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Analysis of Nanograms of Cadmium Using a Portable Total Reflection X-Ray Fluorescence Spectrometer

Shinsuke KUNIMURA, Deh Ping TEE and Jun KAwAI

Synopsis : Nanograms of Cd are measured with a portable total reflection X-ray fluorescence spectrometer. A relationship between a detection limit for
Cd and counting time is investigated. A Cd detection limit is improved with the increase in counting time, and a detection limit of 1 ng is
achieved when a measurement is performed for 1800 s. Cadmium quantitative performance is shown. Yttrium is used as an internal standard
element, and the Cd Ka/Y Ko intensity ratio is linear with mass of Cd in the range from 10 to 1010 ng. Detection limits for Cd obtained
with or without a 30 um thick Mo absorber are compared. The spectral background is reduced using the Mo absorber, leading to an increase
in the signal to background ratio of the Cd Ko line. However, the use of the Mo absorber results in a decrease in the net intensity of the Cd
Ko line. Therefore, a detection limit obtained with the Mo absorber is as low as that obtained without an absorber.

Key words: total reflection X-ray fluorescence; portable spectrometer; cadmium.

1. ¥

SICHHOE X BHTE T, RN E S T h
BILRD T A WRRIZ T 5, Otk (AAS), #hE
WA 77 X~ BRI (ICP-MS) R FBEREA 77 X~V 5
H 53T EE (ICP-AES) & [RIRR DO FORHER S K D HlE %4175 Z
ENTEDN, ERAITICEE L CRE AR EIT ul =T
bHB, 7z, RGO R 2 £ 0B BUC B4 2 G
VR THZENRELD T, BREEICR X LWIEET
HBHEVALD, ERFHHEE X BT, EE XHR
DD EREE I & AT D 72D I BEARAT R E X, A
vrvsubuyBEaiiERERHT 52 87T, 3dERSE
JBIEEICE VT T x4 b7 T 410 g & DDk FRA
FERE NI, —T5, 2000 LI, 40 75 50W D X
% W7o m R OO X BT 0 K0 B~%K
+ pg (1072~10""g)DFR M FER2MG 5, ) X %
AL 2 < TR E M TE S T L AL I &
Nz RGO X HTEIC K 2 W TR
I P L 72 OBt e 5 5 7:8%, Bt TERE L
THRICHRRE L 2Bl 1 EE R Ehb,

FEHE, BEWOBRREA XBEEHEHT 5/
T4 — BREHEOE XM HTRE SO% L, 3dERE
JBIZH T 10pg (107 g), HEILXTHHO0EK, itk
WTEZNZFN 70, 150pg DBH TR &K L 72, ABEHE

WS Z LIk, RO, SEMRERIKDY, LR
HoAKRW g4 22 WK D F52Fy 2HENED
RHK DN mg/l £7213 ug/L WEE IS ICRE DT
BZLENTE, ARBIZLDEShIREREX, ICP
RAAS LRI E -3 ZNSICILET A DTHB 2 & h
5, Stk, MBIV I ILROBMAIZCD & L7885
MrZ @ RBEESFIHITREE ZE A 515,

AR TIE, RREIZLSZHEFILRO—-DOTH5H F 3
2 ADOKRM TR, EEMEIZOVWTHET S, X XH
TANE—%FHL, ZXT FLDISy 2755 Y PO
K & 25 2 3B RHE 2 5 O AS X0 BLEL & 1K X ¢
3Z&T, BIETIRANETZ 20 BE L7, 2RO
X BRAMHC 1) 2 TSR O m i Tk, Tk A D &I
%5578, lFERICK 28K XBMOBI (v ) 27 2
IR NEHTEXBIEEITNELS BB, LrL, ER
2 B2 M) 7 ZRBMHTX L LB LEND,
TCHREROFPHMIAL &% L REROBHEMITIEL 55,
PR A NS Z & T b ) 7 2RO E L HIE L,
ERKE A WETE 3B L7,

2. EE&

2-1 N2T 4 —2REEXXRITEE
NV T = ERGHEOE X BT RE OREM 21k 4T ISR

SR 22 -6 A3 HEM SFEC22 49 H 6 HAZ8 (Received on June 3, 2010; Accepted on Sep. 6, 2010)
*  PSTATEOE AR 2B ST SR i 22T K AR B 1520253 (Materials Fabrication Laboratory, RIKEN, The Institute of Physical and Chemical Research, 2—1 Hiro-

sawa Wako Saitama 351-0198)

* 2 FUERRZE RN LA eRAA K L2 B0 (Department of Materials Science and Engineering, Kyoto University)

81 I



. 52

$% & 4M  Tetsu-to-Hagané Vol. 97 (2011) No. 2

HLTWEN, T T ZRNRS, AREIT, FIZX
WA XgitiEs, 3V -2 WEE» SR I Tn
%, ANEBIT, BEMSZNLTI 50KV, 200 uA D & ¥
AT VA =7y b XBE“50kV Magnum” (Moxtek) % i
W7, X #ES & LT Si-PIN B #3<X-123” (Amptek) %
L7z, AR XHERRHEE57-00kGE LT,
O D FAT A A T AR (GRS
A10, A=632.8nm) ZMH\ 7z, 2 X =2 & LTES lem
O XBEPEEHEHL, ASH X BE—-2%EE 10um,
ME lem 128572, T=A X T — VA HVREE &I 2
T2k, AS XBOBIHFM (90°-A4Hf) AL
72
2.2 HABRRSIVBEE

—RXBET AN A =L LTEL30umDEY) 77 V5
EHO10ngDH FIvL%WUEL, 74 NMZ—% VK
WHALOBRMEEDIKEIT 572, F72, — XK X##
7 44— RS, RS RERER (300, 600, 1800
FORE) TZ OB ABIE L, B TR & RS & OBtk
EHFNRTz, 10ppm 7 F I ARV A 1 ul T R2GT
BZEIZED, 10ngDH K Iy LseEgEilki 2l -,
BV TTF VT AN —IE X BB X BRSNS RA L
2o BEVTT VO KBEPIRT AN F —1320.0keV TH D,
CdKa¥gDs/Ny 227759 v K e b 232keV T OHLGEL
XMEERRESERZENTES, #FIv2OEERLEH
N5720I2, ZIZE110, 60, 110, 210, 410, 1010ng D H I
Iy LEGDRBAE XX T 4 L& =7 LT 300 FR
WEL 72, WIEEHEL LT 10ngDA4 »v MY v LaEIHhb D
FIy iR L 7z, FIBCERTHE41 v ) oL
FEBHZ B Z M TV 2 TRV 228, PIIEHE SCR & L
TS ITLED—DTh b, FalkHILL T K512 L TH
#qlL 7=,

-10ng Cd (10ng D Y &T) 1 2N ZFN 10ppm D Cd, Y
% B REREVAR 1 uL A F Rz

- 60ng Cd: 10ng O Cd % & &Mk FI1Z 50 ppm Cd 1
YEVATR 1 uL VRN

- 110ng Cd: 60ng O Cd 12 50 ppm Cd FEHEFA G 1 uL %
W

- 210ng Cd: 110ng ® Cd k2 100 ppm Cd FEHEVAWE 1 uL
)1

- 410ng Cd: 210ng @ Cd F1Z 100 ppm Cd FEHEVAWE 1 uL
O FHzMEA 2 DR L 72

- 1010ng Cd: 410ng @ Cd _EIZ 100 ppm Cd FEHEVAWR 1 uL
D FHzME% 6 gD IR L 7=

X BEOEEE, BERE ZHZH 40KV, 200 uA, A4t
XAROS % 0.00°0 (KWFFRICH T, HEAIE, XK
DFFERDOME L ZE L TR WM A fETH B)
LU, MEEIT-7, £72, 77 v ik L CMAL
WTHIEL 728 D% A F 3w 2500 & RIS CllE L 7=,

48

HOE X BT O W & B TR O, ERRO FHIE Ny
27TV REL, ZORDSEFELIIK ZEICKD, #HE
X B & S L 72,

3. BREEE

3-1 —RX#71)Va—DFER

HARIAD AR GTHOE X 2 X2 N L% Fig. 112787,
Fig. 1 1S3 & D12, 194 7 ZHRD Si Ka ki, 25 H
1209% BE N3 T7TNLITVHEKD Ar Ka#t, X#E» 5D
FEX#TH 2 W LR Xyt hrz, 8], 995
Bt EN7z2y, THUTREMBKERICHEHI TS I
AT HREEZONS, ARETIIAF XHELTH
@X B (XS 5 ORME Xt KON X #1) & v
T3, LA ->T, ARXBEERFEIEE20I2E,
WaHf %2 XBE» SRS 5 XBOmK X BT rILF—
2B 5 AR AE LU TS 2883 H 5, XBED
BEED 40KV OEMHTIE, RRAH XBI A LX -1
40keV ThH D, TD XL IIILFX —TOERHHER A
005° Th o7z XMIAINLF-IEL BBIIONTEK
HEERAIZNEL BBDT, BT FILF —FHIEO AG X
WA XEE7201003, A XY —20MERK
ENXLTBHZERRBEIIR S, ¥— AP LIcHWS
FRIERSTHILICKD AERBENSSTELIN,
AGF X RO KU & BRI AR < 7 5 72 8 il 23K
T45, KAEEBTIEZREZ Tom O X FHEIREL & 6 7] Lt
BB EEDD LT, HEREEZERLTEZ, LarL,
C—2DMERBBPKREL BD720 0, =& 288 Mm%
0.00°1ZLT%, 2025 40keV DT XL F—% EDAH X
BIZERHES, Fig 1ITRTLHIC, 2O F—5H
B2\ TNy 2779y FOILAENE,

BNV T T VT ANE—EHHATAEAB LUCHO AW
AD10ng DA F I LDORRHHOK XA XY b Ll %
Fig. 212/R ¥, Fig 21SR T K912, EVITT VT4 0
A—%HWBRZLIZED, CdKaf DNy 27TV F
HRFE (counts/600s) A% 7196 A 6 3374 NEAKIK L, E5 %

9000
Ar [w

WLp

L

W Ly

6000

3000 f1

X-ray intensity [counts / 600 s]

Ag

0

T T T T T T T
0 5 10 15 20 25 30 35 40
X-ray energy [keV]

Fig. 1. Total reflection X-ray fluorescence spectrum of
ultra pure water.
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Fig. 2. Total reflection X-ray fluorescence spectra of 10ng
of Cd measured both with and without a 30 um thick
Mo absorber.
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Fig. 3. Relationship between a detection limit for Cd and
counting time. The dashed curve guides readers’
eye.
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Fig. 4. Total reflection X-ray fluorescence spectra of (a) 60,
(b) 210, and (c) 1010 ng of Cd. These samples con-
tained 10 ng of Y as an internal standard.
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Fig. 5. Plots of the net intensity of the Cd Ko line vs. an
amount of Cd. The dashed curve is to guide the
reader’s eye.
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Fig. 6. Plots of the Cd Ka/Y Ko intensity ratio vs. an
amount of Cd.
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