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Abstract: This work presents the experience of the Nationalnternational des Poids et Mesures (BIPM) in whtble

Laboratory for lonizing Radiation Metrology (LNMRIn
the implementation of the requirements of the Mutua
Recognition Arrangement (MRA) signed by 38 National
Institutes of Metrology (NMI) in 1999. The degred o
equivalence of activity reported by Bureau Inteioval des
Poids et Mesures (BIPM) in the Key Comparison [kdae
(KCDB), the main data of a specific radionuclidstéd in
the Calibration and Measurement Capabilities (C\@GYl
the implementation of a quality system are informed
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1. INTRODUCTION

results of the key comparisons are used as referenc

In this work will be presented the degree of eqeinae
of the activity (Sl unity becquerel, symbBb) reported by
BIPM in the Appendix B of KCDB for those key and
supplementary comparisons that LNMRI has partieigat
since 1987. Besides, the Calibration and Measuremen
Capabilities for°°Co, reported by LNMRI and listed in the
Appendix C of KCDB as well as the implementationaof
quality system based on the requirements of ISOAEQ25
[3] are described.

2. METHODS
The harmonization of the measurements leads to the

The Institute of Radiation Protection and Dosimetryformulation of the principle of Equivalence [BIPNI999],

(IRD), where LNMRI is settled, has been formallysidmed,
in 1989, by Brazilian National Institute of Metrgip,
Standardization and Industrial Quality (INMETRO) to
fulfill, at national level, the mission of the m&mnance and
dissemination of standards related to the main tifiemin
the field of ionizing radiation. The word, which steibes
this field of activity, is Traceability, a vertical and
hierarchical concept which links the national meament
systems adopted by individual countries. It is wkedi as:
“The property of a result of a measurement whertlogr
be related to appropriate standards, generally ingional
or national, through an unbroken chain of companisb
[1].

In October 1999, the directors of the National Mktgy
Institutes of 38 Member States of the Metre Coneant
signed a Mutual Recognition Arrangement [2] foriowaal
measurement standards and for calibration and merasat
certificates issued by NMIS'The MRA aims to establish the
metrological
maintained by the NMiIs in order to provide a relab
technical base for wide scientific and technologgica
agreements as well as treaties related to intemealtitrade.
Once INMETRO is signatory of MRA, the LNMRI, as
designated laboratory must comply the requiremenfts
MRA.

The database which gives solidity to the metrolaigic
degree of equivalence of NMis

defined asThe condition of being equivalent, i. e. equal for
practical purposes, in significance or worthThe
Equivalence should quantitatively be demonstratedkey
comparison that may be defined asoné of the set of
comparisons selected by a Consultative Committésd R

to test the principal techniques and methods irfidid’ [4].

A more specific term is “Degree of Equivalence of a
measurement standard”. The degree of equivalenca of
given measurement standard is the degree to wihish t
standard is consistent with the key comparisonreefse
value (KCRV). The degree of equivalence of a paldic
NIM, i, with the KCRV is expressed as the differenc
between the results

i Asi — KCRV (¢D)]
and the expanded uncertainty (k=2) of this differznUy,
known as the equivalence uncertainty, hence

degree of equivalence of the standards

8 2 (2)
taking correlation into account as appropriatg.ndeans the
equivalent activity of a specific radionuclide oNMI. The
KCRYV is derived from the unweighted mean of all the
results submitted to the International ReferencesteSy
(SIR) of BIPM with some restrictive provisions [4]he

is kept by Bureauresults of the international comparisons organizgdection



Il of the Consultative Committee for lonising Ratha and should be measured again and submitted to &IR t
(CCRI(II)) linked to SIR can be used for the KCRWMmthe  improve their accuracies. The results show thabdity of
additional restriction that the participant must véna the radioactivity standards and measurement systems
measured impurities of the radioactive solutionthis work  implanted at LNMRI.
the degree of equivalence means the comparisongofes
NMI with the KCRYV of activity measurement.

A large number of radionuclides are used in déffer
applications in the field of fundamental researicidustry, .00

teaching and medicine. At this moment, the smathioer of

key comparisons organized by BIPM doesn't allow the _ I

validation of the measurement standards of theviddal g **7 8 & 8 888
NMIs. Considerable cost in terms of equipment anchdin s I g & ¢ g8
resources is involved to support the primary stedidation & 100 £ £ £ ss£¢
systems necessary in the participation of a keypewison. H [ % ¢ 0 } g g g §§§{»
Hence, most of the NMIs have dedicated to develogh a % oool .. §E. ael IEXe
implement restricted group of primary standardomati g I ;

techniques. In the LNMRI the coincidence countingl a g _1007?7

liquid scintillation counting systems have been lenpented T

for absolute activity measurements of beta-gamnhaa I

gamma, electron capture and pure beta decay radides. -2.00 %j%i%g gbu%jb ij L LJ»QMLQ»«L%L Lé?) L(L
By the other hand, the radionuclides may be armhnge @;@%@»0%0&3,\»’3%«ﬁ%’gy\% @eg,;\'%«:,gf@

according to the degree of difficult for the metheskd in its
standardization. For instance, the standardisatiéfiCo by
coincidence method is classified as green, whiin is
yellow and **Eu is red, representing, respectively, the Fig. 1. Degrees of equivalence for activity quanijt
simple, intermediate and difficult levels of stardiaation.
In this way, the participation in a key comparisoh a

radionuclide classified as difficult could validathose ; N .
radionuclides classified as yellow and green incihihe Presented, in details, in the Appendix C of the KCand

same standardisation method has been used. may be_accessed by users. .The data show the tjvefsi
CMCs of NMIs are part of the BIPM KCDB concerning radlc_)actlve standgrds .ava|lable at LNMRI .a_nd are

Appendix C of the MRA. The CMCs are declared by M| continuously updating with the entry of new radioles

and refers to the characteristics of the calibratand ©F In reducing some specific stated uncertainty.e Th

measurement capabilities for the NMI concerned. dam Summarized data fof"Co as reported in Appendix C is

from NMIs are issued in the form of an EXCEL workeh Presented in Table 1 as an example.

where there are at least 21 columns into which daéa

inserted for each standard or service. In théd fiaf Table 1. CMC data for radioactive solution of*°Co.

radioactivity the main characteristics are: adfiviB0),

Radionuclide

The characteristics of the twenty-one radionuclidés
Figure 1 plus twelve (alpha, beta and gamma ersjitare

activity per unit massBg g*); emission rate and surface Alf;'i‘{'tn{;:sr un'ig'ri‘;‘:ﬁ Method of Conlta'”er' Internal
icgj 1 ifinati . Y. | measurement| VOUMe identifier

emission rate ), measurement  system, specn‘_lcatlm (Bag) | in% (k=2) (mL)

(S.O|Id, Ilqt_Jld, gas, container, mass or _volume)ceutalnty 5 0E+02 to . Germanium Glass SIM-RAD-

with k=2, identifier and source traceability. 1.0E+5 spectrometer{ ampoule, 3 '—’\2"&?8"
The quality system has been implanted based on the .

. . Pressurized SIM-RAD-
requirements of ISO/IEC 17025 General Requireméots | 3.7E+04 to 0.4 ionisation Glass LNMRI-
the Competence of Calibration and Testing Laboiegor | 1009 chamber | 2MPoUle, 31 o005
After the submission to an internal audit to geto@arview | s oe+01 1o s Germanium Glass Sm-'\;%RAII_D-
of the system the radioactivity laboratory has bagsessed | 1.0E+06 spectrometer| ampoule, 3 2033
in a technical Peer Review by two experts from parn eEront Planar o SIM-RAD-
2004. b 2.0 Nal(Th) | 88 | LNMRI-

) crystal P ' 2062
3. RESULTS 50E+03t0| Liquid Glass | SMRAD-
. . . . 3.0E+05 ’ scintillation | ampoule, 5
At present time, twenty-one radionuclides, in naofie 2068

LNMRI, are listed in the Appendix B of the KCDB of *Multinuclide solution

BIPM. Six more recent comparisons have no resuatfas ) _ )
and the reports are in progress. Figure 1 defietsiegrees The CMC Wor_lfsheet should contain the mformatlon
of equivalence of these radionuclides as may beirmdx about the traceability of the measurement valuatirg to
from the Appendix B of KCDB. Almost all these the standard or service of individual NMlIs [5]. Tal®
radionuclides present deviation from the KCRV lowan  Shows that information for some radionuclides decleby

+ 1.0%, with the exception df%Eu (-1.24%)Co (3.08%) LNMRI.

and*®®Ho™ (1.79%) These radionuclides are classified as red



Table 2. Absolute standardization methods and suppting [5] M. J. Woods, “MRA calibration and measurement

comparisons.

Param- Source of Comparison suppo'rting_ this
Standard " measurement/calibration
eter traceability -
service
Ba-133 | 4T(PC)y-coinci- | \yp) BIPM.RI(Il)-K1.Ba-133
dence counting
Ce-139 | 4PC)y-coinci- | gy BIPM.RI(II)-K1.Ce-139
dence counting
Co-60 | AMPCO)y-coinci- | g BIPM.RI(I1)-K1.Co-60
dence counting
Am-241 | 4TPC)y-coinci- | e CCRI(Il)-K2.Am-241
dence counting
Ir-192 | 4TPC)y-coinci- | \yp CCRI(IN)-K2.Ir-192
dence counting
Co-58 | 4T(PC)y-coinci- | g APMP.RI(Il)-K2.Co-58
dence counting

Procedures for source preparation and standaiatizat
methods implanted as well as corporative procediardise
scope of the quality system were internally auditddn-
conformities were pointed out and corrected lafEne
system was then submitted to an international Resiew
and approved in the Inter-American Metrology System
(SIM) meeting held at Venezuela in September 0f4200
This process is dynamic and annual internal auakt theen
done to improve it.

4. CONCLUSIONS

The radioactivity laboratory of LNMRI has been
developed effective methods for radionuclide mearsents,
which can be demonstrated through the degrees of
equivalence in activity listed in Figure 1. With eth
accomplishment of the MRA, the certificates of loedtion
issued by LNMRI should be accepted by others NMig]
will establish a reliable base to overcome techrieariers
and the effective recognition of the measuremenmuslity
realized at LNMRI. The requirements of the ISO170&5e
Peer Reviewed and approved allowing LNMRI to pubits
CMC in the Appendix C of KCDB/BIPM.
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