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Abstract 

Activity measurements of a 125r solution, supplied by 
OMH, have been carried out as a trial intercomparison by 
seven laboratories. 
Details on source 

Four different methods were used. 
preparation, detectors and counting 

data are reported. The measured activi ty-concentration 
values (based on seven results) sha.T a spread of 1.6 % 
and a standard deviation of the mean of 0.18 %. The 
weighted mean value is (2 052 ± 4) kBq g-1. 

1. Introduction 

Because of its practical importance in medicine and - as a result of 
its low gamma-ray energy - of the difficul ties encountered for its 

measurement in the SIR system by an ionization chamber, the WJrking Group 
for advising on future comparisons selected 125r as a suitable nuclide for 
one of i tB trial intercomparisons, as they are periodically organized by 
BIPH on behalf of the Comi te Consu1tatif pour les Eta10ns de Mesure des 
Rayonnements Ionisants (CCEMRI). 

Confirming its offer made at the 1985 meeting of Section 11 of CCEMRI, 
OMH kindly supplied, prepared and forwarded the amount of 125r necessary 

for the comparison. 

The ampoules were dispatched from OHH on February 19, 1987. Each 
participant (Table 1) received a flame-sealed NBS-type ampoule containing 
about 3.6 g of the undiluted solution. 

AECL 
BUM 

CBNM 
IER 

LMRI 
OMH 

PTB 

Table 1 - List of participants 

Atomic Energy of Canada Limited, Olalk River, Canada 
Bureau International des Poids et Mesures, Sevres, France 

Central Bureau for Nuclear Measurements, Euratom, Geel, Belgium 
Institut d'Electrochimie et Radiochimie, EPFL, Lausanne, Suisse 

Laboratoire de Metrologie des Rayonnements Ionisants, Saclay, France 
Orszagos MeresUgyi Hivatal, Budapest, Hungary 

Physikalisch-Technische Bundesanstalt, Braunschweig, 
Federal Republic of Germany 

The 1251 activity concentration was about 2.1 MBq g-1 in an aqueous 
solution of NaOH (5 x 10- 4 mol/I), with 50 j..I.g I as KI and 50 j..I.g Na2S203 
per gram of solution. 
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Fig. 1 - Decay scheme of 1251 taken from [3]. 
For the half life see text below. 

Purity checks, performed by OMH, revealed (0.002 0 ± 0.000 4) % of 
1261 as impurity. The detection limits over the 100 to 2 500 keV energy 
range varied between 0.01 and 0.000 05 %. For the half life the value 
(59.89 ± 0.15) d [1] was proposed. PTB used its own value of 
(59.39 ± 0.02) d [2]; OMH measured a half life of (59.38 ± 0.05) d and 
CBNM used a value of (59.9 ± 0.11) d [3]. Figure 1 shows the decay scheme 
of 1251. 

A reporting form had been set up and was distributed by B1PM on 
January 20, 1987. The deadline for submitting the results to B1PM was May 
1st, 1987. Actually, six results reached B1PM between May 6 and 22, 1987 
and were discussed in the draft report; one result arrived too late to be 
included. 
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2. Mass of solution contained in the ampoules, activity concentration 
from ionization-chamber measurements and adsorption tests 

Some participants measured the activity concentration of the 1251 
solution by means of a calibrated ionization chamber. The mass of the 
solution in the vials was also determined and adsorption tests were 
carried out. All information concerning this subject is assembled in 
Table 2. 

3. Source preparation 

The technical data referring to source preparation are collected in 
Table 3. 

All laboratories used a diluted solution, except PTB (and IER for 
some series of measurements). AECL prepared sources by gravime tric 
dispensing of active solution into a AgN03 solution on the adhesive side 
of a 6.3 mg cm- 2 mylar tape. Some sources were also sandwiched between 
strips of the same mylar tape in tests made to investigate electron-range 
effects. Finally CBNM, IER and PTB used AgN03 for the preparation of thei r 

f sources. 

4. Activity measurements 

In order to measure the activity concentration of the 1251 solution, 
four different methods have been applied. The first one makes use of a 
single NaI(Tl) crystal - a well type in the case of CBNM, LMRI and OMH 
which detects single or coincident events, as described in reference [4]. 
Four laboratories used this technique (AECL, BIPM, LMRI and OMH). The 
second method, developed by Taylor [5], has been applied by two 
laboratories (AECL and IER). This method mak,es use of two NaI(Tl) 
detecto:rs and measures X-(X+y) coincrdEmces~; Some typical spectra a re 
reproduced in Fig. 2. For the third method, AECL applied 4ma-X coincidence 
efficiency extrapolation, using a gas-flOW' proportional counter at normal 
pressure and two NaI crystals. The results are shown in Fig. 3. This 
method was also chosen for determining the l09Cd activi ty concentration 
[6]. PTB developed a new photon-photon coincidence-counting and 
efficiency-extrapolation method [7]. Two thin NaI (Tl) detectors were used. 

Details on the counting equipment are given in Table 4. The counting 
data are listed in Table 5. Table 6 summarizes the foruulae used by the 
participating laboratories. 
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Fig. 2.1 - Some typical spectra of 1251 obtained by means of the sum-peak 
method [4]. In the case of AECL, (a) refers to the sum-peak 
method and (b) to the other two methods. For BIPM, (1) and (2) 
indicate the singles peak Al and th~ sum peak A2 , 
respectively, as defined in ref. [4]. 



Q) 
c: 
c: 
co 
.c: 
o ... 
Q) 
Co 

en --c: 
j 

o 
() 

5 

N 

ICBNM I 

10 

1 ~--------~--------~----------~--------~~~~~~--~ 

Q) 
c: 
c: 
co 
'fi 102 

... 
Q) 
Q. 

en --c: 
.j 

o 
() 10 

1 

N 

100 200 300 400 

Channel number 

/~ 
, \ ! 

f ,,~ 
! \ tF", 
: '\ I ..... ~ 
I \ / " ! 'i~" ~.'" .. ~. ': ;' ; '.t 

! \ i \ 
: \ i .... 
• ~ I ~ 

: • I •• 

,?,a; ~~ 
..~ 

'\' . .. 
" .,. 

256 512 

Channel number 

768 

, ,. 
" .. 

l" .... -. , 

500 

1024 

Fig. 2.2 - Some tYJ,?ical spectra of 1251 obtained by means of the sum-peak 
method L4], in a logarithmic scale. 
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Typical s~ectra of 1251 obtained by 1ER with the second 
method [5j. The upper drawing refers to the X- and y-ray 
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5. Corrections 

AECL applied the same corrections for methods 1 and 2, i.e. the 
individual results were corrected for background, dead time and decay. 
In the case of method 3, corrections were made to the electron rates 
obtained by means of a proportional counter (the electron efficiency of 
which was changed by varying the high voltage) for background, measured at 
every second voltage increment over the co~lete voltage range. 
Corrections for dead time, decay and accidental coincidences were also 
applied. 

BIPM (method 1) corrected data for background, decay and dead time. 
An extrapolation to zero count rate was applied in order to eliminate the 
effect of accidental summing in line A2 defined in ref. [4]. 

CBNM (method 1) corrected data for background and decay. The 
dead-time corrections were directly included by means of the multichannel 
analyser. The total count rate contained in lines A1 and A2 was obtained 
by summing the events between 0 and 86 keY. The contribution in line A2 
was computed as the sum of a tail and the counts between 43 and 86 keY. 
The tail was evaluated by means of the following three methods: 

applying logarithmic fit to the high-energy side of the "singles peak" 
(Le. peak formed by single events) and to the low-energy side of the 
sum peak, 
fitting with four gaussians, 

- the Heath method [8]. 

IER (method 2) applied the Cox-Isham formula [9] for correcting the 
count rates. 

LMRI (method 1) took into account a correction of 0.7 % for the tail 
of the sun peak. 

The corrections used by OMH (method 1) are of the same type as those 
applied by BIR1. 

PTB corrected the measured single count rates for background and dead 
time, and the coincidence rate by means of the Cox-Isham fornula [9]. 
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6. Uncertainties 

The combined uncertainties and their components are presented in 
Table 7. It will be noted that the method described by Eldridge and 
Crowther [4] is apparently the least precise way for determining the 
activi ty concentration of 1251. For this method, the main contriru tions 
to the uncertainty stem from the product PlP2/(Pl + P2)2, the extraction 
of the individual contributions Al and A2 from the measured spectrum of 
1251 and the gate settings. 

For the method described in [5], the main uncertainty contributions 
are those due to counting statistics, pile up (for AECL) and source 
preparation (for 1ER). 

For methods 3 and 4, uncertainties due to counting statistics and the 
fitting of an extrapolation curve are the main contrirutions. An 
important source of discrepancy for the results, which (for the time 
being) cannot be avoided, comes from the use of four different half lives 
by the participating laboratories for calculating the activity 
concentration at the reference date. Since the interval between the 
average time of measurement and the reference date was often of the order 
of the half life, this correction may have degraded the quality of the 
measurements. 

7. Final results 

The results are presented in Table 8 and Figure 4. 

AECL used three different methods, but gave as its result a weighted 
mean of (2 050.4 ± 4.3) kBq g-1. For the sake of simplicity we consider 
all the seven submitted results as being independent of each other and 
assune that their respective uncertainties have been reliably assessed. 
\ve then obtain for the weighted mean of all the results 

(2 052.0 ± 3.6) kBq g-1 , 

and for their unweighted mean 

(2 056.0 ± 4.2) kBq g-1 , 

always at the reference date of 1987-03-01, 0 hUT. 

The results of this trial comparison cover a total range of 
32.1 kBq g-1 (1.56 %). The deviations of the lowest and the highest value 
from the weighted mean are - 0.63 % and 0.93%, respectively. 
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Fig. 4 - Final results of the 1251 trial comparison. The numbers refer to 
the four methods aprlied: 
1) Sum-peak method L4], 
2) X-(X+y) coincidences [5], 
3) 4ne-X coincidence efficiency extrapolation [6], 
4) Photon-photon coincidence counting and efficiency­

extrapolation method [7]. 



~ 

Table 2 - Mass treasurerents, ionization-chanber treasurerents and affiorption tests 

AECL I BIR{ CBtM IER ll1RI CMH Pl'B 

Anpoule nunber 8222 8224 8223 8225 8226 8228 8227 

Miss of solution (g) 
3.601 6 3.6040 3.6057 3.600 2 3.6025 3.6032 3.6057 (5) 
3.601 3 (1) 3.589 7 3.596 1 3.606 1 

- indicated by CMI 
- determl.ned by laboratory 

Ictivity concentration (k.Bq g-l) 
at ref. date (1987-03-01; 0 h UT) 

2035 ± 8 a 2060 a 2039 ± 14 a,c 
(1987-04-13) (1987-02-09) (1987-03-04 to 03-16) 

(date of the treasurerent) 
2064 ± 10 bl2035 ± 8 b 2058 b 2048 ± 6 b,c 
(1987-o3-2~ (1987-04-15) (1987-o3-1~ (1987-03-25 to 05-06) 

Ictivity remining in the "enpty" 
arpoule after 2 rinsi.rg> 
wtth distilled Witer (Bq) 
late of the test 

hlditional rinsiI@ 

Elnal residJal activity 
Date of the test 

134 ± 10 (2) 48 ± 0.5 (3) 

1987-0,3-30 -, 1987-04-29 

a before ~ng the anpoule, b after transfer of the contents of the anpoule, 

840 ± 50 (4) 

2 with diluent· 

60 ± 20 (4) 

1987-03-11 

c using gearetric correction factors for 3.6 ml and 2 mlof solution (witha.lt calibration constants). 

(1) The nass of the solution WiS fOLUld by \oeigling the enpty dry anpoule and sthtracting from that of the mop=ned !:ut 
file-muked an:poule. The nass of solution actuaLly transferred usefully to the p;cnareter YBS 3.5798 g. 

(2) ~urerents performed by treanS of a Ge(Li) spectrooeter. 
(3) ~nsing WiS done jJst after the transfer on 1987-03-24. 'Jhe adsorption tests \oere perforned with a 2" x 2" \ocl.l-type 

fuI detector. 
(4) ~urerents performed bytreans of a HP-Ge detector wtth a Be wtndav. 
(5) W:!igung procedure like (1). 

>-' 
>-' 
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Table 3 - Source preparation 

AECL BIlM GBI'M IER IMRI CM! PrB 

L iWmlNaI+ 
Dilutioo 

Diluent 50 I-€/g KI + 30 I-€/ g NaI + 0.02 g/l NazS03 66 I-€/g KI + 50 ~/g KI + 

19 ~/m1 N8zS03 5 0 ~/ g NazSz03 16 ~/g NazS03 0.02 g/l LiOR 74 ~/g 50 ~/g KIC3 + 

Iil 8 with L:iDR in 5 _10-4 D01/1 in 2-10-4 D01/1 + 0.05 g/l KI (NazS03 + 5 Rz0) 50 w,/ g N8zSz03 

Na')R Na')R in Rz0 in 5 _10- 4 D01/1 in 10-3 D01/1 

Na')R Na')R 

Nunber of dilutions 1 1 1 2 I 1 1 
Dilu tion factors 17.766 7.34072 7.7847 1.000, 9.6426, 42.345 2± 0.001 2 20.013 ± 0.002 

81+449 
-.~ 

Source prep:rration (1) (4) (10) t-' 
N 

Soorce baddng: stistrate VYNS VYNS VYNS mylar IIl)!ar VYNS 

}Etal coatiTl?; lu-f>d - 1'll tu aluninilll 
-. 

Nunber of fiIns 1 or 2 1 1 1 2 2 

}Etal1ayers: abo\e 0 0 1 1 

belaY 1 or 2 1 1 1 

Total nBSS per unit surface 20 to 30 35 35 1000 40 50 

(~ 00-2) 

\oetting or seediTl?; agent 
lfie» Of-dry air 

Indox 10-4 IIndOX 10-4 (6) 

Drying air flCM of air at anbient atm. I air air 

at anbient terp. ambient terp. 

~cia1 treatnEnt (2) (5) (7) (8) Iprecipitated 

wi th AgN~ (8) 

Rlnge of source nass (mg) 11.08 to 3.36 (3)118.06 to 74.92 I 9.20 to 16.55 I 10.5 to 61.7 10 to 45 (9) 1 12 to 90 I 20 to 24 

... / ... 
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Table 3 (cont'd) 

(1) For 41te-X coincidence efficiency. extrapolation. Sources for methods 1 and 2 were pre~ared by gravimetric 
dispensing of active solution into AgN03 solution on the adhesive side of 6.3 mg cm- mylar tape. After 
drying slowly with flowing air at ambient temperature, the deposit was covered with a layer of the same 
mylar tape. The range of source mass was 0.93 to 2.13 mg of the original solution. Some sources were 
further sandviched by the same mylar tape in tests to investigate electron-range effects. 

(2) Drops were dispensed into'" 20 III of a 470 lJg/ml AgN03 solution. 

(3) Of the original solution. 

(4) The source mounts were attached to a paper liner and placed at the bottom of the well-type detector. 

(5) Iodine was precipitated on the source mount by adding a double excess of AgN0 3 and keeping the droplet in 
a humid atmosphere for half an hour before drying. 

(6) For the original solution. .-~ 

(7) The active solution was deposited on a drop of solution of AgN0 3 ('" 10 mg of solution). 

(8) A drop of AgN03 (160 f,Ig/ g of solufion) was deposited on the active solution. 

(9) Two types of sources were used for the measurements: polyethylene tubes containing a drop of solution and 
a sandwich of mylar foils with "dried drops". 

(10) Sources used were Brown medical glass ampoules (body diameter 
The ampoules were filled to 1 g. 

15 mm, height of liquid = 8 mm). 

...... 
w 
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']able 4 - Iquiprent for comting 

AECL BIR1 CB:rM IER IMRI CHI Pl'B 

4~ proportional counter 

Wlllmterial stainles s steel 
HeigJ:l t of each half (mm) 21 

Anode 
- future stainless steel 
- Wire dianeter (mm) 0.013 
- Wire length (mm) 36 
- Distance fron scurce (mm) 10 
- Voltage applied (kV) 1.8 to 2.3 

Gas 
- Nature % 
- Pressure (Wa) 0.1 
- Discrimination level (keV) '" 10 

Scintillation detector 

Nunber of crystals: ordinary (1) 1 2 2 
YEll type 1 1 1 

Di.an=ter (mm) 51 76 152.4 76 125 28 75 
IeigJ:lt (mm) 1 76 152.4 76 100 35 6 
\-ell dian=ter (mm) 50 14.5 16 

depth (mm) 100 50 29 
l€oolution (FWIMk) (%) 1\ 35 19.4 29 6.1, 7.6 7 19.2 '" 30 

at ••• (keV) 28 28 27.47 662 662 59.5 '" 30 
S:>lid angle (sr/4~) uethod 1: ° .425 "It ,-*-, ·,0.983 0.994 0.975 < 0.5 

2: 0.425 (2) 
3: 0.325 (3) 

Distance fron photon camter ne tlnds 1 & 2: 4 14 < 1 (4) 15 3 to 220 
to s<XJrce (mm) 3: 23 

* f u1.l wldt hat half 1ll9Xinun 
(1) netlnd 1: 1 NaI; uetlnd 2: 2 NaI 
(2) for each detector 
(3) StDl of 2 detectors 
(4) at bottom of YEll 
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Table 5 - Counti~ data for tre different nethcxB 

Cbtnting channel 'JYpical fuclground 'JYpical time for COincidence 

windcw l:imi. ts crunt rates rates Ntmber of srurces·· one neasurarent ~ad t:ines resolving tine 

(keV) (s-l) (s-l) neasured (s) (jlS) (Ils) 

AECL 
M:thod 1 Al 10 to 43, windcw 1 1430 0.57 4 1000 2.00 ± 0.02 (1) 

Az 43 to 77, windcw 2 2.00 ± 0.02 (1) 

:t-ethod 2 10 to 43 and 10 to 77 3400 0.30 4 1000 2.03 ± 0.03 (1) 

10 to 43 and 10 to 77 2.04 ± 0.03 (1) 

~tlPd3 10 1 500 4.5 5 500 2.03 ± 0.02 (1) ~.695 ± 0.001 (1) 

. Bm! 
M!thod 1 h 500; to 58001 1.1 31 1800 live t imlng 

I I-' 
V1 

CBm o to 86 I 1200 16.6 3 15000 (2) 

IER 
Method 2 h8 to 44 and 18 to 73/ 14 dil. fact. 1.0 I \3.201 ± 0.001 (3) 11.075 ± 0.002 (3) 

3 .. .. 9.642 6 3.196 ± 0.001 (3) 

3 .. .. 8.4449 

Il1RI 
:t-ethod 1 Al 15 to 42.7 250 to 1000 30 12 7200 3.8 

Az 42.7 to 81 
4.7 (4) 

... / ... 



CMH 

~thod 1 i) 

~ 

Chnting channel 

wlndQV l:imi. ts 

(keV) 

13 to 43 

43 to 78 

Thble 5 (cont'd) 

'JYpical BldgrOLUld 'JYpical t:!me for 

Nunber of scurces lone neasurEI'IEnt ccunt rates I rates 

(s-1) (S-1) I!EaSured (s) 

3500 0.28 14 500 

lEad tires 

(1lS) 

6.036 ± 0.005 (5) 

6.025 ± 0.005 

COincidence 

resolving tire 

(1lS) 

PrB 

~thod 4 17 to 100 ~20 000 (6) 2 6 ~ 1 000 (1) 15.00 ± 0.05 (8) 11.00 ± 0.02 (8) 

5.00 ± 0.05 (8) 

.~ 

Al Peak of indivirual events [4]. 
~ Sun-coincidence peak. [4]. .. 

(1) The scurce-pulser IlEtOOd, as deseribed inNCJP 58 [10], W'lS used for their detennlnations. 

(2) Live-tim:! correction of the miltichannel analyser. 

(3) The dead t:hres ~re generated mmerically and detenri.ned ~ means of the ~-oscillator IlEthod. 

(4) Di ser :lmf.nation thresoold. 

(5) For obtaining the area under the singles pe£k (~) and the sw coincideoce pe::k (~), Nl t:fming SCA units ~re used (canberra rrodel 

2037A with CMHdead-time generator). 

(6) Ml:lciIlllIll va be at 1 QV di stance. 

(7) lboot 400 data roints per extrarolation. 

(8) lEad t:imes and resolving tire were deteIllined ~ means of the ~scillator IlEthod. 

I-' 
0\ 
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Table 6 - Formulae used for calculating the results 

Method 1 (AECL, BIPM, CBNM, LMRI, OMH) 

P1 P2 (A1 + 2 A2)2 

(P 1 + P2 )2 A2 
, 

where A1 and A2 are the contents of the singles peak and the sum coincidence peak. 

AECL, BIPM and OMH used the following expressions for P1 and P2: 

CBNM and LMRI applied the relations 

aKwK E: 1 
P1 PK~ 0.699 0 and P2 + (.:::.L) = 0.774 9 • 

1 + aT E:KX 1 + aT 

AECL, CBNM, LMRI and OMH took their values from [3J. 

BIPM used a somewhat different value for ~ and aT' namely 

~ 0.882 ± 0.028 [11 J and aT = 14.02 ± 0.01 [12J. 

For this laboratory P1 and P2 had the values 

= 0.703 8 ± 0.022 3 and 0.770 4 ± 0.010 2. 

Method 2 [SJ (AECL, IER) .,~ "'t ,-~. '. /i 

4K [N + Nc (l - Nc/N2)J [N2 + 
Nc (l - Nc /N1)J 1 

No = 
(1 + K)2 1 (1 - Nc /N1) (1 - Nc /N2) 2N c 

1 + aK~ 4K 
where K = and 0.999 6 

PK-"K(l + aT) (1 + K)2 
, 

if the formula used for the gate includes the singles peak only. However, 

4K 
= 

if the formula used for the gate includes both the singles and the sum peaks • 

... / ... 
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Table 6 (cont'd) 

Method 3 (AECL) - 4ne-X coincidence efficiency extrapolation [6] 

N~*Ny* 

where 

N * Y 

N * c 

N' 
--...... Y-- - B' 
1 - 'tyNy Y 

and 

where the primes (') designate observed rates, e refers to the coincidence 
resolving time, 1: is the dead time, () is the delay mismatch between the two 

I 
channels and B refers to the background rates. ' 

Method 4 (PTB) - Photon-~hoton 

method L 7] 
coincidence counting and efficiency extrapolation 

where 

K 

(1 + K) 2 
No ----

4 K 

1.112 and 
(1 + K) 

2K 
;1; 

£2 is obtained by permtation of the indices in the expression for £1' A linear 
extrapolation function for £i~ 0 (i = 1,2) is applied for large distances. 

The physical constants used are 

0.797 ± 0.001, 

11.9 ± 0.2, 

llk = 0.877 ± 0.020, 

a = 14.0 ± 0.3. y 

P y = 0.066 7 ± 0.001 3, 

All these values are taken from the literature, for instance from [3]. 

Remark - In the calculation of the ratio 4K/(1+K)2 by the methods 2 and 4, 
the differences of the values of these constants, when taken from 
various references, do not contribute significantly to the uncertainty 
of the ratio (and thus also of No)' 
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18.ble 7 - llicertainty conp:ments of the final result (in %) 

AECL BIIM CBrM IER IMRI ------------
Conponents we to lIE tOOd 1 me thxl 2 lIE thxl 3 method 1 !metOOd 2 netOOd 1 lIEtOOd 1 

Counting statistics 0.07 0.16 0.17 0.09 0.15 0.23 0.05 0.02 
veigung 0.02 0.02 0.02 0.07 0.12 (5) 0.06 0.05 0.015 (10) 
Dead t:ime < 0.01 <0.01 0.02 
fuciwcmld (1) (1) < 0.03 
Pile up 0.17 0.43 -
Timing <0.05 <0.05 <0.05 
Adsorption <0.01 <0.01 <0.01 
Inpurities < 0.01 <0.01 (0.01 
Gates 0.70 (2) 
I:ecay constant or 0.12 0.12 0.12 
half-life correction 

I:ecay scheme correction 

P1P2/ (P1+ P2)2 

4K/(K+1) 2 

(the r corrections 0.45 (3) 0.03 (4) 
Source preparation 

Dilution 
Time basis 

~ak separation 
Ext rap:> latioo 

Axial and radial effic. 
va riation of soorce 

<hnbined lIlCertainty 0.86 0.48 0.22 

Tnchrled in comting statistics. 
UncertaintY of 1 k.eV in X-gate setting>. 
Effect of la in PI and P2 in fornula for No. 

Effect of la in OK, ~, PK and llk [3]. 
Average of standard deviation. 
/rlsorption and evaroration. 

(1) 

< 0.02 

0.16 

0.45 

0.49 

(1) 
(2) 
(3) 

(4) 

(5) 
(6) 
(7) 

(8) 
(9) 

<Orrection rue to decay data and the ey / 1.<x ratio. 
<:mice of valley midpJint. 
Thil of A2• 

veigrlng and dilution. 
EXtrap:>lation to zero cwnt rate. 

0.01 0.01 0.02 
0.10 0.002 0.05 
0.01 0.01 

- 0.01 0.01 
0.05 (6) 

<0.001 

0.22 0.16 

0.04 

0.06 (7) 
0.2 

<'0.01 
0.01 

0.10 (8) 0.04 
0.76 (9) 0.01 

0.10 

0.84 0.31 0.19 

(10) 
(11) 
(12) 
(13) 

(14) 

/rlsorption and chenical effects, including soorce preparation, knom by eJilerience. 
S:!e remrk p. 18. 

Pi. tting of extrap:>lation W~ 

0.005 
0.01 

0.005 
..( 0.001 

0.002 

0.02 

0.08 

f 

0.10 
0.10 (11) 

0.17 

Pl'B 

method 4 

0.01 
0.02 

0.02 
0.02 

0.01 
0.01 

0.05 (12) 
0.01 

0.03 

'" 0.02 (13) 
- (12) 

0.2 (14) 

0.2 



AECL 

ifjJ., 
W 

'!able 8 - Final results 

BUM CBlli: ~-~ 

-ne-th:)d r - - iiE tlixrz-- -nethOd 3" netOOd 1 

Half life usa:l ~ the 59.90 ± 0.11 59.90 ± 0.11 59.90 ± 0.11 59.89 ± 0.15 59.90 ± 0.11 

laboratory (d) 

Activity concentration 
obtained at the date 
of neas. (kBq g-l) 

rate of nea8Ul:'arent 87-03-02 87-05-11 
to to 

87-03-06 87-06-01 
t 

Activity concentration 2073.3 (1) 2059.8 'Xl) 2047.9 (1) 2069.3 2055 
(kBq g-l) 

, 
a t the reference date 

(1987-03-01, 0 h UT) 
~, ~. 

Combined uncertainty 17.8 9.9 3.9 10.2 17 
(kBqg-l) 

(1) The w::!i.g1ted nean of these three vahles is A = (2050.4 ± 4.3) kBq g-l. 

(2) l€sult of a nea8Ul:'arent done at 00. 

IER ll1RI ------

netOOd 2 netOOd 1 

59.89 ± 0.15 59.89 ± 0.15 

87-04-24 87-04-23 
to to 

87-04-30 87-04-30 

2071.1 2039 

6.4 4 

00 
netOOd 1 

59.38 ± 0.05 
(2) 

1 697.3 ± 2.8 

87-03-17 

11 h 00 UT 

2053.5 

3.4 

PrB ---

nethod 4 

59.39 ± 0.02 

87-03-27 
to 

87-05-07 

2054 

4 

N 
o 
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