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Fig. 1 Idea of X-ray fluorescence analysis of micro-
volume inside sample by using needle-type collimators

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

682 BUNSEKI

2 Bk

2:1 FKEREE

REOMIEX Z Fig. 2187, 69 LOEEED X
BMEBOND LI, —RXBEEH=— FVEIa) 2
— ¥ — ORI Cu i ZEE, BETSH Cu DHE X BAHK
K22 EHIC, MERELIT- 2. BIZEE X SR
He—FVEaY X—%—3% Fig. 2R T X, Z HREIIZD
WCREMEBICHEZITo 7. AIETEMEL-=Z— P
Ba) A —%—13 Ti #THAEE 1.58 mm, AL 0.78 mm T,
R & LC, Fe: 0.25%, O: 0.2%, H: 0.015%, N:
0.05% % &, ThEFRFNCIFEA LB, EHomD
HLOBEF == F V) 2—F —HIZBAT B D%
C72012, BEZX75um OR) A4 I K740 (=528,
#T ) CRMEE A= LA, XS X ME
FHE AR X ME (U H27 9407G8, #—% v b: Mo, Be
#BE: 03mm) RV, BHEFE Silicon PIN MR H 2
(AMPTEK # XR-100CR, Sensitive area: 7 mm?®, T.3Jb
F— 4 fFRE<188 eV, FWHM at 5.9keV) ZH\W72. Zr 7
ANT—ITEBRE XN 775y FE2RBT5HEKT
FRLZ. &8, B, Y TVRAT—JICIEREE xy-

Top view

Zr Filter

Sample stage

/ X-ray tube (Mo)
e, Ne€dlE type
f collimator

Y
Lo
X

Silicon PIN detector

Fig. 2 Experimental set up for XRF using needle
type collimators
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Table 1 Reagent for preparing the sample (agar)

Name of reagent Chemical formula Molecular weight Manufacturer
Cobalt(Il) nitrate ‘Co(NO_g)g' 6H,O 291.03 Kishida Chemical Co,Ltd
hexahydrate
Potassium nitrate KNOs 101.1 Wako Pure Chemical
Industries,Ltd
Calcium nitrate Ca(NOs)q*4HO 236.15 Wako Pure Chemical
tetrahydrate Industries,Ltd
Zinc sulfate ZnSO,* TH,O 287.56 Wako Pure Chemical

heptahydrate

Industries,Ltd
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Fig. 3 Procedure of measurements (a) the detector
is kept away from the original position, (b) the needle
type collimator for X-ray tube is inserted into the sam-
ple, (c) the needle type collimator for X-ray detector is
inserted into the sample, and (d) photograph of
experimental devices
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Fig. 4 Relationship between X-ray intensities of
Cu Ko and the position of the Cu wire

Measurement condition: 40 kV, 10 mA, 30 s
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Table 2 S/B ratios were measured (a) with Zr filter,
(b) without Zr filter
(a)

Element Tube voltage Tube current S/ B ratio
K 30 kV 40 mA 10.0
Ca 30 kV 30 mA 3.3
Zn 40 kV 30 mA 2.3

(b)

Element Tube voltage Tube current S/ B ratio
K 30 kV 40 mA 2.9
Ca 30 kV 30 mA 1.8
Zn 40 kV 30 mA 3.0

1.0
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st . without Zr Filter

0

Q

O 06

2 i Ti K

2 i

5 0.4 /

£

Ca Ko

0 4 8 I 12 16 20
Energy / keV

Fig. 5 X-ray spectra of agar including Ca (10000
mg/kg) with Zr filter and without Zr filter
Measurement condition: 40 kV, 30 mA, 1000 s
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Fig. 6 Relationship between normalized X-ray inten-
sities of Zn Kor and the distance between needle type
collimators

Measurement condition: 40 kV, 30 mA, 300 s
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Fig. 7 X-ray spectra measured at (a) Zn layer and (b) Zn-Co interface in agar
Measurement condition: 40 kV, 30 mA, 300 s
10 Table 3 Parameters and lower limit of detection
Element ox107? ax10"? Cryrp.
§. K 13.3 0.259 154
~ Ca 11.1 0.390 85.4
N Zn 95.4 12.8 5.95
o
L\_l o: Standard deviation; a: Slope of the calibration curve;
g. Crip.: Lower limit of detection
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£
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Fig. 8 Calibration curve of Zn
Measurement condition: 40 kV, 30 mA, 1000 s
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Fig. 9 X-ray spectra measured at different xyz positions (a), (b), (c) in oyster

Measurement condition: 40 kV, 30 mA, 300 s
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X-Ray Fluorescence Analysis of Micro-Volume of Sample Inside
by Using Needle-Type Collimators

. . 1 . .
Akinori MATsupA' and Kouichi Tsupt'

! Department of Applied Chemistry, Graduate School of Engineering, Osaka City University, 3-3- 138,
Sugimoto, Sumiyoshi-ku, Osaka-shi, Osaka 558 - 8585

(Received 7 April 2006, Accepted 5 July 2006)

We proposed and investigated the X-ray fluorescence analysis of a micro-volume inside a sam-
ple by using needle-type collimators. The primary X-rays were passed into a needle-type colli-
mator, and the inside of the soft sample was irradiated. Generated X-ray fluorescence was
detected through a similar collimator. Standard samples of agar that included elements with
certain concentrations were prepared. The analytical performance was evaluated using those
standard samples. The lowest limits of detection of K, Ca, and Zn in agar were 154 mg/kg, 85.4
mg/kg, and 5.95 mg/kg, respectively. Moreover, oyster was measured as an application to a
biological sample. It was confirmed that X-ray fluorescence analysis inside sample was possible.

Keywords : XRF; micro-volume analysis ; needle-type collimators ; inside sample.
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