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Reflected X-rays

Fluorescent X-rays

Incident X-rays
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Figure 1.1. (a) A sample droplet on a quartz optical flat and (b) a schematic view of the
total reflection X-ray fluorescence analysis.
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Figure 1.2. Representative X-ray fluorescence spectra of an analyte containing 5 ng each of
Sc, Cr, Co, Zn, As, and Sr (a) with or (b) without total reflection of incident X-rays.
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Figure 1.3. Improvement of a detection limit for a 3d transition metal element.
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Figure 1.4. Small air-cooled X-ray tube used for a portable total reflection X-ray fluorescence
spectrometer. (left) A 9.5 kV X-ray tube (Hamamatsu Photonics Co., Hamamatsu, Japan),
and (right) a 40 kV X-ray tube (Moxtek Inc., Orem, UT).



Year: 2006, Detection limit:3 ng 2007, 1 ng

2008, 0.1 ng

Figure 1.5. Portable total reflection X-ray fluorescence spectrometers.
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Figure 1.6. Representative total reflection X-ray fluorescence (TXRF) spectra measured by
using (a) a portable TXRF spectrometer developed in 2006 and (b) the present portable
spectrometer.
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Table 1.1. Detection limits obtained with several X-ray sources.
Synchrotron radiation (Monochromatic)
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Figure 1.7. A newspaper article about a portable total reflection X-ray fluorescence

spectrometer (Kyoto Shimbun
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INTEEEO Y A—2 L LTHERA Lz, REEBICHW T I 78 X BE KOG R
& RS X % Figure 2.1 127”89, 2O X MR IT KO FAT 70 AR X eI 7 —
TVaryvzEHWLEDOTHS. E 10mm DAY v bE2HDOAT b XA HER
WICELE L7 o> U a2 Uz ABIZES 50um O v T AT v AX—H% — %l
L, YVarovxz iz XHOXKETLHZ LIV AR XHEE—LZEHZ 50 um,
& 10 mm IZKD Z ENTED. 727120, EHEN 200746 AL > MA XU T7)TH
fit S T2 & REHOE X BT O [EIFE 22 3 (TXRF2007) T A 8A ¥ % 7 L 72FF1C, Egorov 7»
5 Egorov BUE W BIT AS XA/ S FIAIZT ) A— VAT —VITRDHD D TH Y,
AIEE I D72 BRI Egorov BITIX AW E W O R 2 TRV /2. REEE T, X HE
WA ARTICHE L TR AR XBROa ) A—2 L LTHOTWDA, XBRENDH
BT D XBMORBEBL DD —EITT Y ar vz ETREKFT 20T, X#BOKKEEZ
FF VW 2 O TRERIND2 2 A—=FEHWD L0 b FHEEORV X #2506
\CHRET9 5 Z & A A[RE T H D (Figure 2.2). AMEE TH U= X BRE I EE & RERIC, AT
2RO X ARSI T — TR END N ETF L LT “Double reflector” '?,
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“Double reflector collimator” V72 & L IFIEZNTWDH D& 5. Cheburkin & %0
Sanchéz'i, BRH I 7 —LHABEEZ HMILSELAEZETEH D Z LICL VAR
A X BB 2R B OAELHIOFBE LA TELEWME L. 2 b,
FATICHE L2 BN I T —0 FTlilzR< L, T T — EICABZ2RETLHD
ThL. Xk T TR L RIEERE TR, XROBKFEFIAT S &) R TIE
AEBEBTHWE XHEEREFELTHD. 2L, 26 DONRFRFIIAS X a3
TeT 2L b1, ARXBORZ XL —KoaRETL2HATEFEH NG THD
BN, AREETIIAN XHEOEITOL%E BIE LT X SHEEKA#H L.

50 pmthick W foil

Figure 2.1 Egorovs’ waveguide type slit, (left) photo, (right) schematic design. The
stainless steel housing had an X-ray beam exit, and it was 10 mm in width. Two 50 um
thick W foils were placed between the Si wafers in order to restrict the incident X-rays to
50 um in height.
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Collimator

= )
Analyte

X-ray tube Waveguide

Analyte

Figure 2.2. A schematic view of total reflection X-ray fluorescence analysis with (a) a
double plate collimator or (b) a waveguide.

a X-ray tube

2.2.2. EEHM

&35 mm, EEISmm OBRZEMRRY T AT 2 —=0y b XBREQRRK =
7 AN ARIEBEO X FRE L THWE., =7y M ThHDE X 7 A7 0% X il
NELLTORY Y 7 LARIZEAEINTEY, XBRERY Y T LEND 130°0 [ #f A
TRATSH. WEE, BERNPTNLLTH 95KV, 150 pA DT X a4 S8,
BEEMNISKV THY, X T AT D Ly, Ly, Ly I T KL F —EIXZ 2 H 12.09
keV, 11.54keV, 10.20keV 72D T, ZD X MENO X 7 A7 LRk X #RITRA L
e, F2, XUV TARBOEZL300 um THY, FFETOX T AT > M Fitk
X%@Mﬁ:LmkﬁhNmﬁ:LMkﬁ0i<UU?AK%Wé%%i Lo T, =
DX MEERVLEEICITERE X RIS E 0V REABE NS, 2o XBEIL, HEE
BETmERACBOTERRIROHEL S OO HFBERRELEE L L ThkahT
WHEBEB(T 4+ A FFTAF DN LR THDEHDOTHD. ~LF o BHHA Si -
PIN 74 & A 4 — L@mm“xu?(ﬁmﬁ@ﬁ%:7mﬁ,%%a :womwﬂ
(Amptek £ & VT, H#E X BAZ FAVERIE L. 2 OB RIS AT E HEhE
FOTFvEL T Tatr vy B L TEY, Microsoft Windows = > B 2 — 4
—LMiHER A USB TR T HZLICKVAEANRY Plvaa s B a—F— EiZaih
M2 eMNTED. EE 3em, BE lom, FOHEHEFEE 20 (A=632.8nm) O v/~
DA EATT 4 N7 Ty MEREBEE L THWE., REBEOEERER L OWAK
% Figure 2.3 [Z7R” 7. Figure 2.3 IR T K DT, BAET D2 XM D OHREZP 729
JEX 03mm ORRICHE T AV T Z UMK TT ¥y var—28EL, TON
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X B, X BERE, SR, R AEE L. BB O & B R o BB
2mm & L7z, F£72, WEFZERF TIT-o7-.

AC
adaptor

DC5

Figure 2.3. A portable TXRF spectrometer, (left) photo, (right) schematic view. (A)
X-ray tube to which the high voltage (9.5 kV) is applied, (B) Si PIN photodiode Detector,

(C) switch box for the control of X-ray tube. The size of the box was 23 cm (height) x 30
cm (width) x 9 cm (length).

2.2.3. HIEH

AF X BRORBHI KT 2 A A (0) % 0.13°B L0 0.27°L LTHIELZ 10 ng D7 1
LAEMET R O H O X AT M, B8 XL OES A% 0.13°8 L THIE Lo @BHikE A
WA TT A TNT Ty M T L2777 v 7 3 Eh o #0t X A~ 7 il
Z Figure.2.4 |2~ d. W& L7z 7 v MEHESEHE, W55 658 H @ 1000 ppm 7
0 LFEAEYRIE 2 B RIK THAIR L T 0.5 ppm (ICFHFE L, 20 L 2 A AT T 4 LT T v

Wi FHEBE L 72 D Td 5. Figures 2.4a & 2.4b IR T X 912, REEE H W T 10ng
D7 v LERETDZENRTE . 70 MEEFKRTIZIE KCnOo; REENTND
T, WU TLARKE Sz, Figures 2.4a-c I T LI, AEFTT 4 ANV T T v b
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MDA F R Shi., 72, ZRPITK09%EENL T LT bR ST,
AREEBTHWE XBENLRET DL XBOKKTFALF—1L95keV TH Y, 9.5keV
DX BCBTDHELTT 4 VT Ty b ETCORKHERAE T 0200THD. %
7o, Xtz 3 X =PRI ONTEKHFERAEIIRELRD. —F, 027°0
REDO BRI A NLFXF—1L7.0 keV THY, TN EOZRXLF—% D X MBRIEE
REEFICBELT 5. LA - T, Figure 2.4b IZ/R7T & 912, 0.27° DR CITBEL X ##
FREDOHINZE D, 7.0 keVHAETZETEEE LAY 7 7T RO “Z857 BNBINTZ.
F72, 027°OFFICIE CrKafi(5.4keV)E R U= X L F—% 4 DO AH X RITEKHT D
X7 CTdH D, Figures 2.4a & 2.4b 2R T X912 Cr Kok DNy 7 75 0 v R
0.13°DFEL W I L7z, ZALiE, A X B ERITFEAT TliE /e <, Cr Koft(5.41 keV)
ERIC=RZNAFXF—%2 DO AR XBO—ENEXSF L W oslcldThdrEEZD
D, FBEAN 0.13°DRFZIE, 027°DFEE LT CrKaftDE XNy 7 750w
REREELLS S AFICHER L, TEEA2SGET 5 2 L2 T&E /2. Figure 24a 266N
571 AORBH TR I ng, £7212 10" atoms/cm® Th o7, £7-, Zh b OB TR
KR P CORBEIZHE TS L 70 ppb (107 g/g) ThH > 7. BHTRIZUL FToOX % M

WTEHRE L7z,
3 [
Detection limit M 256 (2-1),
INet t

ZIZT, m I FEDOE (ng), Iy, (FH006X BEFEIRE (counts/s), Ipe Iy 7 7T
7Y RIRE (counts/s), ¢ IXPERM (s) THD. Wl X BIHEDO AT NV OH
Ui & EAR TR, EMOTHEZ Ny 7 777 REL, )t X HEREEL LUy
7T Uy RBELRGE L.

"M X DX ORI O BB BT, 2RISR Al FORLRTED
.

acrit ~ A 25 ’
IIT, SEXROMEESTEOERLOINLOFNERT.
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(a) Total reflection
600 | $=0.13°
400 |-
K
*
il C
20p g 1] Nr
"I.l ) L:"‘:-l-'.y:..‘." N
0 - wﬂ."‘"‘ﬂ-—
Si (b) Without total reflection
600 | $=0.27°
S Cr
(2] K =
o .
3 400} [ ﬂ--"'ﬂ-
= I ur rued
£ J 41 TR
§ -4 \ _-a -?.::
> 200f |1 1 P =
Fla %
= L %
0 L
Ar (c) blank
1200} $=0.13°
800 |
400} \\
iL
0b—s Ar" M
0

X-ray energy [keV]

Figure 2.4. Measured representative spectra for 10 ng Cr dry residue at glancing angles (¢)
of (a) 0.13° and (b) 0.27° . (c) Measured spectrum for blank ultra pure water at
glancing angle 0.13°.  All the spectra were measured for 600 s each (real time). The
dead time was negligibly small because the integrated count rate at maximum was less
than 250 counts/s.
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Cr & Si Ko i A 58 B O 5 M K 7V 2 Figure 2.5 1ZoR 9. R ICAHE LT 5508
MO IEAET D800 X MO FRE DR AEKFEZNET 22 L1k y, REOES 2
RHZENTE D, Figure 2.5 1R T X 912 Cr Kool O i FE T8 BE 1L AR ST /4 0.20°0 0 T
bM< oo, o, AN 0°1TESIZON T, Cr Ko O mEAEME X 0 12U
SE, 020°% B Z D LR AT LT o T BLURHER S AR THEE XORR R EE A
BRI D LD RERAKEESBEN 0T, WELZREOE XX 100 nm LLF 10
TholtltE2bBND. SiKafOEBBEIIHHAAMBRKEL RDICONTHL 2otz
I, HEEARKELBRDICONTXBROAELTTT 4 IV T T v b ETORESHE
DAL, BAREVIELS RO THD. R, HHMD 9.5 keV O X FHOEK
FHEG A 02003 0 252 & L C Si Ko O mEEMBE TS EH L.

-
o
T
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] T
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Figure 2.5. Measured angle dependence of (m) Cr and (e) Si Ka X-ray intensities. The
net intensities of Cr and Si Ka peaks were measured at the glancing angles of 0.06°, 0.13°,
0.20°, 0.27° and 0.34°.

NS X BROREHC KT 2 HF A% 0.13°L LTHIEL7Z 6Tng DAL T A, TRE
Neng D7 v b, SREBLOBEMBA AT A KT T ADRRKE#HK X BALT N ABl%
Figure 2.6 27”57, Ca, Cr, Fe Z & TealkHE, 3.3 ppm Z/LT U A, 03 ppm 27 2 A, 0.3
ppm Bk DIRGFEAEYS WL 20 L il Tz L7= b D Toh 5. Figure 2.6a lZ/R" T K 51T,
7 v L ERBRIC ng BOELH LT U LT L ERTE. £, I U LE
BRI ICH RS E E N TWIZD T, R LMIET 252 LA TE 7. Figure 2.6b IR
FTEIIC, Bk, ANV L, BROTTRATA AT ANLBIHSEZ. TP,
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A AT T ADRERBBICEWTHOWONTZEM T ThkEEZOND. ATA NH T
ADRETAELTT 4 N7 Ty FEDBHOOT, AR X BROHEL A2 IS 7.
L7223 > T, Figures2.6a & 2.6b IZ " T KD, ATA RTTADANRT VDN 7
770y RBEL, ARATT 4 INVT Ty NEHWTHIE LB LD o7,
LL, BlZE, 52keV TONRNY 7 7T 0 FREZIKT DL, AT RTT7AD
AR NNVDNRy 7 7T 0y REEETH 1.5 FICEMLERECH-7=. U T 7R
B UT- 5 BRI AR #OE X RO ERE OTik, MBEELTATA RITARHNDS
ATV 5723, Figure 2.6b THOLNTHERND, REBIZBW T ARLT T T 4 LT
Ty MEEOERFEHBEEFLZLRWATA R T AZAREE L THWTH+0ICHE
TLRERH AR 2 & AR T 2.

800 T
(a) C'r 10&1
400} [ ”
[&]
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(/2] b
S (T ¥ Gr
© Si ¥ W, fL Fe
] . .
g "li” W‘hﬁw
> 0
§ 800 TEn
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400} f.l ke
I # Fe
i L ;
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C 4 6
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Figure 2.6. Measured spectra of (a) a dry residue containing 67 ng Ca, 6 ng Cr and 6 ng
Fe and (b) a glass slide for microscopes.
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2.3. FEEE T OBERITTR OB RREERIER 5T O 7 O I R B R AE A ORE

BES 4 0.06°, 0.13°, 0.20°, 0.27°, 0.34°D A THIE L= EHZ4 8ng D Ca, Sc,
Ti, V, Cr, Mn, Fe X124 ng @ Ni % 5 TDIRAEEHERE O RS H L X A~
K VB & Figure 2.7 123, WIEREHL, £ EH 0.1 ppm @ Ca, Sc, Ti, V, Cr,
Mn, Fe 3LV 0.3 ppm @ Ni & & TR G EEMEFRHR 40 uL O TR A 2 [l 0 K L 7=
bOTHD. £HZH 1000 ppm DFEAEE K (Se FEHEVEHL 1T 100 ppm) 2 IR A L, #EHAK
THRT D Z LI K VIRAEHERIR 2 55 L=, Figure 2.7 (23 X 912, #4£4 0.13°
DEMTHE LIRS, 1 ng &D Ca, Sc, Ti, V, Cr, Mn, Fe, Ni Z#Hi7
HIENTE., REBEBTHW . X ELOFRET Dl X MORKKT R/ F—

9.5 keV THY, Ni K%&Hﬂﬁﬁ%:ﬂzwﬂeﬂ&s keV)EZ U b EWT RV F —fHIL O X HRiR
ERF N oD T, KEBEIZLD =y 7 VORIEZFRIIMO 3d BERE LRSI LY
ALY BEPoT. LEEno T, BBYO=y rVOEMMIOTTELY o7
ZHBEDL LT, Ni KofpiERMOTRE LY 3o/, XM R ALF—NEL 251
ONTEHERAEIT/NESL DD T, Figure 2.7 1T X ICHEHANKEL 25
WONTHIEXBANXZ MLVOFBERAX—[ONy 7 7T 0 RPBIRICE L T
Wolo, RNy 7T RAEM LD, BEARN 0.34°0 8 21% Mn, Fe, Ni,

0.27°DWFIZIL Fe, Ni ZHH TE R 2o 7. BH AN 020°DFIZ1X 9.5keV £ TD X
MBI TDILT TH DD, Figure 2.7 IZ/RT L 912 0.20°THIE L7 FFIZITZ A~
M ®D 7keV LA EOEBRIZ ANy 7 7T 0 RO “Z587 BNEIL, NizfmH sk
o, A XBPTBERIHEATTERLSHLAETHEML TEY, 7 keV L D=1
F—2LOAH X\BREKF L TCWieholcled ThirEBEZLND. Thbb, —
HD X BRI TkeV O X RO RLFHEGERAEO27) A EOAETAF L TCWZEEZD
5. A 0.06°D 5T S M7z Ca, Sc, Ti, V Koo i 58 £ (counts/s) % 0.13°
DEETHLONTZLOLD S 1 M- T-. £z, 0.06°OKFIZIE, Cr, Mn, Fe, Ni
AT 2 2 ENTE oo, BEOE XMRaH T, AS X # e X#oF
B L VIR S LB BRI OIS K 0B N S5 A8, BRI TR AN A TR U
TEAT D, ZORRIE, 0.13°ORFHIFEEIN TR S AV ELER O FREE DS 0.06°D Ky I
D LN ST Z L BRT. e, THUENT VU AOBEERRIIMEZ & A TV
DT, RENOHANRE SN, ZRENOBEFATHELZAXT FADLLEDL
T4 058 O TR % Figure 2.8 [Z7879°. Figure 2.7 TlX, ME R (RE CTITR &
BB —2NZNWTEHE)D KRN RILED KafRICERL > TWiztEXZ LS. Lo
L, MERBFICEENDICHRDOEIL ng & DR >72D T, Figure 2.7 IZ7-7T XD
W= 7LD KBRRITMHE SN TE O T, MR DRA Lz KPR Y Kokl
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AN\ o7 B bND. LR - T, RIETIEAILE DO Kob kiR
EERNT ORI KBMROELR D O BILEE L) - 7. Figure 2.8 IZ7-T X 912,
Ca, Sc, Ti, V, Cr, Mn, Ni ®FH FRIZHEH A 0.13°THIE L7-FEICi b Bovo 7z,
BIZIEAT YA, =7 VORETRIZZENAZEN 0.8 ng, 10 ng ThH-o72. 0.13°
ORETHONTZSBEOBE FIRIZ, 0200THE LRIV D LENoT2, =2
DEMETEHELNIZRETRIZE I 2ng ThoTz. Uk X Hic, BEROMETHE
Z[FFRFIZ T 2720 21T 0.13°8 0 Th o 7o ARIEE TIEMIT X AR D
BFEAT B %ﬁX#ﬁ%ﬁHb\Tb\éﬁ n’ﬁféﬁx%%ﬁiﬂ“é;f@Xﬁﬁiéﬁ%@“mﬁ
A3 TREZMET DL LICEVRAXT MOy 7 7500 RERD S,
BT ppm BEOLELETERMT L LN TE . nfh$+§;%{%<®Féf£&b>Wz}oh
B ORBEHELZE D50, FRENOREHIB W TROE 2 HH A THIE T 17“151
59 7285 X MM EITCE DO RRE M DIZDICH B2 2 L nbroie.
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Figure 2.7. Representative measured X-ray fluorescence spectra of an analyte containing 8
ng each of Ca, Sc, Ti, V, Cr, Mn, and Fe and 24 ng of Ni at glancing angles (¢) of 0.06°,
0.13°,0.20°, 0.27°, and 0.34°. The measurements were performed in air for 600 s.
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Figure 2.8. Detection limits for Ca, Sc, Ti, V, Cr, Mn, Fe, and Ni at the glancing angles of
0.06°, 0.13°, 0.20°, 0.27°, and 0.34°.
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24, X BERBEDOZRY v b YA XDOBICTEVEDND AT ML RE, L B
WX B FLEILE OB EF B X OO 6

X B AMERL L TWD Do v ) ar vy OfEEZi£i 15, 50, 100 pm
WCEZTHIELZZN TN 4ng D Ca, Sc, Ti, V, Cr, Mn, Fe 3L 12ng ® Ni &
B RA TR O 2 E Yt X ALY h Vil % Figure 2.9 (2787, JRA A HEFE}
X, TN ZFHN 0.1 ppm D Ca, Sc, Ti, V, Cr, Mn, Fe B XN 0.3 ppm @ Ni & & TeiRA
IEHEVRIR 40 WL 20 T2 L7 b O Th D, T4 1000 ppm O AZAERS IR (Sc AZ AV
1 100 ppm)ZIRA L, BHUK CTHIRT 5 Z LIC L W IRAEERR ZRE L. £,
NS X BROBK AT 0138 Lo, B BREOERITN 1 mm ThO, HHMHN
0.13°DEMETHRIET 2RI, AF XBMOE S H MO E— LY A X315, 50, 100 pm
DWT DG T b L RIRE O REEA A S 472, Figure 2.9 12773 K512, WTh
DE—LY A ZXZHNTEH, ngE@DF LRELMT L2 enTE. £, F2UB
KU F V7 41000 ppm EHEFRIZTZ N E N 1.25, 0.45 mol/L DiiEE % & A TV =D
T, MEN R S ARE R EE X 218 ng DR FE A G EFN Tz EBHE L.
XAPERE DO ar Tz OMBERRELSRDICONTXHOIY AL MANKE L
5. MOABANKEL LHIZONTYY ar v fai@EiEd 2 X Mo M ERT
HREL72DHDT, Figure 29 12333 X212, AR XBOE—L2 YA XANRKELR2DHIT
ONTAy I 7 Z7 v i@ role. —H, XHOMVIABLMANRKREL RDITONT,
X MEEEOL ) a v ETRARFT 2 XMAHEMT 5. XHEEKDOv ) a2
UINBEZEmT D XML L BICIOR XHLRBORMEICTE ST 50T, K4 X
MBI T 2 IO CREHZMEH S b X THEENELS 2D, LEnoT, A4S
XHE—LDO@E S FHOYA XN 15, 50, 100 pm O W T HNDOFE THIRGIEAERE O
AREIA N STV, Figure 2.9 IR T RO I AR X E—L A4 AR KEL AR
DIZ O TREHRE ) O FAET 800 X MEFERENR oolo. Z2DRMR D E—
LA X TOPEICEIVF{TONTEAZITLHEOEN XBOTHROBEEZII NNy 7 7T T R
BRI LE A Figure 2.10 IR T, BE—AZ M<K DICONT XM THEENMEL b7
(ZHOE X BRIREE TR L72s, AS X OSEATHED B < 7 0 3UBHOREN A 22 b D BGEL
X MEAWA LT DT, Figure 2.10 IZRT X918, A XE— L0 A4 XBH< 72512
ONTEER ANy 7 777 RBERITHEM L. DL EOXHIT, X RERKEZ N
TARXBE =LY A XEEZ2DZ LI TRORRESL XM E — L0 FATHENR
Bboleh, WIFRoHd A &b OAHN X BEHWTHRENS ng BEEND0H %
T2 N TE.
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Figure 2.9. Representative total reflection X-ray fluorescence spectra of an analyte
containing 4ng each of Ca, Sc, Ti, V, Cr, Mn, and Fe and 12 ng of Ni measured by the
incident X-ray beam of which size was restricted to be (a) 15, (b) 50, and (c¢) 100 pm in

height.
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Figure 2.10. The signal to background ratio obtained with the incident X-ray beam of
which size was (a) 15, (b) 50, and (c) 100 um in height.
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ZhZEH 10 ng D Sb, Sc, La, 20 ng ® Nd, 40 ng ® Eu, 100 ng ® Tb, 200 ng O
Er, Yo IRAEHERE, BLOMIT LM FLTWARWAESTT 4 W7 T v F O
HOE XA AT RVl % Figure 2.11 IR B EEEREHT, £/ 241 0.5 ppm @ Sb,
Sc, La, I ppm @ Nd, 2 ppm ® Eu, 5ppm ® Tb, T Z# 10 ppm ® Er, Yb % & ik
CREVMEYAWE 20 uL 20 T2 L7 D CTdH 5. Figure 2.11a [Z/R T X 912, Ll %
HWwarZ llicky, ThEhng &BEEFH 5 Sb, La, Nd, Eu, Tb, Er i35 Z &
IRTEI. —F, 200ng DA v TFAET LIRS RhoT-. ZauE, AEREICL
A4 v TIVET AOBRHTRN 200ng L ETHST2720TH .

800
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Figure 2.11. Representative total reflection X-ray fluorescence spectra of (a) an analyte

containing 10 ng each of Sb, Sc, La, 20 ng of Nd, 40 ng of Eu, 100 ng of Tb, and 200 ng
each of Er and Yb and (b) a blank optical flat.
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INUT 4 — BN X BOEEE AW THE LN D AT E O R EREE
Figure 2.12 {Z7~3°. S, Ca, Sc, Ti, V, Cr, Mn, Fe, Ni OFH%&EFE% 1T Figure 2.9b
NH&E=HLOTHY, Sb, La, Eu, Tb, Er, Yb (X Figure 2.11a "6 &b D ThHD.
KO0 OF R EREIILL T O A WV TEH L.

ZITC, 8, Sy In Ly G, Cpld, MHHICHE @ & WEEHESL R of OFXHRERE, &
X FR i FE TR (counts/s), IRIE(ppm) THD. AH TV U AOMHMEEREAE 1 £ L
7. Figure 212 12”9 XL 912, K#BE TIZA LT T LOMMEERE Kb m<,
LB CixT7 v 2 ok bmmnoiz.
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Figure 2.12. The relative sensitivities for elements measured by the portable spectrometer.
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R OO 42 S X R A7 bVl % Figure 2.13 1273, HIERENE, A& 100
ppm R A Y MEAEER A 9:1 OEIA TIRA L7220 pL 2 FR2IE L2 O TH H.
M tFEEETET L0, AEE TR L TxAYaammL, K22 HWTE
BLL. XFTTVLD7 T —78130.0022 % TH O RAEHZE FI TV D ATEEMEN RV O
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Figure 2.13. A representative total reflection X-ray fluorescence spectrum of rain water.
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Figure 2.14. Total reflection X-ray fluorescence spectra of a dry residue containing 4 ng of
Cr measured for (a) 15000, (b) 3600, and (c) 600 s.
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Figure 2.15. Relationship between a Cr detection limit and measuring time.
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Table 2.1. Concentrations (ppm) of calcium, potassium, chlorine and sulfur in samples A and

B.

ca’* K’ Cr S0.>
Sample A 2.38 1.38 6.02 10.25
Sample B 590 10.30 13.00 731.40
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Figure 2.16. Representative measured total reflection X-ray fluorescence spectra of leaching
test solutions of soils (samples A, B), and a blank quartz optical flat. The measurements
were performed in air for 600 s.
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Figure 2.17. Representative measured TXRF spectra of (a) a dry residue of drinking water of
which size is about 17 mm in diameter, (b) a dry residue of the drinking water of which size is
about 7 mm in diameter, and (c) a blank optical flat. The measurements were performed in
air for 500 s.
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Figure 2.18. Representative measured total reflection X-ray fluorescence spectrum of a
dry residue of mixed standard solution containing 1 ppm each of Ca, V, Cr, and Mn, and
0.75 ppm of K. The measurements were performed in air for 1000 s. The X-rays were
incident on a quartz optical flat at a glancing angle of 0.13°.
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Figure 2.19. (a, b) Representative total reflection X-ray fluorescence spectra of a dry
residue of drinking water containing 1 ppm of Mn as an internal standard measured at
different sample positions such that a region of the dry residue directly below the detector
was changed.
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Table 2.2. Results of the quantification of drinking water. Three dry residues of drinking
water (E1, E2, and E3) were measured; each dry residue was measured twice at different
sample positions such that a region of the dry residue directly below the detector was
changed.

Concentration of an element / ppm

v Ca K

Dry residue Ela 0.044 7.7 1.3
Dry residue E1b 0.056 7.4 1.1
Dry residue E2a 0.100 14.2 2.2
Dry residue E2b 0.167 8.4 1.5
Dry residue E3a 0.111 6.3 1.3
Dry residue E3b 0.067 5.4 1.4
Mean value 0.091 8.2 1.5
Standard deviation 0.045 3.1 0.4
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Figure 2.20. Representative measured total reflection X-ray fluorescence spectra of (a) a dry
residue of a mixed standard solution containing 1 ppm Ca, Sc, V, Cr, Mn, and Fe and (b) a
blank optical flat.
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Figure 2.21. Representative measured total reflection X-ray fluorescence spectra of dry
residues of (a) oolong tea, (b) a puddle of rainwater, (c) a leaching solution of a plastic toy,
and (d) distilled water boiled in a glass beaker.



Table 2.3. Results of quantification of elements in samples.

CV of the
Quantified Net intensity of the fluorescent
Sampl Element concentration + fluorescent X-ray X-ray to the Sc
pie eme estimated SD peak Ko intensity
(ppm) (counts) ratio
(%)
Oolong tea S 6.9+0.5 204 7.4
K 282.7+7.6 13913 2.7
Mn 58+0.3 338 6.0
Sc(Internal
standard) 10.0 1548
Puddle of S 1.8 +0.4 930 3.6
rainwater
K 53+0.2 688 4.1
Ca 37.8+ 0.7 13608 1.8
Fe 2.84+0.2 181 7.6
Sc(Internal
standard) 10.0 4102
Plastic toy Mn 3.1+£0.1 507 4.7
Sc(Internal
standard) 10.0 4277
29. ¥&

XMIEFERETE L TXBRERBEZRIEL, 1 WoOBREAXNXHRE LHAEDLYE

THWD Z LIk B SHE X o iE 2 /Mg a4 2 2 S ICk Lz, 5
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WTCH T ng 75 10 ng DR TIRZZER L2, L#BEAZHNDZ LKLY ng &ED
TEETELRHNT A ENTE . 70, BERE, Sk, EEHMOREKDS
Fr~DAREEDIGHEZRT & L BITAELBLZHNTHOND EEMROIEMR S B X
CHEZBRF Lz, REEBCINEECELMZ DO LW R GEEZHWD 2
CICK VBRI HFEOREDT —F —2 AL 2 2 N TE, KRAVEER SITIEE 2 v
THRB RN 2T HRNCERE 2 R BT 2 7 DI AR E 2 Alie/e 2 & 2R LTz,
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AWDHEAICE, X MX X —03@m <RI o THEAERITE < 2 2 (L),
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JarkPiZ, BRI L o XIS X A ANGEEZFIH LT X MEHEOA(ETES E@E Lz, kD
N, AL AR L o XD LI XMEMVRLEHTISELZ EI2LD,
B2 LTXMEERTDIZENTEDN, WEICE D XBOBI D=8

X BIRENT < 72D, X ROFEMEN B OB, TRDB\ITENS R DHEZ

MWIE X IRE DR D ZMZ D2 ENTES. FlzIE, Ams b 1%, UF U7 LEMEE
L7y o X RE LT 2 & 2 L.

AR XFR T YTl E S umO X E— 2R3 @ E VSN TR Y, AR
W28 TR L7 O EXHR AT E CIEXR S K 2 D TARXBRE—L 2K -
T&7-. Cederstrom b L W ESHZEIT L R ZL2R6emTH Y, EIFTFL X b
NCT 4 —EEORFERTFELTHEATE2EE 205, KE TldCederstrom b &
kI L a2 — MBEHWCTREIT L X ERIEL, N T ¢ — 2RO XHR o BT 25
DX FEFRTE L THWE., F72, La—FBLUVXEXRERKZHNTHELNLD
Gy HTRGHE & Lh L7z

32, La—RNBEEHAWVWS XBAEZERTFORME

2DV a— MY R (R I 5mm, 1§20 mm)Z H W TE L > X2 E L 7. Figure
31all R T LI HE U T AT U A=Y —Z2 T DL a— R R OMR%Z 50
um & U, XHREEEHOAT > L AERIZEE L7z, Figure 3.1b (2”7 X 512, X f
R BERICH DB 10mm DAY v FE2HOWTAR XBROBEEZKE 7. La— o
A E BB T E % Figure 3.1¢ I8 7. Figure 3.1c iR T X o1, Hinira—
REEOIFEORIBEE ORI ZNZENRH 120 um, F30um Thotz. £z, La— N
D DOIILIMIR ToH o 7=, Figure 3.1d IZRT L OIZ, ZOREFLZXEHND Z LT
XV, La—FMEOFEEZEET S XHEBEIRLa— MEOHIC R & D X f
EREHCBE TN TED. LEER- T, mé%umﬂ@mmm@XJ/F&%
LT, ORIy AZHWDLZEICE0RBHIRA T2 XBONTHEEEZ&GD D
ZLENTES.
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T

Sections

thick W foil

1@k

b X-rays

Figure 3.1. An X-ray refractive lens comprising two sections cut from a gramophone
record. (a) A photograph of sections cut from a gramophone record and a photograph of
the record, (b) a metallic enclosure for the refractive lens and a waveguide, (c) a scanning

electron microscope image of a section cut from the record, (d) a schematic view of the
refractive lens.

3.3. PIERE, WERRE X ORELS

NUT 4 = BRSO XTI E OFERNE 2711 HICR LEEEY THDH. L=
— MR L v X, FIE X BREE KL X BRE & RBHICEE L. X BEEKO v
Jarvz  "OMREZS0um & LA XHRE— L% 5 S 50 um, 15 10 mm (28 > 7-.
W E DOREAK % Figure 3.2 12737 X8 & XAEEROAND & OEBITH4mm & L,
XMEREOHN EARATT 4 VT Ty L EOBEBEIEA 20mm & L7z, —77,
XHELLVa— ML AABLEOERITN 4 mm &L, La—FRLAHB LA
TTAHANT Ty hHRLEOHEBEIIHN2Smm & L. WThoXFEETERHVDISS
b, M EATT A AT Ty bRLEOBHBEIZAN 1 mm & Lz, £72, AKX
DR % 0108 Lz,
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Waveguide
or refractive lens

Optical flat

Figure 3.2. A schematic view of experimental setup.

3. La—RNBELVADONUT 4 —2RKEENE XBOWEB~OBH: XREWRK L
Y4

X BHEKB IO a— L X2 N THE L% 10ng D Sc, Cr, Fe, Ni %
& B O &R E Y X B A XY R Ll % Figure 3.3 1273 80EHE, £ 40241 0.5 ppm
® Sc, Cr, Fe, Ni # & RAEERWE 20 ul 2 T, L7735 D ThH S, Figures 3.3a
BLO3IbIRT LI, EHL0HFERTZHNTY Se, Cr, Fe, Ni i 5%
ZLEBTE. ARTTT A ANT Ty HEED T A FH, ZXPICH 09 %EGENDT
A rbtishe. £, 7 AMERERRICEEN TV D KCrnO; HRDOA U T A
bR S 7. Figures3.3a B L OV 33b T Lo, La—FELUVXEZHNWSL Z &
&0, 2T MOy 7 7T FETFHIERTEL. X HEEKELIOLV
a— RV XERWTHE LT Se, Cr, Fe, Ni Ko#tDHEEME, F5% Ny 7 7
Ty FRERB LRI ILEOKM FIR% Figure 3.4 12777 . Figure 3.4a [Z7” 9 &

46



I, X MR Z AW THIE L7s Sc Kot 3 X O Cr Ko # o dfE R 1T L v X
EHOWEZREED L ZNZI 1.2 F58) - 7o X BRI 2 H ) T 547z Fe Kot &
O Ni Ko OmfERE Iy a2 — MRV XEHWEREFE%SE Th o7, —J, Figure
34bICRT LI, La—FNBRLUVXEZHWDL Z X4k Xt oNy 7 7
TV REWDEEDLIENTELDT, Sc, Cr, Fe, Ni ® KaftDIEH*R/ v 7 7
Ty REBERE 12006 13FICEmD D2 &N TE . Figure 3.4c IZRT X 91 X
PREJE R L RERIC L a— L XA WA Z EICE D7 ng 058 ng @*ﬂéﬂjTBE
EELZENTET.

XWENSHAT L2 X BITEEETICEBT 50T, XBREEEOLa— ML
AR TH X BT L R0 HETT 5. X BREEK 2 H 2 RFIC I FEH X o — 5 23
HEEO)ary vz ETERF L, ZOKNXBRbRAEBOREIZEFST 5. Lo
— FRBRICHWONAHMEHIR VL E =L THY, KEETHW: XBRENSLRAET
D X BOFZBERITEN. 20 XBENPLHEET D XMOBKKT XL F—1L95keV T
HY, TOZFAX =2 L0 XBOFBWBENKLELRDMN, T TH I HHEX #R
FREEZN 1/e I D HEHIX LT 02mm 2D T, AETHIELZ L2 — ML v XTI
JEHT S D X OB ORE~DOFE XD LT, XHEREKEZ WL
A, La—PFRLCAID B TFEEOSY X el ETo 2 LT,
AN T UL, 7 hORMEHREREDDHENTEZ. L, X BRI =7
B RDIZHONTEKFBERAEITNEL DD T, X MEKEKICLDETRLF—
RO X BOENHRITIEL 2D, AETIE, XBERKICELL80=v 71D K RIL
S = R V¥ —(Fe : 7.1keV, Ni: 83keV)LA ED X OENHEMMELS 720, TD=D
T X BREE A O 72 EOD Fe Kafit=e Ni Kot O mAEMBEIZL 2 — ML > X & Hn
R RIFEIC o, —JF, X MEEEAEHWERIEY Y ar v ETRRHE
NDXBO—EPARELTT 4 AT Ty NORRITEE A 28 2 5 BT AH L
GLL7272008, La—RBLUXEHLTARY MVONYy 7 7500 RBEL 72
o, UEDXS1E, va—FMELUVXEHNDLZ LICE o T XMERK I bk
DRI FITE T T2, FITHOBWAR XBE—L%2H5 2 RN TEzo Tk
X BN DEFHRI Ny 7 7T 7 v RERERNSE S, X FRERK EREORHET
REGLZ N TET.
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Figure 3.3. Representative total reflection X-ray fluorescence spectra of an analyte
containing 10 ng each of Sc, Cr, Fe, and Ni obtained with (a) the waveguide and (b) the
refractive lens. Grey areas indicate signals from Sc, Cr, Fe, and Ni.
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Figure 3.4. Comparison of (a) the net intensities of the Sc, Cr, Fe, and Ni Ko X-rays, (b)
the signal to background ratios of the fluorescent X-rays, and (c) the detection limits for
these elements, obtained with the waveguide (0) and the refractive lens (o).
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5. £ 9

EESmm OV a— RFBYFZHNT X BEHFTLVCXEZFIEL, REEOEFE T
ELTHWE., ba— gL X8 X SRR 2 ] TS DI D BRI E0OE X R A~
7 hVEHE L. La— FBEL U X & AW CHIE L2 a0s X RRIRE 1T X S %
MODHELD 87y, ba— RV X205 2 LI &0 308 X i
DIEFRNY 7 7T RBERERO D Z LN TE., TOME, X BB LR
BRIV —FBLVXEZHNWAZ LIV T ng PO ng DR TREZHS25 Z &M
TE/. La— FEOMBHIRVEAL =120 TARER THWZ X BE 05 3AET
DX HMOFBFITMELS, ba— MROWIZE D T o dlEHI A S D XL IK<
DIFNTholBE2bND. TNTHREB, X HEREKEHWDL5E & RS OKE
TRESHTEDHZ EEH LML,

BE R

1) T. Tomie, Japanese patent 06-045288 (18 February 1994), Germany patent DE19505433C2
(1998), U.S. patent 5, 594, 773 (1997).

2) A. Snigirev, V. Kohn, 1. Snigireva, B. Lengeler, Nature 384, 49 (1996).

3) B. Cederstrom, R. N. Cahn, M. Danielsson, M. Lundqvist, D. R. Nygren, Nature 404, 951

(2000).

4) W. Jark, X-ray spectrom. 33, 455 (2004).

5) D. A. Arms, E. M. Dufresne, R. Clarke, S. B. Dierker, N. R. Pereira, D. Foster, Rev. Sci.
Instrum. 73, 1492 (2002).

6) A. Prange, Spectrochim. Acta, Part B 44, 437 (1989).

7) R. Klockenkdmper, Total Reflection X-ray Fluorescence Analysis, Wiley, New York, 1997.
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H 4=
NUT 4 — RS X RO EEO S REL

R, B HEOE X RAIETIIAR XRERAML, A7 MOy 7 75y
VREBDSEL L THNMEREARETELEEZLN, Y r br VRO
LB XBIRAEE /) 7 n A =R LBEDETHND 2 & TRUFEE X #4577
EOBRHTRAGH#ESNTE 2. LirL, REIZBWT, 2KHF®E X o TIEA
S XBMEEALAETICHNDEZLTAXT MOy 7 7T 00 RIF@EL< 2508,
NEMIIZEICLEOREDEPES RV SNMEELZRBETEL AP LN LE.
IWOXBEELEHRTL2HETYH, HBET D XHEHRAETITHND Z & T+ pg
DRI TRAERTELZLE2RLTEBY, MBRIERE X RERERE 75 k%
HAWT, vrrmbe U BEGICH E 3HITELIRIETRE b O T o — B H®
I X RN E A2 RIET D Z LIk LTz, £/, AEE2 A2 g8 alel, fophk,
EEMEHR K, ARASMREKRCICEENIWMETEROMEN 2R LT,

B, REEFLULFOLEIZESHNTND.
%4.218 : S. Kunimura, J. Kawai, submitted to Spectrochim. Acta, Part B (on December 24,

2008).
4.3, 4.5, 4.6.274 : S. Kunimura, J. Kawai, submitted to Powder Diffr. (on January 9, 2009).

4.1. DI

AR X PR ERIHTD25METH-TH, REBEREM S ITER T 2 AH X RO #EL
RHRE BN D OBELNRE & 720, BRBEEE XA MAZEANy 7 7Ty
RABND. 1984 51T Tida & "IZAS X MEH AL AT MV DNy 7 750 RE
WMMEEDLZ LT, PHREZLETEL2LWME L. Y rnm e VEEERE R
XFPEAR X BE O X 9 725 X BRIRZ W 235610, BRI 22 8L X SRR AET 5729
WCHHER DML CLEY EWIHORMERH 720, ZADLEI XBRPLREAET D X
ARG L THWS Z LICXVBHEFOMMAEZ I ENTE S, 1984 0 lida b
DIELK, AF X MOBECIRINEE L LET DU ELRAREEZZ B,
vy zm b s ORISR R X E VR s a A =4 Lia A b T
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W, HE X BROTRROGE BNy 7 7T FBEREZED D Z & TREFEOE X
SHEORE TR/ S EI N T .
— ), EELITIWOXBENDRAET Dk X e D7 o — B STE00
X BT EELAZBRE L, 1 ng OB FRZZER LIZORRF 2 5. £z, REE
ZHWT, WK, HEREKETVRE, SEK, &, KBYOK, 77 2F v 75
AN ORHAKFIZ ppb, F T ppm BEEZEN D LEEL O TEH T L E2 LT,
THHORRITEY, M X BIENSRET L XA HEALETICTHW D HIETHM
BILHEEONAIERRZ EEZWLNCLTE . KRETIE, &GHEE X Bofr Tk X
MERALETICHWD TR T2I0) bOoMEELZSETEXLLE VI L&
WMT 2. 1WOXHRENPLGREAET D XHeHAETITHNL LT, Y 7rbno
VIRE IS L 3HTETIZIED 30 pg DR TIR™NGONDLZEEZH LML, 20
MO e IR A X MERIER E T2 FEZHWTRBEEN YT £ — iﬁ%atxﬁ AT
ERIET D2 LTI LIz, 72, WK, BBk, THEEHRHIK, &R EHE H
K, BHEZ, NG MR HAKEORER 2R LT

4.2. NUT 4 — 2R FEE X RO EE

4.2.1. HEEFM

NT T DT 4 — RS X HEEE OB R LA % Figures 4.1 12777, X
MR E L Tl REEIT, BEBRSPZTNZI S0 KV, 200 pA OFBRRY v T AT v 7 —
7 b X & <50 kV Magnum” (Moxtek ) ZH W=, Z o X HEIZBARZEHRATH
D, XHITEE 250 pm OR_Y U7 AEMND 5200 M #EA TRET S, X BE LRE

X BRER R A KL E L, A X SRV A X & EE 10 pm, 18 10 mm (2o 7z
T=A A =S 2RO TR 2T, SRAZRELEZ. H222HTRLENAYT 1 —
HEEFAUBREBB LR T T o VT Ty FefW. g e 7T 0 0
77y bEOBEMEIFA 1 mm & L, XBREESATT o ANT Ty ML & OFERET
F3em &L, RRE2ECTRLEANAYT 4 —3ETIT 9.5 kV X BEZH TV
DT, VF, ho L5 BRAFELEONIICHNDL Z ENTERholen, REE T
INOAEETEEZIMT LN TED. 7z, ABOREITZELH TITo72.
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Computer DC 5V

u

Figure 4.1. (top) A photograph and (bottom) a schematic view of a portable total reflection
X-ray fluorescence spectrometer. (a) X-ray tube, (b) waveguide, (c) analyte, (d) Si-PIN
detector, and (e) high voltage generator.
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4.2.2. AS X#BOBEEBLDOFETDOHITRRE O HE

AFXBOE /) 70 A—=2 L LTRES40um O 7 4 VX —ZHNW0WEAB LW
HOWLEARICHEONTES 1 em 7 7 U VR b OHGEL X # A7 kLl % Figures
4%&Km¢.ﬂ@m4%mﬁ;X%%@£$r EEITETNZI 20kV, 70 pA,
REFEIZHT 2 AS X OB AE 228 LTHIE LAY R THD. 2008 4Fi
Sasaki b "W T o7z k9IS, FREFROLRETHLND AR X BALT MLEREL
HI DAL X BRAXZ PLEABIE LZ. 2 b 250D A7 hLORIERBIZZFN
300 BETh oo, ERPITKH 09 %EFENL T IR S, JEHMA X
MEHWERICIE X BREDOX —F v MHEKED WLa, LB, Ly 23R Sz, —F,
Figure 4.2b TiZ W LB, Ly Sz o7z, Ziuik, W LB, Lyne~ v
—IZE VIR ENT-7-®ThD. Figure 42b 1T R"T LI, 7 4 V& —IC LY HEH
(W L) 25 Z e N T& 72, L L, AR XBEMERGALTDSZ LX) X%
BREERG5< 720, W Lot (8.40 keV) — 7 88E |[IIEHATHWDEHEE D 1/4 12785
7.

FEHA X BB L OHERA X B2 AW THELNTZNZE1 500 pg D Sc, Cr, Co, As
i IR AR MER R O RSt X R A X7 Vil % Figures 4.2¢ & 42d 12”3, &
7z, FEHA X BB L OHERGA X B2V TE LR IBHKZ I T L7 Z
v REhO BRSO X BEART MR ZHUE R Figures 4.2e & 4.2 12T,
Figures 4.2¢c-f 1%, X MEOEELE, FEIRZ TN LN 20kV, 70 pA, REEICHT D
AH X BROFLH A% 0.05°L LTHIE LAY ML ThH 5. Figures 4.2¢, 4.2d, 4.2e,
4.2 1%, £ EiH 1800, 3600, 600, 600 B DWERM TR HALTZARXT FALThH
5. RAEWERENL, ZNFN 0.5ppm D Sc, Cr, Co, As & & TR AIEUEIRIE 1 pL %
WMTFHHRLIZbDTH D, Figures 42¢ & 42d IR T XL HIT, MEHEA XKBEEHWSZ
L2 L Y Se, Cr, Co, AsKafrdD /Xy 7 75 v RoEFE (counts/s)IXFEHL 2 X # &2 FH W
LA O 1/10 25 1/67 12> L7z, Figures4.2c & 42e IR X512, FFEHAE X BRE
HWTHIE LIRAGIEEERE L 77 v 7 RBLO AT bV DNy 7 750 RIREET
R CTH o=, LN T, BEREN SO AN XBOBMELIITH -T2 E 2060 5.
Figures 4.2¢ & 42d \Z "3 X 912, FEHAXBREHWNTHE LI Se, Cr, Co, As Ka
MO EFEEE LT NN 0.78, 1.35, 1.44, 0.28 counts/s TdH - 7=. —J7, HYEH @ X f}
%%wf%%hksacncmAumﬁ@ﬁ%ﬁﬁi%n%naw 0.11, 0.15, 0.02
counts/s TH - 7. X iz HealbdFIcHWD I T FE OIS = Rk L ¥—LL E
DAF X BOFBERBENEANLT 255 L0 @R o570 T, Sc, Cr, Co, AsKa
MR RESRE 1T — M50 < 72 > 7=, Figures 4.2¢c, 4.2d, 4.2¢, 4.2f THOLNIZHRHEHROER
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HECRIZTFNZEN 53, 5, 47, 4 counts/s T o7z, w728 OHOE X ARORGEL X B
BRI A D & &3 famT 5. RETIE, EHRA X B2 HWEE TR
RN HZR O R HCRQ x 10° counts/s) L W b 4 /N E o 7-D T, M 2EIT8
Mliehole., ZNENDAXT MO 157076 20 keV OFEBRIZ NNy 7 7T 72 RO
CZET BB 2R, A XEPERISET TR RS, HOAETEHRLTE
D, 15 keV DL ED X #ROREE ETCORFRMES Ro72/edTHDLEBEZDBND.
oA A—F AW THEZET L Z LK VS AZ 0.05 ([THELERN, AN X
BOMBERFRBDOTDIC, —HO XA 15 keV D X B D4 R BG4 (0.13°) 2L _E o £
FETHEHIAF L TWEEE 2 55, Figures 4.2¢-fIZRT L2, ARAL ST 4 H
N7 Ty RO A FBBBR &7z, Figure 4.2c-e 12733 X 912, X 8K O X7
VIVAERBREZEZONDEE = AR ST, Figure 4.2f Tli= v 7L
SN2, giEImtishihrolz. 2 i§+§ﬁ$ﬁ§ﬁ<(4 counts/s), JHIE KEfH 23
Horolole®H Th D, Figures4.2c & 42d 1T L 91, IBRAEERBING LT A
LR STz, ZauE, REHEROBERCREALLa VX Ix—varlikeEEZDL
ns.

FEHA X B LR X B2 AW THELNKLEOMR M FTR% Figure 4.3 (278
3. Figure 4.3 TI&, HIERMZ 1800 B & L TRABELT-BRETRERL TN D.
Figure 4.3 2R T X 21, RLEE TIIAHN X BREBALETICHWDL Z LI L &iHE
ORI FRALEFE SN, Flx X, FHREXBREAVTHELRZa LN, OFEORKR
HFBRIZZNZE4 26 pg, 8lpg ThoTo. —F, ¥HAXHEHWTELNLTZa L
L, OFORHTIRIZZNEN 76 pg, 146 pg ThoT-. KETIL, AEHF 2 ECTHRE
L7 v 2B DB TIREZ 2MWEHET D5 ENTER., F2ETITEEE 9IS kV
DA CTHRA STz X M E DTV DIzx LT, RETIX20kV O TRAE
SHTEBEXMBLOY VT AT R X BREHCCREZHE L. Z0&KMfETH
VIATUE =Ty N XBENDHET D W Lafr(8.4 keV)I LU LBHR(9.7 keV)D ¥
— 7 BREEITERE X AR LD bR, TNDOFRWERE X BIZ 7 2 20REICHFE LT
T RIEETIERVEE X A2 X HBEAS XBRELTHWEZOT, M TRZHK
ETHIEITKRIILT.
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Figure 4.2. Spectra of scattered X-rays from a 1 cm thick acrylic board measured (a) without
or (b) with a 40 um thick Cu absorber, total reflection X-ray fluorescence (TXRF) spectra of
an analyte containing 500 pg each of Sc, Cr, Co, and As measured (c) without or (d) with the
absorber, and TXRF spectra of blank ultra pure water measured (e) without or (f) with the
absorber. The scale of X-ray intensity in (a) is different from that in (b), that in (c) is
different from those in (d), and that in (e) is different from those in (f). Grey areas in (c) and
(d) indicate signals from the elements in the mixed standard solution.
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Figure 4.3. Detection limits obtained with the non-monochromatic X-rays (m) and the
quasi-monochromatic X-rays (e). The solid and dashed lines guide readers’ eyes.

XMENDRAET D X e HAalETICH O 2581034 T HE ORI T %L X —
LEDOAF X MOBEBENEREA X BREHNDEA LD bR Ro7eDT, THED
JhEE A mOL Z ENTE . FFRA X BEHWD EHEHE D OBEL X O 58 E
LR R o T T DI KN XD Ny 7 7T 7 REEELM L0, Tk
MOZ LRI X BB FONT-O TR TREZEEST LN TE . T2,
KEEDOLDIZHW O XBELZHNDGEITIE, T/ 7 v =2 %0 TAH X #i
AL ILEOMENEEZ TT TETAY 7 7T 0 RE T 208 T, &L
ANF X BOT R F—FHHB LOREZE L S TICTHY, ARG DR EE
MERTOZEICEIVBRHETRAZKETE L2 RbhoTc. Fo, REEDO X HITM
55 X IR EZHWLEETHRAET L X BMERALETICHWDS Z &2k Y, it pg
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ORI TIRB/\/ LN Z ENF LN oo, REEETIE, X RE &R O BHEER
F)3em CE o T, TRl X BEDN O HEAET D X HOMERTE XKD O%
BUCE D AH X BMOBWEEZW LT &N TE . FHAXBRE A2 & ERERIC X
Mg ERBMOBEMAE LI b i RoMESELEmD, INBELLET D Z
LICHFEE LTV,

vrrm bw R R R AR X ABRE O KD RIS XBRIED S O X a2 IR A
THWS Ld e XRROHBEL X MO BRI A LIS 2 s 555803H 5. 0
FAZIZE 7 m A =2 2 HWTAS X HBEZHOLNENH LD T, AH X
REZE LT LR LI TE M XBIRZHWD Z LIkl Xz <
B TRZMG2 Z ENMEEICRD. BlZ21E, AEBICIVELRZRE TR, @i
SHEEM X BN RAET D XMEBEOAL L THOTEOREZRII TRV F%STH -
7. TOXIRERICKY, KEBETHAMLLZY 7 be UEERICH & 3 HTI

HLBMHFRAZZER TEEB2bN5.

4.3. LRI & 5 Ex R Ol EFl

ZANZI 3ng D Sc, Sb, La, Nd, Eu, Er, Pb & RAEEREI O 2 X
BRAT NV % Figure 4.4 (2759, Figure 4.4 1%, X MEOEFEELE, EEKEZNE
A 20 kV, 70 pA, A%Xﬁ@ﬁ%ﬁ%noskLTM&ka«&b»f%é F 7z,
RAEHERENL, =N 1ppm @ Sc, Sb, La, Nd, Eu, Er, Pb % & eiR A1 YEYE
W3 uL i PR L72b DO TH D, Figure 4.4 12T K D10, KBEEIEIZEY 3ng D
AH VUL, LEBEEICELY ZNFN 3ng @ La, Nd, Eu, Er, Pb 245 Z &
MNT&7. £72, Sc Ka, Sb, La, Nd, Eu, Er, Pb Lou 5% ¥ (counts/1800 s)i
ZhEh 1928, 381, 890, 1084, 1373, 1884, 353 Td 7. Sb, La, Nd, Eu, Er,
Pb @ Ly Wil — RV ¥ —%, £HEi 4.1, 5.5, 62, 7.0, 84keV ThHhDH. Lo
T, Sb, La, Nd, Eu, EriZ X &N HHAET 5 WL A X #itd L ONERE X #RIC
%téﬂé#,mwmjﬁxﬁmﬁﬂ%%téhé.WLm%Iﬁﬁi©ﬁ<#o:h
O R X BRIS T W RN GG = R L ¥ — % 6O Ju R IE E T b RE X BRI K Db =8
&< 725 OT, LN Tl Er>Eu>Nd>La>Sb DJIEIZ 8 X IR E X < 72 > 72. W La
(8.40 keV), LPB#R(9.67 keV)D ¥ — 7 SRFL It X #f L VD H I8/ DT, T bRk
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RAEWRERENCE END AN VU LAOEQG ng)lL5H 4.2.2 HTHIE L7273 0EH0.5 ng) &
DeZmolz. ZNHOREHIF CEEE, EEMR CHIE LR, RO X
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D FEG pL) X5 4.2.2 HTHIE L7231 pL) & 0V 20 o 72 O THRFE S O R
MRELR2Y, BHEESBICAVIZS WERIZALRVELEXBREL Rotclodb B X
bihd.
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Figure 4.4. Representative total reflection X-ray fluorescence spectrum of an analyte
containing 3 ng each of Sc, Sb, La, Nd, Eu, Er, Pb.
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Figure 4.5. Detection limits obtained by L-line excitation. The dashed line guides readers’

eyes.

4.4. 71 K I v 20HEH

FZ 40 um D Cu 7 4 V2 —Z R WGE, HW2D56 TH LT 200 ng DA R
U LADOERSEN X AT NV % Figure 4.6 (27~ 7. Figure 4.6 13, X #E OE
BIE, HEWRE TNTILL40 KV, 50 pA, AS XSO A% 0.05°L LTHIE LA
X7 M ThHDH. PEBEHL, 100 ppm OF K I U AEHEER 2 L 2 T LD
DTHD. Figure 4.6 [T LIIZ, Cu 74 NWZ—%=HN5HZ L TCd KafpdD Ny 7
770 RERENEAD LD T, Cu 7 4 v Z—Z2H W WG Ll L TE XNy
77Ty RBERIZI3/FISEMLEZ. L, 7408 =205 Licky Cd
Kot e ©85< 72272 DT, 74 VX —% AW TH LN Cd OB FIRIZT «
NE =R WGEALRIETHY, LHI1220ng ThoTo. FA22HTRLIZL D
2, AH XBUTZERICPATTIE RS D2 AL THRBMLTEBY, —HO X #2215 keV
D X BRO ARG (0.13°) L Lo A TREHZAS L, B b BEL S h Tz,
L7213 > T, CdKaft(23.2keVYD Ry 7 75 0 Rid@E< 72> 72, Figure 4.6 IZ7”77 X
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91T, CdLaftt— 7 (3.1 keV)HRE 1T Kot L 0 bR > 7208, ArKifreE —HERV &
o7z, F£72, Figure 4.6 IZ-"T X 91T, HEEL 40kV IZT 5D & Fe, Ni Offi, Pb, Mo,
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EEZLND.
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Figure 4.6. Total reflection X-ray fluorescence spectra of an analyte containing 200 ng
of Cd measured (a) without or (b) with a 40 um thick Cu filter.

61



4.5. &, ORZELREOHIEH

ZINEN 0.5 ppm DOFE, $hEEGTIRAIEERIK, 0.5 ppm OEAEYRE, 0.5 ppm
D OFIEHERIR O R H O X AT S B %E ZEh Figure 4.7 1273, FHIE
AEHE, ZNZENOREER SuUL 2 T L72b DO TH 5. Figure 4.7 1X, X HE

EEIE, EBRETNZN20 KV, 70 pA, AH X BROEF A% 0.05°L L CHIEL
7o AR "L Toh 5. Figure 4.7a 2777 K 91T, As Kaff & Pb Lot IZHE 72 > THLAL-.
WE, OREMPEEN T LR Z 0T 256120, Bl b - THIE L728 ® Lo/LB
SR L & AT D A XS N VIZELL D P LBAREFETRIE &2 VT As Kol il A 9 FE
EEML, OFZEETDH. £72, L LBHREEMREZH W TERT 5. Figures4.7a
BLOATDIZRT LT, AEEZHND ZLICEV i ng DERNDLHEAET D LB L
M9 252N T&7. £/, Figure 4.7b @ Pb La/LBFRE L. DEH W TE LN D As
Koufp i F& 58 5 13 0.33 counts/s Td U, Figure 4.7¢c O As Koufk ifi F& 58 % (0.39 counts/s) &
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Figure 4.7. Total reflection X-ray fluorescence spectra of (a) an analyte containing 2.5 ng
each of As and Pb, (b) an analyte containing 2.5 ng of Pb, and (c) an analyte containing 2.5
ng of As.
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4.6. ARIEE DL B

4.6.1. {77117k

Ay BT AL 2 2 SR B 43 53 M1 FART )| KA HE A B (JSAC 0302-3)' D A R3O X AR
A7 Al Z Figure 4.8 12777, & A JGH# OFRGER B & WAEHETE 2 V7o 8 SR
LT B 7200, IKEEREYE & 10 ppm 2 /3L MEHEEIK % 9:1 OE|A TRE L
7o WEBEHE, 10 uL O THzfEZ 4B VIR LD TH S, Figure 4.8 12" T K
912, S, K, Ca, Mn, Cr, Fe ZfH{T 252 &N T&E72. ZOWJIKEEYMEIZE E
D ER LR ORI KON Z H O TR 72 8 &R E O ik % Table 4.1 1278
F°. Table 4.1 [Z/r 3K 912, Ca, Cr, Fe OERIEEDORIEEN D OFTIIT+20 %LIA
Tholz. —F, K, Mn OFERIREEDORIEEN D OFTIITZNEI-67, +140 % & K
&< g o7, Figure 4.8 1277 T X 912, K KaftlEsf\ CaKaft & ArKafticfiEh T
D, HUTLOENE X REEBREZEZRLY LBVICREL - OICERBEDOR
FAHEN O DFTNBRELS o7 EBZEZOBND.

WZKWE)IT, FRHEH) & 10 ppm A > B U U AEEEK Z 9:1 OFIG TERG L7236
DAEHHH X #R AT RVl % Figure 4.9 12783, WNEHEL LTA v MU U AfEHE
Wi A2 w U7z, JESEHT 10 uL O TRzEZ 3BV K L7 b O Th 5. Figure 4.9
WRT Lo, BBIoKNS S, K, Ca, Br, Sr #7252 ¢NTx7z. £/, N
EHeEAZ AT LT S, K, Ca, Br, St O E&EEEIZZN LI 0.58 ppm, 0.14 ppm,
432 ppm, 0.10 ppm, 55 ppb TH > 7.

PLED X5z, REEEZ AW TRIJIKIZ ppb £/ ppm BIE S EN DR &2 0T
HZENTE, WIOBEYRIRNEZREST 52BN TAREBEZHND LN TED 5%
bihvd.
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Figure 4.8. Representative total reflection X-ray fluorescence spectrum of the certified
material of river water (JSAC 0302-3) containing 1 ppm of Co as the internal standard. The
X-ray tube was operated at 25 kV and 200 pA. The X-rays were incident on the quartz
optical flat at a glancing angle of 0.04°.

Table 4.1. Comparison of the certified concentrations and quantified concentrations of
elements in the certified material of riverwater (JSAC 0302-3).

K Ca Cr Mn Fe

Certified concentration 0.6 ppm 13.0ppm 10 ppb 5 ppb 58 ppb
Quantified concentration 0.2 ppm  15.0 ppm 12 ppb 12 ppb 64 ppb
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Figure 4.9. Representative total reflection X-ray fluorescence spectrum of river water
(Kamogawa river, Kyoto) containing 1 ppm of Y as the internal standard. The X-ray tube
was operated at 25 kV and 200 pA. The X-rays were incident on the quartz optical flat at a
glancing angle of 0.04°.
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4.6.2. #ELAK

& LB RIRK R OB K O &R X #R A2 KLl % Figure 4.10 12777,
ZOMEKIL, BR2THTHMELZLDOERULETHY, 62 ppb D/XNF T T A, 7.5 ppm
DAY T, 1ppm DAV 7 ANREENTWZ, 5ul O FLEE 4 [\l K L7
b DO &WPE LT, Figure 4.10 12773 L 512, REKS V, Ca, KERHT 2 N
T&. Fo, REBIFE2ETRLEEELY L 3dBERGRBICBIT 2B TR 2
Ktk L7200 T, REEZFE2ETHWEZED 1/6 IZLTH ppb IBEDONNF VT L%
452 &N TE.

10000

. Ca

()]

b= K

§ 8000 L

P

5

S 6000 |

O,

b ﬂ

2 4000 |

9

€

o

S 2000

< M v
0 T T I
0 5 10 15 20

X-ray energy [keV]

Figure 4.10. Representative total reflection X-ray fluorescence spectrum of bottled drinking
water. The X-ray tube was operated at 20 kV and 70 pA. The X-rays were incident on the
quartz optical flat at a glancing angle of 0.05°.
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4.6.3. TEEHK

T HEEURH(KKS-1100-008, S 5HIkR N4k (BLIFE 77 7 U % —F) DR HIK
DA X B AT RVl % Figure 4.11 (2779, 1077 ppm D $, 408 ppm O V3R,
314 ppm O L > &G HEEHERE 0.1 g 2 1| mL OMHAKIC 1 BREFEEL, T0iR
HIK 10 uL Z EEHE L7-. Figure 4.11 I3 X 912, HHEHEED Pb, As, Se &
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Figure 4.11. Representative total reflection X-ray fluorescence spectrum of a leaching
The X-ray tube was operated at 20 kV and 70 pA.
The X-rays were incident on the quartz optical flat at a glancing angle of 0.05°.

solution of the standard material of soil.
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4.6.4. & RBMEHE HK

XA TR KD E 0 X #R A2 RVl % Figure 4.12 I[ZR 3. REEHDIZA T
SHERENREIN 1T em)Z FIRO KA T THEMAKIZ 7 BRER, Z0RMHKZ 10
ppm /3L MEHEVERK & 9:1 OFIAETIRA LWEREE Lz, =290 M, BHIAKD
GHETHELZTRTHI-OICHERETHE L L THRIM L. Figure 4.12 1IZR7T X 512, 1
MIZHRROEGZRIET 5 Z E N TE 2. WIEHEEIC KD B 5N 78O R EIX 10 ppm T
HoT-. T, S, Ca, Br b I, —JF, BAEOERSYTHD “T37 1%
B SR holz. ZHIE, hERRY, FAEFOTFIRBMAICEHLIZL 2o
etz lZExbND. @RMEIOREKEGHTTL2ZLICE-T, ZOMEMEEZHR~N
HZENFRERTHY, ZOXIRANTAREBLZNNDL LN TELLEEZLND.
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Figure 4.12. Representative total reflection X-ray fluorescence spectrum of a leaching
solution of solder containing 1 ppm of Co as the internal standard. The X-ray tube was
operated at 20 kV and 70 pA. The X-rays were incident on the quartz optical flat at a
glancing angle of 0.05°.
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4.6.5. 7T AF v 7 BEEHK

100 ¥ —JETHA LT I 2 F v 7 ®WERHAKDOBE #E X AT Bl %
Figure 4.13 (2" d. 772 F v 7 8#-GOUF(0.2g)% I MHEE 1mLIZ 1 HFERIEL
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Figure 4.13. Total reflection X-ray fluorescence spectrum of a leaching solution of a plastic
product for daily use. The X-ray tube was operated at 20 kV and 100 pA. The X-rays were
incident on the quartz optical flat at a glancing angle of 0.04°.
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4.6.6. O4L

AL D 2 S X R A Y h Vil % Figure 4.14 (233, OfLE QAT T 4 H L
7 Zy MZBYHIE L. Figure 4.14 IZ/7 3 X 512, AL~ S S, K, Ca, Ti, Mn,
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Figure 4.14. Total reflection X-ray fluorescence spectrum of a lipstick. The X-ray tube was
operated at 25 kV and 200 pA. The X-rays were incident on the quartz optical flat at a
glancing angle of 0.04°.
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4.6.7. FA%Z

ERIIEENDIMELEEZONTHILICLY, REREZRLI LN TE DL
BEALNTRY, BROBHXTHOHN TEZOMEBELEE T 2L N Toh
TWp W0 AREEE Z WV CRIE L7z 20 fRIBME 2 A DSBS FHE A, HEZB)O2
SO X #RA T RV % Figure 4.15/~7. BAEZ 1 A% E X 6 mm, £72137 mm
W28, ARATT 4 ANT Ty MTOETHE L. A7 MVIFEEEZZHERK L T
WATEVIELSE(T 7T )M EKDRHE O — 7 BRE TR (L L7 BHEZ A DB ILS, K,
Ca SNz, —J, BEEZB 61X S, K, Ca, Fe MRS, MHEOREEZ 1%
EL72IRRIZ, BHEZ A O K, Ca DEEIXZLE L 800, 1000 ppm, FHEZ B H D K, Ca,
Fe O FEIXZ L2 4 250, 2000, 140 ppm TH o 72, —fRICHEZDE ZF 0.1 mm TH Y,
ZO XD B A NE T 25 ITIE AR XFROFRENT X 2 WIS K OMGEL 0 52 88 3 1
RMTEnd., A XBITERKF LR, REBZHWDZEIZXLY, bl
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Figure 4.15. Total reflection X-ray fluorescence spectra of hairs (a) A and (b) B. The X-ray
tube was operated at 25 kV and 200 pA. The X-rays were incident on the quartz optical flat
at a glancing angle of 0.04°.
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4.6.8. EEARMN

RIKEB AT A N EA DRI B O R (R DR a0 X BRAT SVl %
Figure 4.16 (27”7 . fEFREAME 10ppm 4 v b U U MEHEREKZ 9:1 OFAE TRA L
HD 10 nL ZWE L. WEEE LTA v MY U LEERKEZ IR LT, Figure 4.16
WaRT LD, EFERM2 S K, Ca, Ti, Cr, Mn, Fe, Rb, Sr 2 &z, WIZH
HBEHEMWTHE /- K, Ca, Ti, Cr, Mn, Fe, Rb, Sr ®TEEEEIL, THh LN 4.6 ppm,
6.6 ppm, 0.5 ppm, 21 ppb, 55 ppb, 3.9 ppm, 0.2 ppm, 0.5 ppm Th-o7=. AKREHZE
MNBZEick, BREOVDEENTODINEMRBLIZY, BRESUIMNIE EH
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Figure 4.16. Total reflection X-ray fluorescence spectrum of a dietary supplement (liquid)
containing 1 ppm of Y as the internal standard. The X-ray tube was operated at 25 kV and
200 pA. The X-rays were incident on the quartz optical flat at a glancing angle of 0.04°.
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4.6.9. T v = — LR

2RO (Y, BEEDSRIE)ORRSTHEE X #f A< h il % Figure 4.17
R T . ENEFNOERBEE 10ppm A v b U U LMEEREZ 9:1 OFIGTRA LD
D10 uL ZW{E Uiz, WAEREL LCTA v MU U AEHERIK Z RN L 7=, Figure 4.17 |2
RT XD, Prynpbixh v oL, SRR ERTZ. —F, BRENSIE S, K,
Ca, Mn, Fe, Br W Sz, EFLEOTEREE T ppb 220 ppm IBETH 72, 7
N — VHRHCE N D I0HR T, KPLBHO L 5 REM BRSO & 0 RE T TR
ATHHOTHY, WICEELZRFTTAREERDD. RAEOMEZIMT 5 HHTA
EEAZEHATREEEXDND.

10000

8000

6000

4000

Fe
L Ca
2000 Y

10000
b Ca

Intensity [counts / 1800 s]

8000

6000

4000

S
2000 - M Y
Br

O T T T
0 5 10 15 20

X-ray energy / keV

Figure 4.17. Total reflection X-ray fluorescence spectra of alcoholic beverages ((a) gin and
(b) kaoliang liquor produced in Taiwan). Each beverage contained 1 ppm of Y as the
internal standard. The X-ray tube was operated at 25 kV and 200 pA. The X-rays were
incident on the quartz optical flat at a glancing angle of 0.04°.
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4.7. &0

BB X BRI TIIARN X EHAMT 2 2 ERTEELZRET 5720120
BARAREEZ BN, BAORXBREET ) 7 a A= LHAEDETHNDLZ L TH
HTFRAGFES N TERZ., LrL, AEICBWT, SRS X RO ik, AFX
MEBHEBAT DL EICED AT NNy 7 770 RETFIFHILIXTE LN,
L O WIS T R L — Ll E D X MR OFRE R 2355 < 72 5 72D IZ e HE O R zh = A
FELLIETL, METRIES b2 ErLlz. Thbb, XBENLHETDH X
MO XX —FHB L ORELZE L STITHY, KRGO ERZHERT S
CEICEVRINTRZLETE LI LZHOLMNILE. AETIHE, 1WOXBREND
BAETLHXBREBEAAETICHNDLZ Ty e ha Vi d & 3H7iciE 54
+ pg DM TIRZSS Z L ICKIIL, ZOMFHRIERE X BEMBEHT S HECLY
FUREN T =B X AT EE AT 2 2 LI Lz, F2ETHL
TN T = RO X ORI CE R o728, OFELT 7 ng L
LNTHRIHTEDZ EHHLMNC LT, £, REBEZHOTEE, WK, LERH
K, EEMEHR K, BEE, EIEHAMRHKR EZRE L, ppb F 721X ppm BE DT
FEomTHZENTE .
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5.

AT, AREODTBEEEBETH 0 RERRNE, FRE, F% (
NOREED X RE ST, =y b, BEERICE o TELTB) BRI LE.
Efo, 823 HOR LIk 5 LA EROMBITIREAM X SO BRI LTS
BDT, BHITIRE BT 5 72 L2 U A 0 B b 17 - 72

5.2. XERABEOKRE

T 4 = BREEOE X R HTEEE OFEMIEE 4.2.1 BHIT R L72A, AR TIE X #
L LTHRAEBE, BEBRNTHZENA0KV, 100pA D7 AE—4F v b X e
“40 kV Magnum” (Moxtek ) % 7=, ZH £ 4 100 ng @ Sc, Cr, Co, Zn, As, St % &
TR O IR MERUE (Sample 1), Z4LZE4L 1 ng @ Sc, Cr, Co, Zn, As, Sr = & TeiR 5 HEHER
Ft (Sample 2) 3 X OVBMIKZ i Tz LB (77 v 78 oS08 X ##
AT RVl % Figure 5.1 12789, F 7=, Sample 1, Sample 2 @ A7 kLB EHHE
L 72 TR % Figure 5.2 |Z789°. Sample 1 (%, Z4LZ 41 10 ppm @ Sc, Cr, Co, Zn,

As, Sr & & IR O FEYEYR W 10 uL Z i Pzl L C/ER L, Sample 2 1, 4241 0.1 ppm
® S¢, Cr, Co, Zn, As, St Z & TeIRAREMERWR 10 uL 2% T/ L C/E® L 7=. Figure
5001%, XH\EOEET, FEMRETNEN30KV, 50 pA & L THIE LAY hL
ToH 5. Figure 5.1 IR T XD, ABOEHERXLEFOEL 100527252 LKLY, &
X RERREL L MEZ R LT =05 15keVETD AN MRy 7 F7 T 50 Rif
ENE BT ol HlAIE, Cr BEOSr @ Ka RO mEFERE (counts/1800s) 1%
2436 — 63171 (Cr), 179 — 12938 (Sr) ~&HML, ZiLH O X BRI HHR DS
v 77T 7 R (counts/1800 s) 1XEH £ 3708 — 9103 (CrD ARy 7 7T 7w
K), 2326 — 3778 (St DNy 7 7T R) ~E#ML7. Sample2 &7 7 7k
BEORAXT NV DNy 7 7T 0 v REEEIITELRN A B iviehy - 7=, Figure 5.1 12”3
£ 91, 15keV L EDO =XV F—% b DAL X BOFEH L TORKFRIZIEN-T2D
C, Sample 1, Sample 2 B X7 T ZRAELDO AT LD 15keV UL EDNRY 7 75
7V REREIZIXEE N A B2\, Figure 52 1287 K218, EEZHEDDO 1295
CEICEVRIHTREEZ 1 MIBRERETLIZENTE, B+ 05E pg ORI TREZ
Bl rP UL =0y P XBEEHNTCEONTERETRIZZ VAT =Ty
FXBEERHWESAE422HSR) LD b 20 b 4EEmho . XBENORAET
L X MOBELY — 7y MORTESICHAIL TREL 25 0. 2727
BT ATV OIRFES TP LIRET Dk X BOBED FRn Uy A& MY
UL ASE D B ERN ST DT, XU T AT UEERWD TN IR OMEEE OB
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HTREZLETL-DICEN THoT. —J, FU T AT UENOEAT L XBEH
WAGAIZIE S — &/%Mm%@WLwWwwwm@mmﬁwémwk—%iﬁém
T, MERFERZSTTHI LI TERVY, YT AEEZHWEAICITHERIC
WTH) 100 pg DRI TIRAZFG5 Z &N TE T,

A X AR5 70 51F, BREHE 100 %1272 5 &80t X BRiE AR 1 100 %
2750, MEEOHEIMCEY ANy 7 770 FRREITZEDLDLRWEITTHL. Ln
L, FEBEIZE, REEOBINIAEVREREIC L D X BROBEL T 20T, £i#i
Y X BRDMRRD Ny 7 7T 0 REREEIX 2 205 3 58N L7-. £72, #EL X iR
FEDOHEIMZ W E Y X BRO B ~D RS X OG- 0380 L7 DT, Sample 1 OF
A ILHFE DO EIT Sample 2 D 100 (57257212 b 2200 b3, 40 X M AEME X e RIT b
EBM30MD 10 fFIC LI LenoTz. LR - T, FFEHAXBEH VDL EIC
1, AEREZ DR < 21T SHUL X s L, #06 X B OB~ I X o 5
DHEINT 5D THNEENLESNLD. T2, REARERRIREOTENE ENT
WAMEETH DN, AT MVONy T 7T 0 RRENT T 7k LRSI 5
KHWVWRBEZDRTLHILICRY, FERECCEELSITE D, KHEIZBITH3E
BRCIX, MEOEALEOERNZNEIN | ng DRFIZAXT MDDy 7 777 Rig
ENT T 2R E RS TH-T-DT, ZORBHEIZEEESH O -0 2K/ & T
HoT.
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Figure 5.1. Total reflection X-ray fluorescence spectra of Sample 1 (100 ng each), Sample 2
(1 ng each), and blank ultra pure water. In Y-axes, the left, middle, and right scales are for the
spectra of Samples 1 and 2 and blank ultra pure water, respectively. The X-rays were
incident on a quartz optical flat at a glancing angle of 0.05°.
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Figure 5.2. Detection limits estimated from the measurements of Samples (a) 1 and (b) 2.
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5.3. xBEREHAORE

AT, &4 FERERICXBIRE L CTRREEE, EBRAZNLLI 50KV, 200
WA DX T AT B =0y N X#E“S0kV Magnum”(Moxtek) Z Wiz S 0.000,
0.05°, 0.10°, 0.15°, 0.20°DFMHFTHE L7=ENE4 1 ng D Sc, Cr, Co, As & ip
IRAEHEGE O X R A7 bVl % Figure 5.3 127, (BAEEREX, =2
A 0.1 ppm @ Sc, Cr, Co, As Z Z IR AIRMERIK 10 uL 23 F, L2 b D TH 5.
T, XBEOEEE, EBRELTNZN25kV, S0puA & L THIE LK. £/, 25keV
D X RO RIS AL 0.08°TdH 5. Figure 5.3 IZRT X DT, HSMA ORI
WANRT MV DONRy 7 757 RBRELS 20, 1A %Z 0.10°00 RI2T 5 & OFZ il
TE R ol A% 25keV O X O BRPEERAELLTICL THIET 5 Z LI
X0, IlngDKLFLRmHTr2enTE. REETIE, T=FA—FZH ik
EETHAZEICIVRFAZRELTWED, § 422 HTRLEZL I ICAH X BoO
RO DICHFAE 0.00°012 L TH AT MUI ANy 7 7T 0w KB, i
S8 0.00°008TH A7 hLd 20 keV Y OFEIKIZ “Z587 RBENT-OT, ZD
FHIZB W T AR X, 272< & H 20 keV ®£ﬁﬁﬁﬁﬁﬁﬁ(o.o9°)u£®%f§ TEE
WCARLTWEEEZOND., ENENOHEFATOREIZLVHEOLNTZAILE DMK
i FBR % Figure 5.4 \Z7” 7. Figure 5.4 (2" T L 912, =220 b, OF O TR 0.05°
DOEFICHR IR o7z (B 2o 72). 0.10°DFD Se, CrKaftDIES%t /Ny 7 7T
v RREE T 0.05°D K L 0 HIRN - 7228, [F5EN 0.05°ORFL Y & 3 005 4 558
Mo T=DT, HEAN 0.05°OWETHOLNTZADI LT ABIOZ v 20K TR
0.10°DF; L A% Th o7z, UED X I, HXMTRXNLF—NESRDAT T Y
LR B LD XD IR TIIMRE TIREZ B T 272D OHESAOFITEVD, 4
APRELBRDIZONTEZRINAF—MMD AT SVDNNy 7 757 R)BIRICE
Ko TVK DT, HHEXMEZRAX—DEVWOEDL ) RITETIHBHTREZRL
THEOOMEHPFITEL otz TRLOILHEEFKICHRE TONT 57010k

HRBST A3 0.05°0 0 THY, 0.05°TOHREICL Y GBI Se, Cr, Co, As DFEtH
TIRIZZENE 87, 49, 32, 159pg ThH o7z,
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Figure 5.3. X-ray fluorescence spectra of 1 ng each of Sc, Cr, Co, and As at glancing angles

0£ 0.00°, 0.05°, 0.10°, 0.15°, and 0.20°.
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Fig.5.4. Detection limits at glancing angles of 0.00° (o), 0.05° (m), 0.10° (o), 0.15° (e), and
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5.4, XBEREEBEOKRS

AT, &4 FERERICXBIRE L CTRREEE, EBRAZNLLI 50KV, 200
WA DE T AT 2 =0y N X #E“50 kV Magnum” (Moxtek) ZHWE. XBRED
BERAE S0 pA &L, EEIEE 20, 25, 30, 35kV EEZ THIE LMK EZRE T
B L72REN T 7 v 7 EhB L OENE 500 pg @ Sc, Cr, Co, As & RAIEYE
B D &G X B A T SV % Figure 5.5 1IR3, BROIEEREHL, ThZEh
0.5 ppm @ Sc, Cr, Co, As Z B ToIRGIEMERIK | uL 2 T L7-b0THDH. A
X BOMES AL, 35 keV ORIFER T MAE0.05°) L D /I 0.04°8 L2, E£7o,
OB AITE 53 TR LIcREREHMAIEVVETH L. KRE 4 =L FAERIC,
Figures 5.5a & 5.5b D A7 KL D 15 keV UL EDOFEIEKIC NNy 7 75 7 KD “Z&87
2ABLAL7=. Figures 5.5a & 5.5b 23 Xk oHic, HEEEZE30kVIZT D E, Pb, Mo M
HMEND Lol SHICEEEL BT 35kVICT 5L, Pb, Mo DfliZ Ag, Sn
bR SN L) Clheodz. BA44 LRI, BEEEZRELSTHLIND 4 5tk
PR ENT. BEEXBBELS IOy 7 7T v NRE LEEEDOBIR% Figure
56 RT.EEEL IS EXMENPLIEAET L XHBROT LT —FHMNIL LD,

A X BROMRENEEBIEO 2 FICHHI LT 225 0 /2, B L2 X H1C 15keV
U bEDOASR XBIZERF LT Ro20T, BEELZ LiF 5 & 15keV UL EO L X
BROFEFIRE NI L7, 15keV LA ED X RO BELIE Se, Cr, Co, AsKaftd v 7
70y RZHELRWIET TH DA, Bl XM 782 &, FEEBR IO R5E
R BHARICER L TAXRY "AVRIEKDO NNy 7 7T BRI 5 . Lo
C, Figure 5.6a 273 K912, BEIED EFICHEWEHNE X BOTBRONy 7 750
VORREEIL TS o R BB L7z, Bl 21X, Co KafpdD /Ny 7 7T 7 v Kif
J¥ (counts/1800 s)i, 1508 (20 kV) — 2200 (25 kV) — 3808 (30 kV) — 6788 (35 kV)~
L < e o 7=, Figure 5.6b ([T K 912, FOEBEEZHVTYH Co ® Kok i f i
Wi bR <, DUV T Cr Ko > Sc Ka > As Ko O NAIZ 8t X 3 AR 1L < 7e o 7z
Bl Z21%, EEE 25 kV THIE L7 Cr, Sc, Co, As Koo Hifl5H  (counts/1800 s)i
ZHER 1465, 2569, 2812, 696 T -7=. Sc, Cr, Co, As O K WILHHT R /L ¥ —
XENEh 45, 6.0, 7.7, 11.9 keV 72D T, Sc, Cr, ColZ X BENLRETSH W L

FEME X RS L ONERE X ARIC KV hiEE &b, —F, As idEH X SO K 6k S
L. XBENSIET D W La (8.40 keV)F L O LBHR(9.67 ke V)L X M2t~ T
RO T, ZAUHFEME X BRIC KV S D Se, Cr, Co Dt X MRIREIL As KV
b potn. HHEXBAXT FAIZBWT, As Kofit (10.54 keV)E Pb LofR(10.55
keWTELRDVAEH. BEIEN 30 B LV 35kV OFFIZE B S 7=0 T, Figure 5.5b
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DALY FIZEWT As Kak Pb Lafg N Ee > T\ o, i, OFREBREEND
AREZBIET 285 A120E, Bl - THIE L7 Lo/LPHR i fE o0 & b & &R oEko 2
A7 MVIZHI D Pb LR A FETRE % WV C As KofR R 2 FtH 4+ 5 . R TIX
Figure 5.5a O 7 7 7 EtD A7 MBS LT8O Lo/LP i FE 58 &
Figure 5.5b THIA 72 Pb LAFR M AETRIE 2 W T, BHEE 30 BL DV 35kV TOHIE TH
b7z As KafiffRE 4 FH i Lz, BEEZ BT 2 LA uHEOWRINGEG T 3L F—LL
DA X BEOFEFIRE 58 < 72 D5 DT, Figure 5.6b (2R T L 9 IZEFEED EFHIZHEN
WO X BRI R < e o 7oL Bl 2 E, Co Kok a0 X 3 i A% 58 (counts/1800 s)
IX, 1555 20kV) — 2812 (25 kV) — 3861 (30 kV) — 4833 (35 kV)~ &5 2o 7.
KEEBEBETHE LAY bADBHELT Se, Cr, Co, As O FHR% Figure 5.7
R T. BEEO LA WSS XSO O Ny 7 75 0 RiREER R B
W o7 T, EEELZ LT T EHMETRAEL 2o, 20 X9 s RIE
1984 £ Tida & ”oﬁi&¢k AR CTH Y, SITEELZYWET L DICKEREEEN D
HZEMbholo, BEED 25kV OKFIZ Sc, As DR TRPHES BEhoTz. — 74,
HEEN 30kV ORFIZ Cr, Co DR TIRITR S R o722%, 25kV ORI bV
HTREFEETHoT2. HilxiX, BEEZ LIFTWIZoNT, AH YU LAORBMT
TRRIZ 67 pg (20 kV) — 54 pg (25kV) — 67 pg (30kV) — 81 pg (35 kV)~LZ{k L,
3LV h O FIRIZ 37 pg (20 kV) — 25 pg (25 kV) — 24 pg (30 kV) — 26 pg (35
kKV)~NEZL LTz, LER-ST, AB UV ULANLORETOHMFHDILEE K BEHE
TS EEEST T 51O A EBORE R EEEIL25 KV Tholo. 72, =0
FEETHET VL, KEBLIOLHEBEIZLY, AR ETXV Y TLh6 T T
FTCORELGNTHIENARETHS.
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Figure 5.5. Representative total reflection X-ray fluorescence spectra of (a) blank ultra

pure water and (b) an analyte containing 500 pg each of Sc, Cr, Co, and As. X-ray tube is
operated at 50 pA and 20, 25, 30, or 35kV.
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Figure 5.6. Tube voltage dependence of (a) background intensity and (b) the net intensity
of the fluorescent X-rays. An X-ray tube is operated at 50 uA and 20, 25, 30, or 35 kV. Sc
(o), Cr (A), Co (A), and As (D).
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Figure 5.7. Relationship between tube voltage and detection limits. An X-ray tube is
operated at 50 pA and 20, 25, 30, or 35 kV. Sc (e), Cr(A), Co (A), and As (0).

5.5. XERBEEBEROKREH

BT AT R =7y N XBEOEBEIIE S4AHETELNZKEEQRSkV)E L,
EHEW A 20, 50, 100, 150, 200 pA &2 x CTHIE L 723 O 28 X A~
NVl & Figure 5.8 12/~ 9. ARIETIX, 5 5.4 HCHIE L 72 IRAEESUE £ &R e &
L7z, A X BOEHAIT 00408 Lz, F£72, FHEEXBMBREBLIOANv 7 7T
v R & E B O BAfR % Figure 5.9 (2777, Figure 5.8 IZ-- 79 K 91T, 20, 50, 100,
150, 200 pA O EDOEBIRAEZHNTYH, Sc, Cr, Co, As i+ tnTE. &
BIICHH] LT X ARE 2 5344 5 F X Mo 3 < 25 "o T, Figure 5.9a (2
R R DT HO X AR R (X E ISR LR Ae o 72 120X, Co Kaiff
T 7 9 € (counts/1800 s)iE, 1144 (20 pA) — 2812 (50 pA) — 4778 (100 pA) — 7033
(150 uA) — 9351 (200 pA)~ LB oz, 7o, HSAHETRLE LI ICEEED k
TSN ANy 7 7Ty REREE T RSN L7223, Figure 5.9b 273 K 91
BEEZ -TICLERICEANYy 7 770y REEEREERICIZIERA LT L7z,
Bl 21X, Co KafpdD /N> 7 7F 72 R (counts/1800 s)iE, 872 (20 uA) — 2200 (50
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HA) — 4324 (100 pA) — 6316 (150 pA) — 7680 (200 pA)~L HE < e o 7=, K& B T
MELZAXRT MBS BT Se, Cr, Co, As O TR % Figure 5.10 |2/~ 7.

AEEEAZRWRERTE, FERICIZFHA L THEXBRELS IOy 7 7T 0
RIRE L bR o720 T, BHTROXGEC-1))E RNTbrs X5, §E
ZZ R TWIZONTHRIETIRZEETE 22 L0305, EFRIZ, Figure 5.10 (2R
FTEOE, BEREZLTL2ZILICLY, BLEORETREKET L LN TE .

Bl 2%, 250 b oK TFRIE 39 pg (20 pA) — 25 pg (50 pA) — 21 pg (100 pA) —
17 pg (150 pA) — 14 pg 200 pA)Y~ L HE SN, LD X Hic, BEEZ —EIC L
FRCITEEBREZ BTS2 & TRIETRAZLET 522 &R T&. £72, BEKO LA
IOV X AR X OBGEL X BRI L 72 0 T, #H 2R O R4 38R (counts/s) b - 5-
L7=. L2L, X EOEEREZHKKNQO0 pANC LT, BSOS R
#9300 counts/s TdH 0, MHIERO KD EFEQ2 x 10° counts/s) L ¥ & 3 Hi/hE 5o
2. LER-T, BERERKNICLU TRAESELIFEHAXBREHAVDIHA THL RS
OfFEMFEZST, /782 —2EFHWTANXRBEZHD DL T RhoT.
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Figure 5.8. Representative total reflection X-ray fluorescence spectra of an analyte
containing 500 pg each of Sc, Cr, Co, and As. X-ray tube is operated at 25 kV and 20, 50,
100, 150, or 200 pA.
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Figure 5.10. Relationship between tube current and detection limits. An X-ray tube is
operated at 25 kV and 20, 50, 100, 150, or 200 pA. Sc (e), Cr (A), Co (A), and As (0).
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56. &0

ARETIE, AEEORE TREZLET 270kl 2wl et &, s, BEE, &

B ZME Lz, BONERIZUTOWmY TH 5.

—_

AAEECIIHEHA X RE AN XBRELTHO WO TRHEIEZ VRS THZ L
WLV, AT MOy I T5 0 RETFTFRITRZ%ET S ENTE .
B FATRERREDO TENETENTVDOILETH DO, 3B E KD OBELA+
FICFHL R HBREICHBEZD R THZLICL VR TRAIETELZ LA
s~ L.
O X TR F—PMES 2D e R TIERE TRE B T 2720 08 MA ORI
FIRNWDS, AR RKEL RDIZONTEZANAVNXT =[O AT MV DNNy 7 75
Uy RPBIAICE S 2> T DT, 40t X TR F =& < 22 5 0% Tl
tHTBE%:E<?“Z>7‘:&>®%W%Eﬁ (I < Fp o To . AREEBIT X0 JRELFH 0 T % A
R E T 5720 i 7o (5 A1 0.05°0 0 ThH o 7.
BEEO EHITHEND Xﬁféb%%\éi#é X MO TRV F—FHN AL 720 X R
LM< 250 T, @t X MEBENR 2oz, LL, & X BN
DRy 7 759 FEES REKMICHENL, EEBEL2 EFT X5 L0CHRET
FRITEA L. AEEICL DB TRANET H720ITREREEEITL25kV ThH
> 7.
FEREBMOWEM Y, #E X BMELS L Oy 7 77 0 v RgEITEERICITIE
Bl LT 2ol @ X MONTROGEEXI Ny 7 7T v v REE KA RS% T
HOHEGEITE, BEMENB 2RI O TR TRIIRES 2D T, BEi%x L
FHZEICEVBRHTRELET LI LN TE. T42bb, REETIIEEREREY
I KAE D 200 uA T 5 IRV FRASEST D 2 EnTE 2,

Ubko X iz, IMEEE, FER, HHATOERORBEZNEST S LI2LD,

AHE

EOMME TREZ 2NV MIBEWTK 10pg ICETHET LI LN TE .
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6=
NT 4 —2REEOE X RO EREZ AW T A OMEITLR ST
F K OVPE HOH B~ D s F FTRE M D HR

SEHOMTE, FE L, BETRREDEWVWICEIV VA VICEENDLEHTHED
RN R D Z b, BRELREZ DN T 52 & THEMSPHBEA T L Z N TE
5. KETE, N7 4 —BRHFEE X RoEEE2 W TREROR R SR, A%
3FEDOTA L ESH LT, ZNENDOT A U BHIEEICS, K, Mn, Fe, Rb At &
Nl NEEEEZHWCTERLEZEIND 5 R OREXY 7 ppm L3 EH ppm TH Y,
T A OJFFEERSCHEICIN Ut B OENE 2D ENTE . LRI,
AIEEZHNTU A OPEMLMFEDOHB 21T D etz nd 2 &N TE .

B, REIFLUTOHLIZESW TS
EAHR, A, S % (2009457 A 29 A #:F&) (S. Kunimura, J. Kawai, submitted to
Bunsekikagaku (on July 29, 2009)).

6.1. 1L DI

TA NIFEMT 72 RIS LTSN RELS ED LB L THY, TV E AT
DHEICE Otk EBI & EIF D2 ENARERDT, EHAELY RS - L IFEECTH D,
SEIONE, T, RETESOEWIIN L TY A G TN 5 BT HEOMEN
RAHDOT, BETHERLIFELE L CEMZHRTIZENTE I EMES LTS,

AR HOEXBOHTIE L, ER P TR R RET S 2 E A ARE, pLEOEIKO
TR L VWS TV BEORBZ ST T2 N TEDLEWVWIRIEE b DM EITLRE OITE
Thd. £, PEORBA/IHALTH Y RBOE SN HHIcHi 220 T, HFE
THEITE D HEAXBORILCHIL D BE A TE L. LiEn->T, WEETEZR
BHZMZ % 2 L THEBEHREZRAFICERTH N TES. UED ke, RRHH
KX HIEIZEEICE A TR LM, ERTELHETHY, VA oai™ %0
IEHSN TV, KECTIE, AEBZHNTTA VESI L, EHLFEL KT 5
H) CTORLERE DS ATREME 2 at L 7z,
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6.2.28%

6.2.1. NoT 4 —EREEN XBOTEE

INCT A RRTEOE X BT E OFEEEE 421 HIRLTED, LFICE

WM 2R~ 2. X E L TRREERE, BERSZNALN 50 kV, 200 pA OFEiE=
BT AT H =y R X BRE<50 kV Magnum” (Moxtek #) ZHW\i=. ~ L F =i
A Si-PIN 7+ h & A 4 — FHE “X-123”7 (Amptek )& W T, #% X A~
MLZRE L. EAE 3em, ES lom, RATEEFEE V20 (A=632.8nm) O 7 <)
WORKEATT 4 I NVT7 Ty FEREBELTHWE., X & LB X SR
BaiEL, A X E—2A2%2EE 10 um, §E 10 mm (ZKo72. d=F4A—¥ %
WTCREZ T, AR X RO 2GR L.

6.2.2. FABHERL L HIE

JFREEORRD 3 BEORT A (7T AE, FUE, BARE)RBIO3 EEHOA
TACRIERE, FUE, RAYE)YZHELL., TRENDOT A > % 10 ppm 2 /3L k
EHEEIR S 9:1 OFIETIRAL, 6 uL #RBECAEATT 4 V7 T v MICH Nz
L7, WERE TR L LCa N v, £, REEICK DK TFEORREREK
(counts/ppm) & E H I 57912, Z4Z 4 1 ppm D Sc, V, Cr, Mn, Fe, Co, As, Rb,
St, Y, Zr % B el B REVEIR 1 uL 23 TR L2 b O &2 JE L=, 2424 1000 ppm
DIEHETRIE (S FEHEFRHZIL 100 ppm)ZIRA L, BH/AKTHINT S Z LIk W iRAEYE
WRZFRE L. XBREOEEL, BEIRZTITIL25kV, 200 pA & L, $i5A 0.04°
D&M THEREZ 22T TI800 EME L. &£ T A v & b 3[EFOHE L. £(2-2)
AMNTUA hoFEreER L. KEEZHWTHELNDERREOIEHM SIZ
WIS 4.6.1 TH TR,

6.3. TERLEBE

ZhEN 1ppm @ Se, V, Cr, Mn, Fe, Co, As, Rb, Sr, Y, Zr 2 & RO EHER
I &K A i T L Lf:%fc*ﬂr(f?:/ﬁft*ﬂr)@éﬁ%ii’é X HRAT LA %
Figure 6.1 {Z7”°3". Figure 6.1a (C/”" T L D0, MBRESEICHRE 5L ZZ4 1ng D5
TTELERHT A LN TE . 1000 ppm D /3F ¥ 7 AREAEZ K 21X 0.45 mol/L DFf
AEENTHNEDOT, MESRH S, BRAEEREF COMBEEIX 45x 10"
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mol/L TH 7D T, WitdiE/E (X 14.4 ppm & B L72. Figures 6.1a & 6.1b IZ/"9 L 5
W2, XBEOX—4 v MMEERDO W La, Lp, Ly B BH SN, 72, A4+ 7T
AANT Ty PRRD T A, ZERPIZ09 %G END T VIR S iz, AEE
EHOWTELNTA LR DOEEREE Figure 6.2 1IR3 . £/, va— L YHEETr
4T 47 LIzt % Figure 6.2 IZRT. VA VIZEEND LR EEET DI,
BERBLE LT, 74 v T 47 Lzt Lo E AW,
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Figure 6.1. Representative total reflection X-ray fluorescence spectra of (a) an analyte
containing 1 ng each of Sc, V, Cr, Mn, Fe, Co, As, Rb, Sr, Y, and Zr and (b) blank ultra pure
water.
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Figure 6.2. The sensitivity (counts / ppm) for elements obtained by the present portable
spectrometer.

KA DEEEIE XM ALT V% Figure 6.3 (2”7 . ERBRHITEDOE R
IR L% Table 6.1 \Z7”°79°. Figure 6.3 (27T KD, HUA b Sz RHILLL
Tom®my THoT.

RUA N7 T AFE): P, S, K, Mn, Fe, Rb
RIA N(FVPFE): P, S, K, Mn, Fe, Rb, Sr
RUA (BAPFE) :S, K, Mn, Fe, Rb

MU A >CKEME): P, S, K, Mn, Fe, Rb, Sr
HY A (FVE): P, S, K, Mn, Fe, Rb, Sr
HYA (KA YE): S, K, Mn, Fe

Table 6.1 {279 X 512, S, K, Mn, Fe, Rb D& EIEHE I Y 7 ppm 5 H ppm TH
o, AVA U TIEEEIDRADHZRBESEDLDICX LT, KRYA 2 TIERA,
R, BAZ2REIEDL. SE0D VTV LAREIREOH S TRbAEmRDLDT,
RUAL OBV T LAREITATA R0 bEWERESNATEY 'Y, RETHFEBED
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FERE/LZENTEL., BREORIVA L HFHOHY U ARER, 77 AEBID
FUFED 601D 70 %THY, MURVA L THLHEEEIECZREDENE A D Z
ENTE., TAVAVEROVET T NIV UL LFREENELELTEBY, &
BMALEEIITWINEND. LER-T, VED T ALY A @Y 7 ppm 225K
ppm B ENTWNWD O KBECHIE LT A FOALE D T APEEL 3 ppm 205 15
ppm TH Y, FUEDRTA L HOLE DT AEENE L ENoT-. KA VEDHY
AUDHIFNVET Y NIHRE SN, ZHIERETRU T ThozzH &%
AHND. VEDTNREIZSE D OFE HEORFEAEKMRT 2 EEZ26N50, K
EEEZHAND L TUA COREERLHBIIGE LTV EY Y MREDEREZ LD Z &
MTE. v I T4 N T ppm O ppm BE G EFN TV EHE SN TE
D I E0 D KRR CLRABOMREEGD LN TEL., FUERIA O~ H ik
FEiZfho 5 0T A4 X0 b 2EEmNroTs. VA VICEENLEKITE, SEI, LD
WM ELTWELE, B89 20T 57200 CIcHET S Yo T, Hhlg g
RHETRIJSUTCEOREITIR R EEZEZDNDN, REELZ MWD Z & THRER
RIS CTEBDOREDENERDL LN TE ., DEDXOIL, REEEZHNT
R, A% 3, Gt6FEDT A L DOILKRMEDBENEHDHZ ENTE, FEHHTEDY
WAEATZ DA RetEZ R T 2 &N TE .

Table 6.1. Quantified concentrations (ppm) of elements. Each wine was measured three

times.
S K Mn Fe Rb
Red wine
France 40.4+£5.0 791.6+£83.4 0.65+0.09 3.7+0.5 3.1+0.8
Chile 21.4£1.9 737.9+£71.0 1.3+0.1 2.6+0.3 15.3+0.6
Japan 27.6£2.7 488.3£29.9 0.56+0.09 0.85+0.07 3.3+0.9
White wine
The United States 30.4+£3.0 288.4+32.0 0.64+0.08 1.3+0.1 4.6+0.8
Chile 10.4£0.8 135.6%11.5 0.52+0.02 0.81+0.05 6.1+£0.9
Germany 20.4+0.8 320.0+£36.4 0.61+0.06 3.4+0.2 n.d*

*not detected
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Figure 6.3. Representative total reflection X-ray fluorescence spectra of red wines produced
in (a) France, (b) Chile, and (c) Japan and white wines produced in (d) the United States of
America, (e) Chile, and (f) Germany. Each wine contained 1 ppm of Co as the internal
standard.

100



64. &0

INUT = RO X T E A W CRERO R DK, A% 3, e
DUA U EgH L. TRENDOT A U 02bHIEEITS, K, Mn, Fe, Rb 238 & 47z,
WIEEEZHWTEE LIRS SEEOREIZY 7 ppm 2L E ppm TH Y, U A
Y DOFEERCMTEICS T B TR OMMDERE AL ZENTE. 5895 DOMmTHE,
BRE T, ME TR EOEWVICEIY VA ZEEN D EEICHEDOMKRN R D DT,
ML RE DN THZ LICL W EMSREEZHNT LN TEDR, Z0kH7%H
BICALEBZN VD ZENRBR I E AT ZENTE.
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ARG SCIE, NIRRT EOE X BT E 2 RRGE, B L, mIRE A ER L L
IR, BEON R E~DOAREEDOICHERLIELDTH S.

F2ETHE, AR XMROaY A= L TXMERKEAIEL, 1WoARKAZEGBX
XBE EMAGDETHWD Z &I X BREHEE X BT 8 o /N RBIZ P LTz,
W X AEN S RAET DR X MEH WD Z LICXY ng BOFE, HArvv L, 3d
EBRERILE, HLEoEREEEBRET I N TE . £, RESE, 8B, 4
TSR KR OMETE ST ~OAREBEOIEHAIZ T &L blo, REEZH W
ERONOERIBLORBEL R L. REBEELHAWD Z & TEHEOLE Z RIRFIHR
ML, BHREOREOA—F—% AL ENTEL 2oL, KEE
BorEE 2 DTt 2T 2N 283+ 2 BB CAREEZEMH e 2 & &
T~ LTz,

HIETE, La— FEEZHAVCCRIELEZET L X2 AREBO XBNEFERET L L
THY, X BEREZHWTELN D OITEE L DK EZ{To. La— gL X
WV THRIE L7230t X BORE 1L X S8R A HWe BB X0 5o n, La—
REL U REHWD Z EI2E 0 AS X BOMAERBN /NI 20, 886 XSOV O
BEMNy I 7T NBELEEDD ZENTE, TOME, X BB L FE
WL a— RV XEHWDZ IR0 7 ng 268 ng OB TIRAE 1572,

¥4 ETIE, MUERKSHEE X BT EE O SREICRII LI & 2Lz, it
K, BRE N X BOVTIETIIAR XBEHEAakL, A7 MOy 7 7770 R
EWOSELETHNMBELZRETELEEZON, Y rZa by BHED LS
RMAXBIHEE ) 70 A —F B EbETHWSLZ L TlgBOTHELEZ DN T 52
ERARRICENRTER. LML, F4ZTICBWT, SR X O TIIAR X #
EHEANAEPTICHNDE ZETARZ hAORy 7 7T 00 RiIZ@mL 250, Thzf
INE LW HLFEOMENEL@BOONEELLETELILEZHLNILE. 1 WD X
MEEERT 256 TH, B4ET 2 X BREBAETICHND Z LT 3d BRI
FIWZEBWTHE S pg OB TRZERL TSI LZRLTEY, ZOMBRIEREA X
MENEIE L T2 HEZHAWT, Y7o ba U EEIChE 3B s FIRE
bONYT 4 =R EOE X BT EEAEB L. T FEY, MtEIELLD
B WTHEE pg b3 ng ORIMTRZERL, EBEBTENLMICED £ TKA
O TTHE AP EL XL THNTEELZE2HLNC L. £, REELEZHWT
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B, @BRMEHR K, B EICE £ 5 ppb £ 71T ppm BE D ITLHEE ST
Tl xR L.

5 ETIE, AEBEOSREZ T ICYET D 72OICKERHEHR, T, &8
JE, BEEMEZHmA Lic, KEBEO XD ICHEHAX B2 MV LRI EZ D RS
L2 LIk, BBEENLD AN XBOBE LD EEAXT MDAy 7 7Ty
YRETTHZENTE. MHATRRIBEDTENLEZENTVDLILETHL HDOD,
AEHE RS DA XBMOBELL 3108 < R 2 REICHBEZ DR T5 2 & THh
MTRAGETE L &ALz, AL 0.05°8 U TRBHZHIE L2 REIC, TR
DILFIZBWTEN XBONTHOEEX NNy 7 7T 0 RiEREmOLHZ LN TE
7eDT, ZOFRFETHEZIT) 2L CRGHEDO TR EZFAMRFICERETHITELI L
R Lz, BEED EFICEOVEE X BIRER TR 2o 7oy, FHOE XD
v 7Ty RRE S RIS L0 T, BEEL BT ED LHICHRET
FRITEAL L7, T E A S ET HOICREREEENODL L2 LML, K

EEICBWTHREREBEIL2S KV THLHZ tamLz. £, HERIT EFHIXE
FHE IR TRZSET DL ZENTE ., T47bh, REECIXEERZ KKME
D200PAIZTHZ LRV TRZLEST L2 N TEL. U ED XS, BEE,
BEW, RHAETRELMLDEORBEZRET L2 LICXY, REBOBTTRAE =
L MZBWTH 10 pg ICETHET D Z &Ik LIz,

e mTIE, AEBEAHWCREEORRLR, A% 3IH, 36 MO U A a0
L, TNZENDOTA ANZEENDLEHEICREOMBITENDAOND Z LERLE. &5
EOONFE, i, SETREREOENVIZIGELTUA VIZE TN D 8EOMARN
B2 s, GHEILEEZGN TSI & CHEMOFEEA MM TELN, Z0LH7%k
AR CAIEEZISH TR Z L 2R L.

BRFHENE X BOHTTIE, o a ha U REEO XD R E s E X IR 5 AT
5 XMEaBRAHLTHWD ZLICK VB TRASES N TE D, MImRIEEa X
MERNWD Z LWL VBB LR EZ PN CTEL I L2 RMLICTBWTHLMNIZL, Z
DFEHERND Z & TRIBREN VT 4 —R2RFH0OE X SO EE OIS L.
AREEEZHNTH LN DB TRRIE, WRREIR IR &R 5HEMEG T 7 X~ 5
Hr 5T (ICP-AES), JR7W L HmHr (AAS), > 7 v b v UK & [RERIZ
WA A ML T DR RN X B0 HT (PIXE)E & SN2 L0 LRV R YY), A%k
B, WIHEENT ppq (1 ppg=10"" g/g)iEE OB TIR% &> ICP E &4 #r (ICP-MS)
15 & H U T TIERIE R VDS, ARLEEITHEICEE L TRO X5 RFlE % D,

. MR L TCT NI T REZNLELET, Fo =2 T a X MR ER.
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