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Table 1 List of standard solutions used for the measurements

Atomic  goment Standard solution Atomic g nent Standard soluti

number number Solution
12 Mg Mg in dil. HNOs 47 Ag AgNOs in 0.1 M HNOst
13 Al Al in dil.HCI and dil. HNOs 48 Cd CdCl: in 1M HCIt
14 Si Na28SiO3 in 0.4 M Na:COst 49 In In in 0.5M HNOst
15 P KH:POy in H2:0 50 Sn SnCl: in 6 M HCIt
16 S K2S04 in H2:0 51 Sb SbCls in 3M HCIt
17 Cl KCl in H20 52 Te TeCls in 6 M HCIt
19 K KNOs3 in H20 or KClI in 0.02M 1 KI in H20

HCIt 55 Cs CsNOQOs in 0.5M HNOst

20 Ca CaCl: in HCIt Ba BaClz in 1M HCI
21 Sc Sc(NOs)s in 1M HNOQst 57 La La20s in dil. HNOs
22 Ti Ti(SO4)2 in 0.5 M H2SO41 58 Ce CeO: in dil.HNOs
23 Vv NH+VOs3 in 0.45M H2SO.t 59 Pr PreO11 in dil.HNOs
24 Cr KeCr:07 in 0.02M HCIt 60 Nd Nd20s in dil. HNO3
25 Mn MnCl: in 0.02M HCIt 62 Sm Sm:0s in dil. HNOs
26 Fe FeCls in 0.1 M HCIlt 63 Eu Eu20s in dil. HNOs3
27 Co CoClz in 1M HCIt 64 Gd Gd20s in dil.HNOs
28 Ni NiCl: in 0.1 M HCIt 65 Tb Tbh4O7 in dil.HNOs
29 Cu CuCl: in 0.1 M HCIt 66 Dy Dy20s in dil.HNOs
30 Zn Zn(NOsg)z2 in 0.1 M HNOs?t 67 Ho Ho20s in dil.LHNOs
31 Ga Ga(NOsg)s in 1M HNOQOst 68 Er Er:0s in dil.HNOs
32 Ge GeQ2z in H20O% 69 Tm Tmz20s in dil.HNOs
33 As As203 and NaCl in H:Of 70 Yb Yb20s in dil. HNOs
34 Se SeO:z in H20t 71 Lu Lu(NOs)s in 1M HNOgst
35 Br KBr in H:0 73 Ta TaFs in 1M HFt
37 Rb RbNOs in 1M HNOst 74 w NazWO4:2H:0 in H:Ot
38 Sr Sr(NOs)z in 1M HNOst 78 Pt H2PtCls in 1M HCIt
39 Y Y(NOg)s in 1M HNOst 79 Au HAuCls in 1M HCIt
40 Zr ZrO(NOg)2-2H20 in 1 M HNOst 80 Hg HgCl2 in 0.02M HCIY
41 Nb NbFs in 1M HFft 81 Tl TINOs in 1M HNOst
42 Mo (NH4)sMo7024 in H2:Of 82 Pb Pb(NOg)2 in 1M HNOgst
45 Rh Rh(NOs)s in 2M HNOst 83 Bi Bi(NOs)s in 0.5M HNOst
46 Pd PdClz in HCIt 92 U U in dil.HNOs

t Standard solution for AAS from Wako Pure Chemical Industries, Ltd., Osaka
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Fig. 1 Simple preparation method of the sample for XRF measurement using a slide

mount (half-size)

1: slide mount, 2: filter paper, 3: mylar film, 4: window, 5 : sample
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Fig. 2 Relationship between a standard sample
weight mounted on a slide and relative
XRF (K,) intensity of each element
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Fig. 3 Relationship between a standard sample
weight mounted on a slide and absolute
XRF intensity

O :Sr (143ppm), A :Fe B71ppm), [J: Ca
(3247 ppm)
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Fig. 4 XRF (K,) spectra of various standard samples obtained using Mo as the 2ndary target

for a X-ray source

A : mixture of K (1000pg), V (250pg), Mn (125pg), Co (90urg), Cu (70pg), As (40pg) and
Sr (25pg), B: mixture of Ca (600pg), Ti (300pg), Cr (150ug), Fe (100pg), Ni (80pg),

Zn (60pg), As (400kg) and Sr (25pg)
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Fig. 5 XRF (K,) spectra of a standard samples containing Nb (50 pg), Rh (50 ug) and
Sr (50 pg) obtained using different 2ndary targets for X-ray source

A : Sn-2ndary target, B: Gd-2ndary target
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Fig. 6 XRF (L., Lg, K,) spectra of standard samples containing heavier (A) and lighter (B)
elements obtained using different 2ndary targets for a X-ray source

A : Mo-2ndary target, B : Ti-2ndary target.

Sample : (A) mixture of Yb (158pg) and Sr (25

pg), (B) : mixture of Cl (227pg) and K (250 pg)
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Table 2 Relative XRF intensity values

nAlfg]nGlei Ke/keV Relative intensity ‘I?ngn};le(; Kao/keV Relative intensity
Using Ti-2ndary target 34 Se 11.22 6.85%x10-1
12 Mg 1.25 6.72%x10-4 35 Br 11.92 7.73%x10-1
13 Al 1.49 4.36x10-3 36 Kr 12.61 (8.75x10-1)
14 Si 1.74 1.58x10-2 37 Rb 13.39 9.63x10-!
15 P 2.02 4.74%x10-2 38 Sr 14.16 1.00
16 S 2.31 1.22x10-1 Sn-2nd. Gd-2nd.
17 Cl 2.62 2.78x10-1 38 Sr 14.16 1.000 1.000
18 Ar 2.96 (5.15x10-1) 9Y 14.96 1.062 1.099
19 K 3.31 1.00 40 Zr 15.77 1.102 1.175
Using Mo-2ndary target 41 Nb 16.61 1.162 1.205
19 K . 3.31 5.42x10-8 42 Mo 17.48 1.143 1.220
20 Ca 3.69 9.41x10-3 43 Te 18.41 (1.108) (1.178)
21 Sc 4.09 1.82Xx10-2 44 Ru 19.28 (1.087) (1.121)
22 Ti 4.51 3.01x10-2 45 Rh 20.21 1.032 1.100
23V 4.95 5.03x10-2 46 Pd 21.18 1.010 1.044
24 Cr 5.41 7.57x10-2 47 Ag 22.16 0.962 1.012
25 Mn 5.90 1.15X10-! 48 Cd 23.17 0.925
26 Fe 6.40 1.60x10-1 49 In 24.21 0.745
27 Co 6.93 2.15x10-! 50 Sn . 25.27 0.636
28 Ni 7.48 2.78x10-1 51 Sb 26.36 0.498
29 Cu 8.05 3.52x10-t 52 Te 27.47 0.405
30 Zn 8.64 4.04%x10-1 53 I 28.61 0.322
31 Ga 9.25 4,92%10-1 54 Xe ' 29.80 (0.246)
32 Ge 9.89 5.40x10-1 55 Cs 30.97 0.186
33 As 10.54 6.33% 10-1 56 Ba 32.19 0.115
. Rel. inten. L Rel. inten. Atomic La Rel. inten. Ls/ Rel. inten.
nAutg:g:;- k%{f/a) umntgarl;/Ez-an. ke\ﬁ//ﬂ) usm%al:ggfnd. number keV/a) usmtgarl\g;-an. ke’{e/&) usm%arl\gg;an.
51 Sb 3.61 3.75%10-8 3.84  3.60x10-3 69 Tm 7.18 1.21X10-1 8.10 9.72x10-2
52 Te 3.77 4.98x10-3 4.03  4.69%x10-3 70 Yb 7.41 1.24X10-1 8.40 1.03x10-1
53 I 3.94 6.41x10-3 4.23 6.20X10-8 71 Lu 7.65 1.38x10-1 8.70 1.15x10-1
54 Xe 4.11 (8.13%x10-8) 4.42 (7.97x10-83) 72 Hf 7.90 (1.55%10-1) 9.02 (1.28x10-1)
55 Cs 4.29 9.98x10-8 4.63 9.75%10-8 73 Ta 8.15 1.75X 101 9.34 1.40x 101
56 Ba 4.47 1.40x10-2 4.83 1.38%x10-2 74 W 8.40 1.88x10-1 9.67 1.45x10-1
57 La 4.65 1.72X10-2 5.04 1.70x10-2 75 Re 8.65 (2.08x10-!) 10.00 (1.55%X10-1)
58 Ce 4.84 2.24x10-2 5.26  2.05x10-2 76 Os 8.91 (2.20x10-1) 10.36 (1.62x10-1)
59 Pr 5.03 2.66x10-2 5.49 2.56x10-2 77 Ir 9.17 (2.40x10-1) 10.70 (1.71x10-1)
60 Nd 5.23  3.19x10-2 5.72  2.87x10-2 78 Pt 9.44 2.60x10-1 11.07 1.86x10-1
61 Pm 5.43 (3.27x10-2) 5.96 (3.36x10-2) 79 Au 9.71 2.73x10-1 11.44 1.98x10-1
62 Sm 5.64 4.41x10-2 6.21 4.05x10-2 - 80 Hg 9.94 2.79%x10-1 11.82 2.01x10-!
63 Eu 5.85 5.38x10-2 6.50 4.68x10-2 81 Tl 10.27 2.95x10-1 12.21 2.20%x10-1
64 Gd 6.06 6.37x10-2 6.71 5.68x10-2 82 Pb 10.55  3.10x10-! 12.61 2.36x10-1
65 Th 6.28  7.49x10-2 6.98 6.68x10-2 83 Bi 10.84 3.23x10-1 13.02 2.50x10-!
66 Dy 6.50  8.59x10-2 7.25  7.43%X10-2 90 Th 12.97 (3.72x10-1)
67 Ho 6.72 9.19x10-2 7.53 8.08x10-2 92U 13.61 3.94x10-1
68 Er 6.95 1.03x10-1 7.81 8.98x10-2 92 U 13.61 3.81X10-1b) 17.22 2.77x10-tb)

a) relative intensity value against K. X-ray intensity of Sr; b) relative intensity value using Sn-2ndary
target. Figures in parentheses indicate the relative intensity values obtained from Fig. 7.

®, Thzh Fig. 8A, BieFn, b L. & OE#E m=[sﬂ( Hyga )( Tatse) )
BT X - TRDI St OHFHE ([Sr]) 23 &L T HKa(Sl‘? Ixan
LOTROMNMERLREL, KA L - TETHY T [l BREFLED EBME, Hkawy RELE OV
TR ~78E, Hgago 12 St OE—27 HI RO Igawy/
Igasnid St X325 FLEOHENBETHS. Fig.
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Fig. 7 Relationship between relative XRF intensity and atomic number
A : KeX-ray, B: LgX-ray. 2ndary targets used : [J Ti, O Mo, A Gd
Table 3 Comparison of analytical results by the proposed method with the
certified values for the environmental standard samples
Chlorella Pepperbush
Vairl,lxzt}t:gd;his Certified value Varl::t}llngd;his Certified value
K 1.31+0.12% 1.2440.06% 1.594+0.07% 1.514+0.06%
VCa 0.530.05% 0.49+0.03% 1.40+40.08% 1.384+0.07%
Mn 664 ppm 69+5 ppm 0.194+0.012% 0.203+0.017%
Fe 0.1844-0.003% 0.1854-0.010% 207+ 8 ppm 205+ 17 ppm
Zn 20.94+1.2 ppm 20.5+1.0 ppm 33144 ppm 340420 ppm
Rb — — 73.44+1.3 ppm 75+4 ppm
Sr 40.1+0.8 ppm 4043 ppm 36.4+1.5ppm 36+4 ppm
t #2=10
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04 A 0.8 B Table 4 Analytical results of green tea, black tea
_ _ and flower tea leaves by the proposed
g 3
0.3 06 1 method
# &
3 0.2 > 04 Element Green tea Black tea Flower tea
5; 5? K 1.75% 1.45% 1.55%
01 A 02 /1 Ca 0.394% 0.293% 0.292% -
Mn 759 ppm 367 ppm 518 ppm
" A L VAN Lo Fe 213 ppm 155 ppm 197 ppm
40.1 0 20 40 60 364 0 204060 Cu 22.3 ppm 18.8 ppm 16.1 ppm
Sr added, ppm Sr added, ppm Zn 35.5ppm 21.3 ppm 29.4 ppm
. .. . . Rb 11.8 ppm 59.3 ppm 63.6 ppm
Fig. 8 Determination of Sr in environmental Sr 4.85ppm 15.6 ppm 11.4 ppm
standard samples by the standard addition
method

A : Chlorella, B : Pepperbush

U=8132 H=2BKEW 1:1H A0=28KEV fH  1=3192 H=ZOKEY 2:2H AG=ZBKEU 2H

et

Z ) T -
KES 20, 48KEVY (B, BAKEV ES 28 4BKEN Y

Fig. 9 XRF spectra of environmental standard samples obtained using Mo-2ndary target by
the proposed method

A : Chlorella, B : Pepperbush

1)
Il

" 0. BAKE

"

U=5192 W=2OKEY 1:1H AG=FBKEU 1H U=4896 H=ZGKEU 1:1H AG=2BKEV 1H U=4035 H=ZOKEU 2:EH  AB=ZBKEV IH
KEUEX - 7@Bg  MICED - &

s = e ————at e

HES 20 48KEVY

{0 BRKEY HES 20 48KEU}

{8 BEKEY

R AaKEY HES 2R 4BKEV:

Fig. 10 XRF spectra of actual plant samples obtained using Mo-2ndary target by
the proposed method

A : green tea, B: black tea, C: flower tea leaves
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Measurement of relative XRF intensity of each
element in energy dispersion XRF analysis and
its application to quantitative analysis of elements.
Masashi Goro, Atsuko Isun* and Daido Isem** (*Re-
search Center for Resource and Energy Conservation,
Nagoya University; **Faculty of Engineering, Nagoya
University, Chikusa-ku Nagoya-shi, Aichi 464)

A simple method for preparation of samples for XRF
analysis was developed using cellulose powder as matrix.
The relative XRF (Ke, L, L) intensities of 63 elements
from Mg to U were measured, and then those of the
other 11 elements were estimated from the results.
The K, X-ray intensity of K and Sr were used as
the unit standard intensities for the elements of atomic
number less than 19 and for the elements of atomic
number larger than 19, respectively. The environ-
mental standard samples (Chlorella, Pepperbush) were
analyzed using the relative intensity values. The
analytical results by the proposed method well coincided
with the certified values offered from Environmental
Agency, National Institute for Environmental Studies,
Ibaraki, Japan. Green tea, black tea and flower tea
leaves were analyzed as examples of natural samples
by the method. The minimum detectable amounts,
which depend on elements, were about 1~10pg for
the elements from Mn to Ba and those from Er to U.
The proposed method is applicable not only to plant
samples, but also to liquid samples.

(Received June 10, 1987)
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