill is medium to coarse-grained quartz crystals. Stage IV consists of quartz fine-
grained to coarse-grained with large amount of pyrite, chalcopyrite and sphalerite.
aggregates of fine-grained quartz and inclusion in pyrite in stages | and IV.

Electrum is abundant in

4 Geochemistry

Twenty-six samples were analyzed by PIXE at NMCC and ICP-MS at Akita University to clarify
geochemical characteristics of gold mineralization of Q prospect. The chemical contents of K,0, CaO, Au, Cu
and Zn components are shown in Table 1. The variations of Au, K,0O and CaO contents accord with the
variations of abundance of electrum (Au, Ag), adularia (KAI;Si;Og) and calcite (CaCOs3) (Fig 5). The fact that
the positive correlated among Au, K,0 and CaO contents suggests that electrum precipitated with adularia and
calcite. Fine-grained quartz in stages | and 1V also has high Au content. Some samples in Stage | contain
electrum and dendritic pyrite. The mineral assemblage and texture suggest precipitation of ore minerals from
supersaturated hydrothermal solution. Based on the presence of brecciated structure and flamboyant texture in
quartz network veins of stage IV and the possibility that the flamboyant texture was formed by boiling of
hydrothermal solution (Dong et al., 1995), precipitation of gold in quartz veins of Q prospect thought to be
caused by boiling. These characteristics are similar to those of typical epithermal gold-bearing quartz veins
such as the Hishikari deposit. The gold mineralization of Q prospect is thought to be one of style of
epithermal gold mineralization.

Table 1 Chemical compositions of gold-bearing quartz from stages | to IV by PIXE and ICP-MS analyses.

ppm Vg-leu Vg-led Vg-1Lg Vg-1lllw Qgs-3Il Q- Hbx-2IV  Hbx-3IV

Au* 1.0 1.9 24 1.9 0.6 05 06 15

Cu* 356 26.3 296 11.9 1.0 204 6.9 237

In* 1.1 23.8 1909 68.9 291 15.4 1.2 30,0
K,0* 8930 4360 19100 © 6020 474 74.0 183 18300
Cca0* 2710 168 11500 18000 2302 204 916 48300

* 1 ICP-MS %= :PIXE
stage | stage Il stagelll stage Iv

Concentration (ppm)

Fig. 5 Diagram showing variations of K,0, CaO, Cu, Zn and Au contents from stages | to 1V.
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5 Conclusions

Gold-bearing quartz veins in Q prospect of the Chatree deposit are divided in to four stages. The
gold-bearing quartz veins are composed mainly of quartz, adularia, chlorite, calcite and sulfide minerals.
The grain size of quartz changes from fine to coarse-grained crystals according to progress of
mineralization stages. Stages | and 1V are composed of mainly fine-grained quartz with a large amount of
fine-grained pyrite. In the Q prospect, quartz-adularia-calcite may be precipitated with gold in the stage |
and 1V. K,0 and CaO contents of gold-bearing veins also show a weak positive correlation with Au, Cu,
Zn in stages | and 1V. Gold mineralization of Q prospect at the Chatree deposit is one of epithermal-type
mineralization and the gold mineralization could be caused by boiling.
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METEHFEEANNOECFAS EBMERD D

NS L Ak =1 HRE—RL°
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020-0173 & FIRA FRCFEIRAT T4 23 2% 348-58

1 [FC&HIC

B 703, AR 5 G a0 AR SRR IS A28 U B T AR o0 el 2 PRtk & 9 20128 it a5 120,
BARLHY, HTFKERERNEF MR TH D, Fo, HEEE D EZTEE T2 I OBED) S |
TN EE 280 AR~ LR 25, WIKIT, OO E KRBT S 45 #E T K O—H A3 H
L7ebDEEZLNT VD, 1> T, WIKICEFT 2555 (0.45um D7 1 V2 —Z @@ 2 sy 5 B
AR Y) MBI ZE LTV DSy (0.45um O 7 ¢ )V X —Z 5@ L 72 WSy 5 LA R IR Ay ) 13,
Z DOHUIBIZFHEA B A2 R S HEE S D, FKHE R A2 5b 5 & L 7l RSO K OF 5813, Pk - i (L
VONHEIEND R ERH D, R Y X, BAKE T RO O pHL KR, BERREE, HFKE OMAE
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15
P
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g

D)
RpLFZHE L TWD, AHZRIE B, KN 2 & T IR OKE O R & #E & ORE 2 B5 4
H72I2, FKETWNO EEWJIKOEAFR D (FACERS. RS M ORRE S ORI DWW TRE

NI ZITO 2 2 B E LT,

2 SAlE & UHE KR

KR S B L RK R P R BRI R ICALIE S D, AR O R 720 )110E . A1 & PRk & % b
WO K2R s 3 2 )1, R BRI ED 47 TH 5 (Fig.l) o EFSIINEHKHE L
2 DR A~ B & RPN R T HOHE D B [BEES I~ a8 NIRRT 2 & HEB I ~E 0 L
TN RAARME~ AV 5, BN )1 T 15 km, JEJIIT 35 km, K1 T 42 km, 5 B)1l 50
kR T AKRIC K DAEEAEITAILKFR T 650m, K FILU/KFR T 1100mFEE Th 5, AHUI O HE X,
FKH M AEHE O RS (R 1170m) 722 b IEE O B ARME~m v B LWHIE R 50T 5, KL G

AFBF T A A OAERE 230 A9 % o KFBF H 70 B Bk T AR 1S 20 1 T =Rk

J&& 2z | HA A - TR XRCE | &) 8 B R S

A Manaitayama(722m)

Kamishinjyou R. @
(S @
Asahi R.

@-
68— ®ﬁ®c 5

Akita City A Taiheizan
© (1172m)
@
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Iwami R.

g RGeS REESFE S v Ma . i g i

SN

EDNEIZH LWHE RS D, 5km
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(11,79m)

3 BUEHEERS & GHIE

K OBRIRIE 2007 427 H K v 423 - A 2
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NI & BARMEA~WEN 2 HER DED BTN _ - : .

Fig. 1: Map showing sampling points of river water and spring
T BB O LA BT )1 B OMR Y Ak water in the area around Akita City
ERIGIAT o T2 (Fig.l) o Bl TORBHRIRIZIE, pH, BLEITTEN ., KIEOWE 21T > 72, #EHE
0.45um D7 4 VX —THi L, 700 UG, filik, k70 &0 A 2 0ES 5720 OB Ok
KeEEBRBED % PIXEETHET 2720 OB ORKEZIT o 7o, BIEIZERMBE %5 130K

N 3% MHERIRIIZ 72 5 X D ICHI M TR L7, PIXE BRI X 28 @k (0.45um LLE) SbrakkehiE, A
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WCHEALERY A—RE—F - T4V F—2ZOFEHRGRSEHER LI,

W B IF - T K DA OREIR, A A7~ 7T 7, PIXEETHE L., £k
sy Na, K, Mg, Ca, Cl, SO i FEiX, A 4> 7 a~ h7 T 7 THlr Lz, PIXEJETHHT &5 0.45um
LUF 43 HradiBhid, sBHRIR & & In (10ppm) R %2 1A T IR G IR 10l Z2 A v &2 —I2iE b 7z
U7m b7 b LI F L, 80°C THUME LIERL L7z, ARWFZE DREHIIE AR 57 DR EE MR T2 |

ZOEER 3~5 [EIHD K LM LTz, I81ED & BB ORIEIX. NMCC @ PIXE #E&E CE L 72,

4 A IKDIEZ 7 D FriE
4.1 BERSORHHY

A A rm~ N7 T TEC KD FE AW O EFR S O sy BRIK % Fig. 2 1277, Fig. 2 O
fiZ, (@)~ CIEE., (H~3{» HCO; BETHD, /. @~()TOERL. HWARFICEEND
BT A A VRE L CHREDERT, 708, HCO; IRE X, FUME TIE2< ., BiA 4 v Y BEOR)N
bRaA A 'O Z 72 Lol WeHEEM 2 7o, Z)1 o CHREE X, Ttk B AR M2 5 12
PEVEEINT D, o, WHETLIEA AL (Na', K. Mg¥, Ca®*, SO%) HLIREXITH DM, BN 5
M %7~ 9 (Table 1, Fig. 2 (a)~(e)) . Na'iREEIZ, CIREE & EMAYRBEMRZ R L, /KD Na'/Cltbd
FER LB LT, BHTNaICELRHAMIET S 00, REREmZRT, 20X 9 2 Emik,. Mg?
FlZbiERshbd, MEPREOF CTRALEMEZFOLORH D, ZNOOT —Z ik, FFHH)IEGE
HROREC, RIREICHTE SR LRE ST A Mk O THh D, KHE CaTIREE X, KD KHCI R
Ca”/CI LD FEfpn & K CalcE L BMNCALET 5, SO, W &[R4k 7 81 1M & 7R §,

HCOs i FE I, BT I ORI Tl 76-93ppm D& 2 £ H | fe b mvy, FEWIITIE, EFIIIT
Vil (B ) C 23-59ppm, AR (BEAR) T 21-49ppm & LA EIVMEE & S5 E R B D DT L
T, IR (IUFE) T 23-37ppm. & B Mtk CZEB4E) T 15-33ppm DIREZ R L, iz LV
2L FERN DD, HCOy JREE L 451 4 OBRIZ, HCOy JREE DM VY, KA A IR S T
% (Fig. 2 ()~()) . Na*, K*. Mg®, Ca®"lc 2\ T, Jeibd EFINEFk Ot 07— %1%, Zofh
DK DT — & L (T F T DR & FFo, RGO R0 & bR 72t o Hislk > Na*, K, Ca* i g

. FREA % T (Fig. 2 (0. (@), (1) .
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Fig. 2 : Diagram showing
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Table 1 : List of the mean concentrations (ppm) of major Table 2 : List of the mean percentage of nss (not sea solt) of major
chemical components of each river. chmical components of each river.

No. River Locality Name Gl S04 Na K Mg Ca No. River Locality Name nss—504 nss—Na nss—K nss—Mg nss—Ca

[ ppm
@ Genryuu 140 187 EE] 06 108 63 © Gew‘uu i 22 > * %
@ ~ Ootaki 142 114 108 18 23 EE:] @ Kamishinjyou oo g % * % -
@ amhiniey haka 188 162 140 24 43 105 @ Hata 5 = 5 " =
@ lijima 234 135 158 29 40 117 @ fima i = B o =
@ Mitarashi 61 26 43 06 11 20 ® Mitarashi o7 & e 5 s
® Asahimata 78 70 53 07 13 53 ® Asahimata 5 » i 5 w
@ Asahi Mibetsu 95 74 67 08 a3 51 @ Asahi Nibetsu 50 o 3 o o
@ Soegawa 13 52 83 10 24 60 ® Soegaws 83 24 76 g 56
@ Sannoh 140 102z 102 13 23 a7 @ Sannoh g0 24 4 57 %
@ Kanayamataki 120 80 86 08 24 13 o Kanayamatakl n 23 a9 83 84
ol Moda 76 75 54 06 17 57 o Moz 85 23 70 86 57
@ Hirakata 174 122 128 18 a1 71 @ o Hirakata 81 23 74 83 95
Taihei Taihei

@ Takaragawa 176 55 16 26 41 56 @ Takaragawa 54 16 88 89 93
@ Yanagida 181 138 130 18 34 74 @ “anagida 7 23 78 61 95
© Yokomori 229 166 161 22 38 &5 ® “okormor 77 22 78 57 94
® wami  Shikeno-kashi 130 92 80 18 22 55 ® Twam| Shikana-kashi 78 21 84 56 95

M@® X, EF) IR ORE DT — % L 2 OO MO T — 2 & HICHEBOZRBEREE R L,
HCO; #RJE & OFBIZIER IZHR Y, SO IR IX, KT DOFE —f v MEBIAAT HENOT —
% (HCO3 =30-40ppm. SO,*=5ppm)Z [k < & | BEm k2B A R 9, FALFERITIE (CI, SO~ Na',
K'. Mg™. Ca™) OFHiZ ik, EFHII. MBI KPR TR T 7 A, 10 Aic, #HRJITiE 10
A, 12 Hiczehthm < 2 o m %2 R=7,

FEUEHL IR O BAT 53 DA AKGREHT 5 0 2FI 1%, WK O CIRE ORI, 3 X T
REAREL, FHATO CIRE &K CIHRE O Z HW, FEHMED S EFROREZ 2 L5 2 &
TREHD ZENTE D, FIO E~FiEe3 i Tk, FRBEEROTSICENDH L bOD, Tt
1% Cl1% SO, 78 77-83%., Na'78 22-28%., K*75 76-84%., Mg* 78 57-70%., Ca’*7 94-96% & Fhi i aE Rl L
TEIAZRT, £, AWK AR EZEL T, Ca®'28 92—97% & mUWMETELBN D RO LS TH
% (Table2) .

K OER Sy & LTI, PIXEJETIX Siv Fe, Mn, Zn MR &7z, SiREIX. £ TR
WAZHEVIREE S EIN L, )T 4 225 19ppm ~, JBJI[ T2 235 12ppm ~, KF)I[T 3 /25 18ppm
~OEAE R L, JBJIAMEVMER 2 773, 28 B ORENO Si gL, 5205 1lppm Th 5, EHIIL
TEOBFE RO NEN AT HRKED Si EEX 5~11ppm. Sk U7 KL FRENN O Si T 20
~43ppm D FHUVMEZ RS, 0.45um Z i L72)IK O Fe JREEIEL, TR Z3 Fiicmmnanigme ., &

Byl € 0.02~1.4ppm, fEJIIT 0.02~0.7ppm, K ¥JI[T 0.02~1.9ppm DAL Z 7~ L, MBI 2345 TRV
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MZRT, T W )IE I 7 10 AICRENSEMNT 2/ 2 ~7, & 71O Fe #2E1X, 0.1~0.7ppm
DOELZR L, 7 H, 10 A DEEBINIZED b doTz, Fe B, &Il & bz B ZikE7e L

DKUCEFAABE D . RO IV hE7e & OHERTE /3 AT 8T OFRIK DS Wi E 27~ 9 (Fig. 3)

2.0
. < Kamishinjyou R.
©AsahiR.
® Taihei R.
15 | Alwami R.
<
mudstone basalt
siltstone andesite
E‘ < sandstone granitic rocks
210 |
e <
IE < < ] middle and down upperstream
A stream
¢ Of .
<
05 s @ $ o o
@ QA LA |
§°8 }
& % ] [] o
639 4o :
0.0 A. L 8_6 [ ]
0 10 20 30 40

Distance from the Sea of Japan (km)

Fig. 3: Relationship between the distance from the Sea of Japan
and Fe concentrations of river waters obtained from the area
studied.

Mn JREEIE, FUREUZ A A 0.05~0.2ppm ¥EINT 5, Zn AT, MBI B (251)) & B 1R ik
THRHEAL EORELZ S, K 0.1ppm OREZm7T, Ziuik, )1 E )RS & 2 A (L E
DOk (B LAOA SRR ISR LI 2 D) ORBOREMENRDH D, T oW T
WAZ B W T, Zn OGRS & BB NIIMHER TE 202 &b, WJIKFIZER L Zn i3/ T 5

NARICE Y RS, BRHERALITICRoTo L flrEn D,

4.2 BAVOLFHEROEH

2008 £E 12 H 725 2009 4E 12 H £ T 3 4 A Z LTI L 7= & H S 0 FEHZ DWW T PIXE B THIE L
7= RRVE RS R E O ¥l & Table 3 12/nd, W@ O TSI S Fe, Al Ca, K, S, Ti T, ZhbHD
TR 1 X Si=9.4~942.2ug/1, Fe=1.4~535.5ug/1, Al=4.0~434.4pg/1, Ca=1.5~24.0pug/l, K=1.5~38.7ug/l, S=2.1
~16.2ug/l, Ti=0.1~10.8ug/l TH 5, I E HIZ FIEIZTe 2 IZ LRy, ZAbOREIXENE

NEINT 5, Si. Fe. Al BT, fORESIZHE L T, 10~100 ZREEESV., ZA LIz, Mn, Zn.
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Cr. Cu 7% lpg/l BAF DR TRD vz, &I Si e IL, EFIIC 33.8~406.4pg/1, JEJIIT 9.4
~345.4pg/l. KT 37.9~565.4ug/l Zon L, REFIHIZH XV RO S22, 5 RJITIE 942.2ug/1 7R
U D FZ)I K0 2 (5 FREE IR EE DS im0 AR 1, 33k 1] C 16.9~123.3pg/1, i1 T 4.0~ 145.6pg/1,
KINNT 8.5~354.5pg/l 2% L, RPN FRIEA S, FEIT, SRS 4344pg/1 L iV, Fe fEIL,
I T 8.0~535.5ug/l, I T 1.4~128.0pg/l. AT 4.3~320.0ng/l &5, Fiio. BB T
RN T ORS00 Maodik, & L< 3% 0 Tl T Fe A IXE W, & 711 185.8ug/1 THE
MO ETE. A DOEMHZIE, Siv ALEEICSOWTIE, 7 A ICEITE < . om0k
BHEWBL T, Zhen 2 (FRERENE . Fe lEORMALE, BT, KENPETLAO 3
BT HO A5/, RIS T4 0 188 705 7 H D 1491pg/l & 4-8 fEFREEICHIINT 5, EAE

BEMEE (SEM) IC X 2B TIX, Kitvan A FEEONDESE, FA BB LT/, Sildh
THE & A O EBEHE LT, AlEan o ROEBETHEE LT, Fe Ik Lo n A RICHFE L

T, IR~ BB T LHEES N D,

Table 3: List of the mean concentrations (ng/l) of suspended

materials of each river.

No. River Locality Name Ti Fe Al Si S K Ca
| w g/l
[0 Genryuu 04 80 168 338 21 a7 23
@ Qotaki 11 188 467 11988 28 38 44
Karmishinou
@ Naka 19 1267 732 2128 53 78 g8
@ Lijima 32 5355 1233 4064 162 103 240
& Mitarashi [oh] 14 40 94 28 33 15
& Asahimata 04 61 185 349 31 38 33
@ Agahi MNibatsu 07 338 259 597 24 38 30
& Soegawa 16 443 645 1648 36 58 67
@ Sannoh 35 1280 1456 13454 53 148 108
L] Kanayamataki 55 66 85 378 13 15 23
o Noda 03 43 101 168 17 22 27
Lol Hirakata 26 981 835 2528 54 70 a4
Taihei
e Takaragawa 13 2178 507 1648 61 41 9z
& “anagida 108 2786 3545 89064 94 287 210
@ Yakomori 73 3200 1873 5654 134 186 221
@ Twami Shibtano—bashi 51 1858 4344 89422 18 387 214

4.3 ER
HETNEZRN D EE AT OCFER S O S E £ L5 & BIERRS O FALFERS CITEE X, AA

MR TR D <AZHEV A B3 & Bl U C 2~3 fFRR NS 5, Zauid B ARG & O D 2

82



NMCCH: [RIF| FAAFF 5 pc SR 4R SCEE 16 (2009)

DIRFEEIE SIS 272 L HEES N D, Flo. RPN Tk & FF) T ik T 23ppm, JB)IT &5
FNIT 1375 1dppm OREZ R L, Wik Z & IC R 28 A2 R7,  Fig. 2 (@)~(e) TOFERNH K&
<FND K Ca®'. SO DRIEIL, MEHEEROM Y X0 bl T K & HUE T OB AIC & 5 KEEFBURT
I L T2l 32 Te ) S HEE S, HCOg IR EE I V)1 T itk & 381 T i8¢ 50 7> & 60ppm,
JEJI & R 33 525 37ppm DL A R L, ClRE DN & MERIC, ik 2 &I B 2 m % 57,
D O TR T O T KO HCO O iix, FICH FEFT CORBY oML > 12X 5 LHES

Lo VBAERRSY OB /71X, Siy Fe, Mn, Zn 23R S 4v, Siy Fe JEEE X, A Rk & Eabg)ll
TR E < . BN TIRWME R 2 o8 Lz, BB O FERS O R CRENE WV OIX, Si, Fe, Al TH 5,
SHREEIZ I Z LICKRERZERITFEO DRV E OO ANREE I, KT @ s m 2 o= 7,
Fe iR EEIT, BTN T & KFN T v ME « BbE S METE LV,

DX D REEAFR G RO Ry DI T & DR FARIBNICHAT OB L BEINTWDHHT
KEDKISITERIZEAEST 2 Z ERTPREND, £22C, BETLWITHY 236, BIRERORL
D01 & KN O HiJE & A)IK DREIC SN TEET 5, 1) (O~@) X, @FFELZ LA, OKF
WA AR, @I AILKIEERE (ZIL5E) © @M)IEITRE 235040 L. Wil 8 FIRR B 21T K hs JE

oA L. RS Aiid, @WINELICRON S, @QIFhE#TH 5, KFE)INE, @K COE FRE
YR, OFMEYE. OFMEDE. OREFE IV MERSA L, B &I, fisko 8 BIfLE
(CIEHERE B A Ly KIS B A0 X @4 L, @EFH O BRI 6D, Gl ch s,
EAERL 5y D EALF RS X, ZNEN O O FiROKENEFR (B) L)ILE (@) Zrigd s &,
Ca* ZPRER U T L6 MERE, KPNEEZESE GV, CIREIX, TRTHEERREHES DD, W
T 5 M) T CIRECHEAKRZHI TR E L TREBSNDFIEGNRESRRD Z LITE IV, €5 T,
JEJNTE, FioVes filslo W T, HREZBE) L TE 72 LiioK2ZEE L, ke 20

ToTWDH AR RSN D,

5 F&&b

JEJ . RSN 2 & el IR DK E DR & B & OB 2 BT 572012, KA TN O EZRJIIKD

ARGy (ALY, TERSY) M ORI AL DRI DWW TR L2/ R BA T Of i &2 1572,
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1. EZERANOEWAFRST O EALFRST 1 B ARHER R ST ISV, RTINS %, CIEREE Tl

B Fifidek & Hele U C 2~3 RS 5,

2. AT ORCER S IE, Siy Fe, Mn, Zn 23FEGE SFu, Siv Fe IR IL, KPRk & Bl T
T3 s < L BN TR E T 2 R,

3. MEMOERSOPCRENE O STHBEIX, WIITEICKRERZRIBEOONLARZVEOD, Al
FEVE . R T As i MBI & oR T, Fe JREEIX, BT Rk & R Rtk o vv b - iy
AR TE,

4. JB)ITE, THREOJEBOBWNTS, WELZBE L TE 72 BB AKNBEHE L, W)k E 2D

WMAVT > TWDAREMER H 5,

Xk

1) PEfIEsL - fivilisEde (1975) : KA O g # F/K D, FKAHY:, 55 16 &, p.21-25.

2) WHIEF - LD - MEEET - A - ZZRZ A (2005) : BUHIHO D I nWHlEIZ B 1 5
TR TR AR E OHEE —FK R O 6] —, HAKCHRFRRE5, $35%, 47, p.191-203.

3) JERE - ALK = - FERTE - R/ (2007) : BKHSEEF 2341 5 81 0307 )1 7K o HER{b 7
FOREE, NMCC JL[RIH W JE BCR # SR 14, p.170-6.

4) R - AR = - HEREP—EE (2008) : K H 1K) OEELERS 36 L OREBAL 7 DR & KE
TEREERE, NMCC [ F] A FEpl A @ SC 2 15, p.28-35.

5) ILBEHE (2003MS)  : {A)IZK DEAF AR EE DI FE K ORI FNAREEIZ DWW T, B RS2 2365 S

31p.
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Geochemical characteristics of concentrations of major and minor elements

of main four rivers flowing through Akita plain

Hiroshi Kawaraya', Daizo Ishiyama® and Koichiro Sera?

! Faculty of Engineering and Resource Science, Akita University

1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

ZCyclotron Research Center, lwate Medical University

348-58 Tomegamori Takizawa, 020-0173, Japan

Abstract
The purpose of this study was to clarify the characteristics of chemical compositions of river water of

Kamishinjyou, Asahi, Taihei and lwami Rivers flowing through Akita Plain. Concentrations of major and minor
elements and suspended materials with particle size over 0.45 pum in the water were measured using ion
chromatography and the PIXE method. Major chemical concentrations increase by about two or three times
from the upperstream region to the Sea of Japan coast in each river. These increases are thought to be caused
sea salt. As for minor components, Si, Fe, Mn and Zn were defected, and Si and Fe concentrations were high in
the downstream regions of Kamishinjyou and Taihei Rivers and low in Asahi River. In the main suspended
materials with particle size over 0.45 um, concentrations of Si were high in all three rivers and the concentrations
of Al was high in the downstream region of Taihei River. The concentration was high in areas of siltstone and
sandstone in the downstream region of kamishinjyou and Taihei Rivers. In Asahi River, there is a possibility
that groundwater sprang up in the upperstream region.
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EARLLTEMED TIZEFHMIZBET 5 PIXE 2fEE XRF SHTED LR & fHI1E

ot

ERAL T MEMER. WRREE
SLRITR AR SR TR JE )
FAR I BLRIT T SR 3

1 [XL®HIC

THGAEHI A O LI, SRR ESESERMEDIRAEMEEZE A BN TEY . ZOMBEDRY
SEHOEMNRFE LTS, PIXE SATEIFMERB O L eR 2 FRHC T T &, FIHEIZ & > THEifEZ
FETHD, ZOHEE TERENCAENT 20, LR EEBE LT,

TR A T D Tk E U CHDE XMOIMEIE, HERINGHEOBIT 2 ks LTambiTns, Lo
U, 836 X BRHTEIIEME S 2 3RO D RFIC AT ORTLEL & U CHIBLEE S LB TH YD | R MER S OE &
IR, T LIS OS5 G, B2 KREICKEE T 5, Fhulxt LT PIXE ik, 4
OB CEMRTOGPRHNRD Z LT Z, IR Z VB L Lo OISy O E B A FTREIC 72
D EVIRIENH D, HOE X BOHE & O+ WERRET A NE L S5,

2 2 CIAARIUTARE O HESEEHT S L, 30k XBRoHriE (XRF i) TE LR 7-00E (XREF
SriE) & PIXE o#rik & AV CE L= obriE (PIXE H#HHE) Oz 1T5, BEEZTOMEICLD
&L RFFRE TR U 72 R L L TEAE O I3 % PIXE o#riE OB b Ui G3HEE 100+
30% T o7z, PIXE Hrikidalh-ooc R O T ENIZ B 2 15 Th 5, PIXE SHriE%
BEALIHRE L7278 100% & 72 BARWFER OO E S LT, HERRRE & Pd-CEEDE L OIRAH A+
NTholl B2, IRAERMZ 156 7375 60 o ~EER SHT-, ZOME, BReRHEERIE5 2
IR TATY R ESND Z ENHF LTz, #BHE 60 RATHZ Lick o T, HEkRRE
Pd-CHEMEMEN L VBB L7220 REIR L ORI L 7o o722 & T, ZOX I RERBEONZEEZD
N5,

PIXE /WM E OB i L 7= A FHEAY 100230% Td 5 DIzxt LT, XRF SHrE OB LB E L&
FHEIX 100£2% TH Y | W Z i35 & PIXE ArEOFRZEII KR E W, PIXE H5H1IZ & 5 Si0ED %
RTH 100% 5250 Db &5 2 Lhb, PIXE SHHEOEEH A GHEZ 100%IZHET 2 LER &
HLEZDND, TIVETIHEREREL L LT NIES #5642 HWT, flx OILROFMIEELITo T,
Ll #Fx oot guiHEREch v, AR TiEen b4 EE TNIES #E#:E Pond
Sediment(MEEFEE | AARUEREHIERH L7z, 4 F T PIXE SHriEE W if%E0 5, Na & Mg @
PIXE Ml XRF W E L W RVME L 72> TV D Z E 33> T d, i Na & Mg 23 H ORI E
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LCWblzwiztBbhg, £Z T, PIXE GHMEOECYH R 2 15T 5 HiEIC O W TR 25 &3k
12, & 512 100%M1E#% 1 Na & Mg @ PIXE S4T30 S LTV % 2, XRF S0l & el &2 17 - 72,
A [N TSR 21T o 7= T B S PIXE TSN T 72, HIEVLER U730k & | VLR L 72 Vakkl o

PIXE Z3#rfE & bhis U ¢, R ORIz OV T H kT <,

<BbMHEEFHE> <8i0, DHDERL L EE >
140 120
~ B3 . '100 _" .
S 120 ¢ o
4l . . g0 @ o DU S
s 1o |- g 2 2 * —_ . *
&E 100 = > é 60 * XX
ik * * % X ¢ v
p) 90 * 40 o <
g . @ PIXEfE | . S
ﬁ 70 X XRFfE |
60 0
5 10 i 20 - 0 5 10 15 20 25
B E(em)
1. EmARILFHT HEERE O PIXE 2387 il O Ee L My Ha i fiE
(. BAL I FE AR, 4 Si02 D DALYy HifE)
<Na,O0> <MgO>
3 » 16
N QrixE i 14 X
s X XRF fi 12 X
*
(%) ° Lt
2.5 > 0.8 L 2
X
1; . b4 0.6 * *
' &
) ><. & * . s @ : . ¢
05 02 %
0 0
0 5 1 15 20 25 o . 0 15 0 .
% & (cm)

2. Na20 @ PIXE 73#7fE. XRF Z5#47{HE
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2 BUHHRER

2.1 {REhA
B ORBUL. HAIIUTARSED < EHTIF 572, < (EHIEH ay
D &5 M2 o TR 0 | BERTEHL FIRIET 5 UM Bk 5 5 Py Lt |
B8 72T b, KA LI REMEIS YA P < IEHPI B % 5 & 1 o~/
% A % é/l/ %) ° /\/‘__/; \'/ﬁ'ﬁ \?’

RS — 01T, AR 2 A B ) | HiE e LTl Ll
S RRBRBET T, KX AL, i
RS —# OMEIL, BAKILOE ZROKIIEHY TH 5,
AR FEIZZILAEN BRI TN D

4. PRI

2.2 BEWAE

TR U CHRECS NS 23em DOBRO E EHRIL | HE T LS, TE O AT RS 0—5.5cm
FEA T, 5.5—10.5em (8t 10.5—23cm [FREALTHY | S Tem FTHRNIZ> TV, TOEE
152 540 PEIZ 30em BEAL/- M TR S 6em OB E U CTFEE T A 280, il 1 5 EHIZ 40em B
7o HR TR S bem DL L L TFRE 1 B 240, THE )52 1m35em BfiL7- Hi A TIEE dem OB &
L CERJE 13 C 2850

T OH%CRREIZ TR LI L8200 5 dfwﬁﬁi%ﬁ%éﬁﬁuo—2&m25—5&m55—7&m
7.5—10.5cm. 10.5—13.5cm. 13.5—18.5cm. 18.5—20cm. 20—23cm ® 8 DIT/yi) 7z, FJE T3 A ITES
JFANZ 0-3cm, 3-6cm D 2 DIZ43iT 7z, /@ THE B IXE S H I 0-2.5cm, 2.5-5cm D 2 DIZ451F, RKE T
BE C XS 1A 0-dem O F £ &21T -7,

3 REAE

3.1 A

TR T 2 B FEBR RN T H AR L7241, 65°CICR%E L /- Haleik © 48 WMo S /-, WSy
7o RN D | REREOARDIR, a7 2 82T FRDNT D BEIFLSAZ W CORRIE L7z, Ml R e
ik, HEE —RRICHRIE LT, 72238, Litter 72 & OHFHEW DL WEEHIRIGITRERI 3030 5, £ DT
At > THRY =F L U BRONNT, FTHA, M L,
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3.2 HMBAR
3.2.1 PIXE 2 #ri%

TR DALy OE BTN EE 2 W e, ZOFER, HEREOMKRABHIE L T\d L &
nTna, NEERERELE LT PA-C 2o, Pd-C (5%Pd) 10mg & 1-HEEEl 50mg % 60 43 fiEE L.
IRAFE O Pd IRV 10000ppm & 725 KO L, IREHEI Ay P TR ESER LY,
U= hOFRIZEL, auTd Y 10%HEK (2% ) —V: P2FLo—T=1:1) % 3ul &0, 3k
ORI T L, B Tmm 1 E EOMRITIET 5,

RTALER % #& 2 7238080 PIXE /34T & 7 — Z figtrid, (#h) BART A Y b=/t s /e be ot
UHE IR LT,

PIXE Z3ATEIC L0, SO iE, Esy Si0z, Al:0s, Fex03, K20, TiOz, MgO, Na:0, CaO,
MnO. P:0s, ® 10 7T, #&E4 Cl. S. Nb, Zr. Y. Sr. Rb., Th, Pb, Zn. Cu. Ni. Hg. As, Se,
Ga. V. Cr. Co, Br. Mo ® 21 Tt Th 5,

3.2.2 HIXEAHE (XRF)

THGLEL DL TR D 5 B, TR Th 5 S0z, Al:Os, Fex03, K20, TiOz, MgO, Naz:0, CaO, MnO,
P:05, @ 10 Jis&, f%&AKS Nb, Zr, Y. Sr. Rb, Th, Pb, Zn., Cu. Ni ® 10 jeFE a0 X #ROHTiEIC
Lo/\onic, ERIZIIT T A — FEZHWT, a2 OB LR U7z, I v 7238 @3,
Philips t-% PW2400 %! 4 H @0t XS rigiE Td 5,

O¥#EE (LOID)

AREH A B 5 2 L ClE T 2 A 2 EWE R (Loss on Ignition, #EFRLOD &35 (HA3-1),
LOI DAL LTEZLNLDIE, KFHE, KFE, EFR. iR EOFEY ., WHELV 72 EO—ERO Y,
FRTITHBET 2 L OTERVFERK TH D, TR A 8D ID Rid, OB IZEER &6 X HTic
VERETHD 1.8g LLEFED K 91C Lz, METOABYEARICL > T LOI R L5720, NET L&
R LICEZ T, FRIT, Litter 72 EOFHEMICE Lo 8 EEO LOL X 90% %1 52D T, &VEDHEE
30~40g & L7,

LOI(%)= ((JEVLERRTE & (g) — MEVLIRL B & (g)) / EVAHERTHE #(g) X100 - (3-1)

OH 7 A — RIEIC X 57

MARFEHI R LT 7 20— FiE (BRERRE) ([Ch 2R E B o7, ZOHEIZX, 7 AMK
AREHIIN LIHE S 2 2 & CRB OB —MEZ2 D, BNk RA SO 5, B L7 530k 1.8g %
FERE L, Rl 2 0 2 CRlBE & @Al 1:2 0FISIC7e 2 K 9129 5, @A LizBsO7 & LiBO4 (Merck #,A20)
Z 8:2 (Li2B4O7#J 2.90g. LiBO4#J 0.72g) [T HDEMHH L7z, 7272 L. LiaBsO7, LiBO4 ZI3 &
DRIV EENTEY, BRI —EOFIEGARE L. HET D, 207D, H 5o COWEKH &b &0
R ZHIE L CR&, IMmiIcilkl - fiFl=1: 2 OWR L5 X 512 LiaB4Or, LiBOs ZF5FE L 7=,
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AENIEAERCEE LT, INIES #2508 Pond Sediment] % V72, SCHMEAZ R 112577,

Pond Sediment

SO SRR R

PRAEE & S E XA « REk(198DIZ XL 5

= DURR A Gl BB . 1980 4FERHY

# 1. NIES #Z#58 Pond Sediment O
Al,O, Fe,O, CaO K,O Na,O
% % % % %
X E 20.03 9.34 1.13 0.82 0.77
XakfEERE| =*05 +0.35 +0.06 +0.06 +0.04
Zn Cu Pb Cr Ni Co Cd As
Ppm ppm ppm Ppm ppm ppm ppm ppm
X E 343 210 105 75 40 27 0.82 12
XEkfERRE | £17 +12 +6 +5 +3 +3 +0.06 +2
# 2. NIES E##E Pond Sediment D&E{H
Sio, TiO, P,0; Mn Y Sr
% % % ppm Ppm ppm
XHAME 44.92 1.07 0.32 770 250 110
Rb Sc La Br Sb Hg
Ppm ppm ppm Ppm Ppm ppm
XHAME 42 28 17 17 2 1.3
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NIES #Z#£5£%! Pond Sediment @ PIXE o #7{iE
PIXE /3H1iEIC L » CTER S 7= NIES FE 7

# B} Pond Sediment O AT EFE R Th 5, 4 [EIO NIES FEHE

¥l Pond Sediment (23517 % w2 B2 500X 0.889 Th v . PIXE DT ICH &R TR~ -4, 3=

3R T,

T DFEZEIZOWTIE 30%LLTFDHLDEFEHAT 5, 30%~50%D D%, FHURTRE LEAT 5, 50%
PLEOTRIZBEALTIIAKBETRL, fEE LTREATEZ2WEOREALE T2, £72. Overlapping Peak 73 f&
HENTWAIGE, ZOEERERICEA Lz, £Er#E (Si, Al, Fe, Mn, Ti, Ca, K, Mg, Na, P)

(ZOW TR LS L 7o B2 fe T 2,

SIHTIZRT BB 1 X3 — & HTME O IZ OV, Ca~Ni & Na~K {Zxf L T Mylar WK% HWTE

NZNBIOBHER THE S 7, Cu L0 EWITHR IS U TRERRINEZ TR S h g2 8- Lz,

# 3. NIES ##308 Pond Sediment(P.S){#3EH & PIXE 4347

Al,O, Fe,O, CaO K,0 Na,O
% % % % %
2008.12 PIXE {E(30 7iB&) 13.67 8.31 0.89 0.62 0.44
2009.7 PIXE fE(60 73iB &) 16.58 10.63 0.97 0.63 0.48
2009.9 PIXE fE(60 73iB &) 18.35 11.36 0.94 0.75 0.65
NIES H#EHH P.S {RilfE 20.03 9.34 1.13 0.82 0.77
Zn Cu Pb Cr Ni Co As Cd
ppm ppm ppm Ppm Ppm ppm Ppm ppm
2008.12 PIXE fE(30 7ME &) 295 196 133 104
2009.7 PIXE {E(60 73B&) 382 261 173 101 14.9
2009.9 PIXE {E(60 73B&) 530 257 171 119 9.5
NIES #2858 P.S {REL{E 343 210 105 75 40 27 120| 082
F 4. NIES #3408 Pond Sediment(P.S)£%1E & PIXE 4y Hr il
Si0, TiO, P,0; MnO
% % % %
2008.12 PIXE {E(30 73/E &) 29.36 0.77 0.10 0.07
2009.7 PIXE fE(60 3B &) 32.52 0.97 0.09 0.10
2009.9 PIXE fE(60 3B &) 35.43 1.09 0.30 0.10
NEES £ PSSEE 44.92 1.07 0.32 0.10
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\' Sr Rb Sc La Br Hg
ppm ppm pPpm pPpm ppm Ppm ppm
2008.12 PIXE {E(30 3B &) 79.6 106 45 16
2009.7 PIXE fE(60 3B &) 176 95 62 18 335
2009.9 PIXE fE(60 3B &) 190 115 45 25 6.7
NIES ¥4 PS SEE 250 110 42 28 17 17 1.3

4.3

NIES #2438 Pond Sediment ZF L f= PIXE S HT{E D IE A EDRET

FEUESRRL O SCHRE & Z OFEHEREL D PIXE 0T 2 bl U, PIXE /oW E O IE H k& i Lz,
DIFOHEFREZHAWS, ZOMIEETIZ, BEE2 20070 —FIHhHE L. FRFEND 7 V—FTHIE
L= & 100% M 1EZTT 9,

T N—T DS L LT NIES Z%#30E} Pond Sediment O

FHME F72132%EE & PIXE 454#E(2009

BT H.9A, 11 A, 12 A)DEEZRD, ZOLENER ENNLIES SN THE L, NT7 Y304
FHT—HLTWAHIEHREA I NL—TL L, —HLTWrWikEsE B/ V—7¢ L, 7272 L., Mg X NIES
HEHEREL Pond Sediment ORFEE, ZEE & HIZ720 o727, XRF SHTE & DR E RDT=,

& 71213 NIES #ZE #5308 Pond Sediment D&

AEfE, 25L& XRF i & DlRER LT,

# 5. NIES Z#3£} Pond Sediment OFEE(Z%1E) /PIXE 54T £ 72 1 3R FEEG E ) O LR

KORAEME T Al2O, Fe203, CaO, K20, Na:0 O 55c#, 2 {Hix SiOz2, TiOz2, P205, MnO ® 4 ik

AlL,O; | Fe,0, | CaO K,O Na,O Sio, Tio, P,0; MnO
% % % % % % % % %
2009.7 SHTE 1.21 0.88 1.16 1.30 1.60 1.38 1.10 3.56 1.00
2009.9 SHTE 1.09 0.82 1.20 1.09 1.18 1.27 0.98 1.07 1.00
2009.11 4>#riE 0.99 0.89 1.09 1.10 1.58 1.14 1.13 1.39 1.08
2009.12 SMfTiE 1.03 0.83 0.79 1.05 1.52 1.09 0.97 2.13 0.95
RIHEGEE) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

# 6. XRF 7534, PIXE /3T % 7213 XRF 534 oo ko=

MgO
%
2009.7 SHTiE 1.63
2009.9 SHriE 1.65
2009.11 4#4r{E 3.64
2009.12 S HriE 416
XRF S #r{E 1.00
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7 7. NIES #Z#:0F} Pond Sediment ORAEE(Z B 1)/ XRF /3 HHE F 72 (3PRAEE (B 5 8) O =g
KARGHE L AlO, Fe20s3, Ca0O. K20. Na2:0 ® 5553, &ML Si02. TiO2. P20s5. MnO @ 4 3%

AlL0O3 | Fe,0, Ca0 K,O Na,O Si,0 Ti,O P,05 MnO
% % % % % % % % %
XRF 4> #7{E 0.99 0.98 0.97 0.94 0.96 0.95 1.03 0.97 0.96
RELE(B&EE) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4.3.1 Fe, Ca, K. Ti. P, Mn, #E7TE AT IL—)

FEILHETHD Fe, Ca, K. Ti. Mn, P LMETCHREZ AT NV—TLT 5, AV NV—TDFEFETRITE
517K L7z NIES £ #306F Pond Sediment ¢ PIXE Z3#7 i & fRAFE £ 721X B BEO LR/ T > X OFifH
TEL—HLTWDEBEZOLND, KT XLV, PIXE /34 & XRF SHHEOHB L BV E B LZ, 20
2 OOHMMND Fe, Ca . K, Ti. P, Mn 1% PIXE /3#ifii % =D £ AT 5, P15 DTV X HK
<, XRF A& OB HM & LERTRWEIIE 2720, 100% M IEEZTT > CHBE SR> 270D
AVN—TL LTz, K6, 8LV, #ETHED PIXE 5 & XRF S4HEi% Cu, Zn LSMEH £ T
FNENL IR D7D, AV NV—T13AET — 5 %2l % OMIED 100%H1E & PIXE {4 2 O
FEBRMT 2,

4.3.2 Si, Al, Na, Mg, (B%¥)L—7)

AT N—TUNDOEETLHETHD Si, Al, Na, MgZ B 7 v—7L4%5, AV L—7I1ZH~T, NIES
FEHEEL Pond Sediment @ PIXE Z3#HTE & (RAHE £ 72 1IXSZEDO LR DT Y 23K & < XRF SHE
E OB ENTZO, 100% M ET 20N H 5 Ll L7z, Na & Mg 3B ORI Z 2 72 O IE 232
L7 D, MIEICIX NIES FEHEGUEL Pond Sediment O IEfR#% V5, 100% i 1EIZ1E LOI N2 T4
K73 100%1272 5 & 5 IHfiERRS (R 4-2) (K4-3) 247 —Xlznidd (KX 4-1),

MEME =7 — & X BT E R 1 X 100%MEREK Y- - - - - - (Gt 4-1)
* 1 FEUEHHEM ECRE = (NIES £ HE5AEL RAEE or XRF 2 #7fE),PIXE #rfi - - - GU4-2)
%2 100% M E4E%=(100—LOD —(A OF)(%) /B spmon(%) -+ « (L 4-3)
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4.4 100%HEZE &R
4.4.1 Fe, K, Ti, Ca, P, Mn, ExE AFIL—7T)

A 7N —T 131l % DFIE S 100% M 1E &892 PIXE a0 4T — % THRA L7z, LU PidkE
ZHREL, 100%MIEETT> THWES LR o7, P O PIXE SHMHEA SGET 5 72 O xRk GRUEAHE
R P O IEIR) O N 0EE L bt s,

MEITLHE ThH D Cu & Zn 13 PIXE /54 & XRF A EOFB & < FRES KE W, Cu & Zn @ PIXE
SN E L2 BBV ONSHGHTT 5, MESLRIIMHBRZEORE T —2013% < RATE 2%
H0 7, HEITTEORHITEEIHRE O HMTIC /oA S D ATREMER & B 7w, SBHHRE o Hedfia b b afE
L s,

4.4.2 Si. Al, Na, Mg B4 IL—2)

PIXE 73#TfE. 100%ME% L7 PIXE 34T, XRF 4T D 3 D23 0BHRIEE & & HI2K 9 IR L
7. PIXE 3B, 100%#f1E 2 L7z PIXE AT EIZR SIZHEWIE S R0 L > T, fifH L
L T PIXE #fE & XRF A EOMB b ekt sz, (X 10)

Na & Mg lZH WA E Z W XRF 25#HE L 9 & PIXE S EIIRVMETS - 727238, 40D 100%#f 1F %
TWFE A EDHE TS EINTZEE X2 D,
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5.0 9
45 - s —
40 * o - :
3.5 m = 6 : * o
—_—
€ 30 * g . . .
S 25 m +XRFf& o . ¢
N5 - 03\1 4 v’
e mPIXE(E o R R
1.5 _t, .
1.0 s . 2
’ = ¥
05 1
0.0 0
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07 PN 16 = 1 ™
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200 50
[ ]
180 10 . |.- - .
160 - | m
140 : *XRF{E . 20 5 = o
E
E 120 = PIXE(E SR e PR S
2, 100 = o [
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&)
GO = ] &
40 1o .
20 % | : - M
o LA® * $ . -20
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6. A7 )L—7(E1HE)D PIXE 5#E & XRF HSHrE
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K,0 ey 04
5 9
45 n
4 000 &f R* =0.9601 /‘
2 35 —0-= - 3 A
Ho25 u g 0 !f
X 9 n o 4
- - 3
L ﬁ{ B PIXEAE N f/
1 2
05 — & (PIXESTE) 1
0 0
0 1 2 3 4 5 0 3 B 9
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0.9 2 .
0.8 . ] 1.8 R = 0.8046 b
- R*=0.9045 16 -
2 06 /I) g 14 =t
; 0:5 n L ; 1'?
~ 03 = 06 I}ﬁ/
Aoz S 04
0.1 0.2
0 0
00 03 06 08 0 05 1 15 2
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P,05 MnO
045 [~ 0.12
04 n R*=0.9625
. 035 . in . 01 |
g 03 . R 0.08 .H/.A
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2 ™ m o 0.06
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Nb Cu
180 - 50
160 — 45 +*
110 R°=09712 4 40 < : 3 -
Py ~ o * *
L P L —
B100 ¢ B o - *
B so = e R*=00106
[ - . i
A~ 23 * + PIXESM#7{E A~ 15 *
2 o, —— $RF (PIXESYAE) 10
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Comparison of data analyzed by PIXE with data by XRF
in chemical composition on soil samples collected in Mt.lwaki

M. Tsurumi, K. Taneichi and E. Sugawara

Graduate School of Science and Technology, Hirosaki University

3 Bunkyocho,Hirosaki,Aomori 036-8561, Japan

Abstract
Chemical contents of soil samples were analyzed by Particle Induced X-ray Emission analysis (PIXE) and X-ray

fluorescence spectrometry (XRF). A comparison of data by PIXE with by XRF is discussed in composition for soil
samples collected on the soil surface at the bottom of the old volcanic crater in Mt. Iwaki, Japan. Between these two
methods, serious differences were observed in analytical concentrations for Al, Si, Na and Mg. Because the 100% of

total content in oxides may prove analytical accuracy for each samples, PIXE data for these elements were corrected

with standard sample, NIES pond sediment.
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Influence of nutrient materials on the absorption of various minerals

Yoshinori Miura®, Ryujin Endo?, Kenichiro Ikeda®, Atuya Shimizu®,
Koichiro Sera® and Akira Suwabe®

! Department of Laboratory Medicine, School of Medicine, lwate Medical University
19-1 Uchimaru, Morioka 020-8505, Japan

2 Department of Internal Medicine, School of Medicine, lwate Medical University
19-1 Uchimaru, Morioka 020-8505, Japan

3 Ikeda Clinic
5-18 Sakaida, Morioka 020-0041, Japan

* Saiseikai Matsusaka General Hospital
1-15-6 Asahi, Matsusaka 515-8557, Japan

> Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

[Introduction] Although percutaneous endoscopic gastrostomy (PEG) feeding is widely used as a convenient method
for long-term nutritional support, administration of liquid nutrients is often accompanied by complications such as
vomiting or diarrhea. Vomit caused by gastro-esophageal reflux (GER) may cause critical conditions such as aspiration
pneumonia. To avoid this complication, semi-solidified enteral nutrition formulations are used in hospital- and
home-based care. However, the influence of nutrient materials on the absorption of various minerals has not been fully
understood.

[Samples and Methods] In this study, we subjected the patients, who were replaced with PEG, in the following three
groups. Namely, the liquid nutrient materials administrated group (17 cases), the low viscosity semi-solidification
nutrient materials administrated group (17 cases), and the high viscosity semi-solidity nutritional supplement
administrated group (18 cases). Blood samples were collected from the patients on the day of PEG and one and two
weeks after PEG. We measured the contents of Fe, Cu, Zn, Se, Ca, Mn and Mg in these sera by a PIXE method and
analyzed the changes of these minerals by repeated measures ANOVA.
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[Results] The results demonstrated that serum Fe concentration in the liquid group was increased one week after PEG
but those in other two groups were decreased. Significant difference in serum Fe concentration was found in the
different kinds of nutrient materials (F=2.956, p <0.05). Serum Cu concentration was significantly deceased with time,
but the difference between three groups was not recognized (F=5.146, p <0.01). The Zn concentration in the liquid
group trended to be increased, but that in the high viscosity group was decreased, although they were not statistically
significant. We did not observe the significant changes in the other elements in this study.
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WO DTERNMECIRE LV b OMARBIRES ORI & Z2RL TN D,

3 R RN

—fRIT. IR T ARHHERIIFET D IR T V& L FRFICHTEREICBIRGFT 5, MERFUZEW
WEO IR T MOV TIT EREIZL > THRE SN 2ENPLH T2 B EZABND, LI T,
BTN FE— A S O 2 BIOHTERREZHNT, BMEERIZENDR OS2 E 5 NERGET 5,
TRV E BB LT, KL COMHOEUEEZUT O L EDT,

i (OTxwd)  JEMS 25T, HIE >2SE

K (XTRT) HEEIESNRWD, HEWIIELNTZN  HIEE<2SE
FZILEN 1 [EH L 2 [\ HORIERZ *ﬁu“jéhf:b)k“iﬁ T2x2FAZ/EV . McNemar (2 X 5 5Bk o
HA 2 FREEIT -T2, WEAGIT 12 FOHEICHWONEZEEZFTDOI X TLEITIE L, O

HiERBFE LN T2] THH,p<0.05 DL FRITFEANIND . Ca LD b EWVWITHEDAITONTRT,
RS D TEREICONWTIET T TH D,

113



NMCCE [ FH RIS A SR SC 4 16 (2009)

=3 THREIZED2 x 25 & MoNemar BEHRRE (FOH)

Ti 2 [FH
o [ x [ &
O 194 16 210
118l H
X 17 3 20
#t 211 19 230
McNemar ¥ EHEFE = 0.0303
p—value = 0. 8618
Cr 2FH
O X i
O 1 9 10
1[EH
X 9 211 220
=t 10 220 230
McNemar M ERat&E = 0
p—value = 1
Fe 2 H
O X 7
O 229 0 229
1[EH
X 1 0 1
=t 230 0 230
McNemar fREHMFT= = 1
p—value = 0. 3173
Ni 2 A H
X 7
O 3 19 22
1[EH
X 14 194 208
2t 17 213 230

McNemar #REFFFE = 0. 7576
p—value = 0. 3841
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v 2HH
o [ x [ &
O 0 5 5
18 H
X 1 224 225
At 1 229 230
McNemar fEREFE = 2. 6667
p-value = 0. 1025
Mn 2\ H
O X i
O 4 20 24
1[EH
X 16 190 206
it 20 210 230
McNemar fEREF&E = 0. 4444
p—value = 0.505
Co 2\ H
O X 7
O 0 14 14
1[FH
X 10 206 216
it 10 220 230
McNemar #EHEFFE = 0. 6667
p—value = 0.4142
Cu 2\ H
O X 7
O 228 0 228
1FEH
X 2 0 2
At 230 0 230

McNemar #EFHFTE = 2
p—value = 0.1573
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n 21\ H Ga 218 H
O X H O X i
O 229 0 229 O 15 21 36
1HH 1HH
X 1 0 1 X 67 127 194
7t 230 0 230 it 82 148 230
McNemar R EMat&E = 1 McNemar 1 E# it & = 24. 0455
p—value = 0.3173 p-value = 9.409e-07
As AEINE Se PAEINE!
O X F O X i
O 0 1 1 O 24 60 84
1EH 1=H
X 6 223 229 X 33 113 146
7t 6 224 230 it 57 173 230
McNemar ¥ E#at & = 3.5714 McNemar ¥ & #c it = 7.8387
p—value = 0. 05878 p-value = 0.005114
Br PAGINE! Rb 2 [l H
O X 7 O X 7
O 209 10 219 O 2 54 56
1 =B 1EH
X 11 0 11 X 1 173 174
i 220 10 230 &t 3 227 230
McNemar fREHMET = = 0. 0476 McNemar f E#HiEt & = 51. 0727
p—value = 0.8273 p-value = 8.9e-13
St 2 [al B Nb 2 [l B
O X g O X 7
O 54 71 125 O 0 1 1
1[EH 1EH
X 37 68 105 X 1 228 229
&t 91 139 230 it 1 229 230

McNemar fiE R EF & = 10. 7037
p—value = 0.001069

McNemar #EHFE = 0
p—value = 1
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Mo 2 [ B Hg 2\ H
O X B O X 3
O 0 6 6 O 6 22 28
1[5 H 1[0 H
X 1 223 224 X 47 155 202
&t 1 229 230 &t 53 177 230
McNemar ¥ EFEFE = 3.5714 McNemar fFEMEFE = 9. 058

p—value = 0. 05878 p-value = 0.002616

Pb 2 [al H
O X F
O 8 25 33
1HH
X 23 174 197
&t 31 199 230

McNemar ¥ EHEFE = 0.0833
p—value = 0.7728

BERFIZZ L DOTETp>0.06 THAHI LEZRLTWE, 2D LG 20 ORI E B DOEWIE,
%< DFTEFIZHOWTIEL, BREMERICIEARDEEEZ L2 DI EREITE ST ENTRBEIND, —
¥, p<0.05 L 72 ~72tFE (Ga. Se. Rb., Sr. Hg) IZ>oW Tk, R—EOFKNEZFXHAF TH 5,

4 MNPEBREOHAHDFEHES
TR EONHMEZDNRFG A —lERDDHZ L1 RV EITEORE., MOBFIE L O ik, £

MICBIT 2 EFELOCERFEEOREREICE LT, BEERERE LD, HI2E. S OHITZFOEF

THELARFRITI VD, AT 5 2 & TIHICERSMMIZES< (K1),

¥ 10.738, FEHE(R 2% 0.1004, W= 0.995 ( p=0.0014)
Shapiro-Wilk O IEHMERREIZ L 5 & | p=0.0014 Tl MR FIIFEE S5 D T, InS O HAITER AT
PoTWD LTIV eI ND, 22T, REHTHENTZ 6 HOITTIMEEERI LT,

10.5 10.6 10.7 10.8 10.9 11
N 1030, ¥ 10. 738, fE#E(FZE 0. 0966, W=0.998 (p=0.1226)

X2 FFNIERRSNED InS DR
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HEREZIT) &, AETIHEL 78 -572(p=0.1226), DO Z EMnD, X2 DEARIZX 1 OEA LY & IE
HAOMITE N EWZ D, L LA b 1T T IVERRSN T & BRIME O FERME, I QN HE 722 0 22130
THOLEATXDITE /NI o7 CEBMHEIL 0.04%, HEAERZEIL 3%), RO Z M oxFEIz o
THLEETLHTETHD,

5 HMREBR

ASENIMRHEO @SN T2 RO FIEDO R E KDz, L, bbb AEPLITHREHINADH VI
ENHY, TNOLORXFZBORERIZE LA LHENMTOLNL TV THEMLARMWITIKLS B2 06, F E
IFRHRICHDD LT RODIMERH L EEZZOND, £, BICHRTTOFEDIZI BREDITA
HERDB D oT, ZHFTFREENTH GRS, BFEAELNATEY, AFEREDRESE/{L LW
ZETMHEARNDTHEHBNEDS T Z ERRRTIE RV ERbIL 5% ZOIRBLORIEDPLETH B,

BWIE, WS OOV U A ERBEORHECTZOICHRELTEBY ., TNOORENLD X v {EHEM%ED
FVWIHEZITZ2bDLEEZTND,

6 SEROMANBEERE

ARFGEIT T HE EREICHE LB EE 2 W oER L, FIAEEZRLE, 4%, S DIZEEM
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DIEFEE S LI, BTOBMINTRFICHEERERE 7 A — Ry 7T HZENREMRDOT, 20O
EEZHLCPITTE T L, 7 hE— PR ER A ORI BEIR ORI Y B LR B 5,

/v = —"T% 1967 412 The Medical Birth Registry of Norway ( / /v o = —HAERE) #=BME L., 4
IRICED DV R =X DA FOEHRIEE 2> T VDY, ZZTIXERE ID 22 H4Er — 228 4T
BEHAEL, #IZIE~7mRr VT2 BRDOBMEOFEBITREDOL N L1350 1 1009
FTLEVIOBAINETON, ZITCORBEMHTEIZIELCT U Ir— 6B TWD, —RICEEEHE
EMED T X LRENRENE VAT EZRSAELLMBRICRDZENMLNTND, AIFJETH
WTWAHPIXEIZLDRBEMHELZITH) LT, —BHEEOEWI AJHENMTZHIET TH D,

REBEA RSO RBREOFEBR Z28MO HEE L L, BEEIE ThREH - NES o WEIX< &I
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HEF
JUIN RSP ESER, SR THEMS. W& L LR Ic B2 2 BHETE VW28 1000
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1) HHEMWE, BIET. BEE - sTHA 7 @@z, R [l R, ¥EE - PIXE
Xk DA R e O BESH GE 28 REBLOHER 1 22H LT 10 22 H DLz,
NMCC & [IF) A 22 sl S SC5E 15 %% No.15 (2008)

2) MBNET, GHEECw A, BIEM-, @@z, PR, R/, BE - PIXE 2 X 510
TSRS T OEESN B 1#H) BEHOoHER 1 02A KO 10 A oktik, NMCC H[F
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8% E[F]=1+2(A/c®) DEEER

X, ~ N(,0%) x~N(M,%)\ i~|\|(ﬁ,%) 22T X=Yx/n . g=Yuln

=120 j=12 L35,

PEDEIEO FT, AN A=Y (4-20/n L. HARSE o MHIESRD
i=1
W—WNodit Al ZEHRLIEE, TOREM TH S Fisher 3 ibh F O MFHE E[F] 3

E[F]=1+2(Alc?) L 725DZ L &HmRT,

BRI A OHEERE T =23 (% -%) /n-1

AP o DRI S7 = (%, ~x,)7 /20

TH D=, Fisher b Fix F=T2/S* L5,

FF .5 T0 S oW E[ST] 1 52:i(xil_xiz)wzn:%ii(x”_x) TH Y. Z DR % DR
i=1

i=1 j=1

FERBGAM DL, 2FEV CPDERNTHIHD, BROZELNDE IR D,

I FO T OHEE RO AT DI T OHERZUTO L S ICEBT 5,

2 (X, - Xy In-1
:éia — i+ py~ i+ =X
23R - )+ (- )+ (3 RF

D) Y -+ Y R+

#2035~ )t~ )+ .y~ A)(E-R)+ 3 (- (%~ )N

DIT. AREROHOMEGEERD BHIC, HELMRCT s ke D
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4203 (0% — )~ )+ 3~ ) (E-R)+ 3 (- (%~ )]

119



NMCCE [ FH RIS A SR SC 4 16 (2009)

2n
(n-1)

n 2
1)E%Z®—Mﬂ- SRR ORABERDHRBO T, EOMIFHIT
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PIXE analysis of mothers’ and infants’ hairs collected at medical checkups
held in Fukuoka city

S. Kuroda®, H. Imaizumi®, S. Goto?, T. Yamada®,
T. Takatsuji®, T. Nakamura®, K. Sera®and Y. Nose'

'Graduate School of Health Sciencies, Kumamoto Health Sciencies University
325 lzumi-machi Kumamoto 861-5598 Japan

“Nishina Memorial Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

3Graduate School of Science and Engineering, Nagasaki University
1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

*Mie University Graduate School of Medicine
2-174 Edobashi, Tsu, Mie 514-8507, Japan

Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

This is the third report of our project to examine relationships between atopic dermatitis and hair
minerals of infants and mothers. The hair minerals are measured using the proton-induced x-ray emission
(PIXE) method. The second report published last year described the characteristics the hair minerals of mothers
and children and some differences of them between one month and ten months after birth. This study examined
the accuracy of the PIXE measurements by statistically analyzing two independent measurements obtained
from different hairs of the same person.
The project is expected to proceed as follows:
1) The results of the PIXE measurements will be reported to the participation doctors.
2) Association analysis of the amount of minerals, dining habit, and clinical performance.
3) Statistical analysis for causal relationships between mineral deficiency/excess and atopy/allergy conditions.
4) Redefine the participating mother/child population as a new cohort to study the effects of environment,
dining and minerals on their health conditions.
5) Cooperation with the “Birth cohort project” by the Ministry of Environment.
6) Cooperation of the birth cohort study by Norway
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PIXE 92#r1Z & b Parmotrema tinctorum (A / £8) bhOMETESEHE

DMETOHBRZEZAVERIMEFTRAETARDOHAA

EHEM . BB, AT

HAL KSR e BRI 22 B Hb 2 B
980-8578 = M IRAL AT FH HE X FH % 6-3

THMEERKEHFA s oLy F—
e T A T ERTE IR A1 IR T84 23 7% 348-58

1 [EC®HIC

KEF OB E N EWIZ G 2 HHEERETHZ L%, BETICEFTHEUEFET S EVWbND
fbFEMEORENLHEST D ETEHEETH D, @, LFWE OWEITITFHIEESR 2 &2 By b
FW TR N T EE RS NS N, LLFO XS REMN S AR T 2 AEFEROFMMA RSN TV D0 E
W) RTCERHR S LTV D,

DI E ORI TS, AMITKT 2H8FMHIT OV TOFIIL TE 220,

Ol # DA ELFMENMURETH, TNOREDLID I L TAEMICEREBLEZ D215, WHE
LR Cld. Z OEETELRNEMICE 2 5 BB 23 TX /2,

@— W) - WM RZZRELTCLEI RS D (KNOKRIILFEMEOREMES WESNLD 72
E)o o, BHHREIZOLOEH2MEBNTYEORKE CORELET L L0, BH - %7 - KEOmE
TIRADD D720, WEROALF DT LI BRRDFMM S AT AR ME L LTS,

ZZT, HERFE AT AL LTHIHENTWE DN, N4 4T vEA (bio assay) & MIEh 5%
WERWTHUEEWE OREESCEHEZ MM T 2 HiETH D, N 47 veA1E, BAGETIE EWKRE
) TEwZH () BB L, LT ORI LR 2 o HiEX VAR TH 5,

DLW EIZH T 2O E D Z LT, ZOWENET 28 F% 2 EEOICTH I T 5,
OILFWERIRE L COBESIERNEMCE 2 DR EBELZFMTE 5,

QBRBEIGYCHUR 2 Y (FEREAY) OABRNEZ b & ICHYREZ BT 5720, EMRERELL
BHDH I ENTE D,

OB DM EALFWE X D EEIER ZHEH T 2B X, 2 1L FEE 21T 9 L0 LAY ZRIE
L LR EETH D,

ZOEIBRFIENL, RRFOBEEYEOEEZRAICEHIT 5 —2 0@ E LT, XM 47T >
A RFHINHBD TWD, KR TIL, < N oELEY & LTl T& 7~ Parmotrema tinctorum
(o A 7 %8) BENICIDIAALTERECREOEESNEZIT oo, TOMEZEL T, (IHERT
DRROUEIBEYOREZ RS 5 2 L ailkAi,
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2 Parmotrema tinctorum (F1&:-D*/ XE&) 2D T

Parmotrema tinctorum & 1%, HIfKHH & W O HEH E BB OLAERO - Th 5, HEIXEAICLE LT fFE
HFE BN EE IRy " 5- 2 500 VIS, BEPEEGHR TIE-T-8E (RAKIEY) ZFIHL TAIEL
TW5,

Parmotrema tinctorum (%, {A44R & W\ 5 R ICEL 7o & THIARR S A 72 EOFEMITE AT 508 1ARICITHE
Wi 5 o3 2 W 2 RE 11X 22, £ D 5 W 2, Parmotrema tinctorum (X, FE/KIZ & F 415 K5y <° CO,.
ZOMMRECLERERERIERZ, KOREPOEERIN L TEFT LTS, TOERSORY AL
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EERRICEVIAATLE S, TOD, BROPEZEENIIZ T TLEY., KRIGEMEOREN G
WIS TR TIXZRZE LooH 5, SLITHRE TIEL, 0.02 ppm OHFLIE T ANFET 5 721F T,
FELTLED L) 12,

F2 LTFD X 9 ABrEns s 5T T ., Parmotrema tinctorum 13N 7= KEIBEY4EEAM & LT, 4
FTCbHVWLERTEREZ Y,

ORI LIRSy « #BoyERKICHEH > TWD 72D, BESRBARICHNERYEORNER-EN S,
QOEHRENELS . —EFYRIND & RIEE TRMAB»D S,
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MO BEREXEARICOIT COREEZITV, MEEFZNRAEEIT-o7, 22 CTRZOMEEL®RET D,

ARELOBREFE T, MMET ZOEA» L FEXEARICOIT TITo 72, REHSITER IR WIC 32 &
ArC. B0 A& 9 AR IFIER CRIRICZ2R 5 X 91 Lz (7272 L., Parmotrema tinctorum 25k 5E L T\
THERBICEIRTE WA bHo70) (K 1, 2), FEHRAFREHI 1 EM EENOBE ) o7 X0, H
v =Ry FEHWTERRL, £72, BT 20, &b HEEZEEX N5 B0 (74
VAR T AN SRS ER> TWADERD) NoHEDDH LI, £ L T, BILL7 Parmotrema
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T X ) — )L C¥~- 7= Parmotrema tinctorum O HEEX* ®-o 72, RAEEZT 70 v B — I —IZ AL, WNEBEEUE
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b U725k & 7 il R CIRAE L .0.2 ml & PIXE 08 & LIERB X O v Il FIEICHE > THodr Lz »7,
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4 RE—FHHEPOETEREEDLLRER
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An attempt for evaluation of air dusts by PIXE analysis of

Parmotrema tinctorum

M. Hirai, H. Fujimaki and K. Sera*

Department of Earth and Planetary Material Sciences, Graduate School of Tohoku University
8-6 Aoba, Aoba, Sendai, Miyagi 980-8578, Japan

“Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

Dust pollution in the air has been examined along the way from Futakuchi valley through Akiu hot spring
to metropolitan Sendai. We used elemental abundances in Parmotrema tinctorum as pollution indicators. In order
to determine the elemental abundances in the lichen we used PIXE analysis.

Each elemental group shows respective special variations: most considerable fluctuations have been
recognized for alkaline elements. As for alkaline earth elements, they also fluctuate much, but not so much as the
alkaline elements. Transition metals show special variation to similar extents as the alkaline earth elements.
Non-metallic elements and light metal shows respective variation along the sampling route. Although silicon is
one of the dominant elements as an elemental pollution, calcium, iron, magnesium and potassium abundances in
Parmotrema tinctorum are much more than silicon abundance.

Assuming that the elemental abundances can be applicable to estimate dust pollution in the air, natural
dust and agricultural dust as well as industrial dust can be classified. Sulfide mineral pollutants do not play an
important role in the air pollution of the investigated area. Among three dust group, we found significant positive
co-variation between sulfur and phosphorus: this might have derived from agricultural fertilizer. Iron and
manganese co-vary within small abundances of manganese, but the reason of this co-variation is not clear.
Abundance relations among many elements imply that the major dust might have derived from natural sand,
natural soil and natural rock powders. None of them displays some kinds of elemental co-variation. It should be
emphasized that a remarkably good co-variation between nickel and chromium has been found: this cannot be
produced in natural. Such good co-relation must have derived from industrial dust. After all, we would like to
point out that air in even countryside area is polluted enough. There is not so much difference between municipal
air pollution and countryside air pollution.
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Determination of trace elements in pancreases and testes

of Zn-deficient mice

Makoto Yanaga®, Hirotaka Shimoyama?, Hirokazu Tanaka®,
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836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

*Graduate School of Science, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan
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Abstract
Eight-week-old male mice of ICR strain were divided into two groups; one was fed with zinc deficient
diet (<1 pg/g Zn), the other with control diet (30 pg/g Zn). After 1 week of treatment periods, their pancreases
and testes were removed. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and
two-dimensional electrophoresis (2-DE) were performed for cytosolic fraction. After electrophoresis, the gel
was cut into protein spots and subjected to PIXE analysis.
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Abstract

Elemental particles contained in automobile exhaust particles stem from the elements in the automobile
engine lubricating oil, and may become a nucleus of atmospheric particles. Therefore, investigation of elements
in automobile engine lubricating oil became our major consideration relating to chemical speciation of particles
in the atmosphere. Detection of elements in automaobile engine lubricating oil is one of the challenging subjects
in environmental research. Consequently, we tried to elemental quantitative analysis by in-air PIXE for an engine
lubricating oil. Experimental result, the determination limit by the analysis method is 50 ppm for light elements
(internal standard: Sc 100 ppm). For mass number elements larger than Ar (internal standard: Y100 ppm), the
determination limit is 10 ppm. Thus, the problem for the quantitative analysis was able to be clarified.
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Relationship between radioactive isotopes and metals
contained in the air suspended

Y. Matsumoto®, M. Honma!, S.Taura', K. Sera’and T. Takatsuji®

'Graduate School of Science and Engineering, Nagasaki University
1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

“Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173

®Faculty of Enviromental Studies, Nagasaki University
1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

Abstract

Relationships between stable elements and radioactive isotopes were explored for understanding the
behavior of aerosol around Nagasaki-City. In the report, we presented relationships between the
amounts of radioactive isotopes Pb-210 and Be-7 obtained from gamma spectrometry and the stable
elements obtained from PIXE analysis, and considered conceivable behavior.

Thirteen elements were significantly detected from the PIXE analysis. Amount of the 9 elements,
nss-Br, Al, Se, nss-S, Fe, Zn, nss-Sr, Rb and Pb were correlated with Pb-210 radioactivity and varied
seasonally, where nss indicates non-sea-salt. The other 4 elements, Cu, nss-Mg, Ni and Na showed no
seasonal variation. It suggests that large part of the 9 elements may come from the continent with the

small grains of aerosol and the 4 elements may come from neighborhood with the relatively large grains.

151



NMCCE [ FH RIS A SR SC 4 16 (2009)

BADEIAIZEITEARI[IT7AVILDILERDTDFH(ZD 2)
— L BRBBRBREENA T T RABERUVRBLIIEDEF S —

®B M YVAHE . Jinchula Chotpitayasunon?, Boossarasiri Thana®, @i 3, ZpE®E A
KATIE—RR 4, ARG °, FRERL S, A BT PR

RO S h R

YRR R R R PERIT S P
277-8568 T-HEWL AT FA D HE 5-1-5 AW LA 306 5

“Department of Geology, Faculty of Science, Chulalongkorn University
Phayathai Road, Bangkok, 10330 Thailand

STEREREYVE— MU IR F—
263-8522 T-HETfn X yrnAHT 1-33

ST AT B N S BR BT B AN BTS2 AT
305-8604 KR < iIXH#EE A 3-1-3

SMFEERKFEH A 7 bar b 2 —
020-0173 & FIRJA FREHE IRAT IR -84 73 %R 348-58

SR AT A VY b — T IR AT
020-0173 & FIRJA FREHE IRAT IR -84 53 %k 348-58

TR T T BR B RS2 A 22 P
235-0012 A% 7 X HEEA 1-2-15

8 gt KR KRBV BT & o & —
980-8578 A HHEX AT H % 6-3

152



NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

1 [FL&®IC

HADE~AT, 2007 47 A5 200846 HE T, KRFO=7 Yy IV EREILL, £k 0 57
Wi BROMWEAZFIEIRE VL, SDTDZ L RNbhroTz,
(V)M EJRGR X, 05 TRBASRAEAT RS SR KhuiX, w2 (2007 4 10 A #%F55 2008 4= 5 A #]6) 1% 3 HifH
(27, D1(10-11 A)#if# & D2(12 A-3 AR R 7 & 7 865, BRI R ERE 2 S oAk
- FHF D O MR (DL,2-SC) &, FEEEMHBFERS 2 VIEH T H» O ORI FH-FEHF Y O E R
(D1,2-ECS) E MBI L, ZD% D D3(3 A%¥-5 5 AMO)HARNIIE TS O/ L D OGRS ELE
L7z, RE#IZ. W1(2007 47 A-10 A1) & W2(2008 4F 5 AW 5 6 A b, A > REMV T VE

SR EEDE Y A — U RN 72 (1K 1),

NOI\I\HYQPI IT MODEL NOAAIIVQI’I 1T MODEL NOAA HYSPLIT MODEL NOJ\A H‘f%l‘l ITMODEL
Backward trajectories ending at uooo UTC 10 Oct 07 Backward trajectories ending at uooo uTc 15 Oct 07 Backward trajectories ending at «uooo erc 23 Jan 08 Backward trajectori ing at uoou UTC 20 Mar 08
rr)m Meteorological crx‘ Meteorological CDC1 Meteorological FD('| Mﬂmnlnq

Source * at 1518N 10257 E
al 1518N 10257 F
Source * al 1518N 10257 E

Source * al 1518 M 10257 F

Source *

Meters AGL

(W1)2007 4£ 10 4 10 A (D2-SC)2007 4£ 10 A 15 B (D2-ECS) 2008 4£1 A 23 A (D3) 2008 43 H 20 H
1 EXAICEZELEZEE 210m, 500m, 1000m TOXKIED 5 BHEIE TOHERZR

10

)/ IVkE 7 (iR 2.5um>d; PM2.s) oo st 38k fié 3 & EC/nss=s04 a2
PRI OBEIE % | 2003 EFRBICAERB THIE L o f (28um>d e
KETT 0/ VP OWREL DL el LT, D1 CIKT 7 b3 . Ahwaw
T HE DAL OIRBEIC X B KRIBYM T, — 5
D3 Tl NRA A~ ABRBEIC L o CRAELIZRA =T Y
B, ENENBLREABRTHY . D2HHILZINDG
DEIR DA D DORK[ET v/ JVPRIE L TN N
(1 2), % s 10 15 20
TITARENE, IhbOFRELLIC, =T RY L nes=SO4 (ug m-2)
Akt PIXE THOMr LICHEREZEICMITL, E~A4T  go B Al DN F D FRERIE (nss-S0,)
DRRZLT B N~OFFRAEIRD O OFEEBRL L mmgkims (EC) & D%AR

7=
2 HIE - B@BIAE

2.1 T7AYVILAE

2007 /£ 7 H ~2008 4F 6 HIZ, SKYNET O—HIEMA TH D, # A DE~AIZdH D5 RIMIEBLIET
(15.18N, 102.57E : #fE#k @i 210m)D = LT, RKHF O T a Y )V EEHA X7 2 —ERIUERE (MCI
Sampler, HFE & A L v 7 #:8) |2 X0 FEAICERE L7, BREURER X, JRAIE L TE A ORI & %S
1EFOT, ZTNEN3 HRITHF & KM 12 K EIC 6 3B 42 B 47Tmm O AR LR Y
H—RFr— b+ OT7 4V EZEFEHL T, =7 0 V0% 4 B ok £ (d>10pum ., 10um>d>2.5um .
2.5um>d>1.0um, 1.0oym>d)IZ 45 17 TEREL L7z, 26 DKREHZ D& | JuRIRIKFE(EC) & AR FE A5y

o

EC (ug m-3)

153



NMCCE [ FH RIS A SR SC 4 16 (2009)

(OC)i%. IMPROVE i£IZ X 524 - Y2209 /3 A1 25 E (MODEL 2001, DRI ALY L 0 708 L. E2RAKEMEA
F %, A A7 m~ ~ 77 7(DX-500, Dionex tE#)Z W THHr L7z, Si e EOMEDILHFEIT., £
FREFFHZ O TE S PIXEEICLY, B CY TRV F —ICHEE L TE—ARFEZITVWER L
oo T CIX. B 2ODOFT =2 O A EHEETICHER Lz, 2N DILFEST —2 bR, T
FRR#E (EC). ARER#E (OC). Wil T v & =17 A((NH.),S0,). MEFEHE(NOS). & &2, Wik 7. +
HERi 172 & DAL PR O IR EE & AT IC W T,
2.2 TEOEERD ST

B~ A ORGSR OE D DOFE 1 (RS 5-10em) Z, HEmdbo 7m T4 3FERRL, =
D XA Sy & . PIXE #£B L OV XRF 3£ 9 THHT LT,
2.3 EBARIEREN

B~ A ORGFFEBIHIFTICEE L KK, E bk SN2 50T 5720, & E 210m,
500m, 1000m @ 3 &% T. NOAA @ HYSPLIT MODELYD % i i fEAT i 4R L <, 5 Al E
TORTILOEERR % RO T,

3 WRLEEE

3.1 EEHMRDFH L MEADEHFH

T & izt oo HLRRL - (10pm>d>2. 5um) & U/ NRL (2 BAE R AR E L7 WIR Y PM2.5 % 779)
O FEMbFME A, K3 EXAITR LT, AR+ TIE, 8 EWH L bic, TR 3R Sk
D23 EEED, ECIX0.1pg m? LT EFEFITEN -7, OC IEHIT 1.0-1.6 ug m* fFE L Tz,
NOs %, D1 THi L.lugm® Thoto, —FH ., i @/ vk 1-(PM2.5) Tid, (NH42804 1% D1>>D2>D3
72 o722, (EC+00) 1% D2=D3>>D1 T, W& iZI kX< e o7, 728, D1, D2, D3 #ifi+ » (EC+OC)
& PM2s ORE EREOVEHREOKIZ, £ Fih, 0.24, 0.39, 0.51 Th-o7-, “[FLHIZ” Tk~
X2, oM/ (PM25) 10 EC & SO2OEFAICIE, s o AERIL, DIIZET
T RO ERE (B XN FERED OBREE, D3 134 > R T BE O A A~ RREE & HEE S,
D2 X260 OORAPRNHEE I N KRKBENRE LR TH D, LHESNT, EC &£ OC &
OBRIZ, K5 IZRTLHIC, D1 £ D3 ETCR&EARENIZRLS, 2K TOCITEC DIFIE3HTH
ST, FZT, BT O x OF—2 ZHWT, PM2s OREEEE L (ECHOC) EEOBRZ T~
el A MNEOEMBEKRICHY (X 6), TORIFEMROAEIL, D1, D2, D3 TZh L, 0.23,
0.43, 0.50 TH Y, AR L7 Zn b OHIROFEHREDH LIZEALERCMHETH -T2, Znbnb, K
T YT AR L S NI KK E A A~ ARBEIC L D RGBT O 2 OoFREBLORERIZ, ThEh
FEFNZH L LTV ERH BT o T2,

15

Coarse mode (obs.) 30 fine mode (obs.)
s (10um >d> 2.5um) = (2.5um >d)
i IE 25
£ ®
210 220t
$ DSea Salt S BK(BB)
% Osoil dust % 15 Osoil dust
g BNO3 8 B(NH4)2504
85T 0oc gy
: i s .| ooc
£ £ mEC
0 . N N s 0
wi Dt D2 D3 w2 wi D1 b2 D3 w2
wet and dry periods wet and dry periods
K3 HEHLIMHAICETLIHEAXRAFLD K4 BEERMHBIZIEITDHHM/DRF
LD FERE (PM2.s) P DIEZ AR D F IR E

154



NMCCE [ FH RIS A SR SC 4 16 (2009)

20 30
Phimai (2.5 um> d) mo! D3 v =0.4955x + 0.4174 2.5 um>d
18 T Jul. 2007-Jun. 2008 mD2 25 | R? = 0.9781
16 :: - D2 y=0.4252x - 0.8154 biomass burning - = 11 Jan.
1 T 20 R? = 0.8179 |
- w2 £
12 5 D1 y=0.229x + 0.5598
E 0 o 15 R® = 0.9821 Y
o _ _ <)
S g} D1 y=28927x - 0.2755 ; . D2
R*= 09167 o 10 | . D3
6 D2 y=24748x+1.3074 b . Wi
R'= 09289 w2
AT D3 y=34017x+ 06122 5 f —@p oD
2r Re=09788 A M 4 fossil fuel combustion |~ #&# (02)
o 0 . . . — #i (D3)
0 2 4 6 8 10 0 10 20 30 40 50 60
EC (ug m3) total aerosols (ug m—3)
K5 #/hFF (PM2.5) B @ EC & M6 MPMNFEOIF7OVILKLESEEL
wn s
0C REDRRKR (EC+0C) ‘R MBI R

TEERRL AT, KRR TIL D2=D1>D3 TH U | A A~ ZARBED AR L 72 JH D 55> D3 O RFH]T
H.D2 & D1 OKESORETH ST, £ T FWICHFEEL, FFICW2 TIED3 LD bEhoie,
INHDOFKIZONWTIEL, R TRELSEZET D,

3.2 FURFREEDNLEY LR DEFH

PIXE Z3#r TRl S & o RiRE LA b L 12, 2EHE(SL, Al Fe, Na, Mg, K, Ca) & &5 (Ti,
Mn, Sr, Zn, Pb, Co, Hg, V, Cr, Ni, Cu, Br) &2 J CEHHE L7z, W &l 5 RO FE R
FEIZ X AE IRIEHHSICh o= (K 7 £ K 8), HLICK 1-H D% &yt Tl Si, Al, Fe 38 XU Na,
CaZp E@mmodz, MEIILHE T, MR E Iz, Ti 28 50%LL ETHOXIZ Mn BN@E > 72, —H .,
Wk T (PM25) HOLETLHETIE, SiOOXI2, Ti & K@<, HRK T & RE< BT,
T HE TIZ(Zn+Pb)IEE D1 & D2 THRIEED 50%LL ELm<, wICTi & Mn &2E< . MEITYH
Ti & Zn D@ -o7z,

6

10um >d> 2.5um
major elements

E . . . . wi D1 D2 D3 w2

@
o

~
~

N

mean concentration (ug m—3)
©w

mean concentration (ug m-3)
o - N w

0
wi D1 D2 D3 w2 wet and dry periods
wet and dry periods
0.30
0.15 -

10um >d> 2.5um 0Br @ 2.5um >d oBr
@ minor elements 0Cy 5 025 oCu
o sNi 3 oNi
S ot | mor g0 o
g ov g
s +t aH
E :zg g 015 oo

0 o
g P £ oi0 | o
E 005 | 0Zn g asr
i i i oo | E
= = =/
aTi
0.00 - - - -
0.00 L : : :
Wi D1 D2 D3 w2 wi D1 D2 D3 w2
wet and dry periods wet and dry periods
M7 MEEHZHBTOMRNMFIDLERR M8 MHALLZHITOMNMFHRDELERTR
(L) EMERER (TR) OFYRE (L) EERR (TR) OFYRE

155



NMCCE [ FH RIS A SR SC 4 16 (2009)

3.3 HEE(Zn) & & (Pb) DREAEIRHERE 024 ™ , Phimai and
JER 0z | Air masses from East China Sea (D1,2-ECS) Amami (A)
AR L7z K902, U NREF-h O T3k T, = 26802 - 00042 PM25)
Bl D1 & D212 Zn & Pb ORENRIEFITEDN 016 |  R=00452

S8, NGO ERORMAKTORERE o, |
Bl U T O 578, MUV T R AT :
R B, BB BT BETEIMES &

HD1,.2-SC
mD1,2-ECS
y = 1.3413x + 0.0024 mD3

ODJ\%?&{)EVC&) }:) o Air masses 'F::; gfiiSChina :sg(%m)
%E;qO) D1 }: D2 j— 61&&4 *‘L%EPO) Pb }: Zn 0.000.00 0.(;2 0.(;4 0.(;6 0.(;8 0.10 0.12

Eix. X9 uTﬁ“J: INTHRWIEDOFE N H U | Pb (ug m~3)

D3CHHIL D biL A cEmroTz, £72, D1 & B9 MWUNEIFHDPb & ZIn & DR

D2 Tix., HEEH D Sz K&BE(D-SC)D
1F 92, FEBERFIESCHE A @R L CE 7 RKB(D-ECS) LV b, BUREMROAENK 2 5T
HoTr, ZTOEWNE, INHDOITFOERFERDPHIRIC L > TRRB 0, EHRISN D, 7238 D-SC
& D-ECS & Cli, EC & OC LI1TIF & A E#EMN72 < (NH,),S0,) X< D-SC>D-ESC 72 -7, LL
FLAORE - H O i ERHE(NOZ )R £ X, D-ECS>D-SC T([X 3), HIEFERN Fik o A B3 72 o6 O PeHE

DEBELE I VM ZIF Tz e SN D, 2k, B3 TO 2003 FEHEL O RERE N I, FEE
BB D KA TR0 T3 HHs 2 B gt I 7= AL e R R O KB ik, tv4kﬂﬁ_#%_ﬁwE@W%ﬁ
R otv, FUREROARIL 168 THY , v A TCOMITHEOREKR EIZIFR T TH-72(X9), —J. 2001
Esﬁ#%mm@sﬂif¢ﬁﬁtﬁﬁmvwiéMthmmwnmﬁmZn&%@ﬁ%%f&%
NEH., 077,043 uyg m3 T Zn/PbiE 1.79 TH Y . T4 5 DT EHER IR B O KRE TR T3
T RRAPICHEH SN T, BEHEBEE SN TEAOBEICREZE L L O 2 BT DR E -
776
34 DNAZILUNIMLERLEIENFORERHETE

AR L72 & Hic, BRI 71X, FEICEGERSEICHFEEL Tz, 6 O B8R T ORAR T, K
w&@%ﬁ%aﬁ&4ﬁMﬁ/F/f¥%@i%ﬁ¥@wm:iéﬁﬁﬁ\éEwniﬁnﬁEﬁ%%%yF
HDHIET T HFmn b OREERE S EREZ NS, £, NA A~ ARBEN R L 72 D3 Hif
TH, KRz T7a Yy VBN EICFEEL TV T, BUZ X 2FREZ T TR, N F~ A
PREBEICEE D IR EN S B ~DFE WY —< L7 )L — A2k > Th, Wz HEREO HER BN KR
I, SRS, 22C, CoMMICIZEOHURO TR 73 B b AN E, I HIT
FELSEE LT,

A DOKRKT=T7 Lo PIXE i, FZrMDEtEO—>ThoHr Y ra=7 s(Zr)), D1
&L W1 & %<, D2, D3, W2 ORI TR S 4v, £ OREITH KRR D% 5 UL 8 0 b & < B
T — 28 b %0720 T, ::Tiﬁﬁﬁ%$@2r@%ﬁ%%%%bkoL#L%%®%%Tﬁ
KEBIBEZ2 B D(2001 45 4 H 11-16 F)DOREKEEFICET oo

B S 9, £ oMET, ﬁ?/?f&ﬁé I o oometom | moe
htkaTH/w¢®PME AYMTHE BT ooro | (10U ©25 um) R'=09123 on;

X7 STV AR o 72 6, ji\ Zr OEEAL oocs | we y=ovkstc-ouez |
%T&)éf?ﬁﬁ@?/v::/(ZrSiO4)6i\ ARy T s |
FHE (XA, DYROT, THA, RRhF LA, 2 o | .
Syrv—) RRYTUH, A=A RT YT owe | —
Za—U— 5 FICEMAICHEELTVS 9, 200 Cil .

N 37) Y 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

IRBME, T UTLELICHE SRS KR e

=7 u L& ITHEDO PIXE S8 Clk, KHE

RRER UM IR, Zr (R S AU 2 LT 10 ERAFROTI & Ir OBIfR

156



NMCCE [ FH RIS A SR SC 4 16 (2009)

K1 ETADOLIELHFRLELRUCC) DFEHILZERK D EE (ppm) "

Soil Si Al Fe Na Mg K Ca Cl Ti Mn Sr Co ydd
Phimai 2 56E#6 9 26E+03 598E+H3 1.06E+03 * * A21E+42  138EH3 1. 49EH8 184402 —- 5108401 2 13E+02
UCC+ 3.08EHH 8.04E+04 350EH04 2 89E+04 1.33EH04 2 80E+04 3.00EH4 —— 3.00E+03 6.00E+)2 350EH2 1.00E401 1 .90E+02
*#{hDAZEY —7OFEICUEY 5O TR T8
k3K )

K2 A4 DEXALaVT OLE, RUGE4 O LR Lt EEOFHL2MEm (B ©

site 5i02 Al203 Fe203 Ti02 Mn20 Ca0 MgO MNaz0 K20 P205 total ref.
Phimai 91 692 5. 466 1.254 0.49% 0.039 0.08 0.060 0.176 0.083 0.073 99343 3
Khon Kaen 96533 0.727 0.379 0.232 0.032 0.007 0.021 0.017 0.062 0.00 98.009 10
Loess (China) 61.95 13.00 4.60 0.62 0.07* 8.65 2.52 2.15 2.83 0.15 96 .47 1M
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Chemical characterization of atmospheric aerosols at Phimai, Thailand

I1. Contribution of fossil fuel combustion, biomass burning, and soil dust
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Abstract

An intensive field program was performed to measure atmospheric aerosols at the Observatory for
Atmospheric Research, in Phimai, Thailand during July 2007-June 2008. According to a backward
trajectory analysis, the surface wind pattern in the dry season was northeasterly from middle October 2007
to middle March 2008, and then shifted southerly from middle March to early May. For the other period,
southwesterly monsoon was prevailed in the wet season. A relationship between elemental carbon (EC) and
non sea-salt sulfate (nss-SO4%) in fine particles revealed that the polluted air masses rich in (NH4),SO.
emitted from east Asia was transported to Phimai, while in the latter period of dry season, aerosols rich in
EC emitted from biomass burning in Indochina were dominant. These source-receptor relationships which
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were analyzed in the previous report were supported by the detailed analysis using Pb and Zn in fine
particles in the dry season. For soil dust, Zr in coarse particles was a good indicator of soil dust in
atmospheric aerosols in the latter dry season, because it could be re-suspended into the atmosphere from
surface soils in Indochina after the surface soil became dry. Furthermore, the relationship between K and
Fe in fine and coarse particles strongly suggests that the soil dust could be also released into the
atmosphere by the strong thermal plume generated by biomass burning in the latter dry season.
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Table 1 Composition characteristics of size-resolved airborne particles.

>PM;o PM;o—PM;5 PM2s—PM; o <PM;,
Na, Mg, Al, Si, S, Cl, K, |Na, Mg, Al, Si, S, Cl, K, [Na, Mg, Al, Si, S, K, Ca, |Na, Mg, Al, Si, S, Cl, K,
FEtHk |Ca, Fe, Zn Ca, Fe, Zn Fe, Zn Ca, Fe, Zn
. Cl~,NO,~, SO, cl~,NO,~, SO, NO,~, SO~ NO,”, NO,~, SO,%~
AFUBS Na* K* CaZ* Na* K* GCaZ NH,*, K*, Ca2* NH,*
TEEAEAKRELEZ (TIEBAEICHENTF (RBRAKICZRER (RBHECZRER
PM®D |65hb BMbHoTWSEER |RFAMH-o>TLNSE [HIFAMHoTNSE
FERE bhd EZxAbhd EAibhd
& 3k

1) & [EZM: EEHICKT DR8I BIELE KRR IRYE O BE, 7 L L% —, Vol. 59, pp.393
(2010) .
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Composition characteristics of size-resolved airborne particles in Himeji city
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!Center Laboratory of Technology, NS Environmental Science Consultant Corporation,
4-3-33 Mitake, Morioka 020-0122, Japan

’Hyogo College of Medicine
1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan

*Hyogo Prefectural Institute of Environmental Sciences,
3-1-27 Yukihira-cho, Suma-ku, Kobe, Hyogo 654-0037, Japan

Abstract

In order to shed light on the effect of airborne particles (particulate matter: PM) on human health, we carried out
size-resolved sampling of PM in Himeji City, and elemental and ionic composition analyses of the PM sample.
Size-resolved PM was collected using a 3-stage NLAS impactor (Tokyo Dylec Co., Ltd.; particle cut size at
sampling stages was 10, 2.5 and 1.0 um for a flow rate of 3 L/min) with a 1 week sampling interval, and the PM
sampling was began in November, 2009. As a result, the composition characteristics of size-resolved airborne
particles were able to be clarified.
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