
Introduction
Radiation emergency medicine research programs are aimed

at providing the best possible treatment to anyone involved in ra-

diation accidents, anytime and anywhere. All of our efforts are

made to attain this ultimate goal. Specifically, we are focusing our

efforts on three projects (Fig.1). The first project is directed toward

developing and modifying the most appropriate methodologies

for evaluating radiation exposure, especially contamination by ac-

tinides accompanied by trauma. The term “actinide” refers to 14

heavy-metal elements (atomic numbers 90 - 103) with unique be-

havior, including high radioactivity and alpha-ray emission. The

second project is aimed at exploring and supplying effective

drugs to reduce the radiotoxicity and metallic toxicity of internal

actinide contamination. In Japan, only NIRS has been authorized

to accept these two projects using actinides, including uranium

and plutonium. The third project is targeted at the application of

mesenchymal stem cells (MSCs) as regenerative medicine to

treat radiation exposure injuries. MSCs can differentiate into vari-

ous normal tissues and support regeneration of damaged tissue.

Tissue regeneration failure is characteristic of radiation injury, and

therefore, the application of MSCs to treat this injury is reasonable.

Here, we outline our proposed research projects with special

emphasis on their significance.

1. Research project for radiation dosimetry
Accurate and rapid dose evaluations are needed in radiation

accidents, especially in those involving patients who are ex-

pected to be highly exposed. One of the challenging tasks is the

dose evaluation for internal contamination with actinides as repre-

sented by plutonium(Fig.2). Most of the actinides are alpha emit-

ters and it is difficult to quantify their radioactivity once they are in-

corporated into the body. We have been developing new measur-

ing techniques to meet requirements in radiation emergency

medicine, such as a high throughput bioassay method using an

inductively-coupled plasma mass spectrometer (ICP-MS) and an

Fig.1 Outline of Radiation Emergency Medicine Research Programs Fig.2 Research Project for Radiation dosimetry
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automated organic destruction system and a rapid actinide meas-

uring method for various samples using X-ray fluorescence instru-

ments. We also have been studying a computational calibration

technique for in vivo counters measuring the actinides, a bioki-

netic model that can be used in actinide internal contamination

with chelation therapy, and so on.

Chromosomal analyses are also useful methods for evaluating

radiation exposure. These methods are used to evaluate specific

chromosome aberrations as eventual outcomes from biological

reactions derived from radiation exposure. Chromosomal translo-

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

time, and thus exposure doses can be retrospectively evaluated.

We will modify these established methods.

2. Research project on the treatment of actinide expo-
sure
Actinides have high alpha-ray radioactivity and a relatively long

half-life. Once an actinide enters the body, it is retained in the tar-

get organ where it has radiologic and metallic toxic effects for a

long time. The treatment strategy comprises two or three steps

(Fig.3). The initial step should be designed to remove the actinide

by local resection. This procedure is not always possible for every

accident case, however, due to widely or deeply contaminated le-

sions or unresectable body areas. In this case, only a chelating

reagent 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

poorly penetrates into cells. Therefore, we require new drug

classes, new agents, and new uses of the currently available

agents for use in actinide-related accidents.

Fig.3 Research Project for Treatment of Actinide Exposure

3. Research project on regeneration medicine with
mesenchymal stem cells
Radiation-injured tissues are characteristically resistant to tis-

sue regeneration. In effect, tissue regeneration requires tissue

stem cells that differentiate into normal cells suitable to repair or

replace the damaged tissues. In a number of animal models,

MSCs injected into the radiation-injured tissues might contribute

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

cell contacts (Fig.4). Therefore, we will investigate the molecular

mechanisms of MSCs, and work to obtain beneficial molecules

and evaluate the efficacy and safety of these molecules in vivo us-

ing animal models, for eventual application in a clinical setting.

Fig.4 Research Project for Regeneration Medicine with Mesenchymal Stem Cells
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Exosomes, bilipid membrane vesicles (30-100 nm in diameter)

that originate in multi-vesicular bodies and are released into the

extracellular milieu upon fusion with the plasma membrane, are

attracting increased attention. Exosome secretion is a cellular

mechanism for delivering cargo to mediate intercellular communi-

cation and to affect biologic function by the exchange of proteins

and lipids, or the delivery of genetic materials to recipient cells.

Exosomes are also involved in various other cellular functions and

pathophysiologic states, and thus they could potentially provide a

new approach for detecting noninvasive disease and predicting

disease progression. Moreover, exosomes have properties that

can be exploited for therapeutic interventions as a new drug de-

livery system and a novel therapeutic tool under various condi-

tions, including cancer, inflammation, ischemia, and regeneration.

Tumor cells and their cancer-associated microenvironment,

comprising fibroblast-like cells, the extracellular matrix, and in-

flammatory cells, secrete exosomes between them, allowing for

crosstalk that leads to the promotion or inhibition of tumor pro-

gression, but the precise mechanism of communication is poorly

understood. Mesenchymal stem cells (MSCs), clusters of multipo-

tential fibroblast-like cells present in every organ as well as in the

tumor stromal microenvironment, have regenerative and protec-

tive effects for injured tissues, and they inhibit or promote tumor

metastasis with their secreted exosomes, but the underlying

mechanism is not clearly understood. Potential applications of

MSCs and their secreted exosomes are currently attracting atten-

tion in a number of medical fields, such as oncology, immunology,

and radiation therapy.

Radiation and drug therapy are currently the main therapeutic

tools for a number of diseases. Radiation therapy not only acts on

target cells, but also affects the stromal microenvironment. Thus,

understanding how radiation affects cellular uptake and the se-

cretion of exosomes between target cells and stromal cells is cru-

cial.

Recent studies of exosome biogenesis revealed that exosomes

originate from endosomal proteins involved in membrane trans-

port and fusion in processes requiring heat shock proteins, in-

tegrins, and tetraspanins, and that the source of exosomes de-

fines their function. For therapeutic applications of exosomes, es-

pecially those derived from MSCs, the target cells must effectively

internalize the exosomes. Several mechanisms of exosome up-

take involving their surface molecules have been described and

two distinct modes of internalization have been suggested (Fig.1).

In monocytes and macrophages, exosome internalization de-

pends on the actin cytoskeleton and phosphatidylinositol 3-kinase

regulated by dynamin2, and non-phagocytic cells require an

energy-dependent pathway, including caveolae, macropinocyto-

sis, and clathrin-coated vesicles. The effects of radiation on

exosome uptake processes, however, remain unknown. More de-

tailed knowledge of the mechanisms of cellular uptake and the ef-

fects of radiation on these processes is needed to promote the ef-

fective use of exosomes and MSCs as potential therapeutic tools.

A better understanding of the processes involved will be instruc-

tive for modifying exosomes to be preferentially targeted in pa-

thologic conditions by bioengineering. We have addressed sev-

eral essential questions relating to the basic cellular uptake of

exosomes and how radiation regulates that process, with a focus

on target cell ligands. Our findings revealed that radiation leads to

the colocalization of integrin (CD29) and tetraspanin (CD81) and

increases the cellular uptake of exosomes (Fig.2) [1].
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Fig.1 Radiation increases the cellular uptake of exosomes and effect of exosomes on irradatied cell viability.

(A) Irradiated-recipient cells (8 Gy) and labeled-exosomes from MSC were incubated for 16 hours. Representative cytograms were shown. (B) 2 to 8

Gy irradiated-cells were incubated with the lebeled-exosomes for 16 hours, and anlyzed by FCM. (C) The radiation-induced cellular uptake of

exosomes was not dependent on the recipient cell type. The experiments were performed three times. Value represent mean +/- SD. Non-irradiated

control group was set to 100%, and mean fluorescent intensity was calculated. *p < 0.05 versus non-irradiated control group: Mann-Whitney Utest. (F)

Exosomes from MSCs were added and incubated with previously irradiated cells (8 Gy) for 24 hours. Viable cells were detected by the trypan blue ex-

clusion method. The cell viability experiments were repeated three times. Data are normalized to non-irradiated control group cells. All experiments

were repeated three times. *p < 0.05.

Fig.2 Exosomes bind to the CD29/CD81 complex.

(A) 8 Gy irradiated cells were incubated with CellVue-labeled exosomes for 1 hour, and washed three times with PBS and fixed in 4% parformalde-

hyde. Antibodies against CD29 and CD81 were reacted without cells permealization. Exosomes (green) more colocalized CD29 (blue) and CD81 (red)

on radiation exposure. Exosomes preferentially binded to the CD29/CD81 complex, leading to merged signals (white). Representative figures were

shown. (B) Histograms showed the numbers of attached-exosomes per slice (1 slice = 1cell). Exosme colum: the number of exosomes+ (green) sig-

nals per slice, exosme+/CD29+/CD81+ colum: the numbers of three merged signals (white) per slice, other colum: the numbers of exosome+/CD29(-)

/CD81(-) signals per slice. The numbers of each colum were based on 8 images from three independent experiment. *p < 0.05 by Student t-test. White

bar: 10 mm. (C) The transient gene knockdown experiments against CD29 and CD81. MSCs were transfected with siRNA for 48 hours, and cell sur-

face CD29/CD81 and exosomes uptake assay were performed with or without radiation. In this assay, an intact-cell population (G1-square gate: con-

trol) and an impaired-cell population (G2-square gate: knockdown) were divided. Each population was analyzed. (D) CD29 and/or CD81 knockdown

abolished the radiation induced-effects on exosomes. All experiments were repeated four times. Control si RNA knockdown was set to 100%. *p <

0.05 by Student t-test.
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Objectives
Radiocesium nuclides generated during nuclear fission are

contained in used nuclear fuels and nuclear wastes. For people

who work in or around nuclear-related plants, there is some risk of

accidental absorption of a large amount of radiocesium. The risk

of internal contamination also present, since improper operations

or acts of terrorism can result in release of 137Cs from the strongly

reinforced containers that are used in industries and in hospitals

as gamma-ray sources. When internal radiocesium contamination

occurs in humans, and the committed dose of the internal expo-

sure reaches more than 300 mSv [1], decorporation treatment by

the use of Prussian blue should be considered. Although Ra-

diogardase� is available as an approved drug, improvement of

the drug preparation is possible. We propose an example drug

preparation of Prussian blue for radiocesium decorporation,

based on the current concept to minimize the risk with the use of a

drug.

Introduction
Cesium is an alkaline metal and it exists as an ionic water-

soluble form in the body. Ingested radiocesium moves rapidly into

the circulation system, is distributed in the body, and is accumu-

lated in cells. Due to the difference in the tissue-specific retention

time, cesium migrates among organs via the circulation system.

Because intracellular cesium in skeletal muscle cannot be easily

excreted, the biological half-time of the body-burden is long. The

major excretion pathway of intracorporeal radiocesium is via the

urinary excretion system from the circulation system. Although

certain amounts of radiocesium are secreted into the gastro-

intestinal (GI)-tract, most of the radiocesium is reabsorbed in the

intestine and returned to the circulation system. When insoluble

carrier that can tightly bind with the radiocesium flows through the

GI-tract cavity to become feces, the total excretion rate of radio-

cesium is enhanced. The reinforcement of the excretion pathway

accelerates total excretion of radiocesium, and contributes to a

decrease in the level of internal exposure. In the 137Cs internal con-

tamination accident in Goiania in 1987, Prussian blue was given

to patients as the insoluble carrier to remove radiocesium, and its

efficacy has been proven [2].

Radiogardase� capsule, the only approved drug for humans for

radiocesium decorporation, have been developed in 1970s. How-

ever, with the current pharmaceutical concept that seeks the com-

fort of patients and protection of nursing staff and the natural envi-

ronment, the drug is considered to have two problems. First, a Ra-

diogardase� capsule contains multiform rectangular parallelepi-

ped and rigid minerals in various sizes from approximately 0.1 μm

to 5 mm of Prussian blue crystals (chemical formula: Fe(III)4[Fe(II)

(CN)6]3 -14 to 16 H2O), and this physical form is irritating to the mu-

cosal tissue of the GI-tract in the patients. Second, after treatment

of a patient, radioactive air-borne particles may be produced from

the patient’s excreted feces which contain nano-sized crystals

bound with radiocesium. This occurs because the Prussian blue

crystals in the radioactive feces are not always stable based on

the chemical equilibrium of the crystal coordination lattice.

Results
To address these points, we made a hydrogel preparation of

Prussian blue and magnetite [3]. Prussian blue nanocrystals

(PBNC, Fe(III)4[Fe(II)(CN)6]3 - 200 to 300 H2O, approximately 100

nm in size) and magnetite [Fe(II)Fe(III)2O4] coated with silica (final

average diameter of 350 nm) were dissolved into molten agarose

gel. The spherical form of the gel was prepared by emulsification

with sorbitan tristearate, water-in-oil detergent, in mineral oil as

solvent. After sedimentation of gel in a magnetic field, oil and the

detergent were removed. Fig.1 shows the spherical form prepara-

tion of agarose with Prussian blue and magnetite (APBM) parti-

cles with diameters from 10 to 100 μm.

Binding capacity (Fig.2a) with radiocesium in vitro for Radiogar-

dase�, PBNC or APBM was the same. Decorporation rate of

PBNC or APBM in vivo was measured in mice which were inter-

nally contaminated with 137Cs by oral administration. Fecal excre-
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tion rate was drastically enhanced by PBNC or APBM, while uri-

nary excretion rate was decreased. Totally, the body-burden of ra-

diocesium was significantly decreased by the treatments of PBNC

or APBM (Fig.2b).

The radioactive excreta were used as a sample of radioactive

medical waste in a waste disposal site, to verify the utility of the

methods, i.e. suppression of air-borne particles from the waste.

The radioactive feces from mice were emulsified with benzetho-

nium chloride as cationic detergent, and the APBM particles kept

their shape in the suspension (Fig.3a). The radiocesium-bound

APBM particles could be collected in a magnetic field (Fig.3b).

Amounts of 137Cs in the residue of the emulsified feces were mini-

mal, suggesting further binding of free-radiocesium in urine oc-

curred during the emulsification of the waste. When the collected

APBM particles with debris of feces were incineration at 800℃
with zeolite (SiO2/Al2O3=6), radiocesium remained in the solid

phase suggesting it was translocated from Prussian blue to the

zeolite. All of the materials were ashed and stabilized (Fig.3c), so

that they could be handled and stored in a waste disposal facility.

The procedures may be applied to the treatment of excreted

waste to suppress the release of radiocesium during long-term

storage.

Fig.1 Agarose with Prussian blue and siliconized magnetite (APBM) parti-

cles.

Fig.2 Adsorption of radiocesium by Prussian blue preparations.

a. Prussian blue preparations were incubated at 37℃ with CsCl

containing 137Cs at pH7.0 in vitro. The binding rates were calculated

from the radioactivity in the supernatant. b. For the in vivo experi-

ment, mice injected with 137Cs were orally administrated with Prus-

sian blue preparations (equivalent to 8.5 mg of 14 to16 H2O hydrate

crystal of the coordination complex of Fe(III)4[Fe(II)(CN)6]3 per kg

body weight for 3 times in a day). The decrease rates of body-

burden in 24h were compared. Bar: standard deviation, *: p<0.01

(Least significant difference).

Fig.3 Photos of materials in the waste disposal process.

a. APBM particles in the waste. b. Recovering of APBM particles

from the waste using a magnet. c, d. APBM-particle waste before

(c) and after (d) incineration at 800℃ with zeolite.
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A whole body counter (WBC) is one of the in vivo measurement

instruments that detect photons emitted from radionuclides in the

body and also quantify the body content of the radionuclide iden-

tified. The basic principle of the WBC is to make relative measure-

ments to a phantom imitating radioactivity in the whole-body or in

a particular organ. Thus, it is necessary to calibrate the WBC us-

ing an appropriate phantom that contains a known amount of radi-

onuclides.

In recent years, NIRS has been requested to perform an accu-

racy investigation of WBCs that have been operated in Fukushima

Prefecture to measure radionuclides in residents exposed during

the 2011 Fukushima Daiichi Nuclear Power Plant accident.

Here, we describe preliminary results of the accuracy investiga-

tion of 36 WBCs during FY 2012 to 2013.

The accuracy investigation of WBCs
The accuracy investigation in this work used a set of four

BOMAB (BOttle MAnikin aBsorption) phantoms specified by the

ANSI standard [1]. These four phantoms are owned by NIRS and

each contains one of three radioactive sources (Ba-133, Cs-137,

or Co-60) or water (as a blank source). The radioactivities of the

radionuclides in these phantoms were guaranteed by JCSS (Ja-

pan Calibration Service System); for example, the extended un-

certainty of the radioactivity is 6.5% (k=2) for Cs-137.As shown in

the photo of Fig.1, each BOMAB phantom consists of 10 cylindri-

cal or elliptical cylindrical containers and imitates a reference

male with a height of 177 cm and a total weight of 70 kg.

The phantom was placed at a prescribed position in the WBC

and the accuracy investigation was performed by estimating the

relative bias of each WBC. The relative bias was estimated by

comparison between the observed value obtained by the WBC

and the certificated value of the phantom (as a reference). In this

accuracy investigation, 36 WBCs (stand type, 28; chair type, 8)

were investigated.

Results and discussion
Figs.2 and 3 show the relative bias results of Cs-137 for 36

WBCs and Co-60 for 33 WBCs (3 WBCs were excluded that could

not identify Co-60) operated in Fukushima Prefecture. We con-

firmed that almost all the WBCs were appropriately calibrated,

and they satisfied the bias test criteria described in the literature

[2]. Of particular interest is the difference in the distribution of the

relative biases between Cs-137 and Co-60. The distribution has

positive-negative symmetry for Cs-137, whereas it is biased to-

ward the negative side for Co-60. This result suggests that the

counting efficiency value for Co-60 tends to be somewhat under-

estimated in many WBCs. A probable reason for this is that a por-

tion of the γ-rays (1,460 keV) from K-40 (natural radionuclide) are

measured and attributed to being from Co-60 (1,333 keV) in the

calibration because of the relatively poor resolution of the NaI(Tl)

detectors that are generally used in commercial WBC products.

From this accuracy investigation, we determined the relative

bias results for both Cs-137 and Co-60 were within the range -

15% to +15%. This is attributed to the fact that most of the foreign

WBCs operated in Fukushima Prefecture after the nuclear acci-

dent were produced by one US company. These foreign WBCs

had been calibrated by a secondary phantom that gives a similar

counting efficiency to that of a BOMAB phantom. Meanwhile, in

the case of the WBCs from domestic companies, it seems to be

due to using a calibration factor which was adjusted to the count-

ing efficiency according to the NIRS-owned BOMAB phantoms inFig.1 Photo showing the exterior of an adult male BOMAB phantom
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the past calibration. Software packages for spectrum analyses

have been improved to allow compensation for an environmental

background effect. Moreover, it seems that WBC operators have

been more careful to carry out background measurements and

the energy calibration.

Recent issues
WBCs have been developed mainly for individual monitoring of

internal exposure to workers in nuclear related facilities. Thus, the

WBCs have normally been calibrated using only a phantom imitat-

ing an adult male. However, after the accident, it has been neces-

sary to measure internal doses to members of the public. Espe-

cially, there has been a growing need to perform accurate meas-

urements for small children with the WBCs.

In order to evaluate the dependency of counting efficiency of

the WBC on the body size, we prepared a set of a BOMAB phan-

tom family consisting of Adult Male, Adult Female, 10-y Child and

4-y Child (Fig.4) models, and an IGOR phantom imitating various

body shapes [3] (Fig.5).

A number of WBCs have been operated at various institutions in

Japan. However, as another issue for the WBCs, a national stan-

dard on the specifications of a calibration phantom for WBCs has

not been established. Although it is difficult to propose a new cali-

bration standard phantom through a consensus process for the

entire country, an ANSI-based BOMAB phantom would be able to

be used as a de facto standard for this purpose.

Fig.2 Relative biases to the reference activity of the Cs-137 BOMAB

phantom for 36 WBCs operated in Fukushima Prefecture

Fig.3 Relative biases to the reference activity of the Co-60 BOMAB phan-

tom for 33 WBCs operated in Fukushima Prefecture

Fig.4 Photos showing the exterior of the family BOMAB phantoms

Fig.5 IGOR phantom for 2-year-child and the component block
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Summary
The nuclear accident of the Fukushima Daiichi Nuclear Power

Station (NPS) was caused by the combined disaster of the Great

East Japan Earthquake and the subsequent tsunamis on March

11, 2011. As the national core center for radiation emergency

medical preparedness and response, NIRS received all nuclear

workers who were engaged in emergency response tasks at the

NPS and suspected of being over-exposed to acute radiation.

Biological dosimetry by dicentric chromosome assay (DCA) was

helpful for medical triage and management of the workers.

Biological dose assessment (biodosimetry)
When a radiation accident or unplanned radiation exposure oc-

curs, biodosimetry based on cytogenetic assays is used to esti-

mate the absorbed dose in the exposed individual to get useful in-

formation for the medical triage and management of radiological

casualties with suspected acute radiation syndrome (ARS).

Nowadays more cytogenetic assays to measure chromosomal

aberrations, such as micronuclei (MN) in bi-nucleated cells, pre-

mature chromosome condensation (PCC), and fluorescence in

situ hybridization (FISH), are available. However, the DCA using

patients’ peripheral blood lymphocytes is still considered to be

the ‘gold standard’ for biodosimetry for radiation emergency

medicine. In fact DCA has been used in previous serious radiation

accidents such as the Chernobyl accident in 1986, the Goiania

accident in 1987, the JCO criticality accident in 1999, the Bulgaria

accident in 2011 and the Fukushima Daiichi Nuclear Power Plant

accident in 2011 [1].

DCA of the restoration workers for the Fukushima Dai-
ichi NPS accident

From March 21 to July 1, 2011, we examined blood samples

obtained from a total of 12 restoration site-workers by DCA ac-

cording to the International Atomic Energy Agency (IAEA) and the

International Organization for Standardization (ISO) protocols. Af-

ter 48 h of peripheral blood lymphocyte culturing, more than 1,000

metaphases were captured for dicentric scoring with the aid of

two sets of automated cytogenetic imaging systems. Biological

doses were estimated based on our dose-response curve for

dicentric induction by in vitro 60Co irradiation at 11 dose points

(Table 1; Fig.1). Fourteen age-matched and occupationally non-

exposed healthy individuals were also examined as controls.

Among the workers, no individuals showed values exceeding

the dose limit of 250 mGy (Table 2). When considering a 95% up-

per confidence limit of dose estimates, the value was below 300

mGy, which is lower than the lower limit level of medical triage for

acute radiation syndrome (1 Gy) (Table 2). These results corrobo-

rate the fact that no ARS occurrences were observed among the

workers examined. Interestingly, the estimated values were in

good agreement with those of physically estimated doses made

by personal dosimeters (Fig.2).
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Table 1 Dose-response curve data for the dicentric chromosome assay
(DCA) [1].

Dose
(Gy)

No. of
cells

Dicentric
equivalent

countsa

Yield V/mb

0 5000 1 0.0002 1
0.1 5003 11 0.0022 1.180
0.25 2606 30 0.0115 0.989
0.5 2107 68 0.0323 0.968
0.75 1674 101 0.0603 0.980
1 1112 102 0.0917 0.968
1.5 720 129 0.1792 0.993
2 415 128 0.3084 0.897
3 277 162 0.5848 0.776
4 117 122 1.0427 0.866
5 245 394 1.6082 0.816

a The number of centromeres minus one in a multi-centric chromosome
equals the dicentric equivalent count.

b Variance to mean ratio. The p values of goodness of fit test for the Pois-
son distribution at every dose points were p > 0.05, except for the 0.1-
Gy dose point (p < 0.05) at which one cell possessing two dicentrics
was unexpectedly observed.
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A second DCA was performed for 6 out of 12 individuals at one-

year follow-up health examinations. Every one of these individuals

showed either a decreasing tendency or the same values as ob-

tained from the first examinations, inferring their good recovery.

For better dose assessment in a future emergency
DCA requires two-day peripheral blood lymphocyte culturing

before starting metaphase chromosome analyses to estimate bio-

logical doses. Other biological assays described above also have

drawbacks with respect to the time needed to obtain dose esti-

mates for rapid decision on the right line of medical treatment.

Therefore, alternative technologies that suit requirements for tri-

age biodosimetry are needed.

Now we are developing a method, “prematurely condensed

dicentric chromosome (PCDC) assay”, for rapid medical triaging

of acute exposed patients by using our modified protocol for de-

tection of cell-fusion mediated premature chromosome condensa-

tion [2] and the FISH technique with pan-centromeric and te-

lomeric peptide nucleic acid (PNA) probes [3]. The PCDC assay

has the potential for evaluating exposed radiation doses in as

short as six hours after the collection of peripheral blood speci-

mens.

The need for improved cytogenetic research strategies adopted

for mass-casualty management should also be reconsidered.

Fig.1 Dose-response curve for the dicentric chromosome assay (DCA). Y

= (0.00015 ± 0.00017) + (0.0302 ± 0.0044) × D + (0.0588 ±
0.0028)× D2; Y, dicentric yield; D, dose (Gy); p value of goodness

of fit test: p = 0.73. Dotted lines denote 95% confidence limits.

(Modified from [1].)

Fig.2 Correlation between physical doses detected with alarm personal

dosimeters (APDs) and biological doses estimated by the dicentric

chromosome assay (DCA). The following linear regression was ob-

tained:[physical dose (mSv)] = [biological dose (mGy)] × [1.03 ±
0.33]－ [7.07± 37.70] (p < 0.05) [1].
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Table 2 Results of biological dosimetry of restoration workers for the Fukushima Daiichi Nuclear Power Station accident examined by the dicentric chromo-
some assay (DCA) and records of physical dosimetry detected with alarm personal dosimeters (APDs). [1]

IDa APD record
(mSv)a

No. of
metaphases

scored

Dicentric
equivalents

counts (DIC)b

DIC per
metaphase

Dose estimated
by DCA (mGy)

95% LCLc

(mGy)
95% UCLd

(mGy)

Fu-3 179 1003 7 0.00698 170 77 298
Fu-4 180 1000 7 0.00700 171 77 299
Fu-5 173 1000 5 0.00500 129 45 255
Fu-6 87 1036 1 0.00097 26 0 137
Fu-7 38 1005 4 0.00398 105 29 230
Fu-8 102 1013 4 0.00395 105 29 229
Fu-9 unknown 1035 6 0.00580 146 59 271
Fu-10 17 1037 3 0.00289 79 14 199
Fu-11 4 1042 1 0.00096 26 0 136
Fu-12 unknown 1004 2 0.00199 55 3 174

a Detailed data and information of the alarm personal dosimeter (APD) record of each worker will be published elsewhere.
b The number of centromeres minus one in a multi-centric chromosome equals dicentric equivalent count.
c Lower confidence limit.
d Upper confidence limit.
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