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EFERMER U~ 7 v PIXE ¥EIC L AEBHAR OHEE LT Y L 2 R
T DMMETTR DDH T — T R O R N — 3 g LD
FZICET 285
BIERRTZEE T EE (RIK - REERERSHHEECZ—)
EEBE  JIEFRAl GRIK - ETEER AR ESHR)
#E B ERFREK - REFETREFRER)
REEE GRIK - K747 LR
S8 & (RSIEABAREZER ST

TR DE R R EFERE KT OMETR AT e ERRRESIETH DFR
i PIXE & BVTHM Lz, EEETHEES-THRIE, K. Ca, Ti. Cr. Mn.
Fe. Ni, Cu. Zn. Se. Br. St R8N Pb Th D, AEHEFZOBEHUNREDLHITLT
Tk, ZEVED Z EITHERVWD, BEE=RlREHINEZ LITP0ENTH
B, RERD, FICRTREIT K % Ca. Sr & ORSESIIA SV enic, H
T2 Z EIEHERVETENLTH D, £, Ti XU Cr (TEREOBEMEE L HiT
BRELELON, RETHD, NIWAFRE LUTER LS 23, nuclepore
membrane TEEN? DO BERIN CTX =/ EEERH D,

HEERE /KD PIXE A7 MU TR SN zmRiE, Cr. Fe, Ni, Cu, Zn., Se.
Br, Mo, Pb, Bi Thotz, HROBEZ THRHEENZ K. Ca, Sr. Ti. Mn I3
HEnR2note, £l EREGTREIN 21> Bi,Mo 2 Pb & L BITROND,
TNAAVER. TAH) EREBFPBRES LT RN &b, T 6L DBDTC
ST T ICABRICHORS PO NS NI bDEEX 6D, T DRERNG
HETHELE BERICRONET ALV EBRST VA ) HELEBIIREVEICZEN
TUVWEHATREHEER H D, ZDHRIZOWTIE, EHITHRNEZET D,

AHFFE T, HELG T OMERS ORI FRE PIXE EREFD TH D Z L D D
Ehiz, #—4 v MERICET 2 BERRIZ. M 304, BERBHIISEMEEICL X
B0, 05BETHD, KT, EAKSCHEETEFD Se, Mo, Pb, Bi 2SEARRIZ
BHTERZ L, IhbESE~—FE LTEORBESCREIRIZOWVWTEET S
DOR—ZEWE LTERER PIXE ERESTH 5 L Ebhd,
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LZFREwEE N~ 7 PIXE EICX AEEEKEVEELFE LV &
VF DM ETEDOD T NRNE — VBT R MLFER A = — 3 ViE
DERERIZEET 285

BRAEE o EE RIK- REERFMFREEF—)
ERAFRE JlExEE (RIX - BIFERESERYEZELR)
FE B REFEAK - REFEHREFHRFERN)
fREfRE (GRIK - BEFF LEHEERT)
A48 & MENEHAREFREFRED)

1. FRE®

FLUIE, WELETEO—DOTHS, BEEILL-TEELRDIDE., FETH
BELVURZEXEZEITIEAEONIESh, RAEHAGMERICRD AN
7o B LV DILESHTE - HEBREEICE T AMAIEIFELEATITONL TV DR,
HEDOSTFETIE., BREZA LS E2-0RMBHERIEZET 2 Z LBEW, T8k
DIEMEEIT. BEHHE. SO, Zr.la Fe £0&BKBRLY & DIHILE,
WA, BIECEERA~DREETH D, Bl L IALERITNRE - EBHL
LB . ChbDFEREREND, BESNZE LV E2EOEENT. BEREED
% . ICP - AES BEEZEDBERESTIEIC Lo TEETE D, LaL, ZOFRME -
SHETCIHETRICIIPE, FOMOERICE > CEASTEEILR 450 -
100ppb I E B, fiuFF. ICP - MS HEDOREIL, EMAMEROEEFETIEEZ O
FicH L, lppb —F—DREZELTEY., FERASTELS LTHERAST
WBER, ZEOY N v/ AR EORBTORETREFEESNT 2SR, €
DRE - BEEINZVETT 2, 2084, BURMLEREELZ AV TRIRET S
WERDH D,

FREESE Ot AR D 1 - 10pph LRADAT VT A, T HA, TV
Hy. =wa, 8. B D FITA, 8, KE Ly, EERE LFRE
PIXE 2 AVWCEEE - BRECERTAILNTEL I LER L, Z0FHE
. B LERET, TAAVER, TALY TEER, ~u s L. HERA
FUERELIIRETE, P ARBABELERAZLICI- TEEZ LT 60D
EICEERH B, v N v 7 AT A ERZTRVD, ICP - MS EEELD
AR LRESETAONEL LTORERFETE S, AFRIE, PIXE B2 H
WTEBEAREEEHOY 7 ppb LAV TEETNIELBRTNE LV, £ RE
DFXFTVT=FrORFNAE—VEFRRULENARY -V s VIEDORER
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TH5Z2 Lz BEHELTND,

2. HFR5E

2. 1 {EFESFFHE—LTAV

PIXE BlFEICIE, RRITERFEEHMBED 4.75MV Uy V7 7 7 — 7 IEEE
FEAL. BERF& LT25MeV o7 e hoaFERLE (Figl), MMESnEY
ORI E—ARY Yy FEBBIFTEZERZEY FLEZF—F >y FRBZ R
HeBETH, E—ABRIERY v FERICEY IZEARTEN bmm TH o7,
7k UBREIZE o THEA LB XH%E ORTEC H & Si(L)FE ok H A CRIE
L. 20z NF— (keV) RUOBRHBEN LR FOTREELZRD D Z LAH
kB, KFETIHE.F-EXFEAIWENTR L LTWDHO T, RHEFO AN 300um
F0E 1000pm RY = F L7 4 W AEFRIEE LTRAV B RV X —X B2
BEE, BEBEABIALY —FOEBET 5 XL 12em & L, £z, RHFR
OARREIERITL - 2%E L, AT v T OREEHFEDZTHMH L,

P / \\\‘ & \< S

~ \\\~ Py N // >
- N Y sample Y

/‘/ — S VE. 5P holder R -

1 S —_—
......... R 1| ‘
= k N
- ¥ 2 \

. /

to exhaust

X-ray

Fig.1 Tokyo Institute of Technology Van de Graaff laboratory PIXE line

2. 2 {LEREHEPIXERO~A 7 o PIXE oA —7 v MREGE

B DO ERFIEE Fig2 0BT 7z, KRBT OMERS T, LWFOFETHER
WL, PIXEEICL D 9 L, MBS ITMAICER L, REROBREZIT I,
Thbb, BRICABEEL LT ZeAVZHEMNL, DRV FFTHONAI VB
FRU P ADOBDTOD 0.1% A Z ) —NVEEENMZ CEFMERS T Zr Z
DBDTC #&{£ L L7="%H . Nuclepore Track-etch Membrane (FLE 0.4pm) TAiE -

EECERERS T, FRLARBHC e brE—2 2B L. BELLBEX
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BE T xR —HEEEERREE SIT)THR LT

Sample solution, 50 - 150mL

<« Zr25ug
<+—0.1%DBDTC/MeOH, 2mL

Stirring

Neutralized to pH8-9 with 0.1N NasB,O7

l

Percolation

(using Nuclepore Track-etch Membrane)

Membrane is irradiated by proton

l

X - rav spectrometry

(with 300um polyethylene absorber)

Fig:2 Preparation of target for chemical - concentration PIXE analysis

2. 3 7o hrv—rBEEHE
BT e PR S L OR R & Table 1 128172, BBHZ X V. EBIfEZ 50nA
BEETEFZLICLVOWRELZ LT, SWRHZEHET 22 LR TED,

Table 1. Beam conditions and detection system used for PIXE analysis

Particle Proton
Beam Energy 2.5MeV
conditions Current 1-10nA
Chazrge 1-10uC
Beam size ca. 5mmo
Detector ORTEC Si(Ii) detector
Thickness of 25 pm
Detection Be window
system Eff. ddameter 10mm
Eff. thickness 5.67mm
Absorber polyethylene of 1000pum thickness
Energy resolution 180 eV at 6.398keV
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3. BFERER

CFFHNANI VBT NI UAEERA LI 2T Fig.3(above) D X 5 72k
EEARTZ2EEZDNTVWEDYN, RETRIEE&BEI A& 2 1LDEET
Fig.3(bottom) IR T L PEEE T T 2EME T ERT D LEZ LN TND, AR
ERMOMEEBETIHNTF L, BBV VBA T VEDT =42 o0 Th A
BT 220 TVAVERAFURT VA TEERBA A NIV TF TN
BRLeE R AR LR2NWI EEFIAL T N v 7 AROEHRETE 2,

] S——‘Na M“* S\
(GH) MO, —> <C2H5>2N*KS,.-M/”

o,

_/ —7n N
S Zn——/—‘\

Fig.3 Complexation reaction of dithiocarbamate with ions.
above: former mechanism, bottom: recent mechanism

BHE VAT AORERBEDERZREST 50, FTEEET(LEMDIREKERE
D—E &% Nuclepore membrane EICER - BT I LICX D, B LIZZ —
#y F#BWT PIXE 58 217> 72, Bbhiz XBAY M OEEE Zr 128
DHTHER LEEASRESRE®RE Figd 07T, BEFES 2 1O Sc fHATER
AL, MAICHRHDENMET T3, BEEFESNTLIVABICETLTNE L
B0 B, F—Fy FBRFSETHE, RN L3 XBROBESERRSAANVT v 7
PEHE T LNHED, TOLIREFETHE, ELRORELRAET 0 b UER
HET 20T, E— 7 AEOEPDELICHBTOTRBELEZRD D Z L%
%, TOFEL, FELERBEERTE S bOTHILE, BRIZT T2 BEIC
LEARETHD, £, BRITR L RHERSEEERERE ST TR ZBEME~Y —
HELTHERMLTBLZLIZEY, ENTRREEZRDDZ L2HEkD,

AVE & HERRIE R E OB WK (ARSI EZSERAE. RAEELFX 00
TW3) ICEALE, &6 XBAXZ Mg Figh IR d, Zridv—r &L
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THRMLEZESDTHD, RMETRHSDENMETT2ZILEZRLT 25ug BIL
Thbd, ZOAXT M LBELNIETREOE—EED Zr B — 7 miEICe§
BHNPE, FERSBEEZRDER, #HEEEL 2N —HE Rz (Table 2),

10 T T

The Atomic Number

Fig.4 Relative detection efficiency nu as a function of the atomic number

Counts

400 800 1200 1600 2000

Fig.5 PIXE spectrum of trace elements concentrated from river water sample
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Table 2. PIXE analysis of trace elements in river water sample.
Element Present study Certified value

(png/L) (ug/L)
vV 6.7 = 1.3 75 = 0.2
Cr 9.7 = 1.9 10.1 = 0.2
Mn 1.1 £ 0.2 54 = 0.1
Fe 66 = 13 57 £ 2
N1 11.5 = 2.3 10.2 = 0.3
Cu 12.0 £ 2.4 10.5 = 0.2
Zn 1056 = 2.1 11.3 = 0.4
As 5.6 = 1.1 5.5 = 0.3
Se 51 %= 1.0 5.2 = 0.3
Pb 11.3 = 2.3 99 = 0.2

a) Ref.1

TR ~7: PIXE B, BB 2 BME T 2WEETH DO T, MOSHTBEHIZET
FERT2Z &idHER, PIXE BIZEED E ZF0H TE 2 LR RRIERKEE
TRAITED—DTh 2, Z Z T LFRME PIXEEIC X 56FEHH 21T 5 /i,
BRI OIEREEE PIXE S 21TV, S EN2METEEZBE L (Fig.6), BHRKHE
%, Bt 2nA, BEREEE 1uC L Lz, ZOBMICER LY —7 y MERIEIL.
WaEA ) UHLETHRL, V- R T -7 LB ERMEF I T OEE R
BlZESNWTWND, LEERoT, 7—7 LOBERNIRE—THY, Irbre—
LOBRHEFICBT 2BEERBEILER TV LEZLND, LILARRL,
FICBRARIZIHIICBONTEANT MADLTREFEDLEROTHER TSI L
TR UERD B,

FER LI =R T—721E, Cr, Mn, Fe, Ni, Cu EENTWVDHDT, Z
NHEART FANLEKRL L EHESD ClDIENT, Br XNSHORBHT b E E
TWBZ NS5, BT, Salt 3SIIFOE LIV EZLL O Br BEENLTND, &
niZ, FEBOBWCELZ2bDTH D LHEEIND, HIZ, MERS N F—VERD
TLICRVER BEFEICETHETEDND LRV, EHESD Na O KaX
BOTZRNLE—L 1.041keV 2D T, RY = F L URIT L > THRIRE I, A7 b
NV EICEREATHWRY, Z0ZLiX, ERSL LTFET 2 NaClOEZEZZE A
CZFTICHETERFRZLELE LTI NDABDTH D,

MERASICHTAONMBRELRETHDICE. TRRERVERBEEZ RS
S FTBZLBLHN, HERTOMETEEZ U ERELICHET 2 LIEFER
BE. < F A4 LDOFIF. E0DERE TRV & HE Lz, £ I T, ER PIXE
SHICE VHETREEZRET 22 & L LT
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ClCrMnFe Ni Cu Br

o | NV S/
)

Salt 2

Salt 3

{0 i an ) L

Carbon tape

1 P PR A Y O P

channel
Fig.6 Non-destructive PIXE spectra of salts

ERE LT OFIETHN Lz, HEE 1g IThiA Ak 30g 22 THEMAL,
BB RN LT pH K 1.2 & L7, 10ppm Zr EHERYE 500ul 230 L ., Fig7
R EIE T Lz, MDICHRENE BB L Licied, NERTTAIEEH
B TSR THED IM NagCOs ¥ BV, £, REHED 5\ICHE VT
Nuclepore Track-etch Membrane ) Fe ZOREMMIZ, H—R T — 7T~
ERL D DREITDRY,
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Sample solution, 20wl
<+— conc. HNOs, 3mL
< - 10ppm Zr STD soln, 500ul(=5ug of Zr)
+— 0.1%DBDTC/MeOH, 2mL
Stirring

Neutralized to pH ~8 with 1M NasCO3

l

Percolation

(using Nuclepore Track-etch Membrane)

Membrane is irradiated by proton

l

X - ray spectrometry

(with 1000um polyethylene absorber)

Fig.7 Chemical analysis of salts using chemical - concentration PIXE analysis

FROBEE D PIXE A7 M Fl% Fig.8 oL, BH LEEEEZEIX
6.01pC TH Y, 1000pm PRV =F LU RNEEZBLTELNELDOTHS, &
BansxHzik, BEFEEDO/NENVEDBEIC K, Ca, Ti, Cr. Mn., Fe. Ni,
Cu, Zn. Se. Br. Sr, Zr (v—HF & LTHEMLIZTE). Pb TH5D, Pb ix LX
BR, TOMIT KX RICE VT2 Z L3R, REREOBHEREDL ST
TATONTED, ZHENAEDL Z LITHFERVA, BTEIMBRH IR LIE00ESN
T%é b, EICHRAEE AL KR Ca, Sr & OB EEIT/NE W28

%@kbf@ﬂ#é LITHEZWALTH D, ThbDZ LERETD L.
#ﬁ‘&jéﬂtK Ca RO Sr iF, HEFICE TN TV EREET VI ) EREO I
B IR EN TV TS T%é&%méné Fho, Ti XU Crid, T/IDERE
LLBHIZERSNTZ S D, BEREOEMEE LLIC—BEFME L%, sk LTT
A NVE—EICER SN DOPIIRATH S, /S WVRIFIR & UTER Lz
ZEBR CfEH L7z nuclepore membrane 'C?'L'@#E/\%EEHX'C% 5, G DERMETIL,
TOFERBEBET DI LIEETH 2, BHENEE LT, AT 0.2ppb
BEEENTWAEEZLNTWVS, ZOEHEEFICHLEALTND Z RS2 B,
IhbRBOMIT, Ph BREEIh, IVEZLOBBEERTE2ZEIZED, &
DEARERMETENAFY—VUPHBETILO LHESh B,

_98_



counts

counts

13 | 15 3

FS=LOG . Livetime 1154
Sa]_t 1 Realtime 1157
sampile :
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Cr
H0"4 kel
Ca mFe

11 0CO0. N
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Channel

Fig.8 Chemical-concentration PIXE analysis of salt sample

[VFS=LOG ) Livetime 933

Deep Seawater Realtime 934
075
Cu
ho4 N |
Fe / 7n
Jiooo \ r[\

RARTIR

Fig.9 Chemical-concentration PIXE analysis of deep seawater sample

_99_



13 | 15 3

WIZ, MR K E R OBIET PIXE ¥ Lz, MERBKITS M BIEERRE
KRBT CERB LTz, REDD, BEERICHEEZEK 1L H72Y IomLEML
oo TOBMEE LIZBEBKK 100g 2B L, Fig7 KRLEFIETF—F v b %
EER L., MEERE 5.01pC zBHF L THZ A7 P& Fig9 TR L7z, 1000p
mOWWEZFNTNEO T, EZF AT ATy PIN TS, BEHINWT
=%, Cr. Fe. Ni. Cu. Zn. Se, Br. Mo, Pb, Bi Tho7r, HEEELTHHIN
7= K. Ca. Sr. Ti, Mn IZ®HEN o7, Tk, BHEETHREHI Lo
Bi, Mo 23 Pb L EBICROND, TAHVE&E, TAHY TEERNSHEHINT
WRRWZ & B, 2 b ik DBDTC 8 &2 R 3712 AIBRFIC M D55y 5> b B &
nNEbDEEZ OGNS, LeRoT, BEKIICRONETALTIVEERST VA &
HEBIIBBYEICE TN TWEFRERD S,

4. EERUOSHOBRE

wEEL OB S DR I LSRR PIXE E0NER TH D Z BRI N,
(b2 PIXE B2 R0, EACHEELTO Se. Mo, Pb. Bi ABBRICHRETE
b, INBESEYT—H E LTEORECREICOVWTEERT DD
—REME LTCOBEDEREZETSHERDHD, RHShELVY, TV TT VIR
WAKFCEFTT =AU 2BALTEY ., Figd 1T LEEEERR F—LFET
IXE LR,

EBEBIZ. BERDBDTC - £B#EEEZHHT 2 Z LITLEILMONTEY
SO EFIELTEBES & EUSBET 5 HIE R BA5A A TEALFERME PIXE 51X,
BN CThotr, —H TRBEDCBETEETALEINTVWD LR, NTYVLORF
LT oAU IERE SR Eh ok, £, EUR LEBBR FITEVZERSRE (K
0.1pm) ZET BuPIXE EIZ & 0| BRPLTRESAIC OV TEOFEME AL NI
B ERHED LHFEIND,

5. BEE
VEEEEB/AKBREUCOWTIE, RAAMERE. BEHREOIRAZEWVL, 2
HEEZELET,

6. 3THk
1. S. Suzuki, Y. Okada and S. Hirai: Determination of trace elements in certified river

water reference materials by instrumental NAA using a freeze-dried preconcentration,

Bunseki Kagaku, 46, 223-227 (1997).
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Distribution Pattern Analysis of Selenium and other minor elements in deep
seawater and salts using chemical-concentration and micro PIXEs

Masamichi Tsuji (Tokyo Institute of Technology Kesearch Center for
Carbon Recycling and Energy), Katsunori Kawasaki (Tokyo Institute
of Technology Graduate School of Science and Engineering), Takashi
Niizeki (Tokyo Kasei University Faculty of Home Economics),
Toshiyuki Hattori (Tokyo Institute of Technology Research Laboratory
for Nuclear Reactors), Hitoshi Imaseki (National Institute of
Radiological Sciences)

Summary

A simultaneous multielemental analytical method, Particle Induced X-ray
Emission (PIXE) spectrometry, was successfully applied for distribution pattern
analysis of minor elements in deep seawater and salts. Chemical -
concentration PIXE spectrometry of deep seawater showed Cr, Fe, Ni, Cu, Zn, Se,
Mo, Pb, and Bi. A commercially available salt showed K, Ca, Ti, Cr, Mn, Fe, Ni,
Cu, Zn, Se, Br, Sr, and Pb. Of these elements, K, Ca, Sr, and Ti may come from
insoluble components included in salts. The abundance of these elements varied
depending on the commercial products. The difference of the abundance could
be utilized for quality management of salts.

In the present PIXE technique, complexation of DBDTC and heavy metals
was used for collecting them in deep seawater and salts. Se and Mo found in

deep seawater form anionic species along with As and V, while the latter was not

found.

-101-



	0109-J
	0109-W



