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Abstract

The electrotechnical laboratory (ETL) is the one of the largest national research institute, affiliated
with the Ministry of International Trade and Industry (MITI). The ETL has a role to maintain the
national standards of electricity, acoustics, visible light, ionizing radiation and radioactivity. The
primary radioactivity standards have been established in ETL mainly with the 4nfi-y coincidence
method. The liquid scintillation counters and multi-wire proportional counters are also used for pure-
beta and surface emission rate standards, respectively.

As for the traceablity, the primary standard sources are transferred to the Japan Radio Isotope
Association (JRIA), and the JRIA measure these sources to calibrate their secondary standard
equipments such as high pressurized 4n ionization chambers, high pure Ge and Nal(Tl) gamma
spectrometers. The primary sources are also sent to the BIPM and neighboring countries for the inter-
comparisons to keep the consistency of the national standards.

In this paper, these measurement techniques for the primary standardization and transfer system will
be introduced, and some results of comparisons for certificate the traceability system will be described.

[Key words] radioactivity, standardization, traceability, absolute measurements, 4nfi-y coincidence
method, international comparisons, Ho-166m sealed source, ionization chamber, secondary standard.

1. Introduction
There is a wide variety of techniques to assay the

radioactivity, and these methods are described in
many books'1"31. However many methods exist, it
becomes very limited for the primary standard,
because it should be established without the same
level of other reference sources. The 47tp-y
coincidence counting is a very powerful method for
such purpose, so that many primary standard
laboratories adopt this method. The ETL have
standardized more than 40 radionuclides with this
47tP~y coincidence counting technique. However,
there are some special nuclides such as H (pure P,
liquid, non solidify form) and 125I (Jow energy X
and y-ray emission), so that we also adopt the
liquid scintillation counter and sum peak method,
respectively. It is also very important to
standardize the charged particle emission rate from
the surface, and for such case, we use a multi wire
chamber for assay these area sources.

The primary standard sources are sometimes
sent to the users directly, but in most case,
transferred to the Japan Radioisotope Association

(JRIA) to produce the secondary standard sources.
In addition, to complete the traceability scheme,
ETL and JRIA have the same type of ionization
chambers with long half life reference sources,
same sized multi wire chambers, and make
periodical calibration with the primary sources.

2. Absolute measurement techniques for
primary standard.

The coincidence counting method was developed
by Geiger and Werner in 1924'4', and this
technique has been in use over these 70 years.
Many improved formula and equipments have been
applied, and one of the most popular method was
the 47iP-y absolute counting method proposed by
Campion . The fundamental formula is very
simple, and this technique can be directly
applicable to all radionuclides decaying by the
simultaneous emission of two or more radiations.
When the unknown activity is No, and count rates
of P-, y-, and coincidence channels are N», N and
Nc, and the counting efficiencies of (3- and
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Figure 2. A large size high pure Ge detector with a new 47tp-Y (BGO) system.
(140% of relative efficiency to 3"x3" Nal(Tl) and 2.2 keV FWHM at 1.33 MeV of 6°Co)

3.1 lonization chamber
Ionization is the most fundamental phenomena of

radionuclides. Re-entrant type (some times called
well type or 4TCY ) chambers coupled with fine
electrometers are widely used to activity
measurements . On an international level, the
International Reference System (SIR) in the
Bureau International des Poids et Mesures (BIPM)
installed two re-entrant ionization chamber systems
and started reference measurement service since
1972'9l They measure the source ampoule

relatively to their Ra reference source, and the
equivalent activity of Ae(kBq) which would
produce the same ion current as the Ra source is
given and listed in the SIR/BIPM report1101. The
ETL and JRIA have almost same system, and this
time we constructed exactly same type re-entrant
ionization chamber systems as shown in the figure
3. We calibrated these chambers at a same time in
ETL using the primary sources measured by the
4TIP-Y method.

Radioactive Source

Collecting Electrode

Figure 3. The re-entrance type ionizalion chamber systems and block diagram.
These chambers were calibrated by the primary standard sources and installed at
ETL and JRIA to complete the traceability of y-emitting radionuclides.
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y-channels arc So and e these values can be write

down as follows neglecting all corrections and
distortions;

Np = N0*BPj (1)

V I N O X'V \ /

and
N c =N 0 *e p *e 7 (3)

Then, we can obtain the unknown activity as

N 0 = N p *N Y /N c (4)

This formula should be modified because (3-
detector somehow detects y-rays and internal
conversion electrons, and also we should take into
account the dead time effects . However we need
such modification, this original formula is very
simple and we can obtain the unknown
radioactivity of No without any other reference
source or nuclear data. This is the main reason why
many primary standard laboratories are adopting
this method. The ETL also applied this method, and
figure 1 shows the block diagram of our 4it|3—y
coincidence system, and the picture of our new
system is shown in the figure 2.

47c(3 proportional counter

HPGe
detector

Amp

Amp

S.C.A G&D Counter

Coincidence
Circuit

— S.C.A

Counter

G&D — Counter

Controler
& Timer

Figure 1. Block diagram of the 4TtP-y coincidence system

3. Transfer method to the practical
measurement system.

The 4TIP-Y coincidence method is very good for
the primary standardization, but there are some
other difficulties for the practical supply of the
standard sources.

(1) It takes at least one day for the
measurement. (This means it is difficult to
measure the short half life nuclides.)

(2) Because each measurement is
independent, the uncertainty of the result
affects 100% to the stability of the
standard. (The uncertainties of
coincidence method are around 0.1 to 1%
in most case.)

(3) The setting parameters of electronics and
corrections should be changed with the
decay scheme of each nuclide. (It is too
complicated for daily supply of standards.)

When we think about the secondary standards,
stability and wide dynamic range of measurement
is more important because they can use the
reference value from the primary standards. On this
point of view, ionization chamber and y-ray
specrromerry methods have many good
characteristics for the secondary standardization.
To maintain the traceability of radioactivity, we
constructed pressurized ionization chamber and
speetrometry systems with long half life reference

sources
(71
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3.2 New reference sources

Through these calibration, we used new
reference sources for better consistency.
The Ra sources are widely in use as the
reference, but have some problems such as He pile
up in the source, ' Rn leakage possibility, and
they need a long time to reach equilibration with
the Pb daughters. The mHo decays to Er
with a half life of 1200 years and emits many
cascading y-rays between 80 to 1400 keV. The
total average photon energy per disintegration is
about 1.75 MeV, which is close to that from Ra
and its descendants (about 1.77 MeV in total,

214.
mainly from Pb and Bi) [11.12]

In order to complete the traceability scheme, we
have tried to produce new Ho reference sources
for the secondary standard ionization chamber
systems. The Ho sealed sources were produced
by JAERI, and were shared by ETL, JRIA and
JAERI. The Ho sealed sources were encased in
stainless cases for normal use and stored inserting
in the carrying holders as shown in figure 4.

Ho is also very suitable as a calibration
source for Ge detectors. It is desirable to have a
scries of calibration sources to establish
traceability, so several point sources were made
and y-ray emission probabilities were measured.
Figure 5 shows such point sources also produced
by JAERI.

plasma welding

15mm

Titanium outer capsule

Stainless steel
inner capsule

Quartz
cruible

Alumina powder

sintered Ho 2O 3

166mT

Figure 4. Cross sectional view of the Ho sealed source (left) and the photo with the stainless

carrying holders (right).

0.5mm

1.5mm

heat pressing

X Polystyrene cover film

l66m Ho source
2-3 mm*

Acrylate resin
source holder

Polystyrene film

O.lmm1

figure 5. 1 he mHo point source for calibration of y-ray spectrometers
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4. Comparisons for certification.
International comparisons are very suitable to

certify the standard level and their traceabilities.
For this reason, ETL sent the primary sources to
the SIR/BIPM more than 20 radionuclides, and
also ETL has promoted several international
comparisons with neighboring Asian countries as
shown in the Table 1 of the appendixes. In the year
of 1997, ->9pe and 125I comparison were carried
out. The sources were sent to 10 institutes of 6
neighboring Asian countries and to the BIPM/SIR.
As for the 59Fe, nine institutes have reported their
results, and ail results were agreed with the present
mean within the uncertainty (covering factor of
k=2) as shown in figure 6. Seven institutes have
reported for the *"I comparison, and also these
results were agreed within the reasonable
uncertainties (k=2) as shown in figure 7. The new

comparison of Ho sources were also carried
out, and sent to 12 institute of 10 countries and the
SIR/BIPM. These comparisons were started as the
bilateral base comparison between ETL and
neighboring countries, but we could invite almost
all members of the regional National Metrology
Institutes (NMIs) in the framework of the Asia
Pacific Metrology Program (APMP). At the APMP
general meeting in Taiwan (Nov. 1999), this
comparison was regarded as the first trial

comparison of WG6/TCRI/APMP (Working
Group 6/ Technical Committee of Ionizing
Radiation/APMP). The importance of such regional
comparisons will be increased with increment of
quality control requirements and also barrier free
trade. ETL will continue such inter-comparisons
and we will welcome participation of any national
standard laboratories.
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Figure 6. Results of 5^Fe international comparison of 1997.
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Figure 7. Results of 125I international comparison of 1997.
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Appendix: Table 1. Recent International Comparisons Promoted by ETL

September 1993. Na-22,Cr-51, Mn-54

ETL, PSPKL(lndonesia), INER(Taiwan), SIR(BIPM)

Results: Na-22: within 0.2% to the SIR mean
Cr-51: within 0.6% to the SIR mean
Mn-54: within 0 .1% to the SIR mean

October 1994. Zn-65, Sr-85, Cs-137, Ce-139

ETL, INER(Taiwan), NIM(China), CIAE(China), SIR(BIPM)

Results: Zn-65: within 0.2% to the SIR mean
Sr-85: within 0.5% to the SIR mean
Cs-137: within 0.8% to the SIR mean
Ce-139: within 0.5% to the SIR mean

March 1996. Co-57, Cd-109

ETL, PSPKL(lndonesia), INER(Taiwan), NIM(China),
CIAE(China), SIR(BIPM)

Results: Co-57: within 0.6% to the SIR mean
Cd-109: within 0 .1% to the SIR mean

October 1997. Fe-59, 1-125

ETL, JAERI(Japan), INER(Taiwan), KRISS(Korea),
CIAE(China), NIM(China), NWNT(China),
OAEP(Thailand), PSPKL(lndonesia) and SIR(BIPM)

Results: Fe-59: within 0 .1% to the SIR mean
1-125: within 1.0% to the SIR mean

(SIR value range of 1-125 is more than +-8%)

March 1999. Ho-166m

ETL, JAERI(Japan), INER(Taiwan), KRISS(Korea), CIAE(China),
NIM(China), NWNT(China), NIMT(Malaysia), BARC(lndia),
OAEP(Thailand), PSPKL(lndonesia), CAE(Argentina), IRD(Brazil),
NAC(South Africa) and SIR(BIPM)

Results: On going
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Appendix: Table 2. ETL Calibration Service for Radioactivity

Calibration or Measurement Service

Quantity

Activity

Activity

Activity

Activity

Activity

Emission Rate

Instrument or
Artifact

4jtp-y Coincidence
System

4jtp-y Coincidence
System

High Pressure Well
Type lonization
Chamber

High Pure Ge
Detector

Liquid scintillation
counter

Large Area
Windowless
Proportional

Counter

nstrument Type
or Method

Solution
gamma-emitting

nuclides)

Solution (beta-
gamma not
coincidence)

Solution or Solid
(gamma-emitting
nuclides)

Solution or Solid
(gamma-emitting
nuclides)

Solution (Pure
beta or alpha)

Large area ô p
Source

Measurand Level or Range

Minimum
value

0.05

0.05

0.05

0.001

0.001

2000

Maximum
value

10

10

100

10

100

10000

Units

MBq g '

MBq g"1

MBq

MBq

MBqg

s"'

Measurement
Conditions/Independent Variable

Parameter Specifications

Expanded Uncertainty

Value

0.5 ~ 1.0

1.0 ~ 2.0

2

3

2

3

Units

%

%

%

%

%

%

Level of
Confidence

95%

95%

95%

95%

95%

95%
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Appendix
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