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Abstract
In the previous study, we detected excess U-235 and Cs-137 from a plastered wall tainted with the streaks

of black rain from the Hiroshima A-bomb (Little Boy), thus proving that at least part of unexpended 231U

that was contained in the bomb fell with the black rain. In the present work, we tried to detect excess 235U

discharged from Little Boy into the nearby environment by measurement of 31 U/"'U ratio using ICP-MS in

soil core samples collected from dried-up ponds in Nissyoen (Nishi-ku, Hiroshima, Japan), a private

garden.

Depth profile of 231U/231U ratio in one of the core samples showed slightly higher 231U/211 U ratio in the

deeper layer where the concentrations of fallout Cs-137 from atmospheric nuclear tst were smaller. Black

rain reportedly fell in Nissyoen after the detonation, but apparently the amount of 21U that should have MI
I 21U/211with the rain was not high enough to significantly increase natura U ratio there.
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1. Introduction

The Hiroshima A-bomb was a uranium bomb which contained 51.55 kg of 2 'U according to Sublette

(1). At the estimated bomb-yield of 12 18 kt, fission of 684 - 1082 g of the 231U should have occurred,

leaving approximately 50 kg of 21U to be discharged into the environment.

The exces 2U was first detected in the environmental samples from Hiroshima in August

2000, when we analyzed uranium in a plaster from wall that had black rain streaks on it 2). The wall

once belonged to a house in Takasu, Hiroshima, Japan, located approximately 3 km west of the

hypocenter. The wall was the only physical remains of the black rain from the Hiroshima A-bomb.

Our findings showed that at least part of the bomb material (i.e. 21U) fell with the black rain. Excess

211U, therefore, can be a fingerprint characteristic of Little Boy also because most atmospheric nuclear

explosions after Hiroshima utilized Pu rather than eriched uranium.

The fate of discharged enriched uranium in the environment is of interest because 211 is
of 2Uamong the most common materials in the nuclear ndustry. The fate may also provide the

inforination on the spatial distribution of radioactive fallout from Little Boy in the nearby environment.

This is because less is known on the dstribution of radioactive fallout compared with that of direct

radiation and induced radioactivity ). As amounts of FP generated by Little Boy were much smaller

than those deposited in Hiroshima from the other atmospheric nuclear explosions, contents of FP in

current environmental samples from Hiroshima alone could not be used to investigate the distribution

of radionuclides dscharged from Little Boy.

In the present work, we tried to find excess 23'U discharged from Little Boy by measurement

of U/"U ratio in soil samples collected from dried-up ponds in Nssyoen (Mitakihoranachl, Nshi-
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ku, Hiroshima, Japan).

2. Materials and Methods

2.1 Soil Sample Collection

Nissyoen is a 1300 in pvate garden owned by a family since the Edo period and was recently

donated to Hiroshima University. It is located 3 km north of the hypocenter as shown in Fig. I

together with the area of rain that fell after the detonation (refer to 4)). The black rain reportedly fell

there after the detonation. The garden had a dried-up pond that should have received the rainwater

then.

Total 9 soil cores were collected at the site in August, 2001. Of the cores, eight were from

the dried-up pond, one was from the flat surface of the garden. An implement called geoslicer 5) was

used to collect cores that were 9 cm wide and 25 cm thick to the depth of 20 - 30 cm. Obtained

cores were sectioned at an nterval of lcm in depth and oven-dried at 105 'C. Soil samples were used

as they are for gamma-ray measurement. The samples were pulverized to pass 150 mesh sieve prior to

chemical procedures.

2.2 Reagents and Instruments

All the reagents used were of analytical grade unless otherwise specified. HNO3, HCIO, and HF were

those especially prepared for a class-100 environment (AA-100 grade, Tama Chemical Co.). Lithium

mctaborate and lithium tetraborate were those prepared for X-ray fluorescence measurement.

All the vessels used were made of metal-free materials such as polyethylene, polycarbonate and Teflon.

A crucible used for borate fusion was made of graphite.

For analysis Of 31CS, gamma-rays were measured with a low-background spectrometer composed of

294 cm' Ge detector (EG&G Ortec, GEM-50195-P) shielded with 125 mm of lead and 50 mm of old

iron.

Uranium isotopes and metal elements were analyzed by ICP-QMS (inductively coupled plasma -

quadrupole mass spectrometer) model HP-4500 from Yokogawa Analytical Systems (Tokyo, Japan),

equipped with Nickel sampling and skimmer cones, a shielded torch, quartz double-pass spray

chamber, and micro-flow nebulizer (Agilent Technologies, CA, USA).

2.3 Chemical Procedures

100 mg of dry-ashed 450 , 24 hrs) soil samples were decomposed by a mixture of HNO3, HC104

and HF in sealed Teflon vessels under microwave irradiation in an MDS-2000 microwave oven(CEM

Co., Mattews, NC), or by borate fusion at 980 'C. Acid decomposed samples were treated

consecutively with H2SO4 and a mixture of HN03and HC104 to eliminate fluorides of uranium that

interfere with the chemical separation before being dissolved in 2N HNO3. Fused samples were

dissolved directly in 2N HN03and were filtered to remove suspended silicate.

Separation of uranium from samples dissolved in 2 N HN03 solution was done in a class - 100

environment by loading them on a column packed with U-TEVA resin (Eichrom Technologies Inc.,

Darien, IL) followed by elution of U with 0.01 N HN03 Details of our separation procedures are

described elsewhere (5) .
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2.4 Analytical Procedures

Counting time of Ge detector for gamma-ray measurement was 80,000 sec for each sample.

The analyses for uranium were done at integration times of 24.0 sec, 15.0 sec and 06 sec: at

mass numbers 234, 235 and 238. The mass-scanning rate was 1000 times per second. Analytical

sensitivity for uranium was 77,000 cps/ppb at the sample consumption rate of 100 ttL/rmn. The
natural uranium standard solution SRM 4321B, certified for 134U, 235U and 238U contents, purchased

from the National Institute of Standards and Technology (MD, USA), was used for the mass-

discrimination correction of ICP-QMS after dilution to ca. 20 ppb. Three repetitive measurements

were conducted per a mass spectrometric analysis of the sample. In order to minimize analytical error,

each sample was analyzed at least 4 times (i.e., 12 repetitive measurements) choosing different date

and time for the analysis of the same sample as much as possible.

The analytical precision of

uranium isotope ratio measurement was

examined by an intercomparison between

our ICP-QMS instrument and multi-

collector inductively coupled plasma mass

spectrometry (MCICP-MS) in Lawrence

'N" Livermore National Laboratory in US for

14 soil samples collected from a former

nuclear tests site in the Marshall Islands

(6). The average relative bias on
235u/238U and 234U/238 U atom ratios between

instruments was only 007% and 06 ,

respectively, and was smaller than the

internal precision of ICP-QMS itself. The
maximum relative bias of 235U/238U andFig. Location of Nissyoen in Hiroshima, and the

rain area proposed by Masuda(1986) 114U/131 U atom ratios observed between

the instruments was ca. 02 and 20 %, respectively.

3. Results and Discussion
Of the 9 cores collected in Nissyoen, core nos.2 and 4 were analyzed for "'Cs contents, 235u/238u atom

ratios and 114U/1`U activity ratios. Shown in Figs. 2 and 3 are profiles of "'Cs and 231U/231 U atom ratio

in cores no.2 and 4 respectively. Figs. 4 and show profiles of 3 Cs and 231U/131 U activity ratio

(calculated from atom ratio) in cores no.2 and 4 respectively. Because the previous experiment

showed that the average relative bias of our uranium isotope ratio measurement was better than the

internal precision of ICP-QMS itself 6), maximum relative bias of 02 % (2"U/ ... U) and 2 

214U/2111U) was also shown in the figures to indicate the confidence limit of our data.

Comparison between 131CS profiles in Figs.2 and 3 shows that the soil from sampling station

no.4 was disturbed, probably due to anthropogenic activity while the soil from station no.2 was not

much disturbed. The 13'U/2"U ratio in core no.2 was slightly higher in the deeper layer (from the depth

of 4 cm to 9 cm) where the concentrations of fallout Cs-137 from atmospheric nuclear test were

smaller. Observed 2"U/2"U atom ratios in core no.2 were slightly higher in the deeper layer where
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131U/2concentration of' "Cs from the atmospheric nuclear test was lower, whereas the "'U atom ratios in

core no.4 were relatively constant to the depth of 12 cm.
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Fig.2. 137CS and IIU�MU atom ratio in core no.2
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Fig.4. 234U?3 'U activity ratio and 137 Cs in core no.2
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Fig.5 Cs and U?"U activity ratio in core no.4

The depth profile of2IIU/2"U activity ratio shown in Fig. 4 (core no.2) showed the isotope

ratio variation with depth. Such variation, however, was also observed in soil collected from the other

part of Japan and cannot be attributed to the effect of the bomb (8). The activity ratio variation in core

no.4 (Fig. 5) was less than that observed in core no.2 probably because the soil was disturbed there.

4.Conclusion

Slightly higher ... U/ .. U ratios in the deeper layer of soil, where the concentrations of fallout Cs-137 from

atmospheric nuclear test were smaller, were found at sampling station no.2 in Nissyoen. The investigation

of other soil profiles and comparative measurement using the instruments oher than ICP-QMS is ncessary

to confirm whether such variation in IIIU/131 U ratio is the effect of the Hiroshima A-bomb.
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