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Fig. 1 The location of sampling point in Nagasaki.

*NAKANISHI Takashi, Kanazawa University; nakanisi@cacheibm.s.kanazawa-u.ac.jp

14

Eu



Upper view
Concrete core

OC-IZ
®c

c-9, C-10, C-11, C-12
Explosnonpolm/ 10 cm P > (23 28) cm . "’{

®coH
@

Side view

Explosion point \Il\ andeSIte mOTtar

[l

Fig. 2 Concrete core samples subjected to Eu enrichment in the present work.
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Fig. 3 Gamma-ray spectrum of crude REE fraction.
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Fig. 4 Results of tracer experiment:
extraction of Eu and Ac from HNO;
solution into 1 M HDEHP in benzene.
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Fig. 5 Results of tracer experiment:
separation of Eu and Ac extracted in 1M
HDEHP in benzene by washing the organic
phase with 0.2 M HNOs.
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mg Fe
152 Y
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3.
- - Eu
Eu Table 1 S2Eu 2Tpc
Eu Eu
DS86 DS02 1S2Eu/Eu
2><10 Bg/mg Fig. 6 VAV
Sm-K-X 52y Fig. 7 Fig. 8
Eu Eu 1.9 mg Table 1 Fe 100 mg
Sm7.0mg Ho 3.1mg Yb 19 mg Lu 2.4 mg 52y
Sm-K-X Sm X Fig. 9
152Eu
Table 1 Results of Eu enrichment and removal of Ac by the present chemical procedure.
Sample E / La content / 27A¢ content /B
or Mass /g u content /mg a content /mg c content /Bq
specimen (Recovery) (Recovery) (Recovery)
Andesite 7755 7.4 (=100 %) 109 (=100 %) 5.4 (=100 %)
Crude specimen 53.76 4.9 ( 66 %) 73 ( 67 %) 3.3( 61 %)
Purified
specimen 0.2 1.9 ( 26 %) not detected not detected
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Fig. 6 Results of DS86 and DS02 calculations for Eu-152 in Nagasaki.

cps / 0.1 keV

cps / 0.5 keV

1.0E+01
1.0E+00 crude REE fr.

| <100
1.0E-01 N

1.0E-02

1.0E-03

1.0E-04

1.0E-05

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy / keV
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Sm Ka X-rays resulted from self-excitation of Sm in counting sample is

interfering with counting of Sm Ka X-rays after £-decay of 152Eu.
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Fig. 10 Fractionation of lanthanoids during (1)extraction from 0.1 M HNO; into 1M HDEHP in
benzene, (2)washing the organic phase with 0.2M HNO; and (3)back-extraction with 3M HNO:s.
amounts in starting 0.1M HNOs, amounts remaining in 0.1M HNO; after the extraction with 1M
HDEHP in benzene, amounts back-extracted with 0.2 M HNO3, amounts back-extracted with 3
M HNO:s.
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2Eu measurement at Kanazawa University (1)
Takashi NAKANISHI
Graduate School of Natural Science and Technology, Kanazawa University

Measurements of the specific radioactivity of residual neutron-induced radionuclides such as ***Eu and
®Co have been carried out to assess the validity of a series of computer calculations employed for
atomic-bomb neutron dosimetry in Hiroshima and Nagasaki. However, the use of these nuclides for
atomic-bomb neutron dosimetry has been limited by the following difficulties: (1) today, these
radionuclides are found only at extremely low concentrations in materials exposed to the atomic bombs
and (2) the neutrons that induced these radionuclides were thermal and epithermal, while the neutron dose
received in Hiroshima and Nagasaki is attributable to fast neutrons. In order to overcome the first
difficulty, we established a chemical procedure to extract Eu and Co from materials exposed to the atomic
bomb. This chemical procedure has been successful for materials exposed to the atomic bomb within a
1400 m slant distance from the explosion point over Hiroshima. At Nagasaki, materials exposed at
distances greater than 1200 m have never been subjected to the measurement of residual neutron-induced
radionuclides. In this work, we have undertaken the determination of the specific radioactivity of *?Eu
(half-life: 13.542 y) in a sample exposed to the Nagasaki atomic bomb at a place 1595 m distant from the
explosion point. However, because of radioactive decay during the 60 years since 1945 and the great
distance from the explosion point, the current specific radioactivity of **?Eu in the sample is extremely low
(estimated to be  2x10™* Bg-"*Eu/mg-Eu), and a serious problem in the measurement of ultra low-level
S2Eu radioactivity arises due to interference from daughter nuclides of *’Ac (half-life: 21.8'y). Hence,
our chemical procedure for preparing a Eu-enriched counting source must be improved, and much
attention must be given to the removal of Ac from the Eu-enriched sample.

An approximately 19 kg concrete sample was obtained from the outer surface of a building exposed to
the Nagasaki atomic bomb at a distance of 1595 m from the explosion point. From the concrete sample,
approximately 9.6 kg of andesite (used as osteodentin) and approximately 7.7 kg of mortar were separated.
Because preliminary neutron activation analysis demonstrated that the Eu concentration in the andesite
fraction (0.96 ppm) was higher than the concentration in the mortar fraction (0.41 ppm), approximately
7.8 kg aliquots of andesite were subjected to a chemical procedure to separate rare-earth elements (REES)
including Eu. After total decomposition of the pulverized andesite by fusion with sodium hydroxide,
removal of major elements (such as Si, Al, Fe, Ca, Na, K, and Mg) was carried out by precipitation,
solvent extraction, and ion-exchange column methods. A crude specimen obtained in this manner was
subjected to preliminary measurement of Eu and radionuclides. The crude specimen, which was
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enriched in REEs, was then subjected to total decomposition and chemical procedures to obtain a purified
specimen, which was virtually free of major elements and Ac. To remove Ac from the REEs, the major
elements were first removed, and then solvent extraction with 1M HDEHP-benzene was applied to the
REE fraction in dilute nitric acid medium.

Preliminary measurements of Eu and radionuclides in the crude specimen revealed that the content of
22T Ac daughters in the specimen was too high to determine the low-level *?Eu radioactivity. A series of
tracer experiments using Eu and “®Ac demonstrated that solvent extraction in a 1M
HDEHP-benzene/dilute HNO; system is an efficient method to remove Ac from Eu (Figs. 4 & 5). In the
case of the actual crude specimen enriched in REEs, Eu and Ac were first extracted into 300 mL of 1M
HDEHP-benzene from 300 mL of 0.1 M HNO; solution. The organic phase was then washed with five
300 mL portions of 0.2 M HNOs. Some results of the enrichment and purification of Eu from the sample
exposed to the atomic bomb are given in Table 1. Although the overall recovery of Eu in the purified
specimen is only 26 % of the amount contained in the approximately 7.8 kg aliquots of andesite, the
removal of Ac from Eu has finally enabled the detection of **?Eu radioactivity. The careful measurement
of *Eu radioactivity in the purified specimen should be continued.
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