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KA ALXIZEITAHDERFSIHOLENIL FOBEIE &
EMARDOTEREE

FERE L L aEE L ERAT L BHEL e A

VA TR A B R
020-8550 & T WL JR[w 7 = M 3-18-8

XHYBART A Y N =T B IRAFZE T
020-0173 ‘& TR E FARE IR A G IR T/ 237k 348-1

1 [FLC®HIC

ANV REHEY ZLOBEBEBNERE CTHZONZE, EHICEENEAET D, ZHITHEYIC KA
EEZDNAMEITLFE, T LT, MWIZHETIIRWRES BT FIZONWTH LTS, Cold, #H
LR TIT WD, ARPIRLEEOH T E2H5 25, ColZEHX IV B, tHELE L THLNTWVD,
INET, BWITEITD Co RZIEZBF BT, MWIZHA ST E 7o, By &3kt i,
FEIZ BT, Co 1T~ A BHEY OFRRIIC I 1T 5 Rhizobia &, FFLAREFEE OO, BHEBE T ¥
HOWN ODPDOFEICBNWTHRHEINTWVDICHEEDLLT, RTOMMITE W THRAMENEFHK I TiE
W, Co ITHIIE, MATLHETIERL  AHTELHESR TS D, BEIZ Co l3EMICEE KITL,
W & e B YR FEKIEIIFEIC L > TRAR DM, #TO 30-40 ppm DR FEFHPH A B ThH 5,

KIEOHA . Co BT, BEVEYOMREAEC S, WEVET, FEOEIRM 7 o v X, EDkk L i
oA, O rr R LRIBEHOBENET BN D, Cold, HAMSCHETRIE, MTmE. LT
AFPWED L H 7, MBI DL OBBRERETS Y, MYOMETHEERICHT DT — & I
DO D L BEH - EE VT BRI OO Co MENEIZ DWW TKRD X2 IZ#E LT D,
M EEE, £, TAZEOKMmEOREANL ARAICHNL ERY . IRWTEMNOBEEIZERM 7 e v
2%EET D, ZOFERIL, CoSppm LA ETHBNIERO H4L, 20 ppm VL ETHIZET 5, HRETIL. 5 ppm
THROFEENELL 720 BEBEEHEAALL, HTWRIE, e BRIZEEL, FIROMBEITRT TEILE
THI-D2BROFRNRIEREE L .

UL, Co EEFIZIBEICAFAET 5 Z LIXHEN/ETIT@EFE XDV 2720, iz, DAEO B RES
WCEBWTCoBFENIE Z o Ty, L2L, CoRZiE, IFLALEETOKRET, £ COETHEINT
WY, ZRIE R YRR a LR EORBHEMICE W THE LN TSR, T4 LFITEIT D Con2EH), #
B2 PIZRITZICHLDZ o T RWED b2 W E b, Lo T ARBETIR,. A4 X2 HWT,
CoN MM B AP 5 2 D B A A LT,

ARSOLEEY 7RI TACHIE, WMHEBYORGIZE > TREVIZETEME T, KEED F 71350
FEWICBO TR AR EDFOERZ b2, kil, AMEBORE L L ToOEMERICBIT D
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Cd4E/EIT, AT OBEEMERRICB T, IEMOEENE L BEE2ERICES LEBSREREE LTHL
SR TS P78 cdix, MEEHORIEY & LTELR, bbb, @, BHCEA, T LR
TVOT, TN EBMOREME, %68, BMEEOy, Mk o A v F | PEK CdS DR
BHCHWB NS, 2, BAFOHEECLAVONS, Cd OBRRLEE R WIAT LEFETH S 10,
T Cd G, EMOLEBRELID . WHESN—A BN —~OHER - BiiL. ThizRX5H
M~OEBENMBEICR 560/ EL< . BYEHELZBEL T bORK L2 &R+ M), BRaeizznn
FOTHEEICEEIOA XA A ARIT HROBEL MO CAIBERIZEDE POFRTH D P, Cd i,
ETHEWRE TS, HEZSISEITLRBREIN Y, @EICAX DY LWMILEMICK L CEMET
HDHL LD Cd EELeb L ),

Cd IFHEMIC BN T, K& BEHEBRFORIN 2D S5 LRI, Ak, W, ZERNHHOMEZ
Fla it 2 aREMENRH 5 19, CdBEIAFMEMEMIZ. 2uM (02ppm) TEZ 2 7, fimict ~T, L
B o pH 2% 4.5~5.5 O#iF T Cd 2 L <RI L3 < pH6.5 BL ETIEIWRINL LIZ< W, ERIGER & LT
X, ROAEBFERENEL D, F7o. CAIBEIIMEM D Fe RZEFHET 5,

Cd 1IN Zn I E 2R L, BFERMAERIL, WX 5206 DEMITIBWTCA & Zn
LOMTEZY S5 ™, WMHEANTIZ, CdIXZn 7 4 U H—EERFO L 57 Zn fESHDF7 S Zn &
BEXHbDL, LTIV EY 20 LICBIT D Cd FEEMICHET L2006 LT, 2RI Xk - THiM
WY 7T IVREICKEEZ KT Y, Z0OBEBERITRLE TS Z2 8 L CEEBREM(ROS)ZAEET 5 =
& AT & 9 Harber-Weiss/Fenton JHMMZEHS L7722 WZHE 00 59 .Cd A o F 2X— 2 g o OHEFHE#%.
FTTIT, BILA P L AZB X ITAREELNH D 0, &b, AHARBRERFETIEEE LD
L7-, fil %1%, Choudhary & *V& Oriver & 2%, D7 L b ®ODOEMT, Hlz i, 24X Zn K
ZHETEHETCONLIRFIC, AFEMF O Zn L LOBENNIL, BEICBIT 5 CdERZED ST L 0W)
WEE Lz, FERIC, VHXRERT LYY DIZEWT, Znld, B 5 O Cd WU EARE 2 6 H B~
Cd DEEBITOM T 2D S8, Hart 5 3, XU a3 AXLTFa—FLaL1FXFOHITBWT, Cd
DRNE DO E Zn ORI E ORI E OB OFEAEERZH S L, FRE LT, Cd & Zn 3R MR
ECHBOBITEREZEXE LTV Db LN EWn) Z EaREBLZ, LaL, fLoMrseix, Ccd &
Zn & ORICHAEENZ AL BN E7-13, Cd & Zn & OB OHEEMOFEMN H 2 2427 D LHm LT
B, ERITH WD,

THENI AFLXOAERSCERBESOE R, BLOLAX RBOWITHT 5 Cd DEBLZRE LT,
Flo, KPHEHT O CAIREZ SuM I L7722, KIRO CdiHEYRTEFTTIX, CdEAEN 1kg ¥V 2.5mg
ThoTBE, HERE T O CdEEIX, 0.002~0.007 uM TH 5 02 Lns . B TR, HEEET
DCAdEEN S MIZETDHZ LI THD, £2 T, TEEEL, AR TIZ 0.5 uM LT O Cd B E T
A A LX OKRPHEE 24T, ZOABREZRG LT,

2 REHE

2-1 FEBRREWY) & B 1k
2-1-1 HEYE L miE

NEAA LXMW /7 U AF (Hordeum vulgare L. cv. Minorimugi) % B & L, LLF O FNE TAHE
HE L7z, BAEITEE, XX, 774 bbhry (MNLRHR=E) NTiT-o 72,

2-1-2 BFRELHEF

2 %S D LMAKBERIC 7 U AXORE T2 AL, A% —TF =T 30 o) LaRnsRmZERE L
%, LB ERATT WS, ZCOBF2B o722 ANV TR, Ny MIRE, 7y 7 TRIEZEB D,
25 CoOMEEARIZ AL, 24 FEREILL E§RE L CRIF I,
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2-1-3 BELET

BEMFm LIS LD T 7 AF v 75812 1.0 mM CaCl, I8k 2 AL, T O PG HFmFEHADORY =
FL By NEKEIZEDECTHEE L, BELLETZIE, HESEFROD 3 BT VI %
BmoT, EEEFF-T,

R/ D 7 B 1/5 JEE D Hoagland & Arnon No.2 F5Hh (LARE, +Fe 55 M & FE5, 2 BR: Table 11-1) ~,
BHLZRXy FZTEBL, MR 12 EMICRA ETER L, ZOBMO pHIZT V¥ /L pH A —H —
(HORIBA A% =— ACTpH A—4%— D-24) THHBAWMFE L, pH DF#IL, 1.0 MHCI £721L1.0M
NaOH % il 2 T, pH % +Fe B2V TIX 5.5 |12 —Fe BB W CTiL 6.5 ([ZFRET L 7=,

# 1 Hoagland & Arnon No2 i&ih (+Fe) & Hoagland & Arnon No2 & iE#h (-Fe) MR

Element Salt concentration (mM)
+Fe -Fe
KNO; 6.0 6.0
Ca(NO3), 4.0 4.0
NH4H,PO, 1.0 -
NaH,PO, - 1.0
MgSO, 2.0 2.0
Fe-EDTA 2.0x107 -
H3BOs 3.0x107° 3.0x10°°
MnSO, 5.0x10™ 5.0x10
CuSO, 2.0x10™ 2.0x10™
ZnSO, 4.0x10™ 4.0x10™
H,MoO, 5.0x10™ 5.0x10

2-1-4 #iE

DIRES 1.2 FERNZ e o 7o & & O 3 IR Z —k & L TAR T H, 16 % 1/2 IR D+Fe
BiHh (pH 5.5) F£721%. Hoagland & Arnon No2 t{Z8H:ill—Fe B5H (pH 6.5) WA -7 U 34> (10 L)
B L, ZEER= 7 L—yva ARy 7 TER Lz, ZOREMOER THR O Co XL Cd EEIZ
% & 91T CoSO, £721% CdSO ik 2 M A 7=, pH FAHIE 2 BB X ITITV, ST K 2 386 BN 2 CHE
L,

2-1-5 kR Z it

ZAUiE 1/2 #E @ Hoagland & Arnon No.2 i & Fe-EDTA ZBR\N7= 551 T4H U . Hoagland & Arnon
No.2 thZEH5H L S, Z DOWEFIZ DN T, 10L DR Y NT Y 5T Fe g EOBBIRAZB <729HIZ 0.1N
FAREERIC 30 LA BRI E & L, S BLEH A L BiEAK (BEEERE 02 1S m' UUTF) TF4+nT
MO LTz,

2-2 o074 I)LEEDAIE

BB O O 5 3 HELAFEORED e I BE e o 3 &7 & $EREE EH (SPAD-502 Minolta Co , Ltd)
% T SPAD (Soil & Plant Analyzer Development)fifi % ] iE L 7=,
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2-3 BE# WK (Xylem sap) DIEE

BREURERE] (B H 12 13:00 205 3 BERIFRFE) EATIC, AT > L AROB ) Tl EEZGIBR L, XA Y —)L
Ay hEAWT, HOENUORE LY FVEICEERMKREZRR L. XAy =1Ly h &Y
YTOVEIL 01 N AIEIRIC L ABRERLEAZITo7) . RMBBEDLICHEL, YU TV EOEIZEL
FlE, HERWIKOERERLE LT,

2-4 WEMEADOTESTHE
2-4-1 EZMERTEROEHH DOFEE

AEERND 14 HEIZH > TNV E = =2 V@ A TERELL, BfE IS AL, 48 FERE]LL_E 60-80°C @
WABRIC AN, oL b 5 TR H LT,

2-4-2 WHER-BIERE N RE

2-4-1 THELNTRE 2 # B & REINZ 0T e E A WEH . 100mL 2 =7 /v —H— (30 3LLE,
A REER IR IE DR L72) W CEE W TRl < A A, FrfkiglE 2 5 mL I0 %, REGHIL (FhfgER LR 2 L 72)
THEA L7z, BH 100 CIZBA LSy b7 b—F E TGRS BT, IWENH- 72 & 3@ E., FF
WmEEE 2 SmL oM X 72, BN R ONRL o2 %ICHEED 1/5 BEOEE#EEZ AL, 160 CT 1
BRI L 7=, WHEIE. AH (ADVANTEC TOYO No.5C 90 mm) CTAi# LT 50 mL {Z fillup L., 4
ARGy o HE ek & LT,

2-4-3 JL—LRXRFRARERICLIER
2-4-2 O AF B AT REHAIR D Fe, Zn, Mn, Co, Mg, Cu, CdREIL, 7 L — AR JEFRILH G
(SHIMADZU AA-6200) (2 X WY EZRE Uiz, 72, 08 T & ITBERR FE O FEHEVRIR O WO % Il E
L, MEREEKRL T LHREBELZRD T,

2-4-4 JLU—LLARFRAXEFICLIBEXTRDEE

7L — AR TIIBRH CE o T IR O EE — @ R0 fRVESIR., O 2-3 TH &7 BE B INIK
® Fe, Cu, Mn, Zn, Co. Cd ®E&EZHTITIE, JRF RIS EREZ(HITACHI 180-30) & H 7=, 72
B, U TVREERIZ, 0~100 ppb DIEHERAZAED | REMEIER L7c, AW E 134T 0.1 N HNO;
WX o ThReBLUEEZ LT,

2-4-5 PIXEIZC &k B EE
2-42 MHBELNTZREHNAR., XIE 2-3 THONTEFERWIET OLREE O SN IL, MEF7FE X
BT PIXE (Particle Induced X-ray Emission) % H V), £t iZblz> THMr S iviz,

2-5 frEtaniE

EBRTHONTT —Z DMFRE LT o7, AENITEFRFAHERUEE X —DO KA a B a—F
SAS OHEFALE Y 7 F T 5 SAS statistic D anova Z W TT — X D E21TV., ZEBREEZITo7,
MBETOMALET, tREZHWTITo 7,

3 HRRUEE

-1 ANLFBREIFHTIZETA2F A LXDEE
M1ICAALFOEBEOH 2R LT, ColBEMNO0, 0.1, 1 uM ORXTIE, ZEMFEAER LN
Dol 10 uM OXTiE, H EFDO Fermmr vy A, 2L TR r v ARALIL, BERAEFTHENE
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Lahle, RBITBWTH, IROBLWREIH 2 S, SEMICEHERAEFTRES A O, &6
(2, BED LS ERMBE SN, ThE, EWEOFEREL LTS TZ(M2), #EE LR

=~

HMCTHBEREMEORVVAONTZDIE, 10ypM ODXOHZLTH Y, MORITITHERZITEN -T2,

B1 AALXOEBORT

M Shoot
ORoot

1.2

1.0

0.8

0.6

Dry weight, g

0.4

0.2

0.0

0 0.1 1 10

Co concentration in nutrient solution, pM

K2 Felt#fA A LXDEEBE FBHhE)
M E B REZNH DT — X ICIENFIC R 2T V7 7 Xy N &fF LTz,

INHORREIY, ColZ LDENBEFEICBENAREIZIOUM THDH EWVWI T ENbr o7, CoFEDM
THER T, #i B o rsmn 2 xru v X RFEOEEFEHRE CTH 7o, A LFD Co FEiX, Kk
HEFIZB W T, I~10 uM O ORIE THND Z LR ST,

B3 7 b— AR R RESE L CTHRIE L 72 IR D Co B &% 7 Lz, KBS D Co R 0,0.1 uM
DALFRXAZ BT, Co 1FHL BEE, REIZIE W TR S >7z, Co 1 uM X TITIREBO Z 3K H S
Nize VIV, Co M 10 uM X Tl | uM K & 5 LEIXE o7, £72, 10 uM K%, H# B
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IR AT 5 L. HEEFD Co BRI VRS Co lTMEICERLIZZ LB bhoTz,

FelXiz 35 Fefitis A 600
h a 1200 g
Hh 36 iR &6 - 30 ith 36 B
[ 1500
4 11000
250
| 300 1400
3 20 |
| 600 1300
9 15 |
1200
1 400 10 |
‘ |[f20 s 5 | |1100
w w wm ] wow ND ND ND NDND|_| 0

0 0
00.11 10 00.1T1 10 001110 001710
ABHEHO UL HRE (uM)

3 FeftisA A LFDCoBE
ND: RS e oz

ng/ g DW

40 —a—n iy 250
20 = b . 200
20 b 150
100

10 I [ 50
0 . . . . ' . 0

o 0-1 1 10 0 0.1 1
#h L &B RE

4 FeRZHEYMDFeE=

412 Fe RZAFLXD Fe &% /R LTZ, Fe RZMHIZE W TIE, WIh o Co EEAFIZB T
HhFerzuunv A (EOFL) NAONTZ, M B TIXHEMEYL Y OFEMN Co 10 uyM K THERKT
DR BN, Flo, HBEO Fe Z&iX, Co 10 M K THERBMMA RGN, ZDZ LiX, Co Rz
LD, Fe P TEICEML, M EB~OBITHRMZONDZ EE/RL TV,

3-1-1 CoBERIEVMDOHE —BIERBIBED I L—LRXRFRALEELELEPIXEIZLDBET—2D

5433
# 212 Fe #4442 F O HlE — b Mg H e 0 i D Fe & Co IR & & Ji WO LR & PIXE THIE L7z

FEROEDO—Z R LT, TRICE > TUELT7 L— 2T e o 7228, PIXE Tl S vz
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HABHAK L H o7 £ DX T ColaEEIZPIXEDIF I NIFIE 2 Fm WML R L7, LT, £RBX D
T A EHEERE LA RITI T L— AR WAL & PIXE TLEIE—E L 7=,

%2 FeliifAALXDHEENERD Fe & CoEED
7 L—LKBEFRIAINLE E(Flame AA)E PIXE DBIEEDLEE (ppm)

Fe Co

Flame AA PIXE Flame AA PLXE
0.4127 05220 0 00039
07143 | 09094 0 00023
05873 - 06879 0 QP25
0.9841 1.1395 03612 05399
1.1508 1.4303 03452 06369
1.8005 2.3540 02167 (3806
05317 06333 01445 02280
035711 X2 06365 01525 X2 03140
04603 Q6125 04255 06519
1.5000 17037 16777 323
1.0635 1.1530 16456 27890
0 00910 2 2076 38313

51 Fe flifa A4 L XD Fe G E%Z 7 L — LA R WL N ERH & PIXE THIE Lo/ ROERZ R L
7o B TORIZBW T PIXEIZE T TIES 2B EWMELZ R LTc, 7 —# ORLEX[FE L O RRIZE T 5,
FEERZECEIAEOIEILSXIZONTIE, EHLLbRBEThH-EBbhiz, MFO7 T 7ORIFIZIE
FCCTHRUC@EmZRLEZ, LorL, 7L —AKTiE, Co 10 uM KOl EETHEZRIR TN A 57223,
PIXE CIIAERBENEN ST, 2O X ThbTHEWVIR NN, T —% OERIE— L., EWFEH
RERIZEI L Th o 7,

0.5 r mg/g dw 0.5 _me/g dw

Iusmn O Rost g
0.4 N 0.4 N
0.3 — 0.3 b -
0.2 0.2 b— | N
0.1 0.1 .lﬂi. ﬂ— a al 1
0 - ' ' p LELL ' ﬂ : H '

] 0.1 1 10 0 0.1 1 10

7 L—LKXEFRANEE PIXE

K5 FetffA A+ LXDFeEE
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3-1-2 CoBEEYNDEERBRDIL—LLRARFWRAXEEXE PIXEIZKDAET —2 DLEE

Co A FIALEE L 7= gt iA A A A X L0 1-3 TlRAR72 HIECTEHILL 72 5 & WK D Fe, Mn, Zn, Cu % 7
L— AL AR EEE PIXE THIEL, TOT — X OLEEZITVWER IR LT,

Fe: 1 DDOHIAZFRWNT, £ TT7 L— A L ARFE WL EETEORIEM A PIXE OF) 1.5~2 5LV Vil
Lotz FHLEEX[E LICHEICRIT D, HEEREICLIDZHEDODIELSTOEAEWVIZOVWTIERBBLE
L7,

Mn: 7L — AL AKXOMEIL PIXE O 2 fFDOME L 720 | [RALBRX[FE 2z T 5, HiEZEICLD
EOIELHSEITHOWTIX, PIXE O NV VMHE\IN R S 7=,

Zn: 7L —ALLVAROFTN2MHENDL SIELL L, RERMEZR LIz, FABXE LIZHKRICBT 5, #
RECEAEDOIELSX T T L —A L ARDFIL DI KE o T,

Cu: BB LAHEAIZIRONT 2 00MEEDT —Z1T 1,/ 2006 20O TRARSZ X5 TH 5D,

PLEDOFERIZ, 7 b — 2 L ZARFE AW NEED PIXE L0 KREREEZ RTEHANEGDZ 2R T
Wz, HIEEOMBE CH LAl D H 52, MEREHRK Z BT 572012, T 2R TH X

JEREE L BIZRBILHENPILE L, PIXE ICBW TR HE S D ATREMEN H 5 DT, 5% KR

60

K3 HBUBBEHTEFTSELAALTOEERDBROEREEDATEICLHLER

R S

Fe iRE Mn BE Zn RE CuRE
(ppb) (ppb) (ppb) (ppb)
Co MIE;EE (uM) [Flameless| PIXE |Flameless| PIXE |Flameless| PIXE [Flameless| PIXE
0 458 266 262 121 584 97.5 33.1 16.8
399 282 211 93.3 267 88.6 15.0 31.0
0.1 499 282 272 122 199 86.6 51.1 12.3
’ 413 354 262 100 641 212 48.1 51.4
1 354 246 192 97.4 234 154 571 30.5
377 1099 281 133 175 107 51.1 29.9
3-2 AFRIVLBREEHTICEFTSAFALXDOEER
OShoot ORoot
-4 150

€ 150 | A -

£ A A =

Q.q B —

) 100 + A A 100 ?n

g A s

£ 50 - T‘[W 450 3

o o

< ﬂ 3

/) 0 I I I 0 m

0 0.05 0.5 0 0.5 0.05

Cd concentration in nutrient solution,pM

6 AFRIVLUELIEAFLFOEZYE
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7 AREIOLUMELIEAFLFOEEDRTF

WM EICB W T, RO B - IR L IR CTORERET 21 ->72(K6), £/, 0.5uM
FCTOREGAICENTIE, CdEICLDERMDERITIRON R0 -72(K7), 2O &%, HRRE
IZBWTH, BFEIEEO LEEET T Cd 0ORRHREEIIBEI NI NI L 2R LTV,

7 L— ARJFE WO ELECHIE Lz Cd & &id, i B3 - R E HICxH X & H_T Cd 0.5 pM [X
TELIHEIMLZ(8), £/, BEHO Cd FEIE, # EMEHTR I5EbmEmoT, ZORERIT.
WWRD Cd BEO LAENEETH, CORETHONIE, BESAONARNWI EE2/RL TV, 208
Bix, BERERBBHIBWT Cd DIFEEDROPIIC K, 2, CdBEWHEEIZAY LT <, AR
BYIAENSLT VI EE2RIB LT,

[0 Shoot H Root

=20 400
- =
© A a =
w15 1300 w
ob S
210 - 1200 =
o o
55 5 1100 =
2 B, L b P K
N 0 | | | | | 0
Cd 0 005 05 0 0.05 05

(uM)

8 CAdBEIEZEHTTEELE-ENDCIEE
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3-2-1 CAMBLEAALXDOWEIBRD I L—LBEFRAENLEZE PIXEIZEET—2DLEE

B 975 1312 CdALER L7=A A4 A5 B, ST, RESOMER S i#IK D PIXE & 7 L — LR W6
E%@Wﬁﬁ@%@%mbﬁo@Eileb(h\h\MnhOwTﬁoto%@ﬁ%\HME&7V
—AOWPEMEICZBIT L7 77 EOBMITIFIE T 52 ENRENT,

TR B DR ERERIZ-DOWNT, Fe | %Lfi PIXE & 7 L — AR FWAEREEICBNT, ZIEFRED
HEMCTCH o7z, £72, Zn IZOWTIE PIXE DI BNREDICHESND Z Enbrolo, RED Cu
B LTI, TR ENM3E. 6 FHENEZRY PIXED MK EEESNZ, K-> T, Fe Z2IET 5
WA PIXE & 7 L — AR TR EIEOFERITIE TE 223, Zn X Cu lZ oW TETHIEEN R 5581
ILEBELRE T2 2RI ORETH D Z ENRBI T,

ppm ppm PPmM ppm
o1z . PIXE wiVEIN 1012 05 1 PIXE IL-L 4 0B
010 | JRF IR {01 o, | EF RS {04
0.08 | 1 008

0.08 | loos ™2 f 1%
0.04 loos %27 {os
0.02 J ooz 01 ¢ 101
0.00 |—|v_‘ rh s N S 0 00 - h - = 0

0.05 . 0.5 0.05 0.5 0 0.08 0.5 0 0.08 0.8
KBHEROCIRE 1M KEHEHDCARE u M
i E &R RE

9 CAdMBEBLEAALFOHEES AR BHRD CAdEE

ppm " m -
1.4 - 71/_1—\ D-p1.4 15? 7"/_}‘\ F-)plz
18 | PIXE E;["&J‘ﬁ 113 45| PIXE JE%E&?‘E. 10
1 41

0.8 los °f {s

0.6 log 67 {8

0.4 Joa 7 ﬁ_‘ 14

7k%#i%iﬂo)cd;ﬁf§ UM 7k$#i%iﬂ0)cdﬁf§. u M
#h _E &6 RE

X 10 Cd szLTZ'_-L\#o)Eﬁﬁg \ﬁ¢u-t*‘|'lﬁ'l&0) Fe IEJ#
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ppm ppm pPpmMm ppm

01 | PIXE 2L—L o1 oz . PIXE L—L 0.5
0.08 JRFEE |0 o5l JRFIE {os
0.06 008 015 | {015
0.04 ﬂ m m 004 01 | {01
0.02 ’—X—‘ 002 005 | ﬁ_‘ {005

o 0 o Lom 1. - - 0

0.05 0.08 0 005 08 0 005 0B
7k%;zlti!f-'dﬂﬁcoc:d..;,;zfEF u M IKHBHIEHDCRE uM
#h &R 1R &R

11 Cd e LT’#TL\#‘@E%E& \ﬁ‘Fn-t*'I'lﬁ‘/&a) Cu IE,#

ppm pom  ppm ppm
el PIXEWL %lﬂﬁjg loe ool PIXE T -4 ..
- L o1s os | RFRE |,
IR m ﬂﬁﬂ ﬁ & ﬁ?
KB BOCEERE uM KEHEMOCIRE uM
ih L &B iyl

12 CAdEBLIEAF LFOHEIBHAMBRERD ZniRE

ppm PIXE 7 L\ PpmM ppm Ppm
08 Q02 015 [ 4 01E
JRFB 2L—L
015 | {018 PIXE E;u‘&ﬁ
0.1 401
01} 401
|—X—‘ 0.08 m ﬂ_‘ 0.08
005 | 4 oom
0 . . . . . 0 0 m ]
0 0.08 0.5 0 0.08 0& 0.08
IKBHEHMDCIRE u M 7K$&Hri’§iﬂ0)0d.«lﬁfg: u M
ih_E &0 R &R

K13 CAdUMBLEAALXDOEESBHRBED Mn BE
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Concentration of elements in tissues of

cobalt- or cadmium-stressed barley seedlings grown hydroponically

S. Kawai', Y. Yamaguchi', K. Mabune' and J. Itoh?

'Faculty of Agriculture, Iwate University
3-18-8 Ueda Morioka 020-8550 Japan

*Takizawa Laboratory, Japan Radioisotope Association
348-1 Tomegamori Takizawa 020-0173 Japan

Abstract

The physiological effect of toxicity of Co and Cd on the barley (Hordeum vulgare L. cv. Minorimugi) grown
hydroponically in green house or phytotron was investigated. Growth of the plants was not affected under the Co
concentration between 0 and 1 pM. In the 10 uM Co treatment, however, Fe chlorosis and necrosis was observed
in shoots and growth of the plant was retarded clearly. Elongation of lateral roots was severely repressed and
growth of the roots was totally repressed, resulting in significant reduction of dry weight. Concentration of Co in
plant tissues was elevated in 10 pM Co treatment comparing with the other treatments (0 and 1 uM Co).
Concentration of Co of shoots was fairly low as compared with that of roots. Cobalt was accumulated in roots.

In Fe-deficient barley, Fe concentration of the shoots (umol g DW) decreased significantly in 10 uM Co
treatment. But Fe concentration of roots was increased significantly. The results suggested that accumulation in
roots and translocation to the shoots of Fe was repressed by Co toxicity.

The data of Co or Fe concentration of the solution obtained Flame Atomic Absorption (Flame AA) or PIXE was
compared. Sensitivity of PIXE was higher and about twice than that of Flame AA. Result of statistical analysis
performed on the data of Flame AA and PIXE was consistent. Iron concentration in all solution applied was a
little higher in PIXE measurement than Flame AA.

Iron, Mn, Zn, Cu concentrations in xylem sap of barley grown under +Fe condition were measured by
Flameless Atomic Absorption(Flameless AA) or PIXE and the data were compared each other. Fe : Except for on
sample. In all of the solution, the data of Flameless AA was 1.5-2 times higher than that of PIXE. Mn: Data of
Flame AA was about twice of that of PIXE. Zn: Data of Flameless was 2-5 times larger than that of PIXE. Cu:
There was no consistent tendency between the data of two methods. Ratio of the data between two methods
seemed to fluctuate from 0.5 — 2. Generally, PIXE gave larger values. The reason needs to be considered in the
future.

There were no visual symptoms induced by Cd toxicity up to 0.5 uM Cd of the concentration of the medium. It
indicated that visual symptoms of Cd toxicity may not be observed under the solutions of usual Cd-contaminated
soil in nature. In dry weight of the shoots and roots, there was no significant difference among the treatment with
varied concentration of Cd. Cadmium concentration of shoots and roots increased clearly at Cd 0.5 uM treatment.
Cadmium concentration of roots was 15 times higher than that of shoots. The result showed that elevation of Cd
concentration in this extent does not induce symptoms in plants. It was suggested that recognition of Cd toxicity

in foods, such as vegetables, is difficult and that Cd can be easily incorporated into food chain and human body.
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The data of the concentration of Fe, Cu, Zn, and Mn in the solution of shoots or roots digested by nitrate was
obtained using Flame AA and PIXE. The tendency of the data of Flame AA and PIXE were almost similar. In Fe,
the data of Flame AA and PIXE were almost identical. In Zn, the data of Zn was a little larger than that of Flame
AA. In the case of Cu in roots, the data of PIXE was 3-6 folds lower than that of Flame AA. Therefore, the data of
Fe may be comparable between Flame AA and PIXE. It is suggested, however, that the values between two

methods should not be compared in the data of Zn or Cu.
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B LEESHOEEAICLER LTV D ATREMED VR STz,

1. W+EEAALKMETHICERELZHAELETOEERTRE (1Leg/g)

X (cm) Al Cr Mn Fe Ni Zn As Se Cd Pb
0~10 47700 16.1 772 39940 8.68 37.9 20.1 | 0.55 1.16 14. 4
10~20 57180 37.1 606 130800 6.24 34.8 108.4 | 0.79 1.09 19.9
20~ 30 81800 24.8 428 74260 5.57 49.2 10.7 | 0.51 0.49 14.2
30~ 40 137400 31.1 234 80940 8.01 39.2 8.6 0.14 2.07 13.1
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(B Hf [X)

(A X)) 901+178 114+9.53 10.2+1.05 <L0Q 10.8+2.16
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% (B #X) 626110 289+16.9 49.3+3.09 <L0Q <LOQ

b WLy (A HX) 591+65. 1 314+13.2 13.7+0.75 <L0Q 3.58=+0.89
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<LOQ : Below limit of quantification
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Al Fe 7n Pb
R PR Ef | 6684202 406+20. 8 181+9. 39 63.1%+4. 30
W PR TS | 408+78.0 182+8. 13 59.3+2.75 15.871. 46
o
PE 945+ 144 557+26. 1 62.47+3.08 27.6+2. 22
S PR 133+20. 7 68.0+2. 75 193+7.65 6. 06+0. 79
s
AR A 2294129 263+17. 1 185+12. 1 19.5+2.84
i
i PR B 458+30. 1 509+21. 1 158+6. 67 5.15+1.01
4 L&
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PIXE analysis of ecological samples collected around the Shijyushida dam

Keiko Chiba®, Kazuhiro Yamada®, Akira Hiratsuka?, Masatoshi Yui?,
Teruyuki Umita® and Kouichiro Sera*

'Science of Living Department, Morioka Junior College, Iwate Prefectural University
152-52 Sugo, Takizawa, Iwate 020-0193, Japan

2Faculty of Policy Studies, Iwate Prefectural University
152-52 Sugo, Takizawa, lwate 020-0193, Japan

*Faculty of Engineering, lwate University
4-3-5 Ueda, Morioka, lwate 020-8551, Japan

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

Abstract
It was well known that the mineral polluted water containing a lot of arsenic flowed and arsenic

and other toxic elements were accumulated in the deep layer at the Shijyushida dam until 1982. In
order to investigate toxic effects of arsenic for the ecosystem around the dam, we have collected
several kinds of ecological samples from 2005 to 2007. The collected samples were analyzed by the
PIXE method. As a result, it was not found that the toxic effect of arsenic for food chain system
between Pandion haliaetus (bird of prey as a predator) and fishes (as a pray). On the other hand,
arsenic was detected from a part of subterranean stem or root of plants. It was suggested that arsenic
was accumulated in the shallow layer of underground at Shijyushida dam.
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Comparison of data analyzed by PIXE with XRF in chemical composition for

beech forest soil samples collected in Mt. lwaki

M.Saito, K.Saito and M.Tsurumi

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 PIXE with XRF is discussed in composition for
soil samples collected at Tashiro-tai plane in Mt. Hakkohda, Japan. There were differences between raw data
with these two analytical methods. The content values of major elements show wider variations in PIXE than in
XRF. Even though PIXE data were normalized to total oxides = 100%, the serious differences were found in
alkali and alkali earth metal contents. Samples carefully prepared for another time indicate the decrease of
variability. These are suggesting that the sample preparation process of PIXE might affect on the variability of

data; namely, the mixing time of soil samples with Pd standard material is required more than 30 min. in agate
mortar.
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oo HUS COIUNED In EHEMNMES ., HABRGIZABFTL TV I 2O Zn IEEOMHE b LI AR
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ErmZ ity se, A FRBIOHME D TCuDBEENR LN, —FHLE GoME C TIZIK
BECTH-oT, YOV A7V 0O Fe BT, A DRBIOHIEE TEL, Fe DIEBENA LN, RWTHE
A, HUS CBIOHMSF CRIBRBEOMEAZRL TV, i T, #HUS GO B O Y X7z
FHELTWD FelBEOMIZE BTN o7z, £, VDO Fe DREOHSE T EOELE KT S L
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A B, CBIOHA GIZBWTRIRE TH -7, 1Y A7 H 0O Mn BT TS (AR MV
Tholzin, TNUNOHEIZT R THKRHEWVEZRLTEY, REEWVWTIALNR NS, TV
O Mn OREITHAEB LI OHA D, A A CTHRETHL - F T A G EHACOIVIZEEND
Mn OEEN L HITMRVVEANBD bz, Y A 7o Mo EEIIHS D THrbLEWVVEAR L
7o —HHE C, EBXUHLE GOy 2 7% Mo IEOMEIZIEN-72, £72. I D Mo X
vy AT LA D TEIBE Th 72, C M TIZIERIC Mo JEE DK I 223380 B2 A8,
Mo EEDEMITY oY A 7Y LidE - - &2~ LT\,

ymyfﬁ#%ay%mﬁD’ﬁébfwéﬁ%$ EIREDOESRBITHENREL TWD &) il
OEMBFRD HNTz, I I f)b\f if@,mE%i&,mF THHIA D ERBRICEERRBEN LGN, £
7o, vay A% 43 v wREICREOHEMISENE A LT,

£1 2OYATHRUIHFODFe EE (ppm)

Fe(OVYAS H)|A B C D E F G

it 3504.6 1113.7 2669.0 5628.8 7869.2 3154.8 95.3
¥ 121.0 316.1 612.5 750.4 8715 4425 32.8
-3 344.0 422.3 519.1 1868.2 950.6 358.9 429
&5t 3969.6 1852.1 3800.6 8247.5 9691.3 3956.2 171.0
Fe(3) A B C D E F G

it 8636.1 1057.8 611.9 5705.1 2613.2 4947.8 89.8
¥ 38.9 411 25.2 128.3 47.3 251.4 30.4
- 221.9 25.7 24.3 445 55.3 19.7 3.0
&&t 8896.9 1124.6 661.3 5877.8 2715.8 5218.9 123.1

£2 OYATHRUEIHD N EE (ppm)

Mn (Y ASTH)A B C D E F G

it 316.081 | 211.777| 120437 ] 294102 | 234931 ] 151.867 6.799
E3 26.600 33.208 67.995 35.408 42.903 34.803 4918
= 42.997 38.617 78.451 88.588 | 139.920 | 110.009 6.528
&t 385.678 | 283.602 | 266.884 | 418.099 | 417.754 | 296.678 | 18.245
Mn(32) A B C D E F G

*E 156.924 37.979 10.577 | 108.766 | 110.849 29.925 4.550
E3 3.066 16.262 3.475 44.218 28.388 25.185 4.652
- 8.954 21.102 8.099 36.901 83.711 18.792 8.595
&t 168.943 75.344 22151 | 189.885 | 222.947 73.902 |  17.797

£33 DAVATHRUEITHOD CuiRE (ppm)

CuAavATH)A B C D E F G

it 18.048 48.895 40520 | 108.927 50.634 | 101.832 8.089
ES 4345 10.575 7.417 9.507 7.296 5.884 3.884
3 6.652 5.122 6.628 12.952 7.400 7.855 3.041
&&t 29.045 64.592 54565 | 131.387 65.329 | 115.572 15.014
Cu(3) A B C D E F G

it 10.597 9.479 4.800 22.761 6.183 28.025 2.478
S 3.310 2.120 0.537 5.455 1.846 6.562 1.551
iz 5.329 2580 1.314 3.424 8.692 3.045 2.075
&t 19.236 14.179 6.651 31.640 16.721 37.632 6.104
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x4 OYASTHREISHD In EE (ppm)

Zn (S OYATH)A B C D E F G

bic) 69.510 73.928 | 115.430 | 205.652 92917 67.837 | 14.692
E3 27.321 25.163 33.699 41576 25.302 25.186 | 10.912
-3 32.156 26.895 13870 |  46.687 44.534 69.876 | 17.661
&5 128.987 | 125986 | 162.999 | 293.915] 162.753 | 162.900 | 43.264
Zn(3) A B C D E F G

pic) 49.618 21.661 8.182 37.257 83.187 40.278 |  11.302
¥ 9.304 4.210 4917 9.062 6.024 33.591 9.407
= 11.165 8.777 8.346 15.686 35.864 11.660 | 18.108
&5t 70.087 34.649 21.445 62.005 | 125.075 85.530 | 38.817

=5 OYASTHRUVTIHD Mo EE (ppm)

Mo (SO AS H]A B [ D E F G

it 16.595 5.357 3.056 47.145 0.000 8.431 0.317
E3 8.580 38.613 1.803 34.121 2.659 7.110 0.000
-3 13.628 1.319 0.000 13.600 1.144 2.298 1.319
&5t 38.804 45.290 4.858 94.866 3.803 17.840 1.637
Mo (T2) A B C D E F G

it 0.000 0.291 0.000 1.688 0.441 0.604 0.040
E3 0.000 0.000 0.035 0.166 0.000 1.154 0.000
= 1.032 1.249 0.049 0.240 0.334 0.384 0.472
&t 1.032 1.540 0.084 2.093 0.775 2.143 0.512

£6 SOYVATHRUILDERERE (ppm)

Pb (- OY A5 )| A B C D E F G

it 14,028 4933 11.479 18.930 1.137 15.172 3.838
E3 0.885 1.925 0.991 2.203 2.356 5.793 0.000
-3 1.742 2522 3.804 6.713 6.052 6.437 0.904
&5t 16.655 9.380 16.273 27.846 9.544 27.402 4742
Pb(3%) A B C D E F G

# 11.593 1.970 6.195 28.727 6.153 15.100 2876
E3 3.415 1.358 2581 3.408 0.674 1.227 0.000
- 2418 2.540 1.378 2.170 1.338 2.097 0.959
=x-1i 17.426 5.868 10.153 34.305 8.165 18.424 3.835

S52ERBRRILED MBI TE] TE] ITETHEFDEN

HYPICEENTWERSBLHESARL LT, YAl a v b ELBTHEIT MR O
MCRkbE<EENTEY, (%) &L ()] CEZOBREORICKEREVIZR LA (K2-7),
2L, SUICONTIEFeDIFEALEDN MR ICEPLTEY, 1] BXO 1] ITXFEALEHFE
LTWiRinodz, £72, Mo ik, MR L0 b ) X [H] OFAICLVZEPTLTND LWV I
MR R BT,
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6 ZHim
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M ORI EE N 2RIET DI —ZBICITbRL TV Dd 0, »H5M%HN [ heavy metal
hyperaccumulators| (E& B EMIEY) L WOHHMTHLINE I LV IMITHD, L LIBEE TIZ
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WE W 2 oy e Yy A7 I VERE LEROSEGENHE TE RO T, WH D heavy
metal hyperaccumulator TH 57 E I & KT 57210 O T —Z BNENO T Z OREIZ OV TIEfitiy 5
FTAAN
PRSI L7zt THR) T2 T3] O COMBICEF L TERINLI 2 bMETH L3, — kW
IZiE TR ICEEESNDERZ NV ESbNR TS Y, A THLRIH S NZEA R THE ORI BHRIC
FEL TV, 2720, Mo lZ Wik, WIREN7/-Molx MR Kb 1) L THE 2k EF
LTWd W) Bigo@lmnioiniz, Mo 1T OTZ AV BEAKICESBESLTEBY, £/,
MELBIZEICHARICE W ERKICL VAR END, LR -> T, MR X0 & EERMEEEN 2 < FE
T5 [HE] BXO X Mo BNEFLTWEEEZLND N, EMHZFKICONWTIEEHICERE2H
T 5,

6.2 Zn, Cu, Mn ®URLUX

YRV AR L IAVHOKLRREL, MEICHEINTWD 7THREOHMIZOWNT, TEFRO Zn,
Cu, Mn 5 H B LW T O Zn, Cu, Mn REFEL O EFNENLE LT )y FUENR L O T
DERITENTHSIDVENT L, ILBICE D ARG A NNa, BA X AT UVEF Y IREREND
TR D Mn, Cu, ZnREDOSELD IEFLUTRELMBEEL TWARVWDIZH LT, ey Ar4b
YHENLDOEE ERISEETHH-T2 Y,

YA ZHBLOI VAR ORTIE, T2 2% NEEEICR U CHEMEERE C Zn 2 %I -
ZHLTCBY, WMYTOREIZEETO 24 FRETH-o72, LL, YaY A 73BT 0 Zn i
BEIX, TNENEEORED 7145, 26 ERETHLZ LN, FRlcva Yy 2 7R EHICx L CHESR
WCEIRE T Zn @B AW - FEL T\, SEIOFMESFT T 5 EAb)INT 1AL Tix, KRR O E
WL D2EERBTHEORENERINTEY ), £BICEEN I ELRECRICHIG L THEOHY R
THZLEIMEL, vuY A7 BLOIURE N Zn & BORINEN ZH TWbHELEZLNS, 1277
L., ey 274 Laso Zn WL - EREEDICRERENS RO, ik, E4ETE ORI
BLOEHEEINIBIIMEDOREBE L ICRRDZZENERERH->TVDHEDTHDLETHEEND Y,

FAEIC Cu BE O Mn I2OWThH, Mol Lt~ Tyr Yy A 7Y BL0a v, HEIox LTI
ICERE T CuoMn I LTWe, ZOBRIZONTS Zn LA, TEZOLDICTZEORENH
STETZDTHAH I,

6.3 LIEFDTHFRDOMELEMIZ K ZHKIN

THEPIZHFEEL TV DI EERTHEOMT BN, MO ELSE THEOWIL - EREICEELHZ N5
BERO—>TH5 Y, LrL, TNETTRARETRDONEZZ L@l TEARANED, by
DELBITEOWIL « ERERENCEERFELZRIFTLTCWALERLNDD EE2 N5, LAbmE)I a5
O ¥ o B4 JE TR IL 0 BIAMEE T, weakly-bound (exchangeable) phase (W35 #E) <° carbonatic phase
(IREAMEAE) . oxidizable phase (FR{L#RE. Wi fLWWHE) . residue (J%78) 72 XDk~ 2 WECTHFEEL TH
DY EEBITEOHEKELINCE, BB ICHEOHFEERENEY O EL B THEORIN « HREICKE L
WEBZRFLTHDETPHRIND, LT TR, HEPTO Pb &BOF(EFEN T vy X 7Y L0 E
ORI « HEFERRNCED L D R BEHE X TV DO ERFHT 5,

T > THHRO LHER O P & EK LI ~OWERE (K 8), & [REEERE] & Ly
(K9) LLTHEELTWD PbDEZZNENRT Y, RERIC, THLHRE] BLO EE GROES) )
(K 10) & LTIEET S Pb EART, HHEF O P Ot L X 7 128 LMY O Pb I & DRI
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BWHBEZRO DL Z LiXTE oo, LI ~OWERE L THEELTWD HEFO Pb O &L
YR THRERRIICED Pb OWINELEORICIEHIREOEOME 2 R HmARD Sz, -
B ZAFAE LT /2 Pb OHEF Bk, oo S gw«rmﬁm;ﬁmf%ot;awg +HEF o4 P
GEHEELVL, WERETHD PO OEREN I Y A7 H KNI O P WIEICL Y EEELLE 2 TE L
%2%%60%%m_ﬁibfwé/n/fﬂﬁﬁoa/_iéPb@%mik\i%¢®%%%&b
TEHENTWD POIRE L OMHBEAMEZR 11IZR LTz, ZNHOMMNE, K LI ~0 TRERE] &
MT DI, 2rYATZHEITEE BT P BFENEMNT W) EOMBARRLND, Z1LE
mm&%ﬁﬁam\awf%éoﬁ%@%f%%@ﬁ*ﬁi@@m%“ fiifbe, =L LCTIFEEL
TWA5PbOEEBYATH KRNI UIZED Pb ORINEIZIZONWTE IR > THMOMEMELRD 5
i, i<, WAERE L To Pb &iX, /D/%ﬁ#&@a/ X% Pb DWINEIZHR < L T
LI ENRTREND, ZOZEnbyaY ATV S, EEIND Pb =X, BT CPb Ak
MR E SN TVWDOIRETHEEL TV IBICHIBERELZ T WL LEEZLND, WEMBENIZ
TEEREZRY AR, TR IFKICETRETRINEND EWH 2 EEEERH D EBbILD, 932D Pb
WUz v ey 2 7 L EBEOBER RS D &,

mﬁ@t i%@@cu@ﬁﬁikiwff?% Cu@%ﬂ’ﬁié%%%ﬁ%?é %Lbk
FERN D HiA D SOHR ﬁibfwé/m/x7%¢ CulIZEICEINEINTEY , W HS
ﬁébfwéﬁ%¢ i%i@%%h@w —ﬁf\%ﬁD@i%¢Cu%Ei#%_ﬁwoL@L\
Bl I2 IR L7L 212y a Y R 7H2L% Cu DRILEE THP T ERE LTHEL TS Cu D& E
ORI HDFREOHENH S, Cull >\ ThH Pb LR, HEPICBIT D Cu OFEERIY LIFERRE
B, Ay ATHBLIOI VICED Cu DRINEIZHEEL CTWAHAREERH L EEXLND,
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KOWEAD, WP SN A EEROMSIRE & EEPICHFET 2 EEBOMEREORIZIX
B 22 AR B BIARIIRR O DR WS, K EFE~ D ERE L L THAE L TV 2 &R R & A4 I I
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Heavy metal concentrations of clover and reed collected from
Nanakita river mouth area, central Miyagi prefecture, Japan
and their relationships to heavy metal abundances in the soil
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Abstract

Heavy metal concentrations (Zn, Cu, Fe, Mn, Mo, Pb) of clover and reed collected from
Nanakita river mouth area, central Miyagi prefecture, were measured by PIXE. The heavy metal
abundances and their chemical characteristics of the investigated area were previously reported. The
purpose of this study is to reveal how much those plants accumulate heavy metals in their bodies and
how the chemical characteristics of the heavy metals in the soil have influence on the heavy metal
accumulation of the plants. We are also targeting to contribute to phytoremediation that will be
dominant method to clean up contaminated soil in near future.

The heavy metals mostly accumulated in the roots of the plants and both stems and leaves have
much less heavy metals than their roots. Although total abundances of heavy metals of respective plant
depend on the abundances of the heavy metals in the soil, this tendency cannot be recognized in all the
samples and elements. Chemical characteristics seem important. According to the previous research,
each heavy metal consists of four fractions as follows: absorbed heavy metal to clay mineral
(exchangeable phase), easily decomposed heavy metal by weak acid (carbonatic phase), oxidizable
heavy metal by oxidizing reagent (oxidizable phase) and heavy metal phase decomposed by strong-acid
(residue). The heavy metal abundances of the plant seem to be correlated with the amount of
exchangeable phase. In order to precede the study of phytoremediation, the chemical characteristics
of the heavy metals could be of vital importance.

Keywords: phytoremediation, heavy metal, PIXE, acid digestion method, adsorption form,
clay minerals
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BDEMEEIET < £ Zostera marina DHIKRIZ L BEANETE

RHEFEA Y mmYEE o Th— ' HRBER 2

VA AR SRR B A TR R A FE R
252-8510 fZs) 1| IR IR i & -5 1866

PEFERKEY A /e barr X —
020-0173 & T IR s FARBHE IR AR IR T8 3 AR 348-58

1 [FLE®HIC

WO SR SN 2 BB ORE 2 RIE T 26T A2V, fl2 I, B ThHs a7~
ElL Co. Fe, Mn, Zn Z M@ ICER L, JAUT 2 OFASHERI b BE TR 2 BUAT Z LIRS
Do FEilo, MEEIIRZREH U CHERY L EEQBEEZBUAL, ENLIIKTOREA 4 2WINT 2720
WCEABIFYOME A THEEIE ERYIENORENE L 70D Z LB phoTnd (Bl 21X, Phillips 1977,
Villares et al. 2005), Rigollet et al. (2004) (%, 7~ Zostera J& DMR-H T AT LANEEWINAR 7 & L THE
BELTWAHOEHEEZ L T 5, YEBED Caulerpa taxifolia °BEAEHEY) O Posidonia oceanica (3 HEFERER I 51
HNRAFET=H—L LTENTWD Z & (Warnau et al. 1996), £ 7-BA{EAEY D Posidonia oceanica 72 & TNZ
Cymodocea nodosa (%, Hg x> Zn {2 DWW THUKN & HEFI T DI & ORICIEOHBEIMEDH D Z L. S HITIT
HEBE Caulerpa prolifera |% L300 2 TTHEITHZ Po IZHOW T HAEMED R 55 Z & 2B 5252 L 7= (Sanchiz
etal. 2000), LA ED X 512, Wl - MEEIX L BICERBL COESROBEARBIISE U TERBML TS Z E2E
BIn2b00, ENITEETICHAL, ERTE D007 E ., WhW 5 EEAEIC B 2 FERRIEN LI D
TZ LWy,

AWFIEIL, WEE - A NA A= — L LTTEHRL, BE@RERETLI 774 NI AT 1 =—F—¢
LTCEDAREMEZFNT 2 L WO RIS D TH D, %k T 2 X 5 REMNG | FEE OITAIRFET
&b REMRMEE TH 27 ~F Zostera marina [ZFH L7z, KiwsC Tl BERBMMIEIIKRNZ LA PRSI
DHIRIT Po & Beils L, RIRIRE & ETHRE L BR 2R T 2 L & bICARBBITT T D IHIEIC DU TEBRIICH
ODMNZTHZEEZHME LT,

B
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2 MELELUIZAHE
2. 1 7REDKESE

FZS) I IRZE LIRT O BEAMEIZ T 2005 4E 6 HICERE LT ~E O T2 8E L2, BRI BIREAT 20°C
TRAF LTz, BERIEI DWW TRILIRIZDY (2004)D HIEIZHERL L 7= 3 HISER N5 & | Fli & B ICRRFRE LIS
AT 10°CC 12 IR AALER L 72 & D & M5y 22 psu ORI L CHRF I, Aol B LT Emiio HEl
LTERT D HHR, BEZ 10K Z 1y M LTHEPAR Y MTB L., /KR 15°C, BEE 2000 7> 5 3000
Ix, BAMEEH 12 BRI TR LT, EOH B A RS L 72 1% 2135y 33 psu, 20°C THR#E L7z, i BRI
3 MU EDENHELOEFEH L2, ZORRTT v EORBHSITHO, FIRIcE&RE2RINTE 5 &R
UMD THD, B, HRTIIEE L LTI A= HEE A 30%RET- b DA L,
2. 2 PoRBERE

FEERITITREEEEN (Pb (NOs), : Pb = 1000 ppm) % 7=, ik L7z 7 < £ 4£ B8 COWKF ONFHH) 72 P i
ETH D 0.05 ppm (LMEARFER) ZHAEL U THREINTZBRBREEIT 025, 0.5, 25 B XOYS ppm O 4 Bt
Th b, EBREKMIZ, OECD 221 DHA FT A 2SS, KR 20°C, FREE 2000 725 3000 1x, BAREEH 12
IRpfH] ¢, FEBRIIEIEL 1 EE & Uiz,
2. 3 AHORLELSYICPREDAIE

EBRE TR, 7IATF vy 7MoYty FEBROT IV EWTEDNEEMEZRELLbDET 70
BIOZEFMICHE L, EREIENT 60 225 70°C, 48 REHEIN T T S Wiz, ZDth, 77 AF v 7 8o
I ZHNTHINLS Yy L, T3 =2 TRIE LTz, Z ORI OB LT FENIE 2 (2003) (266~
72o 7205, PCTFE D I 7 0 AX—F L% FIW TRkl 2 50 mg fFi L PFA AR ICE LTz, ZhiZ
RN GEBRRE I HTH) & 1 ml & NEBEAESEER & L C In AZYERR (1000 mg /1) % 30RO #EM 8 B % L C 1000
ppm (2725 K HIZIRIN L7e, B2 AN/ PFRARZGRERY 7r v L VBRVERGICE AL, 1L TIcT
200W 12 145 50 FINEA L7=# ., 0 W T 10 43, BV 200 W U2 1 47 SO BPINER L . 2 D% 0 W LT 1 RffE]E 2,
TITAF 7B —5y NARAY—IZES duym OFRY Fa LSy T T L A ERITTRETT T
TANVLEDMEEET TR L b OES TRV L —E L, £ ISR LA Sul 23 F
L. 7 U= _RUFHNTREZSETZ S D% PIXE 4TI T,

3 #ER
3.1 BE-EESEOPEECETIRENHMR

AR SENL BYEEE - MR O Pb BIEICOWCBEE R AL/ X T, Pb D77 A4 R AT =—
A=l LTT~EICERTDICESTEBIDO—2Z LU TITRT, RLITRSND LB, TvERSWES
LRI (TR L~ WEA 23580 H D, ZOH T Ward (1987)D A4 — A~ U 7I2$1F % Posidonia
australis DFERIZIER T RE LD TH D, T7205, Pb & 379 ppm bEM L TWH A, ZOMMNART 50
O _EFEBIZIL Pb ORIBEFT RN H 5 L9,
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#£ 1 & - EEEO P BECETIEEDOMA

i T Pb i SCik
VI NT T Sargassum thunbergii 1.3 Uchiura bay Hirao,1986
KX TZ Sargassum fulvellum 0.3 Uchiura bay Hirao,1986
TATRTEY Sargassum yamadae 0.4+0.2 Uchiura bay Hirao,1986
YAXTZ Sargassum piluliferum 0.5 Uchiura bay Hirao,1986
JaxyEs Sargassum macrocarpum 0.1 Uchiura bay Hirao,1986
T 95 A Undaria pinnatifida 0.4 Uchiura bay Hirao,1986
7T A Eisenia bicyclis 0.2 Uchiura bay Hirao,1986
H DA Ecklonia cava 0.2 Uchiura bay Hirao,1986
TIVIY Dictyota dichotoma 0.4 Uchiura bay Hirao,1986
T AR Ulva 7.3+6.4 Venice Caliceti, 2002
=7 U F Gracilaria 6.9+6.2 Venice Caliceti, 2002
2HT VR Grateloupia 3.0£2.7 Venice Caliceti, 2002
T~/ Vg Porphyra 2.7+1.0 Venice Caliceti, 2002
T A g Undaria 2.2+2.5 Venice Caliceti, 2002
b < X Fucus 1.6+0.6 Venice Caliceti, 2002
U A Cystoseira 3.242.0 Venice Caliceti, 2002
1838 Desmarestia menziesii 9.4+7.6 Antarctica Runcie, 2004
18 Durvillaea antarcti ca 0.5+0.4 Antarctica Runcie, 2004
t8%&  Himantothallus grandifolius 6.246.3 Antarctica Runcie, 2004
FI Iridaea mawsonii 4.5+4 Antarctica Runcie, 2004
FAR Iridaea cordata 8.3+4.4 Antarctica Runcie, 2004
R Palmaria decipiens 2.3+0.7 Antarctica Runcie, 2004
fokis Monostroma hariotii 21.5£16.3 Antarctica Runcie, 2004
v Ascophyllum nodosum 6.9 Galicia Villares, 2005
b < ZF Fucus ceranoides 4.4 Galicia Villares, 2005
b X< Z B Fucus spiralis 5.7 Galicia Villares, 2005
TH VR Enteromorpha spp. 10.6 Galicia Villares, 2005
T AR Ulva spp. 4.6 Galicia Villares, 2005
T < (EDH) Zostera noltii 7.0 Galicia Villares, 2005
R R=7 (3E) Posidonia australis 0.2-379 Australia Ward, 1987
T~ () Zostera marina 2.9-304 North Sea Lyngby, 1989
T~ (MTX) Zostera marina 1.5-5.2 North Sea Lyngby, 1989
T E (1R) Zostera marina 40.6 North Sea Lyngby, 1989
R R=7 (3) Posidonia oceanica 10.5-123 Antikyra gulf Malea, 1994
WY F=7 (FEHAF5ERLE) Posidonia oceanica 5.96-8.35 Mediterranean Warnau, 1995
R R=7 (MTX) Posidonia oceanica 10.2-14.5 Mediterranean Warnau, 1995
R RF=7 (IR) Posidonia oceanica 10.5-15.4 Mediterranean Warnau, 1995
R R=7 (3) Posidonia oceanica 1.5-31 Mediterranean Sanchiz, 2000
R =7 (HFXE) Posidonia oceanica 1.5-9 Mediterranean Sanchiz, 2000
R F=7 (R Posidonia oceanica 4—23 Mediterranean Sanchiz, 2000
vA=Z (3) Cymodocea nodosa 2-126 Mediterranean Sanchiz, 2000
VA= (M) Cymodocea nodosa 1—10 Mediterranean Sanchiz, 2000
A= (fR) Cymodocea nodosa 2-40 Mediterranean Sanchiz, 2000
T<E  (IE) Zostera noltii 2.5-5 Mediterranean Sanchiz, 2000
T<E (MTFX) Zostera noltii 1.5-3 Mediterranean Sanchiz, 2000
T<E  (fR) Zostera noltii 7.5-27 Mediterranean Sanchiz, 2000
HUYILE (3 Ruppia cirrhosa 3—30 Mediterranean Sanchiz, 2000
HIYILE  (HTFX) Ruppia cirrhosa 3—12 Mediterranean Sanchiz, 2000
VIR (&) Ruppia cirrhosa 13-38 Mediterranean Sanchiz, 2000
AU =7 (G Posidonia oceanica 0.7-10 Mediterranean Campanella, 2001
R RF=7 HTE) Posidonia oceanica 2.8-16.9 Mediterranean Campanella, 2001
NFAA (GE) Thalassia testudinum 0.8-1.3  Gulf of Mexico Whelan, 2005
NI GFE - AR) Thalassia testudinum 0.8-1.2  Gulf of Mexico Whelan, 2005
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3. 2 PIXEBIEDKEE
TR BE DWEFRD T2 O ITHEAEY) . (Certified Reference Material ) (2 FT/E O RITALEL A fiti L 721 (2 PIXE 112 C
HIE L, BUNERZ RSz, EORRITER 2 17T LB T, fET SWERETH Y, PIXE E1E Pb DRIEIC
KLEETHD ENVR D,

£ 2 PIXEEIZ LD Pb RHEYE(ERM—CE278)DEINR

Pb  BEEEFE (ppm) ZOATIEEE (ppm) [HIILEE (%) n
2.00+0.04 2.11+0.24 105.5 7

3. 3 FIYEHKIZEITSPbRES L UVRBEMME
ST T 1 MR L2 7 ~EOEHEAE L 24422 ppm TH Y . ZOMEIFIEILICK T EKRT ~EDIE
DIEIJPREE LITIEF U Th o7z (@ EIEHEHT) , ERXICEIT 28 BBRE ST 2ETOERRE L O
BRIZIK LIRS B0 THD, BEEIEEEN 2.5 ppn A5 5 ppm (ZH3F T 1 % ORI 345 BI 5
[CEFT 2 Z LR Z & T, MEOHOBRIIU T O & 5 2EIFENTRIIND, TRDDL,
AC=2.107 e 27 €

ZIZTACRDLWNTEC IR, TN ENEE/R B NI &8 L7z Pb IREE (ppm) Z 7R,

KB T Hed L OIRIBYLEAK T 1 20 A FIRE % OZEO A RBIZIC LhuE, BBRE S ppm TlXb T
HIERRBO LN b OORMBIIHER SN2 T2 EMD . T<EONED Po Ik DTS D & f)
Wrahd,

2000

E 1600 T AC=2.107e 1.202EC
= (R2=0.902, n=15, p< 0.0001)
<
~ 1200 T *
#
"
=

800 T
ot

400 t

‘
0 1 6

2 % B E (EC:ppm)
M1 7~ESKIZEITSPbZERELERERFRE L OBFK

4 EE
AWFFE TR DI BRI E & ERRE & DI R SN 7 FEE BB 22 BMRIZ. H< ETHRRREN 0 H»
55 ppm H TOFHICIRESND DL ALNEITHS 5, MFICEIT 5 REBERE & ERIREE & HITHE
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TR L CRRA R TADL LK 2IRT LB ThDH, HoNERNIRO LB TH D,
log AC = 1.61 log EC + 1.41
5% SIVIZHER T O O P IREEIE, VW 0.1 ppm THHA CFRIEN 1984) , HEFEM H ORI I
FRT 50 ppm (F34E). 72 ppm CREEZR O NI KIGE) THLZEMmb TS G ERZT 2006).,
HEFRE T DR 2 B RET U, 5Sppm ZH R 5 BRBRE TOERRELRADLZ LIISBMLELH D,
Lyngby & Brix (1984)IZK#RD 7 ~ & Zostera marina (*F-¥J 323 mg d.w) % ffi > T Pb H#FEFERZ 1T > T\ 5,
% H1E, e 50 w M(=10.3 ppm)IZ T 20 H [ L CEAEOSIALHE GE, i TEB LUIR) OFFRIRE 2 H|
E LT, ZAUTKAUR, 50u M ICETE L7265 HIEDIEDEFEIREIL 4 1 M/ g dw (=800 ppm) T > 72723, ZD
AERIIAWIIETO 5 ppm RGO 1 W Z OFRHRE L IZIEFRKRTH D, O OFRRICESNT, KERTE
L 1V EM#OERRE LXK OHAR > THHEDORFRZM2 ETF ey L THD EEHREREO B D,
Lyngby & Brix(1984)DEl)FIL, L FD LBV TH D,
log AC=0.92 log EC +2.45

HEYFROMBE 72 5 ONTHI R Of & & i iU, AUFZERERO & O DG MEE TS WA IRV, 2
AUIAFRETHW T v EDFN LD AL, KOVBEELTW=Z Itk bDTHAH, Fiz, MlElFERR
IRREEIEEE AN 10 ppm T & B ICERILEE A 1000 ppm (2 —FHT 5 L9 ICR 2%, T7bb, 1000 ppm TIFE
fAM LTS HDEBDND0, DKITHT 2 %EEMERESZITV. ZOREHRTDILENRD L.
TYEET 74 M) AT 4 2—4—L LTREBRRAIAT 5720101, 1) KO (k) OB, £
DIE S FZOTZREE LI OV TEHSBIEZE L, 2) FEAEESBEBINOMBE R ENNE LD,
1) IZHOWTIEHBETR AN K 912, Mgt ~E@EIIZ <RI TV D2, @V ERERE & ML FF > T
DB R ST, — . 2) ICOWTBEE RO £ Tldinvyy (B2, 1LARIED 2006),

10*
D .
- [ |
L0 e AT
= [ | e A
o log AC=0.92log EC+245 . =
& R2=0.95 L
- 102 reerrermereeeerenn e T
& B
bt _.-m
10t T i VN DT
0g AC=1.61 log EC+1.41
R?=0.86
100 , t t
10° 10 10° 10
RERE (ppm)

K2 TvEEME ) ~OPhRERE L ERRE L OB
(1) 4 Lyngby & Brix(1984) OfERIZHES o mlm, Q) XTATIERROK 1
EEIHATBO,
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Bioaccumulation of lead in young leaves of
eelgrass Zostera marina L.
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Abstract

To evaluate the possibility of the eelgrass Zostera marina as a phyoremediator for a metal pollution of lead (Pb) in
neritic environments, bioaccumulation by young leaves of the eelgrass was studied laboratory experiments.Eelgarass
plants were incubated up to 7 days in 0.25, 0.5, 2.5 and 5 ppm-seawater concentrations of Pb. The concentrations of the
metal in young leaves were 4.9£29, 5928, 39.6220.3 and 786.6 =282 ppm at the respective exposed
concentrations. This result shows that young leaves accumulate the metal exponentially from 2.5 to 5 ppm. The
relationship between the metal accumulation (AC) at 7 days after the initial exposure and exposed concentration (EC)
was described as log AC = 1.61 log EC + 1.41. The present result was compared with the previous study on the
accumulation of Pb in the same eelgrass, and it was revealed that the expected AC at the EC of 10 ppm was similar to

the previous study. No significant effects on the growth of eelgrass were observed in all experiments.
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PIXEJRIZLKBAFEBHE. YA/ Pa—ILOWETEDHT

A e, RWEZ, B AR, e i SEEa—

T KR -JF S BRI
590-0494  KBRFFIREGASRERATEA(CPE 2 T H 1010

1 [FL&HIC

G IESERI I, R OB E~ A 7 v A — MV OERIROWE THiMEE H o, BEMEERKL & IR
HREINFIET HZERMLNTEY , 20 OFITITHIESER OB N GFET LN, FrL Ty
—HFOREFIHEINTND Y 2 b OBMEERREEHZ BV T, £ ORI . B Rk
DS OMAL L et 5 Z L2k v, BEOEIICOWTHIERMThN T & 1= 29, Rk B oL/ o
SHTITIE, BT YE B E T INAA) WV B, 2 OSHHEIZB W CIER ICEIEE Th 2 BlEkni, K
2 B OV T LADOEHREREEFTRD LTI HERANERZ b2 LB 2 DB Th DT ERRL
DOFBBIDTONTE Y, ZNFE TOMHRTIE, £ < OFHERR DL S SN TV ER, Zh
O DAL DOBLE N HIE, BRRLEE 2 HERAME TR E CTh D L HIET D I HOWT, E 2 F W BRI O]
BRIV E oA R IZ DV T ISR TR,

KGRI, HERKIEZ < OEBIERZR TR Y . HERWE PITITRG R DR EEZE F1 5 F 0300
DiX, TTICRbRTWD, Lol BBAICRE I D BRIV E OHIZIE, KERERELE, ZRE
MEIZE A EZT T OREBEREF LTV D EHEE SN D b OMNFETE L, 2D IEKERIERAI Ok 8
ZERD ECEERWEIE 2o TS, 20 &5 MiERSNETRERME DO & S Th 5 FHERREEHZ DWW T, £
DRI E ARG 2 & 0 I B 5395 2 &1, HERDER SN KGRI, £7213F D% OMERD
BRI BT DR FICONWTH R MAEG D Z LI 27 LHIfF SN 5,

IRETIZ, Fxr DT N—TTIE, N A FHOKGEK 5800 m OUMEEHAEREY 2> 58RI L 7= 200 EE 8 2 5
WEMEERRIEUBHT DWW T R 4P R O R (KUR)IZ B W T INAA Z1TV, B ok, =91
h =, AUV TA, ADTUTA, Jah, < o HoeaPBNIEREEIToT-, FNOHDOEERERIC
EONWT, ETAMIETHNZ INAA IZBIT 2 F T EOBRIRIELZ < L. KUR % H 72 INAA I K0 55
ERRGUEI D T N+ IZ R CTh 2 Z & 2R Lo, FRBHIB T 54V VUL, =y VOEHEERD,
AW THTITRE LT, 8L a/9L bOEH REIZBET 2308 O IR O E L EIZ ST, 178 fE DRtk
ERORIEREE & HIER SRR & 8 L7e, RIS, HIERSMEIR & HE L2 B R O~ U T RA D v VU LD G &
L. Ay RIA NEBASCEBEA T O TR OPRE & el U7-fE R ARBFIE CTotr 217 - 7o F i Eobialgh o
AIEEIL, 2 R4 NERBATHLETD L, ERERETERBNATELZ LR L, 61T,
HIERSME IR & HE L 7o B ERR RN DWW T DO = Z b — A VYT A = 7 b—a390 MEEIZEBW T,
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INHO 3 TLHEN, BFEMHE T ABEHEE OB, KOERESRE L EMER LD TED LS ITHBlT 5%
RLRNRD, BIE B2 6ND a3 R4 NERBADL O, RBOARRBEEICOWTIRE L, /o4
VYU LEERTELRBHIBWTIL, O EITo72BILHED Cl 2 KT A N THMSAL Lo AF(EEE DY, Jodk
MCRARZREIE, PETEHLD, 1 ZE-EORENRSH D Z ENRRWIZ ST, FRCHTE ORI O TR
TR, Ao OB IZ S WAt R ORI B IN TS LB b, BHEOBE L 13872
DENEEL O LRI T, LR BEMEERRIEUEID INAA ITXK Y. THETILHELNTHETH
al

Z ZCAMIFE TR, WRPEERRIERE OB O E SR BB DRI B O L BB I DV T KD FERES
) HZ LA HIE L, PIXEEZHWT, FRIZ INAA TIIEE TERD ST LEEP OO EIT) 2 &%
AT, FEHEADITN—TF T, v H /) Pa—MlonTh, ZOERENPSDES OB E LTii#E
BHEZHE L, [FFFIZ Be-10 X2 A1-26 72 & ORIFLTR & FERICIER S ORI & U OIMERRE &8s Tl
ETHZ LR, BONRENDEOMBAZHRN, /¥ 2 — /L OERERE, KEFRICOVTELET S
ZEERFHELTWD, SEIXEO PR ME L LT, PIXEEEZHWT, IRBEHED N OB/~ A 7

R H )Y a— VDRGSR T, ARETIE, ZHOREHISOWT, 2 E TITHR LN T

B 72 LR ATRE R DN TR R B,
2 PIXEEIZK S0HEER
2.1 HEMEERRLE R
A RIIHT 2 AT o T REEERRL R, N D A

—

Table 1. Measured contents of individual spherules

in ug'g'l, unless otherwise noted

MOKER 5800 m T KL v ¥ Sl HEfg Yel 613 D9
WA S HUMCHF . 90~300 um Ok e _weight (ug) 20.8 10.2 11.2
Bt . R TREMER Y A IR L. B A Na 245 £91 - -

\ R Mg - 701 + 282 .
HAWTERRTH B Z L 2R Lz 3 #EtT Si 177 + 39 515+ 188 308 4 90
bb, THb % PIXE WEIC L 0 ST L7 i 5 S 91 £ 26 1043 + 142 401 + 59
% Table 1 |29, PIXE (& WA Z LIk Cl 110 +£27 425 + 140 262 +53
D S E I T i INAATC Ca 4514119 3427+ 459 543 + 47
MATRETd » 72w > 1 LSO 13 T M ) ] 27085

et oo/ * LR Mn 208 + 32 378 + 89 466 + 87
ICBWTOOMTHETH S = L hbhot, Fe (%) 6.1+02% 95+03% 12.6+0.4 %
S, L0 ORI O 21TV, 248 Cu - 21+ 10 -
kD INAA TIEEET S = & BN A Zn T£2 49+9 104
F R MOEREIC LIRS 2 LIk Rb - - 55+21

. e . gl A Mo 17+£5 - -

O BEVEERRLERL O REIR O HT T2 7 E E e D He _ i 24110
FEGRR0 BB O HITBRA B R0 A B O MR & Pb 37+8 82 420 128 + 14

ToTWVW ZEEEZTWA,
2.2 RA4vAvAV/Da—)L

-: not determined

SR T T~ A 7 a~x ) ¥ a—)Vid, RIEEAHEREY D O BRRIRE 2 35 L 72BRICE O
Z5RETHY ., 2 N6 % PIXEIEIZK U oHT LT2kER % Table 2 (1233, 215 & REEOREHI IV T INAA
WZE D PN T 2 T o TR BRICERTE AN O L, ~w o Hy, 8k a0, = 7 L4017 96
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FIZOWT, PIXEIEIZC KV EENARETH D Z ENERTE 72, 5%, L0 ORBIOSHr 2170, THh
DEBHEOT — 2 52T ALk, )V a— L OAEREE, REERICOVWTERT I LE2ELT
l/\éo

Table 2. Measured contents of individual micro-manganese nodules in pg+ g'l,
unless otherwise noted

NO6 NYE7 NYE9 NYES MY-1
Weight (ug) 15.0 15.5 21.1 16.5 11.7
Na - 1561 £451 476 £209 - 4492 + 521
Mg - 766 £ 317 - 2571 + 885 2506 £ 650
Al 731 + 356 1028 + 264 1242 + 145 3970 £ 723 1627 + 285
Si 3184 +£320 4234 +270 5935 +£243 1.2+0.1* 8156 + 374
S 1361 £ 218 849 £ 146 180 =72 - 715 + 149
Cl 910+ 211 364 + 128 180 + 65 5198 £ 410 1033 £ 169
K 1506 £ 172 1167 £118 831 + 69 2565 + 334 1914 + 160
Ca 5126 £252 2040 £+ 160 1325+ 113 5940 £ 370 4529 +£226
Sc 631 £288 - - - -
Ti 411+ 74 342 + 62 1742 £ 76 1062 £134 2158 + 164
A% 116 £ 44 141 + 37 194 + 31 337 £78 -
Mn (%) 134+ 0.4 2.6+0.1 3.1+£0.1 17.4+0.5 9.9+03
Fe (%) 1.7+0.1 4845 + 168** 29+0.1 2.0+0.1 3.3+0.1
Co 514 £ 140 269 £ 76 604 £ 115 1335+ 266 520 + 84
Ni 2141 + 144 1576 + 97 483 £ 49 6176 + 345 1361 £ 72
Cu 4156 £ 210 1239 + 74 702 £ 53 6284 + 320 1462 + 65
Zn 873 £62 278 £ 24 233+ 22 1632 + 108 366 + 23
Br - - - - 22+7
Sr 101 £ 26 - 104 £ 16 146 + 36 172 £ 18
Zr - - 102 +£23 101 + 48 -
Mo 149 + 43 - 74 £20 227 £ 65 276 + 31
Pb 1132+ 115 186 + 34 906 + 78 722 £ 110 271 £ 38
*05, ** ug-g'l, -: not determined

3 FLHLS#E

ANT A WOV IEHEREY) T 7 535 L 7o MR L N~ A Iy~ T ) ¥ 2 — /W1 5, PIXE ik
Z W= PR 72 e R T R O W TR LTz, Atk BEMEERKIEUEHZ B W T, PIXE I X D0 & 39
HT, THETIZ INAA IZE W E ORISR & HbE T, RENCET 2R LEM R ELE1TO TET
H5,

SE Xk

(1) Murray, J. and Renard, A. F. Report Scientific Result Voyage H. M. S. Challenger. 3, Neill and Co. (1891)
(2) Smales, A. A., Mapper, D. and Wood, A. J. Geochim. Cosmochim. Acta 13, 123-126, (1958)

(3) Millard, Jr., H. T. and Finkelman, R. B. J. Geophys. Res. 75, 2125-2134, (1970)
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PIXE analysis of trace elements in cosmic dust and manganese nodule

S. Sekimoto. N. Osada, S. Cho, K. Takamiya, Y. Oki and S Shibata

Research Reactor Institute, Kyoto University

2-1010 Asashiro-nishi, Kumatori, Sennan, Osaka 590-0494, Japan

Abstract

Chemical compositions of spherule samples separated from deep sea sediment dredged off Hawaii island were
measured by instrumental neutron activation analysis (INAA) using Kyoto University Reactor (KUR). From their
chemical compositions, the origin of spherules was judged to be extraterrestrial or not. Additionally, the formation
mechanism of the extraterrestrial spherules was investigated on the basis of their chemical compositions. In this work,
PIXE analysis of trace elements in spherule samples was attempted to propose the criteria for judging the origin of
spherules and to discuss formation mechanism of them in further detail.

Micro manganese nodule samples which were able to be obtained from deep sea sediment were preliminarily
analyzed by PIXE. Based on the PIXE results and the contents of cosmogenic nuclides in those nodule samples, it is
suggested that formation mechanism and growth rate of those nodule samples can be investigated.
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RBERBISLHAREBARIBICE FH2RRIT 7 OYVILHMETTHE D

BEEIAKE . ZEBEE A S, CKRKIEER 2, AHE1T . A gt
FADHR BB S, SEERRERE S, HERBRER O RN T, Y )m S
R ERRE . R 0 R

VK FEE Y AT At v % —
277-8568 T IERFATIAADHE 5-1-5

2MRNTAT B N R S BR BT BN A 7R AT
305-8604 KIS < IXHEE A 3-1-3

SIASTAT BB N E S BR BERT 5 AT
305-8506  YRIFIE-D < (X TH/ANER)I 16-2

PR ZE T I B RS HUEREBLAF I v 2 —
305-8505 RIFIEHO L IEHTH 2-1-1

> R e T BR B R SR 2T BT
235-0012 AEE i+ XEEE 1-2-15

CHTFERKE A 7 a by ¥ —
020-0173 /& F RS FRCFE IR A HE IR T8 25 2% 348-58

THYRART A Y b —F BRI
020-0173 & T UR2a T ARG IR AT IR -84 53 Ak 348-58
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2 BIEFE

2.1 T7ZOYVILAE
(1) HIEH A BIGREITE O KKEBREBIHMER (B4 HEk i
BEFRRIEETATE) & R I I oo KA - iTD/wﬁw
27— a v (ESLREMICHTATE) T, 2 Hs o E#
PEEfE 1349 650km T 5 (32. 75N, 128. 68E; 26. 87N, 128. 25N)
(2) BIEHIRE : 20064E3 H 13 -3 H 22 HB X WN4 B 4 |
-4 H 12 H .
(3) WMEHEHE : KK=7aYy )L =7 a Y Lk zscans 'sE| —> ;9‘
B A 2Ry X —iEMCT BRBUEE I X 0 I c R L 7=, b

4 B¢ MCI A /37 X —Thifeh (d<1. Oum, 1.0<d<2. 5um, DB
2.5<d<10pm, 10um<d) ITH¥HHDHWT T HEIZ, 7 v &R .
IR ALER T 7 A4~ ¢ V2 — AIHHER LR Y B —
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NOAA-HYSPLIT &7 /W K % % 5 i AR AT A% S 2 FIH L 7=,

3 #ER

ST RREHEBDKR
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DIETIMEMPoT=, WETOBCEREOHEGHEIZINE, 3A 14 BOF#%205 3 A 19 HOFRiF £ T
0.4pg m LA B E &< BIFRBRMITIC X, RESLTPEIE LS S Tuniz,
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Chemical characterization of atmospheric aerosols measured at Fukuejima
and Cape Hedo in the spring of 2006
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!%Center for Atmospheric and Oceanic Studies, Tohoku University
6-3 Aramaki Aoba, Aoba-ku, Sendai, Miyagi 980-8578, Japan

Abstract
An intensive field program was performed to measure atmospheric aerosols at Fukuejima (32.752°N,

128. 682°E) in Nagasaki prefecture, and at Cape Hedo (26. 867°N, 128. 249°N) in Okinawa prefecture, located
in west and southwest Japan, respectively, during 13-22 March and 4-12 April 2006. A distance between the two
sites was 650km. Chemical analysis of the collected aerosols with the four size ranges was made for elemental
and organic carbons (EC/OC) by an thermal/optical OC/EC analyzer with improved method, water soluble ions
by ion chromatography, and trace elements by PIXE. Two dust storms called as Kosa were observed in the
measured period of March and April, when the mass concentration of atmospheric aerosols increased. A highly
positive correlation between EC and nss-SO4> in fine particles was shown at the both sites, and the slope of
linear regression equation was almost equal to that measured at Amami-Oshima (28.444°N, 129.697°E) in the
spring of 2001 and 2003. The ratio of the OC concentration in coarse particles to that in the total OC was about
0.35 and 0.38 at Fukue and Hedo, respectively, and which were much higher than that measured at Phimai
(15.184°N, 102.565°E) in Thailand where the dominant aerosol was emitted from biomass burning in dry season.
In coarse particles at Hedo, a positive correlation was found between OC and CI, and total Br and CI’, which
strongly suggests that a source of some OC might be a biogenic one produced in the surface sea. According to a

satellite data analysis by JAXA, the chlorophyll-a concentration in the surface water observed north of and
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around the sites was high. Moreover, CH;Br in gas phase over the sea surface increased with the lower latitude
from Hukue/Kagoshima to Naze/Naha in the spring of 2001 (E2). These phenomena could support the biogenic
emission of some OC in atmospheric aerosols. A highly positive correlation between Si and Al in coarse
particles was also found in the spring time at the both site. The slope of linear regression equation was, however,
2.2 and 2.6 in March and April 2006 at the both sites, respectively. This significant difference in the slope
between March and April indicates that the possible source region of soil dusts was different, while the same
value of slop at the both sites demonstrates that the wide region including Fukue and Hedo could be covered by
soil dusts with the similar property. According to the backward trajectory analysis by the NOAA HYSPLIT
model, air masses arrived at Fukue/Hedo in the strong dust storm event was transported from a different inland
region of eastcoast China, between March and April. The future study on soil chemistry among the different

desert area in China and Mongolia should be needed.
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Innovation of the high radiosensitive mirocapsules
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T. Satos, S. Oikawas, T. kamiya5 and S. Yokota’
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*Cyclotron Center of Iwate Medical University
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*Takizawa Research Institute, Japan Radioisotope Association
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Abstract

Since 2004, we reported the use of liquid-core microcapsules for anticancer drug targeting. In this study,
we report the improved releasing of liquid core microcapsules via radiotherapy by Fe polymerization of
alginate.

The capsules were generated by spraying a mixture of 2.0% hyaluronic acid, 2.0% alginate,
supplemented with 0.2 mmol carboplatin on mixture of 0.5 mol/L CaCl, andFeCl,. Resulting
microcapsules were irradiated by “°Co y ray at doses ranging from 0.5 to 2.5Gy. The released
carboplatin was detected and quantified by particle-induced X-ray emission. The accuracy of PIXE was
tested by colorimetric assay of indocyanine green.

The generated microcapsules were 20.3 + 3.8 um¢ in size, with a liquid core of 19.7 £ 1.2 um¢. There
were good agreements in the released liquid core between colorimetric assay using indocyanine green and
carboplatin using PIXE. The releasing of liquid core of microcapsules increased dependently upon
radiation dose. The released carboplatin was over 2ug with more than 2Gy irradiation, which were
sufficient doses of carboplatin and radiation therapy.

Our microcapsules might lead to the new targeted chmeoradiotherapy.
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ICHY T2, PIXEETRDZY v ofli @l UAIE LS EESEL L O MEfToT7 v =0 A
REZZE2RIBIOELVIRT, FEEEDES L O MKTOT LI =7 A5HICBWNTY > O
FHHRIT, MEEZROT 30%0L L CEHIIER 50~60% %2R L=, ZO/E, U OfEIXARA X
Thbd, 4DOLEMEIIARFIZLEF LS BRADLEDTH LN, MEROMEEIZIERETH D Z LA
BILAZEMNDL, ZOXEMEIZY L ORIIERITo TR W EHEZE I NS,

3.3 HEE L SAPIX &

LK SITPIXEVETO Y OO HTITxt$ 5 oD ik (BiEls L OV SAPIX 15) OfER A4 R~T, &£
OB TP EICRT A ERIMEOEE L TS, F72. ZNODHOFEHE (LR 2Kk
B &, AT 1.00 (18%). SAPIX £1% 0.58 (12%) Tholz, ZOFEEN L EEDEEREILK
VRIS WEEZ R, Loy L, SAPIX {EIE 60~70%F2E CTHRFEM R IRWMEE /R L TV 5,

PIXE % T® SAPIX JEIZ K HHT T, NMCC @ PIXE /E TOMHEE 2 THOH SN AW T HITEROM
IVESHD Z LTI RELARBOESICE 2 HACHRNARRNTH L ERkTWnWE 2, =L, =
DOHCRINDOEZBITEWRFEFICBOWTCITER CEX 21T THD, LMLENRL, R6IIREND &
912, SAPIX JEIZ X D AEUEW ' DO LRFEAE & L T & 5 uRIT 20V TEK 20% (KW ATl & 72 o 72, ASK
ROIERFESVERLS RDICEVACRINOEEDOREITIRELS DI T THLIN, ERIIHEEIND
NREMEYKREL, FAREOK 40% L RENT, LEOERNS, EXEOSHHEEZ R HT BRI R
BHENE LTS EHEZZ S, SAPIX EICE AU VO EOAR—FITH ORI DOEED I TlEip L &
25,

ARG T, PIXE DATIZE TR DO B7e b T IR 2 AW 5 72 513, BtE CTHLRICAMED B TH
DYV VICHEDOLDERNELNT,

2 E Xk

1) M. Yukawa, K. Amano, M. Suzuki-Yasumoto and M. Terai, Determination of trace elements in the human
body determined by neutron activation analysis. Arch. Environ. Health 35(1), 36-44 (1980).

2) KRBT, B, AlREZ, 1K Z 5uR oM ORERE L IGH. NMCC /a7 /7 R H 1, 66-69
(1994).
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#1 AW ZEEyE

WE 4 A oT a— R4 i 4
Algae IAEA 391 Algae-391
Algae IAEA 391 Algae-392
Algae IAEA 391 Algae-393
Animal Muscle IAEA H-4 AM
Bovine Liver NBS 1577 BL
Bovine Liver NIST 1577a BLa
Kale BOWEN Bowen’s Kale BK
Horse Kidney IAEA H-8 HK
Milk Powder IAEA A-11 MP
Mussel Tissue BCR 278R MT
Orchard Leaves NBS 1571 OL
Pig Kidney BCR 186 PK
Pine Needle NIST 1575a PNa
Whey Powder IAEA 155 WP

IAEA : International Atomic Energy Agency, NBS: National Bureau of Standard,
NIST: National Institute of Standards and Technology, BCR: Community Bureau of Reference,
NRCC: National Research Council Canada

x2 BEMEDO I ARL ) VORE

W4 Vo (nelgdry) 7 AR (ng/g dry)

- PIXE LSC PREEAE PIXE PR A
Algae-391 12400 14900 14200 170 93
Algae -392 4500 5830 5490 170 164
Algae-393 17200 18100 15600 480 224

AM 6300 7000 6830 ND

BL 13500 11800 10500 ND 17

BLa 12500 11500 11100 ND

BK 4200 5490 4880 250

HK 11600 12800 11200 320

MP 7400 10100 9100 250 34

MT 5700 6930 6070 160

OL 1500 2300 2100 610 610

PK 12800 12800 12000 220

PNa 1100 1030 1070 2600

WP 16200 16400 16210 800
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%3 BEYWETOTALI=ULABIRY) v oFER

WE 4 FHIE AT il IE 7% RAEfE WG %]
Algae-391 19.9 7.5 4.5 62
Algae-392 36.7 322 30.3 12
Algae-393 107 90 71.6 16
AM 12.4 6.1 10 51
BL 3.4 NC
BLa 12.3 NC 2
BK 44.0 39.8 39.9 10
HK 11.4 NC
TORT-2 48.5 37.5 23
MP 11.7 4.3 63
MT 15.2 8.3 45
OL 429 427 420 0.5
PK 19.4 6.6 66
PNa 587 586 580 0.2
WP 57.1 40.7 53 29
o st A IE AT O — # IEAR O 100
HERTOAE

#* 4 t MEBF DY v BIUOTAI=U ARE (pg/g dry)

FAE (AT VS f/ E AT i 1E 14 SCHRAE FEHHEL%]
KM (11) 8300 16.3 8.0 15 61
I 4) 10700 15.6 4.8 11 69
Lol (11) 4700 12.4 7.7 16 38
i (10) 5710 11.8 6.2 20 47
JiFhE (10) 5210 15.2 10.0 18 34
fiti - (10) 4810 73.1 68.3 59 7
e (11) 3100 7.9 4.8 13 39
el (11) 6350 12.3 6.0 15 51
o (12) 610 12.6 6.0 14 52

%5 HERER LU SAPIX IBIC X AEEREF DY  ORIEE & D HER

WE 4 = 37 SAPIX % WE 4 = 7S SAPIX 1%
Algae-391 0.88 0.52 HK 1.04 0.61
Algae-392 0.83 0.62 MP 0.74 0.63
Algae-393 1.10 0.57 MT 0.95 0.65

AM 0.66 0.56 OL 0.73 0.65
BL 1.28 0.59 PK 1.05 0.72
BLa 1.13 0.60 PNa 1.05 0.59
Bk 0.86 0.63 WP 1.00 0.66

112



NMCCHE[RIF e R # 14 (2006-2007)

%6 ERERIER X O SAPIX 1T X A EEWME OFIHE & O ik

JLHR OBk SAPIX ik bk
Mn 11 0.76 (14) 1.18 (22)
Fe 12 0.81 (15) 0.91 (20)
IS S Cu 10 0.81 (14) 0.99 (10)
Zn 15 0.86 ( 8) 0.99 (10)
Rb 9 0.76 (19) 0.94 (24)
13 0.58 (12) 1.00 (18)
LS S 10 0.51 (15) 0.84 (21)
Ca 12 0.62 (12) 1.06 (31)
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Phosphorus analysis in biological materials by PIXE

Y. Katohl, T. Satoz, Y. Yamamoto® , Y. Nakan04, Y. Goto' and K. Yamamoto'

'School of Radiology, Faculty of Health Sciences, Tokyo Metropolitan University
7-2-10 Higashi-Ogu, Arakawa-ku, Tokyo 116-8551, Japan

*Tokyo Metropolitan Institute of Neuroscience
2-6 Musashidai, Futyu-shi, Tokyo 183-8526, Japan

*Department of Legal Medicine, Shiga University of Medical Science
Tsukiwa-cho, Seta, Shiga 520-2192, Japan

*Kyoto University Research Reactor Institute

2-chome Asashiro-nishi, Kumatori, Sennangun, Osaka 590-0494, Japan

Abstract

We have investigated aluminum abundance in biological material by INAA. However, this method
exhibits higher value than original aluminum value by interference reaction (**Si(n,p)**Al , *'P(n,a)**Al) by
silicon and phosphorus in sample. Therefore, the correction for both interference elements is necessary. LSC and
PIXE methods as nuclear techniques were applied to the quantitative determination of both interference elements.
In comparison with the values of 14 kinds of biological reference materials, the results by LSC method agreed
with the certified or reference values. In PIXE method, we applied SAPIX method and comparative method to the
element determination. The comparative method was showed good agreement with the reference values, other
hand, and SAPIX method showed the lower results than about 20% for almost materials. This lower quantitative

phenomenon was also found in case of heavy elements and the reliability of SAPIX method was doubted.
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PIXEERAFH4 0 AL DHRMEFFRE

R A AORBERE L SRR L AR LRSS 1 IR TEE 1L AR L
JURS A&, AR 1 PERBE R 20 xR B8, i SR 8

VE AL RSP R ERE TP e R B o L — T 2B
980-8579 ‘EHIRMLETHHE XA T HE 6-6-01-2

PHFEMRFY A 7 brr oy —
020-0173 A TFWRA FENEIAE IR T84 03 4k 348-58

34 2 RKKERED A PIXE St v &2 —
040-0076 At iE i fE T A EFHT 5-3

1 [XLC®HIC

PIXE ST AV R0 B CRIH S TR Y . EEERMMAGIANR D EBZ 2 b, EEO/NULREEND,

2T, K% 3MeV I2Ni# % PIXE O AVF A 7 v ka2 fns 2 & cll@Ea/ Mk L, i
BERE NI NMZEEDDH LN TEZ D2,

LILERE, KA 70 ha 3T _XCTHRED THHO, RIEEBIZRERNT A —2 B G507,
E—AOEY H LR NEVIREETH -T2, TORD, A A VFMESST 7 L7 X —(LES 2 L CHRDY
HLE—ABOWEEIToT, IO, ISP HETRREL TVD 2 EBNMHER S, IEERNE %
Rz Z A, T U7 Z—H AT EH OB AE S 2 5 72D O gk (0.56 1 Sv/h) LT
WD ZEDVHERTE L, ZAUTIE L7203 8IRICEZE L TV A7 ThdH EHFZxbd, €I T,
FHIEZITV. ZORERN S FHEFOFRAEPIZ DN TBE R LT T,

2 E—LAE
2.1 SREAE

YA 70 hrrOE—LFHRREATOICHIY P RELHEN & LT3 AV IROMER L OAE, 7
TV B ==k T ZLOMNBETHD, A4 RIEN VISR THFAOLATEN TBEINATRETH Y | [HlEEH O
8725 350N (o, B,y) ZREESETBINZAT O A A VHROMEITY A 70 o rofbzfmas LT,
AL X o, BESAICY AL >TRL, AEIIXEEDORTHATET, £, 777 7——%
7 Z DTHIHRL - O N AlE KO DO B D7 LIAZBEZ T2 2 & TEZIRET D, 4RIE
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DFOXEIBRFIRTAA LV RBIOT 7V 7 ¥ —— 7 ¥ L EBEISH T,

(1) A A PWEIFZCDOME (X:8.17,Y:7.22,0 :55° ) b, Sl EH LEMH ST 5 HRICBE S H T
E— ABRNAKE R DALEERD D

(2) FIEOIZ LV ROIALENS, S LEME VATICA AV REZBE S CE—ABRA/KRELI 2D
PriEERD D

(3) FIEQ)FB L VM) % L [ElE: 1 K L CTRALIINC B — DB IR KIS 7 HALE %2 K 5

(4) FMAB) TRDIALEIZIHBNT, A AL PEOAEEZE ST TE—LEBIRPEKRICRDAEEZRD D

(B) 77V X —DEEAMEL, B — LNERPRKRIZRDHAEEZ KD D

(6) FIAG)DIRRETE T ¥ LD EAZFEE L, B —LBRDRKICR DMEEZ RO D

BaLLLEE SR

X Y =1
5am| 95 .. 60

BEIL /oL A o]

8 7

r=|a 9827 ° [-108.41 " [ —19.86

] 4716 "[108.41° [ 174.43

BEFEOER

arlz]  007Fc B

T # A

1y -1986°

Fa| -FT

HETOR

j FMDU -
EEE O e

* 500" [ om0 [ o 514
Bl1 A A PR E
Fio, AL EBERTEBEG O 2 SOMNEIZBWNT, 1472 hr N0 2207 —7 (A7 r—
TB7u—7) EHAWVWTE—AT a7 7 A VERY, AT OWE RN, ATe—T13T7T 7 v X —
AV OftiE, B7a—71 3 —20BVHLAOTHLEY T RT 4 v 7 F ¥ U RO FRIALE L TV D,

22RBLUEBE

AFPNE LR L E—LABORRER 21277, BROREEIVPWMOHELE—LEBOREIZERKLT
W5, BERIOME (X:8.17,Y:7.22,0:55° ) TORY H L E—AERITN InA THhotz, —J7, BEKO
firfl (X:7.05,Y:8.25, 0 :68.45° ) TITKI 8nA D —AZ WY T Z ENTE, ZhidhA 27 bo Wi
TOIMERL A DEENE LT/ THLEBZEZXOND, E—L7 07 7 A LVORER R LOFERNOE
Z B DH IR O#NEZ X 3128 d, kT O#EIX, A7 r—7¢ B 7 a—7 OBEFMHEIE LOKHIIZF
CEEIO#EZE > TND & LTEZELDTHD, ZORMEND, A 4 IHEBERNTEES A 7o —7
> TRY ., A AU PEBEIZILEICB 7 — 7> T2 Z EXbnd, ZOEORY IZ<X—4 k
2 ARBIOLIBIZ IV AL D THDL EEXDBND, £ LT, E—200Y M LAEE (B 7 2—714)
THENMEEZ -2 L EICE< DO -0 e E X 5N 5,
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LIS
el
>
6.5 7 15 8 85
XEEAR
M2 AARALE LY H L B — A E0RR
BIO—F 70771 L. ATO—FTOT 711 BIO—-F 0T AL ATO-TTOT AN
500 A0 3 om s
/l_a»— | TV T ' _\},\ Ve 2rm 28m Je—
kY \ 1 ‘::: 3:: T o / g”: ‘;u“ ,_\-\‘\
rn \ T o Seus 1 N P — — .
i ‘ A LI S 4 = | FE ;‘\ S E ! '\
‘ s i Lo |: : r [ A + Lo & =000 - T
.,r‘j T : : n e i i ;' \’\. j‘h - asm w0 - _‘P“ s
= 0 s: ) o ; + o \ TR 3 e IO v - - Tt -+
e s \\-u.t-‘:;m .-‘m R oy Il'nu. ?‘::,Q-w;suﬂ e e e N o s — e
* - - : ' — . e ! iy
\\\ ‘n‘ : ‘; ,,' K \\1 \“ ‘\‘ ; :; "J
* A} Al 1 4y ’ N 4 , "
R \ : i "\ | S
BIO—F5B . ATO—THH BIO—THR _*‘él;;;qzxxiﬁ\ AR
(@)A1 A PR 0) 1 A IR E %

3 v—AT7 a7y AE L OINER A OLE

3 HHEFRIE
. 1AIEAE

R ORIEZAT 9 72010, BFs eI BRI & NE-213 2 0 F L—4% 990 2 SOkitigs & v 7z, BFs
TR T ZRIHNT 22 ENTEHDOT, BAELEPHETEZRY ZF LT a Y 7 THGE Lk, INEERE
OB BT CHIE 21TV, IR OB EE O 72 DIV T2, M E 21X 4 (1SR T, £7-. NE-213
AR S 2 LN TEDLDOT, BAELEFHFOTF AT —ZHE L TE LRI EZFHD 72
DI L7, NE-213 Xy b2 2 &3 Tx, 2Na (1.28MeVy #F) 2 X2 HMETF=x1F—0D
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KEEDRFZE SN TWS 9, TR F—KIEIXZ DO HEE HV-,

4 BFs & i 5 ML L 7= #itk

S2HERBLUBE
3.2.1 BR,I22\T
A~D OFAHRE R T—ERM (250sec) PEZITV, ENENFHEFE =T DA T MAE LD fIEAT
Btz T o7 b DA R 1 ofEE (MEE) (ond, —F, BOHb U728k (4 5) OALED S e+
MIEEL TS E LT, SOl & RIHERONIRA O BEEZE L CHETEOHIMEZFHE LI-b D a2 %
1 ok & GHEM) 1ornd, Zobd, RAEHWTEIREATo 72,
& :%Ez)exp{—ZR(E)- r'} (1)
g FHETFHR  QE)IZLDDOHFHETR  Ti(E): FREW L
rofE RO DR E COBBE  r i BoES
722U, BREBEBIIAS THF O3 F—IKFT 5, ARIOFE TP DT R )L ¥ —% 0.5MeV
ELTREZITo 70, ZHUTHHEF ORIV X =0 KT 0.8TMeVEETH DL B2 6NN HTHD, T
PEF DR —IZONTIE 8.22 Hi TR 5, HPETEOFEE & JEM A LT 5 & 2372 0 dm ME A
‘ozl 525, LEBo>T, R0 PHETIIIMEES VB T13T 7 L7 4 —HAAHT O8I A Lz 2
LICEORELTLEEZEZADBND,
F 1 PHETREOFRERE L O

WERLE | HEE rlem] | SOEE rlem] - G Hot - QRIE )
A 40 2 1.000 1.000
B 30 12 0.338 0.211
C 40 15 0.116 0.142
D 50 15 0.074 0.094

3.2. 2NE-213 [ZD VT
F7. 3MeV 1T ST B T DS HBIC AR LTz & ZZE LD KRIZOWTE 25, #ill2id 63Cu & 6Cu
2 69.17:30.83 DEIA THAET D, TNEND ISR L UZED Q fEE KXITRT,
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Scu+poizn+n (- 4.13MeV)

SCu+p—>3Zn+n (-2.13MeV)
£ 5T, 8MeV O - TR Z Y 5 2 UGIE SCulp,n) s Th b, ZD L&, BAETLHHETORRKTRLF
—EIAFTHHE ORI LX =00 QEEF\\ - 0.87TMeV Th 5,
T, EBCHEN OB LN AT A ER 61277, (@iF 2Na 22k &5 1.28MeV O vy #i 4
HE L7ZAT b THY  (DIIIEES O E A THIE L7 AT ML TH D, TR —REDRE R,
BYD AT MAPRTRTHUEFICE DD TH D EB 2 T-HE . ZOHHET O 3L F— 3 K TH 10MeV
LD, Tt 3MeV OFTIIRELAVEVTRLF—DEDOTHS, LoT, A7 MLOEFET RV
X —OWIIFETTIERL . yBRICED VDR EB T, ZORAE, BETDH vy RO FLF —THKK
THI 5.56MeV TH Y . 63Cu+p & 64Zn I LUV 65Cu+p & 66Zn O IHE B R VF—DZEILIFNEI 7.TMeV,
8.9MeV TH LML, T AEL I DX NLXF—Thb, LIN-> T, MRS N2 NS L7z8ik <
1% 65Culp,n) SR 721 Tl e < 88Cu R 65Cu IZB5 F 3N ENA UG HAE T TV EB X BILD, £ DORER,
64Zn X° 66Zn DR & 72 ELIRAE) B IR EIRBBICHE D 2R Ty Bl SN &Ex b b,

EXVFS : LOG LT: 260 ESVFS - LOG LT: 250
- RT. 20 - AT 251

(2)

(2)22Na HriF HiE A
X 6 NE-213 ®HIETEHELINTZART ML

4 F&OH

S, AFVREBH S TE— 2G0T 72/ R DEIORM 85O — L&Y 2 &N T&E T,
TAUFAN—F b AARBY O LV | INER A OHGERNMREY . MY LATHLIY X T 4 v 7 F v ox
NMMEETHENEE 722D Th D, %BH, ¥—F Yy FETE—AZEXLIZEZ A, 3.8nA O E— L&
EH/DHZENTE, ZHIPIXE DN AIT) 2L DTXHE—LBETHLDT, A¥A 271 hu245%
PIXE Z3#TIZFIH L CHF%E 24T 9 TETH 5,

Fo, PETFIET 7 L7 X —H O HEOSIBAINE S 2B 3 AS LT 6Culp,n) G4 U Tz 2 &
NRKTh -7, THEFOREZS TEDICHRZE S 1mm O Ta R TEV, BBEZFHTZD01% THE
IR LNl A 7\ ha RIS ER TEOIZE MR Z WD, BIOEHNG b e+
DAL TWDLOTIERONEEZ NS, FHEFITINER 723 A 787 e o NICEZE L TRERELTND
DT, E—2OWMY HLAEOM LI RESERT 720, 4% BFREFT TNEZNEZI TN
Fo. WE SR (0904 Svh) T4 —7 v MNEFHE nA ORETRIEZTT 5 2 L ITIEREO 72 Ml
720D T, PIXE SHTICRIHT 2 Z L IXATRETH 5,
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SE Xk

1) S.Wakasa et al., Int., J. PIXE 3 (1993) 329.

2) A. Terakawa et al., The proceedings of XI International Conference on PIXE and its Analytical Applications (Puebla,
Mexico), PII-3 (2007).

3) Z LU F- /b ORFIGER, BOFsek  §R BE#EHI A 7 7 o BT T30 Rt

4) AT A YN T =T 4 A (BIFRR FR) RO #E & EE . AR

5) V.V.VERBINSKI et al, NUCLEAR INSTRUMENTS AND METHODS 65 (1968) 8-25.
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PIXE cyclotron

M. Fujikawal, K. Ishii', H. Yamazaki', S. Matsuyamal, A. Terakawa', Y. Kikuchi' M. Fujiwara1

K. Seraz, H. Sasaki’, K. Maeda3, Y. Kawamura' and T. Yamamoto'

'Department of Quantum Science and Energy Engineering, Tohoku University

6-6-01-2 Aramakiazaaoba, Aoba, Sendai, Miyagi 980-8579, Japan

Cyclotron Research Center, Iwate Medical University

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

3Sasaki Taro Memorial PIXE Center
5-3 Asanotyou, Hakodate, Hokkaido 040-0076, Japan

Abstract

PIXE analysis plays an important role in various fields of research such as biology, biomedical sciences,
environmental sciences, archeology, and material sciences. We have performed PIXE analysis at the Sasaki Taro
memorial PIXE center in Hakodate, Japan where a 3-MeV AVF cyclotron and two beam lines for horizontal and vertical
irradiations have been installed. The center has not been able to offer PIXE analysis in recent years because of cyclotron
troubles and the cyclotron was repaired recently.

In order to optimize acceleration variations, we measured beam profiles with internal probes and investigated in
beam intensity for various parameters concerning RF system as well as internal ion source and deflector. As a result, we
succeeded to transport proton beams of about 3.8 on the target, that is sufficient for the conventional PIXE analysis. We
were recognized that the betatron resonance plays an important roll for the beam extraction.

A significant number of neutrons from the cyclotron due to the **Cu(p,n)*°Zn reaction were observed during the
operation, indicating the main source of the beam loss in the cyclotron.

In this symposium we will report details of the present status of PIXE facilities and the above cyclotron at the Sasaki

Taro memorial PIXE center.

121



NMCCHE[RIF e R # 14 (2006-2007)

PIXEMIRZIED-ODT—2 XR—XDIEE

PFRECwA L T BT RGN, MERBERL S, Ak

V' (#) BRTA Y N—TWHET A Y F—T
T113-8941  HUATHB SCR K AEA 2-28-45

2 (k) BHARTA YV N— TR
T020-0173 = FURE FEBRE IRATFEIR T8 3 2k 348-58

SEFERREYA 7u bk X —
T020-0173 & TFHE FRNEIRAFEIR T 03 7% 348-58

M B N N S R S
T980-8579 ‘HHLIAALIATH B EX AT FEE 01

1. [XL®HIC

PIXE(Particle Induced X-ray Emission)lZ, 0 BOFEICHOMTHRE., RILELFIFICON TE 5, 72 EDF]
RO LRSI OAERRFIEDO—2L LTRHIHEN TS, £D727>C NMCC(Nishina Memorial Cyclotron
Center)lE. 1993 4F LV FAEHID PET & PIXE OILFEFI MR & L CREOHEF KIS TE 72, FIH
STEIIE R - BEFEOAMEBI TR, HERE Y - MBI LPHOR TR, RERT. ZHFREEFITA
BRI D0 ZREELRRBOS RN TR TWD, X DICTERM~OIEH, Mo MEEHELR L, E
ER~OFAHRA LN TN D, AR A B AZE S, R 30-35 HFORAGBENS R ST
%, BUEE TIZ 6 UL EOFE T 3T 4L, 500 fRLl EOFGERSIn BRI NDH e, FTpEICEIT 5 H0ls
#73 PIXE gk & L CTHERE L C& 7=,

FERE LT NMCC IZIX ST — 2 NER SN TE Y, ZhUdhlEsk o PIXE BHREOHL 5T, il
DI FEEFNTLHEHICE > THIEFICHEERFRTH D, £ T, NMCC IZB1T HiEE 10 /] PIXE
T (AR b, PESRME, BN T 26, oRIREME, Z2ECRE) 2K - HHL, 7 —F—2
kT2 x%EExT, *v hT—27 BT, SBHIRCHE S BB REHEREZ R - HETE L5 v AT
LA I AU, IS BI ORI TE 5, Fio. A LAY MLEBOZ OO FH 2 % 4
OIFFEIEENZREMANCHENL T TH B H Z ik v, LEFHOFE R 2 HiE, FIRERBOIKSHfR S, £
U3 PIXE BIREERA 2R DIFEMALIC L SR RN s b0 L b b, & 510, FRABOEEN THBENSH T
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X, MOSHT HEERAVAREICE > THEERT — X ERD I ENFFINS, TOT —XX—R(Z
SEU. MORERE « HIEIC KD F— 203 Mbs 222k, THBEO L bo— /ENHEE S TOITIE,
ZL OMFREDFEMPI LA — R ETCEREZZBTED L O, ZRERITHHT 2EMEITIEFICKRE
HLDERDZ NI ND,

2. BEATLA

NMCC {ZEBW T, #H O PIXE oW RFIC I R HERESH OB T D, —i%IZ, PIXEIZBIT D X #RO
MR, ZeR 0 ORAET 2R X MERRICHIET 2720, =3 VX =080 O SiLiRHaEsHW S
Nz, LML, SIL)TARTZXBREaZOFFHELLI> ET5L KR —XMTIEE A LOFEN
HOLNTLEWMEICEEND T -EHILHEDO X MERE L RHT 57 OICITR AR A LEE L 72 5,
BINE—E ORI ERG, ETRINAEREZESE R XL XX BERBHIETCELREOE—AICLEE Z T
FOWEZITV, I Z JTTRAE DT OIZRIAEZ T 44 L T E— A/ Z 1/100 (2% &9, &) “HE
DOUPEZRER STV, L LHTFRERIER L, ZEOREIZUET 5 ONREICR D Z LN PRI
Tele, ZHEOREERE ZHRICERE LENLZENENS Z, K Z mREAICHENST, B —A2 kY
[FIRFLZE 24T 5 FIESRR S Y,

B—07y NF 2 N—NTRE—LBZ—7y NSNS =67 0WE 5, 79774 Mle—L=a ) A—
ZERNWTEESND, #—7 v MIAFE—AICRH L T45° IhbLoRESND, @& Z HBHERTE—
LZEEFANCERE L, FuELLRETD XBEX—F Y NOE[LRET D, HRFEEHG U )
RWIUEE R L, WV UL EOH - BEIREOREEITO, —H. K Z ARtgiE, =7y FEHIZX
HIRZ R NF—X OV ZEFI T2, #—7 » NOEERHTAICHEE SN TS, LI HORMEHROH
BREZMTET H-0I10, BHEICHLTO05~2mmd DFTF 774 FMila ) 2—x5 3EHIS U TRIRE N
Anend, £72, B3 X — XBOWINE TEX LD T5720_Y U 7 ABOENE OMBEH &
. SHICHOREE « SIN LB EOHKTEZEO/NSDOLORKBHERE L TEIZNTWS, 20 _HH
ORHZRE, WIEZR LT R T o~k £ TO® « hrEOREZITY, 20O _HEEOBRIIC
XV BERRGAERE R 5~10 S ORIERB CRILEO DI B AEEL 720 . ZHOFE 28R X <L
BCTXH L)ool
S 512 2001 4R Pure-Ge fi HHgRVE A S 4L, v E & Z AR AR B — A2k L TR 5 1357 M bifiAT %
ZEICED X BREFRHS Y BRIENAREL 72D VAT AR SN Y, 2OV AT AT XY | i@ O PIXE
LRIBHCE TR N D S D AT y OB FRE L 220 | $EK PIXE TIXARAEETH 727 v Hip Lifig
TEHEDIGHMRAIREE oo Te, FFICT7 v FRITE L TX, —FUIFFEZT T 1 BAOFRBEEN WD &b
0L BREEHY: - AMARERMBEICB W THEE SND TR TH D, FH AT AW T, N TE
ElZ kY PIXE CREFREDOH « EILEORHE X BE—2 & 110keV O 7 v EORIF v — 7 & FA]— A~
7 MV TRIERTREZR 728, FEEDO RO A AR TH 5,

1997 £4£121F, B — L ZEZEAMIE X H L TRAT ORI 2RI+ 27 A bE S Y, Zhicky
BHIEF = UN—NIZAD Z 570372 EOR X AiEe, BN ORI/ &7 = o MAREEOFE, il
a7 EEZEN PIXE TlEx S TERWEREIOHENFAIRE L 72 o7, KX PIXE (&3, PIXE HiE 4 5%E 95
BRC, BE—A T A L OREAKFE LIV EHERT DD DN TWEEZEF = X —#% 50 Eis@ L% FIH
LTHEmESNT, E—A%3mme T, HKA3nA D —LEREZ RATICEI & HT 2 ENARETH D, T4,
K& PIXE 1563 2 B B DR ENTT I, EZ% PIXE & FREDE RO 41T 2 L3 FREL e o7 Y,

123



NMCCHE[RIF e R # 14 (2006-2007)
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ZDOGE, FRCHEN, B L UOREIZER LM Thbil T s, BEIZ NMCC IZB W TIThb -3tz
X, 2O AR EIE RS O Mk EP@E%”%&UJZ LU, vy ha— AL L THEICARZE LTS
EM o TG, HENIEDEES LN TR TH DD, BE L HERMOBEIHEDbNZ L0

CEDONAN, BLUEINETFF A F 2 —P LW BEO RS THY . &L DORENERESE
DRIEMAL R E . DFEEDO Y 27 BN R L2 LR Sz Y,

EEALHCE L T, fidodEARREMXICEL Y vy EFFEREEST 4 U B2 O/ BGE L
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WL, FAREEFOBANOIT, A TR 2 B2 oRIBE & BEAKPICHRREE & OBE
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2 afaE Lc, EOMPER], FED 0o TV LR E OT — 4 BILZEA->TEY, FRBIZENLEN
BEZITV., ZEAET DHHDIC %Lfiﬁﬁﬁf@ﬁv%®%%ﬁbkoitAﬁ@ﬁ%&%’%%%v
. U E VWS EEEHOBYOWET — X bIFE L, I LICT — X 2RE LIBH Lz, B o=
YEERENT AT 728 —BEPE & LT, NMCC IZB W TBIEE Tl wménkaﬁkﬁ%%®%ﬁ¢m$%§@
SEEE 2, BN RD T, T ORERE K 2-2), bITFRT, BITREND LT, 0D 70l EE T
MEIRVEERIC DT> TTF =2 055 TV 5, BESFIE. ERMIEBT 28 ilER OB EH ETHIC
K DBERHM O B TITho D 2 L RE W), BEEHEEREZZ 0T 21307, L, BFEEIC
BLTHEL T —ZIENERICHEATEY . ERNOFEHIER], & 5ICENOREE DS ORI HITV,
T—HEIFR LTV FHETH D, 4%, sk - LOSHHEORKRENMD L Z L2k 0 | EHEEfELIC S
HITES b0 EWFEND,

# 2-a) 1 AARNEE BYE 166 NOFENRBIEEZ T TR IREOVFEIE & IRER A
Element Age (number of sample)
0-9(n=7) 10-19(n=10) 20-29(n=47) 30-39(n=12) 40-49(n=37) 50-59(n=16) 60-69(n=30) 70-79(n=7)
Na 245+200 187+130 310270 188+120 283+260 4241460 313+300 291+170
Mg 45+35 2940 67£55 5040 53453 6046 54166 32£32
Al 25+ 32 59+50 31£38 5046 41+40 28+30 55+49 53+42
Si 88+ 89 6866 194190 310390 148+250 175£250 133130 90100
P 95+ 88 100£130 137140 72+91 119100 119120 102120 55+110
S 44300% 12000 451009100 428006900 435008900 4570027400 401009700 426006700 411009800
Cl 1340+ 960 11901900 9661200 378330 12801100 23803100 14301800 17801500
K 586660 6121100 3251420 119+84 240+210 445+560 318+410 564+520
Ca 522£270 1130+ 430 1530970 1220650 975+520 830820 1010740 933570
Ti 19+ 28 6.0+t4.1 8.5+294 9+11 7.9£9.3 18£26 7.3+9.9 1210
v 0.36+ 0.74 0.12+0.28 0.46+0.71 0.5+1.1 0.45+0.83 0.38+0.77 0.46£0.71 0.35£0.51
Cr 0.41% 0.37 0.35+ 0.44 0.45£0.45 0.324+0.49 0.55+0.91 0.39£0.38 0.291+0.44 0.31+£0.42
Mn 1.09% 0.74 0.80£0.68 1.02£0.67 2.7+4.8 1.1=1.3 0.98+0.84 09+1.1 0.75£0.31
Fe 18+10 152+ 6.1 22+£20 17.1+£9.8 16.0£8.9 22+11 22422 19+16
Ni 0.48+ 0.77 0.55+ 0.39 24+56 0.87+0.95 0.760.69 1.0£1.8 1.0£1.0 2.0+29
Cu 31+ 31 27+15 54£120 27£15 2710 20.5£9.4 22+12 21+11
Zn 17973 259+62 274£82 29697 291+93 274+120 241+82 227+£85
As 0.08+ 0.18 0.39+0.42 0.32£0.88 0.30£0.53 0.35£0.86 0.24+0.38 0.30£0.41 0.45£0.56
Se 0.83+ 0.79 1.06+0.40 0.88+0.71 0.75£0.37 1.22+0.84 0.64+0.71 1.02+0.60 0.58+£0.61
Br 11.0+ 8.2 10£10 93+£7.7 9.81+8.8 11.2%+9.0 11.4=£7.5 1625 39+t64
Rb 14+22 1.7£2.5 09+1.2 0.8+1.4 0.9+1.5 0.7£1.3 0.9£2.0 1.2£1.7
Sr 1.6t 1.5 1.7+£1.5 5.6£42 35422 3.0+2.4 2.4+47 24+238 3.6+33
Nb 0.53+ 0.89 0.12£0.22 0.54%0.95 0.45+0.97 0.460.73 0.7%+1.0 0.271+0.48 0.14+0.34
Mo 1.43+ 0.69 0.62+0.77 1.0£1.5 0.7+1.3 0.7£1.2 0.54+0.61 0.69+0.89 1.15+0.97
Hg 2.7%+2.6 5.1%+23 2.7£2.6 3.4+3.6 64138 54=%4.6 44131 7.614.0
Pb 3923 2.5+23 4.0+3.3 4.6+4.9 3.7+£3.2 33+43 4.6+5.7 42+3.1
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F2-b) 1 HANEEE Lot 239 NDEBIBEZ P ICR R OFEE L AR ER A

Element Age (number of sample)
0-9(n=14) 10-19(n=16) 20-29(n=51) 30-39(n=45) 40-49(n=42) 50-59(n=16) 60-69(n=44) 70-79(n=11)
Na 190150 222300 3174340 201140 194170 180110 281£210 303300
Mg 9045 121110 147299 14488 154100 109+63 10188 159150
Al 39+30 118150 50+59 554355 41+49 42+90 42452 25431
Si 194£140 67311700 134042900 150043600 688+950 5161700 8262700 214250
P 97+99 140150 148+120 106+ 100 93+97 96+94 107100 99+150
N 450006300 442008800 414007500 402008100 10106400 39900 =+ 7600 413008000 441007100
Cl 314+220 107042200 385+750 2334270 207+310 278460 642890 8141300
K 273290 370+640 2544280 1284130 1394200 151120 282290 269280
Ca 1920690 20301300 31101800 3350+1700 34602000 2700+1600 2220£1300 2950£2100
Ti 1315 1919 59188 22426 21£22 22421 22425 37142
\% 2.0+3.3 0.7+1.4 09£1.2 08t1.4 0.7£1.3 0.7+1.3 3+15 1.2+£1.7
Cr 0.14+0.22 0.27+0.33 0.38+0.59 0.31+£0.47 0.31£0.53 0.41+0.63 0.25+0.39 0.51+0.53
Mn 1.10£0.91 0.96+0.63 1.2£1.7 0.84+0.66 1.0£1.2 14+1.4 3+£15 1.842.4
Fe 2112 25+12 25+17 16.8+8.9 18.6+8.0 21+13 116610 28+30
Ni 1.3+14 14£1.1 3.0+4.1 2.0+2.8 2.4%23 2.1+3.0 42+8.6 2227
Cu 58+61 45+39 80+87 41+30 48+43 36+31 55+110 29+13
Zn 321£100 273+220 4274430 479+560 3624330 323£230 323280 406530
As 0.14%0.38 0.23+0.54 0.15£0.50 0.17£0.32 0.2410.45 0.14£0.36 0.18%0.44 0.260.45
Se 0.90+0.70 1.00+0.80 0.75+0.84 0.78£0.68 0.88+£0.77 0.66+0.70 0.72+0.57 0.62+0.84
Br 5.0+23 15+26 3046 29+53 27+40 15£16 49+130 21+15
Rb 0.42+0.52 1.0+2.0 514938 1.1£2.6 1.1£2.6 0.6+1.1 5+21 24+32
Sr 7.3%+5.0 6.01+3.7 9.8+5.0 10.3£6.4 11.8£8.5 8.4%£5.1 7.0£5.8 93+6.8
Nb 09+1.2 0.56+0.99 0.6+1.3 0.43£0.90 0.5£1.0 0.40%0.60 0.50%0.75 0.8+1.2
Mo 13£1.5 0.66+0.78 09+1.2 0.73£0.90 0.61.1 0.64+0.76 0.51%0.75 0.9+1.0
Hg 42+42 2.6£3.0 2.0+2.4 3.0+3.2 3.2%3.8 4.0+32 3.4+3.6 34+33
Pb 7.246.0 58+5.5 9.6+8.6 59+4.6 5.6£4.6 42+52 4.0+4.5 59+56
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fEEHEOMER E1L, T_XTRIET 21T =BT 5720, HRICEDLL TERICEREZ{T>oTWV5
HBabb b,

EDICEREDOEBEOBMEZEE L, BMFEBIUOREZSHOT X OREL -T2, NMCC 2B
THHRELZ 5O AMB RS OREIN K2 5O TR Y | BH20ME 208 0B O 58T Flid b e,
ZDIZDIEHII2NT VA EE Z . TR D T 0B OFREHIE IR T 5 L oI Lz,

4. 2 TAR—ZADEE

T — & ~_— 2 Windows ¥ L O* Macintosh ECEIWET S 7 7 A /L A —7—Pro8.0J (Filemaker, Inc.) %
WCTERIL 72, 2o Y 7 MZBBIRUIZEB & LTI, FICEHON—REZ0EL LW & HERFEBENE
GThHHZE, VT« T=ERX=2AZ AT AN TV ThD & RENRETOND,
F = A R=ZADANITRERDA L H—T 2= AN =D o TN D20, BHEREMETT — ¥ _X— A D5
NHA L E—T 2= ADIEVIABLETTELL I > TNDH I ELRFEDO—DTH D,

R E LTk, O #igesr, @ REtofE, @ HE—ErbRESNEHBEZMBETELLI1ICL
Too WHEREF DR T HEROHEE & LTIE, GRS OFRMIFE O 5B 7EIZ 72 B BEZHHTE O &
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ZhRoTWARED, REEESERNCMET D Z SIIEFICREECTH D, DD, DERIET T TR
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Construction of a PIXE database for supporting PIXE studies

J.Itoh', S.Futatsugawal, Y.Saitoh?, K.Sera® and K.Ishii*

'Radioisotope section, Japan Radioisotope Association
2-28-45 Komagome, Bunkyo, Tokyo 113-8941, Japan

*Takizawa Laboratory, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

3Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

*Department of Quantum Science and Energy Engineering, Tohoku University
01 Aramaki Aza Aoba, Aaoba, Sendai, Miyagi 980-8579, Japan

Abstract
A database of PIXE data, which have been accumulated at NMCC, has been constructed. In order to fill up the

database, data are newly obtained as many as possible for the kind of samples whose number is small. In addition, the
data for different measuring conditions are obtained for several samples. As the number of y-ray spectrum obtained with
a HPGe detector for the purpose of analyzing light elements such as fluorine, is overwhelmingly small in comparison
with that of usual PIXE spectra, y-ray spectrum and elemental concentration of fluorine are obtained as many as
possible for food, environmental and hair samples. In addition, the data taken with an in-air PIXE system have been
obtained for various samples. As a result, the database involving contents over various research fields is constructed, and
it is expected to be useful for researches who make use of analytical techniques. It is expected that this work will give a
start to many researchers to participate in the database and to make calibration with each other in order to establish
reliable analytical techniques. Moreover, the final goal of the database is to establish the control concentration values for
typical samples. As the first step of establishing the control values, average elemental concentration and its standard
deviations in hair samples taken from 405 healthy Japanese are obtained and tabulated according to their sex and age.
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Fig. 2 Temporal variation of black carbon concentration by a PSAP (December 04, 2006).
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Fig. 3 Temporal variation of black carbon concentration by a PSAP (December 05, 2006).
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Table 1 Elemental concentration (ug/m’) of atmospheric particles (sampling: December 04, 2006).

No.1 No.2 No.3 No.4 No.5
Na 0.47 0.26 0.41 0.21 0.12
Mg ND ND ND ND ND
Al 0.25 ND ND ND ND
Si 14.4 2.46 1.21 1.29 0.79
P ND ND ND ND ND
S 0.26 ND 0.17 0.14 0.10
Cl 0.17 0.14 0.13 0.18 0.09
K 0.14 ND 0.10 0.22 0.28
Ca 0.25 0.21 0.17 0.20 0.12
Mn 0.01 0.02 0.01 0.01 0.02
Fe 0.20 0.14 0.17 0.22 0.19
Ni ND ND ND ND ND
Cu <LOQ 0.01 <LOQ 0.01 ND
Zn 0.22 0.16 0.12 0.08 0.06
Br 0.01 0.01 ND 0.01 ND
Sr ND ND ND ND ND
Pb 0.04 0.05 0.05 0.09 0.08
Total 16.42 3.46 2.54 2.66 1.85

<LOQ: Below limit of quantification; ND: Not

Table 2 Elemental concentration (ug/m’) of atmospheric particles (sampling: December 05, 2006).

No.6 No.7 No.8 No.9 No.10
Na ND ND 0.27 0.50 0.39
Mg ND ND ND ND 0.13
Al 0.15 0.28 ND ND ND
Si 1.28 1.86 0.80 1.25 0.92
P 0.10 0.18 ND ND ND
S 0.29 0.16 0.36 0.25 0.27
Cl 0.10 0.26 0.16 0.13 0.49
K 0.23 0.28 0.22 0.43 0.49
Ca 0.19 0.21 0.27 0.27 0.19
Mn 0.05 0.07 0.04 0.09 0.05
Fe 0.32 0.47 0.51 0.69 0.37
Ni ND <LOQ 0.01 0.01 <LOQ
Cu 0.02 0.01 0.01 0.01 0.02
Zn 0.27 0.31 0.18 0.21 0.23
Br ND 0.01 0.01 0.01 0.01
Sr 0.01 0.02 ND ND ND
Pb 0.03 0.05 0.03 0.05 0.06
Total 3.04 4.17 2.87 3.90 3.62

<LOQ: Below limit of quantification; ND: Not

O LIRS, PSAP (X Siy Cl, K R EDORITHBINTIZT T v I h—R 2 ELTND
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Fig. 4 Photograph of measurement and sampling.
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Table 3 Values (ug) of black carbon monitor vs. measured values (pg) by Sunset Lab. (sampling point: Akita).

Sampling period Sampling time Black carbon monitor Sunset Lab.
2007/02/07 15:16-18:22 3:06 0.17 0.10
2007/02/08 08:03-15:19 6:58 0.27 0.32

2007/02/08 15:21-19:53
2007/02/09 08:00-09:19

2007/02/08 20:04-02/09 07:50 11:25 0.63 0.61

5:40 0.31 0.33
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Table 4 Values (ug) of black carbon monitor vs. measured values (ug) by Sunset Lab. (sampling point: Osaka).

Sampling period Sampling time Black carbon monitor Sunset Lab.
2007/11/06 16:00-21:00 4:57 0.34 0.35
2007/11/06 21:00-11/07 08:59 11:41 1.93 2.04
2007/11/07 09:20-16:01 6:38 0.47 0.45
2007/11/07 16:08-11/08 08:46 16:34 1.61 1.64
2007/11/08 09:14-15:59 6:42 0.54 0.59
2007/11/08 16:05-11/09 08:01 15:38 2.12 2.18

Table 5 Values (ug) of black carbon monitor vs. measured values (pug) by Sunset Lab. (sampling point: Akita).

Sampling period Sampling time Black carbon monitor Sunset Lab.
2007/11/12 16:31-11/13 08:59 16:22 0.78 0.71
2007/11/13 09:07-18:01 8:48 0.66 0.66
2007/11/13 18:05-11/14 08:59 14:48 0.97 1.00
2007/11/14 09:04-18:44 8:37 0.63 0.59
2007/11/14 18:49-11/15 08:59 14:01 1.26 1.24
2007/11/15 09:03-15:59 6:53 0.50 0.49

5 F&H

LT T v 7 —Rre=2—fHIZ, RRKF DRI 2 KIET 2 e - dHlid % 72
WIZ, 7T v I N—RE=F—TCHE LR FDORESNEIToIc, £le, 77 v 7 W—KRo =4
—EEBOCTFIEIC L D BC MIEME ALK LTz, TORRK, R LET Ty 7 W—AR 2= —1F, KK
KL F DR DB L2 Z T TN T Ty 7 =R Z@WEE TR L TW D LRl s, E=4—I
HHLET T v 7 =R OFRERIBEITEY TH T EA DN D,

2% Xk
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Evaluating effects of elemental composition in atmospheric particles
on measured value of the developed black carbon monitor

Katsumi Saitoh' and Koichiro Sera’

'Division of Environmental Science,Akita Prefectural Research Center for Public Health and Environment
191-42 Yabase-Shimoyabase, Akita 010-8975, Japan

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

Abstract

It is well known that measured value of a black carbon monitor with optical technique is affected elemental
composition in atmospheric particles. Consequently, in order to evaluating effects of elemental composition in
atmospheric particles on the measured value of the developed black carbon monitor, we performed that 1)
elemental composition of atmosphere particle sample collected with the developed black carbon monitor was
analyzed by PIXE method, and 2) comparisons were made between the measured value and elemental carbon
value by thermal-optical method. As a result, the measured value of the developed black carbon monitor was not

affected elemental composition in atmospheric particles, and the measured value was measured in high accuracy.
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Abstract

So far, the effects of low dose radiation have only been estimated by extrapolation from the data obtained by the higher
dose radiation. Recently low dose radiation effects such as bystander effect cannot be explained by extrapolation from
the date obtained by higher dose radiation. Cell death induced by bystander effect was induced by a factors secreted
from irradiated cell to unirradiated cell. And it is considered that cell membrane is important target for induction of
bystander effect. In this study, to elucidate bystander effect, we investigated the relationship cell membrane effect
(sphingomyelinase activity) and bystander effect, and divalent metal ion that are necessary for sphingomyelinase
activation using PIXE analysis.

Cell death by radiation induced bystander effect was observed in glioma cell (A172 cell). This bystander effect was
inhibited by shingomyelinase inhibitor. When fluctuation of intracellular metal element was analyzed after irradiation,
concentration of intracellular zinc element increased for 5 min and decreased for 15 min after irradiation. It is reported
that sphingomyelonase activated for Smin after irradiation, sphingomyeliase activation and fluctuation of zinc metal was
corresponding.

This result suggested that radiation induced bystander effect was caused by sphingomyeliase activation that was

relative to zinc element.
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Absorption of lymphatics beneath the buccal mucosa and the palatal mucosa

-Drug administration via the oral mucosa-

Akira Fujimura', Yohichiro Nozaka' and Koichiro Sera’

'First Department of Oral Anatomy, School of Dentistry, Iwate Medical University
1-3-27 Chuo-dori, Morioka, Iwate 020-8505, Japan

Cyclotron Research Center, Iwate Medical University

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

Abstract

We have reported that the lymphatic architecture beneath the buccal mucosa and palatal mucosa which had the
high absorption shape by morphological analysis. These lymphatic vessels absorbed the antitumor agent, and it was
accumulated in the regional lymph nodes ( submandibular lymph nodes), when it was injected around the tumor. The
quantity of this agent became very little against the whole body and we thought that this quantity did not raise the side
effects of antitumor agent in this method. We present whether it could reach to the regional and /or the metastatic lymph
node or not when it is administered via the oral mucosa. Cisplatin which has the platinum in chemical structure is used
in this study. The platinum was detected using the element analyze with Particle Induced X-ray Emission (PIXE) in
Cyclotron Research Center (Iwate Medical University).

Ten pl of Cisplatin (0.1 mg/ml) drown in stype and sets on the left buccal mucosa and the center of the palatal
mucosa of the mouse which were already reported the lymphatic architecture. After 5 minutes massage and 5 minites
neglect, the right and left submandibular lymph nodes were extracted and dried at 100 degree centigrade for two days.
The platinum was analyzed by PIXE.

The accumulation of the platinum in the submandibular lymph nodes from the buccal mucosa: 4.5 pg/g in the left
submandibular lymph node; 4.2 pg/g in the right submandibular lymph node. The accumulation of the platinum in the
submandibular lymph nodes from the palatal mucosa: 9.9 ug/g in the left submandibular lymph node; 6.5 pg/g in the
right submandibular lymph node.

The oral mucosa is formed by the stratified squamous epithelium. The buccal mucosa classified in the lining
mucosa and the palatal mucosa classified in the masticatory mucosa. The former has thin and the latter has thick
cornified layer.

This result showed that Cisplatin was absorbed more at the buccal than at the palatal mucosa. We have thought
that the palatum is very useful part for administration because the deep cervical lymph node, which is the final lymph
node of head and neck region is the regional lymph node of the palatum in human. And the palatum can use for
application to the drug administration using denture. We think that the buccal and the palatal mucosa are very useful

for drug administration via the mucosa.
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PIXE analysis of hairs at infant medical checkups
in Fukuoka city (first report)
— Comparison of mothers’ hair at 1 month and 10 months after birth —

N. Kinukawa', J. Itoh?, T. Maeda®, T. Takatsuji3 , T. Nakamura®, K. Sera* and Y. Nose'

'"Department of Medical Information Science, Kyushu University Graduate School
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

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

*Graduate School of Science and Engineering, Nagasaki University
1-14 Bunkyo-machi, Nagasaki 8§52-8521, Japan

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

Abstract

According to the U. S. Environmental Protection Agency, more than 80,000 chemical compounds have
been released and accumulated in the air, water, and ground in various forms. Moreover, thousands of new
chemical agents are released annually into the environment in our food, medicines, protective materials, and the
like, and are absorbed into the human body through various routes. Only a few of these have been tested and
studied extensively to determine their effects on our health. The adverse effects for human beings of
environmental contamination crosses international borders and persists in subsequent generations. Harmful
substances are observed at high concentrations not only in humans but also in large migratory ocean fishes and
polar bears in the high Arctic. Even now, researchers have only unreliable speculation about the kinds and extent
of harmful substances our bodies have accumulated.

The cause of atopic dermatitis and certain allergies that have increased continuously with high
economic growth is suspected to be related to environmental contamination. However, no definite evidence has
yet been obtained. Excessive intake of harmful minerals and/or deficiency of essential minerals are strongly
suspected, but few convincing facts have been established. Our purpose was to determine the possible
relationships between atopic dermatitis and the concentration of minerals in the hair of infants and mothers, as
measured by the sophisticated method of proton-induced x-ray emission (PIXE). We have now completed PIXE
measurements at medical checkups of 842 mothers at one month and 408 mothers at 10 months. Since the PIXE
measurements will be linked with clinical data after completion of all the samples, we report here some
preliminary statistical results on the distribution of each element.

Sulfur (S) follows approximately the same normal distribution of the coefficient of variation 0.1 at both
the one-month and ten-month medical checkups. Furthermore, the coefficient of variation of 0.025 after Box-Cox
transformation is so small that the variation of S among the samples is considered to be approximately constant.
Each of the remaining 28 elements follows an approximately normal distribution after the transformation. Since
all of the elements are more or less normally distributed, the central limit theorem suggests that there was no
systematic bias in the PIXE measurements. Since the measured values are such that "SE > measured values" are

all included in the analysis, we conclude that these measurements may be also used in the statistical analyses.

169



NMCCHE[RIF e R # 14 (2006-2007)

MHETEZ RN SEINORNIKO IR P

MR D Alk=" RER 1w R

YRR RS T R A
010-8502 FKATHFEFEMT 1 -1

PHFPEMKRSEY A 7ubn s g —
020-0173 & F VA FASHEIRAT T4 034k 348-58

1 [FL®IC

&2 B D KIE, € ORI FE - 72 FIiRE LI Tk E LTl S, & DR &8 Tl
JIAFEHT 2 6 DT, — RIS ORI O 72 TR DR KR L7 b D TH S, JIIKE
DI S LD WFECIBN T, DKL, REANS 72 b SN DRSS REEERWE, #i T Tldaa & DK
SIS OIEE), & BTN T 2iEfED T T AREEI 2 EORBEZ T D,

{NK OARETE SRS 2408 5 Z L3, (R E OILBORILOR,, BUEK 72 & DR EIROHErR, {7
BB DR EARERERIE Y A7 v 2=V AL MIRARTH D, ZO XD BRI G FKH PR 2
B L 0IKOKERRO T nt 2 28T 2 2 & & B, JBIOWNIKZ0F5ex 5 & L CEER
EHEBRRSZRE L, WIIKEICEEE 52 DRFITONWTEREITo T,

2 MEHICENINKER

FK VBRI 3RK R R S BT R CALE T 2 (Fig 1) o AHISOME L, KETAERE ORI (R
i 1170m) oA (B s 722m) IZARER S 4L 25 IIHESD B P D H AR~ 2300 8 LWHUE 23041 5 (Fig. 2),
KA B IS E TIE gt B OAER S 25040 L. ZHUSHTE = RAEME D EAT S, BXHIE
AP T TURNELZ BT SE = RATE 2 La . P LoCa . LJWEME A M) ERK @i

170



NMCCHE[RIF e R # 14 (2006-2007)

wf Lol ..

tﬁllﬁﬂ:-m- g’

Fig. 1. Map showing the location of sampling sites.

KIESERE v Ma ., R gy a DA
IZHTLOHIB X E IS AT D, £
T A M) 1 D 323t . AZRIR BRI
RIS IACHEDIFET D, Z DOHL
ek, BAbH. XA A EME D
MEEHEZRFL, TOHhOAFRT
(Z SRR A S D

A Hisk DA 723 11, AH LA

Tt & 2 B E L)1, AL
e R YV I N NS S T N = 3 7
NTH D, LaE )3k L
> HRKH AR~ B & R
LR B HEE) 1~ & RS
FKHET R DRI ~EWR L. &
BN OWINNE B AR~ &AL

%, UViENEEBEX EFE LT 15
km, fIBJIIC 35 km, ASEJIT 42 km,
45 511 50 kmF2EE T, AKGRIZ K DR
BT AR T 650m, AL

KFAT 1100mRE Th 5,

] e

] EmEns
KEFE S/ e
i) || FE I 5,
)| BEEES

GIE

Y priErReE
P EE LS
Ml *=EzEss
8 = e
AERTES

@'

| 1km
1km

\\\\\
R
\\\\\
EACA AT
\\\\\

Fig. 2. Schematic geologic cross section along Asahi River. A-A" line is shown in Fig. 1.

3 HEMEREKIVAE

WK OERBUZ R 19467 A L o3 » 32 &z, 4l
E, FKHI TN O3 I R 0D Hfgs RN BRI

KAWL - HHIR, Tk - B

Tl Tz 4TI & B ARHEA~ LAV D HER) T 0

BITHNOE 72

HAROFBIEERDRAR, EIEAKEKR, MFEFMEAEK, FRRKIREKLHE TR I Ro7, AL

171



NMCCHE[RIF e R # 14 (2006-2007)

Table 1. Temperatures, Eh, pH and major element concentrations of river water in Asahi River.

Sampling Point Temperature pH Eh Na K Mg Ca Cl 50,
c mV ppm

Taiheizan-Mitarashi 7.0 6.4 383 42 0.5 09 18 6.2 25

Asahimata 14.0 6.9 350 5.2 0.6 1.0 5.0 7.0 6.3

Nibetsu 18.0 7.3 298 8.6 0.9 25 9.2 10.5 15.5

Soegawa 20.7 7.2 365 7.3 0.9 17 5.4 9.1 8.5

Sannch 22.7 7.4 299 11.9 1.4 2.5 7.8 13.8 10.6

7aEHE, T 609 BIEIO Bl S Fiticiess > TOWVRK 19 4E 7 ISR LR TH 5., BRI
DOFRIX, BT pH, ELEITCENM, KIEOHEEZITo7c, AEHL 0. 45um D7 4 VX —TAHBLTEDH,
TT YRGSy, B, YRR EOFEFRS A WET D 72D OB OBK & Ea By & PIXE ETHRIET
D 1= O DB OTAR ZAT o T, BIF ITEIRINGUEE, % LRI DY 3% MEIRTRHRIZ 72 2 & 5 12 Bl CHl%
L7z,

IR BIF o T2 K OBAER Gy DWENL, A A7 v~ s7F 71k, PIXE IETHIE L7z, FbF
Ry Na, K, Mg, Ca, Cl, SO JBEIX, A A7 u~ 7T 7 ToHlrLiz, PIXEIEDOHEREHE, 3R
& ZEE O Tn (10ppm) VK 2 N 2 T2 IRGVAIR 10p] 2R A —IZB bz A ) 7 e Ly 7 0 L AIZH F L,
80°C THM: LIERK L 72, ARBFFE DB UEHITSERL 73 DIREEDME N2, Z DFEZE % 3~5 Al 0 IR LR L 7=,
HITE X NMCC > PIXE #4{8 CTHjE L7z, BIHHE S X OMEFoHT OfE R4 Table 1IZR LTz,

4 KD IEZ R D

T COICKHE TN Z it D) 2 REF & LT, BIIKRO EALF s KO EREK Y DREL(E
Fig. 3 & Fig. 41TR Lz, BEENCKEIT A (AAME) 200 OWBKERE, ffkoRELZ LR L
770

JEJUTR )RR DA A IR 1%, Na=4. 2~11. 9ppm, K=0. 5~1. 4ppm, Mg=0. 9~2. 5ppm, Ca=1. 8~9. 2ppm,
C1=6. 2~13. 8ppm, S0,=2. 5~15. 5ppm DOHFIPH T 5 (Table 1), K/ izIH@m I oM@ & L TUE, RO
KT (D) 2> BB (@) Z#E TR (@) £ TIXRESEMT 2, W (@) TORREEIL, 125
(@) TRTERABE L VRVMEZ ST, BXOZID LT 5 &, mVMEE RS, WG TR
E(®) TIEARIIREIXES ST 25, RO Na & ClIREE T, HAUE A b UrV Bk L £
TRKNMEZ/RT, ZHUTHARWECE BT SRR & LT THINZ §ii 2RIk 5 2
L. SHICARMBTES I, ZORELZB T 5720 LHEESNLD, Ca & S0, A REE, =
(@) The b < Ca=9. 2ppm, SO,=15. 5ppm Z 7R3, Z AU BIFALHT 38 L O D JE B S O JRFTI 72 Ca &
SO, DIFFRICIERT 2 LHEE SN D, 8 Fe) TR OHFHE (D) . B (@) TITMKRE T, £HRRE D
B 0. lppm FRE ThH -7z, £ LY THBCiE, RaIQREZH L, FKH i1 E (®) TiZ 0. 4ppm
FREEEIC/2 %, itz L T, SREDBIMI/NS WS DO, THEIRIC A 512 Lz VR &2 (ST EE S HIN
L. FRHZ@ @D TRE BT 5, Table 11278 L7z/kiE, Bh, pHIC LD & AHusk CZ2eE 728k
bR ITKER L8 (Fe (OH) ) TH D Z b, A AL DFHETIE /R, 0.45um BLFOBEY & LT T~
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Geochemical characteristics of water of Asahi River
flowing through Akita Plain

Hiroshi Kawaraya', Daizo Ishiyama',0Osamu Matsubaya' and Koichiro Sera”

'Faculty of Engineering and Resource Science, Akita University

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

*Cyclotron Research Center, Iwate Medical University

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

Abstract

The purpose of this study was to clarify the formation process of chemical composition of river water in Asahi
River flowing through Akita Plain. Concentrations of major elements and heavy metal components in the water of
Asahi River were measured using ion chromatography and the PIXE method. Concentrations of major elements and
iron in the river water increase from the headwater to the lower reach of the river. Zn concentration of the river
water is high at the point where a tributary derived from a Cu-Ag mining area flows into, and the Zn concentration
decreases below 0.03ppm at a point 14.6 km downstream. The Na/Cl ratio of the river water is similar to the Na/Cl
ratio of seawater. The river water contains salt of seawater origin. The K/Na, Ca/Na, Mg/Na and SO,/CI ratios of
the river water are different from those of seawater. These findings suggest that the concentrations of K, Ca, Mg
and SO, are controlled by other factors in addition to the salt of seawater origin. Concentrations of Ca, Mg and SO,
of non-seawater origin in the river water increase from the headwater to the lower reach of river. The increases in
these concentrations suggest that Ca, Mg and SO, concentrations of the river water are controlled by water-rock
interaction and that the amount of groundwater that has interacted with rocks for a long time in the river water
increases in the downstream direction. Fe concentration of the river water increases in the downstream direction.

Fe in the river water is thought to be transported as suspended particles smaller than 0.45 um in diameter.
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1 [XCHIC

BRAE 244 T L7oARBEIRIEIL T, ST B DBERRLR Y DIKRLCH T K & RIS T 5 Z LIk
DIER SN DREADIRE L TS, vk &bt BN EOFEBEITH R LD HIRERE
RNEHEENEBT 2B NN H L. —EESRBICHENILB L CLE D &, G IR
212 B DT, FHENZZ D D IEHEOTHYP IE TS 2 32 Z E AR TH 5.
AWFFETIE, Fe & Zn #Eextgrl L, WEIRIELN DT 2 o082 ms Z L&
HiUE LT, AR & PIXE BB X Dbt 7 — Z IC RS E it e 7o 7.

2 WIREMIEHE

WFEHLIB D FEIRIE, I8 &I R A B ISR, S D @8R % 11 5 $0- A gh- S gL IRE
IRCThD. REREDOMET, B =RPFHOIESE, Wia, ARZIEERKAES»D
AL S D . ARPLPR OFEEITHEE & LR 61, 000 ton, # OF¥IEALIE, Au=4.2 g/t, Ag=46.9 g/t
Pb=4.1 wt%. Zn=6.5 wt%, Cu=0.6 Wt%" T & - 7=. FILI% b AHKR D 513 pH=3 FEOHilE % L
& T DEMEDTIN KBTS,

PLILBE R OFBHETUL, BEMEOILILBER AR TWA A AR L UBIA C, FPEIZITV pH
OHFLLBEK DR L TWDETH E, XY HERES D OIAKDRD bivd B A TITo72. Zhic
AT, FRLBERDRAT DO L6 Fifio 2.5 km O X[ 7 7 fr TiToh 7z (Fig. 1).
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Fig. 1. Map showing location of samples (letters) and pH of mine drainage water and river water from the

abandoned mine to 4 km downstream.

3 BHEEmEoirEE

A R4 S CERIR L 723 UBHT,  SRUBEK, 1K LK P OB E Ch 5. ik %
BECT 2B21E, Bl ogRLiBEK, W)Iko@IgE L & bz, KR, pH OREEIT- 7.
WRIREAEHE, Bl T 0.45um O 7 4 V2 —Z HWERZITV, 447 v~ Myt s iz

Table 1. List of chemical compositions of filtrate of mine drainage water and drainage water-bearing

river water passing through a 0.45 um filter and residues of the river water trapped on the filter.

Contents of solution passing Contents of vesidues trapped
Distance from river through 0.45 u m filter (12 g/1) on 0.45um (ug/l)

Sampe Naertosouced  T(C) pH Eh(mV) Al Fe Zn cl Al Fe Zn
A 3800 11 25 724 6314 6500 5500 31000 BDL 23 0.21
B 3477 1 27 771 14558 572 9700 13600 2 3 0.31
c 3395 13 29 724 5905 17500 31000 31300 BDL 363 0.30
D 2844 18 24 809 2685 1300 16000 13600 8 53 0.26
E 2843 12 58 406 715 37 900 13500 BDL 49 245
F 2500 17 67 328 678 55 BDL 13200 91 137 0.50
G 2300 19 50 504 1348 120 6050 12700 406 314 1.08
H 2250 20 6.7 331 BDL 55 BDL 12600 55 100 0.62

I 2100 20 52 476 722 81 5500 12600 463 311 1.27
J 1300 25 68 345  BDL 50 BDL 11890 47 49 1.48
K 0 25 6.7 351 260 127 150 12100 19 32 1.06

BDL : bellow detection limit
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Fig. 2. Diagram showing the relation between pH
and Eh of drainage water and river water in

the system Fe-O-H at 25°C.

4 SFhILBEAMTRAT DAIKDIEEHAEZEE

A lEERER U7 gk BEAK, )17k pH, Eh, 0.45um LL L& 0.45um LUF CfF7ES % Al, Fe, Zn
DEA R, 0.45um LR CFEET 5 Cl OF &% Table 1 1ZR L7z, 5L A L5110 C OFLILIEE
KD pHIE, EZEipH=2.5 2.9, BHIED XY 226DRHIKD pH X, pH=2.7 Th-7-. F
7=, FEIZITU pH OFEIIEEA T 52510 E @ pH 1%, pH=5.8 T&h - 7=(Fig. 1). TPk
HLFEZR DS HRAT D ERTOF)IZK (D Higl) @ pH 1% 2.4 Th o723, HPEOFLLEEK (E
) RLSIROFINAK (F HE, pH=6.7) 23 A L7200 G HSOF)IZK D pH 1% 5.0 1225k d
L. T | Mg To pH X 5.2, & HIZ T TR E Z2{NION K (pH=6.8) & &t LifiiL K >
7o KHR Tl pH=6.7 ~Z{b¥ 5. pH & {biZEcEMNORR%E Fig. 2 1R L2, TR A, Cit<
T pH MERMED A O _EFEETIE, Fe 1XEIZ 3 MDA A > OIREE TIEE L TV 5 Al REMEDN &
<, FHMIT pH BHHEIZ R 1224, Fe XKL OIRETILET 2 & Bbhb.

FLILBEK (A, C, B)DSAJINZHA L Th 6 OREEEZ 3 2 )1KD pH D224k, KD
0.45um LA L & 0.45um LU F CEET 5 Al, Fe, Zn O#gEZ L% Fig. 3 (28 L7z, 0.45um LLFC
FETH Al A&, FRICAT<ICREWVRAIIET L, K #RTiE 127ug/l Llesiz. —7,
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Fig. 3. Al, Fe and Zn contents of solution passing through a 0.45 um filter and residues trapped on

the filter.
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Fig. 4. Variations of Cl contents and Zn/Cl ratios of filtrate passing through a 0.45 um filter.

0.45um LA ECHET 5 Al A &I, A, C OHLRAHE TIXMHRAU T CTH 223, B i X
U5 DR HAK(PEH=2.7)TiL, Al=2ugll TH o7z, WK O 0.45um LI ETHEET S Al EH
B3 pH=2.4 ® D H5 Tl 8ug/l THHAS, 550m Fiiod G HI&TIE, Al=406ug/l, | Hi&T
Al=463ug/l ThHoT-. ZDOZ Lid pH BAHPEICE(LT H 2 & T Al OFEMREIMET L, 0.45um LL
LOREMEIC A BRE LI LRBZOND.

0.45um LLFH L0 0.45um LI ETHET 5 Fe A &1L, SEAIIETFRA~ED 5. L
2L, Fe OEMIEREIX, HTAUE < O EFREBO MM 7245 Tl 0.45um LA R CTHEAET 5 Fe
NEHEL, pH=5 XV FMEIZIEV pH 2 52 G LSS | #ISCTld 0.45um LU E O E Y E
THMSID S OPET 5. S DICFIROFLLFEK Z & LA 3498 & G L pH=6.7 1T
(272 % K Hif TIEFE O 0.45um LU CTEET 5 Fe 28, 0.45um UL ETHEET D Fe AR LV b
%< 7% (Fig. 3) HiO A0S | HS E TOWMKRMBREZRTZ LMD, 0.45um LLED Fe %
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BOREME X Z OXETIE L, WIKNLERY RPN TS EBZ LS.

PLILBEAKIZE £415 Zn i, 0.45um BLFCIEET 5 Zn OE A &H, 0.45um LA ETIEET 5
Zn OEFELY &L, ZniE, 0.45um LN TIEET S Zn & LT Ri~EfR ST D N
%2\ . 0.45um LU FCIEET 5 Zn AR, TIRIEEIR< 5. £z, WIZKHFO 0.45um LA
FTTHET S Zn GARIIE, TIASD 0.45um LLF TIET D Fe A EICADBND X 97
PH=2 725 5 ~D LI E 5 B2 B A BEORA TR HT, A HEA 5 D HUS (pH=2.4)12 7>
(7T 0.45um LA R THHET % Zn A ®ENETHEINT 5. —J7, 0.45um BLETEET 5 Zn & H
BIE, DA S GHAICHT THINL, Zh i T TIHEIEETH 5. FLILEEKA, C,
B) AN IEA LT D OFEBEIZ R 511K D pH & Cl &A%, 0.45um DL N CTHAET 5 Zn
& Cl OERRI(ZN/Cl L) DEA L% Fig. 4 128 Lz, Cl &4 &BiL, BIEFRKRN T 2510 A, C
A TEWNHOO, MO TIRIE —EDEERT. —J57, Zn/Cl ix D R TE< 22D,
0.45um LR CTIEET 2 Zn OFIE A DD DI THML, £O%ED L Th%. 0.45um
VU ECHET D Zn A B L Cl A REDH(ZN/Clos)lE, A(=0.1%X107), D(=0.2X107%), G(=0.9
X10)EHML, |, K T 0.9X10°=1.0X10° Dz & 5. AND GITMHTT Zn IV ETH
%3 0.45um LLF DO H D05 0.45um LLED HDO~ZEL LT 5.

UbDzZ ent, BE&R%ELZETIRBELRINL SN S LI LKA T 5 &,
TLRIT R Z DOEMIEREN 20, BT 25T R D WREMN H 5. Fe ITHBAIFRIITE
W ZAICEESN, ZnidE T E TBET SRR 5.

b FLH

B FE K % B e ARFFE R G sk DT 11k > AL VR, EIZHEILITEE2 5 0.45um LLF CETE L,
TH~ERESND EEZHLNDD, pH BSERYED S FPEIZ 72 5 885 TiX 0.45um LI ED & D734
M35, Felk, pH=4.5 X 0 F D pH OfJIZKH CTiX 0.45um LI EOBREHE & L CE L fFE
THEOCRY, IR EIZWE L, WK BED BRI TWAD. Zn 1%, 0.45um LU CTFfF
TET2HON%LL, TitEhFE CERINLS.

X WK

1) (Lmak—, AT, EERERT, BhhdoT, REW, ARG, ERkds, F8)11E2(1980): 4=
El 4 L L SR RE, 56 18, WALA AR, HERRARTHE, No. 260, HIfft 1, 194.

182



NMCC ANNUAL REPORT 14 (2006-2007)

Variation of chemical composition and style of transportation of elements in

drainage water-bearing river water from an abandoned mine

Hinako Satoh®, Daizo Ishiyama®, Toshio Mizuta', Yukio Enda? and Koichiro Sera®

Faculty of Engineering and Resource Science, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

?Akita Prefectural Research and Development Center
4-11, Sanuki, Arayamachi, Akita 010-1623, Japan

3Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

The chemical contents of filtrate of mine drainage water-bearing river water in passage through a 0.45 um filter
and residues of the river water trapped the filter ware examined by the PIXE method to estimate the change in contents
of chemical components and to know the style of transportation of the elements in drainage water from an abandoned
mine.

The pH value of the mine drainage water ranges from 2.5 to 2.9, but the pH of the mine drainage water-bearing
river water is 6.7 at the downstream part of the river. Aluminum in the river water is transported downstream as
suspended particles larger than 0.45 um in diameter. Iron changes from soluble iron and iron coexisting with
suspended particles smaller than 0.45 um to iron coexisting with suspended particles larger than 0.45 um around pH of
4.5 according to the change from acidic pH to neutral pH. Zinc is transported far away from the mine as soluble zinc
and zinc coexisting with suspended particles smaller than 0.45 pum.
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BT 52 ENZ0, ERWRIIIKDO A EIT-> 72356 TH ., TR BIZIX)IKF ORE 1% 5,
ZOZ LI X D WE OTERH ., IEFWER 0.45 um K 0 HPRI 22 E 72 T2 <, 045 um KD K&
WY A X TEMENTNDZEZR LTINS, LLAEND, Bl RICEET5 2B EZHIET
DENBZFENZNE TP o772, BB AR T 2 cHE L ZOBICHOVWTELEVRFINTI R
Do 72, PIXE £ O MR e Bk P CIIBR D Lo S D BROWE O ERSNBFRETH 5, SENTZ O Fik
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Fig. 1. Map showing the location of sampling sites from the headwaters to the lower

reaches of Shibukuro River-Tama River-Omono River system.

3 HMERECEA. HHRARZES K VBIEZE

Frat L7eaBHE, AW O EFEERICAFTET 2 EJRIR 2> H A T O RER) 1 0 F TOH 140 km O X [H]
OFNAKFIZE EID 045 um L EDOY A XOREEH ThH 5, ABIZHW AKX 045 um D AHTH Y |
80ml DK% AHitd LTz, BREM OLFAERIL. HiFE D A% PIXE LT SR 7 L — M EHE
E L. NMCC @ PIXE @I L 0 IE Sz, ERESITOMITIE, BT RE It nB 2 itotz, 56
72 0.45 um L0 MR R BB DL FHRIE, 11 S0 0% cEOER (ugl) £ L TORERTND, B
YOI & IR, B C)IK % 0.45 um O AT A LERELL . & D)1k HNO; 211 2 3% HNO;
WiE e LT, ERRICE IR 72, ZOWHE%Z ICP-MS THIE L, #JIIKF 0 0.45 pm LU F TIEAET 5550
HOEGHEEZ RO, ZOEHEEIL, WK1 FITHET 2 EFIRIES LUV 0.45 um LU T OEEY & LT
FETLILODOEHOERETHDL, —FH., AREEHIEL THOND 045 pm UL ETHEIET 50 OF
AEIZ, KL FICEEND 045 pm LA EOBEYM OK TTHEDOEARTH D,
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um LA ECHFAET D Siy Al Ti, K OGHENEL RIMERH D, oM, ARSI &AEhizE
JIRRI KR 23 BB BN B S 4L, pH=7 BREE D) & &9 L, pH AHPEICE L L 7o HRIcx S35, S 61
TURDENNHFED B HE) N 3T T 0.45 um LA ECHEAET 5 Siy Al Ti, K A &I UL, HEWIIR A )
5 EF40km HSTH - & HE< 20 OB 0T TR TR S 5,

0.45 um LA ECTE(ET 5 Fe A &%, #B) B OB — E)NA MR E T L, T 0%E 5
% (Fig. 4), 20 Fe AT, BB —E)IAROENIK B HED) INZ B3I Si. - Al O EH EOZEH) &
FIERICE M L35, Mn A &L, BRI —FKR TIEHEFRIAEL THEINERO 6 00,
2R L U TUIENDEDNNCET LT RICE OB A EORES RGN EFO RO HND, As BHEORE
AL, ERDICFEOEHEE(LE Ep v | BRI EGEH DRI — E)IEUHLE E T L, & O%I
DU, ERRITERICTRD LD EY)ITOMEMN & BATFRD HivZe v (Figs. 3 & 4), FEE)II—FEJIITOD As
GHEEEIE, Fe A EZ L EXIGL TRV, As 28 Fe KB {bWICkFE L, BB, S HIZEEwE LT
TP DI BRDILTND Z IR LTS EEZ bV, 045 um UL ETFET 5 Zn A &1L, 8
JI—FJNTHE 0.1~0.5 pg/l OFFA CTHE A R~ 23, HEW)ITIZER eFEOZAL & [FERICHER) I 26 |
40km HE TH o & b @< 220 . ZO%EEY) I 02T T+ 5 (Fig. 4). —J7. Ik F o 0.45 um
U CIHAET D Zné\ﬁ%i AR EFEE S THHENIC T TR T 282355880 b5 (Fig. 5). AKFR
FR e R D IR & @it L 723K S B E N A~RE 2 ST, KD pH 23 5.7 5 62 1B T 5, 2D
HAC, WK D 0.45 um LLF CHAET S Zn HEDOIK T &, 045 um L ETIFEET 5 Zn A EOHN
NRBD HAL D (Figs. 4 & 5). D Z & 1% pH OZEALITHEWVHIRI 2B Zn DRET D 2 L 23R T, Titlo
FE N CIEIE L HIAS 7> D OFNI DB AIKRIZETE T Do T DIZWRIIIIKD Zn EA BITAKFE LV VO (Fig. 5).

v,
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Fig. 3. Si, Al, Ti and K contents of residues of 0.45 pum filtration of river water from the headwaters to
the lower reaches of the river system.
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Fig. 4. Fe, Mn, As and Zn contents of residues of 0.45 um filtration of river water from the headwaters
to the lower reaches of the river system.
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Geochemical characteristics of suspended particles in water of
Shibukuro River-Tama River-Omono River system,
Akita prefecture, Japan

Daizo Ishiyamal, Hinako Sato', Toshio Mizuta' and Koichiro Sera’

'Faculty of Engineering and Resource Science, Akita University

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

*Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori Takizawa, 020-0173, Japan

Abstract

The chemical composition of residues larger than 0.45 pm in water of the Shibukuro River-Tama
River-Omono River system was examined by the PIXE method to estimate the ratios of amounts of elements
transported as suspended particles in total amounts transported by river water in the river system. The chemical
composition of the river water is controlled by formation of suspended particles and absorption of elements on the
surfaces of suspended particles. Arsenic in the river water is precipitated with iron at the point at which pH of the
river water changes from 3.3. to 4.2 in the upper reach of the river system. Zinc is removed from the river water as
absorption on suspended particles larger than 0.45 pm at the point at which pH of the river water changes from 5.7. to
6.2 in the middle part of the river system and in a lower reach of the river system where pH of river water is around 7.
The amount of zinc transported as suspended particles in river water of the lower reach is estimated to be about 10% of

the total amount of zinc transported by the river water.
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Fig. 1 Concentrations of eleven elements (mean + SD) in cytosolic fraction of Zn-def. mice and control ones.

Asterisks indicate significant difference (¥*P<0.01; t-test) from control.
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Fig. 2 Concentrations of zinc (mean £ SD) in cellular fragments and 5 subcellular fractions of Zn-def. mice and
control ones; F1-cellular fragments, F2-nuclear, F3-mitochondrial, F4-lysosomal, F5-microsomal and F6-cytosolic

fractions. Asterisks indicate significant difference (¥*P<0.05; **P<0.01; t-test) from control.
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Fig. 3 Concentrations of cobalt (mean = SD) in cellular fragments and 5 subcellular fractions of Zn-def. mice
and control ones; Fl-cellular fragments, F2-nuclear, F3-mitochondrial, F4-lysosomal, F5-microsomal and

F6-cytosolic fractions. Asterisks indicate significant difference (¥*P<0.05; **P<0.01; t-test) from control.
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Fig. 4 Typical SDS-PAGE pattern of proteins after silver staining for the cytosolic fraction
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Fig.5 Two-dimensional electrophoretic analysis of cytosolic proteins. The gel was stained with Coomassie blue.
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Fig. 6 (Zn:Ag) ratio in each band of zinc deficient mice and control ones.
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EDD, b L—HOHER Y NI EPDOEMBEREL TN LTS, TR EEHORELEIE LT
RBIIIRAHZENRTERVWIELE IO,

T Wt ERVKEN . PIXE OMT 2T o ok R & Fig. TR LT-, WM OMEAERKLZEZ A, #
WCE VB LI BT ARy M1 CHEMRZHETRESIETFTSZ &, if_\ XT/ k2 T
FERICETRD N2V ER RSN, £, RO AR Y b1 2R< 320F HELUVMHEE 725
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ML) TCORBNEEINTZZDTHDLEELZLND,
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s
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<
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ol B

spot 1 spot 2

Fig.7 (Zn:Ag) ratio in each spot of zinc deficient mice and control ones.
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Determination of trace elements in organs and tissues of Zn-deficient mice
by instrumental neutron activation and PIXE analyses
~Determination of trace elements in soluble proteins separated by
two-dimensional electrophoresis~

Junji Kamishima', Ryuji Minayoshi', Michiko Kawashima', Hideo Suganuma?,
Motoko Noguchi®, Syoji Futatsugawa®, Kouichiro Sera® and Makoto Yanaga®

'Graduate School of Science and Engineering, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

’Radiochemistry Research Laboratory, Faculty of Science, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

*Department of Biology and Geosciences, Faculty of Science, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

*Radioisotope section, Japan Radioisotope Association
2-28-45 Komagome, Bunkyo, Tokyo 113-8941, Japan

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

Abstract

The concentrations of trace elements in hepatic subcellulars and cytosolic protein of zinc deficient mice
were determined in order to investigate the behavior and role of zinc and other trace elements.

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 3 weeks of treatment periods, their livers were
removed. Two types of experiments were performed. In the first experiment, the liver samples homogenized
with HEPES buffer which adjusted to pH 7.4 with KHCOj; were centrifuged under differential conditions in order
to separate into cellular fragments and 5 subcellular fractions, such as nuclear, mitochondrial, lysosomal,
microsomal and cytosolic fractions. Each fraction was freeze-dried for instrumental neutron activation analysis
(INAA). Concentrations of 11 elements, Na, Mg, Cl, Mn, Fe, Co, Cu, Zn, Se, Br, and Rb, were determined by
INAA. In the second experiment, sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
and two-dimensional electrophoresis (2-DE) were performed for cytosolic fraction of other mice. After

electrophoresis, the gel was cut into protein bands and subjected to PIXE analysis.
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17807z, BIEEIIRBREOUEOAME L, SHZHUL Table 1 12773 X 912 NST FEAEH, NST 5%
FEER, EFRET — %, MERETRERT —F, MERET —% & L TEOBEEEEIT Lz, 728
RIRREDOWEL, KET EARA L b T —FOWRIREEZ: E DA LT, EdtAZEIc AV
BRI T — Z 1TV b NST AR R TO L D2 LT,

Table 1 PRIEARMHTIZ HTZFBIZEEL

ENSTE X IFHHR BEEFERET—4 B MERET—4
01. TTR(mg/dl) 22. TP 45. WBC
02. 1§31 23. Alb 46. RBC
03. £Eh 24. Na 47. Hb
04. BEH 25. K 48. Ht
05. NST4r AHAMEI(RH) 26. Gl 49. MGV
06. FFJ|REEMIE (Y/N) 27. Ca 50. MCH
07. £ (Y/N) 28. UN 51. MCHGC
08. #Em® (Y/N) 29. CRE 52. PLT
09. X2 (/) 30. AST 53. NEUTY%

31. ALT 54. LYM%
ENSTREEH 32. rGT 55. M0%
10. REFEJL— F:TPN(Y/N) 33. CHE 56. E0%
1. F#EFJL— k:PPN(Y/N) 34. ALP 57. BA%
12. FZFE)L— L ENY/N) 35. T-Bil 58. LUC%
13. BE/EE&NY/N) 36. D-Bil 59. NEUT#
14. BE/EHRELHE (Y/N) 37. I-Bil 60. LYM#
15. BE/20—28 /N 38. CRP 61. MO#
16. MEITFRAF-I 23> U/N) 39. GLU 62. EO#
17. BMI 63. BA#
18. AC _EMafE B (cm) BHETERT—4 64. LUCH
19. TSF EB=FE#HIRR TRRME (%) 40. Fe (ug/l)
20. AMC _:PsagrEd (%) 41. Cu (ug/l)
21. ERFEESE keal)NSTH AR 42. In (ug/l)

43. Se (ug/l)

44. Mn (ug/l)

3 # B

3.1 ERBAZE# A NST EARIEHR, NST REBEEIFIE TP IT L1 & T DREXREMN

Fig. 11X, MAZEHAER 1 D 01—22 L LIz EOWRERMBHITOFMRTH D, ZOFEREID . BERITHK
 BEE 9 B ABIA S BMI (Body Mass Index) | THD I LR ENTZ, 2F D [BMI=16. 4] OFEIZ (]
=Y T bRFINENSE I N EIT 1L FIF T L HIE 1005 ThHh o722 2R LTWD, X562 [BMI
>16.4] OLFEIZOWTIEL, MAT ITIR(FZ U AP A LF ) =5.19) OFEIZ THEIE=N] b bk
BNBE SN o To -8, 2B C2HlTh o7, DLT., HRVERICBET 2 L3880 b/ it A S L,
BIRDENE O BIAFIZR RSN, S HIZIILD DREARMHTRERIL, Fig.2 DX 572 72D [1f then
A—L] L L TR SN, FEEIZ, 2@ If then L— i, Fig.3 O X o7 I EXOBAR] ICbHi< =
ENRHRDDT TREAR] EMFENS, MBS LIZMNAR CHENTZEHY % Node (Hi// — F) LS, i
EEICIIAENT O 3 A E LT Root Node (FR//b— k) 3B 0 | B FHBICAE S & LCTOD Leaf Node (52/V —7)
N b, Leaf Node [ZZILL BTG AITH Z &R TE T, ZHLIFD Node 1%, Decesion Node (JRIE/T v
Payv) LIRS, ZOX I LT EHO Rote Node 7275 i EDBIA] N> TWL koo, N
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s Tz TirbnTn, MoOH®@iE Fig. 2 1Zx Lz Tif-then /L—/ b (26T 5 L 9 I2FER=
LThHobD, TNETNOERE PMHLFRLZ, Lo THIES CEEREOSE Y/N) [Tkt BE 5
ZH & LT BML 23, IRIEARD Root Node (FR/Fi) & LTSNz, 2 FEHIZRHEMIZER N TR & 72577,
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S (BE) 137 Tholz (ZhEL RDIZEBHIIRDIOTRWATHEHETELZENEEZ LV E S
TW5),

I o L4 if-thenll = JLAZHTZE oo
~BMI<= 164 Y €1-311) Lo
- BMI> 164 ; | il
- TTR{me/dl) <= 519 : N (2->2)  TTRme/dD
= TTR{me/dl} > 519 : 2R
CEB/OO-E=YY 200 sﬁgﬂ
o BEAOO-VE = N dazmi:
BB SRR EWE = Y 250 g;;;f“‘rm?sﬁ'ﬂ)
O BB/ = N e
L TTRme/dl) <= 137 : ¥ (3->3) BT %
= TTR{me/dl} > 137 : 05—/ TPN
TP <= 630 W G- 1u:%§}b~F§PPN
TP B3 250 TSI —H/EN
e 128EEE
Wk TR Tk 13RS/ L WE
4BESO- B
BT AR E RS
16:BMI
1A m)
18:TSF G
19 AMC 30
203EE R ZR kealk
TP
LS T — A 2OfF

Fig. 1 FiMAZ S A NST AAMG R, NST RFEHIFH & TP (2 L7z & & ORTEARMATHE R

@ If BMI=16.4, then Y (#2& :100.00% Z444%:91.793 PfE:0.01757) [11—-11]

@ If BMI>16.4 and TTR(mg/dl) =5.19,
then N (FE2£:100.00% Z=4i14%:0.849 PfiE:0.00937) [2—2]

@ If BMI>16.4 and TTR(mg/dl) >5.19 and B%E/Y O—>B=Y,
then Y (FE3£:100.00% &44:3. 680 PE:0. 40838) [2—2]

@ If BMI>16.4 and TTR(mg/dl1) >5.19 and BE/9 O0—>2B=N and BE/EHELWE=Y,
then Y (&3 : 100.00% ZE41M4%:1.827 PfE:0.40838) [2—2]

® If BMI>16.4 and 5.19 <TTR(mg/dl) =13.7 and BE// A—>28-N and BE/EHFLER-N,
then [EIE=Y (#E3< : 100. 00% Z4M%E:10.650 PfiE:0.30215) [3—3]

©® If BMI>16.4 and TTR(mg/dl) >13.7 and B%/7 O—2B=N and BE/EERELWE-N
and TP=6.3, then [EIf8=N (F&ZE : 100. 00% ZE4sM%:6. 335 PfE:0.000001) [5—b5]

@ If BMI>16.4 and TTR(mg/dl) >13.7 and B%/7 O—2B=N and BE/EERELWE-N
and TP>6.3, then [EIfE=Y (F&ZE : 100.00% E45M%:0.956 PfE:0.40838) [2—2]

Fig.2 WREARMLHIH X417z If-Then L—/b
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# LAIb=3. 4 THOAC>99H UL, KEREOEIEN B2 0 CFIF2641),
H LAIb=3. 4T OAMC=99, fBECR#ER =552kcal THIUE, RIBIRREDEIE N vy (2 F241),
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3. 3ERBAZE HE NST EAREHR. NST REFTEHFR. £LFERET—4. MEXHET—2 & WBC(HMmMERH) L
tt%w&i*ﬁﬁ
Fig.5 1%, SiMAZEEKEZR 1 O 01—45 & L7z L EOWEARMHFTOMRTH D, 3.2 OFRLFE L L HIZ Alb
DRFBREOEE IR BEEAH Y | WRICEHRDOH HHA & LTWBC i &z, BLF 3.2 &AL < AMC%
(LR Be) . BECREENRER S D L0 S TR RS - 72,
L AIb=3.4 T% WBC=6.29 OEAIE. 13 ]t 13 il THRBREOREIE N ST,

3.4 FREAZE % NST EAIFEHRNST REESHIFR. £ILFRET—2 . ME R T —4 & WBC.RBC (FrRImBREL) .
Ho (NES O E V) IZ LT & EDREKREH

Fig. 6 1%, fiAZE AR 1 D 0147 & L7z & EDORERBITOFERTH D, 3.3 DFERTNL— K/ — K2
S 72 Alb 23H 2 T Hb A ZEFIRREDRIE IR LBHRAH D . I WBC A Sz, Hb 8>12 L EFHETYH
REBIRFEDRIE L2720 2 5B ->7=05, Hb 23=12 LIEFLAT TH WBC 23=6. 29 (IEF&EFAN) Thi
W14 B 14 I CREENRA BN, £/ Hb 2A=12 EIEFLLFTWBC & >6.29 &< T AMCYMEHELL T TH
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| E8
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. %E&F)L— /PPN
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% HEE
(hvaRn) P fE
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mE-N (O
100%

AMG>99 (P:0.00937)

100%
(P:0.00937)

(P:0.00106) (P:0.00937)
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Fig. 4
BMETF : FEREREY/N
SREARF -
01. TTR(mg/dl) g; A.rLET
02. A '
0 A 33. CHE
04 BEE 34. ALP
05. NST 5 (B 35. T-Bil
0o, NS AR (B) R
08. W& 37. 1-Bil
09. BRL 38. CRP
10. ¥&E)L— L/TPN 39. GLU
1. *&E)L— /PPN 40. Fe
12. F&FEI)L— K/EN 41. Cu
13. BE/¥8 42. In
14 BE/BHELWR) 7 o
. MEBREHR-IRSYL

17. BMI 45. WBC
18. AC(cm)
19. TSF (%)
20. AMC (%)
21. EEREE (keal)
22. TP
23. Alb
24. Na
25.
26. Cl
27. Ca
28. N @D~@ if-then rule *
29. CRE
30. AST % REE

(Avam) P&

Alb=3.4

WBC>6. 29

(P:0. 27146) (P:0.00937)

Fig.
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BHMETF : REKEREY/N

SRBARF :

01. TTR(mg/dI) 31, ALT

02. MR 32. yG@T

03. g 33. CHE

04. BEE 34. ALP

05. NST4+ A#ARd (H) 35. T-Bil

07. & 36. D-Bil 100%
= : P:0.00937)

08. i 37. I-Bil (

09. BR% 38. CRP

10. #E)L— k/TPN 39. GLU

1. $&E)L— k/PPN 40. Fe

12. Z&EL— k/EN 41. Cu

13. BE/E8 42. In
14, BE/EHELWE) 43, Se
15. BE//0—28 44. Mn
16. MEBTHEF-I 51> 45 WBC
17. BMI 46. RBC
18. AG(cm) 47. Hb
19. TSF (%)

20, ANC (%) TTR>5.19
21. %%HX?E%E(kcaI)

27. Ca i
28. IN D~@ if-then rule *

29. CRE % FER
0. AT (hvam) P iE

Fig.6 E#BAZ %% TTR~Hb [Z L 1= & EDRE KRB

3.5 ERBAZ# % NST EAKIEFEHR. NST REBEEFR. £LFERET 4. MERZRT A LNBERET—42IC
L1z & EDREARMBH

Fig. 7%, RAZEE 2 RK1D01—64L L7z & & DWRERMBITORE R TH 5, 3. 4ADFERIFRRICHb AR EZIRAED
FIEIZ R B BRA H U | WIZLYMG (U > 7 ERE 53 3) 3 S 47z, Hb3 =12 & IEF LU CTLYMG S =6. 8 & IE &
VLT ZR Liz2fcldefl s b IEENR SN2 oTo, L L, LYMGAS >6. 872 - 72 1461 Tl 1441 & & [E118 73 7»
LT,

ZDOEIICHALEEDONANARMET THRERGT T2 oT2n, EOSITOMELRITT vV a v
J— Rz Eniehotz, Lo TRIC, METEE FEIC LA X DR EAGHT 2 it L7-,

3.6 SREAZT#ZMETTH (Fe. Cu, Zn, Se. Mn) & TTRIZ L1= & EDRTEARERH

Fig. 8 I, HRIZEIIRBIRBOIGEDOFHE, SiAZEE A METTFE L TR IZ L7z & & DOWRERMBHITOR R
ThbH, TOREE, Zn D b EHEIZEIRA TR T, LLF Fe, Cu, Se DNEIZHM STz, T7245 Zn 73 >758. 6
7L 9B T OB E BEIENA SN, £7- Zn N =758.6 D&%, Fe 78=<653.2 T Cu 21 =682.5 ThilL
5 il 5 I CEIE N A BT,

3.7 AL H EMWMETEHR (Fe. Cu, Zn. Se. Mn) & TTR, BMI. Alb, LYM#. TPIZL71=& S DREARET

Fig.9 1%, ALK AMETLHR L EREBT AR L FF—FIT LI L XDORERITOKETH D, £
DOFER. Alb 23 b [ ICEIMR AR < T, WKITBMI T3 HFBIZ Zn M &7z, AIb=3.4 L{KfETBMI A=
17.3 Th ., 12FF T 12 BINEERRE SN, F7-, Alb=3.4 LIEETH BMI 28 >17.3 TZn R >723 Th
FUE, TP MEL TH 6 Bl &f CRENA B, T, ELSMIIEFFPHIMN A/ LT,
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BMREF . FEIKEEEY/N
EREAEF : 31, ALT
01. TTR(mg/dl) 32. yGT
02. R 33. CHE
03. i 34. AP Hb=<12 Hb>12
= e 35. T-Bil =
04 BEH ey
05. NSTA™ AR () 3 1Bl
07. £ 38 CRP
08. 1BE 39. GLU
09. BR& 40. Fe
10. %#)L— /TN 4. Cu
11, %#)L— /PPN 42. In LYMx>6.8
12. %#)L— b/EN 43. Se
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Abstract
Recently, Nutrition Support Teams (NSTs) have been spreading throughout Japan. Nutritional assessment is
important as an initial step among NST activities, since the patients can be identified based on this assessment whether
they needs supports by NST or not. Serum trace element is one of the most useful and convenient nutritional indices.
The aim of this study is to analyze the relationships between serum trace element values and clinical backgrounds in
NST patients by data mining.
The subjects of this study consisted of 29 NST patients who were admitted to our hospital between January 2005 and
October 2006. Serum trace elements were analyzed by PIXE method in patients. The data were analyzed by a data
mining software, i.e. “ICONS Miner” (Koden Industry Co., Ltd.). The significant “if-then rules” were extracted from
the decision trees. The target variable of the decision trees is whether nutritional conditions of the patients are improved
or not (Yes/No). The explanatory variables of the decision trees are the values in serum trace elements (Fe, Cu, Zn, Se,
Mn) and TTR (transthyretin). The analyses demonstrated that the first node of the decision tree was Zn. Therefore,
serum Zn value might be the most significant factor among these trace elements in estimating the improvement of
nutritional conditions of the patients. In the decision, the second branch was the Fe value, and the Cu the third. The
following significant “If-then rules” were extracted from the decision trees.
If-then rule 1:
If serum Zn value >758.6 ug/l , then improvement of nutritional condition =Y. (1.00 = 9/9)
If-then rule 2:
If serum Zn value <758.6 pg/l and Fe <653.2 pg/l and Cu <682.5 pg/l, then improvement of nutritional condition =
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Y. (1.00 =5/5)
If-then rule 3:
If serum Zn value <758.6 pg/l and Fe <653.2 pg/l and Cu >682.5 pg/l and Se >119.8 pg/l, then  improvement of
nutritional condition =Y. (1.00 = 3/3)
In conclusion, data mining analysis of serum trace elements was found to be an effective method in assessing the

nutritional conditions in NST patients.
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O X BERE, NETHELN TR0 THh D, ZOR TRIUATOFBBRIL, HLEH T
FNEREUTDH2 OFED LD EO XD REMERIROBIURIZ T L TH EMIZKRD D Z &
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745 A L TR Y . FORERBIRO IO BEZEHIZEB T 2RO FHIA R ATRE - 72,

KA PIXE (28T D EBESWHEDHSLNENCTWZE 9 —o20HE B & LT, 4% TNMCC Dx—
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RS 52 & L L7z, Bethe DRUT LD 29 MeV BB — A ¥ —5 v FOALEIZI N T 2.545 MeV
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Fig. 1 K X-ray production cross sections (in barn) for 2.55 MeV and 2.9 MeV proton bombardment.
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112, MR RO EREE G LD SN2 —7 Y M ERT, (LEYORESEZ M
FrEBARKIZL, NyFU T (4 pm Tr—L 27 k) RIS CTHEL EERMA L X —4
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Table 1. Measured targets for determining detection efficiencies.

. KMn, NiSO,, AgCl,
Chemical compounds " 1>V g

CdCl,, KI, BaS, BaCl,
XSTC-8, XSTC-13
Standard solutions Al+Cu, Mg+Sr, NatAs, NatFe, Mg+Fe,

Si+Cu, Fet+In, CutZr
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INTA=BEPNGHD DT, WERZMNA< D MNERNH DD, @=L X —fkicB T 2 00E
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MESRITROEY Th 5 ; B — L7 : 2.5~3 nA, spot size : 6 mmd, {EU;F_H#F'? 10-15 47, air path :
1.0cm, #—7%7 v b-fHE window [ : 1.2 cm, H~ @& = /L —fEik X FHERHZ I 100 pm Mylar
WA Z L AR R0 —X BRI E R IR 2 - DTS E 21T - 72,

X2 (2, HEHERR Si+ Cu HIERFO MBI A7 FL&Z7R7, 100 um Mylar Z W72 00E & I
HEAVROVIES RSN TV, E—2INEIE SAPIX 22— RiIckvsRpbns Y, Zhbo
FMEIH L, B S DDOARTA—=ZICR DB TT 4 v T 4 7 &7V, FERATB =R thig &
RODHZENTE D, WBEOFEMRETIIREOKEIEL0 EBZ X TEIVOT, H0IZXHWRINIC
R ZTEER DI TR HEFE 2 KD, WIHIME 1.2 cm & L T air path % free parameter & L C~7 4 v 7
ST EAT T,
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Fig.2 X-ray spectra of a standard solution (Si + Cu) measured for determining detection efficiencies, where
the two spectra were obtained with and without X-ray absorber.

X312, EOfEREZRT, MHPICIESE =RV — 533 2 FZ0E & R R S, (RS T
WS DS BB TRINTVD, FREIZE SO TE O #IFR T, 225UC K 2RI AGA
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INHAEIE 1.14em 720 0 B EOFERE 1.2 cm & ARD TIVME & 72> 72, —, Sidead layer ®~7
ST 40 pm 2720 [EHED Si(Li)? dead layer (ZHER T HI1E LW L0 ) Fillla
HHT D &7 o7-, F7- depression layer DES L 3.70 mm & 7¢ V) | fEEROME 3.5 mm & IFIF[F U
R LT,
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K-F O LR X BT RE T2 =3 F =259 2 MR DI, Fox O 31— Rreffexe”? O
THBMICHRE SWERFFICHV SN2 WIERE “keidat” ® OTICHBIMICEZAEND,
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Fig.3 Detection efficiency of the Si(Li) detector which has been used for in-air PIXE. Dotted line shows the efficiency
curve calculated from the values in the specifications. Solid line indicates the newly determined efficiency curve as
a result of least squares fitting to the experimental values shown in the figure with their errors.
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LU S, T DEEROPIZIHE Z TRBEICHE L2 b oy, & Z TR0 L-X #
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[ 412, EEAERK CALMIX 10 DK PIXE I K D20 OfE R A2 R~d, KIZBW T, KILEDR
FEMPRAEEIZ T D TR ENTE Y . Mn 13T 2 0 E2 2 ORFHEICEE LS T D, 2
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Fig.4 Results of analysis of standard solution CALMIX10 (SPEX) obtained by in-air PIXE, where the vertical axis

corresponds to the ratio of elemental concentrations to their certified values and the experimental value for Mn is
normalized to its certified value.
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Fig.5 X-ray spectra of standard solution INT-B1 (SPEX) obtained by in-air PIXE, where the two spectra were obtained
with a 100 pum thick Mylar absorber and without absorber.
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Fig.6 Same as Fig. 4 but for standard solution INT-B1 (SPEX).
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Fig.7 Comparison of the results of analysis of an actual soil sample, obtained by in-air and in-vacuum PIXE.
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Physical quantitative analysis in In-air PIXE
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S. Goto and Y. Saitoh

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

J. Itoh and S. Futatsugawa

Radioisotope section, Japan Radioisotope Association
348-58 Honkomagome, Bunkyo, Tokyo 020-0173, Japan

Abstract

A physical method of quantitative analysis in In-Air PIXE system has been developed. Among

the three parameters required for performing a physical quantitative analysis, X-ray production

cross sections were calculated by considering the effective energy of the proton beam after losing

its energy through a Kapton foil and air. Detection efficiencies have been obtained, according to

the method we established for In-Vacuum PIXE system, where effects of absorption of X-rays in

air are incorporated into the detection efficiencies. As a result, it is confirmed that the present

method give us quite accurate results in the analyses of actual soil, sediment and ash samples.

Keywords : PIXE, In-Air, Quantitative analysis, Detection efficiency, X-ray production cross

section
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Fig. 1 Typical X-ray spectrum of a hair sample taken from a Chinese person suffering from fluorine poisoning (A) and the
background spectrum (B) obtained by irradiating the target holder. They are normalized with each other by the peak
yield of Ar.
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Fig. 2 Procedure for the standard-free method for hair sample. a) Net spectrum is obtained by subtracting the X-ray
spectrum from a blank target with a backing film after normalizing the peak yield of Ar-Ka to the raw spectrum. b)
Then, all peak functions are subtracted from the spectrum and the total yield of continuous X-rays Y., in the region
between 4.4-6.0 keV indicated by he shadowed portion is obtained.
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Fig. 3 Results of zinc concentration obtained by the standard-free method in hair samples taken from Chinese women
(23005-23014) and Japanese men (KS-1, 2) In this figure, results obtained by in-air PIXE are compared with those
obtained by in-vacuum PIXE.
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Fig. 4 Procedure for the standard-free method for a hair target consisting of seven hairs. In this case, most of continuous

X-rays are produced in air.
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Fig. 5 Results of zinc concentration obtained by the standard-free method in hair samples taken from Japanese women.
These targets consist of less than eight hairs.
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Fig. 6 Results of analysis of principal elements in a hair sample taken from a Chinese woman.
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Fig. 7 Results of analysis of principal elements in a hair sample taken from a Japanese woman. The number of hairs
on the target is seven.
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Standard-free method for hair samples in In-air PIXE

K. Sera, K. Terasaki and T. Sasaki
Cyclotron Research Center, Iwate Med. University,

Tomegamori, Takizawa, Iwate 020-0173, Japan

S. Goto and Y. Saitoh

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

J. Itoh

Radioisotope section, Japan Radioisotope Association
348-58 Honkomagome, Bunkyo, Tokyo 020-0173, Japan

Abstract

Standard-free method for untreated hair samples in in-air PIXE has been developed. It is confirmed that
the method gives us good sensitivity and accuracy within several minutes’ measurement if more than twenty
hairs are attached onto the target. Even in the case where the number of hairs is less than eight, which is
regular for usual in-vacuum PIXE, 10-15 minutes measurement is found to be sufficient to achieve almost
satisfactory sensitivity and accuracy for elements from Cl to Pb. As the present method allows us to carry out
analyses without labor in target preparation, it is expected to be quite helpful in the studies on human
exposure to toxic elements. Its availability will more and more increase when the method is combined with

the method of simultaneous measurement of in-vacuum and in-air PIXE we have just developed.

Keywords : PIXE, Hair, Standard-free, In-Air, Quantitative analysis, Untreated
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Fig. 1 Layout of the beam transport system.
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Fig. 2 Background spectra (blank target) for in-vacuum PIXE obtained under the transporting conditions optimized for
in-vacuum and for simultaneous measurement. A 300 pm-thick Mylar film was used as an X-ray absorber.
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Fig. 3 Background spectra for in-air PIXE obtained with and without a target at the in-vacuum chamber. The target at the
upper stream is untreated hairs. A 200 pm-thick Mylar film was used as an X-ray absorber.
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Fig.4 In-air PIXE spectra for a wild dropwort sample obtained with and without a target at the in-vacuum chamber, where
a 500 pm-thick Mylar film is used as an X-ray absorber.
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Fig.5 In-vacuum PIXE spectra for a soleus muscle of rat obtained under the different beam transporting conditions; one is
optimized for in-vacuum PIXE and the other is for simultaneous measurement. A 300 pm-thick Mylar film was
used as an X-ray absorber.
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Fig.6 In-air PIXE spectra for a soil sample measured under the different beam transporting conditions; one is optimized
for in-air PIXE and the other is for simultaneous measurement. A 500 pm-thick Mylar film was used as an X-ray
absorber.
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Fig.7 a), b) Results of analyses of principal elements in wild dropwort (a) and watercress (b) obtained by in vacuum, in air
and simultaneous in-air PIXE, where a 500 pm-thick Mylar film absorber is used for each measurement.
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Fig.7 ¢), d) Same as Figs. 7 a), b) but for ¢) wild fukinotou (petasites japonicus) and d) tangle on the market.
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Fig.8 a, b) Comparison of the results of principal elements in two fukinotou (petasites japonicus) samples obtained by
simultaneous measurement of in-vacuum and in-air PIXE, where sample a) and b) were measured
simultaneously by exchanging each other.
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Fig.8 ¢) - d) Same as Figs. 8-a), b) but for two soil samples.
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Fig.9 Results of calcium concentration in 23 untreated hair samples analyzed by in-air and simultaneous in-air
measurement, where calcium concentrations are presented as ratios to those obtained by in-vacuum PIXE.
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Simultaneous measurement of two different targets by means of
vacuum and In-air PIXE

K. Sera, K. Terasaki and T. Sasaki
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Tomegamori, Takizawa, Iwate 020-0173, Japan

S. Goto and Y. Saitoh
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348-58 Tomegamori, Takizawa, 020-0173, Japan

J. Ttoh and S. Futatsugawa
Radioisotope section, Japan Radioisotope Association
348-58 Honkomagome, Bunkyo, Tokyo 020-0173, Japan

Abstract

A simultaneous measuring system of two different targets by in-vacuum and in-air PIXE has been
developed in order to improve efficiency of analyses in the limited machine time. The proton beam passes
through a thin target in vacuum and it allows us to perform in-vacuum PIXE, and the beam is further
transported to the in-air PIXE system for analyzing another target. The beam intensity for in-air PIXE while
performing in-vacuum PIXE is 1.5 nA, which is almost sufficient. The effect of slight changes in the beam
transport parameters on the background X-rays for both in-vacuum and in-air PIXE has been found to be
negligible. As a result, it is confirmed that accuracy and sensitivity of analysis for many kinds of sample, such
as various samples in earth, environmental sciences and in bio-medicine, are almost unchanged for the both
systems, and a four-detector-simultaneous measuring system has been completed. It is expected that the

system will work miracle for solving the problem of deficient machine time in our laboratory.

Keywords : PIXE, In-Air, Vacuum, Simultaneous measurement, Quantitative analysis
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Fig.1. Procedure of target preparation for long hair samples. Firstly, a bunch of hairs cut near the root are stuck
straightly onto a section paper with an adhesion tape. Then, they are cut with scissors every 1 mm together with
the paper and the adhesion tape, and they are separated and washed in acetone. Finally, targets are prepared by
putting pieces of hair onto a backing film and fixed with diluted collodion solution.
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Fig.2. Average values and their standard deviations of elemental concentration in beard samples taken in the morning and
at night over successive 218 days.
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Fig.3. Daily changes of elemental concentration of 10 principal elements in beard samples taken over successive 218 days.
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Fig. 4. Daily changes of elemental concentration of 27 elements in beard samples taken everyday from 1/27 to 2/20.
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Fig. 5. Daily changes of elemental concentration of 6 principal elements in beard samples taken over successive 218 days,
where colored curves were drawn for eye guide.
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Fig. 6. Daily changes of elemental concentration of 6 trace elements including toxic ones in beard samples taken over

succeslive 218 days.
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Fig. 7. Short-term changes of elemental concentration for five trace elements from 10 to 24 May.

247



NMCCHE[RIF e R # 14 (2006-2007)

X 8-a,b) (27 H2HH&I57157H3H 0150 FT2HMBEICImICHIZY RSz 7
REOSHTRERZ R, KPIciE, 7TH 1 HKE 7A 3 HHOBELADE CORENTWD, X 8-a)
WEETRICHTIRETH I, TRHD S, Zn IFFE—ETHDDITH L, Na, SiZgENKRE 2
REf A A AT D, Siv Mg, Cu, Cl7ey, FHANTIRKEZ RTEENREZL A>T b5, K
S-D)NIAELE L GLMETHEOMETH DI, Ti 2 ENRE REFIEFEEZ RE VWb, Zhb
DOIEFIEMR e Z®IE, BIRE D b R ABORBHAEEZ L TWD b0 EHEHI S D,

100000

—— Na

—— Mg

10000 |

1000

Concentration in ppm

100 -

7ln 7/2am 7/2am 7/2pm 7/2pm 7/2pm 7/2pm 7/2pm 7/2pm 7/3am 7/3m
8:15 10:15 0:15 14:15 16:15 18:15 20:15 22:15 0:15

Colecting time

100

b)

= Cr

10
—-— Mn

+Hg

Concentration in ppm

~Pb

0.1

7ln 7/2am7/2am 7/2 712 712 712 712 7/2 7/3am 7/3m
8:15 10:15 pm pm pm pm pm pm  0:15
0:15 14:15 16:15 18:15 20:15 22:15

Collecting time
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Fig. 9 Daily changes of elemental concentration of 5 principal elements in 55 mm-long hairs taken from the same person
from whom the beard samples were taken. For hair sample, 55 mm length corresponds to nearly 165 days.
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Fig. 10 Same as Fig. 9 but for As and Hg.
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Abstract

Beard samples were taken from a person in the morning and at night over successive 218 days, and
543 samples were analyzed in total by means of a standard-free method developed by us and reported
in the previous paper. Concentration changes with passage of time in a day were also studied. As a
result, both short-term and long-term changes have been observed reflecting the changes of elemental
concentration in a human body, and their correlation with the food intakes is investigated. It is found
that concentrations of sodium, potassium and chlorine show the same trend both in short- and
long-term changes, which indicates that they mostly exist in the chemical forms of NaCl and KCl in a
human body. Difference of elemental concentration between the beard samples collected in the
morning and at night is also discussed. It is found that the standard-free method for beard samples is
quite useful for investigating daily changes of elemental concentration in a body.

In order to estimate daily changes of elemental concentration in a body for women and children, a
new method which allows us to perform quantitative analysis of small hair samples cut into 1 mm
pieces has been developed and applied to long hair samples taken from three persons. It is found that it
enables us to estimate both long-and short-term changes in elemental concentration in a body in the
same manner as in the case of beard analysis. These methods are expected to give us information about
the pathways of human exposure to toxic elements.

Keywords : PIXE, Beard, Long Hair, Quantitative analysis, Changes in concentration, Standard-free
method, Human body, Toxic element
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