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Introduction
On August 6, 1945 “Little Boy” the 235U bomb was exploded above Hiroshima and about twenty
to thirty minutes after the explosion, there was “black-rain” in a wide area that extended outside
Hiroshima city éxtending to more than 30 km to the north-west direction from the hypocenter.
Subsequently, there were two reports sammarised in Dosimetry System 1986 and Dosimetry System 2002
based on the radiation dose estimation due to gamma rays and neutrons received by survivors of the
Hiroshima A-bomb. There is less information on the distripution of radioactive faliout in e case of
. Hiroshima A-bomb (Little Boy) compared to the Nagasaki A-bomb. The aﬁmunts"of fission product (FP)
generated by Little Boy were much smaller than those deposited in Hiroshima ffom other atmospheric
nuclear test explosions and analysis of FP contents in soil samples do not show the distribution of bomb
* fallont, According to some reports, about 51Kg of “*U was loaded in the Hiroshima bomb of which about
912g was consumed by the 16-kt explosion. It can be interpreted that one of the potential nuclides that was
unique to the Hiroshima A-bomb was 2°UJ. There are various assumptions about enriched 2*U present in
the A-bomb. ' .

Uranium has three long-lived isotopes of masses 234, 235 and 238 with average.abundances of
0.0054%, 0.720% and 99.275%, respectively. The principal isolopes e.g. 55U and 28] are of primordial
origin and 24U is present in radioactive equifibrium with Z*U. U occurs in nature at ultra trace
concentrations with a U™ atom ratio of 10, Anthropogenic uranium also contains small amount of
29, formed by neutron capture of *J in nuclear indvstrial processes and to a lesser extent, the alpha
decay of **Pu. Some U has only been found in geological samples specimens (e.g. samples from the
Oklo reactor) which can be. explained due to higher neutron fluxes in vranivm ores, 2°U is a potentially
“ﬁngerﬁxint" for the presence of uranjum originating from a nuclear reactor in the environment. The
dbundance of long-iived radionyelides and their decay products provide information on the chemical
evolution of the system of_' their origin. In case of environmental sciences, soil and sediments are the most
suitable materials that would-be likely to preserve any remains of mihroypggnica}\y altered uranium,
Natural isotopic composition of **UU = (.00725. However, there are no two isotopes of uranium
which are in secular equilibtium and not affected by any possible contaminatjon. Theréfore, determination

v
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of U isotopes in soil samples is expected to provide us with information to evaluate the possible

contamination of uranium. . ) .
Inductively coupled plasma mass spectrometry (ICP-MS) and thermal ionization mass
spectrometry (TIMS)Y have been used for determining total concentration of uranium and isotopic

measurement of uranium from soil samples respectively. TIMS provides highest precision (normalty 0.2%

‘at the 95% uncertainty level compared with approximately 1-2% for ICP-MS. The advancement of

thermal jonization mass spectrometry with high abundance sensitivity enabled us to measure directly all
.possibie wranipm isotopes. TIMS measurements produced data with much better precision than
conventional alpha counting methods and reduced the sample amount as well as time required for
measurements, The purpose of our study is to make clear the distribution of uranium as well as precise
measurement of “*U/*U, **UA¥U and PO ratios of uranium chemically separated” from soil
samples around Hiroshima hypocenier using a thermal jonization mass spectrometry equipped with a
WARP filter to detect trace levels of nuclide contamination by ariificially pmdﬁccd uranium isotope.

2. Materials and methods

2.1 Samples . . .

A standard reference material NBS U010 was used to check the reproducibility of the calibration
of TIMS. Eleven soil samples were selected for this study: sediment reference material supplied by
Geological Survey of Japan (JLK-1) and surface (0-10 cm) soil samples collected at a distance from 2 to
30 km from Hiroshima hypocentre in 1976 under the auspices of a project sponsored by the Ministry of
health and welfare, Japan. The samples were dried at 110 °C then crushed and sieved through a nylon

sieve.

2.2 Chemical procedures ] ;

Digestidn with an acid bomb was performed in a closed vessel (PTFE vessels) microwave unit
MLS 1200 mega; aly) wsing 2 rﬁixtm'e of HNO,-HE-TCIO, for seditment sample, JLK-1 and soil
samples. After digestion, samples were evaporated to dryness on a hot plate. Then the residue was
dissotved in 8M HNO; to yicld a sample solution, .

2.3 Chemical separation )

Three columns were prepared for each sample. Eichrom UTEVA resin in prepacked columns with
2 ml resin was placed immediatély below the second column containing a sirong anion exchange resin
Biorad Dowex 1X-8 (200-400 mesh, CI" form). Both columns were conditioned with 3 M HNO;. The
sample was transferred to the anion exchange column and eluent passed directly onto the UTEVA column.

" The two columns were eluted with 10 ml of 8M HNO;,, followed by 20 ml of 3M HNO;. Uranium was

eluted from UTEVA column using 5 ml of 0.02 M HCL. Concentration of eluent was adjusted to 9 M HCL
The resulting solution was loaded onto an anion exchange column preconditioned with 9 M HCI and
washed with 10 ml of 9 M HCL. Finally, U was eluted with 10 ml of 0.02 M HCI and the eluent was
evaporated 10 yicld a small drop in a Teflon beaker prior to TIMS filament loading.
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2.4 Mass spéctrametry
The isotopic analyses of uranium were performed on a single focussing VG (Micromass) Sector

54-30 thermal ionization mass spectrometer (TIMS) at National Fustitute of Radiglogical Sciences and is’

equipped with nine Faraday collectors and a Daly ion-counting system detector positioned behind axial
Faraday and wide aperture retardation potential (WARP) energy fiiter. The large ratios between decay
constants result in extreme isotope ratios in secular equilibrium, the a‘nalysis of which requires high
abundance sensitivity, This has been achieved with introduction of wide aperture retardation potential
(WARP) energy filter. Very high abundance sensitivity, high transmission, and high stability ion optics,
extremely low dark noise tevel, high linearity of the detection system and sophisticated sample preparation
techriques to minimize molecular interferences and contaminations of the sample are essential to achieve
the ulimate precision and accuracy in TIMS measurements of very large isotope ratios. A triple filament
assembly was used for the thermal jonization of wranium isotopes. Uranium isotopes 234, 235, 236 and
238 were measured dynamically using the Daly-ion counting system and three Faraday cups with mass
jumps. .

3. Results and discussion

Conpcentrations of uranium measured by ICP-MS in different soil samples are summarized in
Table 1. We have studied the total concentration of U from soil samples. The mean concentration of U
varied from 2.61 to 4.8 ppm. Taking into account natural uranjum concentration, it is difficult to examine
the possibility of contamination due to uranivm. (Wedepohi has reported U in the earths crust 23 1,7 ppm.)

We have carried out the isotopic measurement of uranium from soil samples around the
hypocenter with the objective of detecting the presence and potential source of anthropogenic urapium, A
representative duplicate set of s-amplesv is given in Table 1. Samples from location station ESE fall in the
.. range expecled for matural uranium. However, samples collected from other places sinow a spread in
uranium isotope ratio well outside the 99.7% confidence limit, showing a ifde enrichment of **U/A*U.

Table 1

SampleMo  Distance® dSOi-l 70 - © aMpy, Bsp; 238
(o) ensity  Concentration uetu M ¥k U

e/ {ppm)
ESE o a 1.21 4.01 5.51E-05 0.007258
_ ESE © 6 133 2.63 5.48E-05 007269
N 4 115 2.61 5.56E-05 0.007278
N g8 L3 291 5.61E-05 0007279
N 10 1.24 4,85 © 5.53E-0§ 0.007271
NWN 4 ©113 2.74 5T2E-05 0.007368
NWN 6 0.86 3,78 . 5.63E-05 0.007349
NWN 8 114 341 ° " 5.50B-05 " 0007238
w 4 1.16 3.35 5.48E-05 0.007306
W 6 094 - 446 5.49E-05 0.007266

ESE-East-southeast, N-North, NWN-Norih west north, W —West *: Distance from hypocentre

-70.

This indicates heterogeneity in the distribution of jsotopically enriched U within the soil. Data
from duplicate runs of each sample, one can confirm that such deviations from natural ratios were readily
reproducible at statistical levels predicted by standard measurements. Therefore, we thought it worthwhile
to discuss Z*U/U as well as ZU/"U ratios, '

When we use 207U ratio, disequilibrium ratio vares from lawest ie. 1.005 1o the highest
1.117at sampling point - which is within 10 km radivs from the hypocenier. In case of secular equilibrium,
B8 with a half-life of 4.47x10” years would be in secular equilibrium with all its daughters, including
. with halflife’ of 245x10° years. Therefore, “U/*U ‘atomic abundance ratic would be
2.45%10°14.47:10%. = 54.8x10° (or 54.8 ppm) which is the expected ratio. This indicates about ~1% of
enrichment of U is present in soifl samples. The results reported here are comparable with Takada et al,
whose data was obtained with an alpha-spectrometar.

B2 ragio in the soil samples varied between (1,1-4.6)x10%, The presence of “°U in the soil
- gamples can be attributed to some nuclear fallout from some nuclear accident (global fallout) or may be

due fo contamination in the black rain. Therefore, it still remains as a problem to be studied to estimate
neutron flueence qua.ntifaﬁv_e]y based on the data from soil samples to investigate the presence of **U in
detail. ‘

All these studies are preliminary and joint efforts have been taken to assess doses to Hiroshima

esidents due 10 the “black rain”, One of the main ptoblems relating to dose assessment is estimation of

qualitative and quantitative composition of fallout deposition. In case of % measurement, sivce there are
110 international standards available, it will be desirable to calibrate TIMS measurement with accelerator
mass spectrometry (AMS). This will result in more accurate determination of Z*U/*U ratio in soil
samples and will be helpful for the assessment of external doses due to radionuclides deposited on the

_ ground in the “black rain area”.
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