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Abstract

Epiboron neutron activation analysis is optimized using Nigeria
Research Reactor-1. Data are given for 6 elements using boron as
shielding. Boron shield are of particular practical value for rapid
instrumental analysis. Advantage factors for the following elements: I,
Br, Cl, K, Mn and Na under boron shield are given. Concentrations of
the mentioned elements is reexamined and compared with certificate
values. The results obtained, showed good precision.
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1.0 Introduction

The importance of irradiating samples surroundechéytron shield has been demonstrated by
many researchers. The activation of many elemeaits be greatly reduced in this way, whereas the
activation of a number of other elements is onfjueed by a small amount, since the activation e$¢his
largely due to higher energy neutrons which areahsbrbed appreciably by the shield [1]. The achgant
of having Epithermal Neutron Activation AnalysisNEA) technique in a given situation depends upon
whether or not any significant advantage over fatérg elements can be obtained for the elemeatsaite
to be determined. ENAA is a useful extension ofrimaental Neutron Activation Analysis (INAA) in tha
it enhances the activation of a number of tracenelgs relative to the major matrix elements. Inegah
the activation cross sections of the matrix elem@ftenvironmental samples are inversely propoatiom
the neutron energy (@low).

This paper presents results of an examination oA&Ntilizing NIRR-1. Data obtained under
consistent experimental conditions are given feteéBnents using boron as a shield, so that reswtslra
directly compared in a practical way.

2.0 Principal Of Neutron Activation Analysis

Neutron Activation Analysis is an analytical methatlich is based upon the properties of the
nucleus. The process of neutron capture (activatiod decay are shown in figure 2.1below.
During irradiation, an incident neutron is captutgda target nucleus in the sample forming a comgou
nucleus. The compound nucleus is in a highly edcitiate due to the high binding energy of the mautr
and will rapidly return to the ground state (in ab®0*® second) by emission of prompt gamma rays.
For the target isotope, the reaction involved is:

A 1 A,
X+ gn® fgrX 2.1)
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The resultant nucleus usually radioactive has guahalf-life, mode of decay and energy for emitted
radiation(s) during decay. In most cases, the eadiiee nucleus undergoes beta decay which is
accompanied by decay gamma

Promy E"’E"’
GZamma Ray Particle
larget

Nuleus lﬁ“"‘\.\
8 b

L ]

Incident s Radinactive
Meutron atsl¥ o Mucleus

\

Product
Mucleus

Compound Dedayed
Mucteus Gamma Ray

Figure 2.1 Sketch showing activation of a nucleusyban incident neutron, prompt and decay gamma
rays which are emitted following neutron capture.

rays. Because the energies of the prompt and dgamyma rays are discrete and distinctive for each
radioisotope, multi- elements NAA is feasible by ud high-resolution semiconductors such as geramani
detectors to identify and measure the emitted ganays

Determinations are based on the detection of fighlyh penetratingy-photons of discrete
energies. Gamma energies of different nuclidespread over the interval from some keV to some MeV.
For qualitative analysis the measurable paramaterthe energy of the emitted gamma quanfpgiid the
half life of the nuclide T, .For quantitative analysis the intensjtis used, which is the number of gamma-
photons of energy,Emeasured per unit time.

2.1 Kinetics Of The Reaction

The irradiation of a nuclide in a neutron flux, wlewo flux components are present namely the
conventional sub-cadmium fluf 4 and the conventional epithermal flux ep, IS Characterized by a
reaction rate given by:

R=s,f,+ I,f ep (2.2)
where,oy, is thermal absorption (g, ) cross-section for neutrons with

v=2200ms
lo is resonance integral defined by [2]:

o= ¢ ' s(E)OIE with Eqq = 0.55eV
= - 4=0.
S = ;
If f i and | are known equations 2.2 can now be written as

N,M
m=
tn(Suf it 1of )S.D.C.N ;28 g

Values ofS,, andl, are given by Decortet al [3].

(2.3)
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If epithermal neutron activation analysis is @&plonly the conventional epithermal flu‘xep is

considered. The thermal neutrons will be shieldgdhe cadmium bars or boron shields. Equation 2.3
becomes.

N, M
m= —. (2.4)
t, Njagel,f .S.D.C
The deviation of the epithermal flux fradeality influences the resonance response [43.Tiieéans that
1
f ep @F (2.5)

As the epithermal flux distribution deviates frohetideal 1/E function, the resonance integral islifrex]
with an

a — dependent term as follows:

l,(@)= OE S (E) E1+a

E, = arbitrary energy (usually | eV) and= an experimentally determined characteristicthefreactor site
[5]. In order to convertylto lo(o) so as to uselvalues in real 1/E* (non —ideal) circumstances, the
effective resonance energy ltas to be introduced, 5 defined as the energy of a single virtual resoe
which gives the same resonance activation ratel astaal resonance for isotdpeand is aru dependent

parameter.
1, (@)L
E (2)= %é@% (27)
e 'o

Where } (o) and | = reduced resonance

(2.6)

E (a)l
Integral E, = leV andQZ I, (@)
Ea
The conversion ofylto ana dependent term taken the form as given by[6]

5
(@)= E - 04295th 0.428, o o8
(2a + 1) Eca o

with E; EaandEc inev
om - (n,y) cross section (2200Mseutron velocity).

From equation 2.7 it can be observed thé Bot a constant but- dependent.
A conversion formula given by [3]:

D
0.()= F 10429, 0429 %, 09
E: (Ra+DEup

Since E, = 1eV, E: can be expressed as
(Q,- 0.429( 2+ )E
(2a + DEwQ, (2)- 0.42¢

(2.10)

If the flux ratio parameter is defined as:
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f=2=Q,@)R, 1 @.11)
ep

wheref , = thermal flux

f ., = epithermal flux and

A

R,= (2.12)
chAcd
where Ry = cadmium ratio
Ap = activity of bare cadmium
Acg = activity of cadmium covered foil, and
Feq = cadmium transmission factor
From equation 2.11 one can write:
f
Q@)= —2—— (2.13)
(Rcd - 1)f ep
Then equation 2.10 becomes:
B - Q.- 0-439)(%' ¥ (2 + )Ec £ (2.14)
(2a + DEaf,, - (Ry- D0.429,,
I
where Q=—
Sth
—_—a
Values of E,  can be calculated from equations 2.7, 2.10 and 2.14
Equation 2.4 can be written as:
N M
m= —2. (2.15)

t, N.agef.J,(a)SDC

m

2.3 Standardization

The two features of neutron induced reaction —high pebdity for neutrons and gamma

radiation —ensure that its standardization is @i#y easy and accurate. As the signal to conediotn
ratio is nearly matrix independent, the preparaisorather easy; therefore, the risk of systen@atimndom
errors is reduced. The method of standardizatsad un work is the classic relative method. Samplesb
standards are irradiated simultaneously in idehfimsitions. Standard and samples must have similar
composition. The induced intensities are measuogdbbth samples and standards. Individual mono-
element standards can be used for relative staizdéich as well as synthetic or natural multi-el@mne
standards. The value of the unknown quantity (nepigined with the help of the following equations.

= — (2.16)
|
N N
where lp= rm—r—— and | = ——F
[SD.C.M, S.D.C
(st) refers to standard all other tehage their usual meaning. Thus,
éN_ US&pcU

= Py & U (2)1

m & 6y U
SDbCig N g

where (X) refers to sample or unknown
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The standard preparation procedurerohates the accuracy of the relative method. Theaathge of
the relative classic method lies in the multi-elamapplication. The procedure of the preparation of
standard and counting is laborious. In additiorthte occasional loss of information appearance of an
element for which no standard has been irradiased hindrance. The commercial standard reference
materials (SRMs) aim at improving the accuracyhef measurement and allowing a proper assurance in
the laboratories.

3.0 Experimental

The samples were standard reference material @atdiom National Institute of Standard Technology
(NIST). The samples were homogenized. Homogeniaethkes were prepared for irradiation according to
the samples preparation procedure developed foRNIR].Samples were irradiated using NIRR-1 at the
Centre of Energy Research and Training(CERT) AB&atj&

The quantitative determination of trace elementthenstandard is achieved by the use of ENAA
with NIRR-1 facilities. The method consists of dbiag the concentrations of the elements in stashdar
sample and comparing it with the literature valwgsch are the predetermined concentration of the
appropriate trace element(s)
of interest.

Standards are usually those of identical matricenaierials as close as possible to the compogition
samples. Standard are usually referred to as fiegftior simply Standard Reference Materials (SRMs)
SRMs for National Institute of Standard and Tecbggl(NIST) that were used in this work are:

a. NIST SRM 1548a, Typical Diet
b. NIST SRM 1573a, Tomato Leave
c. NIST SRM IAEA,Soil-7

Care was taken during the sample preparation iardaminimise the contamination of the standards
samples by avoiding excessive direct contact. Asséhcould give rise to errors in the measured
concentrations of trace elements in the samplesstamtlards. All standards samples were prepared in
identical manners. This is necessary in order ¢luege matrix effect, as well as ensuring uniformtrau
attenuation and absorption.

An assembly of polyethylene sample containers, rarbshield and associated polyethylene cushions
were transferred in the reactor “NIRR-1" in a rakdapsule transport done by pneumatic transfeesyst
A and B. The irradiation time is 5 min at a neutflux setting of 5x16' n cm?® s*. Every sample was
irradiated separately.

The irradiated samples were removed from the batteld after irradiation. Induced activities in
detector foil was measured onGEM — 30195 HPGavaxial, vertical dipstick detectoORTEQ, which
has a relative efficiency of 30% and resolution 1085 keV, at 1.33 MeV®Co. The gamma -ray
acquisition system consist 8 AESTROmulti-channel AnalyzerMCA) emulation software card, coupled
to the detector via electronic modules, all manuigd by ORTEC The multi-purpose Gamma ray
analysis softwargVin SPAN8] was used for peak identification and evaluation

4.0 Results And Discussion
The nuclear reactions, the @alues, half- life of activation products and grencipal gamma ray
energies are listed in table 1.

Table 1: Relevant Nuclear Data

Nuclides Nuclear Halfe-
Reactions life(min) Ey(KeV) ow(barns) Ig(barns) Q
12 2,y )™ 24.99 442.9 100 4.04 24.75
8Br ¥Br (n,y)¥ Br 17.68 619.11 49.8 2.58 19.3
| 37Cl (n, y )®cl 37.24  1642.69 0.29 0.423 0.68
2K K (n, y) K 722160  1524.58 1.41 1.45 0.97
>*Mn >Mn(n,y)>°Mn 154.74 846.8 13.9 13.2 1.05
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*Na “Na (n,y)*Na 897.84 1368.6 0.303 0.513 0.59

Table 2, 3 and 4 gives the experimentally deterthineron ratios for elements of interest in three
standard reference materials, where the boron mattbe peak area obtained for the unshielded sampl
divided by the peak area obtained when the samateimadiated under the boron shield.

Table 2: Boron ratio for IAEA soil 7

ACTIVITY ACTIVITY Ren
Element Isotope INAA(Bq/g) ENAA(Ba/g) Experimental
Sodium *Na 7268.57 95.07 76.45
Manganese *Mn 31045.82 575.45 53.95
lodine 128 36.07 5.86 6.15

Table 3: Boron ratio for NIST 1548a Typical Diet

ACTIVITY ACTIVITY R sy

Element Isotope INAA(BQg/g) ENAA(Bqg/g) Experimental
Sodium *Na 17938.99 430.05 41.71
Chlorine %l 834.56 35.16 23.73
Potassium 2K 422683.4 NA NA
Manganese  *°Mn 379.62 9.24 41.08
Bromine 8Br 993.34 67.05 14.82
lodine 12§ NA 0.53 NA

Table 4: Boron ratio for NIST 1573a Tomato Leaves

ACTIVITY ACTIVITY R gy
Element Isotope INAA(Bg/g) ENAA(Ba/g) Experimental

Sodium “Na NA NA NA
Chlorine B 459.32 16.68 27.53
Potassium 2K 829490.2 11664.16 71.11
Manganese  °°Mn 10338.13 403.08 25.65
Bromine 8Br 68536.83 9133.99 7.50
lodine 12§ NA NA NA

lodine and Bromine are shielded more effectivelytiy boron shield. In general, a given sample
type will exhibit several isotopes which dominate gamma-ray spectrum (e.g. K,
C1, Mn, Na). These will often cause serious interiee in determining other isotopes of interest,
particularly ones which give minor peaks in thectpem. It is noteworthy that the elements that agfy
cause interference can be highly shield@Na is often taken as an example to estimate tharadge
factor obtainable using the ENAA technique. Theadage factor is calculated as the boron shield rat
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for sodium divided by the boron shield ratio foe tisotope of interest .The advantage factor repteghe
degree to which the particular interference willrbduced by using the boron shield. The advantacterfs
over Sodium for elements of interest under the batueld are 1.76 1.02, 2.82 and 12.43 for Cl, Bin,
and | respectively. lodine and Bromine show beithrantage.

Thus it is indeed possible to optimize the shigjdionditions to discriminate among the elementsegare
in a sample, in order to give the largest advantaggdements of particular interest.

In this work, lodine and Bromine give better adweayat factors showing that their determination
will not have any hindrance as the activities af thterfering elements are highly reduced by theobho
shield. This can clearly be shown from the cal@davalues of the advantage factors of lodine and
Bromine with respect to the entire possible inténfig element, namely Na, K, Cl and Mn (Table 5)eyh
were calculated by dividing the boron ratios of ihierfering elements by those of the elementsiterest
(lodine and Bromine). All the values obtained areager than one. This indicates that lodine andriine
can be determined with better detection limitshie presence of the interfering element such asCN&
and Mn by ENAA.

Table 5: Advantage Factor of lodine and Bromine wih Respect to the Interfering Element (NIST
1548a)

Advantage factor Advantage factor
Element Isotope lodine Bromine
Sodium “Na 7.28 2.82
Chlorine *cl 4.14 1.60
Potassium K NA NA
Manganese *Mn 7.17 2.77

Due to relatively low half-life (25 min) of the azation product of lodine't?), the irradiation
time has to be limited, else interferences fromhh@pmpton background from the activation produdts o
interfering elements like Na, K, Cl, Mn and Br whlecome significant. Thus, due to high Compton
background, determination of low levels of lodinebiological samples like food and food productsnzs
reliably be measured by INAA using whole reactoutnens. In order to overcome this problem, ENAA is
used. Thermal neutrons are filtered off by covetimg sample with thermal neutron absorber like boro
The ENAA is effective if the isotope of interestshisigher Qvalue than those of the interfering elements.
The Q value for a nuclide is defined as the ratio obresce integral §) to its thermal neutron absorption
cross-sectiond(,) of the isotope of interest [9]. Any nuclide hayi@, value >10 is a good candidate for its
determination by ENAA [10]. The Qvalue for'?"l is 24.75 which is much larger than that for sasfiche
interfering nuclides such &Na, *Cl, K and >®Mn whose @ values are 0.59, 0.69, 0.97 and 1.053,
respectively.

The peak area under the characteristics gamma eaispof the elements of interest were
determined by peak fit software MAESTRO for Windowsveloped at ORTEC. The concentration
calculation was done by the relative method of INAJsing concentration of element in standards(C
and specific activity of standard {£\) and sample (49, the concentration of element present in the
sample (Gs) was calculated for the same counting period kyféfiowing equation:

e A
CX sa - sttd Ag
Ritd

(4.1)
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Here soil7 and tomato leaves standard referencerialstwere used as comparator standards.
Concentrations of the following elements: |, Br, & Mn and Na were reinvestigated and the values
compared with literature values of Reference Matsras shown in Table 6.

Table 6: Determination of Concentration of elementsn the Typical Diet
Reference Material (NIST 1548a).

Element Literature value This work Factor
| 0.759+0.103 0.745+0.32 0.98
Br 9.64+0.00 9.490+3.01 0.98
Cl 12078+356 139254377 1.15
K% 0.6970+0.013 NA NA
Mn 5.75%+0.17 5.627+1.4 0.98
Na 81321942 11181+3051 1.4

Factor= this work /literature value

For the kind of shield the concentration comparedl with the literature quoted values. This
shows that boron can be used as shielding maferi&INAA of food samples.

The quality assurance result (Table 6) shows tleatlieterminations for most of the elements were
in good agreement with the Standard Reference Migarertified values. Other factors that can bedus
assess quality assurance are coefficient of vandtCOV/%), or accuracy and precision as shownahld&

7 for NIST 1548a.

Table7: Summary of Internal Quality Control Programme

Element COV% Accuracy Precision LD(ng/g)
I 14.76 0.09 0.2 NA
Br 31.66 0.05 0.32 6.70
Cl 2.71 -3.56 0.04 NA
K NA NA NA NA
Mn 24.31 0.09 0.24 0.09
Na 27.29 -0.95 0.29 0.60

COV= Coefficient of Variation

The data generated during the study of six radiobdly and nutritionally important elements
indicate that most of the elements were analyzed am average accuracy of 7% for boron shield. The
average precision value obtained with boron asldihizg material was found to be 24% .This value is
acceptable since the maximum reported limit [1115%6.

Cl and Na showed a large deviation from the litematvalues, this is due to their being major
interfering elements. The method is reported tgded for iodine and bromine. The interference efédc
Cl and Na is highly reduced but not completely @leted. Therefore interference effect need to takem
consideration by applying a method describe elsesvfi?]

The detection limit was calculated first using @urie formula [13] given as
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L, = 2.71+ 3.29/B

4.2)

where B is the back ground obtained by subtradtimgnet count given by the detector from the gross
count. The values of the detection limit obtainedfarious elements were convertedutgg by dividing

the obtained values calculated from the above amubty the sensitivity and sample mass. The resoits
typical diet reference material (NIST 154&ae shown in Table 7.

The Lp values are in the range of 0.09 — fg7g* for the reference material&ble 7). The higher
detection limits of lodine in samples could beibttred to enhanced background due to sample neatdx
longer decay time of counting. Salt contents aveetan these types of samples and hence the spectra
interference is minimal [14Petection limits for lodine can further be improMey suitably choosing the
experimental conditions like irradiating for longeeriods and using a higher efficiency detector for
measurements so as to enhance sensitivity. Additigrdetection limit can be improved by the use of
Compton suppressed gamma ray spectrometry in whérk is a substantial reduction of Compton
background.

5.0Conclusion

An Epithermal Neutron Activation Analysis methodngsboron as thermal neutron shielding was
optimized for the determination of trace leveld,dBr, Cl, K, Mn and Na. The concentrations obtdirie
NIST SRMs 1548a were found to be within 7% of thegrtified values, reflecting the accuracy of the
ENAA method. The | values are in the range of 0.09 — fg7g* for the reference material. The method is
simple, non-destructive and quick to arrive at hedand Bromine concentrations even in the presehce
high salt matrix like NaCl.
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