
NIRS has many technologies which must be maintained and

developed to support the research activities and implement the

mission required of NIRS by the national government, for an in-

stance, such as the activities as a tertiary radiation emergency

medicine organization. These technologies do not stand out very

much, but none the less they have an impact on various fields.

Some of these technologies are introduced in this section.

NIRS sent a medical assistance team to the Fukushima Daiichi

Nuclear Power Plant (NPP) Off-Site Center which was located at

Okuma Town about 5 km from the plant site after the nuclear acci-

dent. At that time, since the Great East Japan Earthquake had

caused major damage to the infrastructure all over the area, there

was no way to communicate between the dispatched team and

the headquarters at NIRS. The headquarters was very anxious

about where the team was and whether it was a very high radioac-

tivity level area, and what the team was doing. The chaos in

Fukushima was so great that a member of the team was missing

for a while. In order to cope with such a situation in the future, we

developed a radiation monitoring system with functions of satellite

communication, GPS and TV cameras as well as radiation detec-

tion. This multifunction detector enables us to know where each

member is, to monitor the radiation level at which they are working

and to watch views of the place they are at on a screen at the

NIRS headquarters. This system can be used if the medical assis-

tance team is dispatched both domestically and to foreign coun-

tries. It has been commercialized.

Several devices to detect radiation have been developed for

the purpose of being used at high radiation level areas in

Fukushima Prefecture. Many private companies, national institu-

tions and so on have been competing with each other in develop-

ing such technologies, for an instance, a camera which visualizes

the degree of radioactivity of an area while superimposing a photo

taken at the same time as the radioactivity is detected. We have

developed two kinds of radiation detectors; one is a gamma-ray

camera which detects the radiation from only 137Cs selectively and

the other is a set of gamma-ray detectors installed on the detector

system which can identify strong radioactive spots in a wide area.

We expect that these radiation detectors will be useful in

Fukushima Prefecture, especially, when people who evacuated

return to their homes and begin living there again.

In NIRS many radiation detectors are used to measure and

monitor the exposed dose on targets in experiments. Among

doses, the most important is to measure the dose to be delivered

to a patient for radiotherapy. These doses need to be very accu-

rate and precise. Therefore, the detectors used for the above pur-

poses need to be calibrated correctly to keep their quality high. In

order to calibrate the detectors, we need standard radiation fields

in which the dose rate and the field uniformity are well known. We

formed a standard field of 60Co gamma-rays with the cooperation

of the National Institute of Advanced Industrial Science and Tech-

nology. Most of the ionization chambers used for medical pur-

poses in Japan are being calibrated at this standard field in ac-

cordance with the protocol developed by NIRS. Until 2011, the

chambers were being calibrated with reference to an air ab-

sorbed dose. However, in 2012, the new protocol was developed

to calibrate an ionization chamber with reference to a water ab-

sorbed dose. The water absorbed dose is measured by an ioniza-

tion chamber which is set in water. Since this measurement condi-

tion is close to the condition of the human body which is com-

posed of more than 60 % water, we expect that the radiation dose

measured by a calibrated ionization chamber in the new protocol

is more accurate than that measured in the previous way.

NIRS has a facility in which a standard field of radiation emitted

from radon is formed. There are only two such facilities in the

world. In the facility, the radon gas concentration is accurately

and stably controlled to be constant at any desired concentration

value. Use of this standard field facility is being offered not only for

research on dynamics of radon in the environment, but also for the

calibration of radon radiation detectors. Recently, naturally occur-

ring radon has been recognized as of the biggest source of pub-

lic exposure to ionizing radiation. International organizations such
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as IAEA, WHO and UNSCEAR have recommended that the refer-

ence dose levels of radon exposure in daily life and in occupa-

tional circumstances should be set. If the Japanese government

adopts regulations on exposure to radon, it is obvious that the

standard field of radon radiation is required as the national stan-

dard. It seems that the time has come that NIRS should make the

radon field facility the national standard in cooperation with the

National Institute of Technology and Evaluation.

Estimating an exposed radiation dose on a radiation accident

victim is one of the most important items in triaging in radiation

emergency medicine. There are two methods for dose estimate:

physical dosimetry and biological dosimetry. A typical biological

dosimetry method is to search for the frequency of chromosomal

abnormality appearing in blood cells. The dicentric chromosome

assay is recommended by ISO as the standard method. However,

this standard method takes a long time to obtain results, so that

we have to develop a more practical method that can be con-

ducted for many victims in a short period. In particular, many

workers are engaging in decommissioning of the nuclear reactors

at Fukushima Daiichi NPP and they could receive overdoses if an

accident occurs. Therefore, establishment of a fast and automatic

process for dicentric chromosome assay is very urgent.
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In dealing with the aftermath of the TEPCO Fukushima Daiichi

Nuclear Power Plant accident that followed the Great East Japan

Earthquake on March 11,2011, through December 2011, NIRS

had dispatched more than 1200 experts to Fukushima Prefecture.

NIRS sent the first responder team of experts on radiation emer-

gency medicine and radiation measurement to Fukushima just 17

hours after the earthquake.

Since it was a nuclear disaster, those who were engaged in lo-

gistic support and direction from the Disaster Management Head-

quarters had to consider radiation risk of the dispatched workers.

However, it was very difficult to ensure the safety of the dis-

patched persons in the situation where the infrastructure func-

tions, such as means of communication and electricity, and the

means to travel about, were lost because of serious and extensive

damage from the earthquake and tsunami.

From these experiences,it was recognized that in order to en-

sure the safety of those who were dispatched in a nuclear disas-

ter, it was necessary to develop a system that can monitor the lo-

cation of an escape route and the dose rate in real time and can

instruct personnel about these matters from a remote location.

The first prototype Radi-Probe System could record dose rate

and location information on a hard disk every second. It was a

simple system that is configured with a camera, GPS unit and a

computer. The first test of this prototype around the Fukushima

Daiichi Nuclear Power Plant was successfully carried out in early

April 2011. Following this success, the system has been improved

using the advice of staff who actually worked at the disaster site

and other personnel. As a result, the system has been completed,

which can be remotely monitored in real time and provides a local

dispatcher with information on the local status and on activities to

assess exposure risk when a radiation disaster has occurred.

The Radi-Probe System is composed of a radiation detector, a

transmitting terminal, a communication server, an information dis-

play terminal, and data communication services (Figs.1 and 2).

1) Radiation detector

A scintillation detector can be used to measure the dose rate

and obtain the energy spectrum of gamma-rays.This is called the

‘probe’ for the radiation detector and several kinds of probes can

be used for this system simultaneously.

2) Transmitting terminal

This terminal is installed in an emergency vehicle which can go

to the disaster site.It sends data such as dose rate, gamma-ray

energy spectrum, position information and sequences of pictures

in real time.

3) Communication server

This server is installed in the server room at NIRS, and it saves

the information sent from the transmitting terminal and sends

these data to the information display terminal. This server can

have multiple connections from the terminals.

4) Information display terminal

This terminal displays information sent from the transmitting ter-

minal via the communication server. Persons who are in charge of

logistic support can check the status of the disaster site from vari-

ous locations because any general-purpose terminal with a WEB

browser can be used as this terminal (Fig.3).

5) Data communication services

Communication between the communication server and the

transmitting terminal uses commercial data communication serv-

ices, such as mobile phones provided by telecoms operators.

When a major disaster occurs, terrestrial communication networks

such as a mobile phone may not work or be overwhelmed. There-

fore this system also can use a satellite communication network

as well.

By integrating the Radi-Probe System into the emergency vehi-

cle that can go to the nuclear disaster site, the dispatched work-

ers can report the situation in real time to the logistics department.

In addition, this system has a function to display emergency mes-

sages from the commander on the Transmitting terminal at the dis-

aster site. If dispatched workers are in imminent danger, such as

an increase in dose rate and spatial changes in the surrounding

environment, the commander can issue orders for an emergency
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evacuation.

The Radi-Probe System can indicate radiation dose rate on an

electrical map using a color scale. The map is seen on the emer-

gency vehicle on the site. This function allows the dispatched

workers to determine driving routes on site and an evacuation

route in the worst case.

Some NIRS members have participated in radiation measure-

ment surveys using this system. The first trial was done on main

roads of Chiba Prefecture in cooperation with the Chiba Prefec-

tural Government.This system measured radiation dose while

traveling by car for a total of 1,000 km on main roads for 4 days;

the car was equipped with other instruments as well. It was suc-

cessfully demonstrated that the Radi-Probe System can be used

as a radiation measurement system with a mapping function.

In order to participate in a survey requested by MEXT, not only a

CsI scintillation detector (Mirion Technologies HDS-100GN) but

also a portable germanium detector (Canberra Falcon5000) were

used in the Radi-Probe System. Estimation of surface contamina-

tion density of radio nuclides was made possible by getting accu-

rate gamma-ray energy spectra using the Falcon5000 germanium

detector.

The Radi-Probe System was developed with feedback from dis-

patched workers who responded to the power plant accident and

the system secures the safety of their activities in the field. Trial

and error also contributed to the development. Lessons learned

from this experience will be kept in mind,as NIRS researchers

strive to ensure safety for unexpected disasters in the future.

2011/4/10 Successful testing of the prototype

2011/7/11-7/14 Participation in the survey in Chiba Prefecture

2011/10/18 Press release

2011/12/12-12/23 Participation in the second survey

2012/4/1 Radi-Probe Systems were installed on three

vehicles that were newly developed for the

purpose of the strengthening radiation emer-

gency medical system at NIRS

2012/9/25-10/7 Participation in the third survey

Various times Participation in nuclear disaster prevention

and training sessions of national and local

governments

Fig. 1 Summary of Radi-Probe System

Fig. 2 Photo of the Radi-Probe System

Fig. 3 Information display terminal
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NIRS has been the Secondary Standard Dosimetry Laboratory

(SSDL) for radiotherapy in Japan. More than 600 therapy-level do-

simeters from hospitals were calibrated with the NIRS 60Co expo-

sure standard field per year.

In 2011, a primary standard for the absorbed dose rate to water

in a 60Co gamma-ray field was established at the National Metrol-

ogy Institute of Japan (NMIJ) as a primary standard dosimetry

laboratory (PSDL) [1]. Then, a 60Co gamma-ray standard field for

therapy-level dosimeter calibration in terms of absorbed dose to

water has been developed at NIRS as SSDL. The new field was

designed in accordance with IAEA TRS 398 [2] (Fig.1).

The results of the IAEA/WHO TLD SSDL audit with the new field

at NIRS demonstrated good agreement between the IAEA TLD

measurements and NIRS stated absorbed dose to water (DTLD/

DSSDL=1.00) within the measurement uncertainty (Fig. 2). Accord-

ing to IAEA TECDOC-1585 [3], the relative expanded uncertainty

on the calibration factor for therapy-level dosimeter in terms of ab-

sorbed dose to water (ND,w) with the new field was estimated to be

1.1 % (k=2), which corresponds to an international level such as

1.4% at ADCL in the USA and to approximately one third of the

value determined in the exposure standard field previously exist-

ing at NIRS (Table 1).

The new field has been used for determination of ND,w for radio-

therapy facilities in Japan since the beginning of October in 2012.

Fig. 1 NIRS 60Co gamma-ray standard field for ND,w calibration of therapy-level dosimeter
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At the same time Japan Society of Medical Physics (JSMP) up-

dated its code of practice for dosimetry in external radiotherapy,

in collaboration with NIRS. The dissemination of traceability of

calibration factor determined in the new field is expected to dimin-

ish significantly the uncertainty of dose delivered to patients within

a couple of years.

Fig. 2 Results of the IAEA/WHO TLD audit run for SSDLs radiation therapy level, 2012 (Repro-

duced by courtesy of IAEA, NIRS data: No.31)

References

[1] Morishita Y, Kato M, Tanaka N, et al.: A standard for absorbed dose rate to

water in a cobalt-60 field using a graphite calorimeter at the national me-

trology institute of Japan, Radiat Prot Dosim, doi: 10.1093/rpd/ncs235,

2012.

[2] IAEA: Absorbed dose determination in external beam radiotherapy: An in-

ternational code of practice for dosimetry based on standards of ab-

sorbed dose to water. IAEA Technical Reports Series No. 398. IAEA, Vi-

enna, Austria, 2000, STI/DOC/010/398.

[3] IAEA: Measurement uncertainty. A practical guide for secondary stan-

dards dosimetry laboratories, IAEA-TECDOC-1585, ISBN 978-92-0-

104408-2, ISSN 1011-4289, 2008.

Table 1 Comparison of uncertainty (k=2) of ND,w

Institution Relative Expanded Uncertainty(%)

NIRS (SSDL, in Japan) 1.1

NMIJ (PSDL, in Japan) [1] 0.8

ADCL (SSDL, in USA) 1.4

IAEA 1.0

NIRS (Exposure base) 3.0
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