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ABSTRAC 

32 Radioactivity of P solution is measured with 
a twin-cup heat-flow microcalorimeter. In order to 
convert whole decay energy evolved from the P 
solution in a glass vial into thermal power, 5mm-thick 
lead container was used as a radiation absorber. 
Corrections for heat loss due to thermal radiation 
and bremsstirahlung escape as well as an effect of 
impurity ( P) are conducted. The overall uncertainty 
of the nondestructive measurement as a sample is 
in a container is estimated to be ±1.5%. Discussion 
about estimates of uncertainties is also given in 
detail. 

INTRODUCTION 

In Japan Atomic Energy Research Institute (JAERI), annually 
about 6 TBq of P solution is being produced and distributed. 
Neutron irradiation for S(n,p) P reaction is performed in 
the research reactors JRR-2 and JMTR. For routine assays of 
radioactive concentration of the solutions, we adopt a method 
of bremsstrahlung radiation measurement with a well type 
ionisation chamber calibrated by a solution which has been 
standardised by a radiocalorimetric method. In the calorimetric 
method, an absolute measurement of beta-emitters is possible 
when an average energy per disintegration is accurately known. 
In this method, problems of self absorption, counting loss, 
dilution error and energy dependence of detection efficiency 
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ABSTRAC 

32 
Radioactivity of J~p solution is measured with 

a twin-cup heat-f1ow microca1orimeter. In org~r to 
convert who1e decay energy evo1ved from the --P 
solution in a glass via1 into therma1 power， 5mm-thick 
1ead container was used as a radiation absorber. 
Corrections for heat 10ss due to therma1 radiation 
and bremss~;ah1ung escape as we11 as an effect of 
impurity (JJP) are conducted. The overa11 uncertainty 
of the nondestructive measurement as a samp1e is 
in a container is estimated to be zl.5%. Discussion 
about estimates of uncertainties is a1so given in 
detai1. 

INTRODUCTION 

In Japan A~Qmic Energy Research Institute (JAERI)， annua11y 
about 6 TBq of J~p s~lut~2~ ， is ~~~~g~pro~~ced.an~distributed. 
Neutron irradiation for ~~S(n ， p)~~P reaction is performed in 
the research reactors JRR-2 and JMTR. For routine assays of 
radioactive concentration of the solutions， we adopt a method 
of bremsstrah1ung radiation measurement with a we1l type 
ionisation chamber ca1ibrated by a solution which has been 
standardised by a radioca1orimetric method. In the calorimetric 
method， an abso1ute measurement of beta-emitters is possible 
when an average energy per disintegration is accurately known. 
In this method， problems of self absorption， counting 10ss， 
dilution error and energy dependence of detection efficiency 
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do not exist. The calorimetry has the potential of being most 
accurate and precise nondestructive technique available for 
measurements of radioisotopes [1]. 

As to the applications of the radiometric calorimetry 
for determinig radioactivity of P, Zumwalt et al. used a 
liquid nitrogen calorimeter in which the rate of evaporation 
of nitrogen at constant pressure was measured in 1948 [2]. 
Bayly also determined the disintegration rate of some 400 MBq 
(11 mCi) of P with a twin, differential calorimeter in 1950 
[31. Highly accurate results of the experiments in early days 
suggest that the most exact method for determining radioactivity 
may be to measure the rate of heat evolution because it involves 
few of the uncertainties of the counting method. Apart from 
the radioactivity determinations, Shimanskaia has worked on 
the calorimetric determination of the average energy of the 
beta-spectrum of P with an absolute activity determined by 
counting method in 1956 [4]. Since then no work in relevant 
to the calorimetric experiments on P isotopes seems to have 
appeared in literatures. 

In the present work, we demonstrate the procedures to 
suite the absolute measurement of P solutions by 
nondestructive way using a microcalorimeter [5,6] characterised 
by being equipped with cell (measuring cup) of enough size 
for practical sample such as a penicillin vial as it is even 
in a lead container without sacrificing accuracy. 

MEASURING PRINCIPLE 

32 According to recently evaluated data [7], P decays to 
stable S in pure beta-minus mode with a half-life of 14.282 
± 0.005 day and the average energy of beta-spectrum is 695 
keV. In addition to this, the energy of average 1.18 keV per 
disintegration is emitted as an internal bremsstrahlung. 
Accordingly, the average dissipation energy per disintegration 
is 696.18 keV. The beta particle having kinetic energy of 
maximum 1.7 MeV can easily penetrate through the wall of glass 
vial. Then the vial has to be put into a lead container of 
enough thickness to convert the kinetic energy of beta particles 
into the thermal energy. The calorimeter used is a twin-cup 
heat-flow differential type microcalorimeter in which thermal 
energy evolved from the sample flows into the aluminium mantle 
of "infinite" heat capacity through a sensor (thermomodule) 
which also acts as a thermal conductor. 

The radioactivity A can be calculated from the thermal 
power P knowing average energy E of beta-ray spectrum by 

a v 
A=P/E a v . (1) 

32 The thermal power evolved from 37 MBq (1 mCi) of P can be 
easily calculated as P = 4.127 pW. 

Assuming the Newton's law of cooling, the following 
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do not exist. The ca10rimetry has the potentia1 of being most 
accurate and precise nondestructive technique avai1able for 
measurements of radioisotopes [1]. 

As to the app1ications of ~t~2~rad~omet~ic ca10rir日 try
for determinig radioactivity of ~~P ， Zumwa1t et a1. used a 
1iquid nitrogen ca10rimeter in which the rate of evaporation 
of nitrogen at constant pressure was measured in 1948 [2]. 
Bay1y a1so d~ ち ermined the disintegration rate of some 400 MBq 
(11 mCi) of ~ゐP with a twin， differential calorimeter in 1950 
[31. Highly accurate results of the experiments in early days 
suggest that the most exact method for determining radioactivity 
may be to measure the rate of heat evolution because it involves 
few of the uncertainties of the counting method. Apart from 
the radioactivity dヒterminations，Shimanskaia has worked on 
the ca10rir日 tric ~2;er~i~ation. of， the average e~ergy of the 
beta-spectrum of ~~p with an abso1ute activity determined by 
counting method in 1956 [4]. Since 52:n.nowork in relevant 
to the calorimetric experiments on ~~P isotopes seems to have 
appeared in 1iteratures. 

In the present work， we demon~~rate the procedures to 
suite the absolute measurement of ~~P solutions by 
nondestructive way using a microcalorimeter [5，6] characterised 
by being equipped with cel1 (measuring cup) of enough size 
for practica1 sample such as a penicillin vial as it is even 
in a 1ead container without sacrificing accuracy. 

MEASURING PRINCIPLE 

32 
AC32:d~ng to recently eva1uated data [7]， ~~P decays to 

stab1e --S in pure beta-minus mode with a half-life of 14.282 
z 0.005 day and the average energy of beta-spectrum is 695 
keV. In addition to this， the energy of average 1.18 keV per 
disintegration is emitted as an interna1 bremsstrahlung. 
Accordingly， the average dissipation energy per disintegration 
is 696.18 keV. The beta particle having kinetic energy of 
maximum 1.7 MeV can easily penetrate through the wall of glass 
vial. Then the via1 has to be put into a lead container of 
enough thickness to convert the kinetic energy of beta particles 
into the thermal energy. The ca10rimeter used is a twin-cup 
heat-flow differential type microcalorimeter in which thermal 
energy evolved from the sample flows into the a1uminium mant1e 
of "infinite" heat capacity through a sensor (thermomodule) 
which a1so acts as a thermal conductor. 

The radioactivity A can be calculated from the thermal 
power P knowing average energy E of beta-ray spectrum by 

av 

A=P /Ea v (1) 

32 The therma1 power evo1ved from 37 MBq (1 mCi) of ~~p can be 
easi1y ca1culated as P 今 4.127pW. 

Assuming the Newton's law of coo1ing， the fo110wing 
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equation applies to heat-flow calorimetry [8] 
-kt/C, T c- T e= (P/k)(l - e ') (2) 

where, T 
Tc 
ke 

P 
C 

Temperature of a calorimetric body 
Temperature of environment (aluminium mantle) 
Heat transfer coefficient of the thermomodule 
Power dissipated in the cell 
Total heat capacity (sample and cell) 

As can be seen from the equation (2), the right hand second 
term approaches zero when t elapses a sufficient time so that 

k(T v (3) 

Thus, one can measure the thermal power independent to the 
heat capacity once the equilibrium state has been established, 
Accordingly, any kind of material with large heat capacity 
such as even a lead container including sample in it is 
acceptable in principle. 

MATERIALS 

32 The sample solution of P (H„P0, in HCl solution) was 
obtained in the procedure described below [9]. 

Target material of sulphur was purified by sublimating 
the crystalline sulphur for four times prior to be irradiated 
in the JMTR (Japan Materials Testing Reactor). Irradiation 
was performed at thermal neutron.flux of 2.1 x 10 n/cm /s 
and fast neutron flux of 1.0 x 10 n/cm /s for l-cycle (21 
days). The production is relied on the reaction S(n,p) P 
in the fast neutron flux region (60 mb). 

The solution was prepared in the procedures of sublimation 
(3 mmHg, 500 °C, 70 min.) of the irradiated target, addition 
of HCl (0.1 N, 70 ml) to heat (100 °C, 60 min.), second addition 
of HCl (0.1 N, 70 ml) to heat (100 °C, 30 min.) and purification 
by ion exchange column after cooling. Then the material was 
evaporated, followed by addition of HCl (0.1 N, 10 ml) and 
adjustment of acidity. 

A sample solution was prepared dispensing 0.3048g in 
penicilline vial from the master solution. The thickness of 
the glass vial is typically 1 mm which is not thick enough 
to absorb the beta-rays of maximum energy as high as 1.7 MeV. 
A 5mm-thick lead container having outer diameter of 36mm and 
height of 64mm was used as a radiation absorber in the present 
experiment. Figure 1 shows the sample solution in the glass 
vial contained in the lead container which is placed in the 
calorimeter cell. Another container of the same shape, same 
material with distilled water of the same volume substituting 
for the radioactive solution in a vial was prepared to balance 
the heat capacity of the twin calorimeter. 
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equation applies to heat-flow calorimetry (8). 

-kt/C 
TC-Te=(P/k)(l-e ) (2)  
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Temperature of environment (aluminium mantle) 
Heat transfer coefficient of the thermomodule 
Power dissipated in the cell 
Total heat capacity (sample and cell) 

As can be seen from the equation (2)， the right hand second 
term approaches zero when t elapses a sufficient time so that 

P=k(TC -Te ). (3) 

Thus， one can measure the thermal power independent to the 
heat capacity once the equilibrium state has been established. 
Accordingly， any kind of material with large heat capacity 
such as even a lead container including sample in it is 
acceptab1e in principle. 

MATERIALS 

32 
The sample solution of ~'P (H~PO λin HCl solution) was 

obtained in the procedure describea below [9). 
Target material of sulphur was purified by sublimating 

the crystalline sulphur for four times prior to be irradiated 
in the JMTR (Japan Materials Testi時 Reactor). ~:r~di~ti2~ 
was performed at thermal neutroη~lu~ 01 ， 2.~ x ~O~~ n/cm~/s 
and fast neutron flux of 1.0 x 10~~ n/cm~/s for l~~ycle (~Å 
days). The production is relied on the reaction J~S(n ， p)Jゐ p

in the fast neutron flux region (60 mb). 
The solution was prepared in the procedures of sublimation 

(3 mmHg， 500 oC， 70 min.) of the irradiated target， addition 
of HCl (0.1 N， 70 ml) to heat (100 oC， 60 min.)， second addition 
of HCl (0.1 N， 70 ml) to heat (100 oC， 30 min.) and purification 
by ion exchange column after cooling. Then the material was 
evaporated， followed by addition of HCl (0.1 N， 10 ml) and 
adjustment of acidity. 

A sample solution was prepared dispensing 0.3048g in 
penicilline vial from the master solution. The thickness of 
the glass vial is typically 1 mm which is not thick enough 
to absorb the beta-rays of maximum energy as high as 1.7 MeV. 
A 5mm-thick lead container having outer diameter of 36mm and 
height of 64mm was used as a radiation absorber in the present 
experiment. Figure 1 shows the sample solution in the glass 
vial contained in the lead container which is placed in the 
calorimeter cell. Another container of the same shape， same 
material with distil1ed water of the same volume substituting 
for the radioactive solution in a vial was prepared to balance 
the heat capacity of the twin calorimeter. 
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Fig. 1 Cut-away view of a calorimetric 
measurering cell(a) with 
a 5mm-thick lead 
con^ainer(b) in which 
a P sample solution(c) 
in a glass vial(d) is 
contained. Calibration 
heaters(e) are embedded 
in the cell made of 
aluminium. Sensors(f) 
contact a common heat sink 
(aluminium mantle, not shown) 
to make heat flow paths. 

RESULTS AND DISCUSSIONS 

Thermal power produced by 32, 

A thermal power dissipating from the sample solution was 
compared with an accurately known power source through the 
heater coil. Sensitivity of thermomodules fixed on a measuring 
cell was measured by applying electricity on the manganin heater 
coil embedded in the groove cut in the wall of each cell. The 
sensitivity is found to be 0.144 uV/pW or inversely 6.96 uW/uV. 
The results of radioactivity measurement of 
summarised in Table 1 

"P solutions are 

Table 1 The results of microcalorimetric measurement, 
Reference time: 12:00, March 31, 1989 

Run Date Time Output 
[m/d/yr] [h:min] [;iV] 

Thermal power [jiW]": 

at reference time 
1 3/18/89 03:37 54.0 
2 3/19/89 00:24 51.8 
3 3/19/89 05:24 51.3 
4 3/21/89 03:30 46.6 
5 3/30/89 06:00 29.9 
6 3/30/89 21:40 28.9 
7 3/31/89 06:00 28.5 

201.0 
201 .1 
201 .2 
200 4 
199 9 
199. 7 
200.3 

Average value: 200.5 ± 0.6** 
* Corrected for heat loss, bremsstrahlung escape and 

radionuclidic impurity. 
** Corresponds to an equivalent estimated one standard 

deviation. 
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C 

Cut-away view of a ca10rimetric 
measurering ce11(a) with 
a 5mm-thick 1ead 
coq~ainer(b) in which 
a ~-p samp1e solution(c) 
in a glass via1(d) is 
contained. Ca1ibration 
heaters(e) are embedded 
in the ce11 made of 
a1uminium." Sensors(f) 
contact a common heat sink 
(a1uminium mant1e， not shown) 
to make heat f10w paths. 
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A therma1 power dissipating from the samp1e solution was 
compared with an accurate1y known power source through the 
heater coi1. Sensitivity of thermomodu1es fixed on a measuring 
ce11 was measured by applying electricity on the manganin heater 
coi1 embedded in the groove cut in the wa11 of each ce11. The 
sensitivity is found to be 0.144 pV/pW or ~n~2~se1! 6.96 pW/pV. 
The resu1ts of radioactivity measurement of ~-p solutions are 
summarised in Tab1e 1. 

by produced power Thermal 

measurement. 
1989 

The resu1ts of microca1orimetric 
Reference time: 12:00， March 31， 

l Tab1e 

Thermal power [pW]器

at reference time 
Output 
[pV] 

Time 
[h:min] 

Date 
[m/d/yr] 

Run 

201.0 
201.1 
201. 2 
200.4 
199.9 
199.7 
200.3 

54.0 
51.8 
51.3 
46.6 
29.9 
28.9 
28.5 

03:37 
00:24 
05:24 
03:30 
06:00 
21:40 
06:00 

3/18/89 
3/19/89 
3/19/89 
3/21/89 
3/30/89 
3/30/89 
3/31/89 

1
2
3
4
5
6
7
 0.6帯条

、，
'‘ 

+ 

and 

standard 

200.5 

escape 

one 

bremsstrah1ung 

estimated 
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Corrections for thermal power measurements 

Heat loss due to thermal radiation 
Heat loss from the surface of lead conta 

radiation has to be estimated and corrected, 
was done experimentally as firstly a thermal 
on the cell through the heater coil. In this 
must be empty. Then, the lead container with 
solution (water) was set in the cell to be ap 
the same thermal power as applied for the emp 
Output voltage in the latter case should be 1 
of the former because some fraction of therma 
from the surface of the container. The amoun 
thus obtained was found to be 2.2%. The same 
as expected to dissipate from the sample solu 
used in this experiment. 

iner due to thermal 
The estimation 
power was applied 
time the cell 
non-active 

plied exactly 
ty cell before, 
ess than that 
1 power escapes 
t of heat loss 
amount of power 
tion should be 

Bremsstrahlung escape 
The amount of energy lost by bremsstrahlung escape from 

the sample is small, because the greater part of the photons 
due to external bremsstrahlung were dissipated in the materials 
of glass (lmm-thick) and lead (5mm-thick). The effect of 
"internal" bremsstrahlung was accounted in the average energy 
of 696.18 keV as described above. Ramthun [10] proposed the 
approximation which gave the thermal energy lost by escaping 
by external bremsstrahlung P. as 

P b = 11.2 x 10~ 3 x r 2 x X Watt, 

where r was the distance from the surface of calorimeter cell 
in metre and X was measured exposure rate in R/h at r. The 
exposure rate at 30 cm from the sample was 0.4 mR/h at the 
measured time, 10:00, March 17, 1989. The loss of thermal 
power thus computed was 0.2 jiW at the reference time. It is 
relatively very small in comparison with more than 200 ;LIW of 
power generation by the sample solution. 

33, Radionuclidic impurity 
It is unavoidable to be~contaminated by P (Tj 25.34d) 

as a side reaction S(n,p) P due to fast neutron (65 mb) 
and thermal neutron (2.3 mb). Estimation of P contamination 
by calculation gives approximately 0.6% at the end of 
irradiation. This calculation extends it to 1% at the 
measurement time,-Contribution to the thermal power measurement 
of P by 1% of P impurity is as small as„Q.l% because the 
thermal power evolved by disintegration of P is about one 
tenth of that of P. The corrections for bremsstrahlung and 
radionuclidic impurity may cancel out each other. 

Estimates of uncertainties 
In activity determination by the calorimetric method, 

an accuracy of the average energy of beta-ray spectrum is 
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Corrections for therma1 power measurements 

Heat 10ss due to therma1 radiation 
Heat 10ss from the surface of 1ead container due to therma1 

radiation has to be estimated and corrected. The estimation 
was done experimenta11y as first1y a thermal power was applied 
on the ce11 through the heater coi1. In this time the ce11 
must be empty. Then， the 1ead container with non-active 
solution (water) was set in the ce1l to be app1ied exact1y 
the same therma1 power as app1ied for the empty ce11 before. 
Output vo1tage in the 1atter case shou1d be 1ess than that 
of the former because some fraction of therma1 power escapes 
from the surface of the container. The amount of heat 10ss 
thus obtained was found to be 2.2%. The same amount of power 
as expected to dissipate from the samp1e solution shou1d be 
used in this experiment. 

Bremsstrah1ung escape 
The amount of energy 10st by bremsstrah1ung escape from 

the samp1e is sma11， because the greater part of the photons 
due to externa1 bremsstrah1ung were dissipated in the materia1s 
of glass (Imm-thick) and 1ead (5mm-thick). The effect of 
"interna1" bremsstrah1ung was accounted in the average energy 
of 696.18 keV as described above. Ramthun [10] proposed the 
approximation which gave the therma1 energy 10st by escaping 
by externa1 bremsstrah1ung P

b 
as 

-3 2 
P
b 

11.2 x 10 - x r~ x X Watt， 

where r was the distance from the surface of ca10rimeter ce11 
in metre and X was measured exposure rate in R/h at r. The 
exposure rate at 30 cm from the samp1e was 0.4 mR/h ~t the 
measured time， 10:00， March 17， 1989. The 10ss of therma1 
power thus computed was 0.2 pW at the reference time. It is 
re1ative1y very sma11 in comparison with more than 200 pW of 
power generation by the samp1e solution. 

Radionuc1idic impurity 
33 

It is unav?idaS!~ ， to ?33~0~tamina;ed. by JJp (Tt 25.34d) 
as a side reaction JJS(n，p)JJp due to fast ne4;ron (65 mb) 
and therma1 neutron (2.3 mb). Estimation of ~~p contamination 
by ca1cu1ation gives approximate1y 0.6% at the end of 
irradiation. This ca1cu1ation extends it to 1% at the 

m;a~~:e~日n~_ti~ej3~o~trib~~io~ to the therma~ ?~w;r measurement 
of -~p by 1% of --P impurity is as sma11 ~s3g ・ 1% because the 
thermal power e~o~~:d by disintegration of --P is about one 
tenth of that of -~P. The corrections for bremsstrah1ung and 
radionuc1idic impurity may cance1 out each other. 

Estimates of uncertainties 

In activity determination by the ca10rimetric method， 
an accuracy of the average energy of beta-ray spectrum is 
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essential. 
[7], but an 
it. In the 
It suggests 
resulting in 
to an equiva 
is estimated 
[7] so that 
of the calor 
which reflec 
measurement, 

We adopted the value of 695 keV from the data table 
estimated error of this value was not given in 
NCRP Report [11] the value 694.8±0.3 keV is given, 
the quality of recent data of the average energy, 
deriving an uncertainty to be ±0.13% correspond 

lent 3 sigma. Uncertainty of the half-life value 
as ±0.005 day against 14.282 day in the table 

±0.11% may be justified to use. Base-line drift 
imeter system was claimed to be ±0.05 uV/5°C/24h 
ts on the random uncertainty of thermal power 
but we found it rather worse in such a condition 

Table 2. Corrections and estimates of uncertainties in 
activity determination 

Heat loss due to thermal radiation 
Bremsstrahlung escape 
Radionuclidic impurity 

32, 

Correction [%] 

+2. .2 
+0, ,1 
- 0 . .1 

Random(99.7%CL): 
Thermal power measurement 
reproducibility 

Estimated systematic: 
Average energy of beta spectrum 
Uncertainty in half-life 
Calibration of the calorimeter 
Correction for heat loss 
Correction for bremsstrahlung escape 
Correction for radionuclidic impurity 

Overall* 

Uncertainty[%] 

±0.90 

±0.13 
±0.11 
±0.50 
±0.30 
±0.05 
±0.02 

±1 .51 
:'0verall uncertainty is expressed by cmbining thr random 
uncertainty and the quadratic sum of systematic uncertainties, 

under a turbulence of ventillation operation in a "hot" zone 
laboratory. Estimated amount of 0.50% for calibration of the 
calorimeter comes from the drift of base-line and uncertainty 
of electrical power measurement. Stability of the electric 
source is 3 x 10 and temperature coefficient is 30 ppm/°C. 
An electric resistance of the heater coil is adjusted to realise 
100 ± 0.1 ohm. 

Reproducibility of the results for 5 runs of heat loss 
measurements was ±0.30% at an equivarent 3 sigma. For the 
correction of bremstrahlung escape, we assumed the uncertainty 
at most ±50%, so that ±0.05% was taken into account in error 
estimation for this correction. About ±20% of uncertainty 
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essential. We adopted the value o[ 695 keV from the data table 
[7]， but an estimated error of this value was not given in 
it. 1n the NCRP Report [11] the value 694.8z0.3 keV is given. 
1t suggests the quality of recent data of the average energy， 
resu1ting in deriving an uncertainty to be zO.13% correspond 
to an equivalent 3 sigma. Uncertainty of the half-life value 
is estimated as zO.005 day against 14.282 day in the tab1e 
[7] so that zO.11% may be justified to use. Base-line drift 
of the ca10rimeter system was c1aimed to be zO.05 pV/50C/24h 
which reflects on the random uncertainty of thermal power 
measurement， but we found it rather worse in such a condition 

32 
Tab1e 2. Corrections and estimates of uncertainties in 

activity determination 

Heat 10ss due to therrnal radiation 
Bremsstrah1ung escape 
Radionuc1idic impurity 

Random(99.7%CL): 
Therma1 power measurement 
reproducibi1ity 

Estimated systematic: 
Average energy of beta spectrum 
Uncertainty in ha1f-life 
Ca1ibration of the ca10rimeter 
Correction for heat 10ss 
Correction for bremsstrah1ung escape 
Correction for radionuc1idic impurity 

Overal1-l:-

Correction [完]

+2.2 
+0.1 
-0.1 

Uncertainty[%] 

zO.90 

:t0.13 
:t0 .11 
zO.50 
zO.30 
zO.05 
zO.02 

H .51 

骨 Overa1l uncertainty is expressed by crnbining thr random 
uncertainty and the quadratic surn of systernatic uncertainties ・

under a turbulence of venti11ation operation in a "hot" zone 
1aboratory. Estimated amount of 0.50% for ca1ibration of the 
ca10rimeter comes from the drift of base-line and uncertainty 
of e1ectrica1 po~~r measurement. Stability of the electric 
source is 3 x 10 J and temperature coefficient is 30 ppm/oC. 
An e1ectric resistance of the heater coi1 is adjusted to rea1ise 
100 z 0.1 ohm. 

Reproducibility of the resu1ts for 5 runs of heat 10ss 
rneasurements was zO.30% at an equivarent 3 sigma. For the 
correction of bremstrah1ung escape， we assumed the uncertainty 
at most z50%， so that zO.05% was taken into account in error 
estimation for this correction. About z20% of uncertainty 
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was assumed for the correction factor of 0.1% due to 
radionuclidic impurity P, giving only 0.02% to the final 
thermal power determination. 

CONCLUSIONS 

Calorimetric method of measuring radioactivity of energetic 
beta-ray emitter was established using a lead container having 
enough thickness to absorb the beta-rays to convert them into 
thermal energy. 

The final result of the calorimetric measurements showed 
that the sample solution was producing 200.5 pW ± 0.9% at 99.7% 
confidence level at 12:00, March 31, 1989. The disintegration 
rate at 12:00, March 31, 1989 was 1.798 x 10 disintegrations 
per second with the overall uncertainty ±1-. 5%. 

The calorimetric method is intrinsically accurate, but 
requires a larger sample activity than does the counting method. 
Accordingly, it is a useful procedure where activity levels 
of the order of MBq and GBq are to be measured. 
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CONCLUSIONS 

Calorimetric method of measuring radioactivity of energetic 
beta-ray emitter was established using a lead container having 
enough thickness to absorb the beta-rays to convert them into 
thermal energy. 

The final result of the calorimetric measurements showed 
that the sample solution was producing 200.5 pW z 0.9完 at 99.7% 
confidence level at 12:00， March 31， 1989. Xhe disintegration 
rate at 12:00， March 31， 1989 was 1.798 x 10; disintegrations 
per second with the overall uncertainty zl、5%.

The calorimetric method is intrinsically accurate， but 
requires a larger sample activity than does the counting method. 
Accordingly， it is a useful procedure where activity levels 
of the order of MBq and GBq are to be measured. 
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