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Multi-element determination in reference materials of soils (JSAC 0401, JSAC 0411) and sedi-
ments (NMI] CRM 7302-a, NMI] CRM 7303-a), which were prepared at the Japan Society for
Analytical Chemistry and the National Institute of Advanced Industrial Science and Technology
of the National Metrology Institute of Japan, respectively, has been carried out by neutron-
induced prompt gamma-ray analysis (PGA) using standard addition and k¢-standardization meth-
ods. Firstly, the absolute Ti concentrations in the samples were determined accurately by the
standard addition method. Secondly, the relative multi-element concentrations were deter-
mined by the k¢standardization method. Finally, the absolute multi-element concentrations
were obtained by normalizing the relative multi-element concentrations with the absolute Ti
concentration in the samples. The 15 elements, such as H, B, Na, Si, S, Cl, K, Ca, Ti Cr, Mn, Fe,
Cd, Sm and Gd were determined by k-PGA. The analytical results of these reference materials
agreed with the certified or reference values within about 10%.

Keywords : neutron-induced prompt gamma-ray analysis; ko method; standard addition
method ; soil ; sediment ; reference material ; JRR-3M.
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Table 1 Analytical results of Ti in the reference materials by the standard addition method

Reference materials

Analytical results of Ti, %

Moisture contents, % Number of analyzed samples

Brown forest soil (JSAC 0401) 0.411 £ 0.006
Volcanic ash soil (JSAC 0411) 0.354 = 0.005
Marine sediment (NMIJ CRM 7302-a) 0.419 = 0.002
Lake sediment (NMIJ CRM 7303-a) 0.365 = 0.014

1.38 4
4.85 "4
2.56 4
1.62 4

Table 2 Analytical results for the reference materials of soil by k-PGA

E,/ . Brown forest soil (JSAC 0401) Volcanic ash soil (JSAC 0411)
Element I Unit
keV Analytical result Certified value Analytical result Certified value
H 2223 % 0.620 + 0.012 1.53 £ 0.02
B 478 ug/g 36.1 £0.6 13.7+0.1
Na 90 % 0.761 = 0.010 0.761 £ 0.010
Al 1779 % 7.19£0.11 (6.5) 8.63 £0.10 (7.6)
Si 3540 % 35.0+0.4 (35) 20.3 0.2
S 841 %
Cl 786 + 788 %
K 770 % 1.74 £ 0.03 (1.7) 0.694 + 0.005 (0.64)
Ca 1942 % 0.100 + 0.006
Ti 1381 % 0.411 * 0.006” (0.38) 0.354 * 0.005” (0.32)
Mn 212 % 0.0248 + 0.0009 0.0266 = 0.0009 0.0944 £ 0.0034 0.0943 + 0.0028
Fe 352 % 2.78 £ 0.02 (3.0) 3.15 £ 0.08 (3.3)
Cd 558 ug/g 4.35 +0.18
Sm 334 ug/g 3.74£0.10 (3.8) 6.20 + 0.02 (5.8)
Gd 182 ug/g 3.36 = 0.15 7.17 £ 0.19

a) Determined by the standard addition method and the analytical results of the other elements were normalized with the Ti contents.

The values between the brackets are reference values.
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Table 3 Analytical results for the reference materials of sediment by k-PGA

E,/ . Marine sediment (NMIJ CRM 7302-a) Lake sediment (NMI] CRM 7303-a)
Element 4 Unit
keV Analytical result Certified value Analytical result Certified value
H 2223 % 0.871 £ 0.075 0.590 + 0.050
B 478 ug/g 56.7+ 1.3 339+22
Na 90 % 1.88 + 0.09 (1.9) 1.68 = 0.05
Al 1779 % 7.95 = 0.09 (7.3) 8.51 = 0.05
Si 3540 % 244 % 0.2 329£0.8
S 841 % 0.732 £ 0.018
Cl 786 + 788 % 1.17 £0.02
K 770 % 1.58 = 0.05 (1.6) 2.44 = 0.02
Ca 1942 % 4.03 £0.12 (4.2) 0.690 = 0.023
Ti 1381 % 0.419 * 0.002" (0.42) 0.365 * 0.014"
Mn 212 % 0.691 = 0.003 (0.71) 0.656 = 0.037
Fe 352 % 4.99 £0.05 (5.4) 2.71 £ 0.61
Cd 558 ug/g 1.38 £ 0.09 1.32 £0.04 0.342 + 0.017
Sm 334 ug/g 5.09 + 0.06 6.58 £ 0.14
Gd 182 ug/g 4.71 £0.09 6.93 = 0.22

a) Determined by the standard addition method and the analytical results of the other elements were normalized with the Ti contents.
The values between the brackets are reference values.
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