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The isotopes 97Ru, 103Ru and 10~u,  produced by reactor irradiation of elemental mthe- 
ninm, were applied as triple comparators in the activation analysis of rock FU-41, a basa- 
nitoid from Fuerteventera, Canary Island. The concentrations of the following elements were 
determined: Sm, Sc, Fe, Co, Na, La, Hf, Ell, Th and CI. The aim of this wock was the 
experimental control of the error theory of the multiple comparator method as weU as the 
experimental check of the accuracy. 

Introduction 

In earlier work 1' 2 a relarive multiple comparator method was proposed, making 
it possible to calculate the specific standard activities from the specific activities 
of at least two comparator isotopes irradiated together with the samples. An error 
theory was developed so as to obtain information about errors due to the pertinent 
variables. 

This paper describes the application of ruthenium as a multiple co~parator for 
reactor neutron activation analysis of a basanitoid from Fuerteventura, Canary island. 
The concentrations of the elements Sin, Sc, Fe, Co, Na, La, Hf, Eu, Th and Cr 
were determined and compared with those obtained by classical activation analysis. 
This comparison made it possible to draw conclusions about the precision and the 
accuracy of the comparator method. This supplied additional information about the 
validity of the error theory of the compatator method. 

P r i n c i p l e s  a n d  errors  o f  t h e  m u l t i p l e  c o m p a r a t o r  m e t h o d  

In classical activation analysis use is made of the proportionality between the 
induced isotopic activities and the weights of sample and standard elements. As- 
suming identical parameters for standard and sample one can write: 

A w 
x x 

- - -  or A = A 
A w sp, x sp, st 

st  st  
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where A x - activity induced in the sample; 
Ast - activity induced in the standard; 
w x - weight of the sample; 
Wst - weight of the standard; 
Asp,x - specific activity of the sample; 
Asp, st - specific activity of the standard. 

Practical circumstances at times do not allow to work under identical conditions 
for samples and standards, e. g. when the place in the irradiation container is limited 
or the composition of the sample is unknown. These difficulties can be overcome 
by the use of a multiple comparator technique requiring the following steps: 

(1) Experimental determination of a kre f factor for each standard. These kre f 
factors are defined as the ratio of the specific activity of a standard isotope to the 
specific activity of a comparator isotope in a reference irradiation position with a 
known thermal to epithermal reactor neutron flux ratio (~th/q~epl)ref: 

I AsP'st } (2) 
kref = A s p ,  comp ref 

(2) Experimental determination of (q~th/~bepi)anal, the thermal to epithermal 
neutron flux ratio in the analysis reactor position, which may be arbitrary chosen. 

�9 This ratio can be calculated from the experimentally determined R value, defined 
as the ratio of the specific activities of two comparator isotopes (denoted as 1 and 2) 
after irradiation in the reference position, divided by the ratio of the specific acti- 
vities of the same comparator isotopes after irradiation in the analysis position. 

R ! Asp, 2 ref [fref +DI] [ fanal + D  2 ] 

= = (3) 
Asp, l ]  [ f e f  + D21 [fanal + D1 l 

Asp, 2 anal 
and 

R[ fref D1 + D1D2]- [ fef  D2 + D1D2] 

fanal = [fref + D1 ] - R I f e f +  D2] (4) 

ebth 
where f= 

q'epi 

I o 
D = 

gth 
, the ratio of the activation resonance integral at iniflnite dilution 

to the thermal neutron activation cross-section. 
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(3) Conversion of the kre f values to kanal factors by the relation: 

[lanai + D l tfre f + D 1 st comp 

kanal = kref [fanal + Dcomp][fref + Dst] (5) 

(4) Calculation of the specific standard activities in the analysis reactor position 
(Ast, St)anal from Eq. (6): 

= (A ) (6) (A ) kanal sp, st anal sp, comp anal 

The error factors Zf, Z k and Z, caused by the mathematical operations described 
above, can be defined as 

dr fana._____~l [ 

anal 

d kana.___~ 1 I 

kanal 

Zk= I d fanall 

f n a l  

(8) 

and 
d kana.____~l [ 

kanal (9) 

From the mathematical treatment of the error factors the following conclusions 
can be drawn: 

(1) Zf is an error multiplication factor, as it is always larger than unity. It de- 
creases when using two comparators with a large spread on their Io/ath values 
and if their harmonic mean approximates to the value of the flux ratio in the anal- 
ysis reactor position. Obviously Zf is independent of the fref value. 
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(2) Z k is an error reduction factor, as it is always smaller than unity. It decreases 
when the Io /a th  values for standard and comparator isotopes are similar and when 
their harmonic mean is very different from fanal. 

(3) The total error change factor is given by Z = Zf �9 Z k. 

The use of ruthenium as a multiisotopic coruparator element 

From the  compilation of Io/~th values 3. 4 it appears that ruthenium can serve as 
the most suitable multiisotopic omparator element.  Reactor neutron activation leads 
to the formation of three ruthenium radioisotopes which can be measured simultane- 
ously on a Ge(Li) detector: 97Ru, 103Ru, and 105Ru. Their nuclear data are summa-  

rized in Table 1. It is apparent that the spread on the Io/Oth values for the combina-  
tion 103Ru (Io/Oth = 3. 3) - 97Ru (Io/rrth = 23. 1) is sufficiently large to give reliable 
results for most flux ratio determinations encountered in practical  work. The other 
combinations 103Ru - 105Ru (Io/Crth = 13.0) and especially 105Ru - 97Ru will give 
acceptable results only when the flux ratio in the analysis reactor position is not much 
different from the harmonic mean of the respective Io/Oth values. With the exception 
of the last comparator set, it can be emphasized that the s read on the I_/,;th values 
is better than or comparable to that of the formerly used c~ :h ina t i on  60~o iI'o/~th = 
= 2. 03) - 198Au (Io/Oth = 15. 7). 

As the absorption cross-section ~ and the absorption resonance integral I a for 
ruthenium are not higher than 2. 6 b and 42 b respectively, it becomes possible to 
irradiate relatively large amounts of this comparator e lement  without self-shielding 
effects. This is an additional advantage over Co and Au (aaA" = 98. 8 b, IaA = 1,550; 
';a = 37 b, i a_o= 75 b), which should be irradiated in a diluted form, e.g.U Co - A1 
or C~ - A1 ai~oCys. 

The Ru isotopes give rise to satisfactory counting statistics on Ge(Li) detectors. As 
the most important ; ,-lines are between 200 and 750 keV (Fig. 1), no appreciable 
; ,-attenuation occurs in the Ru samples when their weight is kept below 20 me. This 
amount, irradiated in an integrated flux of 1015 n �9 cm "2, supplies 102 counts per 
second in each of the 216, 497 and 724 keV peaks after 20 hr cooling, when placed 
3 cm from a Ge(Li) detector with a 7. 8% efficiency. The half-l ives of the Ru iso- 
topes allow a certain flexibility with respect to the irradiation and decay time. 
Indeed, the 4. 44 hr 105Ru isotope decays to the 35.5  hr 105Rh daughter isotope, 
and thus the 319 keV line of  the latter can be measured after an appropriate waiting 
period. For short decay times the 499 keV 7-line of  105Ru disturbs the 497 keV 
; '-l ine of 103Ru, as shown in Fig. 1. 

This interferinw 499 keV ; ' -ray is given in some references, 6, 10 but is not men-  
tioned elsewhere. ' 8 

Long irradiations at high fluxes do not cause an appreciable burn-up ,  f the radio- 
act ive Ru isotopes as is the case with Au. 

To enable ;,-counting with a liquid source, Ru can be irradiated as the specpure, 
water-soluble compound (NH4)2Ru(H20)C15. 
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Table 1 
Nuclear Data for the Ru isotopes 

ide 

Reaction 

Half-life 5 

5 
Abundance, % 

at  h 5 

3 
Io 

3 
Io/ath 

Main y-energies. 7 
keY 

96Ru 

96Ru(n,7) 97Ru 

2 .89d  

102Ru 

102Ru(n,7)103Ru 

3 9 .8 d  

104Ru 

104Ru(n,y)105Ru 

I?5RU 3 :  105Rh 

4.44 h 

105Rh: 35. 5 h 

5. 51 

0.21 

4.8 

23. 1 

216 

31.61 

1.3 

4.3 

3.3 

497 

18. 56 

0.5 

6.5 

13.0 

724, 130 

105Rh: 319 

Activation analysis of rock FU 41 

To control the accuracy and the precision of the multiple comparator method, 
the homogeneous rock FU 41, a basanitoid from Fuerteventura, Canary Island, was 
analysed non-destructively according to the above-described technique. 

Procedure 

A n a l y s i s  r e a c t o r  p o s i t i o n  

Three series (I, II, IID of samples (S) and comparators (C) were irradiated for 
a 7 bx perio d each in "analysis" channel 11 of the Thetis reactor of the Institute. 
Each irradiation capsule contained 5 samples and 4 comparators in the geometrical 
position, as shown in Fig. 2. The rock powders were irradiated as 1 g samples in 
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Fig. 1. Ge(Li) y-ray spectrum of elemental ruthenium measured; (a) 4 hrs after 

Peak 
h u m  - 

bet 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

irradiation and (b) 3 days after irradiation 

Energy, keV 
(reference) 

129. 7 (10) 

149. 2 (10) 

163. 6 (io) 

183. 6 (10) 

215. 71 (11) 

225. 0 (10) 

255. 1 (10) 

262. 9 (10) 

306. 1 (10) 

316. 5 (10) 

318. 9 (lO) 

Peak 
Isotope num- 

ber 

105 
Ru 29 

105Ru 30 

10%u 31 

105Ru 32 

97Ru 33 

105p.u 34 

105Ru 35 

105Ru 36 

105Rh 37 

105Ru 38 

1 0 %  39 

Energy, keV 
(reference) 

591.3 (10) 

610. 406 (12) 

621.0 (10) 

625. 0 

632.3 (10) 

652. 6 (10) 

656. 1 (10) 

663 (6) 

676. 4 (10) 

724. 5 (10) 

738.3 (lO) 

Isotope 

105Ru 

103 
Ru 

105Ru 

105Ru 

105Ru 

105Ru 

137Cs 

105Ru 

10~Ru 
105Ru 
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Peak 

num- 
ber 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Energy, keY 
(reference) 

324.48(11); 326.1 (10) 

330. 9 (10) 

35O. 2 (10) 

393. 4 (10) 

407. 5 (10) 

413. 5 (10) 

417. 0 (6) 

443. 77 (12) 

469. 4 (10) 

489. 6 (10) 

497. O8 (12) 

499. 2 (10) 

513. 7 (10) 

539. 2 (10) 

557, 11 (12) 

569. 33 (11) 

575. 3 (10) 

971~; 

105Ru 
105Ru 

lOSRu 
10SRu 
105q~ 

l i6min 

103Ra 

105i~ 

105Ru 

103i~ 

! 105Ru 

105Ru 

105Rn 

103Ru 

97Ru 

105Ru 

Peak 
Isotope ~num- 

I ber 

105  40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

Energy, keV 
(reference) 

785 

818.8 (6); 822.1 (10 

845. 9 (10) 

852. 0 (10) 

875. 8 (10) 

90'/. 7 (10) 

969. 4 (10) 

1, 017. 2 (10) 

1, 09'7 (6) 

1,215. 2 (10) 

1,292 (6) 

1,321. 3 (10) 

1,368.4 (6) 

1.376. 8 (10) 

1.460. 0 (6) 

1,507.7 (6) 

1,697.4 (10) 

1,720.2 (I0) 

Isotope 

116min; 105Ru 

105Ru 

105Ru 

lOSRu 
105Ru 

i05RU 

105Ru 

l l6min 

105Ru 

116min 

105Ru 

24Na 
105Ru 

% 
116min 

105Ru 

106Ru 

cylindrical polythene boxes (16 mm dia x 8 mm height). The ruthenium compara- 
tots were irradiated as specpure Ru sponge (5-10 mg), encapsulated in small cylin- 
drical polythene boxes (8 mm dia x 9 mm height). The measurements of samples 
and comparators were performed on a Ge(Li) detector (resolution = 2. 25 keV, ef- 
ficiency = 7.8~ coupled to a 4,000-channel analyzer. The samples were measured 
one, two and four weeks after irradiation. The counting time was 1 hr, except in the 
iatter case, where it was extended to 150 rain. The y-lines present in the spectra 
made it possible to determine 10 elements quantitatively: Sin, Sc, Fe, Co, Na, La, 
Hf, Eu, Th and Cr (Fig. 3). The specific activities of the comparator isotopes were 
derived from three measurements of the irradiated Ru sponge. 
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Fig. 3. Ge(Li) y-spectrum of rock FU-41 measured; (a) one week after irradiation 

Peak 
s u m -  

bet 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

and (b) one month after irradiation 

Peak 

Energy. 6 keV Isotope aum- 
ber 

103.2 

III. 0 

153Sm 

121.8; 123.1 

133. 1 

142. 5 

145. 5 

152. 4 

160. 0 

192. 2 

244. 7 

300. 1; 298. 6 

25 

233pa 26 

152Eu; 154Eu 27 

181Hf 28 

59Fe 29 

141Ce 30 

182Ta 31 

46Sc 32 

59Fe 33 

152 Eu 34 

233pa; 160T) 35 
r 

Energy, 6 keV 

834. 8 

86"/. 8 

889. 3 

919. 6 

925. 2 

964.4 

1,086. 0 

1,099.3 

1,112. 2 

1,120. 5; 1,121.2 

1,173.2 

Isotope 

54Mn 

140La 

46sc 
140La 

140La 

152Eu 

152Eu 

59Fe 

152EU 

465c; 182Ta 

60Co 
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rPeak 
h u m -  

ber 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

l~ergy, 6 keV 

311.9 

320.1 

328.8 

346.0 

396.1 

432.5 

482.2 

487.0 

496.3 

511.0 

751.8 

779.1 

815.8 

Isotope 

233pa 

51 
Cr 

140La 

181Hf 

175yb 

140La 

181Hf 

140 
La 

1318a 

B + annih. 

140La 

152 
Eu 

140La 

Pe lk 
IlUl n - 

b~',r 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

ergy, 6 keV 

1,189. 0 

1 ,221.3  

1,230. 9 

1 ,291.5  

1,297. 1 

1,332. 5 

1 ,368.4  

1 ,408.1 

1,458, 3 

1,460. 0 

1,596. 6 

1. 732, 1 

Isotope 

182Ta 

182 
Ta 

182Ta 

59 
Fe 

47 
Ca 

60 
Co 

24 
Na 

152Eu 

152Eu 

40 
K 

140La 

24Na D.E. 

R e f e r e n c e  r e a c t o r  p o s i t i o n  

The kre f factors were determined for "reference" channel 3 of the Thetis reactor, 
with a flux ratio of fref = 23. 8, as evaluated from the cadmium ratio of gold. The 
ruthenium comparator was irradiated and counted under similar conditions as de- 
scribed above for the analysts reactor position. The specific standard activities were 
obtained in two different ways, taking care that in every case the geometrical  form 
was equal to that of the FU 41 rock samples. One series of results was obtained from 
an irradiation of appropriate amounts of specpure compounds, diluted with ultrapure 
A120 3 up to the desired volume. A second series resulted from the irradiation of 
the standard rock 8CR-1. 9 The results are shown in Table 2. The results are gener- 
ally in good agreement. 

Reproducibility. Experimental control of  the error theory 

From the specific activities of the standard and the comparator isotopes in the 
reference reactor position, kre f values were calculated [Eq. (2)] as well as fanal 
values [Eq. (4)], using the experimental ly-determined R values [Eq. (3)]. With each 
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Table  2 
Comparison of the specific activit ies of the self-prepared standards and BCR-1 

Isotope 

153Sm 

46sc 

59Fe 

60Co 

2r 

140La 

181Hf 

152Eu 

233Th 

233pa 

51Ct 

7-Ray 
measured, 

keV 

103 

889 

1,099 

1,173+1o332 

1,368 

1,595 

482 

1,407 

312 

320 

Specific act ivi ty of standards 
s . m g S D  

Pure elements  

13.1 �9 107 

6.1 �9 107 

3.28 �9 103 

9.34 �9 107 

0 ,150"  107 

0 .357 ,  107 

0 .512-  107 

O. 259-  109 

O. 656- 107 

44 .2  �9 104 

BCR- 1 

12. 5 107 

6. 3 107 

3. 10 103 

7 
10. 7 10 

7 
0. 141 10 

0. 357 107 

0. 489 107 

O. 26O 109 

7 
O. 623 10 

44. 5 " 104 

Average 

(12.7 _+ 0.3) 107 

7 
(6. 2 + 0. 05) 10 

(3.15 + 0.04) 103 

(I0.  2 + 0. 2) 107 

(0. 146 + 0. 003) 107 

(0. 357 + 0. 010) 107 

(0. 496 + 0. 010) 107 

(0. 260 + 0. 007) 109 

7 
(0. 633 + 0. 011) 10 

(44. 3 + 0 .5 )  104 
m 

of the fanal values, the kre f values were converted to kanal  values. As a Ru c o m -  
parator consists of three radioisotopes, and taking Into account that in each sample 
10 e lements  were determined,  it was possible to determine 30 kre f values. As 12 
comparators were Irradiated in the analysis reactor position, each of them supplying 
three comparator  sets, 36 R values and thus 36 fanal values could be calculated.  
Thus, in all 30 �9 36 = 1,080 kanal values were computed.  

C a l c u l a t e d  s t a n d a r d  d e v i a t i o n s  

The 36 R values were classified according to the comparator  combinations. Con- 
sidering the three containers (I, II, III), the 12 R values arising from one compa-  
rator set were accepted as belonging to the same population. This resulted in one 
average R value for each of the three comparator  combinations.  Thus, it was pos- 
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Table 3 
Comparison of  the calculated (SR% �9 z) and the experimental standard 

deviations on a single determination of  kanal 

(SRa b = 1.37%); (SRb c = 1. 65%); (SRa c = 1.42%) 

Comparator isotope 
,o 

!971~(a)~ = 23.1 

~th 

Combination Skanal' % 
I Calc. I Exp. 

I 
O 

Sm = 15. 1 
a~h 

I 

Sc -2% = O. 5 
ath 

I 

Fe --~-~ = 1.4 
ath 

I 

Co  ---~~ = 2. 03 
ath 

I 
0 

N a ~  = 0.66 
at h 

I 
0 

La~--- = 1. 28 
~ 

I 

Hf ---~-~ = 2. 58 
at h 

I 
O 

Euat h O. 67 

I 
0 

- - = 9 . 8  
Pa ath 

I 
O 

Cr-~-t = 0.49 
h 

a+b 
b+e 
a + c  

a+b 
b+c 

a+b ] 
b+e 
a + c  

a+b 
b+e 
a + c  

a+b 
b+e 
a + c  

a+b 
b+e 
a + e  

a+b 
b+e 
a+e 

a+b 
b+e 
a + c  

a+b 
b+c 
a + e  

a+b 
b+c 
a + c  

1.46 
2. 99 
3.77 

1.69 

4. 

O. 79 
1. 63 
2. 02 

1. 82 
3. 53 
4. 32 

I o 
103Ru(b ) = 3.3 lv5Ru(c)n 

~th 

Skanal, % 

Calc. I E~p. I Calc. 

I o 

= 13. 
~th 

1. 94 
2.47 

0. 323 
0. 644 
0. 848 

0. 212 
0. 427 
0. 559 

0. 140 
0. 280 
O. 367 

O. 3O2 
O. 606 
0. 795 

0. 228 
O. 455 
0. 598 

O. 078 
O. 157 
0.204 

0. 301 
0. 603 
0. 792 

0. 591 
1. 190 
0. 154 

0. 323 
0. 647 
O. 851 

Skanal, % 

de. I Exp. 

0. 129 
0. 285 
0. 353 

1. 145 
2. 316 
2. 996 

1. 03 
2.01 
2. 71 

0. 965 
1.96 
2. 27 

1. 132 
2.28 
3. 14 

0. 981 
2. 124 
2. 74 

0. 9O2 
1.83 
2. 35 

1. 124 
2. 28 
2.95 

0. 231 
0. 487 
O. 594 

1. 144 
2. 318 
3. 06 
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sible to calculate  the three corresponding standard deviations on a single determi-  
nation (s R %). The total error change factors Z were calculated by combining each 
of  the three R values (and thus each of the three comparator sets) with the three 
possible comparator isotopes used for the evaluation of the kanal factors. This re- 
suited in 9 Z factors per element.  By multiplication of these Z factors by the cor-  
responding s R % values, the calculated standard deviations (Skana 1%) on a single 
determination of kanal were obtained (Table 3). 

E x p e r i m e n t a l  s t a n d a r d  d e v i a t i o n s  

The 1,080 kanal factors for 10 elements can be subdivided into 108 values per 
element.  As these factors were calculated from 9 combinations of comparator sets 
(for flux ratio determination) and comparator isotopes (for kanal evaluation) it is 
apparent that each combination gives rise to 108/9 = 12 results of kanal. The cor-  
responding kanal factors were averaged and the 9 experimental standard deviations 
(Skana 1%) on a single determination were calculated (Table 3). 

Results and discussion 

The results of the calculated and experimental standard deviations on a single 
determination of kanal are shown in Table 3. Good agreement is found between 
both series. It is apparent that for a given element and a given comparator isotope, 
the combination 97Ru - 1031M gives the best results, followed by the sets 103Ru - 105Ru 
and 97Ru - 105Ru. This is in agreement with the error theory, where it was stated 
that the error multiplication factor Zf decreases with a large spread of  the Io/Crth 
values for both comparator isotopes. Furthermore, it is obvious that for a given c o m -  
parator combination and a given element the standard deviations are lower when the 
Io /a th  values for comparator and standard isotope are close together. This is again 
in agreement with the error theory. Finally, it should be emphasized that the 
multiple comparator method can be optimized by an appropriate choice for the 
combination of comparator and standard isotopes. 

Accuracy. Comparison with classical activation analysis 

As the rock FU 41 had already been analysed by classical activation analysis 
using the BCR-1 standard. 9 it was possible to compare both results. 

For each irradiation container, the averaged kanal values resulting from C 1 and 
C9. were combined with the samples S 1 and S 2, C 2 and C 3 with S~ and S 4, and C 3 
and C 4 with S 5. This resulted in 9 kanal factors and thus 9~sp ,  st]ana 1 values per 
element.  By combination of these specific standard activities with the corresponding 
15 samples, it was possible to calculate 15 results per element. The average values, 
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Table  4 
Comparison of the analysis results obtained by the re la t ive  MCM and the 

c lass ical  standard method 

Concentrat ion ppm 

Element Relative MCM a Classical standard method 9 

S m  

Sc 

Fe 

Co 

Na 

La 

Hf 

Eu 

Th 

Cr 

8.63 + O. 09 

23.1 + 0 . 2  

9. 82" 1 0 4 + 0 . 0 8 "  104 

52.8 + 0 . 3  

2. 45" 104+ 0 .02"  104 

7.95 + 0.32 

21.8 + 0 . 2  

9 . 3 5 ,  1 0 4 + 0 . 0 9 .  104 

54 + 1  

2 . 4 2 "  1 0 4 + 0 . 0 2 .  104 

37 .5  + 0 . 3  

6. 22 + O. 05 

2 .57 + 0.03 

3 . 4 1  + O. 05 

336 + 2 

35.5  + 1.2 

6.0 + 0 . 2  

2 . 6 4 + 0 . 0 5  

3.49 + 0.43 

astandard deviation on the rnedn (15 results). 

together  with the standard deviat ions,  are listed in Table  4. The results of the c las-  
s ica l  ac t ivat ion analysis are also included.  Obviously; both concentrat ion series are 
in reasonable agreement ,  so that it  can be concluded that the accuracy of the c o m -  
parator method is satisfactory. 

Conclusions 

From the discussion about the reproducibi l i ty  and the accuracy of the re la t ive  
mul t ip le  comparator  method, it  can be concluded that  this technique is a va luable  
a l te rna t ive  for c lass ical  act ivat ion analysis. It was proved that ruthenium can be 
used as a sui table t r iple  comparator  e lement .  From comparison of theore t ica l  and 
exper imenta l  standard deviations on the kanal  factors, the va l id i ty  of the error 
theory was demonstrated.  Consequently, i t  is possible for a given set of exper imenta l  
conditions to ca lcu la te  the errors that can be expected on the kanal  factors. This 
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of fe r s  t h e  p o s s i b i l i t y  o f  i m p r o v i n g  t h e  p r e c i s i o n  on  t h e  r e s u l t s  by a n  a p p r o p r i a t e  

c h o i c e  o f  t h e  c o m p a r a t o r  se t s  ( for  t h e  f l u x  r a t i o  d e t e r m i n a t i o n )  a n d  t h e  c o m b i n a -  

t i o n  o f  s t a n d a r d  a n d  c o m p a r a t o r  i s o t o p e s  ( for  k a n a l  e v a l u a t i o n ) .  
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