
Introduction
The Research Center for Radiation Emergency Medicine is

aimed at proposing and providing the best possible treatment

methods to anyone involved in radiation accidents, anytime and

anywhere. All of our efforts are made to attain this ultimate goal.

Specifically, we are focusing on three projects (Fig.1). The first

project is directed toward the establishment of the most appropri-

ate methodologies for evaluating radiation exposure, especially

from contamination with actinides accompanied by trauma. The

term “actinide” refers to 14 heavy-metal elements (atomic num-

bers 90－ 103) with unique characteristics. The second project is

aimed at exploring and supplying effective drugs to reduce the

radiotoxicity and metallic toxicity of internally contaminated acti-

nides. In Japan, NIRS is the only institution which is authorized to

perform these two research projects using actinides including

uranium and plutonium. The third project is targeted at a possible

application of mesenchymal stem cells (MSCs) as regenerative

medicine to treat radiation exposure injuries. MSCs can differenti-

ate into various normal tissues and support regeneration of dam-

aged tissues. Tissue regeneration failure is a characteristic of ra-

diation injury, and therefore, the application of MSCs to treat this

injury is plausible.

1. Research project to evaluate radiation exposure
Precise evaluation of radiation exposure in radiation accidents

is essential to treat patients and provide their prognosis. Evalu-

ation of radiation exposure dose is difficult, especially in the case

of internal contamination by actinides (Fig.2). Actinides, including

uranium and plutonium, have unique characteristics; they are

mostly alpha emitters and have long effective half-lives in the

body. Alpha particles from the actinides are easily attenuated in

water. This should be taken into account when counting for an ac-

tinide wound using conventional alpha detectors, such as a ZnS

(Ag) survey meter. The activity determination of the actinides is

difficult especially in the case of traumatic skin lesions with oozing

blood. A new technique for the actinide wound counting is thus

highly required in radiation emergency medicine.

Chromosomal analysis is also a useful method for evaluating ra-

Fig.1 Outline of Research Center for Radiation Emergency Medicine Fig.2 Research Project for Radiation Dosimetry
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diation exposure. This method is used to evaluate specific chro-

mosomal translocations as eventual outcomes from biologic reac-

tions derived from radiation exposure. Chromosomal translocation

may be stable in peripheral blood cells for a long period of time,

and thus exposure doses can be retrospectively evaluated. We

have developed an automatic system for simpler handling and a

shorter handling time.

2. Research project on the treatment of actinide expo-
sure
Once an actinide enters into the body, it is retained in the target

organ and induces radiologic as well as metallic toxic effects for a

long time. The treatment strategy for this exposure is comprised of

two or three steps (Fig.3). The initial step is removal of the actinide

by decontamination. This procedure is not always possible, espe-

cially when contamination occurs widely or deeply or in unre-

sectable body areas. In such cases, only treatment with chelating

reagents such as diethylenetriaminepentaacetic acid (DTPA) is

currently available. The pharmacokinetics of free-DTPA indicates

that it has a short half-life in peripheral blood (about 1 hour) and is

poorly distributed into intracellular spaces. We have found new

drug candidates for actinide-related accidents from commercially

available reagents.

3. Research project on regeneration medicine with
mesenchymal stem cells
Radiation-injured tissues characteristically lose tissue regenera-

tion ability. Tissue regeneration requires tissue stem cells that dif-

ferentiate into normal cells suitable to repair or replace the dam-

aged tissues. In a number of animal models, MSCs injected into

the radiation-injured tissues are considered to contribute to tissue

regeneration mainly through humoral factors or cell-to-cell con-

tacts (Fig.4). Therefore, we have investigated possible molecular

mechanisms of MSCs to find beneficial molecules, and evaluate

the efficacy and safety of these molecules in vivo using animal

models, for eventual application in a clinical setting.Fig.3 Research Project on the Treatment of Actinide Exposure

Fig.4 Research Project on Regeneration Medicine with Mesenchymal Stem Cells
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Introduction
When a tissue is damaged by radiation, the repair activity in-

cluding wound healing and angiogenesis are impaired compared

with normal tissues. Therefore, the promoting of repair activity at

the injured site is essential for maintenance and growth of tissues.

Mesenchymal stem cells (MSCs) are known to be capable of

differentiating into multiple types of cells and they are able to re-

lease a variety of therapeutic agents such as anti-inflammatory

cytokines and pro-angiogenic factors. Therefore, MSC-based

therapies are being considered as potential therapy for the regen-

eration of radiation-damaged tissues. However, there are some

problems in the use of MSCs. As MSCs occur at a low frequency

in tissues, it is difficult to obtain a large number of MSCs from tis-

sues such as adipose or bone marrow. Furthermore, it is difficult

to maintain their biological properties because cellular functions

of MSCs are impaired with time in conventional monolayer cultur-

ing. While conventional culture methods have relied on two-

dimensional (2-D) monolayer culturing, tissues and organs in vivo

are composed of multiple types of cells and proteins with 3-D

structures. Their 3-D microenvironment is an important factor for

expression of cellular functions. Therefore, it is thought that the 2-

D monolayer culture inadequately reproduces the microenviron-

ment of MSCs. To enhance the therapeutic functions of MSCs,

more effective cell culture systems are needed.

We speculated that a 3-D microenvironment will provide closer

mimicking of the in vivo environment. Indeed, 3-D aggregate cul-

ture systems have been used to analyze tumor biology and devel-

opment of stem cells. However, the biological properties in the 3-

D culture system are not yet fully understood, especially in mouse

MSCs. Therefore, we have focused on biological properties of

MSCs in the 3-D aggregate culture system.

In this study, we assesses whether the 3-D aggregate cultured

MSCs are able to provide therapeutic effects for more effective

MSC-based therapies.

Results and discussion
Most studies have used human MSCs, and there are only a few

reports that have studied the 3-D culture with mouse MSCs. It is

important to characterize mouse MSCs for translational research

using transgenic mouse.

In this study, we used the prospectively isolated mouse bone-

marrow derived MSC population which presents a high MSC fre-

quency [1]. As these cells have not yet been applied to the 3-D

culture system, we investigated their biological properties in 3-D

aggregate culturing [2]. After preparing a mouse bone marrow-

derived cell suspension, the cells were stained with antibodies

and sorted with FACS (Fig.1). Their FACS-isolated cells indicated

trilineage differentiation into adipocytes, osteoblasts and chon-

Fig.1 a. Prospective isolation of mouse BM-MSCs by fluo-

rescence activated cell sorting (FACS). b-d. Micro-

scopic images of MSCs cultured in adipogenic (b:

Oil red O), osteogenic (c: Alizarin red S) and chon-

drogenic (d: Alcian blue) induction media.
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drocytes under each of the inducible conditions (Fig.1). To fabri-

cate 3-D MSC aggregates by using these cells, we used the

nanoculture plate (NCP) which has a nanohoneycomb pattern

composed of low-binding polymer (Fig.2). After seeding into the

NCP, we showed that those MSCs were self-assembled into

colony-like aggregates (Fig.3b). When the same cell numbers

were seeded into a normal culture plate, these cells flattened and

adhered onto the culture surface (Fig.3a). The cellular morphol-

ogy in the 3-D aggregate culturing markedly differed compared

with 2-D monolayers. We summarized the effects of 3-D culturing

in Fig.4. MSC aggregates indicated altered gene expression and

increased secretion of proangiogenic factors compared with

monolayers (Fig.4). The aggregate-derived conditioned medium

enhanced tube formation by endothelial cells. Current results

have suggested that the formation of aggregates is associated

with altering of gene expression, changes of cellular morphology

and functional activation in MSCs. In addition, we are analyzing

the angiogenic capacity of the 3-D aggregate itself by using mice.

Further studies are needed for assessment of therapeutic efficacy

in the radiation-injured animal models.

In conclusion, we found the formation of 3-D aggregate was

able to promote the MSC function characterized by the increased

secretion of proangiogenic factors. Thus, preconditioning of

MSCs by the 3-D culture system may be applied to provide more

effective MSC-based therapies.

Perspectives
Preconditioning of MSCs by the 3-D culture system has several

advantages. The aggregate structure composed of multiple cells

is a tissue-like structure including cell-cell interaction and cell-

derived extracellular matrices. At an injured site, the extracellular

microenvironment is often accompanied by degeneration of extra-

cellular matrices and lack of vasculature. The survival and thera-

peutic efficacy of the transplanted single cells is altered accord-

ing to the microenvironment. Therefore, it is suggested that the

preconditioned 3-D aggregates are useful a tool for local admini-

stration at an injured site.

Fig.2 A phase contrast image of culture surface in

nanoculture plate (NCP).

Fig.3 A comparison of cellular morphology in 2-D and 3-D

culture. a: 2-D monolayer cultures b: 3-D aggre-

gates

Fig.4 The effects on the biological properties of 3-D aggregates.
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Objectives
Various radioactive transition metals are present in nuclear

power plants and nuclear fuel reprocessing facilities. Although

such metals are placed in controlled area and isolated from work-

ers, there is a risk of disfunction in the area by accident. For ex-

cretion of transition metallic radionuclides in the human body after

the accident with internal contamination, injection of a chelate

drug of diethylenetriaminepentaacetic acid (DTPA) is recom-

mended as a treatment. However, such transition metals behave

in a complicated manner in the actual physiological conditions of

the invaded region. The ions of these transition metals form un-

usual coordination complexes in the body, and they are rapidly in-

corporated and accumulated in the phagosome of phagocytic

cells in the region where the intravenously injected chelate drug

cannot reach. For the phagosome-targeted introduction of chelate

to dissolve these coordination complexes, we prepared a

liposome preparation containing DTPA and examined the incor-

poration efficiency and excretion rate of ferric hydride using cul-

tured peritoneal macrophage cells. The liposome preparation of

DTPA was efficiently incorporated into the macrophage cells and

enhanced iron excretion, though the solution form of DTPA could

not do this. This suggests that the liposome preparation form is

suitable to deliver drugs into phagocytes and to decorporate tran-

sition metal radionuclides.

Introduction
Radioactive transition metals are produced during the opera-

tion of nuclear plants and various coordination compounds are

produced by chemical reactions during plant decommissioning

processes or during the reprocessing process of spent nuclear

fuel. Since there are risks for workers to internal contamination by

such metals in accidents, decorporation therapies have to be de-

veloped as a countermeasure. For the decorporation of transition

metallic radionuclides in victims, it has been recommended to in-

ject a chelate drug, DTPA. Since DTPA forms water-soluble coor-

dination complexes by binding with transition metal ions, the tran-

sition metals are expected to be transferred in the blood circula-

tion system of the human body and excreted via the urinary sys-

tem.

Transition metallic radionuclides form various water-insoluble

coordination compounds with the contents of the body fluid imme-

diately after their invasion. Such compounds are recognized as

foreign substances, and incorporated by tissue phagocytes.

Phagocytes store foreign compounds until they undergo dissocia-

tion in the phagosome. Since the coordination compounds of tran-

sition metal radionuclides cannot be easily decomposed by the

intracellular digestive system, they are stored for a long period in

the phagocytes resulting in an increase of effective dose in the tis-

sue. Although DTPA can dissolve such transition metal com-

pounds, intravenously injected DTPA cannot reach the com-

pounds because DTPA cannot permeate the lipid bilayer mem-

branes surrounding the cytosol and phagosome. We examined

liposome preparation forms containing DTPA for effective intro-

duction of the chelate into the phagosome and excretion of intra-

cellular transition metals.

Results
We chose trivalent iron as an insoluble transition metal and cul-

tured peritoneal macrophages for quantitative examinations.

When cultured macrophages were incubated with Fesin (Nichi-

Iko Pharmaceutical Co. Ltd., Fe(OH)3-sucrose hydrated colloid,

average diameter of 10nm), macrophages promptly incorporated

iron and accumulated it in the phagosome (Fig.1a). Such phago-

cytic macrophage cells also incorporated exogenously intro-

duced liposome as foreign substances. If the liposome contains

DTPA, the chelate is expected to be released from the liposome

and to dissolve the colloidal ferric hydrate in the phagosome.

The liposome is a small spherical vesicle made of a lamellar

lipid bilayer, and various water-soluble solutions can be enclosed

in it. Because the surface structure of the liposome is a major fac-

tor affecting phagocytic incorporation, 9 types of lipid bilayers
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were designed to compare efficient incorporation into the macro-

phage cells. For the difference in the electric charge, we prepared

three types of lipids: electrically neutral (equimolar mixture of di-

palmitoylphosphatidylcholine and cholesterol, as a base compo-

nent), positively charged (by the addition of octadecylamine at 5

molar percent), and negatively charged (by the addition of di-

palmitoylphosphatidylserine at 5 molar percent). Moreover, man-

nose residue (by addition of 4-aminophenyl-alpha-D-mannopyranoside

at 2.5 molar percent) or Fc-ligand positive antibody (by addition of

N-dinitrophenyl-dipalmitoylphosphatidylethanolamine at 5 molar

percent and mouse anti-dinitrophenol monoclonal antibody) were

attached to enhance binding specificity with the macrophage sur-

face. After emulsification by sonication and filtration then purifica-

tion by Sephadex gel filtration, we obtained liposome prepara-

tions (diameters from 100 to 200 nm) containing 100mM each of

Zn-DTPA and carboxyfluorescein (CF) which was a quantitative

indicator. The contents of the liposome are released into the

phagosome of macrophage just after the incorporation (Fig.1b).

The incorporation rates among the 9 types of liposome prepara-

tions were compared by quantification of intracellular CF 16 h af-

ter introduction. As shown in Table1, negatively charged liposome

gave the maximum incorporation rate when Fc-fragments were in-

troduced. Sufficient incorporation rates were obtained when

positively-charged liposome with mannose or electrically neutral

liposome without any addition was used.

We examined the effect of liposome preparation containing

DTPA on the excretion of iron accumulated in the phagosome of

macrophages after incubation with Fesin for 24 h. After incuba-

tion for a further 5 days following removal of excess Fesin , hardly

any intracellular iron was present as shown in Fig.2. Addition of

DTPA solution did not accelerate the iron excretion. In contrast,

iron was drastically excreted from the macrophage by introduc-

tion of the liposome preparation of DTPA. This suggests that

liposome preparations of chelate can deliver chelate drug into the

phagocytes and enhance translocation of residual transition metal

radionuclides from the phagocytes to the blood circulation sys-

tem.

Fig.1 Microscopic views of incorporation in cultured macrophage.

a.(left), b.(right) a. Macrophage incubated with Fesin (iron concentra-

tion of 0.25 μmol/106 cells) for 24 h were treated by Prussian Blue staining

and Safranine O counter-staining. The iron atoms localized in phagosome

are visualized as blue granules. Bar indicates 20 μm. b. Liposome contain-

ing CF was incubated with macrophage for 2 h (CF concentration of 0.5

nmol/106 cells). CF released from the liposome (green) is located in the

phagosome separately with the nucleus (blue) stained by 4’, 6-diamidino-2

-phenylindole.

Fig.2 Effect of Ca-DTPA LP on excretion of iron.

Macrophage accumulated collidal ferric hydrate by 24 h

-incubation with Fesin (iron concentration of 1μmol/106

cells). After removal of excess Fesin , the cells were incu-

bated with medium containing PSS (control), Ca-DTPA so-

lution (15 nmol/106 cells), or Ca-DTPA liposome (corre-

sponding to 15 nmol DTPA /106 cells) for 120 h. Intracellu-

lar iron amounts were measured by the ferrozine method.

Table1 Relative incorporation rate of surface-modified liposome prepara-
tions.

surface
modulation

electrically
neutral

negatively
charged

positively
charged

plane 1.00 0.17 0.65
mannose 0.85 0.15 1.15

Fc-fragment 0.68 1.95 0.88

Incorporation rate was measured after 16h incubation of macrophage with
liposomes (corresponding to 2.5 nmol CF / 0.5x106 cells). Relative ratios of
each liposome to the neutral-none surface modulation liposome are shown.
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Although internal contamination with radionuclides rarely

causes acute radiation syndrome, rapid and accurate dose esti-

mations are essential in radiation emergency medicine especially

when the contaminant is actinides such as plutonium (Pu) and

americium (Am). Most of the actinides have relatively long physi-

cal and biological half-lives and they are also alpha emitters so

that the internal doses are often considerably high even for a

small amount of radioactivity. For this reason, medical treatment

using chelating agents (e.g., Ca-DTPA, Zn-DTPA) that enhance

removal of the actinides from the body are immediately consid-

ered depending on the resulting doses to the patient.

Bioassay is the only method to provide internal dose estima-

tions for internal contamination with the actinides with adequate

sensitivity[1]. However, this method is quite time-consuming be-

cause of the need to pretreat urine and feces samples which are

most commonly used, and then carrying out the subsequent pro-

cedures. This issue has remained as the greatest challenge in

bioassay for actinides. This report overviews the conventional bio-

assay method for the actinides in biological samples and then de-

scribes our current study to speed-up this method.

Conventional bioassay method
Fig.1 shows the conventional bioassay method including the

systemic separation of Pu and Am in a urine sample. This method

consists of the following three procedures: pretreatment, radio-

chemical separation, and sample preparation and measurement.

The pretreatment procedure is generally done for two purposes;

one is to reduce sample volumes and the other is to remove or-

ganic compounds in the biological samples. For the urine sample,

the pretreatment is started with ashing by strong oxidants (HNO3

and H2O2). As a result, the organic compounds are decomposed

through oxidation and nitration reactions. This procedure alone

typically takes typically 3 work days (8 h per day) for each 24-h

urine sample taking into account a working hour and also requires

a high level of skill based on a lot of experience. For example, a

slight change in the color of the sample during the pretreatment

needs to be distinguished in order to judge if the organic materi-

als still remain or not. The radiochemical separation is performed

to extract the actinide element to be quantified from the pretreated

sample. There are several techniques for this: solvent extraction,

ion-exchange and extraction chromatography[2]. From experi-

ments, we have found that the ion-exchange using DOWEX 1x8

resin is the most reliable technique for extracting Pu and Am.

The last procedure is the sample preparation and measurement

for determining the radioactivity of the actinides in the biological

sample. The measurement is normally performed by means of al-

pha spectrometry using silicon semiconductor detectors. The

measured samples are prepared by the electrodeposition tech-

nique to minimize the self-absorption of alpha particles in the

source materials.

As expected, some fraction of the actinides is lost during the

above procedures. Thus, the recovery rate of each actinide ele-

Fig.1 Procedures to separate Pu and Am from a urine sample
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Table1 Chemical yield and detection limits in conventional method

* Urine amounts: 500mL, measurement time by alpha spectrometer: 80000s

ment should be determined using a tracer of the same actinide

with a known radioactivity as that to be quantified (e.g., 232U,
242Pu, 243Am). Table1 gives typical recovery rates for U, Pu and Am

and the resulting detection limits based on our experiments.

As mentioned above, the conventional bioassay method for the

actinides is quite time-consuming. For example, it normally takes

one week to complete assay of one 24-h urine sample. Additional

time for dry ashing is further needed in the case of feces samples.

The proposed method for a more rapid estimation
The conventional method was originally established based on

the radiochemical analyses of environmental samples with rela-

tively low radioactivity levels. The attainable detection limits of the

actinides by the conventional method are a few mBq per sample;

however, such detection sensitivity may not be necessary in all

cases related to radiation emergency situations (Table2). Cur-

rently, we have tested the use of a co-precipitation technique in

the precipitation procedure. Fig.2 shows the proposed method for

the rapid estimation which focused on cutting the pre-treatment

time by using co-precipitation. The co-precipitation technique is a

conventional one in radiochemistry; however, not many studies

have reported on its application to the actinides in biological sam-

ples. We selected the phosphoric precipitation technique to ex-

tract the target actinide. The precipitated materials are concen-

trated using a large-volume centrifuge separator and are then de-

composed by an automatic microwave decomposition system.

The recovery rates of Pu and U by this proposed method are im-

proving enough to obtain comparable results to the conventional

method although we are continuing the optimization of experimen-

tal conditions. The time needed for the pretreatment can be re-

duced by a half (1.5 days) by the proposed method. The counting

time of the sample measurement can also be reduced if the pur-

pose of the dose estimation in radiation emergency medicine is

limited to the triage for selecting the patient who needs urgent

medical treatments.

Future work
Further studies are still necessary on the development of a

rapid bioassay method for the actinides in biological samples. We

are now considering the use of an ICP-MS technique for Pu al-

though the suitability of this technique depends on the specific ra-

dioactivity of the isotope of concern.

Table2 Committed effective doses calculated using the detection limit

Fig.2 Proposed method for a more rapid estimation
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In vivo measurements of humans using a photon detector (or

detectors) (e.g., a Ge detector, a NaI(Tl) detector) placed adja-

cent to the subject are a non-invasive method for internal dose as-

sessments. Whole-body counters (WBCs) were widely used to ex-

amine many members of the general public after the Fukushima

nuclear accident [1] and they are one type of in vivo counters.

This method, however, has a significant problem that detector

calibration using a physical phantom imitating a person internally

contaminated with radionuclides is needed, resulting in a poten-

tial error in the radioactivity determination because of the differ-

ence in the shape of the organs/tissues and the distribution of ra-

dionuclides in the body between a real subject and the physical

phantom; it is practically impossible to fabricate a realistic physi-

cal phantom tailored to each subject. Meanwhile, remarkable pro-

gress in computer technology is enabling numerical simulations

using voxel (volume pixel) phantoms reconstructed from medical

images (e.g., CT or MRI). The typical voxel size of the latest voxel

phantoms has reached a few millimeters or less [2]. This paper in-

troduces our recent studies on computational calibration of in vivo

counters using voxel phantoms to overcome the above-

mentioned problem of detector calibration.

Skull counting for 241Am
The lungs should be monitored after accidental intake via inha-

lation of insoluble radioactive materials such as actinides which

will give a relatively high internal dose. However, photons emitted

from actinides are mostly low energy (e.g., 17.0 keV for 239Pu, 59.5

keV for 241Am) and are easily shielded by the ribs and their sur-

rounding tissue overlying the lungs, leading to a low detection

sensitivity. In addition, the actinides distribution in the lungs is ba-

sically unknown; thus, the radioactivity determined by lung count-

ing has a significant uncertainty. On the other hand, in recent

years the European Dosimetry Group (EURADOS) has focused on

the suitability of skull counting of 241Am which is usually co-

existing with Pu [3].Targeting the skull has the following advan-

tages: thin overlaid soft tissue and a large volume fraction of the

total bone where the incorporated actinides have been trans-

ferred over time.

As a pilot study in our laboratory, we obtained the counting effi-

ciency of a system consisting of four Hyper-Pure Ge (HPGe) semi-

conductor detectors placed over the head by means of numerical

simulations coupled to the adult male-reference voxel phantom

developed by the International Commission on Radiological Pro-

tection (ICRP) (Fig.1) [4]. In the simulations, pulse height spectra

of the HPGe detectors were calculated by tracking all physical in-

teraction processes for a large number (～107) of photons from

the actinides in the skull.

Fig.1 Geometry of numerical simulation for skull counting coupled to the

ICRP voxel phantom.

HPGe detectors modelled in the simulation were Model GL3825

(Canberra Industries, Inc., USA) and the same as those equipped

with the existing lung counting system.

Fig.2 Pulse-height spectra obtained by numerical simulation of skull

counting.
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From the calculated spectra, the peak efficiency at 59.5 keV

was evaluated to be 2.9 × 10－3 cps Bq－1 for the cortical bone

and 6.1× 10－3 cps Bq－1 for the trabecular bone (Fig.2). This dif-

ference is caused by the structure of these bones in the skull;

namely, the trabecular bone is sandwiched between the outer and

inner cortical bone (Fig.3).

Based on considerations along with retention rates of 241Am for

various organs/tissues post intake, it is expected that the detector

system has sufficient detection sensitivity for the skull counting

performed over several years post intake when the intake amount

of 241Am exceeds that corresponding to 50 mSv in effective dose

[5]. The skull counting would provide useful information for addi-

tional internal dose assessments taking into account the bioki-

netic behavior that can be significantly influenced by chelating

agents (e.g., Ca/Zn-DTPA).

Thyroid counting for 131I
As one of the supportive actions related to the Fukushima Dai-

ichi nuclear power station accident, NIRS accepted seven emer-

gency workers whose tentatively-evaluated doses were higher

than 250 mSv (as the total of internal and external doses), a tem-

poral dose limit promulgated by the Japanese government to sta-

bilize the damaged nuclear reactors, and reevaluated their inter-

nal doses by means of in vivo measurements. Despite the delay

of the measurements (started at the end of May 2011), a signifi-

cant amount of 131I (short half-life of 8.04 d) was still detected in

their thyroids. As a result, two of the seven workers were sus-

pected to have received internal exposure higher than 500 mSv in

committed effective dose.

The radioactivity determination of 131I in the thyroid was made

from a net count of the largest full energy absorption peak at 365

keV in the measured pulse height spectra, as well as being nor-

mally performed. However, the other peaks of 131I at 80.2, 284 and

637 keV were also detected for the two workers, and the counting

ratio of the two peaks at 80.2 keV and 365 keV was found to be

different among them, suggesting the difference in the soft tissue

thickness overlying the thyroid and the shape of the thyroid. Thus,

the numerical simulations were performed coupled to the Japa-

nese Male (JM) phantom developed by the Japan Atomic Energy

Agency [2] to clarify the dependence of the counting efficiency of

an HPGe detector used in the actual measurements (Fig.4) on the

soft tissue thickness. In the simulations, the JM phantom was

modified by adding or removing the outermost soft tissue voxels

(Fig.5).

Fig.6 shows the calculated counting efficiencies for the different

peaks of 131I as a function of the soft tissue thickness ranging from

－0.392 cm to +1.96 cm relative to the original JM phantom. The

results clearly demonstrate that the counting efficiency for 80.2

keV is more influenced by the thickness than those for the other

peaks, suggesting that the counting ratio would be one of the im-

portant parameters to determine a more realistic counting effi-

ciency for accurate internal dose estimations. In addition, the in-

fluence of the shape of the thyroid on the measurements is now

being investigated.

Fig.4 Geometry of numerical simulation for thyroid counting coupled to

the JM phantom.

The HPGe detector modelled in the simulation was Model LO-AX-

70450/30P (ORTEC, Inc., USA) and the same as that used for

measurements of emergency workers.

Fig.5 Various JM phantoms with modification of surface voxel numbers.

Voxel resolution of the JM phantom was 0.098 cm × 0.098 cm on

the transversal plane. Surface voxel numbers were changed from

－4 (－0.392 cm) to +20 voxels (+1.96 cm).

Fig.6 Dependence of thyroid counting efficiency on soft tissue thickness.

Regarding the dose reconstruction of the workers, we are also

focusing on the thyroid dose reduction by KI tablets which were

administered for some of the emergency workers [6]. We hope

that our studies will contribute to deeper understanding of internal

exposure related to the accident.

Fig.3 Structure of cortical and trabecular bone in skull.
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