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INTRODUCTION:  In 2020 Dec, the spacecraft 
Hayabusa2 returned and brought back the samples col-
lected from the asteroid Ryugu to the Earth [1, 2]. The 
Ryugu samples will be allocated to and studied by the 
initial analysis teams consisting of the 6 sub-teams, 1) 
chemistry (elements and isotopes), 2) petrology and min-
eralogy of coarse grains, 3) petrology and mineralogy of 
fine grains, 4) volatiles, 5) insoluble organic matter, and 
6) soluble organic matter [3]. We belong to the volatile
sub-team, and will conduct a combination analysis of
INAA, halogen measurement, and Ar-Ar/I-Xe dating.

We have carried out rehearsal measurements since 2013 
(project #: 25066, PI: S.S.), and established the analytical 
method.  

The main object in this proposal is to evaluate the neu-
tron flux variation among the samples irradiated, by using 
two orthoclase mineral standards that were located at the 
top and the bottom in one irradiation capsule. Gamma-ray 
measurements and noble gas analyses were also per-
formed for various standard and meteorite samples as a 
realistic rehearsal for the Ryugu sample analysis. 

EXPERIMENTS:  Prepared samples for the November 
irradiation were three meteorite samples (Allende CV 
chondrite, Murchison CM chondrite, Bjurböle L/LL4 
chondrite) and our standard samples (JB-1, BHVO-2, 
orthoclase, sanidine, and wollastonite). For the December 
irradiation, orthoclase, sanidine, and Allende samples 
were prepared. Each of the samples was placed in a con-
ical dimple (φ1, depth ~ 0.5 mm) of a sapphire disk (φ5.5, 
1.5 mm thick), and covered with a sapphire disk (φ5.5, 
0.3 mm thick). Each of the sapphire container was 
wrapped with pure aluminum foil. These Al-wrapped 
containers were stacked and sealed in the capsules for the 
Long-term irradiation. Condition of the Long-term irradi-
ations were 94 hours under 1MW-operation + 12 h under 
5MW-operation and 141 hours under 1MW-operation + 
18 h under 5MW-operation for the Nov and Dec irradia-
tions, respectively.  

In order to reduce the radioactivity from the sapphire 
containers and Al foil, the samples were moved to 
non-irradiated sapphire containers after the irradiation. 
Gamma-ray measurements of radioactive nuclides were 
performed at KURNS, preceding noble gas analysis at 
Kyushu Univ. 

REUSLTS and DISCUSSION: The gamma-ray 

measurements for four Allende samples (the sample 
weights are 1.312 mg, 0.176 mg, 0.260 mg, and 0.162 
mg) confirmed the homogeneity of the sample. Also, the 
homogeneity of JB-1 (1.090 mg, 0.681 mg, 0.966 mg) 
and BHVO-2 (1.037 mg, 1.094 mg, 0.827 mg) standard 
samples were confirmed. 

Most of the 40Ar concentrations in the orthoclase stand-
ard samples converges on the right value of 3.0E-4 
cm3STP/g, whereas a few data are away from the value 
(Fig. 1). This problem is due to the small sample size 
(~100 μg), and can be solved by multiple measurements. 
Comparing the average values, the December irradiation 
samples contain about 1.5 times more 39Ar produced via 
the 39K(n, p)39Ar reaction than the November samples. 
The difference in the 39Ar concentrations is in good 
agreement with that in the irradiation duration. 

The concentrations of 39Ar also depend on the location 
within the irradiation capsule. There is an about 20% 
difference between the two orthoclase samples irradiated 
in the Nov irradiation. These two samples were ca. 5cm 
apart each other, and other samples were between the two 
orthoclase samples. Therefore, the neutron flux should be 
corrected with respect to the sample location within the 
irradiation capsule.  
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Fig. 1. Concentrations of 39Ar and 40Ar in the irradiat-
ed orthoclase standard samples 
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INTRODUCTION:  Silver-110m is one of the radio-
nuclides that is significantly detected in the environmen-
tal samples after the accident of the Fukushima Dai-ich 
nuclear power plants [1]. Its effect on internal exposure 
was insufficiently reported compared to other major ra-
dionuclides, such as cesium-137. Evaluations of internal 
exposure require various environmental parameters. 
Among them, the transfer behavior of radionuclides to 
and inside editable plants, radish (Raphanus sativus var. 
sativus), was investigated under hydroponic condition. 
Besides of radioactive silver and cesium, radioactive ru-
bidium was added to compare their transfer behavior. 

EXPERIMENTS:  Silver-105, cesium-136, and ru-
bisium-83 used as tracers were produced through photo 
nuclear reaction at KURNS-LINAC and purified by pre-
cipitation and ion chromatography [2]. Radish samples 
were cultivated from seed in non-radioactive nutrient 
solution [3] for four weeks and then were replaced to 
fresh nutrient solution containing above radionuclides 
followed by cultivation for one, three, and five days. Af-
ter each cultivation time, the root was washed by re-
verse-osmosis water and the washing solution was re-
turned to its original nutrient solution. The cultivated 
sample was divided into three parts, root, radish, and leaf 
to be dried at 75 oC for more than 12 hours. The radioac-
tivity of dried samples and nutrient solution was meas-
ured by γ-spectrometry to determine the transfer and dis-
tribution ratio of three elements. 

RESULTS:  The transfer ratio of silver from nutrient to 
plant saturated at only one day, which was different from 
cesium and rubidium in Table 1. However, the ratio 
reached at most 60%. The transfer tendency of cesium 
was similar to rubidium while the ratio was smaller than 
rubidium. The distribution ratio of radionuclides between 
root and whole plant body was constant over cultivation 
time in Table 2. Silver almost completely remained in 
root and hardly moved to other parts. Even though the 
total amount of cesium and rubidium in the whole plant 
body increased as seen in Table 1, it is interesting that the 
distribution ration of those was constant. The distribution 
ratio of cesium and rubidium between radish and whole 
plant body decreased with cultivation time in Table 3. On 
the contrary, the distribution ratio of those between leaf 
and whole plant body increased in Table 4. This opposite 
tendency would be ascribed to the difference of the 
translocation rate of root to radish and radish to leaf. The 
same transfer tendency of silver between radish and let-
tuce (Lacutuca sativa var. crispa) [4] suggests that silver 
uptaken through root surface is one of elements that are 

unlike to translocate from root to other plant parts. 

Table 1 Transfer ratio of radionuclides from initial nutri-
ent solution to plant 

Day 105Ag 136Cs 83Rb 

1 0.56 0.05 0.11 

3 0.62 0.15 0.32 

5 0.56 0.33 0.61 

Table 2 Distribution ratio of radionuclides between root 
and whole plant body 

Day 105Ag 136Cs 83Rb 

1 0.96 0.24 0.15 

3 0.96 0.24 0.15 

5 0.95 0.26 0.15 

Table 3 Distribution ratio of radionuclides between radish 
and whole plant body 

Day 105Ag 136Cs 83Rb 

1 0.01 0.22 0.31 

3 0.01 0.19 0.24 

5 0.02 0.10 0.16 

Table 4 Distribution ratio of radionuclides between leaf 
and whole plant body 

Day 105Ag 136Cs 83Rb 

1 0.01 0.47 0.49 

3 0.03 0.58 0.61 

5 0.03 0.64 0.70 
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