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Job history:

2000- Start of work in the Japan Nuclear Cycle Development Institute (JNC)

2005- Inauguration of the Japan Atomic Energy Agency (JAEA)

2008-2009 Study in Technical University of Denmark (DTU) Risø Campus

2009- Restart of work in the JAEA

2018-2022 Work in International Commission on Radiological Protection (ICRP) as 
an Assistant Scientific Secretary

2022- Restart of work in the JAEA

Education:

2006 Ph. D (Doctor of Science), Niigata University
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Majors:
Environmental monitoring around the reprocessing plant

Effluent monitoring of the reprocessing plant, etc.

Bioassay of radiation worker

Radiation control of plutonium and radioisotopes treating facility

Dosimetry using natural and artificial materials

Radiochemistry
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Contents:
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- Gamma spectrometry, Alpha/beta counting, Mass Spectrometry 
and Advanced Methods

- Radiochemical separation basics

- Quality assurance
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Gamma spectrometry
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Gamma rays exhibit minimal energy loss during transmission through matter, 
enabling accurate measurement of the energy spectrum originating from 
radioactive isotopes. Each radioactive isotope emits gamma rays with 
characteristic energies. Consequently, the obtained energy spectrum allows 
for relatively straightforward identification of the radioisotopes.
Gamma-ray spectrometers utilize two primary detector types: semiconductor 
detectors that generate electron-hole pairs upon radiation interaction, and 
scintillators. Scintillators emit faint light, which is then amplified using devices 
such as photomultiplier tubes (PMTs). Among detectors suitable for 
measuring radioactive isotopes in environmental samples, germanium 
semiconductor detectors offer the highest performance.
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Gamma spectrometry
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Detector: 5”x5” NaI(Tl) scintillator
Detection limit (Cs-134, Cs-137): 10 Bq/kg
(Sample 1 kg, Measurement time: 10 min.)

https://www.adfutec.com/pdf/Catalog_160108-1_AFTNDA2.pdf

High Purity Germanium (HPGe) Radiation Detectors

https://www.ortec-online.com/products/radiation-
detectors/high-purity-germanium-hpge-radiation-detectors
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Gamma spectrometry
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CeBr3

https://www.sii.co.jp/hubfs/CeBr_CatalogV1.3-1.pdf

Resolution: 4% (@662 keV)
Density: 5.2 g/cc
Decay time: 17 ns
Absorbency: Yes

LaBr3(Ce)

Resolution: 2.8-4.0% (@662 keV)
Density: 5.29 g/cc
Decay time: 26 ns

https://www.ortec-online.com/products/radiation-
detectors/scintillation-radiation-detectors/scintillation-
detector-types/lanthanum-bromide-detectors
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Photoelectric Effect

When a γ-ray enters the sensitive region of a germanium semiconductor detector, it 
transfers its total energy (𝐸𝛾) to the orbital electrons (electrons in K- or L-shell with 
binding energy 𝐼) of a germanium atom. Consequently, fast electrons 
(photoelectrons) with a kinetic energy of (𝐸𝛾 − 𝐼) are generated. This phenomenon is 
called the photoelectric effect.
When 𝐸𝛾 is larger than the binding energy (𝐼𝐾) of orbital electrons in K-shell, 
approximately 80 % of the total interaction corresponds to the interaction with orbital 
electrons in K-shell, whereas approximately 20 % corresponds to the interaction with 
other orbital electrons.
Because the probability of the photoelectric effect (including all orbital electrons) is 
proportional to the −3.2th power of the energy of a γ-ray, the photoelectric effect is an 
interaction predominant in low-energy γ-rays

Gamma spectrometry

https://www.envraddb.go.jp/en/wp-content/uploads/sites/3/2020/12/No.7_E.pdf
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Compton Scattering

There is a case wherein a part of the energy of an incident γ-ray is transferred to an 
electron (orbital or free electron), and the γ-ray is not extinguished but scattered with 
the remaining energy. 
At that time, the γ-ray gives a part of its energy to an electron in the sensitive region of 
the detector, generating a fast electron (sometimes called the Compton electron), and 
the γ-ray changes to the scattered γ-ray with a lower energy (𝐸𝛾′).
The energy (𝐸𝑒 = 𝐸𝛾 − 𝐸𝛾′) of the generated fast electron is not constant because the 
energy differs at each interaction depending on the scattering angle of the γ-ray. 
Consequently, the energy exhibits a continuous distribution. For a scattering angle of 
180°, the Compton electron has the maximum energy, corresponding to the high-
energy edge of the continuous distribution called the Compton edge.
The probability of the Compton scattering in germanium is almost constant in the range 
of the γ-ray energy from dozens of keV to approximately 100 keV. At energies higher 
than this region, the probability becomes a gradual decreasing function.

Gamma spectrometry

https://www.envraddb.go.jp/en/wp-content/uploads/sites/3/2020/12/No.7_E.pdf
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Electron pair creation

When a γ-ray with an energy of 2𝑚0𝑐
2 (corresponding to the static mass of the two 

electrons = 1.002 MeV) or higher, goes through the Coulomb field near a nucleus, the 
γ-ray is sometimes extinguished, producing an electron–positron pair. In this case, the 
nucleus and orbital electron energies do not change.
The sum of the kinetic energy of the generated electron and positron is equal to the 
value (𝐸𝛾 − 2𝑚0𝑐

2 ) that the energy corresponding to the static mass of the two 
electrons is subtracted from the γ-ray energy.
Because an electron pair production is an interaction that occurs for γ-rays with an 
energy of 2𝑚0𝑐

2 or higher, its probability increases with increasing γ-ray energy. 
However, its probability is only one-hundredth of the total interaction even at 1.5 MeV, 
implying that an electron pair production is an interaction predominant at further high 
energy.

Gamma spectrometry

https://www.envraddb.go.jp/en/wp-content/uploads/sites/3/2020/12/No.7_E.pdf



11

Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf

Fig. 3.1 Energy distribution generated in a germanium 
semiconductor detector by the interaction with γ-rays 
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Gamma spectrometry

Fig. 4.1 Basic construction of a γ-ray spectrometer using a 
germanium semiconductor detector

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf
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Gamma spectrometry

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No7.pdf

Various corrections (factors affecting spectral analysis)
Summing・coincidence effect
When nuclides that emit multiple γ-rays simultaneously at the disintegration time are 
measured, there is a case that multiple photons simultaneously entering the detector 
are detected. Moreover, the output of the sum of the two-photon signals is generated. 
This phenomenon is called the summing・coincidence effect or summing effect.
The generation of such a summing effect decreases the counting rate of the total 
energy absorption peak to be measured. Thus, correcting this effect in the quantitative 
analysis of the spectrum is necessary.
Self-absorption
Self-absorption is a complex phenomenon that depends on the γ-ray energy, sample 
materials, sample shape, shape and size of the detector, and geometry between the 
detector and sample. Because self-absorption in a bulk sample is sometimes dozens of 
percentages or more, the correction is indispensable. To correct self-absorption, a 
method depending on the sample shape and materials is obtained by measuring the 
standard sources of various media.
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Alpha counting
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Alpha/Beta counting

Plutonium, americium, and curium are separated from a slurry using the 
Neodymium co-precipitation method and collected on a membrane filter. The 
resulting dried samples are then subjected to alpha particle measurement using 
a ZnS(Ag) scintillator-based counting system.

Alpha Particle Detection Systems:
 ZnS(Ag) Scintillation Counter
 2π Gas-Filled Proportional Counter
 Silicon Semiconductor Alpha Spectrometer
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Alpha counting:
ZnS(Ag) Scintillation Counter
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Alpha/Beta counting

https://www.aloka.co.jp/radiation/detector/jdc1813/

Detector: ZDS-451B
ZnS(Ag) scintillator (Detecting area: Φ50.6 mm)

Measurable sample:
Φ25.4 mm, Φ50.6 mm sample dish
Φ60 mm  filter
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Alpha counting:
ZnS(Ag) Scintillation Counter
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Alpha/Beta counting

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No31.pdf

Measurement Procedure:
The following procedures (1)~4)) are routine maintenance tasks to be performed 
periodically.
1) Make a plateau curve using an alpha source to determine the applied voltage.
2) Set the voltage to the value determined in step 1 and allow it to stabilize for at least 
one hour.
3) Measure the background radiation for four hours.
4) Determine the counting efficiency by counting a standard source (e.g., U3O8, Am-
241).
5) Count the alpha-emitting sample for approximately four hours at the same distance 
from the detector as the standard source (±0.1mm).
6) Record the sample name/number, count rate, start time, and counting duration.
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Alpha counting:
2π Gas-Filled Proportional Counter

23

Alpha/Beta counting

Detector: LBC-5200 series
2π Gas-Filled Proportional Counter with a shield

Measurable sample:
Φ25.4 mm x 3.2, 6.2 mm sample dish
Φ50.6 mm x 3.3, 6.3 mm sample dish
Φ50, 60 mm  filter

https://www.aloka.co.jp/radiation/detector/lbc51005200series/
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Alpha counting:
Silicon Semiconductor Alpha Spectrometer
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Alpha/Beta counting

https://www.sii.co.jp/jp/segg/products/archives/application/alpha-spectroscopy/
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Alpha counting:
Calculation of radioactivity concentration
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Alpha/Beta counting

The total alpha activity concentration (A) is calculated using the following formula:

𝐴 =
𝑛 ȉ 100

𝐸 ȉ 𝑊
Where:

A: Total alpha activity concentration (Bq/kg, Bq/L, etc.)
W: Sample weight (kg, L, etc.)
σA: Counting error in total alpha activity concentration (Bq/kg, Bq/L, etc.)
E: Counting efficiency (%)
n: Net count rate (counts per second, cps)
σS: Counting error in the net count rate (cps)

𝜎஺ =
𝜎ௌ
𝑛
𝐴
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Beta counting
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Alpha/Beta counting

https://www.envraddb.go.jp/wp-content/uploads/2020/11/No1.pdf

The objectives of total beta activity measurement include: (1) providing data to 
inform decisions regarding the necessity of precise isotope analysis; (2) providing 
data to determine whether regulatory standards have been exceeded; (3) 
monitoring temporal and spatial trends in radioactivity levels of specific targets, 
such as assessing the evolution of contamination levels due to radioactive waste; 
and (4) providing a general overview of radioactivity trends in the environment for 
public information dissemination.

Beta-ray Detection Systems:
 GM counter
 Plastic Scintillation Counter
 2π Gas-Filled Proportional Counter
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Beta counting:
GM Counter
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Alpha/Beta counting

https://www.aloka.co.jp/radiation/detector/jdc1813/

Detector: JDC-1937-DET
GM tube (Detecting area: Φ50 mm)
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Beta counting:
GM Counter
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Alpha/Beta counting

Measurement Procedure:
The following procedure should be followed for measurement:
(1) Record the following parameters: Instrument model and name, counting chamber 
type, sample plate material and dimensions (inner diameter and depth), mica window 
thickness of the GM detector, sample plate position within the counting chamber, 
sample geometry and weight.
(2) Perform a measurement using a reference sample to verify the proper operation of 
the counting apparatus.
(3) Acquire background radiation counts for 15-30 minutes.
(4) Measure the sample for 15-30 minutes.
(5) After the complete measurement sequence, acquire a final background radiation 
count and calculate the average of the initial and final background values.

https://www.envraddb.go.jp/wp-content/uploads/2020/11/No1.pdf
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Beta counting:
GM Counter
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Measurement Procedure (continued):
(6) Calculate the true count rate (CPM) and standard deviation by subtracting the 
background count rate from the sample count rate using the following equations.

𝑁௦
𝑡௦
−
𝑁௕
𝑡௕

±
𝑁௦

𝑡௦
ଶ +

𝑁௕

𝑡௕
ଶ

Where:
Ns: Total counts
ts: Counting time of sample (min.)
Nb: Background counts
Tb: Counting time of background (min.)
(7) Calculate the radioactivity based on the obtained CPM.

Alpha/Beta counting

https://www.envraddb.go.jp/wp-content/uploads/2020/11/No1.pdf
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Beta counting:
Plastic Scintillation Counter

30https://www.aloka.co.jp/radiation/detector/jdc1900/index_jdc1918.html

Detector: JDC-1918-DET
Plastic scintillator (Detecting area: Φ50 mm)
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Beta counting:
2π Gas-Filled Proportional Counter
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Alpha/Beta counting

Detector: LBC-5100 or 5200 series
2π Gas-Filled Proportional Counter with a shield

Measurable sample:
Φ25.4 mm x 3.2, 6.2 mm sample dish
Φ50.6 mm x 3.3, 6.3 mm sample dish
Φ50, 60 mm  filter

https://www.aloka.co.jp/radiation/detector/lbc51005200series/
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Mass Spectrometry
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Mass spectrometry is an analytical technique that elucidates the atomic mass, 
molecular mass, molecular structure, quantity (concentration), and physical state of 
chemical substances by ionizing the substance and measuring the mass-to-charge 
ratio of the resulting ions.
Measurements are performed using a mass spectrometer, which comprises an inlet 
system for sample introduction, an ionization source, a mass analyzer, a detector, a 
vacuum system, and a data system for instrument control and data processing.
During measurement, the introduced sample is ionized in the ion source, converting it 
into gaseous ions. These ions exhibit varying trajectories based on their mass-to-
charge ratio (m/z). Therefore, an analyzer employing various principles (primarily 
electromagnetic techniques) separates the ions according to their m/z, and a detector 
is used to detect them.
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ICP-MS

33

Mass Spectrometry

ICP-MS uses an argon (Ar) plasma – the ICP – to convert the sample into ions 
that are then measured using a mass spectrometer – the MS. ICP-MS is similar 
to inductively coupled plasma optical emission spectroscopy (ICP-OES), but 
ICP-OES uses an optical spectrometer to measure the light emitted from 
elements as they pass through the plasma, whereas ICP-MS measures the 
elements (ions) directly. Both techniques provide fast analysis of multiple 
elements in a sample, but ICP-MS provides much lower detection limits than 
ICP-OES, so it’s a better choice for trace element analysis.

https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-
spectrometry-icp-ms/what-is-icp-ms-icp-ms-faqs
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ICP-MS
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Mass Spectrometry

An ICP-MS instrument consists of the ion source (the ICP), a mass spectrometer 
(MS) – usually a scanning quadrupole mass filter, and a detector. The ICP is at 
atmospheric pressure, while the MS and detector operate in a vacuum chamber, so 
an ICP-MS also requires a vacuum pump, a vacuum interface, and some 
electrostatic ion “lenses” to focus the ions through the system. Modern ICP-MS 
systems also typically contain some device or mechanism to resolve spectral 
interferences

https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-
spectrometry-icp-ms/what-is-icp-ms-icp-ms-faqs
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Advanced Methods
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Accelerator Mass Spectrometry (AMS) is a technique where the ions of interest 
are accelerated to high energies (in the MeV range per nucleon) using an 
accelerator before undergoing mass analysis. Unlike conventional mass 
spectrometers (typically in the keV range), AMS can effectively eliminate 
interfering isotopes and isobaric molecules by leveraging the high kinetic energy 
imparted by the accelerator. This results in an extremely high-sensitivity method 
for analyzing specific nuclides.
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AMS
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Advanced Methods

The basic components of an AMS system are: ① an ion source, ② a low-energy 
analyzer, ③ an accelerator, ④ a high-energy analyzer (including a system for 
stable isotope measurements), and ⑤ a detector (for detection of the target 
nuclide). Currently, most operational AMS installations worldwide utilize a tandem 
electrostatic accelerator as the accelerator component.

https://www.jaea.go.jp/04/tono/en/research/stability/stability3.html
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AMS
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Advanced Methods

https://www.jaea.go.jp/04/tono/en/research/stability/stability3.html



10/10/2025

Advanced Methods
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A Triple Quadrupole Inductively Coupled 
Plasma Mass Spectrometer (ICP-MS) 
features a structural configuration with two 
quadrupoles flanking a collision/reaction 
cell. This design enhances sensitivity and 
allows for complex isotopic analysis.

https://www.agilent.com/cs/library/applications/appcompen
dium_icp-qqq-5991-2802en-us-agilent.pdf
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ICP-QQQ
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Advanced Methods

In MS/MS operation, where both quadrupoles are operated as unit mass filters,
ions at the target analyte mass are selected by the first quadrupole (Q1) and 
passed to the ORS cell, where the analyte ions are separated from overlapping 
interfering ions. The resulting product ions that emerge from the cell are then 
filtered by the second quadrupole (Q2) before being passed to the detector. 
This configuration releases the full potential of reaction cell gas methods to resolve 
spectroscopic interferences including isobaric and doubly-charged interferences, as 
well as polyatomic ion overlaps. 
As a result, ICP-QQQ can determine a wider range of analytes at much lower 
concentrations with greater reliability and higher confidence.

https://www.agilent.com/cs/library/applications/appcompendium_icp-qqq-5991-2802en-us-agilent.pdf
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Radiochemical separation basics
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Liquid - SolidLiquid - LiquidGas - SolidGas - Liquid

PrecipitationSolvent ExtractionAdsorptionDisk

Fractional 
CrystallizationExclusionSublimationGas Chromatograph

Ion ExchangeMolecular Sieves

Extraction 
ChromatographyGas Chromatograph

Adsorption

Ion exclusion

Separation methods based on phase equilibria
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Particle Separation Methods
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Radiochemical separation basics

Particle ElectrophoresisFiltration

Electrostatic PrecipitationSedimentation

FlotationElutriation

ScreeningCentrifugation
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Radiochemical separation basics

Solvent extraction
This technique involves the equilibration of a solute 
between an aqueous phase and an immiscible organic 
solvent at a constant temperature, resulting in a partitioning 
of the solute in a defined ratio between the two phases.

https://www.jstage.jst.go.jp/article/jaesj1959/3/7/3
_7_507/_pdf/-char/ja
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Ion Exchange
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Radiochemical separation basics

https://www.technologynetworks.com/analysis/articles/exploring-the-principle-of-ion-exchange-chromatography-
and-its-applications-357491

The chromatographic separation begins with 
equilibration of the stationary phase in the initial buffer 
to ensure analyte interaction. Samples dissolved in the 
same buffer are then loaded onto the column, with 
buffer pH and ionic strength optimized for analyte 
binding while minimizing impurity retention. A wash step 
removes unbound and similarly charged molecules, 
stabilizing the baseline. Elution is achieved using either 
a salt or pH gradient. Salt gradients elute analytes 
based on their binding strength, while pH gradients 
release analytes at their pI values. For ion elution, pH is 
adjusted accordingly. Finally, the column is regenerated 
with a high ionic strength buffer to restore capacity for 
subsequent runs, followed by conditioning with the initial 
buffer.
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Ion Exchange
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Radiochemical separation basics

https://www.jstage.jst.go.jp/article/jaie1990/16/2/16_2_102/_pdf/-char/ja
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Extraction Chromatography
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Radiochemical separation basics

https://www.eichrom.com/products/teva-resin/

TEVA ResinExtraction chromatographic resins allow the 
separation and determination of 
radionuclides (e.g. actinides and fission 
products) from environmental matrices e.g. 
soil, sediment, vegetation and seawater 
samples.
Their use allows a rapid and precise 
determination of radionuclides in emergency 
and routine situations, as well as, combined 
with suitable sample preparation methods, to 
obtain very low detection limits through 
analysis of large volume samples.
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Extraction Chromatography
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Radiochemical separation basics

https://www.triskem-international.com/scripts/files/6698d219daf470.41267302/PS_TRU-Resin_EN_161007.pdf



10/10/2025

Rapid Analysis of Gross Alpha 
Radioactivity in Environmental Samples
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Radiochemical separation basics

Precipitation (0.05 m2),
Drinking water (2 L)

Airborne dust (1 m3) Soil (1 g dry) Milk (0.1 L) Vegetable (0.1 kg)

Filtration Dry (Microwave)

Nitric acid

Filtrate

Evaporation-drying

Hot dissolution

Iron hydroxide co- precipitation

Residue

Microwave digester [100 mL high-pressure vessel]
Fallout, Drinking water residue, Airborne particulate matter, Leafy vegetables: Nitrate-hydrofluoric acid mixture solution (20 mL)
Soil: Nitrate-hydrofluoric acid mixture solution (30 mL)
Milk: Nitrate solution (20 mL)

Dry·Carbonization

Microwave-assisted pyrolysis/combustion 
apparatus or Calcination in an electric furnace

(Continue to the next slide)

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No31.pdf



10/10/2025

Rapid Analysis of Gross Alpha 
Radioactivity in Environmental Samples
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Radiochemical separation basics

Adjustment of Pu4+ (Using sodium nitrite)

Iron(III) hydroxide co-precipitation

Separation and purification of Pu, Am, and Cm using TRU resin

Organic decomposition·Evaporation-drying

Neodymium fluoride precipitation

Alpha-ray measurement (ZnS(Ag) scintillation detector)

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No31.pdf
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Rapid Analysis of Gross Alpha 
Radioactivity in Environmental Samples
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Radiochemical separation basics

https://www.envraddb.go.jp/wp-content/uploads/2020/12/No31.pdf

Reference 
level for 

radiological 
protection 
(Bq/kg)2)

UnitSi 
semiconduct
or detector1)

2π gas-flow 
counter1)

ZnS(Ag) 
scintillation 

counter1)

Sample 
amount

Sample

-mBq/m351051 m3Airborne dust

-Bq/kg dry soil51051g dry soilSoil

-Bq/m2/d0.10.20.10.05 m2, 1 dPrecipitation

1Bq/L0.0020.0050.0022 LDrinking water

1Bq/L0.050.10.050.1 LMilk

10Bq/kg fresh0.050.10.050.1 kg freshVegetable
1) 4-hour measurement; 2) Plutonium and transuranic alpha-emitting radionuclides



10/10/2025

Quality assurance
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Adherence to the established analytical procedures is paramount. Equally critical 
is the implementation of routine maintenance to ensure traceability to national 
standards and the integrity of analytical instruments. Consistent execution of these 
practices provides demonstrable assurance of analytical result quality. Traceability 
typically involves the use of standard reference materials distributed by 
international organizations. To further guarantee result quality, adherence to the 
principles of ISO/IEC 17025 is recommended, encompassing both internal quality 
control (e.g., analyst proficiency testing) and external quality assurance (e.g., 
participation in proficiency testing schemes).
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Quality assurance
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Internal Quality Control:
 Traceability Assurance
 Routine Maintenance/Checks

External Quality Assessment/Control:
 Interlaboratory Comparison
 Proficiency Testing/Skill Assessment
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Thank you for your attention! 


