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b

Instrumental neutron activation analysis (INAA) for essential and toxic elements in foodstuffs

ymmonly consun by South Africans as routinely applied at NECSA could not give adequate
sensitivity for a variety of elements as shown by previous rc  :arch. Improvement in sensitivity
can be achieved by considering the following asj ts:

—valuation of the dominant radionuclide in the irradiated foodstuffs - (extracted from the
available data from the previous study).

Determination of the cadmium ratio (R.) through irradiation of element standards in the full
neutron spectrum as well as irradiation in the cadmium shielded part of the neutron spectrum.

Determination of the advantage factors of elements of interest over dominant nuclides in tl
gamma-spectra of irradiated foodstuffs

Determination of the neutron flux and neutron spectrum stability for INAA in the irradiation
channels used for instrumental neutron activation analysis at the South African Fundamental
Atomic Reactor Installation 1 (SAFARI-1) to evaluate the possible influence on the advantage
factors.

rarch deduced that d¢  nant radionuclide vary according to irradiation-delay-count (IDC)
systems, both RINGAS and PRS data indicated that there is change in flux and spectral shift
within specif | limi and ct ge outside specil | limits could be due to various activities
carried out at SAFARI-1

Advantage factors have been determined thus irradiation facility can be chosen to obtain optimal
sensitivity for elements of interest in specific food matrices.
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1.

1.1

1.2

INTRODUCTION

Overv v

During the last decades biological, medical, criminological, archaeological and
agricultural studies, amongst others, have emphasized the need for trace elements
analysis " * 7' it was also proved that even minute amounts of elements have a major
contribution on the metabolism of all living organisms .

A previous study ¥ lled that routine neutron activation analysis :hniques applied
at Necsa were not adequately sensitive to provide meaningful results in terms of
essential and or toxic element intake by humans through consumption of some 23
common foodstuffs in = 1th Afri

Objectives

The main objective of this study is to evaluate po:  ble improvements in the sensitivity of
instrun ital neutron activ ion analys (INAA) of esseni and toxic elements in a
variety of foodstuffs commonly used in South Africa. The following aspects have been
consic ed to reach the objectives:

e Evaluation of the dominant radionuclide in the irradiated foodstuffs according to a
number of routine irradiation, decay and counting time-schemes (extracted from the
railable data from the previous study).

e Determination of the cadmium ratio (R.q) through irradiation of element standards in
tl full neutron spectrum as well as irradiation in the cadmium shielded part of the
neutron spectrum.

e Determination of the advantage factors of specific elements o the dominant
radionuclides intl gamma-spectra of irradiated foodstuffs.

e Determination of the neutron flux and neutron spectrum stability for INAA in the
irradiation channels used for instrumental 1 itron activation analysis at the SAFARI
Research Reactor.

Evaluation of the possit  improvement in ysis seil tivity.



..—4 JS FINDINGS

In a previous investigation '® some twenty three foodstuffs have been analyzed by routine
INAA as applied at Necsa to determine the analysis sensitivity for a suite of about thirty
es itial and toxic elements. Elements of interest were classified as:

» Essential macro nutr 1its and trace e nents:
Ba, Br, Ca, Cl, Co, Cr, Cs, Cu, Fe, |, K, Mg, Mn, Mo, Na, Rb, Se, Sc, Zn

* Trace elements that are probably essential:
Ni, Si, V

= Toxic elements:
F, Pb, Cd, Hg, Al, Li, Sn.

* Radiotoxic ements:
Th, U, and their progeny.

Of these elements boron, lead and lithium could not be determined by neutron activation
as no radionuclides are produced that emit suitable photons, while aluminum and silicon
proved cumbersome due to aluminum interference from the irradiation channels and
accordingly tl e elements will not be conside | for this study.

Tt commonly consumed foodstuffs, which were considered included: fish, pork,
pumpkin, beetroot, green beans, maize, sugar, coffee, tea, milk, spinach, potatoes, white
bread, brown bread, rice, cabbage, tomatoes, margarine, onions, chicken meat and
eggs.

Four irradiation, delay and counting time-scl nes were applied, using the two availat
INAA systems at the SAFARI-1 reactor. Table 1 provides the data.

The elements of interest with their specific radionuclides used for the analyses are given
in Table 2.

The overall evaluation of the element analysis sensitivity of routine INAA as applied at
Necsa is shown in Table 3.

Hence it is notable from Table 3 that adequa sensitivity is achieved for nine elements
while thir :n elements still need improvement. Therefore the focus of this study will be
on these elements specifically. Future evaluation is required for the six elements for
which no recommended dietary allowances are available to date.












3.4 Determir 10ftl  advanta¢ factors

o uation of the Ry-values of the nuclides produced upon neutron irradiation with the
major nuclic ;i observed in the y-spect oftl foodstuffs of inter¢  will lead to a so-
1 | “advantage tor, defined by:

nuclide of interest
Reg

Ax:lnt -

R dmajor interfering nuclide in the spectrum of the foodstuff of interest
c

e Accordingly the will be an advantage ling to an improved sensitivity if:
AxInt > 1 Irradiated under the full neutron spectrum

AxInt < 1 Irradiated under the cadmium shielded part of the spectrum

3.5 Evaluation of the possible improvement in sensitivity

« Evaluation of the advantage factors against the required improvement in element
analysis sensitivity will lead to improved information to produce relevant information
regarding the nutritive value of essential and toxic elements in foodstuffs.

¢ The existing database can be updated for intake of a wide variety of consumption
goods like traditional herbal medicine, raw water sources, crops affected by industrial
contaminants as well inhalation of industrial pollutants.
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5.4

d

Al

(At)nCd = Noncd d)nCd.GnCd ) ( 1_() Aty )ncd ) (() )ncd

One then has to normalize for possible differences in element n s, irradiation time,
decay time, counting time, sample geometry differences and detector efficiency.
Accordingly, one arrives at specific activities expressed in Becquerel per gram (Bq/g) from
which the Imium ratio can be calculated as defined in section 3.3:

Rea  (A)"™/ (A)™

Determination of the Advantage Factors

If one takes the statement from the previous study “'¥ that sodium could be observed in
most of the foodstuff samples analyzed, since **Na has prominent energy lines at 1368
keV and 1732 keV therefore elements which produce isotopes below these energy lines
will be suj imposed on the Compton continuum. This leads to a reduced minimum
¢ 2¢ Hle signal, which can be seen from its definition:

Comin = f@®,) @ ..(14)
Where,

Cmin  Minimum detectable number of counts
B. Number of counts under the peak of interest

Hence the sensitivity of the element analyzed for will be decreased if their energy line(s)
are superimposed on the #*Na continuums. In order to be able to determine whether the
sensitivity of an element other than sodium could be increased if the foodstuff would have
been irradiated under tt cadmium-shielded part of the neutron spectrum, one then has to
evaluate to which extent the ?*Na activity will be reduced relative to the relevant
radionuclides of other elements. As an example we take the required improvement in the
sensitivity for arsenic (see Table 3). The following induced reactions apply:

ZNa (n,y) *Na E,- 1369 and 1732 kev (¥
and
“As (ny) ®As E,- 559kev.?

The question to be answered will be which of the induced activities will be reduced most,
2 or % if nple is irradiated under the cadmit  shielded part compared to an
irradiation under the full neutron spectrum? We can tt define the advantage factor
according to section 3.4 as:

AfsNa = R (4 I Re(Na)

16










































Table 6 Preliminary Rcp-values as obtained from p

Elei

Al
As
Au
Ba
Br
Ca
Cd

Ce

Co

Cs

Dy

Er

Eu
Fe

Ga

Gd

Hf

La

it

Mass
(ug)

10
10
0.5
10000
50
10000
250

10000

10

2.5

100
0.5

50

25000

920

970

100

500

20

10000

100

Reaction

n,a

ny

ny

ny

ny

ny

ny

ny
ny

na

n.y
ny

ny

ny

ny
np

np

ny

ny
ny

ny
ny

ny
ny

ny
ny

ny

ny

ny

ny

Isotope

24Na
76As
198Au
135mBa
82Br
47Sc
115min

141Ce
143Ce

56Mn

134mCs
134Cs

64Cu
165Dy

171Er
167Ho

152Eu
56Mn
72Ga

77Ge
79Ge

159Gd
161Tb

180mHf
181Hf

197mHg
197Hg

166Ho

116min
194ir
42K

140La

Na

30.99
X(avg)

0.187
0.140
0.136
0.064
0.123
0.707
0.111

1.054
0.642

0.413

0.149
0.263

0.670
1.634

0.296
0.229

0.952
0.060
0.219

0.108
0.518

0.097
0.271

0.148
0.387

1.850
1.862

0.173
0.157
0.169
0.874

0.753

0.05
Sx

0.014

0.004

0.001

0.003

0.001

0.020

0.008

0.086
0.004

0.012

0.002
0.018

0.011

0.091

0.005
0.001

0.013

0.000

0.004

0.008
0.045

0.001
0.010

0.007
0.003

0.022
0.017

0.008

0.002

0.006

0.008

0.004

Br

3.83
X(avg)

1.518
1.136
1.101
0.522
1.000
5.730
0.899

8.536
5.198

3.344

1.204
2.130

5424
13.233

2.399
1.858

7.714
0.483
1.773

0.874
4193

0.786
2.196

1.195
3.133

14.986
15.084

1.402
1.

1.369
7.081

6.096
30

0.02
Sx

0.116

0.032

0.007

0.021

0.006

0.164

0.066

0.697
0.041

0.096

0.018
0.147

0.089

0.739

0.043
0.013

0.110

0.002

0.035

0.063
0.363

0.006
0.078

0.059
0.026

0.188
0.148

0.064

0.015

0.047

0.073

0.042

rious data

Advantage factors

K

27.09 025

X(avg)

0214
0.160
0.155
0.074
0.141
0.809
0.127

1.205
0.734

0.472

0.170
0.301

0.766
1.869

0.339
0.262

1.089
0.068
0.250

0.123
0.592

0.111
0.310

0.169
0.442

116
2.130

0.198
0.179
0.193
1.000

0.861

Sx

0.017

0.005

0.002

0.003

0.001

0.024

0.009

0.099
0.008

0.014

0.003
0.021

0.014

0.105

0.007
0.003

0.018

0.001

0.005

0.009
0.051

0.001
0.011

0.008
0.005

0.032
0.027

0.009

0.003

0.007

0.013

0.009

Mn

24.95
X(avg)

0.233
0.174
0.169
0.080
0.153
0.879
0.138

1.309
0.797

0513

0.185
0.327

0.832
2.030

0.368
0.285

1.183
0.074
0272

0.134
0.643

0.121
0.337

0.183
0.481
2.314
0.215
0.194
0.210
1.086

0.935

0.27
Sx

0.018

0.005

0.002

0.003

0.002

0.027

0.010

0.108
0.010

0.016

0.003
0.023

0.016

0.115

0.007
0.003

0.020

0.001

0.006

0.010
0.056

0.001
0.012

0.009
0.006

0.037
0.032

0.010

0.003

0.008

0.016

0.011

Mo

2.06
X(avg)

2.825
2.113
2.048
0.970
1.861
10.661
1.673

15.881
9672

6.222

2.240
3.963

10.091
24621

4.463
3.456

14.352
0.898
3.299

1.626
7.801

1.463
4.086

2.224
5.829
28:064
2.609
2.359
2.546
13.174

11.342

0.66
Sx

0.927

0.677

0.654

0.312

0.594

3417

0.548

5.233
3.089

1.994

0.716
1.294

3.226

7.979

1.427
1.104

4.586

0.287

1.055

0.532
2.580

0.467
1.312

0.718
1.862

8.908
8.963

0.841

0.754

0.818

4.208

3.622

La

23.33
X(avg)

0.249
0.186
0.181
0.086
0.164
0.940
0.148

1.400
0.853

0.549

0.198
0.349

0.890
2171

0.394
0.305

1.265
0.079
0.291

0.143
0.688

0.129
0.360

0.196
0.514

2.458
2.474

0.230
0.208
0.225
1.162

1.000

0.12
Sx

0.019

0.005

0.001

0.003

0.001

0.027

0.011

0.114
0.007

0.016

0.003
0.024

0.015

0.121

0.007
0.002

0.018

0.000

0.006

0.010
0.059

0.001
0.013

0.010
0.004

0.031
0.025

0.010

0.003

0.008

0.012

0.007



Table 6

Element

Lu

Na

Nd

Ni

Pd
Pr

Pt

Re

Sb
Se
Sm
Sr

Te

Yb

zr

Mass

(ug)

100
8.65
50
500

1250

27500

2650

100

25

20

25

50

05
250

1000

50
25
25000

125

00

25000

Preliminary Rcp-values as obtained from previous data (continued)

Reaction

ny
ny

ny

ny

ny

ny

ny
ny

ny
n.p

ny

ny

ny
np

ny
ny

ny
ny

ny
ny
ny
ny
ny
ny
ny
ny
ny
ny
ny
ny
ny
ny

ny

Isotope

176mtu
177Lu

24Na

56Mn
99mTe

24Na

149Nd
151Pm

65Ni
58Co

109Pd
142Pr

197Pt
199Au

186Re
188Re

97Ru
105Ru

122Sb
75Se
153Sm
87mSr
129Te
131mTe
131}
239Np
187W
90myY
175Yb
177vh
b
69mZn

972r

30.99
X(avg)

0.111
1.077

0.102
0.805
0.066
1.000

0.239
0.132

0.946
0.057

0.113
0.590

0.207
0.137

0.146
0.333

0.145
0.146

0.098
0.135
0.

0.325
0.206
0.317
0.515
0.086
0.160
0.223
1.241
0.480

0.247

0.070

0.05
Sx

0.000
0.064

0.003

0.009

0.021

0.002

0.006
0.006

0.009
0.002

0.000

0.002

0.007
0.003

0.001
0.014

0.007
0.007

0.001
0.026
0.001
0.005
0.011
0.021
0.043
0.001
0.003
0.003
0.161
0.026
0.000
0.012

0.001

Br

3.83
X(avg)

0.899
8.728

0.829
6.520
0.537
8.100

1.933
1.073

7.663
0.459

0.915
4775

1.678
1.108

1.185
2.695

1.177
1.181

0.796
1.093
1.232
2634
1.670
2.567
4174
0.699
1.298
1.808
10.055
3.884
0.471
2.003

0.564

31

0.02
Sx

0.004
0.516

0.024

0.077

0.172

0.040

0.051
0.052

0.077
0.013

0.004

0.057
0.022

0.007
0.117

0.055
0.058

0.011
0.210
0.011
0.040
0.093
0.170
0.352
0.010
0.022
0.022
1.305
0714

0.100

0.008

Advantage factors
K Mn

27.09 025 2495 0.27
X(avg) Sx X(avg) Sx

0.127 0.001 0.138 0.001
1233 0074 1.339 0.080

0.117 0.003 0.127 0.004
0.921 0.013 1.000 0.015
0.076 0024 0.082 0.026
1144 0.011 1.242 0.014

0.273 0.008 0.297 0.008
0.152 0.007 0.165 0.008

1.082 0014 1175 0.016
0.065 0.002 0.070 0.002

0.129 0.001 0.140 0.002
0.674 0.007 0.732 0.008

0.237 0.008 0.257 0.009
0.157 0.003 0.170 0.004

0.167 0.002 0.182 0.002
0.381 0.017 0413 0.018

0.166 0.008 0.181 0.009
0.167 0.008 0.181 0.009

0.112 0.002 0.122 0.002
0.154 0.030 0.168 0.032
0.174 0.002 0.189 0.003
0.372 0.006 0.404 0.007
0.236 0.013 0.256 0.015
0.363 0.024 0.394 0.026
0.590 0.050 0.640 0.054
0.099 0.002 0.107 0.002
0.183 0.003 0.199 0.004
0.255 0.004 0.277 0.004
1420 0.185 1.542 0.201
0.540 0.030 0.508 0.033
0. 0.001 0. 0.001
0283 0.014 03 0.016

0.080 0.001 0.087 0.001

Mo

2.06
X(avg)

1.673
16.238

1.542
12.130
1.000
15.070

3.597
1.996

14.257
0.855

1.702
8.885

3.122
2.062

2.204
5.013

2.190
2.197

1.481
2,034
2.292
4.900
3.108
4777
7.767
1.300
2.415
3.365
18708
7297
« 7
3727

1.050

0.66
Sx

0.534
5.272

0.494

3.875

0.452

4812

1.152
0.645

4.553
0.274

0.543

2.837

1.002
0.660

0.704
1.615

0.707
0.710

0.473
0.758
0.732
1.566
1.007
1.557
2.564

0.415

1.075

6.447

2.341

1.204

0.335

La

23.33
X(avg)

0.148
1.432

0.136
1.069
0.088
1.329

0.317
0.176

1.257
0.075

0.150
0.783

0.275
0.182

0.194
0.442

0.193
0.194

0.131
0.179
0.202
0432
0.274
0.421
0.685
0.115
0.213
0297
1.649
0.637
0.077
0.329

0.093

0.12
Sx

0.001
0.085

0.004

0.013

0.028

0.007

0.008
0.009

0.013
0.002

0.001

0.005

0.009
0.004

0.001
0.019

0.009
0.010

0.002
0.034
0.002
0.007
0.015
0.028
0.058
0.002
0.004
0.004
0.214
0.035
0.001
0.016

0.001



Element

As

Ba

Ca

Cd

Cl

Co

Cs

Cu

Fe

Hg

Mg

P 1tial improy

it in

tivit

with the required information in Tab

Reaction

(ny)

(n.y)

(ny)

(n,y)

(n.y)

(ny)

(n.p)

(ny)
(ny)

Isotope

76As

135mBa
131Ba

82Br

47Sc

115min
115Cd

38Cl

60Co

51Cr

134mCs
134Cs

64Cu

20F

59Fe

54Mn

197mHg
197!

128l

42K

24Na

E (keV)

559
657

268
1048

554
619

159
336

492
528

1642

1173
1332

320

127

605

796
1346
1634
1099

1292
835

134
68
78

443

1525

1369

Rcq-values
X(avg) Sx
420 0.03
434 0.02
2.00 0.08
414 0.12
3.80 0.09
3.85 0.03
21.93 0.62
3.08 0.53
3.60 0.13
3.64 0.00
4.61 0.07
7.59 0.21
8.71 0.25
20.43 1.25
56.60 3.02
5¢ 0.40
57.21 0.33
27.09 0.25
3.17 0.09

32

14
N

t

| from a lab

Average advantage

factors (Na, K, Mn)

27.68 2.50
0.16 0.01
0.07 0.01
0.15 0.01
0.14 0.01
0.80 0.07
0.13 0.01
0.17 0.01
0.30 0.03
0.76 0.07
2.09 0.18

10 0.19
0.99 0.09
0.12 0.01

data in ai  ogy
Sensitivity
improvement
required expected
10 6.3
No RDA 13.8
No RDA 6.6
No RDA 7.2
5 1.3
50 8.0
Overall
adequate
15
15*
No RDA 6.0
No RDA 3.4
500 1.3
5
5+
g+
10 0.5
10 0.5
Muarall
Overall
adequate 1.0
Overall
adequate 8.7



Table 7 Potential improvement in sensitivity extracted from avai’ Hle data in

1alogy with ti Juired inforn ion in Table 2 (continued)
Element | ction Isotope E (keV) Rcq-val Average advantage Sensitivity
cd improvement
factors (Na, K, Mn) required expected
X(avg) Sx 27.68 250
Overall
Mn (n.y) 56Mn 847 25.22 0.09 091 0.08 adequate 1.1
1811 24 68 0.36
Mo (n.y) 99mTc 141 2.06 0.66 0.07 0.01 20" 13.4
Overall
Na n.y) 24Na 1369 30.99 0.05 1.13 0.10 adequate 09
Ni (ny) 65Ni 366 29.49 0.29 1.07 0.09 No RDA 09
1115 29.52 0.25
1482 28.95 0.19
(ny) 58Co 811 1.71 0.02 0.06 0.01 No RDA 15.6
Rb (ny) 86Rb 1077 No RDA
(n.y) 46Sc 889 No RDA
1121
(n.y) 75Se 265 4.18 0.80 0.15 0.01 20 66
Overall
(ny) 1138n 392 adequate
Overall
Th (n.y) 233Pa 312 adequate
U (n.y) 239Np 103 2.63 0.01 0.10 0.01 5 10.3
228 272 0.02
278 267 0.04
\' (n,y) 52v 1434 5
Zn ) 69mzn 439 728 006 0.28 0.02 Overall 36
¥ ’ : ’ ’ adequate ’
Overall
(ny) 65Zn 1116 8.04 0.23 0.29 0.03 adequate 34

*For infants
only

33









) 'er. spectral stability constant of 1,362 is r | with an ur tainty of

197 while wximt and n im values ¢. .,.. and 0,85 a >btained
tively.
e~ rer the monitoring period a decline of about 17% is obser |, which indicates that the

Rcg-value of uranium declined more than the Rcy-value of thorium which already is
indicated in the previous pa jraph.

6.2.2.4 Overall evaluation of the results of {i RINGAS system

Looking further at the results one would expect the Rcq-value of uranium to be much larger
as the fission reaction is mainly caused by thermal neutrons while epithermal neutrons
mainly induce the fission of thorium. However, the Rqq-value of uranium is only about 10%

more than tt ue of thorium. This illustrate that the cadmium lining is burned-up or in
other words ""®Cd nuclide, which is mainly responsible for the capture of thermal
neutrons, has been transformed by the (n,y) reactionto """ 1, leaving only ''°Cd, '"'Cd and

"?Cdto »sorbtt mal neutrons at a rate of 500 times less efficient than "'°Cd.

Accordingly, the cadmium lined position of the RINGAS system had to be replaced before
further work could be done for the determination of the advantage factors so as to evaluate
the potential improvement in sensitivity using epi-thermal neutron activation analysis.

As the ative standard deviation in the Rcg-values is 20,5% and 11,4% for thorium and
uranium respectively, while counting statistics do not contribute substantially to this
uncertainty, it may indicate that other uncertainties have been introduced due to other
factors beyond research’s scope (i.e. not caused by spectrum and flux variations at the
irradiation positions). observed decline and incline of the thermal and epi-thermal/fast
neutron flux is due to reactor fuel burn-up whereas major uncertainty could be due to
irreproducible preparation of standards and/or malfunctioning of the RINGAS (counting?)
system.

As the evaluation of the RINGAS system showed that the cadmium shielded position had to
be replaced (semi) Rcq-values for the prepared element stantc  ds could not be done.
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Tab 3

[P7a N N =4

11-May-06
22-May-06
31-May-06
01-Jun-06
un-06
09-Jun-06
12-Jun-06
13-Jun-06
04-Jul-06
06-Jul-06
06-Jul-06
07-Jul-06
10-Jul-06
11-Jul-06
12-Jul-06
13-Jul-06
14-Jul-06
21-Jul-06
31-Jul-06
01-Aug-06
10-Aug-06
10-Aug-06
10-Aug-06
10-Aug-06
14-Aug-06
14-Aug-06
14-Aug-06
14-Aug-06
15-Aug-06
15-Aug-06
15-Aug-06
15-Aug-06
16-Aug-06
16-Aug-06
16-Aug-06
16-Aug-06
17-Aug-06
17-Aug-06
17-Aug-06
17-Aug-06
18-Aug-06
18-Aug-06

19-Aug-06

Experimen
pt itions
iz mn-nNwa/ea

01:50 PM
11:14 AM 2.90
03:58 PM 2.88
03:51 PM 3.08
02:00 PM
10:49 AM 2.25
03:27 PM 2.25
03:24 PM 2.18
03:58 PM 2.02
04:05 PM
04:07 PM
02:34 PM 2.56
02:07 PM 2.11
08:27 AM 2.32
10:28 AM 2.12
11:49 AM 1.72
08:46 AM
10:49 AM 2.38
03:25 PM
01:40 PM 2.78
10:30 AM 2.32
10:45 AM 2.25
11:00 AM 2.19
11:16 AM 2.44
09:45 AM 2.10
10:00 AM 2.27
10:15 AM 2.10
10:30 AM 2.19
09:45 AM 2.1
10:00 AM 212
10:15 AM 2.17
10:30 AM 2.28
09:45 AM 2.11
10:00 AM 2.13
10:17 AM 1.92
10:31 AM 2.24
09:45 AM 2,07
10:00 AM 2.06
10:15 AM 2.14
10:30 AM 2.03
09:47 AM 2.21
10:00 AM 2.01
10 AM 2.24
10:30 AM 2.20
10:00 AM
10:15 AM 2,07

da

urncert.

0.02
0.02
0.03

0.02
0.02
0.02
0.02

0.02
0.02
0.02
0.02
0.01

0.02

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

0.02
0.02
0.02

1 the re ive Rcgg-values in the RIM . \S irradiation
U-NLaiLa uncert.
3.34 0.02
3.03 0.02
3.29 0.02
2.79 0.01
2.73 0.02
263 0.02
2.64 0.02
2.52 0.01
2.56 0.01
2.99 0.02
2.36 0.01
2.58 0.01
2.25 0.01
2.35 0.01
2.75 0.02
3.08 0.02
2.96 0.02
2.49 0.01
2.82 0.02
263 0.02
2.56 0.01
2.42 0.01
2.35 0.01
2.42 0.01
2.33 0.01
2.35 0.01
2.35 0.01
2.37 0.01
2.23 0.01
2.28 0.01
2.26 0.01
2.32 0.01
2.24 0.01
2.26 0.01
2. 0.01
2.31 0.01
2.23 0.01
2.26 0.01
2.19 0.01
2.23 0.01
2.40 0.01
2.20 0.01

0.02
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Table 10  Spectra ability of the RINGAS system

MALUYALIUI Tauvu
= Constant
DATE vE Ratio Uncert.
11-May-06  01:50 PM
22-May-06  11:14 AM 1.23 0.01
31-May-06  03:58 PM 1.08 0.01
01-Jun-06  03:51 PM 1.10 0.01
08-Jun-06  02:00 PM
09-Jun-06  10:49 AM 1.39 0.01
12-Jun-06  03:27 PM 1.30 0.01
13-Jun-06  03:24 PM 1.39 0.01
04-Jul-06  03:58 PM 1.49 0.02
06-Jul-06  04:05 PM
06-Jul-06  04:07 PM
07-Jul-06  02:34 PM 1.00 0.01
10-Jul-06  02:07 PM 1.79 0.02
11-Jul-06  08:27 AM 1.03 0.01
12-Jul-06  10:28 AM 1.42 0.02
13-Jul-06  11:49 AM 1.73 0.02
14-Jul-06  08:46 AM
21-Jul-06 10:49 AM 1.27 0.01
31-Jul-06  03:25 PM
01-Aug-06  01:40 PM 1.10 0.01
10-Aug-06  10:30 AM 1.13 0.01
10-Aug-06  10:45 AM 1.45 0.02
10-Aug-06  11:00 AM 1.37 0.02
10-Aug-06  11:16 AM 1.08 0.01
14-Aug-06 15 AM
14-Aug-06 10:00 AM 1.12 0.01
14-Aug-06  10:15 AM 1.22 0.01
14-Aug-06  10:30 AM 1.20 0.01
15-Aug-06  09:45 AM 1.20 0.01
15-Aug-06  10:00 AM 1.21 0.01
15-Aug-06  10:15 AM 1.15 0.01
15-Aug-06  10:30 AM 1.07 0.01
16-Aug-06  09:45 AM 1.11 0.01
16-Aug-06  10:00 AM 1.14 0.01
16-Aug-06  10:17 AM 1.37 0.02
16-Aug-06  10:31 AM 1.07 0.01
17-Aug-06  09:45 AM 1.17 0.01
17-Aug-06  10:00 AM 1.18 0.01
17-Aug-06 10:15 AM 1.13 0.01
17-Aug-06  10:30 AM 1.27 0.01
18-Aug-06  09:47 AM 1.01 0.01
18-Aug-06  10:00 AM 1.25 0.01
18-Aug-06 10:15 AM 0.96 0.01
18-Aug-06  10:30 AM 1.02 0.01
19-Aug-06  10:00 AM
1( 1 1. 0.01
1( 1 1. 0.01
19-Aug-06  07:45 PM 1.28 0.01
20-Aug-06  06:10 AM 1.32 0.01
20-Aug-06  06:17 AM 1.16 0.01
20-Aug-06  06:30 AM 1.15 0.01
an ’\U(‘ no NE-AE ARA
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212

Ratio
79.4
82.2
82.1
73.5
77.0
715
812
80.1
79.0
77.9
74
784
78.7
747
77.6
78.7
81.5
77.0
80.4
779
80.6
771
78.8
80.6
82.3
834
82.0
78.0
81.5
776
822
81.4
78.4
78.5
79.3
837
816
771
804
78.0
734

The ®.

Un .
5.6
6.0
41
3.4
3.6
33
3.1
44
3.8
3.6
3.7
19
2.2
17
1.7
17
1.8
1.7
1.8
18
17
1.6
1.7
17
1.8
1.8
1.6
15
16
15
1.8
1.8
17
1.5
1.5
1.9
19
20
1.6
25
19

3.5%

-. Mn induced activity ratio

Ratio
80.3
822
855
80.6
92.2
79.4
797
779
821
825
80.0
789
74.8
79.6
80.4
80.8
80.7
814
81.0
81.9
81.6
80.5
81.8
82.2
82.8
771
76.3
782
77.3
76.8
80.7
81.0
82.8
74.3
77.8
81.0
81.1
80.3
76.3
76.1
77.3

6.8

6.2
5.0
41
5.1
3.8
3.0
3.7
43
4.7
42
1.6
20
1.7
1.7
1.7
1.8
1.8
24
1.8
1.7
1.7
1.7
1.7
1.8
1.9
1.6
1.5
1.5
1.5
1.8
1.8
16
1.8
1.5
19
1.9
1.6
1.8
1.8
1.9

4.0%

Fe/Mn Induced Activity Ratio

Position
3

Ratio Uncert.
80.6 6.1
727 52
745 36
79.0 39
79.8 43
759 3.5
77.9 27
88.4 54
81.9 39
77.3 3.7
80.0 39
77.7 1.7
77.3 21
81.0 1.8
78.4 1.7
78.7 1.8
734 1.8
77.0 1.7
79.0 1.7
81.7 16
84.1 1.8
79.6 1.7
779 1.6
75.3 1.9
794 1.5
81.3 1.6
77.8 1.7
78.0 1.7
82.0 1.8
81.8 1.8
81.9 1.6
77.0 1.8
80.3 1.6
78.6 1.8
86.2 20
80.6 20
81.0 1.6
79.9 1.6
75.1 2.0

4.2%

47

Ratio
76.3
73.5
81.3
78.0
80.6
80.8
82.8
79.9
77.8
75.0
85.8
81.5
75.0
78.5

77.4
79.4
78.5
81.5
78.2
80.0
78.9
80.7
774
82.4
77.8
81.2
83.0
81.3
81.5
83.4
79.9
79.7
75.3

78.6
76.7
81.1
78.2
81.2

Uncert.
5.8
53
4.0
3.8
4.3
38
3.0
4.0
3.8
37
46
1.6
20
1.7

16
1.8
1.7
1.7
1.5
1.7
1.7
1.7
16
1.8
1.7
1.6
1.7
1.6
1.8
1.9
1.6
1.6
1.7

1.8
2.0
1.9
1.8
1.7

3.2%

Average
Ratio Uncert.
7¢ 1.7
77.6 4.6
80.9 4.0
77.8 2.6
82.4 5.8
76.9 3.6
80.4 1.8
81.6 4.0
80.2 1.9
78.2 27
80.1 4.0
79.1 1.4
76.5 1.6
78.5 24
79.0 1.4
79.3 1.1
79.6 1.6
77.8 3.0
79.2 1.6
80.1 1.7
80.5 1.4
80.4 25
79.8 1.4
80.8 0.9
80.1 2.4
79.5 34
78.9 2.1
79.7 1.6
79.9 24
78.4 1.7
81.6 0.6
81.9 0.9
80.7 1.7
774 2.0
78.2 1.9
81.1 2.1
81.9 2.8
787 1.8
79.7 20
78.0 1.3
76.8 2.9

) 1

1.8%

































