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Abstract: For the purpose of the PIXE analysis of low-Z elements in natural water without any pre-con-
centration or adding an internal standard, we investigated preparation methods of backing foil (sample
supporting film). We also studied analytical conditions such as the selection of ion species used as a pro-
jectile and suitable energy of the particle for effective irradiation. In the low-Z element analysis, backing
foil must be prepared as thin as possible in order to obtain high sensitivity. To realize this idea, we devel-
oped a new apparatus to make a polyvinylformal (PVF) film on a quartz-glass plate by drawing up the
plate from PVF (2.5%) dissolved tetrahydrofuran (THF) solution. With this apparatus, we can create a
thin uniform PVF film (2 ~ 20 x g/cm?) with high reproducibility. In our system, a water drop is dried on
the film as target of the analysis. To prevent the target from dropping-out from the backing foil and to
keep the target’s uniformity, a small amount of diluted polyvinylacetate (PVAc) emulsion (200 ppm, 5 4 1)
should be added to the water samples. To maximize the ratio of characteristic X-ray intensities from
low-Z elements to the continuum background X-ray intensities, the following combinations of ion and
energy are important. 2 MeV hydrogen molecular ion (H,") for low-Z elements detection; and 2 MeV pro-
ton (H*) for medium to high-Z elements detection. After the optimization of the measuring conditions
mentioned above, we tested some natural water samples such as mineral water, water for sake brewing
and rain water. The test made it possible to estimate the minimum detection limit (MDL), which gave the
values of MDL less than 0.1 ng for Z<20 and less than 0.05 ng for Z>20.
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Fig.4 Thickness of polyvinylformal (PVF) film vs. draw-up
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ZIEWTFROFERICOVWTIRD N o7z, ThE
BAE—ZIATV I+ —F =B THTEFG
T, IATIVESITKEAREIFTEALERLD D520
EELDODETH B EHTh o7z, SHHEE ik
TRMEIZ PIXE B D HIEEZE (25~ 10%) D#EAT—E
LTw5,

QEERAK  RBOTSEMITILE - RA L & B2
EIALLTALNTWAD, EEEIZE - THAKIZ
BRONEEARETHAEERRFTH A, JRILGHAES
FOROBE mMNS OHEFICADODEETHIEFLTE
D, BEFIFOEEIL (575m) DRFEKE HT 10~
15m DOFKELSEA LT THERLTWSE, Ib A
DAKDGHHEREFE2RITRT. BOEKE BT
5LP, K, CADETLEEEIZKEREVT D HENHS
P o7z, BRICPEFEL&TREREIN T,
K, CalcoWTHhEARI VI AL IEEETHS. Zh
BT GRIEB) OVl L b IS hdok (B4 ~
6f) BETHABELANNTHS., 512, HAm
V075 &\ A SRCEFRIC & A b & FIEETCIC & - TS
ICENRDH B ENHBE L. F0OEIZCaTH2ME, KT

2R EEERMARKFOTEDEEm/).
Table 2 FElemental concentrations in sake brewing water
from Saijo Town.

1996 £ 10 A 5 A R

TR \E&ET A B C D E F o OEK @
Na 22.6 24,2 28.4 19.7 33.2 29.5 32.1
Mg 4.5 3.8 3.1 4.8 3.4 5.5 5.61
Al - - - - - - 0.26
Si 8.9 11.9 12.6 9.3 11.6 12.4 1.5
» - - - - - - s
S 8.2 7.4 9.3 8.9 10.1 8.7 29.2

(SO,
cl 18.6 19.5 24.8 19.9 26.0 23.9 31.8
X 55 43 37 51 48 116 19.1
Ga 155 212 185 280 201 208 3.2
Mn - - 0.007 0.005 - - 0. 041
Fe 0.002 0.006 0.020 0.005 0.003 0.002 0.0023

Cu 0.050 0.004 0.006 0.004 0.007 0.004 -

Zn - 0.005 0.005 - - 0. 005 -

=BT MR, b ETE VOL. 43, Nod  (1990)

E3EIC D DIZoTVD. 7z, FeldiBICER (07%4))
BATD L 72D IR D b T B 95 X T OE TR
ELRBOREENTWA, iz Cu, Znd Bl S 1L/ d
DEHo7=2, Fer&dTINSDTENF T RIZH
KT 2 D OPAKEDEEMEEIER T 50508
IAHRHTH ) BREFLEEEZZ TV A, HOHFEL
HAKDERIZ LS EDNL LAY, ROHOES
b b FHOKIZ Mg, KA WEEIZADIN D BRE 5
WET 7Y —DHHIEERLTVES,

B © 19964E2 F 29 HIC RS ERERE FTHRIL
7oA A0 | DI HTRER A B 10KTR Y. HBIC & 57
BRS - RBRSOSBEIAT bR o7z, WAKRDEAE 10
pl TRBEDPAR L2720 20u 192 BN Tl
TR ER)RURBARLITo /2. ARZ Puhb
o E)ICNadSLPoETITEHOTLREIFRES N
2. B TLESHEL, V, PhdmHEhTnwas Ll s
5, REHRIEOLATERE - BMbEET L, Ih
5 DREIGEHYEH AW 2 CREF @D bR L
72D ELEESNG,

7. £ & &

BREKOPIXEGH CIIRMEEL LT 2 B TER
2 & B BERLERBHI ORI & 2BME 1T ) Hikd—
BEUTHY, TEDDOAFIBEITLEDFIMIAT R
THhb. $i, FLRREA~ORE - LB O A&
B RINT 52 &b — BT bL TS, L L%
LBTLEOGHZ B E T 254, OFMLZTHEDL-
X#HMEBTEOKXHME -2 0ER (0HTH), OF
MU7-REEE S 5 W IZEIERE & L TR S s B 706
REVETE R OSBRI & 2 3B 0 CLOJHiRE, OB THIEER
ERICEINAINBEELEINOTLRICL L2V
F—a v EOMEIELS.

PIXE 47 O B I3 X s Q) L L LT
v & VTIPS DNy 7 755 v RB)DH(S/B H) Tk
T EBMREIOERE(LTEES RITAZ i b
v, F70, QRAE IO NI ANVFEF-IKELTB
DIANVF—FBLTRETREL 2B, BUREHT
BERUEZBWATLOTAY v Mk, Lads
> THREKREHC T s 2 FEMA TR Y BRES
Wi 572010k BETEERB Y R/MET 2 HEIHE
BThbB., TOBEICT. > TUTONEZITo 72,

(D)7 # vaos—)v (PVF) BEEEZRIEL, 2~204
g/c? DIBENy F 2 TR {7z ~Tug/cm? DPFVIE
% PIXESHTICAER L7ofER, Nv o759y FiEER
RERDINy X FED1/30 ~ 1/70 124 L S/B Itz
LTINS, RFE LTEMEDS, Cadtiil &
NSRBI DTEORICHARTERL ) 2ETH- 72
QW& OBRE S BTL RS S/BOFH T2~
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PIXE{EZ X BRSO OBE (T 132)

— 2.0 MeV H; 20uC

PET 250um ¢2.5mm Pinhole
J — 2.0 MeV H® 50u4C
| PET188um

Energy / keV

LR SHE (ne)  HEE (ppm) JoR SHT{E (ng)  BREE (ppm)
Na 1.7 0.19 Ti 0.04 0. 001
Mg 2.1 0.05 V' 0.03 0. 001
Al 2.8 0.07 Cr 0.03 0. 001
Si 3.5 0.05 Mn 0. 68 0.017
P 1.4 0.04 Fe 1.12 0.028
S 38.6 0.97 Cu 0.05 0. 001
Cl 0.82 0.02 in 0.69 0.018
K 3.7 0.09 Pb 0.31 0.008
Ca 10.2 0.26

HEBI0M MAPOILEEDEEme/D).
Fig.10

3MeVO 71 b ST LOEFITIER NI EH5H >
7o, BLEREBTEHD LA ANVF—-DEVERS/BI
BREVOTELTESWITIZ2MeVD Hy A+ > %, H
ETRICEODREV2MeVO 71 b r & vz, W&
TR L o TABZANVF — - WIURE Fd{b$ 558
BEOVHRHTH 5.
QRE DB —ME L FHERF LD /2D, v F— L LTHE
VEEBR Y = VTV 3 v (PVAC) lug 2 IRINL TS %%
RO/ O NI, BHMEOTRHMYES, ClL, Cald o Ic e
Lz,
FEONEEIT o5, 10~40 4 | OBIEKGEE % —
YORMERL LTOW L, Z<20TiE01Ing AT, Z>20
T2 0.05ng LT OMIHIRE #1572, 3Bk o
THESMCFHAL) 2B EELEZ L, T2, §
RTOEEKIZBWTALPOFELRY — 7 OHERITR
OLNLRDPo7z.

199642829 BRHK

Elemental concentrations in rain water (mg/D.

8. bW IC

Dk BRKZRTLE 2 LICPIXESGATS 5 0 B
FIZDOWTHBRRTE A, BREICHE L CEEFRESH
(AAS) RFEHEE T T A< HIAHICP-AESIZ I3 R 7
WA, O TAE (100 £ IT) OFEZ ppm 4 — 5
—DERETETERBESN TEX L HERZPIXEZ BT
fisiz e, F72, —FEH 7 ) OflEEE IS UT
TU—F BB LTS, BHES (1999) IXEidRo T
ECTHRBELEEN Y ¥ v 7R W2 PIXESHTIC X
D, BREH-EEE A LESICB A HEKRTOS,
Cl, POBELILZBIFL, SNODTEOEH L, H X
LMICLTWAS, F72, HITRK-BERCETNIET
FELHE L OBEICOVWTORSE (722 21F £Hi3h
1998; 43134 1999; B 1998 ; BIiI£21999) H#iEsn
TWAD, KiEL ZOSFIIDHETHIEITEST ORE
- B EBTE A D EEZ B, 4RITZ OB
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A L CEIFRE RS & AR I D L FATFE & 5 T
FEI0

B, BEOT v ROSFICOVTETE F v LD
Fe %R 5 HENE 2 O N RS B LD 7200
W E DTS,

R ABERICH o TIE—EOEE% R 124EE
HMERBBENIERGHERBEI-7ICL > TiT o7z, 7
PIXE A2 MV 7T 7T & (PIXS) OFRICH 2
o> TRIRBERFLER B Bgdxo ZRE- ZiHH 218
Wiz, ZZIRELTERHOERET .
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