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ABSTRACT

Various types of instrumental neutron activation analysis (INAA) method

were developed for the determination of Iodine and 30 major, minor, and trace

clements in samples of Ghanaian foods. Most of the elements were analysed by

l'onwntional INi\i\ with anticoincidence counting. A number of INAA methods

W'I"' evaluated for selenium and iodine determinations. The methods included:

com' .nt"onal and Pseudo-Cyclic TNAA (PCINAA) with Compton suppression

gamma-ray spectrometry for selenium. The INAA methods developed for iodine

determinations were Conventional Flux and Epithermal INAA (EINAA) using

Compton suppression gamma-ray spectrometry. The relative method of

standardization was used for quantification of all the elements. Additionally,

quantification 01' iodine and some selected elements was carried out using ko-

NAA stcu:LC:-'':U3ti ,n method. The Nisle unified formulation was investigated for

the ko-NAA method and compared with the well known

Hogdah! .:onemion and Westcott formalism.

Precision and accuracy were evaluated through the analysis of standard

reference materials (SRMs). The measured values were found to be in good

agreement with the certified values; generally within ± I0%. Detection limits

were calculated and found to vary from 1.0 ng.kg·\ for antimony and gold to 400

mg.kg'l for sulphur. The overall uncertainty associated with the measurement of

Iodine using both the relative and the ko methods of standardization were

evaluated. In general, most of the Ghanaian food items wcr fund to contain the

required concentration of iodine and other elements of nut6tiol1al importance.
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CHAPTER 1

INTRODUCTION

This work is presented in 6 chapters to deal with specific topics.

Chapter I deals with introduction, objectives and scope of the work while

chapter 2 deals with the literature review. Chapter 3 covers the theory of

INAA, standardization methods of liJAA, interaction of gamma ray with

detector materials and gamma ray spectrometry. Experimental, results and

discussion and conclusions and recommendati()ns are covered under chapters

Th.:- '(_~-\ technique was discovered in 1936 when Hevesy and Levi

(l936l ti:'O~ ~~.:-gTlized that nuclear reactions might be used for quantitative

analysis ot- e:e:11ents, after they exposed a rare earth element (REE) salt to

neutrons emitted from Radium Beryllium (RaBe) source. Since then nuclear

analytical techniques have become a versatile analytical tooi for multi-element

analysis. With the development of high-resolution radiation detectors,

automated transfer systems and computerized multi-channel analyzers,

activation analysis has become a very sensitive analytical tool especially for

simultaneous multielement determination.

Basically, in activation analysis a sample is irradiated in a nux of

elementary particles, such as neutrons, protons, etc., or in radiation fields such
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as bremstralung (photons) and the intensity of induced radioactivity is

measured with an appropriate detector-analyzer system.

Neutron activation analysis in general

Among the activation analysis techniques, neutron activation analysis

(NAA) is the most common type where neutrons are employed as the

~'r lbarding particles to induce radioactivity. Target nuclei in the sample

interact with the neutrons by capture reactions, most commonly (n,y) reactions,

whereby a radionuclide (i.e. radioactive isotope) may be formed. A

radionuclide has a characteristic hetif-life and mode of decay. During the

decay process a nuclide may emit positrons, alpha, beta and/or gamma-rays or

involved in ele tron capture or internal conversion. The majority (about 90%)

of the nucliu~s .ormed by the (n, y) process undergo beta decay which is most

often ~ss ':;;:~2 with the emission of one or more gamma rays as the product

nuclide ,j,:--cx,'::rs to a more stable state (De Sooete el af, 1972; Kruger 1971)

as shown in :2. 1. I

Target
Nucleus

00<>.
o<c:~~

(,rC.. ,-r;:;,..).

~:~~~W~;"--
• ...........,..lt~...

•·oo:~:
-, .000 .-

,~O.¢;'~
I

Compound
Nucleus

Product
Nucleus

Fig.I.!: A typical Activation process ofa nucleus (Glasl:o.:k. 200:)
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The radioactive isotope formed may disintegrate by emission of

gamma-ray within 10.10 s. This gamma-ray is referred to as prompt gamma­

ray and the activation analysis employing this gamma-ray for analysis is

temwd prompt gamma activation analysis. The most common gamma-ray

e lergies used in NAA are those called delayed gamma-rays. The emission of

t -' gamma-rays can occur in milliseconds to years after the bombardment of

the nuclide has taken place. The technique using these gamma-rays although

can be called delayed gamma-ray neutron activation analysis but almost

always referred to simply as neutron activation analysis.

In general, the energy of a gamma-ray is characteristic of a nuclide.

The gamma-ray energies ranging between 70 and 3 J00 keY are commonly

used for mui i .;:-ment determination by NAA. Neutron activation analysis can

be perf •..1;:''::: lr. \'ariery of ways depending on the nature of the background

matTix,

In ~ 'r.:c cases, the element of interest is concentrated from an

interfering matrix prior to irradiation with neutrons; this technique is then

termed preconcentration neutron activation analysis. On the other hand, if the

irradiation is done before separation of the desired elements, the procedure is

known as radiochemical neutron activation analysis. The appiication of these

techniques to natural matrices involves a number of steps such as digestion of

the sample followed by wet chemical separations. Therefore, both P~AA and

RNAA are time-consuming and could be inconvenient for routine analysis.

Furthermore, in RNAA special precautions (such as addition of carriers) have

to be taken in order to correct for errors due to loses of the dem 'ms of interest
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whereas PNAA does not take advantage of the capability of reagent blank-free

determinations of NAA. Moreover, RNAA has an added disadvantage of not

being able to make use of short-lived nuclides due to relatively long

experimt::ntal times involved. However, PNAA and RNAA can be very useful

for analYling certain matrices (De Sooete et ai, 1972; Ehmann and Vance

19t>1).

Instrumental neutron activation analysis

In contrast to PNAA and RNAA where chemical separations are

carried out, INAA, (i.e., no pre- or post-irradiation chemical separation) or

non-destructive NAA techniques offers the adv&ntage of multielement analysis

without any physical destruction of the sample (Kruger, 1971; Ehmann and

Vance, i 9q i. Wben high-resolution detectors are used, the specificity of

INA/\. .5 U5-J..3~;: excellent as the purity of the nuclide measured can be

check d :. :::s -;:' aracteristic half-life and the energy of the gamma-ray

emitted. -'.us the primary advantage of INAA over most of the other

analytical techniques are its non-destructive nature, freedom from reagent

blanks, excellent selectivity and sensitivity, high accuracy and precision, and

capability of simultaneous measurement of multielement concentrations.

One of the problems generally encountered in INAA is high

background activity arising from the scattering of photons; this phenomenon is

called the Compton Effect. Another problem in INAA is the masking of the

element of interest due to high activities of other elements in the sample with

high cross sections for thermal neutrons. In the presence of a high background

activity, photopeaks with small number of counts diminish in r '!ath'e size due

.j
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to random fluctuation of the high background counts. In fact, in order to

obtain an accurate and precise result, one has to be able to detect the

photopeaks of interest at high activities. Therefore INAA methods that

enhance the relative activity of nuclides of interest with respect to the

background arc needed.

In recent years, INAA has been utilized in developing nuclear

a lal~1ical methods for solving diverse types of analytical problem. Numerous

INAA methods have been developed and subsequently applied to study

concentrations of trace elements in several matrices (Chattophadhyay, 1974;

DeSilva, 1981; Chatt el aI., 198\; Landsberger et al., 1990; Rao, 1995;

Sullivan, 1998)

Importan-e of iodine determination

.C '::-:~ 's an essential micronutrient required mainly for the production

of t :" ~'i.j h mlOnes; it occurs in foods both naturaily and artificially as

additiv s t ~3:\by. 1986). It is an important constituent of the th)'Toid hormones

and is present in most tissues. Iodine deficiency results in enlargement of the

thyroid because of hypertrophy and hyperplasia of [he thyroid cells. This

enlargement, or goiter, is generally considered a classic manifestation of lack

of adequate iodine intake (Iodine in Food, 1974). Controlling the amount of

iodine present in food is therefore important in order to ensure adequate

consumption as well as to prevent excessive consumption. Suitable. sensitive

and reliable methods are needed to measure iodine concentrati ms in foods

down to ~lg.kg-I levels.

5
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In Ghana, goiter is a major problem affecting a cross section of the

population especially women and children. In Northern Ghana, people are

particularly vulnerable to iodine deficiency disorders (IDD). In recent years,

there have been national drives to combat the problem of IDD and all efforts

arf bl'ing made by governmental and non-governmental agencies as well as

s il'ntists (Nyarko el al.. 2002) to estimate the average daily dietary intake

V\\)Dl) of iodine. All these efforts are geared towards recognition of the

population group at risk and to identify various natural sources of iodine.

Objective of thesis

Iodine determination in foods and diets is generally difficult due to the

low iodine levels. loss of iodine during sample preparation by most analytical

techniques d cumbersome analytical procedures. With INAA, the problem

of 1055 0:' i '!:'c due to sample preparation is avoided. It is simple, sensitive

and iI~. ~ s':. ~-!Um around time. The overall objectives of this thesis work

were t. er o'c're to use nuclear analytical techniques to identify various foods,

which are rich in iodine and can therefore be used to help combat the !DD

problem in Ghana and to determine essential and toxic dements in some

selected Ghanaian food items. Due to the high concentrations of elements like

CI, Mn, Mg, and Na in Ghanaian foods, suitable nuclear methods aimed at

reducing interferences from these elements are needed. Nuclear analytical

methods developed and used in this work included reactor Dux IN.A...A.. and

epithermal INAA in conjunction with conventional and anti-coincidence

counting techniques. In order to determine low-levels of ioline in Ghanaian

foods, there is a need to develop methods, which will impr ve the sensitivity,
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precision, accuracy and detection limits of measurements. Pseudo-cyclic

INAA and EINAA methods were therefore developed and used in conjunction

with anti-coincidence counting for low level iodine and short-lived nuclides

determination in food samples. The kostandardization and relative methods of

INAA w\,;re developed at the Dalhousie University SLOWPOKE-2 Reactor

rae-ilit)' and the Ghana Research Reactor-l Center at the National Nuclear

R ,:ear h Institute of the Ghana Atomic Energy Commission for quantification

of iodine and other elements on routine basis in various types of sample.

Another specific objective of this work was to compare the different INAA

methods for the determination of iodine in foods. Different INAA methods

were developed for the determination of short, short-to-medium and long-lived

nuclides in foods using both conventional and Compton suppression gamma-

Summ~ryof Objectives

Tt-.c ~~ectives of this thesis project are:

I. To develop various INAA methods such as reactor £lux INAA in

conjunction with conventional as well as anti-coincidence counting

techniques for the determination of low levels of iodine and some major,

minor and trace elements in Ghanaian food samples;

2. To do a critical evaluation of the ko and the relative methods of

quantification using low power research reactors for the analysis of iodine

and some essential and toxic elements in food samples. The evaluation of

the ko methods will include (a) the Hogdahl convention tb) Westcott

formalism and (c) Nisle unified formalism;

7
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3. To develop pseudo-cyclic and/or epithermal irradiation in conjunction with

conventional and Compton Suppression counting methods, evaluate and

use for the analysis of food samples on a routine basis at GHARR-I

Cl:ntre and SLOWPOKE-2 facility; and

4. T\.) evaluate epithermal irradiation in conjunction with conventional and

Compton Suppression counting and kostandardization methods.

------_._~-~
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CHAPTER 2

LITERATURE REVIEW

T~'J.l('S of instrumental neutron activation analysis

A!though there are several types of neutron sources (reactors,

a 'C lerators, and radioisotopic neutron emitters) one can use for NAA, nuclear

reactors with their high fluxes of neutrons from uranium fission offer the

highest available sensitivities for most elements. Different types of reactors

and different positions within a reactor can vary considerably with regard to

their neutron energy distributions and fluxes due to the materials used to

moderate (or reduce the energies of) the primary fission neutrons. However,

as sho\ 'n' rig. 2.1, most neutron energy distributions are quite broad and

consist .)1 ' ..T<"e principal components namely, thermal, epithermal, and fast

(Glas . ::. ::'t' :'.3).

Thermal neutron activation analysis

The thermal neutron component consists of tow-energy neutrons

(energies below 0.5 eV) in thermal equilibrium with atoms in the reactor's

moderator. At room temperature, the energy spectrum of thermal neutrons is

best described by a Maxwell-Boltzmann distribution with a mean energy of

0.025 eV and a most probable velocity of 2200 m.s·'. In most reactor

irradiation positions, 90-95% of the neutrons that bombard a sample are

thermal neutrons. In general, a I MW reactor has a peak thermal neutron flux

of approximately Ix I013
CI11·

2
S·'. Activation analysis employing this type of

9
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neutrons for sample irradiation is termed thermal neutron activation analysis

but generally referred to as NAA

101 r--------------------,
J~ rIMI fIll<

..

10'Q '-:(I=-.--''-:---'--:---'~-J.---'---'-_:_-L.--'---L--L._:_....J

'\0 10D 10' 1J~ 10' "10' '1')) 10' 10~

Heutr(ll Energy (e'tJ)

Fig.2.1. _\. Iypkal reactor neutron energy spectrum showing the various
c(lmpol1en~ sed to describe the neutron energy regions (Glascock, 2003)

Epithermal neutron activation analysis

The ep·thermal neutron component consists of neutrons (energies

from 0.5 eV to about 0.5 MeV), which have been only partially

moderated. A I-mm thick cadmium foil absorbs all thermal neutrons

but allows epithermal and fast neutrons above 0.5 eV in energy to pass

through. In a typical unshielded reactor irradiation position, the

epithermal neutron flux represents about 2% the total neutron flux. Both

thermal and epithermal neutrons induce (n,y) reactions on target nuclei.

An NAA technique that employs only epithermal neutrons [() induce

(n,y) reactions by irradiating the samples being analy!.~d inside either
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cadmium or boron shield is called epithermal neutron activation

analysis.

Fast ncutron activation analysis

The fa~t ncutron component of the neutron spectrum (energies above

0.5 t1eV) consists of the primary fission neutrons, which still have much of

h ir original energy following fission. Fast neutrons contribute very little to

the (n. y) reaction. but instead induce nuclear reactions where the ejection of

one or more nuclear particles as well as (n, p), (n, n'), and (n, 2n), are

prevalent. 1n a typical reactor irradiation position, about 5% of the total flux

consists of fast neutrons. The NAA technique that employs nuclear reactions

induced by fast neutrons is called fast neutron activation analysis (Alfassi,

1990)

T'1~ ~c.2...::ions that occur with fast neutrons of energies usually in the

MeV r:L~e o. dd be considered in two ways; (I) The use of these reactions

for the u_ ::-'T.lination of some elements, and (2) the possible interference of

these reae ions in the determination of some elements by the (n,y) reaction

owing to the formation of the same radionuclide. These can only be solved by

the use of double irradiation, i.e., irradiating the sample bare (without Cd

cover) and then irradiated inside a Cd or B filter followed by calculation of the

contribution from each element. The same treatment is usually adopted when

using (n,p) and (n,ex:) reactions in the determination of certain elements.

(Glascock, 2003)

The main advantage of these reactions is that th(:y produ..:e nuclides

that are different from those produced by (n.y) em.:tions. (, nsequently, this

II
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may lead to faster determinations when producing a short-lived nuclide rather

than the long-lived one normally produced by the (n;y) reaction. In other

cases, these reactions may enable the determination of elements that cannot be

l1l{;a~lIn;d via (n,y) reactions because the produced radionuclide is only a 13

emitter.

Cyclir and Pseudo cyclic neutron activation analysis

Cyclic Instrumental Neutron Activation Analysis technique is used to

enhance the sensitivity of short-lived nuclides by improving counting

statistics. This is done by repetitive irradiation-transfer-counting process of a

sample for a suitable number of cycles and the gamma-ray spectra

accumulated fu the analysis. Cyclic method was first introduced by Andrez,

1969 to ';~[n::i:-:e F via !~ (half-life = 7.45) with the reaction 19F (n,a)l~

usine :l , :-,;: .m2.:ic transfer system.

L: ';::-. 5P~TOU et aZ., 1974; Grass et at., 1977 and Chatt et at., 1981

applied CI".~..A techniques for trace element analysis using reactor neutron

sources and fast pneumatic transfer systems. Since then, other workers have

determined short-lived nuclides in diverse samples using this approach (Chatt

et at., 1988; DeSilva and Chatt, 1988; Zhang, 1997).

The cyclic activation techniques often require e:xpensive automated

equipment, which is not commonly available in most nuclear analytical

laboratories. In addition, high dead-time and pulse pile-up corrections are

necessary to account for the high-count rate. Alternatively, Pseudo-cyclic

Instrumental Neutron activation analysis method can be us.:d at nuclear

facilities where these automated svslcll1s are unavailable. The PCI"NAA is

I:'
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based on the principles of CINAA but using the facilities available for

conventional INAA. The PCINAA method usually involves manual transfer

of samples from receiver to a detector-analyzer system for the determination

of up to five elements in several RM and SRMs using short-lived nuclides

(Chalwpadhyay and DeSilva, 1979; Zhang, 1997; Shi et ai., 1999). In this

w rk. three types of PCINAA methods are developed for determination of

shon-to-medium-livcd nuclides.

I. Short irradiation-delay-counting times for the same sample for n number of

cycles. With this method, samples become more active after each

irradiation and therefore dead-time and pulse pile-up effects increase as the

number of cycles increases.

2. Short irradiation-long delay - short counting times; several hours of decay

after irra.di:ni n makes the irradiated sample vinually inactive and

there:'.:'"", .':!O'3d-time and pulse pile-up effects are virtually nonexistent.

To e ':i:'23.ldage of this method is long throughput time of analysis and if

the n ".:"i':e of interest has long-lived isotope, then this method becomes

undesirab e.

3. Short-irradiation-delay-counting times with different capsules of the same

sample. Here n number of the same sample is prepared and irradiated one

after the other and the spectra accumulated on one another. This method

eliminates high dead-time and pulse pile-up effects and reduces sample

analysis time. This method is sometimes referred to as commutative

INAA. It can also be used to determine the homogeneity of a :;ample.
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General food analyses

Human existence and its survival predominantly depend on the

inhalation of ambient air, intake of clean water, and ingestion of nutritionally

adl.:quatc as well as contaminant-free food. Nutritional importance of many

trace elements is well established (World Health Organization Report of a

WHOfFAO/fAEA, WHO, Geneva, ]994). Essential trace elements playa

\" ryo important role in various physiological and metabolic processes of the

bodY. Appropriate intakes of these elements are required for the above

processes, since deprivation can lead to diseases (Oskarsson and Sandstoerm,

]995). On the other hand, excessive intakes of some essential elements may

adversely affect the human biomedical functions (Prasad, 1993). There is also

an interest in understanding the role of certain elements in flavour and

toxicolo:=-: \. - -. s (Contis, 2001). For these reasons, there is an increasing

intert:sl in G.e ':~rennination of mineral content of foods and diets even at very

low k\ -::=. Recent advances in analytical techniques with improved

sensiti, it:- ..3\ e opened up this new scope to scientists (Gharib el al., 200 I).

There are three main reasons for obtaining better information on the

trace element levels in foods and diets (Stewart, ]980). The first reason is to

measure the concentrations of as many elements as possible with improved

sensitivity, accuracy and precision. The second reason arises from the need to

trace the flow of elements through food supply. The third reason is the

necessity to provide better knowledge-based sources of safe foods (Contis,

200 I). Nuclear analytical methods can be conveniently applied to all these

areas (Iyengar, 1986; Valcovic, 1975; Buss, 1983; Underwood. \ 986; Contis,

1993; Tandon, 1995)

1-1
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Elements of health interest have historically been divided into two

major groups depending upon their levels, namely the mineral elements (>10

mg.kg,l) and trace elements «10 Ilg.kg,l) (Wolf, and Harnly, in:

Chralalllbous, [984). However, modern analytical techniques have pushed

detce-tion limits down from Ilg.kg,1 to ng.kg'l range. Many techniques have

been used for measuring elemental levels in foods at Ilg.kg·1 to percentage

Is. These include atomic absorption spectrometry (AAS), inductively

coupled plasma (lCP) coupled to atomic emission spectrometry (ICP-AES)

and mass spectroscopy (lCP-MS), neutron activation analysis (NAA), X-ray

fluorescence and ion selective electrodes. Several excellent examples of

general food analysis including trace elements have been published (Saxby, in:

King, 1984: 1'.lanning, in: King, 1984; King, 1984; Charalambous and Inglett,

! 98.3; Ali'a.<si. iI. Alfassi, 1991; Chatt, 1988).

Of a:: :.':~ L!srrumental techniques, ICP, NAA and XRF are most widely

used. In gc~ral. ICP and AAS methods require sample in a liquid state and a

reagent 'an' correction. On the other hand, various types of NAA can be

used for both solid and liquid samples. In addition, NAA offers easy sample

preparation, freedom from reagent blanks, high specificity, improved

sensitivity, high accuracy, rare interferences, and seldom matrix effects.

The determination of trace elements at low levels in food samples by

INAA sometimes suffers from high background activities induced by the

activation products of elements such as Na, K, Mn, Sr and Cl. This effect is

mostly dom inant at the lower energy region of the gamma-ray spectnun where

the photopeaks exhibit poor signal-ta-noise ratio du~ to Compton scattering.

A Compton suppression gamma-ray spectrometry system can be used to lower

15
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the background for obtaining better counting statistics, higher precision and

lower detection limits.

Procedures usually adapted to enhance sensitivity of various NAA

l1ll.:thods involve the optimization of irradiation, decay and counting times, the

use of l.:ydic and pseudo-cyclic modes, the employment of loss-free counters,

larg.' detectors, low-background shields, and chemical separation either before

('r after irradiation. While the Compton suppression system is not new, very

few groups have judiciously employed this technique for trace element

determination in foods by NAA (Suzuki and Harai, 1990; Cumming e/ al.,

1988).

The Compton suppression IS unique 111 that while it reduces the

Compton Eft~ct, it is also an excellent shield for external background due to

the thick -] dide detector used as an annulus (Landsberger, 1994).

Recentl.. Z:~:c::. 1997 demonstrated the capabilities of the Compton

suppr ~S(0:1 ~.:...-:-_. a ray spectrometry system by analyzing over 30 elements in

several b·c·c,?i.:.a! samples.

Iodine in foods and dietary intake

Iodine is an essential trace element for animals and humans. It forms

an indispensable part of the thyroid hormones, i.e., thyroxine (T..) and 3,5,3' ­

triiodothyronine (T3). In all vertebrates including man, a constant supply of

these hormones is necessary for proper development of the brain and for the

body growth, and to keep the level of basal metabolism and of functional

activity of most organs normal. In the human body. it forms an essential

component of thyroxine, the main hormone produced by the thyroid gland.

16

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



The excessive consumption of certain foods like cabbage, cauliflower, cassava

and reddish can cause iodine deficiency. These foods contain substances,

which react with the iodine present in the food and make it unsuitable for

absorption (Asscssment of iodine deficiency disorders and monitoring their

elimination. WIIO, 2001).

Iodine occurs in foods mainly as inorganic iodide, which is readily and

mpletely absorbed from the gas1rointestinal tract. Other forms of iodine in

foods are reduced to iodide before absorption. Absorbed iodide is distributed

throughout the body via the circulatory system. A portion (approximately

30%) is removed by the thyroid for hormonal synthesis. Iodine intake in

excess of requirement is excreted primarily through the urine (Assessment of

iodine deficiency disorders and monitoring their elimination, WHO, 2001).

D:eufY '('dine is absorbed from gastro-intestinal tract into the blood.

The a.Hour::: .::-:' ~~ ine present in the body of an adult is estimated to be about

25 19. . .-:: s: ~-,"- it is concentrated in the thyroid gland, where it is stored in the

form of L ~--g obulin, a complex of protein and iodine. To ensure an

adequate supply of thyroid hormones, thyroid must trap about 60 f.lg of iodine

per day (Underwood, 1977). The recommended dairy dietary intake (DOl) of

iodine for man is 50 llg.da/ from 0-6 months, 90 llg.day"1 from 6 months to 6

years, 120 llg.day"1 from 7 years to 10 years, 150 llg.dal during adolescence

and adulthood and 200-300 llg.day"1 during pregnancy and lactation (Trace

Elements in Human Nutrition and Health, 1966). In the presence of goitrogens

in the diet, the intake should be increased to 200-330 ~lg.day"1 for adults.

Goitrogens are found in a number of staple foods in developing countries,

including cassava, maize. bamboo shoots. sweet p0tar~) '-. lima beans and

17
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millets. Wolf (I 967) suggested that iodine intake by humans of 2000 fig·day"1

should be regarded as excessive or potentially harmful. When these

physiological requirements are not met in a given population, series of

functional and developmental abnormalities occur, including thyroid function

abnormalities. When iodine deficiency is severe (i.e., iodine intake is <20

~ ,g..Jay"l). endemic goiter and cretinism occur together with endemic mental

r {,lrda ion. decreased fertility rate and increased perinatal death and infant

mortality. These complications are grouped under the general heading of

iodine deficiency disorders (Hetzel et al., 1987)

It is estimated that there are about 1.6 billion people (approximately

30% of the world population) are affected by /DD including 655 million with

goiter, 26 million with severe brain damage and 5.6 million with overt

endemi-:: .-:reci. ism. Data released by WHO-Nutrition Unit, Global Provenance

of lodir:. :"';;;0",::: Disorders, 1993, indicates that approximately 140 million

people' , E::..-.:::-e are at risk of !DD today and that 97 million have goiter.

Cal seql:c..: .•. iodine deficiency constitutes a major public health issue. It

presents one of the most common preventable causes of mental impairment in

the world today. In the developing countries, !DD is more severe because they

live in iodine-deficiency environment characterized by soil from which iodine

has been leached by glaciations, high rainfall or flood (Trace Element in

Human Nutrition, 1996). This means that, all the food grown in such soil is

low in iodine so that iodine deficiency will persist unless there is dietary

diversification or some form of iodine supplement is given (Trace Element in

Human Nutrition, 1996). The major part of essential iodine enters living

organisms via food chain. However. the accurate data ,)11 the iodine

IX
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concentration in foods and diets are rather scarce, the main reason being

analytical difficulties associated with the element determination, especially at

low levels.

Survey of iodine determination in biological materials

It is generally recognized that the concentration of iodine in most

c i )Iogical tissues is low. Accurate determination of iodine in food requires

very sensitive methods of analysis with freedom from reagent contamination.

The estimation of iodine in complex foodstuff is difficult because in most

analytical techniques the sampie must be digested and concentrated. A Survey

of iodine determination in different matrices and its associated advantages and

disadvantages are presented in Table 2.1
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Table 2.1: A survey of analytical methods used fOI' the determination of iodine in biological m:urix

I Sample Matrix I Method used - I Reference t\dvantages/ Disadvantages

IFood IModified Ehnslie-Cahwll (lry- :d1 jilllc:;::ilurc "AOAC (1970) -t"i\-{etl~~~l-is ~woJ for samples with

and oxidation of the protein, distillation of the I and Ki)llhooff (1937).

The teclmique involves precipitation, washing, I Barker t J948), Sandell I Good for fluid or liquid samples

iodine and calorimetric iodine determination I Rimwrt ~ 19:;4)

IProtein bound iodine in

i tissue. blood, plasma, milk
!
i
i,
I Food and Drugs
I

(heating samples at ]QOol' 1()llow~'d by ;1:.;llillg

at 500°C. Iodine is determined by titration with

sodium thiosulphate in the presence of starch. ",.

The method consist of oxidation of micro-

quantities of iodide in the to iodine. xylene

extraction of the iodine and subsequent

spectro-photometric determination

20

OSJ:.;"1l (J961),

lVlenschen-Freund

(1956)

relativelv high Iodine content. Is. ~

tediolls. lead to partial losses of

iodine during ashing

Can determine low amount of

iodine (O.Ol-O.lllg)
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Table 2.1: Continued
Sample Matrix Method used

.~ _._~-

-T-;\d~:antagesl DisadvantagesReference

--',- --- ._..__.-
Blood serum "Wet ashing" the sample with C!loil"1 it: acid hk et al. (1912) Destructive and loss of iodine

Air dried plant Cerium-arsenic reaction after oxichition or Ihe dry Cuthbert and Ward The spct:'d of s,unple oxidation

materials sample in schoniger combustion flask and (J 964) and the small sample size are the

subsequent collection of the iodide in 1M NaOH chief adv,mtages

I Urine. stool, tissue, Samples homogenized in the wet state and BCI}()ui et al. (1965) Time consuming and lost of
i

!biological materials lyophilized to ensure uniform sampling. The iodine due to ashing
,
I
I

lyophilized samples (-30mg) is digested with

I
chloric acid and the sample size adjusted to make

the total iodine contcnt hdwccn n.n '··0.06 f.lg per

sample. After complete digestion the analysis is

continued in a manner described by Zak

21
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Table 2.1: Continued
Sample Matrix

- --_.
Method Used Reference Ad v~lIltages! Disadvantages

--- --- - --. --- -- f--- -.- ..----

Food, natural Studies of optimal conditions Ii))' ill(; ;tlllolJ1<lted Keller et al. (1973) Capable of deterring low levels

products and water determination of low iodine COII(:('IJII:tliIlJl:; hy i11e of iodine hut lime conswning

Sandell-Kolthoffreaction. Use of Autu Allilly/.er

System to detennine Ilg/liter amounts of iodine.

Seawater Platinum electrode techniques of Potter and White Berkkyand Compares favourable with the

I
(1957) Thomrs0n (1960) catalytic Sandell-Kolthoff

,

I reaction method
,
,iA.nimaJ and plant Ion-selective electrode analysis (used to l~stil1latc 1hh)\'cr ct a/. (1971) No ashing, no interference. It is

!

materials microgarm quantities of iodine) simple and rapid. Compares

favourable with AOAC method

Row Milk Simple electrochemical method. The method Curtis (1973) Requires technical competence.

uses solid state-ion-selective electrode principle Gives relative values of iodine

22
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Table 2.1: Continued -- .-

Sample Matrix Method Used Reference !\dv~ntagcs!Disadvantages

----- -- - - . - ---

Several body NAA teclmiques. MensllI'cnll'1l1 (Ir :';Jl,:ci fie Riviere el al. (1965) Jfighcr sensitivity, specificity,

compartments and radioactivity of iodine in pl<l":111:1, 111 i/lL:, Jt:ccs Conttino e( al. (1967) precision ,mo accuracy. Initial

hyperthyroid human and thyroid glands equipnwnt cost is very expensive

subjects
,

Vegetables, biological NAA Ohio (1971). Hight:'f sensitivity and specificity,

Ouids I-1cLlrtebi~c (1971) good precision and accuracy.

! Initial equipment cost is very
I
I

I
expensive

I
I Proposed Iodine Gas-Clu·omatography Hasty (1971) Used in analysis offood has not

determination is some
been evaluated

matrices

-----

23
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-- -r--· _. - - - .
Sample Matrix Method Used Reference Advantages/Disadvantages

--- --..__ ._- - . - - ---'

Foodstuffs Different NAA methods KIlcern, Randa and Soukal Low dt:tcction limits, good precision

(')1)1) I ) and accuracy

Health food, food and EINAA (:IICIl (7001), Serfor-Armah el al. Low detection limits, good precision

I Salts (2003), Nyarko el a1. (2002) and accuracy, and non destructive

Cow Milk NAA, catalytic acceleration and Binnerts (1 (89) Found NAA. to be more reliable than

specific electrode measurement the rest

I Kinetic method based on catalytic Longvah a.nd fkosl hale (1998) Ashing of samples leads to loss ofi Food and Water
i

reaction of Ceric iodine

Urine Simple Microplate Method Ohashi C( 01. ~2(00) Rapid monitoring of iodine

Foodstuffs Quartz crystal microbalance nh~th(1d Yao, Chen and Wei (1999) Cheap equipment cost but sample

should be in liquid form

Foodstuffs Improve Micro-method Patnaik, (1934) Lost of iodine

Table 2.1: Continued

24
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Iodine deficiency disorders in Ghana

Tn Ghana, goiter is a major problem affecting a cross section of the

population especially women. Children are also at risk ofIDD due to lack of

knowkdgt' on the levels of iodine in Ghanaian foods and diets. In the northern

Gr a "la. pt:ople are particularly vulnerable to IDD. The most recent IDD survey

carrie- out in Ghana from 1991-1994 among school children of ages between 10­

19 years and women of reproductive age 15-45 years from twenty-seven districts

showed that the Bongo district in the Northern Region had the highest prevalence

rate of 56.5% while Shama Ahanta district in the Western Region, had the least at

7.6%. Hnp:II\N\v\v.edu/-intemutlcountries/ghanaJuhanaiodine.html. (1995)

25
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CHAPTER 3

THEORY OF NEUTRON ACTIVATION ANALYSIS,

STANDARDIZATION METHODS AND GAMMA-RAY

SPECTROMETRY

Neutron activation analysis is extensively used for the determination of

major, minor and trace elements in fields like archaeology, biomedicine,

cosmology, ecology, forensic science, geochemistry, material science, nuclear

teclmology, zoology, etc. (Morrisson and Portenn, 1972; Davis et al., 1982; Stone

et aI., 1988: C. e 19 el al., 1994; Frontasyeva and Steinnes, 1995; Luten et aI.,

1997). I .: :ll"'arison with other analytical techniques such as AAS,

ICPMS'.L\ES. :-:-'trovolumetric methods etc., NA.t\. has high sensitivity and

selectivity for a large number of elements (Muramatsu et af., 1989; Meon and

Dams, 1995). In NAA, the proportionality between the amount of an element

present in a sample and the area of a measured photopeak is used to determine the

concentration of the element in the sample. The proportionality constants depend

on many experimental and physical parameters.

The quantification of an element in a sample can be carried out via three

main methods of standardization, namely absolute, relative and single comparator

(ko). These ko are applied in various facilities for the multi-eiemem analysis of

samples. The relative method is prevalently applied in most la oratories.

26
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Activation Equation and Principles of Standardization

If a stable nuclide is exposed to a thermal neutron flux, it may capture a

neutron to produce a radioactive isotope of that element. This can be represented

by a sirnpliflc.:d equation as:

[3.1]

If ni is the number of nuclides of a given stable isotope exposed to thermal

neutron nux ~ [or a time tr , (J; the activation cross section for the (n,Y) reaction and

N;(tr) is the number of the radionuclide formed, then the rate of reaction is given

by:

dNJt,) R - d' f d' . d_.:....:....:....:... = ate ot pro UCllOn - rate 0 ra lOaC(IVe ecay
dt

[3.2]

Production rate

And rate of :-a.i:,'.=...:''':ye decay

Integrating e":.uat:on 3.3 yields

. (1 -.<,1 )un -e
N

j
(t) = tp I I A-

I

A.i = 0.693/tl/2

=IcNi(tr)

[3.3]

[3.4]

The activity Ai(t) at any time t during the irradiation period according to equation

3.4 is given by

[3.5]

Where nj is expressed as:
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= m/JjN An j

M;

At the end of the irradiation period the activity is given by;

[3.6]

If counting. is delayed for time td after irradiation then the activity at the end of the

d ay is:

[3.7]

If after the delay, the sample is counted for a time te, then the number of

disintegrations that occurred during the counting period is obtained from equation

3.7 as:

From eqmu )r~s ~:.-5 . [3.7] and [3.8]

rPu 8m S (, - e-;,', )(1- e-A;I, )e-A",
N -' " . '.'

; - })vJ,

[3.8]

[3.9]

Suppose £(E i) is the photopeak detection efficiency for the gamma ray energy Ei

and total counts recorded by the detector (the photopeak area) is PA then N i can be

expressed as;

From equation [3.9] and [3.10] we obtain

[3.10]
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[3.11]

If W is the weight of the sample used, then the concentration or the amount

p of a nud id!,; i in the sample is given by:

p = ~l = PAJ..;M,
~J, tba,B;N

A
E:,(E)yp(I-e-J.,t')(I-e-J.,1')e-J./"W

Equation [3.12] can be written as:

p =m, [~J f, JM,
W ¢a,(J,y,t:{E,)l'lASCDW

Standardization methods

Absolute (parametric) standardization

[3.12]

[3.13]

This m~':' d of quantification is based on equation [3.13] above. By

measuring p.~ ,",.-':: >"lO\\TI timing parameters, viz. ti, 41, and 1,;, the amount of the

element pre~ec,·. () can be calculated. A reliable determination of p requires prior

knowledge of accurate values of ~, cr, 8, f.: and A.. Since these parameters are not

usually known with a high degree of accuracy, the absolute measurement does not

always provide reliable results; hence it is not used in many laboratories.

Relative standardization

In the relative standardization method, a chemical stundard (index std)

with a known mass w of the element is co-irradiated with the sample of known

mass W. When short-lived radionuclides are employed both the standard and

sample are irradiated separately under the same conditions. llsually \\ith a monitor
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of the same neutron fluence rate and both are counted under the same geometrical

arrangements with respect to the gamma-ray energy. It is assumed that the

neutron flux, cross section, irradiation times and all other variables associated

with counting are constant for the standard and the sample at a particular sample-

to-detector geometry. For low-power research reactors such as the MNSR and

SLOWPOKE. there is no need for a neutron monitor anytime samples are

irradiat d since neutron flux in the irradiation sites are fairly stable over a long

period of time. The neutron activation equation then reduces to:

P = [(P1 I tJcDLJpwltd
lam [P.I I tJcDL.Wam

[3.14]

Where (PA/tc)std and (PA/tc)sam are the counting rates for standard and sample

respectively. Pstd aI • Psam are the concentrations of the standard and the element

of interest r~s,...: ·::"e.y, CS1d and Csam are the counting for standard and sample,

DS1d and D,= a:e '::ec3.Y factors for the standard and sample respectively.

Equation .3 .• ..;. .,::'" • ' e rewritten as:

[(P~/UCDL,
Pmm = CD W SA

std· sam

Where SA is defined as
[~ttd
[p W l'd

[3.15]

and is the sensitivity of the element.

Using the number of counts under the photopeak area from standardized

irradiation and counting conditions, the concentration of the element of interest

can be determined.

:;0
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Single Comparator (ko-method) standardization

The ko-standardisation also known as the single comparator method of

NA/\ is based on the fundamental equation for the calculation of the reaction rate

R defmed as:

"
R -= JCY(Y)9(v)dv

o

Integration of equation [3.16] yields

R = ~(v)O"(v) = ~O" = nVOO"eff

[3.16]

[3.17]

When the ko-method was originaJly proposed in 1975 it was formulated in

the Stoughton-Halperin convention (Simonits el al. 1975). In the first practical

experimental w"r;;' dealing with the ko-method, the HogdahI convention was used

instead I.Bl:.u .~' I JI. 1991). This method involves the simultaneous irradiation

of the samp'c r.c single nuclide standard such as 197Au.

Th aeli 'arion equation from equation [3.13] using the komethod with Au

as comparator s aroards can be written in the form:

[3.18]

Accurate knowledge of the nuclear data, the detector efficiencies and the

specific activities of the nuclides in the sanlple and the monitor are needed for the

determination of the concentration in the sample. The application of the ko-

method avoids the problem associated with preparation of' n iiydual standards for

each element to be determined.
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Types of the ko formulations

Hogdahl Convention

ACl;llrding to the Hogahl convention 1962, the (n;y) reaction rate R (in S·I)

per nllcleu~ can be split into two terms:

R = 'J CT(v)ljJ(v)dv + 'fCT(v)rj;(v)dv
o V<:d

[3.19]

For those (n,Y) reactions with resonance below 0.55 eV (which means the

Westcott factor (g(T) =1), the following description can be applied for velocities

below Vcd:

CT(V) = CToVo iv [3.20]

Substituting equ:: .on [3.20] into the left-hand integration part of equation [3.19]

yields

\"'. .' r~.(J_V @(v) ·w
fCT(v)¢(t'\ ,,= J . o. dv =CToVo fn(v)dv
o : v 0

6(v)
where n(v) =-'­

v

Defining the conventional sub-cadmium neutron flux ~lh by

[3.21]

V~d

¢'h = Vo fn(v)dv and substituting ~th into the left-hand integral of equation [3.21]
o

yields

.,.
fCT(v)¢(v)dv =CTO¢tI,
o

The right-hand integral in equation 3.19 can be wrilkll as:
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~f ~fa(E)¢(E)
a(v)¢(v)dv = dE as a function of neutron energy

Vw Ew E

Defining the infinitely dilute resonance integral 10 as:

[3.23]

'" a(n '
10 --= f--:- dr. and the epithermal or intermediate neutron flux per unit in E

,," 1:;,
, "

n ltr) nergy interval $cpi as $(E), then equation [3.23] becomes:

~fa(V)¢(V)dV = ~f a(E)rjJ(E) dE = 1,/·E (Irqu

1',,/ H.-J

Substituting equations [3.22] and [3.24] into equation [3.19] yields:

Equation 25 can be \vrinen in the form:

[3.24]

[3.25]

[3.26]

Defining \..1' :Lx ratio f = ¢tI, and Qo=.!2.-, equation 3.26 can be transformed
¢cpi ao

[3.27]

Using [3.18] and [3.27] and defining koas: ko = (}jaoly)v!4" the concentration p
(}Alla OAllYAllA1,

of an element in a sample using the Hogdhal convention can be written as:

1 (f + QOAll) cp(EAJ
ko' (f +Qo) . c/EJ

[3.28]

If the term Qo(a) is introduced into equation [3.28] to take care orthe a-corrected

Qo value, then equation [3.28] becomes.
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(
PAlt )

p= SCD~ i

(
~,/tc )

SCDW All

~ [f + QO(a)AJ cP(EAu )

kO. [f + QO(a );]. c/EJ
[3.29]

Thl.; t:xpncssion for Q(J (a) is given as:

() (.) Q'l - 0.429 0.429
~:a "" +

E; (2a+I)E:tI
[3.30]

Th H.ogdahl-convention is restricted to only nuclides that follow the "lIv" (n,Y)

reaction rates.

The flux ratio f can be determined using the cadmium ratio (Red) method as:

f = !rh = Qo(a)(Rcti -1)
'f/epl

The cadmiuI11 ratio a: the irradiation site is defined as

[3.31]

[3.32]

Using two ,0.j:CC"S such as Au and Zr, the epithermal neutron fllL'C shape factor ex.

can be obmined from iteration using equation 3.33 as:

Westcott Formalism

[3.33]

For the ko-NAA standardization method to cover all nuclides, the modified

Westcott-formalism [Westcott, 1960] was proposed to deal with "·non-l/v" (n,y)

nuclides (De Corte et aI, 1993, 1994).
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The modified Westcott-formalism takes into account a'non-ideal non-lIE

epithermal neutron flux distribution, which is approximated to the shape llE
l
+

u
•

Westcott defined the reaction rate per nucleus R as:

[3.34]

[3.35]

The concentration p of an element In a sample using the Westcott-

fOIDlalism with Au as a comparator standard can therefore be written in the form:

[3.36]

The expressi\..):J :':'.J! 'a..,.l be used to obtain the parameter from the cadmium ratio of

a monitor i.e . .-0.1.:.. \"..hich follows a "l/v" (n,r) reaction withg(Tn) = 1.007 is

written in t! (De Corte et ai, 1993)

g(T,,) [3.37]

Where WI (a) =W' E;a with W' dependent on reactor type and irradiation site,

1and K = / 1/2; K =2.293 for a I-rom Cd thickness (Westcott et aI.,
4(JrEcd Eo)

1958).

The Westcott (g(Tn) factor has been evaluated to give M:lxwellian neutron

temperature Tn at the irradiation site by co-irradiation ofLll and a I/y monitor (De
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Corte et al., 1993). The expression for calculating gLu(Tn) in order to obtain Tn is

given by the following expression.

[3.38]

The g(T~) function is evaluated either theoretically (Kim et aI, 1975) or

E'xperi H 'nta1Jy (De Corte et ul, 1994)

Nisle unified Formulation

The calculation of reaction rates IS basic to nuclear reactor design.

Absorption, capture, fission or scattering events ail take place at rates that vary

with the energy of the reacting particles. To simplify the calculations, the

concepts of efl:~'-\"e .::ross section values have been introduced in various ways

but ail of th;::n Li 'k unity to various degrees (Nisle 1963). Nisle therefore

proposed a u.;~:':;;-i iom1Ulation for the specification of neutron flux spectra in

reactors. The' __~fying principle consisted of two basic ideas: (i) a conventional

flux that is measurable by physically realizable detectors and (i') An effective

cross section convention.

An important feature of this system is that nowhere does the cadmium

ratio appear in the formulation. It is entirely unnecessary either to the fom1Ulation

of the system or to the measurement of the parameters specifying any panicular

case. The essence of the integral method for measuring neutron nux parameters

is an energy-average value of an energy-dependent cross-sect lor of a detector

material. The Nisle unification method is accomplish d by doption of some
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already existing concepts and abandonment of the "cadmium ratio" concept in

favour of one in which the neutron spectrum is divided into Maxwellian and non­

Maxwellian components.

Th~ main features of the Nisle formulation are:

(a) It is based on integrated reaction rates,

( b) Fl ux parameters are measurable by physically realizable detectors,

(c) It is applicable to any cross-section function of energy,

(d) The reactor flux spectrum is expressed in terms of Maxwellian and

non-Ma;xwellian components,

(e) It forms the basis for a uni versa I flux detector capable of measuring all

three parameters, neutron temperature, equivalent liE component, and

com'emiL n· rl- x with a single foil or wire by a single irradiation, and

(0 T,c ::~: ':::m.ce integral concept is generalized.

In this formw::.:;\.>2. i. is assumed that:

(i) T e n~utron flux distribution can be represented by two major

components the Maxwellian and the lIE components, joined by a transition

regIOn,

(ii) Each component can be characterized by a single parameter ET = kT

for the Maxwellian and F1 for the liE component and

(iii) The transition region is related to the Maxwellian by parameter Il,

which is relatively constant for a large class of reactors.

For this formulation, the reaction rate R per nucleus is ddined as:
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[3.39]

Where P(F,. Tn) is the effective cross section factor (o-err) that can be

calculated from accurate cross section data or obtained from experiments.

The l:X pressioJ)s for the neutron flux distributions for Maxwellian $M and non-

Maxwellian q,n.M (Nisle 1963) is given as:

. ') F ( E )-1/2,/, = I1V 0 ~ I J.l r
'l'n-M

[(1 + 2F, )(,LlE r >r 'IZ

The rebtil ..,,~i~ D;?I\Veen the three methods with regards to the effective- ~

cross se"'n~n. 5:

[3.40]

[3.41 ]

[3.42]

[3.43]

[3.44]

The effective cross section for the Nisle fonnulation can be obtained from

experiment as:

AxlNpx
Px(F'."T,,) = A IN a

1/v \Iv Ilv

[3.45]
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The Generalized ko-NAA formulation

The general expression for calculating the concentration of an element

in any sample using th k NAA ...e O' method IS wntten 10 the form. (De Corte et aI.,

1(92)

r p. /1 ( Ji
. LSC--;D'lI I f; Au

I-' = ~ .-.EPI -"-
I P I 1/1" k ·.i
I _---e2__~_ 0 £ I'

LSCDw J

Where EPr is defined as

Therefore for the three conventions, the EPI values are defined as:

[3.46]

[3.47]

Computerization or measurement of any of the above EPI values for any

particular element (i) will allow the calculation of the concentration of that

element using equation [3.46]. Akaho and Nyarko (2002) established the

relationship between the three EPr factors

----_....~---
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Epithermal instrumental neutron activation analysis based on ko­

standardization method

Fl Nimr el al., (1981) investigated the applicability of the ko­

standardisation concept in ENAA for 32 isotopes. They concluded that, the ko-

comparator method could be extended and applied in general to epi-cadmium (n,Y)

a tivation analysis. Since then this method has not been judiciously applied to

real sample matrix.

The concentration of an element in a sample co-irradiated under

cadmium cover together with the comparator standard can be evaluated from

gamma-counts measured on a calibrated detector by using the equation

=

... ; ]'~.'" .-
,,-/ TV_- l D edsomple F;.~u &:u Q: (a) Q(,(a)

F i cd . &ip' ~ • Qo
[3.48]

Where Fed is ':,e cadmium epithermal neutron transmission factor (mostly ::;1), Qo

= (10/0"0) and Qo (0.) = [10 (0.)/0"0] are the ratios of the resonance integral to the

2200 m.s·1 cross section, valid for liE and a lIE1
+

a epithermal neutron flux

distribution respectively. kOe is the compound nuclear constant independent of the

irradiation and counting conditions, which is defined theoretically as:

M Au e i r i 1 i O

= M i e All r till 1
0
AlI

and from definition of ko:

-10

[3.49]

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



[3.50]

Thus, when substituting the koe factor in equation 3.48 as a function of ko

ancl QIl as gi ven by equation [3.50] it can be concluded that, in principle, the kOe

comparator method becomes just an extension of the well- ko-method. Equation

3.45 'omes established

~ P It ]'4 "

P = lSCDIY- so",p!e

[
PI I. ] All

A ,. k
SCDw ('d 0

F Au E: Au Q A" (a )
cd P r.

'-F''-'-'-0'(-.
cd E: p _ oa)

[3.51]

Irradiating a sample and the comparator standard in a I-mm-thick Cd shield, the

concentration of an element (i) in the sample can be detennined using equation

[3.51].

Interaction of g; roma-ray with detector material

Alth g: a large number of possible interaction mechanisms are

known for gamma-rays in matter, only three major types piay an important

role in radiation measurement. They are (i) photoelectric absorption (ii)

Compton scattering and (iii) pair production. All of these processes lead to

partial or complete transfer of the gamma-ray photon energy to the electron

energy in the detector material. The result is sudden and abrupt changes in

the gamma-ray photon history, in that the photon either disappears entirely

or is scattered through a large average angle (Knoll, 1986).

In the photoeJectTic absorption process. an incoming g:umna-ray photon

undergoes an interaction with ,Ul ab~orh('r atom in which the photon completely
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disappears. In its place th fr' . ., e atom om one of 1tS bound shells ejects an energetic

photoelectron The int t' . .. erac 10n 1S w1th the atom as a whole, and cannot take place

with free electrons F .. or gamma-rays of suffic1ent energy, the most probable

origin of the photoelectron is the most tightly bound or the K shell of the atom.

The p1wtodectron appears with energy given by

[3.52]

In addition to the photoelectron, the interaction also creates an ionized absorber

atom with a vacancy in one of its bound shells. This vacancy is quickly filled

through capture of free electrons from the medium and/or rearrangement of

electrons from other shells of the atom. Therefore. one or more characteristic X-

ray photons may also be generated. Although in most cases, these X-rays are

reabsorbed c1 ~~ to t.he original site through photoelectric absorption involving

:.:.::,j shells, their migration and possible escape from irradiation

detectors .:;m ~:::::~l.:ence their response. In some fraction of the cases, the emission

of an Auge. e.e-tron may substitute for the characteristic X-rays in carrying away

the atomic excitation energy.

The interaction process of Compton scattering takes place between the

incident gamma-ray photon and an electron in the absorbing material. It is most

often the predominant interaction mechanism for gamma-ray energies typical of

radioisotope sources. In Compton scattering, the incoming gamma-ray photon is

deflected through an angle e with respect to its original direction. The photon

transfers a portion of its energy to the electron (assumed to be initially at rest),

which is known as a recoil electron. Because all angles of sCGltering are possible,
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the energy transferred t th I .
o e e ectron can vary from zero to a large fraction of the

gamma-ray energy. The expression, which relates to the energy transfer and the

scattering angle for any' '. .gIven mteractlOn can be sImply derived by writing

simultaneous equations for the conservatI'o f d tu. n 0 energy an momen m.

It c,m be shown that:

[3.53]

Where

moc
2

is the electron rest mass energy (0.511 MeV).

For small scattering angles 8, very little energy is transferred. Some of

the original energy is always retained by the incident photon even in the extreme

of e= 11: (l St ). T.e probability of Compton scattering per atom of the absorber

depends 0. -,~ :1Lmber of electrons available as scattering targets and therefore

increases linc.::1y \\ith Z.

ff me .:::annna energy exceeds twice the rest mass energy of an electron

(1.02 MeV), the process of pair production is energetically possible. As a

practical matter, the probability of the interaction remains very low until the

gamma-ray energy approaches twice this value and therefore pair production is

predominately confined to high-energy gamma-rays. In this interaction (which

must take place in the coulomb field of the nucleus), the garnma ray photon

disappears and is replaced by an electron-positron pair. All [he excess energy

carried in by the photon above the 1.02 MeV required to creme the pair goes into

kinetic energy shared by the positron and the electron. 11 "'Hllse Ihe positron will
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be subsequently annih'l t d ft '. .
1 a e a er slowmg down In the absorbing medIUm, two

annihilation photons are d d . .pro uce as secondary products of the mteractlOn. The

subsequent fate of this annihilation radiation has important effect on the response

of the gamma-ray detectors.

Gamma-ray spectrometry

Long before the advent of the first commercially available thallium

activated sodium iodide (NaI(TI)) scintillation detectors in the 1950s, counting of

irradiated samples were carried out using proportional counters following

chemical separation. In the 1950s, when research reactors were made available

worldvvide, gamma-ray spectroscopy underwent rapid development making multi-

elemental anal. "sis possible. However, NaI(Tl) detectors lacked good energy

resolution. .-\.:"_ -'::.' 1960, the first lithium drifted germanium (GeLi) detectors

appeared 11;i~>:? an improvement in the energy resolution by a factor of about 20

to 30. Fro - at time, gaI1ill1a-ray spectroscopy has witnessed great improvement

leading to manufacture of high efficiency and high-resolution High-Purity

Germanium detectors (HPGe).

Compton suppression spectrometry

Since the early 1990's Compton suppression counting has been effectively

utilized in NAA especially, in environmental studies and food aIlalyses to lower

detection limits for several elements (Lansberger el aI., 2005). Compton

suppression spectrometry has developed into a well-establi,;h~d position in low­

level counting. Compton suppression sp :ctromctr.' is attracri\"e because of the

cl
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reduction in the Compt .
on continuum, cosmic and natural background. In NAA,

CSS can help by increasing th . . . .e senSItIvIty of measurement and also substantIally

reducing spectral interferences.

The rrincipJe of the CSS system is based on the Compton effect described

as follows, When a gamma-ray interacts with the main detector, the Compton

Eft\.' 't may occur, in which a recoil electron and a scattering photon are created

sharing the initial gamma-ray energy. The recoil electron has a short range and

deposits its energy in the main detector, while the scattered photon is more likely

to escape the main detector. [n a normal detection system, the signal from the

recoil electron is recorded as a contribution to the background since the energy of

the recoil electron is lower than the original gamma-ray energy. In the CSS

system, photo ..s • assing the main detector are detected by the surrounding NaI(Tl)

or the phOt0ffi.:..!::::-liers (PMT) detectors. If both the main and NaI(Tl) or PMT

detectors _e~l ri ·:.e signals within a specific time interval, the signal is eliminated

under the as:::un tion that the signals result from Compton scattering. Through

this phenomenon, the background of Compton continuuIn in the spectrum is

reduced to a level much lower than in the normal spectrum, which drastically

improves the analytical sensitivity. The capabilities of the CSS methods in multi-

elemental NAA and the analytical comparison with large and well-type detectors

have been made (Lin et al., 1997; Bode, 1997). The Compton Effect spans the

largest energy range of interaction as compared to the photoelectric and the pair

production.

4.

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Uncertainty bUdget calculation

Every analytical result should be reported with its corresponding

uncertainty, This triv' It', la s atement IS being nowaday understood and applied in

major plIo!ications l'!le bl 'h ' ,, . , pro em IS, owever, the way uncertamtIes are computed

by differt:nt lahoratories. Following the clear instructions given in the "Guide to

th Expression of Uncertainties in Measurements" (1995) issued by the

intemational Organization for Standardization, all analytical processes should be

taken from the sampling of the original material to the final measurement.

Chemical measurement process consist of sampling and sample

preparation, measurement of the test portion, evaluation of the measurement

results (data reduction), and reporting of measurement results in terms of an

estimate of e aL31yte amount (measurand) and its uncertainty (Currie 1995).

The ap. wa' i reporting the estimate of the measurand together with a

measureme ,r tr::c rtainty is different from the classical evaluation of the mean

value of re .' i\'e measurements and its standard deviation (in neutron activation

analysis NAA, even the counting statistics from only single measurement were

sometimes used to estimate the standard deviation).

Uncertainty (of measurement) is defined (Guide to the Expression of

Uncertainty in Measurements ISO 1995; Quantifying Uncertainty in Analytical

Measurement, EURACHEM, 1995) as "a parameter associated \vith the results of

a measurement that characterizes the dispersion of the values that could

reasonably be attributed to the measurand". Its quanti fication is of utmost

importance in all types of measmements, and therefore the amiytical community

developed guidelines (Guide to the Exprc~sion of thl\:ertaimy in t\'feasurements,
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ISO, 1995; Guide to the E '
xpresslOn of Uncertainty in Measurement, 1992) with

examples for some a Iyt' I 'na Ica technIques for better understanding of this

evaluation methodology. Recently, the International Atomic Energy Agency

(li\EA) took the jnl'tl' t' , d I ' ...a I ve In eve OpIng such gUldelmes wIth examples for

selected nuclear and nuclear related measurement techniques including NAA; in

the ft., 1 of a technical document (TECDOC). (Quantifying Uncertainty in

Nuclear Analytical Measurements, 20(4)

Basic rules for the quantification of uncertainty

The first step of the unceJtainty specification process is a clear statement

of what is being measured and the relation between it and the parameters on

which it depends. Tl.en, sources of uncertainty are identified for each part of the

analY1ic31 rce~s r each parameter, followed by estimation of the size of each

uncertainty. A,: [':is stage, approximate values suffice; significant values can be

refined in su~sequent stages. The next stages involve conversion of each

uncertainty component to a standard deviation and calculation of combined

uncertainty. The significant uncertainty components are identified and re-

evaluated, if needed, and then the final combined uncertainty is calculated. The

final step of the uncertainty quantification is calculation of the expanded

uncertainty by means of a coverage factor (Guide to the Expression of

Uncertainty in Measurements, ISO, 1995; Quantifying Uncertainty in Analytical

Measurement, EURACHEM, 1995)

-17
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Survey of uncertainty sources in NAA

In general, the sources of standard uncertainty Uj can be grouped

according to the individ I t f "ua s eps 0 analysIs mto four categories: (1) preparation

of the sarl1plc and compa t (t d d k .. ra or s an ar, a-factors, neutron fluence rate morutor);

(2) irradiation: (3) gamma-ray spectrometry measurement; and (4) radiochemical

s ·parati\.'ll. if perfonned.

Uncertainty components in Relative method

Since the san1e irradiation and counting times are generally used for the

samples and standards, the NAA equation using the relative method can be

simplified as:

[3.54]

Since e U::i i0 _ ':.54] involves only multiplication and di vision of quantities, the

combined 5tJ.:l~· uncertainty up(cm) can be calculated according to equation

i, ., 2
up(c ) = c ,. u, - + U, - + UJm m ~. _

[3.55]

where the individual components of up(cm) are expressed as relative standard

uncertainties of the uncertainty sources in a particular analytical steps entering the

variables in equation [3.54]. Table 3.1 shows the quantities to be considered.
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Table 3.1: Origin and typical magnitude of uncertainties in INAA

I Uncertainty I Origin I Typic:-~ sundard uIlcertainty

Component

UI Sample and Comparator prcp;II';l!ioJl
--- I

Ul aI I Mass determination ofa s<lrnpl~-- ---.------ 10.015% to 0.1% for lOLJmg sample I

Ulb Mass determination of comparator 0.075% to 0.75%

Ule Mass change of samples due to moisture uptake Negligible to 1%

during weighing

Uld Concentration of comparator (standards), purity alld 0.1 % to several %

stochiometry of chemicals used for the prcparnth1 n or

standards and/or the llllccnainty of ko-vnluC's

Ule Variation of isotopic ;lbnnclallce Negligible for most elements

1I1f Blank variation nlHl the necessary correction 0.1 % to several %

49
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Table 3.1: Continued

- - -
Uncertainty Origin Typical sl3ndar J uncertainty

--- ----
U2 Irradiation

U2a Irradiation geometry difTnclIn.: <0.1 % to 0.5%

U2b Neutron self-shielding/scallcring di JTcfl:nce - O. I% in most cases

U2c Timing of irradiation Negligible to 0.3%

U2d Nuclear reaction interferences Ni:'nlioihkto-l%
'" '"

U2c Neutron spectrum variation in time and space Nl'gligible to - 1%

U2f Volatilization losses during irradiation Negligible to several % (for Hg. etc.)

I
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Table 3.1: ContinuedI Uncertainty ,--------O-r-ig-i-n------------,Ir-----T-y-p-ic-a-.I si~~lCJ~;;llmc('rtain(y

I _.. ---... I
U3 y-ray spectrometry measurement

U3aI I Counting statistics - ..- .. _-- IUsually 0.2%-30% I

U3b Counting geometry diffen:I1c\; - 0.1 % to 20%

U3c Pulse-pileup losses (random coincidence) - 0.1 % to 0.5%

U3d True coincidence (cascade summing) -I %(irrelevant in the relative method)

U3e Dead-time effects Nec.lidble, necessary for short-lived nuclides... ... .

U3f Decay timing effects
Nt~gligib1e, necessary for nuclides (TI/2< 1m)

U3g Timing of counting Negligible in most case

U3h y-Ray self-shielding - 0.1 % to 0.5%, especially for Ey<100 keY

U31 y-Ray interferences - 0.3% to 1%

U3j Peak inkgratiun method
- 0.5% to several % (for multiple)

U3k Blank correction (due to counting
Negligible in most cases

room/shielding background)
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Uncertainty components in ko-NAA

De Corte performed the first uncertainty evaluation for the ko-NAA in

1987. The general formulae for error propagation was applied and led to "an

owrall unct'rtainty of less than 4.0%. (De Corte, 1987). Nowadays a simpler

mod I of error propagation is recommended in the EURACHEM document

"Quantifying Uncertainty in Analytical methods", It is based on the "Universally

applicable spreadsheet techniques" developed by Kragten, (1994), According to

the GUM, the total expanded uncertainty is composed by uncertainties statistically

evaluated, (cf. Type A uncertainty), and by uncertainties based on relevant

information available or scientific judgement (cf. Type B uncertainty),

The r~:~".:m: kvNAA constants taken from the literature (De Corte, 1987)

and the corrcs,-,,-'r..:'ing uncertainties (cf. Type B) are:

t1l2 - half-life

Er - resonance energy

Qo - resonance integral to thermal cross section ratio

koconstants

The standard uncertainty of the coincidence correction

factors, COl was estimated by De Corte

The gold composition in the IRMM-530R AI-O.l %Au alloy

is reported in the IRMM-530R certificate

u(tIn)

u(Er)

u(Qo)

u(ko)

u(COl)=1.5%

u\.Au) = 1.0%
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The neutron flux parameters

f - thermal to epithermal neutron flux ratio

a - Deviation from the liE epithermal flux distribution

Type A lincf.·rtaintics

~p - d t .:tor efficiency of gamma ray energy

w - mass of sample

Np - Net peak area

u(f)= 2.1%

u(o.) = 11%

U(Ep) = 1.5%

(w)= < 0.1%

u(Np)=0.1-10%

All these parameters allow the computation of the uncertainty associated

with the determination of the elemental concentration using the ko-NAA method.

The concentration Pi of an element in a sample can be written as:

P'=Fk' -
c' (IV

[3.56)

The first ora;;" a::~roximation of the combined uncertainty U(PI) can be described

as follows:

Where; Fc = 10,6 Aspm/Gm

C
'd' tl e known uncertainties presented, one gets the equation:

onsl enng 1

53

[3.57)

[3.58)

[3.59)

[3.60)
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This indicates that the ko-NAA systematic uncertainty is generally of the

order of 2.6% using low-power research reactor. Following GUM's

recommendation the experimental result p is then reported based on "n"

rcpli~atlc,~ with corresponding uncertainty as follows:

[3.61]

Where the individual components of IlP(cm) are expressed as relative

standard uncertainties of the uncertainty sources in a particular analytical

step entering the variables in equation [3.S5]. Table 3.1 shows the

quantities to be considered.
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CRAPTER4

EXPERIMENTAL

This chapter deals with the experimental work. The equipment, chemicals

and standards used are giv Th d . . .,en. e proce ures for sample preparation, IrradIatIOn,

measurement, counting, and the methods of analysis are described below.

Sampling and sample preparation

Individual food samples were obtained from local markets and farms in

the tlu'ee non ern (Upper East and West, Northern) and three southern regions

(Greater Ac',3.. Ccotral and Western) of Ghana. Some of the samples were

freeze-dried' ~ -1-"-72 h using a tray type (Christ LMC-l) freeze-dryer at the

Ghana Researc . Reactor-l Centre, Department of Nuelear Engineering, National

Nuclear Research Institute of Ghana Atomic Energy Commission. The rest of the

samples were oven dried at 40°C for 48 h using a Gallenkamp oven situated at the

same location. The dried samples were homogenized and then sterilized using 50

kCi Gamma Irradiator at the Radiation Technology Centre of GAEC. The

samples were shipped to the Dalhousie University SLOWPOKE-2 Reactor

facility.

Six replicate samples of each food item and standard reference materials

were weighed directly into pre-cleaned 2.0-mL polyethy!en vi:lls. which were
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The vials were then placed in 7.0-mL

polyethylene irradiation . I h'
via s w Ich were again capped and heat-sealed. All vials

were obtainl:d from the Olympic Plastic Company, USA. The vials were pre-

capped and heat-sealed Th .
. e sample Size varied from 350 and 850 mg depending

upon the density of the material.

cleaned by washing themfi t 'th d' '11 d .'- rs WI 1511 e water and then soaked m 1:4 reagent

grade Hel for 24 h, then rinsed with distilled deionized water. The vials were

further soaked in 1:4 ultrapure !-IJ\f03 for 24 h. They were then rinsed thoroughly

with DDW and air-dried in a clean fumehood. The moisture content of the

samples were determined using the conventional oven drying method. An empty

moisture pan and two filter discs were placed in a dr/ing oven at 100-1 02°C for 5

mm. The pans and discs were then removed, placed in a desiccator for an

additional 5 _.. and \veighed. About 2.0 g of each sample was put in one disc

and cowr~c <-'. -he second disc, put on the dried pan, and placed in an oven for

16-18 h. S3.:~lP es were removed from the oven, cooled in a desiccator, and

weighed _0 a constant weight. The moisture contents were then calculated.

Moisture coments of the samples were found to be in the range 1% to 95%

depending on sample type,

Quality assurance and quality control

To ensure good quality assurance, 12 iodine standards were prepared and

. d' d b tl TINAA and EINAA methods, The number of COlUItS in each of!ITa late y le

them was noted. The results were statistically evaluated; i.e. th merul, variance and

d d 't' n were calculated. The process was repeated t\\ice after twothe standar eVla 10
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weeks decay and the sam '.
e pnnclples applied to results. The errors in the analyses

were found to be within tw
o standard deviations. The realistic detection limits were

calculated for 1281. Th'
IS procedure was applied to the rest of the elements

dctermined jlJ this work.

Validation of the analytical methods

The analytical meth d' .o s were validated by the analyses of standard

reference materials obtained from National Institute of Standards and Technology

USA

Elemental comparator standards

Apa... frl ~1 ' romine, chlorine and iodine, comparator standards of all other

elements us"',,) ill this work were prepared from single element standard solutions.

The element mparator standards were made from Plasma Emission

Spectroscopy '=landards Solutions supplied by Seigniory Chemical Products

(SCP) Ca.!1ada, Ltd. The standards had certified purity of >99.99% and had

concentrations of between 100 and 10,000 mg.kg'l. Stock solutions of about 0.1

and 1000 mg.kg-l were prepared from the standard solutions. Volumes of 100

~L of the working standard solutions were pipetted onto 2.0-mL polyethylene

vials half filled with high-purity sucrose (obtained from Koch Light Laboratories,

USA). Twelve replicate standards of each element were prep<m:d. Few drops of

Deionized distilled water were added to form a homogeneous mixture and then

dried under an infrared lamp before heat-sealing the cap.
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The comparator standard
s of CI and I were made from Fisher Scientific

Company Certified ACS d .
gra e potassIum cWoride (KCI) and potassium iodide

(KI) solids. "Analar" d .
gra e of PotassIUm bromide (KEr) supplied by BDH

Chernicals Canada limited .
, was used for preparing Br comparator standard. One

hall' of a gram of BDH "A '1 " .
. na ar grade potassIUm hydroxide (KOH) per liter was

added to the above shnd' d .] . .
c ar so utlOns. The KOH made the solutions shghtly

basic and thus stabill'· 'd th . d·.I· .ze e 10 lae 10 solutIon, a procedure developed at the

Dalhousie University SLOWPOKE-2 Facility. After preparation of the solutions,

the comparator standards were made in the same manner as for the other

elements.

The elemental Au standard used in the kn calculations was made from

plasma En ission Spectroscopy standard solutions supplied by Seigniory

Chemical Pr .~ l':lS (SCP) Canada Ltd. The standard had a certified purity of

>99.999~ Q an":: :"'ad a concentration of 1000 ppm. A working stock solution of 10

ppm was prc. ared by dilution. A volume of 100 flL was taken from the standard

solution and pipetted into 2.0 mL polyethylene vial half filled with fmely ground

sucrose (obtained from Koch Light Laboratory, USA). Ten replicate standards

were prepared. Few drops of deionized distilled water DDW 10vere added to form

a homogeneous mixture and dried before heat sealing the cap.

Analysis of Standard Reference Materials

Five SRMls obtained from National Institute of Standards and

T h I USA l1amely Bovine liver NIST 1577b, Oyster tissue NIST 1566b,ec no ogy, , ,. .
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Peach leaves NJST 1547
, non fat milk powder NIST 1549, and Apple leaves

NIST 1515 were weighed d' .
Irectly Into 2.0-mL vials. To obtain reproducible

geometry, all vials were h If fill d
a Ie. The mass of the samples ranged between 350

and 850 lng depending on the d 't f henSI y 0 t e sample

!\t'utTOll spectrum characteristics of SLOWPOKE-2 and GHARR-l reactors

A 0.1 % Au-AI wire, obtained from Reactor experiment USA and or 1000

ppm Au solution obtained from SPEX industries Inc., Canada were used for the

neutron flux characterization. About 5.5 mg weight of the Au-AI wire was used.

Gold standards of about 5.0 flg were prepared from the 1000 ppm high purity

spectroscopic grade Au solution. Thin Zr and Ni foils of masses between 4.5 and

15.0 mg \vere prepared. The targets of lutetium were prepared from spectroscopic

grade Lu(~O}; : 1.mion into polyethylene vials.

Sampie irradiation, counting and analysis

Samples were either irradiated in the inner irradiation sites of either DUSR

or GHARR-1 when thermal neutron activation analysis was preferred.

Epithennal irradiations were carried out in the outer irradtation sites of the

reactors. DUSR operated at quarter powers of 4.0 kW and GHARR-I at half-full

power of 15.0 kW at thermal neutron fluxes of2.5xlO" cm,2s,I and 5.0x10 1Icm·

2 -1 t' ly Most of the irradiations were carried out using DUSR in thes , respec Ive . -

. . d' tion inner site #2 and outer sites #9 (Cd-tined) and #10.pneumatIc UTa la

' .. d' ted in the inner # I and outer #6 orthe GHARR-l.Samples were lila Ia

59

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Irradiation cond' f
I Ions were categorized under three conditions namely,

short, medium and long Th ' . I'd
. e expenmental conditions for the short-lIved nuc I es

using thermal neutrons and t' . 'd . . d" 20
an I-comci ence countmg was 10 s lrra latlOn, s

decay and 40 s counting times and for the medium-lived 1 min irradiation, 2 min,

dl::cay ~md 10 min counting times were used, Nuclear data for the elements

d't nlined are presenlcd in Table 4.1 (De Corte et aI, 2003; Practical Aspect of

Operating a Neutron Activation Analysis Laboratory, IAEA-TECDOC, 1990).

EINAA and anti-coincidence counting methods were developed for determination

of iodine in three SRJ.\1s and 79 food items with 30 min irradiation, 5 min decay

and 20 min counting times. Other elements detem1ined by EINAA and

anticoincidence counting included As, Au, Br, J, Sb, Sr and U. The conditions for

the detem1inai"'11 of these long-lived nuclides were 3 h irradiation, between 3

davs to I mQh:J 2ecay and 10 h counting times.. .
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Table 4.1: Continued

.._---
Element Target Isotopic TherJl1:1 I cross fnlcgml Product Gamma- y-yield (%)

Isotope abundance secl iOIl I~ CSIlIl!l\H;e 10 Nuclide Half-life ray energy
(%) 0"1), (hOii'll::) Ihnl'lls) keY

Eu ISt Eu 47.80 5900 5.'1M JS2Eu
..

133.33)' 1-+08.0 20.85
Fe 58Fe 0.28 1.31 J .2R 59Fe 44.5d 1099.25 56.5

1291.6 43.2
Hf 178Hf 27.30 53.0 1039 I79Hf 18.68 s 214.5 82.0180Hf IS/Uf 42.39d 482.21 50.60

1 1271 100 4.04 100 1281 24.99 min 442.90 16.90
K 41 K 6.73 0.423 0.29 4~K

1~.36h 1524.58 18.80
La 139La 99.91 9.34 11.6 l.hiLa 40.17h 487.02 44.27

1596.2 95.4
Lu 176Lu 2.60 2100 1160 177L.u 6.71d 208.36 11.0
Mg 26M 11.01 0.0372 0.024 ]71\ 1" 9.46 min 1014.43 28.60g

'"
Mn 55Mn 100 13.2 13.9 ~i>Mn 2.58 h 1810.72 27.19
Mo 98Mo 24.13 O. J:j I 6.% 9()Mo 65.94h 140.51 90.7

739.58 12.13
Na 23Na lOa 0.513 0.303 24Na 14.96 h 1368.6, 100

2754 99.94
Rb S5Rb 72.17 0.050 1.16 86mRb 1.02 min 555.4 98.19

X5r I 72.17 0.494 7.31 86Rb 18.66d 1076.6 8.76()

S 31,S 0.02 0.16 0.18 37S 5.05 min 3103.98 94.00
Sb /2/S[) 57.3 6.33 209 122Sb 2.7d 564.2 62.00
Sc 45SC 100 9.60 .. 46mSc 18.75 s 142.53 62.00
Se 76Se 9.00 21.0 16 77mSe 17.45 s 161.93 52.40
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Table 4.1: Continued
._._----

Element Target Isotopic Thermal cross Inlegral Product Gamma- y-yield (%)
Isotope abundance secl inn 1~l:s()llal1ce10 Nuclide Half... lile ray energy

(%) ail! (h:IIIl:;) (h:ll'l1s) keV

Sm 154Sm 22.70 7.74 :U.3 J5)Sm 22.3 min 104.18 28.82
Sn 124Sn 5.79 0.\ IG (J.n 125mSn 9.52 min 332.10 99.57
Sr 86Sr 9.86 0.770 3.17 87mSr 2.81 h 388.4 82.26
Ta 181Ta 99.99 20.4 679 181Ta Il4.5d 1221 27.10
Ti 50Ti 5.40 0.171 0.115 51Ti 5.76 min 320.08 93.1

232Th 100 7.26 83.7 23JTh 22.53 min 86.53, 2.60
Th 459.3 1.40

232Th daughter daughter daughter 233Pa 27.0d 312.01 36.00
U

238U 99.27 2.75 284 23"U 23.47 min 74.66 50.0
238U daughter daughter daughter 239Np 2.36d 277.6 14.2

V SlV 99.75 4.79 2.63 s:V 375 min 1434.08 100

W l8"'w 28.6 38.7 530 lS;'W 23.9h 479,57 21.13
685.74 26.39

Zn 68Zn 18.80 0.0699 0.233 n9mZn 13.76 h 438.63 94.8
64Zn 48.6 0.726 1.42

G5Zn 243.9d 1115.55 50.70
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Pseudo cyclic activation analysis

The elemental com arat
p or standards, SRMs, and food samples were

irradiated in the pneumaf' '.
IC IrradIatIOn inner site #2 of the DUSR facility

opfCraling at qU<:Jrter pow f 4
er 0 ,0 kW and a thermal neutron flux of 2,5xlOII

cm'2s,I 1 he stability h '
, omogenelly, and reproducibility of the DUSR neutron

flux have previously been reported (Holzbecher el al., 1985). Ten seconds

irradiation 20 s decay d 40 '., an s counting tunes were selected. Fifty seconds

delay time between cycles II dC' ,was a owe, Quntlng of samples was done usmg

the CSS system operating in the anticoincidence mode,

Detector full-energy photopeak efficiency determination

Tw . ixrures of radionuclide solutions (Product codes QCYB41 and

QC r I" -- .:..:-~ tr01 :\mersham Bucher GmbH & Co were obtained for efficiency

calibrat!c e(Li) and Compton suppression spectrometers. The QCYB41

, . h fi II' d' I'd 133B 57C 139C 85S 137Cmixture ee, aInS teo OWIng ra IOnuc 1 es: a, 0, e, r, s,

54Mn, 65Zn and 88y while QCY48 consists of 24l Am, J09cd, SiCa, 139Ce, 203 Hg_

113Sn 85Sr 137Cs 60CO and 88y , One hundred JlL of each solution was, , , , )

diluted to 1 000 JlL with DDW in a 2.0 mL pre-cleaned polyethylene vials,

The solutions were then counted at different distances from the top of the

detectors, These distances varied between aand 10,0 cm from the surtace of

h t' al Ge(LI') detector and from ato 4.0 cm for the HPGe detectort e conven IOn '

of the CSS counting system.
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Gamma-ray spectrometry

HPGe dete;:· ...r was inserted into one end of the annular guard detector and the

suppressi--- c"1unting system used in this work is shown in Fig. 4.1. The

suppressio ~J11ma-ray spectrometer are described in details elsewhere

anticoincidence and the conventional spectrometer is that the former has two

two auard detectors to ensure equal gains. The major difference between the
'"

Naf(TI) plug at the other end, Two separate power supplies were used for the

(Knoll. !, 86: Landsberger 2005). The block diagram of the Compton

Compton plateau (358-382). The principles and techniques of Compton

The detector had a peak-to-Compton ratio

of 93:1. a relative effi ., f
IClency 0 25% with respect to the standard NaI(TI)

d~te ·tor and resolution of 1.8 keY at 1332.5 keY photopeak of 60Co. The

guard detector used in the CSS system consisted of a IO"X I0" Na(TI) annulus

with five photomultiplier tubes (PMTs) supplied by Teledyne. The peak-to­

Compton plateau ratio of this system was 582: I at 662 keY photopeak of

137C . h
s, USing t e IEEE convention of the number of counts per channel in the

The principal det~ctors used' .
In this work, in both conventional and

Compton sUppression gamma-r
ay spectrometry, consisted of an EG & G Ortec

high purity germanium (HPG ) .
e p-type coaxIal detector with a crystal diameter

of 51.2 mm and length of 65.2 mm.

electronics. If the conventional gamma-ray spectrum was to be acquired, a ..
simple switch was used to change it from the anticoincidence setting. The

detailed description of this system is documented (Zhang, 1997. Beazk1ey,

1987). The samples were counted at the main detector surbl.:e for the

f I h rt ! 'tved nuclides and at 2.6 cm for all alh 'I'd 'mems.
PCINAA 0 t1e s 0 -

i'
I,
I,
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At the GHARR-l Centre in Ghana, the gamma-ray spectrometry used

consisted of HPGe detector model GR 2518 with an 8K Ortec Maestro

Multichennel Analyzer (MCA) card and emulation software. The detector

operated on a bias voltage of (-ve) 3000 Y, and had a resolution of 1.8 keY

(FWIIM) for 6O
CO gamma ray energy of 1332 keY. By means of the MCA

umL the spectra intensities of the samples were accumulated for a preset time.

rh samples were counted at a distance of 7.2 cm from the top of the detector

surface.
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Relative method

After irradiation
and counting of the samples, under well-defined

experimental d' .
con Itlons, the net counts were

obtained by integrating the
phok)pcak area lIsing the G . fi .

aussJan unctIOn. The peak areas obtained from the

c'-'nJparator standards Were u· d
se to calculate the sensitivities of the elements.

Th se sensitivities were h
t en used to calculate the concentrations of the

elements in the sample.

ko-Method

The flux parameters of Hogdhal, and Wescott were determined by

irradiating Au-AI wires and Zr foils bare and Cd covered. Neutron

tempera.ures fOf the Westcott formalism were obtained by irradiating LU(NO)3

solutio b:L"C and Cd covered. Both the bare and Cd-covered (I-mm

thicknes,;l W;'iC irradiated in one outer and one inner irradiation sites of DUSR

and GH.A.RR-I. The effective cross sections of the elements of interest using

the Nisle formulation were obtained experimentally or by calculations.

Irradiation times were varied from 30 min to 2 h, After appropriate cooling,

samples were assayed using the Gamma-ray detectors at the facilities already

described. The samples and the single comparator Au standards were also

irradiated in the characterized irradiation sites. The peak areas of each

photopeak of interest were obtained and used for the calculation of the

elemental concentration using the appropriate equation.
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CHAPTERS

RESULTS AND DISCUSSION

In this chapter the exper" I
' Imenta results are presented and discussed. For

~l ,licit\-' and easy undcrshnd' -f' h
. , Ing 0 t e data, the English names and local names

orthe food items were u d' -d '.SC JnstC<l of their sCientific names.

Comparator standards and quality assurance

Internal quality assurance and control charts

Elemental comparator standards were prepared and analyzed by different

INAA methods, These were then used to determine the sensitivities for the

elements. "':':::1 :n rum were used to calculate the concentrations of the elements

by the rcia::'.-e :::-:ethod. A number of standards were analyzed over the duration

of the ex en::"cl. which serve as a means of monitoring the performance of the

experi ments

The control charts for iodine using PCErNAA with f!\'e cycles of

irradiations and anticoincidence counting are shown in FigSl. Each major

horizontal division is one unit of standard deviation (cr). The upper and lower

warning limits are given by ±2cr. Results more than ±3cr from the mean are

beyond the control limit and considered to be influenced by determination errors,

Sensitivities of all elements determined were obtained in a similar manner

. h . t INAA method and gamma-ray spectrometry.usmg t e appropna e
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624

Westcott formalism and Nisle are in good agreement with those obtained by

good agreement with those obtained by Acharya and Chan, (2003) for the DUSR

facility. In the same way, the neutron flux parameters for Hogdahl convention,

2"

2"

Mean

3"
1614126 6 10

Number of samples

4

. . .. .. .
• . . .. .

I
1

g
0 2

791

requireci r..... r .;:.a'culation of the neutron flux parameters are listed in Table 5.1.

!:c r.:.:-:kar data (Means et at., 1984; De Corte et at., 1994, 2003;

PiacticaI .-\s;.. '. of Operating a Neutron Activation Analysis Laboratory, 1995)

797

616

602

7lJ

Akaho and Nyarko, (2002) for the GHARR-l facility. The computed EPI values

#2 and outer #10 of DUSR and inner #1 and outer #6 of GHARR-l irradiation

Fig. 5.1 Control chart f' r ..
anrc' 'd . 0 I(J{ inC senSitivities using five cycles EINAA and

I OInc) ence countlOg (t;=30 min t~= 5 min tc= 20 min)

computed EPI values were used in calculating lhe cOile 'ntrcHion of th' elements

of Hogdahl convention, Westcott formalism and Nisle unified formulation for the

monitor 197Au for irradiation sites # 2 of DUSR are given in TabL 5.3. The

SLOWPOKE-2 and GHARR 1 t 11- neu ron ux spectrum characteristics of

Hogdahl convention, Westcott formalism and Nisle unified formulation

sites. The values obtained for Hogdahl convention and Westcott formalism are in

Table 5.2 shows the measured parameters of the three conventions for the inner

613

Counts
608
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of interest using equation 3.46. Since there Were no significant differences in the

EPI values, any of the three conventions can be used for the calculation of the

.. d N koconcentratIon of the elements of interest. As reported by Akaho an yar,

(2002), the generalized ko.NAA standardization equation holds for all kinds of

nuclidic's whether it is a ltv or non-l/v nuclide.

71
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Table 5.1: Nuclear data of nuclides used for the Ilclllron nux dl:lI'll\:lcrizalioJl

Target Isotope Qo So E, Fe" W,---'g (20DC) Product tll2 By lk~V) koAu

Isotope

191Au 15.7 17.24 5.65 0.991 0.055 1.007 l"sAu 2.695d 411.8

94Zr 5.306 5.503 6260 1 0 I o'Zr 64.02d 724.2; 756.7 9.32xlO's

%Zr 251.6 283.4 338 1 0 1 9'7Zr 16.24h 743 I.I 49x 10-4

nolu 1.4804 1.67 0.158 - - - 177Lu 6.7d 208 0.0714

72
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Table 5.2: SLOWPOKE-2 and GHARH-J Iwutroll Ilux parameters ofHogdhal convention,

Westcott formalism and Nisle rOl'lllulalioll

Flux Parameter SLOWPOKE-2

Ch. # 2 (inner) Ch. # 10 (ollter) ell. # 1 (inner)

GHARR-l

eh. #6 (outer)

-0.0422 ± 0.0051 -0.0098 ± 0.0033

18.9 ± 0.6 56.9 ± 2.5

0.0449 ± 0.0021 0.01497 ± 0.00 12

a.

f

MSJ=r(a).JTn ITo

Tn(K)

P(F1,Tn)

F1

312.0 ± 5.5

1.2585 ±0.14

O.nOlO :1- 0.n003

:lOG.O:1: 4.0

1.32-14 :1: 0.15

0.0028 ± 0.000 J

-O.JO-1 ± 0.011

18.8 ± 0.7

O.O·~18 ± 0.001 J

300.0 ± 4.5

1.8695 ± 0.17

0.0082 ± 0.0005

-0.0261± 0.0020

49.5 ± 3.2

0.0 J59 ± 0.00 J6

293.0 ± 3.5

1.2938 ± 0.12

0.0031 ± 0.0001

_._--------_.__._------------
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Table 5.3: NUclear data dE
an PI values d .

Use 10 the koNAA calculations
Target Formed Half-life

y-ray ko- Yalues EPIw EPIH EPIN
Isotope Isotope (t112) energy keY

I':> PI
26.32 hs As

559 4.97XIO-2 0.9266 0.9266 0.924
l;sBa 139

Ba 83./ m 165 1.05XIO-3 1.8210 1.8208 1.8203
sl Br 82 Br 35.3 h 776 2.76XIO-2 0.7484 0.7484 0.7471
50Cr 51 Cr 27.7 d 320 2.62XIO-3 1.9179 1.9178 1.9273
37C1 38CI 37.2 d 1642 1.97XI (fJ 1.8699 1.8699 1.8679

164Dy 1650y 2.33 h 94.7 3.57XIO· I 1.9614 1.9613 1.9611

5sFe 59Fe 44.5 d 1099 7.77XIO·5 1.8471 1.8470 1.8481

1271 i:S
24.9 m 442.8 1.12x10·2 0.740 0.7402 0.7421

i _.F .-
12.36 h 1525 9.46XlO-4 1.1781,'\. 1.7940 1.7940

55Mn ;0_ j J 2.58h 847 4.96XIO-1 1.8140 1.8140 1.8142

r 2"Xa 14.66 h 1369 4.68XI0-2 1.8847 1.8846 1.8848-'Na

121 Sb I22Sb 2.72 d 564 4.38XIO·2 0.6136 0.6138 0.6133

50Ti 51Ti 5.76m 320 3.74XI0-4 1.8536 1.8535 1.8530

51 y 52y 3.75 m 1434 1.96X 10.1 1.8915 1.9 i 50 1.9120

64Zn 65Zn 244 d 1116 5.72XIO·3 1.6758 1.6758 1.6755

7·1
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curves.

gan rna-ray c::egies of the elements determined were obtained using the fitted

GHARR-! '::C:1tre ",as obtained by Osae et aI, 1999. The efficiencies of all the

Efficiencyy-yield (%)

75

Energy(keV)

Detector full-energy ph t
o opeak efficiency calibration

The fUll-energy h
P otopeak efficiencies of the counting systems were

obtained from using two rad' .
IOnuchde standard solutions. These were used to

calculate the efficiencies f th C
o e ompton suppression gamma-ray spectrometry

sy
s

t(;1ll in the conventional and the anticoincidence modes and the GeLi #1

detector at thc /)USR facility at different counting positions. Table 5.4 shows the

f1i'iency values at 2.6 em from the top of the surface of the CSS system

op rating in the anticoincidence mode where most of the counting of the samples

was carried out. Fig.5.2. shows the efficiency curves for three different geometric

Radionuclide

positions from the surface of the CSS system in AC mode. It was observed that,

the gamma-rays of radionuclides like Sa and Co were suppressed in the AC

because they emit cascading gamma-rays and were not included in the efficiency

59.54 35.70 0.027578241 Am

88.03 3,61 0.0554543109Cd

122.10 85.20 0.028323S7eo

calibration. The efficiency calibration of the HPGe detector used in this work at

Table 5.4: Efficiency values at 2.6 cm from the surface of tbe HPGe

f h C pton suppression system in anticoincidence modedetector 0 t e om
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the HPGe of the Compton sUPI)ression spectrometry in AC 1ll0dl'

Fig.S.2. Efficiency curves at 1.0, 1.5 and 2.6 ern from the surface of

200015001000

Energy (keV)

500

~vel-3

-------------1 4evel-4

I Level-5
. I

---- .__. .J
I

Table S.4· Cont'. Inued

Radionuclide
Energy (keV)

IJY
Ce

r-yield (%) Efficiency

165.90
80.10

203 11
0.027310

'g
279.20

81.46
IUS

0.009830
~n

391.70 64.89
(:>\;

0.020008
~r 514.00 99.27

. 3;CS
O.QlOln

661.60 85.21
~~y

0.009362

898.00 93.52
60

CO

0.002428

1172.00 99.90
60

CO

0.001738

1333.00 99.98 0.001544
88y 1836.00 99.36 0.001192

I
I
I 0.0_5
I
I ..

...;2 . +

•
. >-. 0.015:0
,t::
i.~

IE 0.01
I~

.005

a
a
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Determination of iod' '.. .
IDe In loods USing various INAA methods

A c b' .
om matlOn of different types of INAA methods have been

developed for the determination of iOdine in various food items from Ghana. The

methods invOlvcd conventional reactor flux INAA in conjunction with

((lnq:ntional and Compton sUppression gamma-ray spectrometry using both the

rt'btive and the ko standardization methods. The other methods are epithermal

INAA (EINAA), pseudo-cyclic fNAA (PCINAA) and pseudo cyclic EINAA

(PCEINAA) with conventional and Compton suppression gamma-ray

spectrometry using the relative and k{1 standardization methods. The sensitivities

and detection limits obtained under different experimental conditions are

presented in Table 5.5. The detection limits Lo were calculated using the formula

proposed' y Currie. 1968.

LD =2.71 +3.29.j";;

\'11 . ,- -' ~ 'Da~k~ound counts. The detection limits varied from sample toIV lere !-La J~ ~.... 1,.,,::,

sample depending on the background activity.

77
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Table 5.5: Sensitivities
and detection limits

experimental cond'f
of iodine under different

I Ions

Scheme
Method of Anal .YS1S Sensitivity Detection

t'-[d- t,
(counts/~g) Limits (~gkg·l)

5-5-20 INA-X-CONV.
1595 200-500

5-5-20 INAA-AC
1045 120-300

30-5-20 EINAA-CONV. 2810 50-250

30-5-20 EINAA-AC 1440 25-180

30-5-20 PCEINAA-CONV.(N=4) 10970 20-140

30-5-20 PCEINAA-AC (N=l) 1440 25-180

30-5-20 PCEIN.A.i\-AC (N=2) 2590 15-50

30-5-20 PCEINAA-AC (N=3) 4380 5-10

30-5-20 PCEINAA-AC (N=4) 6130 1-5

30-5-20 PCEINAA-AC (N=5) 8081 0.5-4

The lowest detection limits were obtained using PCEINAA with

anticoincidence counting up to a maximum of 5 cycles. Due to high dead-times,

after 5 cycles of irradiation, the background activities became undesirably high

and led to insignificant reduction in detection limits. The use of the same sample

material in different capsules allows the accumulation of spectra for a number of

samples without the increased in background activities and therefore yielded

lower detection limits than repetitive irradiations of the same sample ma[·erial.

This method eliminated high dead-time effects. The detection limi[s for 5 cycles

were about three times lower than one-short irradiation in all ":<lSt;'S due to

t in sensitivity of [h.: c1cl1lent~. The PCEINAA with
signiticant improvemen

7'3
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anticoincidence COunting h

met ad Was found to be the best method for
determination of low levels f' d'

o 10 Ine. The optimum delay time between the end
of one cycle and the start of i d' .

rra tatlon of the next cycle was 40 min.

Detecr r'
Ion Imlts of the order of 90-350 ~gkg-I, 21-130 ~gkg-I and 11-70

pgkg" in biological materials have been reported by Suilivan, 1998; Zhang, 1997

and Yonezawa et (i/., 2003 respectively using PCINAA-AC and EINAA-AC.

Ku( ra et al., 200 I used RNAA and obtained detection limit of 1.0 ~gkg-I in

biological sample. In this work, the lowest detection limit of 0.5 ~gkg-t was

obtained using PCEINAA-AC with 5 cycles of irradiation-delay-counting. This

is an improvement of about J0 orders of magnitude over reported values using

INAA and 2 orders of magnitude better than RNAA. The spectra forNIST 8415

Whole Egg Powder for one-shan EfNAA and S cycles PCEINAA using

anticoincidence couming is shown in Fig.5.3. As seen from the figure, the

background Jciyir:es increase as the number of cycles increased but the increased

in sensiti\I:':Q :~ exceeded the corresponding increase in the background leading

to lower C~:"c;ln iimits.
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Fig. 5.3: Spcdra of NIST SRM whoh~ egg powder using Compton suppression gamma-ray spectrometry (t;=30 min, td=5
min, t,.=20 min), A=()nc shot EINAA, H=.Fivc cycles PCEINAA
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The uncertainty associated with the determination of iodine using both the

relative method and the ko standardization methods have been evaluated and

discussed under uncertainty calculations. The trueness of the method was

Table 5.6: Iodine concentration in SRMs by PCEINAA-AC

Th results shown in Table 5.6 are in good agreement with the certified values.

checkcd by analyzing 5 National Institute of Standards and Technology SRMs

This Work Certified Value

(llgkg'l) (llgkg'l)

IllS() ± 220 1970 ± 460

3245 ± 40 3380 ± 20

62 ± 15 60 ± 13

270 ±20 (300)

330 ± 20 (300)

N1ST .5,1, p",. c', Leaves

NIST 84 I8 Wheat Gluten

NIST 1549 Non-Fat Milk Powder

NIST 8415 Whole Egg Powder

Certified Reference Material

NlST i 5 to' .-\::,~,c leaves

" t f 79 Ghanaian food items using the methodologieslodme conten 0

As expected. iodine levels in

The

described above are presented in Table 5.7.

items. The levels of iodine inh' her than in all other foodseafoods were Ig .

able to that in similar food items determmedGhanaian foods were also compar .. ~

d D' abe 1993), The 10\\ e~t1974' Dodd an 10 ,elsewhere (Fisher and Carr, ,

. bI foodstuffs, cereals and meat.. d' ccurred III sta econcentration of 10 me 0

SI

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



65

39

44

43

Elsewhere*Mean Uncertainty

IOdine concentration (J.lgkg- I) dry weight

Range

<1.0-87 33.7 1.7

5.5-105 41.4 2.2

<1.0-56 8.\ 0.4

7.5-88 38.6 1.8

15-135 55.3 2.9

35-1 gO 73.2 3.4

8.7-80 31.4 1.5

55-670 241 15.3

65.3

Local or English Name

Mean

Yellow maize

Bread

Rice

Wheat

Millet

Flour

Cereals anu grain products
SC'rghum

methods and Compton Suppression spectrometry

Table 5.7: IOdine levels in Ghanaian food items using different INAA

. tsLegumes 3n n

. _: name)Dawadaw' t--- -.<11 I

Soya beans

I · (Local name)Agus 11e

Prekese (Local name)

,
'I

Ii
i
II

35.6 4.3<1.0-77

66.5 7.826-134

58 24585-450 233

~ ?76.5 .J._25-130

48.6 2.53.7-86

58.4 2.6<1.0-89

66.0 5.910-99

45.3 2.0<1.0-86

120.5 7.655-195

127.5 5.745-205

----------- -
87.8

----

~2

Tiger nuts

Coconut (fresh)

Mean

Cola nuts

Beans

Bambara beans

Groundn t
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IIj
I"II!Table 5.7: Continued ti!
II!r'Local or English Name
I r

IOdine concentration (llgkg· l ) dry weight .\ !
,iI!

~lRange Mean Uncertainty Eisewhere*
ill
Iii
"iI

Vegetables
,"----.
iiiCabbage
·;110-89 34.6 1.9 260 'iii·IiOkra
!'I35-100 68.3 4.4 !Ii
II!C f('ts

65-255 165 202 'I'18

!IICassava leaves
250-2450 1720 II'150 il

I)
!llCocoyam leaves 75-360 240 15 'i!·ii!
"1Garden Egg 54-186 122 9.4 II,

III196
Tomatoes 87·280 167 11.6 l,!

II'Spring Onion 18S·65CJ 314 22
!il
'Ii35-200 89.2 4.2 HGreen Pepper
;11

ill
185 9.5 204 f!Onion 38.4-270

I!I
Pepper 34.0-79.6 55.4 3.6

111Mushro _ 95-450 290 2. i

Iii
288 385

III
Mean

IfMeat, eggs and game -il
1'1

95-330 281 95 IiBeef

l'10-120 82.7 lOA

II
Mutton

1600 - 2100 1890 120

'~
Eggs

1.2<1.0-15 5.53

:11

Snail

<1.0-23 11.3 1.7
illGrasscutter

3.7
'II33-174 82.5
d

Goat Meat

2.8

I<1.0-87 46.6
Guinea fowl

<1.0-19 5.\ 0.15
Chicken

--~-_.

:1

.-'
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1"1(r";1:Table 5.7: Continued tljT

!Ii:Local or English Name

'tIOdine concentration (llgkg-1) dry weight
.1,

~;'
Range Mean Uncertainty Elsewhere* Iii

~I!IMean
til300
il!;--------
ll,Marine and IJivcr Food
"i'IilMa~;ne f'i~I~~s <i;IJ-i':~)d ) ,II

'I,

11i,(i) Oyster
1025-2740 1680 4712100 'IiIi(ii) Shrimp
1640-4780 2460 170 4987 II!:

}'

(ii i) Salmon 950-1880 1270 80 1030 :1:'
(iv) Herrings \Ii650-1970 1120 70 1358 Iik
(v) Tuna 880-198CJ 128() 90 Ii!rIi(vi) Crab 1150-2540 1610 110 1292 iii

"~!; .
Ii'(vii) Kpana (Local name) 1470-2900 1995 150 : I,
hll1
It.

)! boys (Local 1760-3220 2370 165 ~H(viii) Keia seh
~ 11

'\
I

dname)
H
ji

'IIMean 1723 2676 I;
Iii
Iii
"Fresh River and Lake Food

III700 - 2080 1850 120(i) Tilapia

III32-155 87.5 3.7
iii(ii) Mud Fish

IiiOne Man Thousand 1000-1700 1245 103
(iii) ;'1ii,

il!
(Loca! name) III

W
770 55 I,i

210-1050 'II(iv) Tupei (Local name)
Iii

900-1800 1230 95 iii
(v) Crab Ii,

1"135 8.7 I:120-250

It
(vi) Fresh water fishes

1150-2890 1900 126
Bovi Lola (Local Name) !(vii)

II1030 116
Mean

Ii
---_.-_._--_.__•..-

II
gil i
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Table 5.7: Continued
Local or English Narne

IOdine can .centratlOn (/lgkg· I ) dry weight

Range Mean Uncertainty Elsewhere*

Milk and Milk P dro uct
Fresh Milk

1750-3870 3418
Evaporated

750

(i) Peak milk 350-] 040 750 55
( ii) Ideal milk

345·' 100 745 66
Mean

748

Powdered

(i) Peak milk 2(J()O· :lOOO 2350 150

(i i) Carnation Tea 455-1850 670 40

Creamer 650-2000 885 50

(i ii) Cowbell ~1ilk

Mea." 1300

Milk Produ.:'

(i) Fan: e chocolate 550-1860 940 56

(i i) Fan ice vanila 870-2120 1360 175

(iii) Fanyogo 250-870 450 35

(iv) Fanchoco 346-1150 620 50

(v) Fan ice strawberry 765-1950 1035 125

(vi) Fangold ran raison 242-670 355 25

(vii) Fan ice sachet 264-765 395 28

(viii) Fanpop 123-456 250 18

Mean
676
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Table 5.7: Continued
Local or English Name

IOdine concentration (J.lgkg-') dry weight

Range Mean Uncertainty Elsewhere*

Staple Foodstuff
---.

Plantuill
<1.0-66 27.5 1.2

Cassava
24-120 75.5 4.7

C "l'Vam
<1.0-98 55.0 3.5

Ydm
45-200 110 7.5

Mean
67.0

Beverages

Cocoa 6.5-120 67.6 3.1

Nescafe 950-1850 IOSO 7S

35-120 87.4 3.5Tea (Lipton)

402Mean

Fruits

<1.0-85 33.7 1.7Banana

61-156 85.6 4.6Pineapple

13.8 6265-340 195Avocado Pear

159105Mean

* Fisher and Carr, 1974

86
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Uncertainty components assoc· t d . . .
la e wIth IOdme determination in NIST 8415

Whole Egg Powder using the relative and the ko_standardization methods

The overall uncertainty associated with iodine determination in NIST

8415 Whole Egg Powder using the relative and the ko lNAA standardization

methods arc presented in Table 5.8. The uncertainties were evaluated using the

equations ~uld conditions described under uncertainty calculations in Chapter 3. It

is t at from the estimation that the overall uncertainty associated with

d >termination of iodine using the ko method was higher by a factor of about 2.5%

than the relative method due to uncertainties in the nuclear constants and detector

full-energy photopeak efficiency determination in the ko quantification method

which are absent in the relative method.
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Uncertainty components assoc' t d . . .
la e with IOdme determination in NIST 8415

Whole Egg Powder using the relative and the ko_standardization methods

The overall uncertainty associated with iodine determination in NIST

841 5 Whole Egg Powder using the relative and the ko lNAA standardization

methods arc presented in Table 5.8. The uncertainties were evaluated using the

equations and conditions described under uncertainty calculations in Chapter 3. It

cl ar from the estimation that the overall uncertainty associated with

d rmination of iodine using the klj method was higher by a factor of about 2.5%

than the relative method due to uncertainties in the nuclear constants and detector

full-energy photopeak efficiency determination in the k{J quantification method

which are absent in the relative method.
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Table 5.8: Uncertainty components associated with the determination of iodine in NIST 8415 Whole Egg Plw.der using the relative

method
_._., ~ .. '..- -

Uncertainty source Symbol foJ' V;lltll: of lllil;(;rlainly Conversion factor to Relati ve standard % Contribution to
variable, unit vari:lhk standard uncertainty uncert;liot)' combined uncertainty

Mass of sample W,mg 520.6 IU)O'l I 1.34xllr' 0.025

Mass of 1 standard w,mg 100 0.10 I 5.78xlO,5 0.110

Purity of standard % 99.99 0.01 I/Y3 5. 7Sx 10-6 0.011

Isotopic abundance e Negligible Negligible - Negligible

Irradiation geometry difference Gi, cm Negligible Negligible - Negligible

~cutron self-shielding Ns 99.75-100.05 0.30 I 3.0xlO-4 0.574

Timing t, s Negligible Negligible: - Negligible

Irradiation interference IT Negligible Negligible - Negligible

Counting statistics (sample) Np (som) Counls 1965 56 I 0.028 53.53

Counting slatislics (standard) Np(s,d) 6650 52 1 7.83xIO·3 14.9

-----
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Table 5.8: Continue

Uncertainty source Symbol for Vallie of I Jncerlainty Conversion factor Relative standard % Contribution to
variable, unit v;lriah!l.: to standard UlKcrtainlV combined uncertainty

uncertainty
Counting geometry difference G,cm Ncgligihk Nq',1ie ihh: - Negligible

Pulse pileup losses Pp Negligible Negligihle - Negligible

Dead-time effects tdh s Negligible Negligible - Negligible

Decay-timing effects !d,s Negligible Negligible - Negligible

Gamma-ray self-shielding r s Negligible Negligible - Negligible

Gamma-ray interference C Negligible Negligible - Negligible

Peak integration method Pi 99.98-100.02 0.04 1/"6 0.016 30.6

Overall - - - - 0.0523 100

Value ()f Measurand Pelll = 1.97:1: 0.46

Combined standard uncertainty u,.(d) = 0.11, Expanded uncertainty = 1.85 ± 0.22 (Coverage factor K =2)
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Table 5.9: Uncertainty components associated with the determination of iodine in NIST 8415 Whole Egg Powder using the komethod

--~----~

Uncertainty source Symbol for Value or IIIIcerln inty Conversion factor to Rclati ve standard % Contribution to
variable, unit wlrinhil~ standard uncertainty lIlKcrtainty combined uncertainty-- '- -_.. -

Mass of sample W,mg 520,() Il.OIJ7 I I .~14x-io""5 0.006

Mass of Au standard w,mg 0.200 O.1l I I 5. 7Sx 10-5 0.026

Purity of standard % 99.999 0.001 1/."J3 5.7SxI0-6 0.0026

lsotopic abundance e 100 Negligible - Negligible Negligible

Irradiation geometry difference Gi, em Negligible Negligible - Negligible Negligible

Neutron self-shielding Ns Negligible Negligible - Negligible Negligible

Timing t, s Negligible Negligible - Negligible Negligible

Irradiation interference iT Negligible Negligible - Negligible Negligible

Counting statistics (sample) Np(snm) 978lW 920 1 0.28 12.6

Counting statistics (standard) Np(std) S6858() 1050 1 0.0059 2.67
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Table 5.9: Continued - -- ---_.
Uncertainty source Symbol for Value of Uncertainty Conversion factor to Rd:Jtive standard % Contribution to

variable, unit variable standard uncertainty unccrtai nt) combined

-.- ~---_. -.. --- ----_._- uncertainty
Counting geometry difference G, cm Ncglif'.ihlc Nq"ligible - Negligible Negligible

Pulse pileup losses Pp Negligible NCI~ligihle - Negligible Negligible

Dead-time effects tdt, s Negligible Negligible - Negligible Negligible

Decay-timing effects td, s Negligible Negligible - Negligible Negligible

Gamma-ray self-shielding r s Negligible Negligible - Negligible Negligible

Gamma-ray interference rj Negligible Negligible - Negligible Negligible

cak integration method Pi 99.98-100.02 0.04 1/,,!6 0.016 7.20

Resonance energy (iodine) Erl 57.6 0.40 I 6.94xl0·3 3.13

Resonance energy (gold) ErAli 5.65 0.03 I 5.3IxIO·3 2.39

Resonance integral (gold) QOAli 15.7 0.12 1'1/3 4.41xIO-3 1.99

Resonance illlegl'3l (iodine) 001 24.8 0.21 1/\/3 4.89xlO·3 2.20

-----
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Table 5.9: Continued -
Uncertainty source Symbol for Value or Uncertainty Conversion factor [0 Rdative standard % Contribution to

variable, unit variable standard uncertainty uncertainty combined uncertaint. _.. - - _.. ------'-;r;:;r
I '16

.-

7. 78~IO-:5'ko factor ko 0.0112 1,4xI0' 0.035

Coincidence correction factors COl Negl il',i hie Nceligiblc - Negligible Negligible

Au-wire standard Au, mg 12.5 0./25 l/-V3 0.0722 34.8

Thermal-to-epithermal neutron flux ratio f 18.9 0.6 l/-V6 0.0122 5.50

Epithermal neutron flux shape factor 0. 0.0422 0.0051 I/Y(, 0.049 22.1

EfticicH':;'; (iodine) E1 0.01279 0.0031 I/Y6 6.38x1O,3 2.87

Efficiency (gold) EAu 0.01367 0.0029 1/\16 5.97xIO'3 2.69

Overall - - - - 0.222 100

Vaiuc of Measurand PCOl = 1.97 ± 0.46

Combined standard uncertainty uc(c.I) = 0.7.4, [xpanrh:dunccrt;tillly = 1.81 ± 0.48 (Coverage factor K =2)
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Alternatively, a Compton suppression counting coupled to PCfNAA was used to

element to be determined has long-lived nuclide, then this method is unnecessary.

Obviously, the total analysis time could then become unde'iirably long and if the

becames limited. If a long delay period, e.g. several days, is allowed between the

repetitions of cycles, the sensitivity of measurement can be further improved.

limits of these t I . .race e ements were slgmficantly
improved by increasing the number of I

cyc es up to 4. However, as the long-lived

nu r:! s such as 38C! and 24Na built up and created significant undesirable

Com ton backl'Tound activitie' th b . .
v s, e num er of cycles a sample could be Irradiated

Determination of short-lived .
nuclIdes Using PCINAA

. and Compton
suppressIOn gamma-ray sp t

ec rometry

A PCINAA method Was develo ed f, .
p or the simultaneous determination of

Dy, Hf, Rb, Sc and Se in some Gh .
analan foods through their short-lived nuclides.

The precision and detection

achieve similar . i:'>ener results within a shorter analysis time. In order to

minimize err'~ c-J.LSed by possibly high dead-time, the optimum distance

between the de:. ':'::1 and the sample was set at 1.0 cm to maintain dead-times less

than 10%. T ,e ce ay between the end of one cycle and the start of irradiation of

,
\
I

1
I,

in the PCINAA up to 4 cycles.

. rna-ray energies less than 150 keY using the
limits for elements havmg gam

. t' due to insignificant reduction in the
d entlOnal coun ll1ganticoincidence an conv .

f h det~ction limits for each elemen! lS
The range 0 t e "Compton continuum.

the next cycle "vas 50 s.

I t 'ed from samo,ie IO sampleThe detection limit for each e emen van

d f'ty The detection limits were also improved
depending on the backgroun ac IV1 •

There were no significant reductions in detection

presented in Table 5.9.

9:1
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The precision and trueness f h
o t e method were checked by analyzing two

NIST SRMs under the same ex .
penmental conditions as the samples. The results

obtained in this work are Com bl .
para e to the reported values as shown 10 Table

5.10.

Pr~cjsion of the counting system was calculated as a percentage relative

stand3rd deviation ('1oRSD) of 6 or more replicate measurements of each sample

a ,d was found to be less than ± I0%. At least 6 portions of selected Ghanaian

c reo.ls \ld vegetables were analyzed for Dy, Hf, Rb, Sc, and Se through their

short-lived nuclides by PCINAA method and anticoincidence counting. Their

average concentrations on dry-weight basis arc presented in Table 5.11.

i· '

:'
"

,.

"

,I
I
'\
,I'
I
\

tli'
;1"

'.',I

".,.
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Table 5.10: Range of detection limits for short-lived nuclides of various samples analyzed by PClNAA using both conventional and
anticoincidence counting

16SDy 108.2 75.4

179Hf 214.5 18.68

86mRb 555.4 61.0

46111SC 142.5 18.75

77111Se 161.9 17.45

Nuclide used Gamma-ray
energy used

(keY)

Half-life (s) Detection limits mg kg·1

-.----
1\ III ico;lJ(;iJencc conv<'ntionaJ

._ •. _-- - •.• - --'P

One-shol'l irrtldi:ll;oJl Four Cycles One-short irradiation Four Cycles

0.001-0.05 0.003-0.0 I0 0.002-0.22 0.003-0.010

0.001-0.06 0.002-0.0 I J 0.008-0.60 0.01-0.12

1.5-2.0 1.0-1.5 2.5-10.0 5.0-15.0

0.001-0.03 0.OO2-0.0S 0.001-0.04 0.002-0.05

0.001-0.01 O.OOS-D.OS 0.002-0.02 0.0058-0.06
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Table 5.11: Analysis of NIST 1547 Peach Leaves and NIST ] 56Gb Oyster Tissue by PCINAA and Anticoincidellce counting

Element NIST 1547 Peach leaves (I;I.,.k,/I)
. _. --'-"--~

NIST 156Gb OysterllSS11c WgKg )

This work l{cl'0lled Vallie:; This work

Dy
4_ _. ____ ••

650 ± 12 (i<)O ± 20 42.2 ± 5.7

Hf SSA ± 3.1 50.0 ± 3.2 16.3 ± I. I

Rb 21100 ± 1600 (19700) 3530 ± 210

Sc 38A ± 6.2 (40.0) -16.8 ± 5.5

Se 130 ± 7.3 120 ± 6.0 20':':0± 180

96

R<:poncd values

3260 ± 145

2060± 150

• ~ -. 1"'~ _ ..•. - 7.. .._..::._-~
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Table 5.12: Concentrations of short-lived nuclides in cereals and vegetables using PCINAA and Compton "ullpression spectrometry (J.lgkg-l)

_. "

Element Sorghum Maize Mi lIet Rice Wheat Okra Cabbage

--
Dy 2.21 ± 0.22 <1.0 9.7 J. n.x ().f(J :1- 0.77 <1.0 66.5 J: 5.7 <1.0

Hf 11.5±3.2 4.22 ± 0.31 3.()(j I 0.22 2'1..'1:1:2.12 63.6 ± 4.9 1750±7S 45.2 ± 3.9

Rb 6330 ±448 3820 ± 230 6400 ±: 3LlO I34()() :J: I J40 8270 ± 776 15600 ± 860 25600 ± 1200

Sc 4.17±0.88 42.5 ±2.2 11.4 ± 1.2 91.3 :tc 8.6 52.1 ±4.9 1260 ± 98 33.6±2.8

Se 35.1 ± 5.6 48.7 ±3.2 98.3 ± 6.7 75.1 ± 5.5 409 ± 58 25.3 ± 4.9 3810 ± 157

Element Pepper Garden eggs Onion Spring onion Cocoyalll carrOlS Cassava Tomatoes
leav("s leaves

Dy <1.0 <1.0 110 ± 10 <1.0 <1.0 52.4 ± 3.8 29.7 ± 1.8 <1.0

Hi' 95.1±7.7 51.4 ± 3.7 1150 ± 67 5.7±0.31 120:L 10 10.3 ± 0.87 10.9 ± 0.98 <1.3

Rb 79200 ± 1200 36500 ± 800 8610 ± 700 38600 ± 1200 .j 1500 ± 2WO 81200 ±I 150 25400 ± 889 12700± 550

Sc 975 ± 88 1SO ± 14 1050:1: \02 690 :1: 66 110:1: Cl.6 98.6 ± 7.9 182 ± 16 25.4 ± 1.7

Se 11.5 ± 1.1 15.2 ± 4.6 12.8:1. 1.1 55.2 :1: 5.4 354 ± 26 45.2 ± 2.7 6340± 110 105 ± 9.8

97
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Simultaneous determinatio f
n 0 short-to m d'

- e lUm lived nuclides by INAA and
Compton suppression gamm

' a-ray spectrometry

An INAA method with C
ompton supp .

reSSlOn spectrometry has been used for
determination of AI, 133, Hr, Ca, Cl Co

, , Cu, Dy, K, Mg, Mn, Na, Rb, S, Sr, Th, Ti, U,

V and Zn in Ghanaian food samples, 1 d
rra .iation, decay and counting conditions were

optimized for the simultaneous dete . .
rmJnatlon of these 20 elements with a short turn-

around time. The detection limits L I .
o were ca culated uSlDg the formula proposed by

Currie, (1968). The detection limit for each element varied from sample to sample

depending on the background activity as shown in Table 5.12. These limits ranged

between 1.0 ng.g·
1

and 200 mg.kg·1 for Dy and S, respectively, using the Compton

:.. -::!. ,., .'.

,;

,:
i,.
I

',i
.. ' J ~

. "

,
I,;
, :!

",.
" c;

suppression system in the anticoincidence mode as compared to 1.0 mg. kg'! and 400

5.13. The results are 'n good agreement with the reported values.

mg.kg,1 for the sa .l~ e,~ments using the conventional counting mode. The results of

"

II
I

II oncentrations.
their species as we as c

I
t been well established.

Ba, Dy, Th and U las no

essential major elements

. t 'tion and health; Prasad, 1993). Elements regarded
(Trace elements III human nu n

C C Mil Rb Sr Ti V and Zn depending upon. d I't are 0, u, , , , ,
having essential/toxIC ua I y

The nutritional importam:c or the t'kments

The average concentrations of 6 portions of some Ghanaian food items on

d . ht b' esented l'n Table 5 14 It is observed from the results that,ry-welg aSlS are pr . .

. ., . the concentration of the elements from sample to sample.
there IS a great vanatlOn m

. d C CI K Mg Na and S are considered as nutritionally
Of the elements detennme, a, " ,

while Sr is being a nutritionally essential trace element

analysis of 5 SR..\ 5 .cr the validation of the analytical method are shown in Table

98
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AI

Ba

Br

Ca

CI

Co

Cu

Dy

K

Mg

Mn

Na

Rb

S

Sr

Ti

Th

u

v

Zn
68Zn

1778.9

165.85

616.3

3084.54

1642.7,2167.7

58.60,1332.5

1039.2

108.2,515.5

94.70,361.7

1524.58

1014.43

1810.72

1368.6,2754

555.4

3103.98

388.4

320.08

86.53,459.3

74.66

1434.08

438.63

-----
99

10-15

5.0-10

0.05-0.01

50-150

10-22

0.01-0.02

0.5-1.0

0.001-0.002

0.005-0.01

50-100

20-50

0.5-1.0

5-10

0.5-1.0

200-400

1.0- .2

1-5

0.10-0.12

0.008-0.010

0.001-0.005

10-50
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Element

AI

Table 5.14: Analysis of SRMs for short-to-medium Jived nuclides using INAA and anticoincidence counting (t;=l min td=2 min t c=10min)

NIST 1547 Peach NIST ISIS Apple NIST 1566 Oyster Tissue NIST 1577 Bovine Liver N1ST 1549 Non Fat Milk
leaves Concentration Leaves Concentration Concentration Power Concentration. - ..__.

This work Certified This work Celtificd This work Certified This work Ccnilled This work Certified
Value Value VlIlue V<1 II.IL' Value-- .

252±9.2 249±7.5285±3.5 286±8.6 210'SJ 197:1:6.0 <10 (3.0) <10 (2.0)

Ba 129± 6. I 124±3.7 46±l.7 49±2.0 S.IS I n.5 IU,10.3 <10 - <10

Br 11.7±O.6 (11) 1.9±O.03 (1.8) 54.0.LJ.4 - 9.4±0.86 (9.7) 11.5±0.7 (12)

Ca(%) \ .53±O.O5 (1.56) 1.57±0.11 (1.526) 0.086±0.003 0.0838:1:0.002 <0.0150 (0.0116) 1.48±0.06 1.3±0.05

C\ 37l±13 360±18 555±SS S79±79 5165±89 5140:1: 100 2900±64 27S()±56 10900±350 10900±200

CO(~Ig.kg-1) 63±4.3 (70) 86±9 (90) 357±50 371±20 22()±30 (250) </0 (4.1)

Cu 3.21±O.2 3.7±O.2 S.S4±0.33 S.64±0.23 n.2±2.1 71.6±1.6 165±7.8 160±8.0 O.66±O.O4 O.7±0.1

D; (jJ.gk.g.-l) 600±12 690±20 2210±103 2320±140 42.0±2.5 - 2800:i: I00 2100±!00 <2.0

---

"All values are in mg.kg- ' unless other""ise slated

100

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Table 5.14: Continued

--
Element NIST 1547 Peach leaves NIST 1515 Apple Leaves NIST 1566 Oyster Tissue NIST 1577 Bovine Liver NIST 1549 Non Fat Milk

ConcentTation Concentration Concentration Power Concentration
-~.__ . . -----

This work Certified This work Certined This work Certified This work Cl.:J tifl(;J This work Certified
Value Value Value Value Value---

K(%) 2.S9±O.11 2.43±O.OO243 1.59±O.O21 (1.6\ ) O.f1tj-1 0.0 I 0.652~:0.14 0.96~:0.O) 5 (0.994) 1.87.±0.36 1.69±0.03

Mg 4800±200 4320±86 2780±lOO 2710lXI I Jl)() I 55 I085:L23 583±48 601± 30 /300± 66 1200± 30

Mn \O7±9.5 98± 2.9 60 ± 2.6 54 ± 3.2 20.3 ± 1.2 J8.5 9.7±O.77 10.5± 1.7 <0.5 0.26±0.06

Na 22.5±1.2 24± 1.9 23.6 ± 1.4 24.4 ± 1.5 2900±44 3297±53 2300±38 2420±48 4970 ± J 10 4970±100

Rb 21.1±1.6 (\9.7) \0.5 ± 1.1 10.2 ± 1.5 3.53 ±0.O2 3.26±0.145 13.3± 1.4 13.7± 1.1 12.3 ± I.l (11)

S 2l00±300 (2000) 1950±240 (1800) 7040±89 (6887) 7160±IOO 7S50±79 3400 ±46 351O±50

Sr 51.S±3.9 53±4.2 26.7 ±2.7 25 ± 2.0 6.52±0.32 6.8 ± 0.2 <1.0 0.136±0.02 <1.0

Ti 52.4 ±4.8 - 15.0±1.9 - 1 1.3 ±l.O - <5 - <5

"All values are in mg.kg·)unless otherwise slated
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Table 5.14: Continued

Element NIST 1547 Peach leaves NIST 1515 Apple Leaves NIST 1566 Oyster Tissue NIST 1577 Bovine N 1ST 1549 Non Fat Milk
Concentration Concentration Liver Concentration Power Concentration..._--

This work Certified This work Certij~ed This work Certified This work Ll:rti tit:d This work Certified
Value Value Value V;t1uc Value

Th(llgkg· l
)

-_. 0 __ •

<100 (50) <100 (30) </00 36.7±4.0 <100 - <100

U(~lgkg-l) 20.2±3.1 (15) <8 (ll) ?1)11J:20 .255±14 <8 - <10

V 0.37±0.02 0.37±0.03 0.27 ±0.02 0.26±O.03 (J.(lO() [().04 0.577±0.03 O. J29±0.01 (0. In) <0.005

Zn 21.9±0.56 17.9± 0.36 <20 12.5 ± 0.25 1225±78 I424±46 121±15.9 127±16.5 <50 46.1±2.2

*All values are in mg.kg·\ unless otherwise stated
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Table 5.15: Concentration of short-to-medium lived nuclides in Ghanaian foods using INAA and Compton ~uppressiongamma-ray

spectrometry (t;=l min, td=2 min, tc=10 min)
__0 ________

Fanice Fanice Fanice Fangold f{:m Fan Ice Sachet
Elements Ideal Milk chocolate Vanilla Fanyogo Fallchoco strawberry Raisin Fanpop

---------
AI <10 <10 <10 <10 <10 <10 </0 <10 <10

Ba <5.0 7.89±0.2 <5.0 <5.0 (,."to 10.35 <5.0 2.17±O. J8 4.S9±O.28 <5.0

Br 35.0±0.21 5.29±0.15 7.37±OA5 3.92±0.35 3.7]1.0.22 4.51±O.29 IO.O±O.44 3.40±O.17 1.37±O.O9

Ca(%) 0.690±0.02 0.340±0.038 O.lS±O.Ol 0.34±0.022 6.9S±0.33 0.348±0.0 17 0.324±0.OIS 2440±11O 220±25

Ci 13680±2S00 3400±170 6230±3S0 3100±120 3180±190 38S0±IS5 3000±200 4670±300 867±40

COIJlgkg·1
) <10 0.340±0.015 0.162±0.01 <10 O.067±O.OO2 <10 <10 <10 <10

Cu <0.5 1.67±0.16 <0.5 0.S9±0.001 4.62±O.27 <0.5 1.15±0.O7 0.923±O.07 <0.5

D:-( fl g),g.l) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 2.8±O.1 <1.0

K(%) O.808:tO.060 O.S5±0.042 0.128±O.O15 O.276±0.O I(i 0.0556HUIS O.%7±0.25 OAO±0.020 0.423±0.022 0.077±0.005

..p..ll values are in lng.kg- I unless otherwise staled
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Table 5.15: Continued

Fanice Fanice Fanice Fangold Ran Fan lee
Elements Ideal Milk chocolate Vanilla Fanyogo Fanchoco strawberry Rai"in Sachet Fanpop

-..- .. --

Mg 542±75 640±42 421±22 306±10 950±55 500±20 28'5110 230±9 103±5

Mn <0.5 6.68±O.22 0.554±0.O25 <0.5 0.02:1:0.25 <0.5 <0.5 <0.5 <0.5

Na 4030±40 1530±85 2760±IIO 2lWO.l )(J(J J,'i 71H:80 1830±IOO I050±85 I170±90 1500±lOO

Rb 14.17±1.26 15.30±1.18 14.65±1.31 12.66±0.1J4 J5.6:HI .42 13.76:f:0. 75 12.84±O.85 /5.80±1.38 <5.0

S <200 1680±120 2000±160 1000±76 3550±200 1800±140 1600±90 <200 <200

Sf <1.0 <1.0 <1.0 7.75±0.43 8.85±0.55 <1.0 <1.0 <1.0 <1.0

Ti <1.0 1.87±0.1 S <2 1.41±1.01O <1.0 <1.0 <1.0 <1.0 <1.0

Th( !-.q~kg' I ) <100 <100 <100 <100 <100 <100 <100 <100 <100

U(jl!?-kg,l) <10 <8 <8 <8 <8 <8 <8 <8 <8

V O.OI30±0.02 0.01 S±0.007 0.014±0.005 0.05 I±O.OO 1 0.05-1:&0(\ I 0.014±0.OO5 0.005±0.001 <0.001 <0.001

Zn 31±1.7 30.0±2.1 32.5:1: 2.2 41.lH :\.2 25.2± 1.8 34.7±3.1 28.0±2.2 36.5±2.6 <10

---'-:j'---------'*All values arc in mg.kg- unless otherwise stated
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Table 5.15: Continued

Element Fresh Milk Cocoa Yam Plantain Cocoyam Cassava Cassava Cocoyam Goat Meat
Leaves Leaves... .- -- --_.

AI 33.1±2.3 <10 14.5 <10 170:1.:42 <10 340 t·20 66.9~5.8 35.6±3.4

Ba <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Br 28.1±2.1 <0.5 2.89±0.15 1.07:IOJ1) 5 .7.1,(1.3 5 13.59±J.22 22.9±2.17 11.6±1.09 40.5±0.17

Ca(%) 0.842±0.06 0.018±0.001 <100 <100 O.:l4LO.022 0.037±0.O02 0.783±O.022 0,491±0.O25 <100

CI 17800±950 <20 3400±170 3280±350 J670±120 J080±190 565±44 2690±640 6050±300

Co(u~kn-!) <10 <10 <10 <10 <10 ..::10 <10 <10 <10, ..... t:-

ell <0.5 2.94±0.18 3.67±0.16 1.03±0.02 12.0±1.0 4.6~±O.:?7 7.I4±0.33 J 1.3±0.96 <0.5

D)(~gkg'\) 27±1.5 <0.5 <1.0 <1.0 <1.0 ..::1.0 < 1.0 <1.0 <1.0

K(~·o) 1.14±0.11 0.1 15±0.06 1.09±0.42 0.828±0.068 1.7±0.16 0.171:LO.023 0.1.51 ±0.32 1.97±0.OJ J 1.25±0.21

Mg 1040±75 615±45 443±42 J075±212 976:L~S 570±55 3500±200 1960±650 920±49

Mn <0.5 2,60±0.14 6.68:1:0.22 2..1510.025 2.I±OA2 < 47.5±0.56 23.6±1.9 <0.5

----_._-------~ .- .. _._.
----*1\11 values arc in mg.kg- unless olherwise stated
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Table 5.15: Continued

Element Fresh Milk Cocoa Yam Plantain Cocoyam Cassava Ca'isava Cocoyam Goat Meat
f C3VCS Leaves- ------

Na 3800±40 11.0± 0.72 l5.3±0.85 27.6:i:I.10 110±20 I59.5± J2.80 I J70190 17.0±1.3 2980±790

Rb 4.17±0.26 <5.0 5.30±0.1 S /1 Ni I (1.'\ I 2.66±0.J4 5.63±0.42 5.80±0.38 <5.0 5.80±0.38

S S60±ISO <200 1680±l20 <1.00 IOOO±76 <200 2300±440 <200 <200

Sr <1.0 <1.0 <1.0 <1.0 7.75:tO.43 <1.0 <1.0 <1.0 <1.0

Ti 38.8±2.6 <1.0 <1.0 <1.0 3.41:!:0.10 <1.0 1.78±0.12 <1.0 <1.0

Th(Jlgkg· 1
) <100 <100 <100 <100 <100 <100 <100 <100 <100

U(llgkg· 1
) <5.0 <5.0 <8 <8 <8 <8 <8 <8 <8

V 0.0 I00±0.002 0.0178±0.003 <0.005 <0.005 0.03 I±O.OO I <0.005 0.65±0.034 0.128±0.02 <0.001

Zn 35.2±17 <20 30.0±2.1 <20 4 I.!);!: 3.2 <20 41.2± 2.2 36.1± 2.5 20.4± 1.2

...A 11 valu(;s are in l11g.kg· 1 unless otherwise slated
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Table S.lS: Continued

Element Crab Shrimp Oyster Tuna Tilapia Salmon Beef Mutton Chicken
_.- - -

Al 298±40 188±16 560±30 20.0±2.2 15.9±I.3 210±15 ,,10 59.2±3.5 <10

Ba <0.5 495±28 30.8±2.5 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Br 135±66 135±8.3 9.32±O.21 .'ili.O I 1.115 77.3±3.35 45.0±3.2 8.51±0.69 35.8:r2.44 3.50±0.22

Ca (%) 5.4l±0.25 7.23±0.28 O.275±O.O2 0.21 RJO.O I <100 0.075±0.33 <100 <100 <10

CI 30700±1290 6080±290 620±25 17900±4350 13670.t120 J65D±J9D 6450±185 I J65D±9200 6830±590

COl ~lgkg-I) <IS <10 <10 <10 <10 <10 <10 <10 <10

Cu 10.8±0.66 73.7±4.6 10.8±0.66 6.86±0.22 <0.5 <0.5 3.41±0.27 J.J5±0.07 4.02±0.27

DY(flgl;g·l) 27±1.5 24±IA 27±1.5 <1.0 <1.0 <1.0 <1.0 <1.D <1.0

K(%) LI2±O.10 0.97±0.O48 O.151±0.OlO 0.924±0.O8 1.02j:0.0 16 1.60:LO.02 1.22±D.25 I.l8±D.J20 0.674±0.025

Mg 17100±775 2340±120 1200±75 I258:t722 665:1 111 715j:55 710±4D 77D±9D 1065±55

Mn 45.9±3.2 380±12 570±20 0.55:1:0.0:~5 <0.5 6.02±O.25 <D.5 <D.5 <0.5

*;\ II ;<J;:;-c~ ,ire in mg.kg- I unless olj;el-wiseslai-~d
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Table S.lS Continued

Element Crab Shrimp Oyster Tuna Tilapia Salmon Beef Mutton Chicken
- --- .

Na 15000±940 9470±200 730±40 16800±2110 4580±340 3150±780 351 O:L I (JO 3660±815 3860±780

Rb 14.17±0.26 3.8± 0.22 4.17±0.26 <5.0 J2,(,(j:!:0.84 3.63±0.42 37.6±2.25 12.84±0.85 15.63±1.42

S <200 4800±150 2100±lS0 8700 I S()() . lion J950±200 <200 <200 <200

Sr 12400±0.S 380±10 8.14±O.S 1 <1.0 < 1.0 8.85:1:0.55 <1.0 <1.0 <1.0
1

Ti 7600±2.6 40.8±2.2 38.8±2.6 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Th(flgkg'!) <100 <120 <100 <100 <100 <100 <100 <100 <100

U(l1gk g'\) <10 <10 57±4.4 <8 <8 <8 <8 <8 <8

V 0.685±0.02 0.25±0.08 0.700±0.02 0.014±0.005 <0.001 0.~6±O.OI <0.00.1 0.164±0.015 <0.001

Zn <20 68.0± 2.9 255±17 <20 41.0± 3.2 S:'U±4.5 36.4±2.\ 71.5±4.6 61.2±4.1

*All values are in mg.kg"l unless otherwise stated
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Table 5.15: Continued

Element Maize Millet Beans Groundnut Sorghum Agushie Wcrcwcre Dawadawa Preksese_._--
AI 45.0± 3.0 76.7±7.1 2230±107 13.2±1.7 27.6±3.3 36.0±2.3 83.7:15.6 44.2±3.J 447±23

Ba 1.53± 0.11 3.09±0.32 45.5±2.6 5.35±0.42 (l.X3:!:O.03 <0.5 <0.5 4.74±0.25 42.2±2.2

Br 1.4l± 0.08 1.59±0.12 0.745±0.03 O.15JO.02 lUll I n.os 0.368±0.01 0.26±O.OI 2.71 ±O.12 l.39±0.08

Ca(%) <0.0150 <0.0100 0.037±0.00 0.036:1:0.005 0.020l:0.00 I 0.08 J±0.005 0.060±0.005 O.~5±O.O18 O.68±O.048
2

Cl 1000 ± 78 405±32 99.5±5.6 58.5±2.4 470±45 26.2±1.5 41.2±3.1 65.0±5.2 108±3.1

CO(figlq{l) 38.6±2.9 232±40 14800±970 22l±13 38±3.1 45M25 97±7 170±1O 900±30

Cu 1.69 ±0.12 2.09±0.11 1.64±0.08 7.95±0.42 3.65±0.08 13.7±2.1 IO.3±O.S 4.00±0.26 10.7±O.33

D ..1) <1.0 <1.0 60±5.2 3.1±0.1 2.2±0.21 2.7±0.15 8.3±0.1 <1.0 39.2±1.9~'(~gKg

K\%) 0.38±0.024 0.233±0.012 1A±0.03 0.69±0.01 0.40±0.012 0.7MO.03 0.43±0.015 0.87±0.035 0.202±0.014

"/1, II values are in mg.kg· 1 unless othcl'\vise statcd
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Table 5.15: Continued --_._---"._-.._-

Element Maize Millet Beans Grounclnl.ll Sorghum Agushie Were were Dawadawa Preksese- ----- .
Mg 1200±80 980±54 1470±40 2400::!:55 R70±22 5200±120 3100±/OO 880±40 14300±720

Mn 6.94±0.45 14.4±1.1 626±15 IR.OI.I.2 1l).C)! 1.0 76.3±2.9 23.3±2.1 n.O±1.7 44.7±2.1

Na 24.5±1.9 9.00±0.62 77.8±3.7 20.1±0.53 <10 J 1.7±0.78 f 1.0±0.8 52.6±3.5 lO6±6.1

Rb 0.72±0.03 6.40±0.34 11.5±0.71 5.51±.0.07 6.33±0.48 8.40:W.32 9.30±0.6 8.00±0.45 17.3±1.2

S <200 <200 <300 845±28 <200 1500±60 1050±55 <250 700±40

':>1' 1.40±0.25 <1.0 <1.2 4.80±0.22 <1.0 <1.0 5. 73i:D.I S 6.57±0.42 22.3±/.3

Ti 4.19±0.76 1.85±0.07 35.2±1.2 5.03±0.27 2.34±.0.05 3.S2:1:0. j I 20.0±1.2 /0.0±0.58 44.6±2.5

Th(\-lgkg'!) <100 <100 <102 <100 220:\:60 l)30±50 720±35 630±27 465±27

lj( flg,kg· l
) 9.2±0.7 <8 95±6.1 8.6±0.1 <S 15:/0.1 <8 1O±0.7 <8

V 0.12:\:0.05 0.05±0.001 13.6:LO.7 0.013:1:.000 I 0.021 ±.Oll-' 0.023±.003 0.128±0.07 0.036±.0017 1.03±.0.07

Zn 37.0±2.0 49.1±2.6 26:1 I.t) 54.4:t3.5 17.9:1:1.3 70.9±5.2 <20 <20 <20

----.-----. '---'---1'--' .- ...... __ .. ... _.-
---*A"il valucs arc in mg.kg· unless otherwise slated
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y'

Even though Nil and K have only

one half-life each their dete . . b " .rmmatlon y long IrradiatiOn, decay and counting

yielded lower O<:'t. 'Ii ~n limits than short' d" d' .Irra latlon ecay and countlOg

conditions. T..e ":c:~:i n Emits calculated using the equation proposed by Curie

INAA of Long-lived n .
uchdes in Gh .

analan food
gamma-ray spectrom t s Using Com te ry p on suppression

Fourteen long l'
Ived nuclides in

d
. samples of Gh .

were etermll1ed using Com analan foods and 4 SRMs
pton suppressl'On gamm. b h a-ray sIII ot conventionill il d '. pectrometry operating

n antlcomciden .
, . ce countmg mod
IrradIated tor 3h in H' . es. The samples were

1(: Inner Irrad' ,
latlon sites of the DU ..

!leutron t tlX of 2 Sv I01 J .2., SR facIlIty at thermal
." cm s Th

. e samples were allowed to decay between 3-

10 days and cOunted for 10 h.
Of the 14 elem t d .

I'd B en s etermmed using long-lived
nuc I es, r, Rb, Sc Th and Z, n were also quanti Ii d .. Ie us109 their relatively short-

hved nuclides in the previou h
s sc emes. It was observed that the detection limits

for these elements were significantl '.y reduced uSing their long-lived nuclides due

to long irradiation, decay and counting times.

(1968) is show" ::0 12Jle 5.15. Table 5.16 shows the results of analysis of the

SRMs which are in good agreement with the certified values. The

anticoincidence counting worked best for the determination of As, Au, Cr, Mo, K,

Rb, Sb, Th and Zn while the conventional counting was good for Br. Fe La, Na

and Sc. This was due to the fact that, the full-energy photopeaks of Br, Fe, La,

Na and Sc were suppressed in the anticoincidence counting because they emit

. 'd t a rays I'n cascade The concentrations of these elements are
comci en gamm - .

given in Table 5.17. The superiority of the anticoincidence counting over the

. . t's I'llustrated in Fig. 5.4. The Compton background
conventIOnal countIng sys em 1

I
. . low detection limits allowing photopeaks with

is drastically reduced resu ling 111

relatively low activity to be determined.

1i I
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It was observed from the res It
u s that, contrary to the general view that

plantain contains high levels of Fe it W h

' as rat er one of the foodstuffs with the

lowest concentration of Fe. Of the foodstuffs analyzed, the highest Fe

concentration was found in beans. The concentration of As was found to be

"

higher in sea and ri ver foods than all other foods. It was also observed that

foodstuffs from the mining areas had higher levels of toxic elements like As, Cr

and 5 than the same foodstuffs obtained elsewhere. The detailed discussion of

the nutritional and toxicological effects of the elements determined is beyond the

Element Product nue 1 e

scope of this work.

Table 5.16 Range of detection limits of long-lived nuclides in various food items

. INAA and Compton suppression spectrometry (I; = 3 h, (,j =3-10 d, to =10 h)usmg

rd '1- energy (keV) Range of detection limit (flgkg·1)

70As 559 O,(i i-1.0As

i~,\ 7 411.87 0.001-0.1Au ."

776.554 1.0-5.0".Br -- :::1:

320.1 20-100- . -Cr

20-50';Fe 1099,1291Fe

1000-10000
42K 1524.8

K
10-100

141La 486,1596
La

100-500
98Mo 140.2

Mo
500-1000

24Na 1369,2754
Na

10-50
76Rb 1076

Rb
0.001-0.01

564
Sb

121Sb
0.001-0.0 I

889
Sc

46SC
JOO-500

312
233Th

500-10000Th
1115.6

-_.----Zn
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Fig.S.4. Spectra of beaus using Compton suppression ~alllnl:l-r:l)'spectrometry (t;=3 h, td=S d, tc=10 h)

A=Convcn tion al COli II tinu. B=A III i,~oilld(lcucccon uti Ill!
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Table 5.17: Analysis oflong-lived nuclides in SRMs by INAA and Compton suppression spectrometry (tj=3 b td=3-10 d tc=lO h)

- .
Element NIST 1547 Peach leaves NIST 15] 5 Apple Leaves NIST 1566b Oyster Tissue NIST 1577b Bovine Liver

Concentration Concen1.ration Concentration Concentration
Certified This work Ccrlified This work CcrtilicJ This Work Certified

This work Value Vallie Value Value
AS(~lgkg-()

-- - ... - - -- --
58.6± 9.9 60.0±18 4LIJIJ .5 lX.OJ:7. J 7580±450 7605±605 54.3 ±5.3 (50)

Au(~gkg-l) <0.01 - 1.12±O.09 ( 1.0) <0.1 - <0.01

Br 11.2± 0.6 (11) 1.9± 0.03 (1.8) 55.0± 3.4 - 9.6 ± 0.86 (9.7)

Cr 1.12±0.OS (1) 3.2± 0.11 (0.3) <0.04 - <0.03

Fe 22s± 13 218± 14 8s± 5.0 (83) 20tH 13 205.S±6.S 190± 10 184±16

K(%) ±4.3 2.43±0.30 86±9 1.61 ± 0.016 357±50 O.652±0.009 220±30 O.994±0.003

La 8.7±0.2 (9) 22±2.3 (20) <O.O-l - <0.04

"All values are in rng.kg- I unless otherwise slated
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Table 5.17: Continued

Element NIST 1547 Peach leaves NIST 1515 Apple Leaves NIST 1566b Oyster Tissue NIST 1577b Bovine Liver
Concentration Concentration Concentration

Concentration----- ---'
Certified This work Certified This work Cerli lied This Work Certified

This work Value Value Value Value.- - . ---
Mo O.O58±O.OO3 O.O60±O.OO8 O.09X+OJHJ') O,()()4 ±fl.013 <0.05 - 3.8±O.42 3.5±0.33

Na 2S±2.5 24±2 23.5±J.6 23.4:1: 1.2 3310±97 3297±53 2495±88 2420±48

Rb 19.5±1.l 19.7±1.2 11.2±OA4 10.2 i: 0.51 3. J 5±OAI 3.262±0.145 13.5±1.5 13. 7±1.2

Sb(\lgkg- I
) 20.H15 (20) 12.8±1.l (13) 11.4±1.0 11±2 2.8±0.12 (3.0)

SC(flgkg- l
) 38.5±2.1 (40) 32.2 ±1.5 (30) <0.01 - <0.01

Th(\lgkg- I
) <100 (50) <0100 (30) <.150 36.7±4.3 <100

Zn 16.1±1.6 17.9±OA 11.5 ± 0.25 10.2±1.5 I-DO±97 1424±46 125±14 127 ± 15

*All values are in mg.kg-1 unless olherwisc staled
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Table 5.18: Concentration of long-lived nuclides in Ghanaian foods using INAA and Compton SUPlll"cssion spectrometry
(ti=3h, td=3-l0d, tc=lOh)

Cassava Cassava Cocoyam
Element Beans Cocoa Maize Cassava Mining I Mining 2 Cocoyam Mining Area
As (\-lgkg"[)

- - . --_.
707±13 <0.1 1O.6i~O.<)2 <0.5 322±20 144:Ll.8 2.0±O.LO 58.4±5.1

Au (\-lgkg"l) 10.6±0.9 <0.02 4.51.1.0.23 1(>.3:1:1.4 9.7±O.21 15.2±O.41 O.44±O.1 6. 78±0.4

Br 0.55±0.11 <1.0 1.85±0.O7 J2.5±1.l 20.5±!.5 23.I±!.? 55.0±3.5 32.2±2.6

Cr 2.56±0.018 <0.02 <0.02 <0.03 9.28±0.22 l2.2±O.96 <0.020 9.97±0.57

Fe 9620±750 <40 96.5±8.5 <50 <45 255±70 <50 <50

K 15070±985 1200±l70 3790±250 16800±1750 8350±190 l1420±185 32210±200 2250±300

La 0.78±0.03 <0.003 0.0346±0.007 0.033±0.OO2 --.:0.002 O.09-H0.OO6 <0.002 <0.002

Mo 2.00±0.17 <0.02 0.227±0.043 <0.02 -::0.02 <0.02 0.439±0.07 9.28 ±0.87

Na 78.3±2.4 l2.7±1.0 30.6±2.8 L)3:1:12 107±12 80.5±9.5 2I.4±.0001 255± 14

*All values arc in mg.kg- l unless otherwise slaled
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Table 5.18: Continued

- ._..

Cassava Cassava Cocoyam
Element Beans Cocoa Maize Cassava Mining 1 Mining 2 Cocoyam Mining Area

Rb 11.69±0.79 5.l2±0.21 2.05:1:0.14 6.35±0.O2 4.28±.0.22 15.841: 1.2 L75±O.08 37.8± 14

Sb (llgkg'l) 39.5±2.7 <0.05 4.71JO.21 6.4:10.21 96.9±3.8 45l±62 O.90±O.O2 45.8±3.8

SC(llgkg·l) 240±15 <0.001 <D.OO] <0.001 <0.001 <0.001 <0.001 <0.001

Th(llgkg,l) 200±ll <0.5 284±54 <0.2 12.9±1.1 8.3±O.1 6.38±O.17 124±1O

Zn 29.5±2.7 7.22±0.22 31.7±2.5 <1.0 IO.4±0.85 13. 16±1.22 36.4±1.8 25.3± 1.7

>I' A1\ values are in mg.kg-l unless otherwise stated
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"'All values are in mg.kg-l nnless otherwise stated
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TableS.I8: Continued

Mushroom Mushroom Cocoyam Cassava
Sorghum (Wild) (Cultivated) Millet Leaves Leaves Plantain Yam.. - --

Rb 9.02±0.85 7.28±0.44 14.3±1.5 5.43±0.34 50.6±.3.7 12.8hl.O 22.9±1.8 11.2±.0.89

Sb(l1gkg· l
) 7.98±0.65 26.0±2.2 I Of).!: I () 15.(,4:1:1.2 34.1±2.6 14.61:tl.J O.48±0.02 0.82±0.01

SC(l1gkg· l
) 13.7±1.0 220±20 <0.02 . 11.0 J <0.01 20.6±1.9 <0.02 <0.001

Th(l1gkg· l
) 18.5±1.3 149±42 12.7±0.11 <0.01 <0.01 16.1±1.2 12.9±1.0 169±25

Zn 25.7±2.1 l34±22 61.7±4.2 33.1 ±2.5 71.8::/:3.9 255±40 4.4±O.67 26. 74±O.86

*An values are in mg.kg,1 unless otherwise stated
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Table 5.18: Continued

Element Chicken Goat Meat Beef Mutton Shrimps Herri ng'i Tuna Salmon

AS(llgki1
) <0.01 <0.01 <0.01 <0.01 4760±120 8.1510.51 2050:t320 3380±760

AU(llgkg-1
) 2.17±0.33 19.6±0.2 2.23:IO.IS 2.24±0.20 <0.01 <0.01 l.7±0.lS <0.02

Br 3.8±0.02 37.1±6.7 7.60J:O.X7 I ()'(d:2.8 163±15 24.6±4.2 45±7 47.2±3.8

Cr <0.01 <0.02 <0.02 <0.02 <0.05 <0.03 <0.03 <0.04

Fe <50 88.6±3.8 198±15 <55 435::1:58 230±70 218±180 <60

K 5950±400 13537±970 13670±850 9151±410 9700NSO 3S8±R5 8680±200 1670±530

La <0.03 <0.03 <0.04 <0.03 O.91±0.OO2 <0.04 <0.05 <0.04

Mo <0.02 <0.04 <0.02 <0.02 <O.O-l <0.03 <0.03 <0.03

Na 3020±100 2855±230 3620±450 30JO±:J-lO 9-l70±600 5061+7 00 17600±700 2981±250

*All values are in mg.kg· 1unless oll1l'lwise staled
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Table 5.18: Continued

Element Chicken Goat Meat Beer Mlillan Shrimps I-kIT; t1g~ Tlma Salmon
- 0- ___ • ___ ___

Rb lS.6S±1.8 13.3±.1.1 35.l.l )J) J 1.4:HJ,91 3.55±O.23 2.19±O.77 O.854±O.O2 3.59±O.27

Sb(jJ.gkg- l
) 8.S9±0.42 10.6±0.3 15.4±O.55 7. (nO.5 J <0.02 8.1O±0.J2 O.96±0.01 5.14±0.22

SC(jJ.gkg- l
) <0.001 <0.001 <0.001 <0.001 <0.01 <0.001 <0.01 <0.01

Th(jJ.gkg- l
) <0.02 <0.02 <0.02 <0.02 <0.05 «U)J <0.04 <0.03

Zn 6l.1±3.5 212±18 399±25 132±21 6~. J±O.25 8S.7±5.S 25.1±2.2 87.7±5.2

,. All values are in mg.kg- I unless otherwise stated
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TableS.I8: Continued

._----~

Element Keta School boys Tilapia Groundnut Konk.onte Whole Egg Fresh Milk Ideal
Crab

AS(llgkg- l
) 12080±850 171±13 1291:10 17.84±1.2 14.65±I.00 32.l±1.9 <0.1 «

AU(llgkg- l
) <0.01 <0.01 . 'O.ll:! O.574±O.023 <0.01 <.0.01 <0.01 <0.

Br 68.S±S.9 129±18 71.5:13.8 O.O88±0.002 O.49±0.01 7.25±O.11 28.7±1.2 31.2j

Cr <0.05 0.083±0.003 <0.03 <0.02 0.157±O.OO9 <0.02 <0.02 <O.C

Fe 348±SS 368±29 <60 57±3.7 <45 123±1O 36.2±2.1 <35

K 816S±300 116S±767 11100±760 7750±140 I051O±970 5250±320 1050±150 8050±1.

La <0.06 0.26S±0.01 <0.02 <0.02 0.045±OOO2 <0.03 <0.02 <0.02

Mo <0.3 <0.5 <0.4 0.S24±O.022 <0.3 <0.2 <0.1 <0.1

Na 10270±900 36100±SOOO 4020±500 1".6:±:1...J 31.9±2.2 5600±350 1560±11O 4100±25C

..All values are in mg.kg- I unless otherwise st<1tl'd
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TableS.IS: Continued

Element Keta School boys Tilapia Groundnut Konkonte Wlwk Egg Fresh Milk Ideal Milk
Crab

Rb 2.32±O.12 16.65±1.2 12.6±J.l 6.13:1:0.17 10.l±0.55 II.OJ-O.S? 14.4±1.2 18.6±I.3

Sb(\lgkg,l) 24.4±1.5 1.2±0.009 73.0.l l 1.4 17.0.t1.2 16.2±1.3 lO.1±O.66 4.46±O.21 5.84±O.22

SC(\lgkg,l) 81.8±S.2 28±S <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Th(\lgkg·1
) <0.02 8.9±0.7 <0.04 <0.03 62.4±4.6 <0.03 <0.02 <0.02

Zn 87.6±4.7 <1.0 17.5±IA 53.4±2.5 I 0.45±O. 77 39.9+7 ,6 38.6±2.4 30.5±1.9

*All values are in mg.kg'! unless otherwise stated
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CHAPTER 6

CONCLUSIONS AND
, RECO~

Various types of IN ENDATIONS
AA methods have b

analysis of different food een developed and used for th
samples from Ghana ' e

SLOWPOKE-2 R uSing the Dalhousie Unive 'ty
eactor (DUSR) . rSI

, In Halifax, Canada and
Reactor-l (GHARR-I) in Ghana Research

, Accra, Ghana Th. e results h h
is a useful tool fl' ave s own that INAA

or analYSIs of food .samples, The m h
improved the sensitivities ofth I et ods developed

e e ements of interest and d

I

, , . re uced the detection

HUlts an gave better pre ; ,c,slOn and accuracy.

determined in various food items.

in conjunction \\'1r.., ~ ,m conventional and Compton suppression gamma-ray

spectrometry fOf s·. .. tan d. eous etermination of 5 short-lived nuclides with

half-lives less than ';·'s.

The determination of iodine was carried out via 4 INAA methods,

namely conventional flux INAA, EINAA, PCINAA and PCEINAA in both

conventional and anticoincidence counting modes,
The two major

d

.' f' d' 'tI1"s work does not involve chemicaltreatmcnls and
etennmatlOn 0 10 me In

the probl
em of losS of iodine and contamination were

the use of blanks,

and compared in the quantification of iodine, The lowest detection limit of 0.5

j.lg.kg-I as well as the highest sensitivity of iodine was obtained by the use of

PCEINAA with anticoincidence counting, Since the methods used for the

standardization methods, namely the relative and ko were critically evaluated

\24
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r diets are well structured and the use of excessive heat

aVUIUt;u 1t::SUIII '
ng In better

accurac
Ghanaian foods Y of the re I

Were found t su ts o IOdine I 0

a be Co evels In the
(Fisher and Car 19 mparable to thor, 74) E se determ o

. Yen though' Ined elseWhere
food ' the lad's IS comparabl me Content f

e to that in som 0 most Ghanaian
, e non- '

deficiency d' , gOitrous ar 'lsorders is still eas In the World ' d'
prevalent in Gh ' 10 Ine

way fuod' ana, This m bs are prepared in Gh ay e attributed to the
ana, It h b

roO , as een rep rt d
01 lodl/w is !c.'st during food, a e that between 20-70%

preparation (Dodd '
30-60% iodine durino b '/' and Olgbe, 1993), Cereals lose

b 01 lng' ~ ,
, rYlng of vegetable '

other procedures such, results 10 25-52% loss;
as steam mg I', resu t 10 a loss of 30%.

by frymg or grillin
a

and In fish 20% is lost
b as much as 58% by b 'I'

01 109, The iodine loss in mixed
diet ranges between 37 and 70°/0.

I' The other facto f,r or the low intake of iodine

in Ghana may be due to the r' ,
P oportlOns of Individual foods I'n the d'

o " lets,

Ghanaian diets uSll3.lly consist of staple fi d ff: '
00 stu s whIch are generally low in

iodine, It is as -." 1 h '
~~ 1) e t at the IOdine in these food items may not be

bioavailable F-"" -- ~ I" '
, 1 1. "..~~e r"su ts It can be said that the !DO problem in Ghana

can be reduced i-

avoided or reduced, It is also necessary for nutritionists and scientists to study

the bioavailability of iodine in Ghanaian foods and diets and to make

appropriate recommendations on which food items are more suitable for

reducing the LDD problem in Ghana, The results showed that foods obtained

from southern Ghana had iodine content far above same foodstuffs obtained

from the north, The reason being that iodine is taken up by plants from the

atmosphere rather than from the soil and since the southern sector of Ghana is

I h
'ch is the greatest source of iodine, plants grown in

surrounded by t le sea w I

this area are likely to accumulate more iodine,
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Twenty short_ to-
medium ,.

determined . • IVed .
USing convenr nuclIdes Were .

10nal reacto Simultaneously
with anticoincide r neutron flux t

nce COunting. Th' ogether in COnjunctio
IS meth d n

for the analysis of th 0 offered sho
e food sa111pl rt tum-around time

es. The 111 h
of most elements' h et od allowed th d .

In t e mg.kg'! e etermlOation
range and I

"<1 ko· 1 • oWered th d
... e-' eo In S\)lrle cas",- e election I' 't,,,,,. Iml s to

Th .isle unified fI .
or111uJatlOn f, h

" . . Or c aracterizati
reador IrradIation s't- on of neutron spectra in

I es was Proposed over 4()

b
. years ago S' h'

een Investigated and . . mce t en It has not
applIed to real situations have be

for the k
o
-NAA' en found to be suitable

standardization meth d' .
. 0 10 thIS work. With this th N' I

umfied formulation can b ' e IS e
now e added to til/1e we known Hogdhal convention

and Westcott formalism for h '.c aractenzatlon of neutron Spectra for the leo _

NAA standardization method Th .. e generalIZed ko.NAA standardization

method holds for:1I' - .- . .ee \:onventlOns. The advantage of the Nisle unified

formulation is t .:r '·.e effective cross sectl'on <'or theII calculation of the

elemental concen .arion can be determined without the Cd ratio method.

There were no significant differences between the accuracy of results

using the ko.NAA and the relative standardizations methods. Tne onIv

difference in using the two methods is in the uncertainty associated with the

measured values. Since there are more parameters (i.e., nuclear data) in using

the leo method, the uncertainty is usually higher than the relative method

because the nuclear data are measured with a certain degree of uncertainty.

. . of the results in relation to their nutritional and
The II1terpretatIOn

. b 1d the scope of this work. BlIt a glance
toxicological significance IS eyOJ

I I
t the concentrations of ess<::ntiai macr,'-;llld

through the results revea s t1a
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micro-nutrients in Ghana' .
Ian staple fOOdstuff:

s are generally Isea foods, cereals and vegetab ow compared to
les. For exam I

. Pe, the general view held inGhana that plantam Contains h' h
Ig concentration f F . .

• 0 e IS inCorrect since Fecontent of plantain was found t b
o e less than SO .1

-I . mg.kg compared to 9,620
mg.kg 111 beans. The same or s' .\

Iml ar values of F .
e Content In plantain have

been reported by Dan~o et ul (2006) E

' . ven though, Ghanaian seafoods were
found 1<.' c<.'ntain high levels of essent' I .

la nutrIents, they also contained the
hig.hest concentration of As which is tOXI'C ev t I .

en a ow concentrations. This

may not pose any threat since it has been reported that about 70% of arsenic in

fish is in the form of nontoxic arsenobetaine (Ebisuda et al., 2002). The task

is therefore to determine which species of As is in the foods since toxicity

depends both on the concentration levels and the species present. Foods

obtained from mining areas were found to contain higher amount of toxic

elements such as As. Cr, Sb and V than the same food obtained from non­

. . ~ are~ - T ,.....,,' some food samples obtained from the markeis showedmmmc; ct~. ~::

hiah levels of these elements, it may be possible that these foods were also
b

grown or cultivated in the mining areas.

h capabilities of nuclear anaiyticalThis work has demonstrated t e

. 'nor and trace elements in food at the
methods in the determination of major, ml

. 0 database for elementalt Since there IS nk -I levels for most elemen s. ., . .
Ilg· g . . ded that nutrItiOnists.

. foods and diets, It IS recommen
composition of GhanaIan thel' and carrY out

d oet to°e .. f d'f~erent backgroun '" '". d' nt1sts 0 I I' .
toxicologists an SCle . . f what Ghanaians eat

tal composition 0reh on clemen .
a more extensive resea . I country to solve Its

. help1l1g t 1e. a long way 111
and drink. This Will go

I ted problems.
nutritional and health-re a
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Some of the pub\ications arising from this work and conference

presentations are Hsted under appendix A.

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



1015.

REFERENCES

Acharya, R., and Chatt, A. (2003
). Characterization of

SLOWPOKE-2 reactor for k N the Dalhousie Unive 'ty
0- AA and . rSI

. apphcation to medi .
RadlOanal. Nucl. Chem 257 um-hved nuclides J

., , 525-529. . .

AJ~aho. E. I:-I. K.. and Nyark' 13 -
0, .. J. B. (2002)

. Characterizatio f
1lu\: sp<?ctra in irradiation 't no neutron

Sl es of MNSR
, . _ '.. . reactor using the Westcost-
fonna1L:::.m [,)r the ko neutron' .t· ..ac IVdtlon an'I ,.

a YSIS method. Applied Radiation

and Isotopes, 57,265-273.

Alfassi, Z. B. (1991). in: Alfassi Z B (, '.
. . Ed.), ActIvatIOn Analysis, VoU

CRC Press, Boca Raton.

Alfassi, Z. B. (1990). Activation Analysis, Volumes 1 & 2 eRe Press,

Boca Raton, FL, USA.

Andrzej, G. (1969). _~ ~1C'\' _.C'utron activation analysis using half-lives between

0.55 and 873 milliseco..ck. . Radioana!. Nuc!. Chern., 3, 3-4, 161-173.

Assessment of iodine cleric 'ency disorders and monitoring their elimination,

(2001). A guide for Programme Managers, World Health Organization 2
nd

edition.

A
.. f Offi . I A Iytl'cal Chemist (1970). Official methods of analysis

ssoclatIOn 0 ICla na '

f
., f ffi . I Iytical chemists, 11 Ul edition, Washington, D.C.

o the aSSOCIatIOn 0 0 ICla ana

. . f tein-bowld iodine. 1. BioI. Chem., 173.
Barker, S. B. (1948). DetermInatIOn 0 pro

715-724.

129

-1-'-',
"

. \,

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Barkley, R. A., and Thorn t
. . . P on. G. (1973). Det .
lOdme m seawater by a ennlnation of h .

mperometric and Cat . c emlcally bound
158. alYtIC methods. Anal Ch

. em., 32, 154-

Binnerts, W, T. (1954). Det .
ermmation of i d' .

o Jne In milk.
78-80. Anal. Chim. Acta 10,

J3innerts. W. 1'. (1989').
Milk analysis fi .Or the IOdi .

Z
. ... . ne status In d .

eltSCl1nft fur the oesamteh'. aIry cows.
o yglencc und ihre 35 1. ,,12-15.

Benotti, J., Benotti, N., Pino S d
, . an Gardyna H 196

. . . . '., 5. Determination of total
lOdme m unne, stool, diets and f ' .

Issue. Clm. Chim. 11,932-936.

Blaauw, M., Bode P and De B ., ., ram. M (1991'.' ). An alternative convention

describing the (n, y) reaction rates suited for use in the kv-Melhod of NAA. 1.

Radioanal. Nucl. Chern. 152,2.435-445.

Bode, P. (1997). De eel rs and detection limits in NAA. Part 1. J. Radioanal.

Nucl. Chem., 222, -:, _.7-125.

Buss, D. H. (1988). Is ti e British diet improving? The Proceedings of the

Nutrition Society. 47,3,295-306.

Chatt, A., Dang H. S., Fong, B. B., Jayawickreme, C .K., McDowell, L .S., and

Pegg, D. L. (1988). Determination of trace elements in food by neutron activation

analysis. J. Radioanal. Nucl. Chern. Articles, 124,65-77.

Chatt, A., DeSilva, K. N., Holzbecher 1., Stuart, D. C., Tout, R. E., and Ryan. D.

E. (1981). Cyclic Neutron Activation Analysis of biological and Metallurgical

samples. Can. J. Chern., 59, 1660.

130

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Chattopadhyay, A. (1974).
Activation S .

. ultural E tudles of T .agnc cosystel11. Ph.D h . OXIC Heavy
. t eSlS U . metals in

, nlVersity ofT
Chattopadhyay, A and D S. oronto, Toronto

., e Ilva K N .
. . . (1979). PseUdo .

analysIs of Silver Fluor' R -cyclic neutron activation
, me ub'd', I \Urn S

, candium and S . .
materials. Trans.. Am. Nucl S eleruum In biological

. oc., 32, 185.

Charalambous. G.. and Inglett G
, ., (1983) (Ed) I

- . " nstrumental Analysis of Fo d
Re(ent Praer 5S. Academic P NOs,

~ ress, ew York.

Chien-Yi, C. (2003). 0 f I
pima conditions for identifying 80Br and 128

1
in health

food Angelica keiskei using rapid epith I . .
erma neutron aCllvatlon analysis. Applied

Radiation and Isotopes, 58, 423-429.

Cheng, T. P., Morris, J. S., Koirtyohann. S. R Spate V I 'B k t C K. ., ,.., ana as e, . .

(1994). The analysis of human nails for 24 elements via k0 and neutron activation

analysis. Nucl. InstT. ~1c 'c. A. 353. 1-3.457-460.. . .

Contis, E. T. (1993). AI OYerview of Radioanalytical methods used to determine

Trace elements in F !is, G. Charalambous (Ed.), Food Flavor, ingredients and

Composition, Elsevier, London.

Contis, E. T. (2001). Royal Society of Chemistry 274, in: (Food Flavor and

Chemistry) 420-423.

(1967) Neutron activation analysis for
Cottino, F., Magro, G., and Malvano, R. .

. . . an Amer. J. Clin. Nutr., 18, 443-448.
the study of lOdme balance III m .

. A V (1988). A novel approach to the
P P and Murah, . .

Cumming, J. B., Parekh, . ., . .
. .'dence/thallium-actlvated sodm.m

. effilanltIffi-COJl1CI. 'd' 1 VIa gdetermination of m lUn

I ~ I
.L) 1

•

! .
'1
\

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



iodide anticoincidence g
amma ray

spectrometry.
265,3,468-474.

-- -~--

Nucl In. str. Meth Ph R. y. es. A,

•

detection dan quantitative

Curhbert, M., and Ward F 'I.,
, . pc (1964).

Determ' .
Pages C154-C156 in U S matlon of iOdin .

. . geological e In vegetables.
. . survey professio I

Government prmtlng office Washl'll t na paper 501. U.S.
, g on, D.C.

Curri~. L. A. (1968).
Limits [or qualitative

detenninotion. Anal. Chern. 40 586, , -593.

Currie, L. A. (1995). Nomenclature in eval .
uatlOn of analytical methods inclUding

detection capabilities. 1. Pure and A I Ch
pp. em., 67, 10, 1699-1723.

Currie, L. A. (1982). Quality of analytic'l I" '
a resu ts with special reference to

trace analysis and sociochemical problems J Pd'. . ure an Appl. Chern., 54, 4,

715-754.

Curtis, A. A. (1973). _kt:.od for monitoring iodide levels in milk. Unpublished

report to an ad hoc ;. l'p meeting on analytical methodology used in the

estimation of the iodi.e ontent of foods. November 5" Life Sciences Research

office, Federation of American Societies for Experimental Bioiogy, 9650

Rockville, Bethesda, Maryland, 13.

Danso, K. E., Adomako, D., Dampare, S. B., and Oduro, V. (2006). Status of

. . d b INAA J Radioana!. Nue!. Chern"
edIble plantain (Musa spp.) as detelmme Y .,

270,2,407-411.
T and Wasserburg, G, J. (1932).

Davis, A. M., Tanaka, T., Grossman 1., Lee, ., ,
. I Allende inc!U51O .

f HAL, an isotoplcally-lUHlsUa
Chemical composition 0

Geochem. Cosmochem, Acta., 46, 9, 1627-1651.

I ,' I
-'~

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



J-De Corte, F., and Simonits A ( I

' . 2003) R I
d d· . . ecommended nuclear d ~ .',

ko stan ar lzatlOn of neutro '. ata lor Use in the
n activatIon anal .

YSIS. Atomic D t
Tables, 85,47-67. ata and Nuclear Data

De Corte, F. (1987). Th leo
e -standardisation method'

. . . A move to the optimizationof neutron actIvation C1nalysl's II b'I' .
. {" a I HatlOn Th .

eSIS, University of Gent.
Df Corte, F.. De Neve, P., Bellema 'F '.

ns ., and Slmomts A. (1992). Who's afraid
of g+rs') (Some reflections on the jntrod t' f

uc IOn 0 the Westcott formalism in the

ko-method. Proceedings of the International k ' W k h
o users or sop, Gent, Sept. 30-

Oct 2, Instr. Nucl. Sci. Lab., University of Gent, Belgium.

De Corte F., Simonits, A, Bellemans, F., Freitas, M. c., Jovanovic, S., Smodis,

B., Erdtmann, G., Petri, H., and De Wispelaere, A. (1993 j. Recent Advances in

the ko-standardization of neutron activation analysis: extensions, applications,

prospects. J. Radiofu 11. Cern., 169, 125.

De Corte, F., BelleL13..:1s .. :: .. , De Neve, P., and Simonits, A. (1994). The use of a

modified Westcon-"'u ~ ism in the ko standardization of NAA: the state of

affairs. J. Radioanal. Nucl. Cbern. Articles, 179, I, 93.

. th d for the coincidence Josse-s in NeutronDeSilva K.N. (1981). A CorrectIOn me 0

I'd Ph D thesis Dalhousie Univ.. h Short-lived nuc I es. ., ,Activation Analysis WIt

Halifax. , _ d
A method to improve precIsIOn 3..11

. and Cbart, A. (1988). . ..
DeSIlva, K. N., hrough short-lived nuchaes.

. . of trace elements t. . ~ determmatlondetection hroltS lor

T chniques, 1, 307.
J. Trace & Microprobe e

133

-==-'----

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



De Sooete D G"b' ., lJ els R
. ' " and HOste, J. (I 972

WIley-Interscienc N ). Neutron Activation Analysis,
e, ew York.

Dodd, N. S., and D' b
19 e S. (1993) .

. . IodIne Content f d'
dIfferent regions liv' . . 0 lets of the people of

., Ing In Bomba J
y. . Food Sci. Techn I

Ebisuda K K" ", 0 .,30, 134-136.
. .. IDltO, I., Kubota P and'r b

' ,., ana e S (20 .
and _p " . . 02). Arseruc concentration

!atIOn In tissues r .
o TInged seals (Ph h"

, oca ISplda) from Pangnirtung,
Canada, A.ppl Or'

. , ganometalic Chem., 16, 8, 45 J.

Ehmann W D d y., . ., an ance D E (J9CJ . .
, '. -). Rachochemistry and Nuclear Methods

of Analysis, John Wiley & Sons, New York.

EI Nimr, T. L D C., e orte F Meon' L S· .
'" s, .., lmomts, A., and Hoste, 1. (1981).

EpicadmitU11 neutron activation analysis (ENAA)' baseo' th kO C• on e - omparator

method. 1. Radioanl. );Uc, Chem., 67, 2, 421-435.

Fisher, K. D., arr~ (-;::r . 1. (1974). Iodine in foods. Chemical methodology and

sources of i i::-: in human diets. NTIS USN TIS PB R. . ..... ; ep. (No.

233559/4GA), pp..01. From; Govt. Rep. Announce (US). 74, 18,45.

Frontasyeva, M. V., and Steinnes, E. (1995). Epithermal neutron activation

analysis of mosses used to monitor heavy metal deposition around an iron sheiter

complex. Analyst, 120,5, 1437-1440.

Gharib, A. G., Aminpour, A A, and Ahmadiniar, A. (2001). Simulation of

. I' d d' t and tl1eir anal)'sis for essential and toxic trace elementsIranian tota mlxe Ie s '

. d I entarv analytical teclUliques. 1. RadioanaL Nucl.
USing nuclear an camp em ' J •

Chem.,249, 1,47-60.

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



_ •• ~..~, yy. VY., MilIs W
, . R. Jr

I
. " and Caldwell

ana ySIS. Nuclear Inst ' R. L. (1970).
rurnents & Meth d Cyclic activation

Global Prevalence of! d' 0 s, 80,1,95-103.
o lne Deficiency D'

1993 MI) lsorders WHO N, ' IS Working p. . - utrition Unit Geneva
etper No.1 I ' ,,p..

Glascock. M. A (2(' ,, ,.)03). An .
OvervIew of

http://v.,'vvw,misso
u

' d neutron activation analysis.
n,e u1~glascock!naa 0 h_ vel'. tm.

Grass. L and Westphal, G. P , .
,(1977). Multielement . .

lived nude activatIOn analysis of short-
ar states Nucl I

. . nstr. and Meth., 140, 1,97-108.

Guide to the Expression
of Uncertainty in Measurelnent. (1992 June).

ISO/TAG/WG3, ISO.

Guide to the Expression of U " .ncertamty m Measurements, (1995). International

Organization of Stan 'ards, ISO.

Hargarty, P. V. (. 9.' -\ ,',. lrace elements in human nutrition and health by World

Health Organiz:1tio . ~rends in Food Science & Technology, 8, 8, 282.

Hasty, R. A. (1971). Gas-chromatographic method for the Microdetermination of

iodine. Mikrochim. Acta., 1971,348-352.

Hetzel, B. S., Dunn, 1. T., and Stanbury, 1. B. (eds) (1987). The Prevention and

Control of Iodine Deficiency Disorders. Elsevier, AmsterdamlNew York/Oxford

Hevesey, G., and Levi, H. (1936). The Action of Neutrons on the Rare Earth

Elements. Mat-Fys, Medd., 14,5 pJ.

H b
· M (1971) Semi automated determination of iodine in biological

eurte Ise,. .

fluids by activation analysis. 1. Radioanal. Chem., 7, 227-233.

135

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Hogdahl a.v. (962). N
eutron absorption in '1 .

Michigan Memorial Ph . pi e neutron activation analysis.
oel1lX Project U .

, nlVersity of M' hi
Atomic Energy C IC gan, Ann Arbor. U.S.

omm. Report, MMPp-226-231.

Hoover, W. 1,., Meholl J R
. . ., and I-roward P. A. (1971). Determination of iodide
In foods amI plants by ion-sclcc' .

ttve electrode analysis. J. Assoc. Off. Agric.
Chern .. 54. 760-763.

Htt ://wvv-\\'.edul- internut/coll t' / h
n nes 1 anal Ihanaiodine.html. (1995).

Iyengar, V. (1986) AnalY1icai A h'
. pproac es In: Clinical Nutrition by St. Louis,

Vol. 6 No.3. The C.V. Mosby Company, 105.

Keller, H. E., Doenecke, D., Weidler. K., and Leppla. W. (i973). Kinetic studies

on optimal conditions for the automated detennination of low iodine

concentrations by the Sandell-Kolthoffreaction, Ann. N.Y. Acad. Sci. 220: 3-14.

Kim, J. 1., Grym::L~5. E, :\1., and Born, H. J. (1975). Evaluated of the g(Tn)-

function and deterrlLir~~-':: n of cross sections for Eu-isotopes. Radiochim., Acta,

17,191-195.

King R. D. (1984). (Ed.), Developments in Food Analysis Techniques, YoU.

Elsevier, London.

Radl'ation Detection and Measurement. 2
nd

Edition., Jolm
Knoll, G. F. (1989).

Wiley & Sons, New York.

. d d deviations and confidence intervals v\l(h
Kragten, 1. (1994). Calculatmg stan ar _

. adsheet teclmiques. Analyst, 119, 10,2161-216).
universally apphcable spre . ' u : •

. . Analysis Wdey-IntersClenc". Ne\v
Principles of ActivatIon '

Kruger, P. (1971).

York.

136

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



1,61-65.

Kucera, J., Randa, Z., and Souk I L

a , . (200 I). A comparison of three activationmethods for iodine determinatio . !'

n In !oodstuffs. J. Radioana!. Nuc!. Chern., 249,

Landsberger, S. (I (94) Campt .

. On suppressIon neutron activation methods for

enviwnmema' analy,i,. J. Rad ;o""al. N",1. Chern. An;"", 179, 1, 67-79.

Landsb"ger. S., Biega'ski, S. R., O'Kelly, D. 1., ""d Bas","a, M. S. (2005). U"

of coincident and non-coincident gamma rays in Compton SUppression neutron

activation analysis. J. Radioana!. Nuc!. Chem., 263,2,817-821.

Lansberger, S., Swift G., and NeUhoff, J. (1990). Nondestructive determination of

Arsenic in urine by Epithermal Neutron Activation Analysis and Compton

Suppression. Bio. Trace Elem. Res., 26-27, 27-32.

L · X Ll'erse C. Hoo and \Vahi, W. (1997). The program "MULTINAA" forIn,., ,

I · 1. Radioanal.. , ,. .") m~thods in neutron activation ana YSIS.various stanuare z· _... ..

Nucl. Chern., 2 _5. _. _ -191.

. I Y. G. (1998). Iodine content of commonlyL ah T and De stna e,ongv , ., .

h itre-endemic northeast region of IndIa.d "'oods and water from t e goconsume !'

. D J (1984).Manmng, . .

. London.. V 13 ElseVIer,Techmques, 0.,

Food Chern., 61,3, 327-331. 'b . e

The detem1ination of rommA and De Liony, C. 1. (1977). .
Luten, J. B., Das, ., I utron activation analySIS

am les by therrna ne. nmental water s Pand iodine in enVlro 155

N cl Chern., 35, 1, 147- .
and l

·sotope. 1. Radioana!. u . I nts in Food Analysis
. (Ed.), Deve opmein:. Kmg, R. D.,

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



~enschen-Freund D
, . (1956) ~.K'

. lVllcrodeterm' .
't . . Inahon f' .VI amm-mmeral pre . 0 Iodine in d' t ~

parahons, and dru Ie ary loads,
gs. J. Assoc Off .

528. . . Agnc. Chern., 39, 523-

Mcons, L., and Dams R (19
,. 95). NAA and rCP-MS' .

methods for troct. 'If d I . a companson between two
. < I U tra-trace elem

ent analysis. J. Radioanal. Nucl. Chern
102. 1. 2Q-3c. "

Meons, L.. De Corte F D w'
, " e Ispelaere A I. .

, " {oste, J" Slmonits, A., Elek A and
Szabo E (1984) , .,

, . . . Measurements and rei t
a ed nuclear data compilation for (n, y)

reactor neutron activation anal,s' .
) IS, Part If, 1. Radioanal. Nucl. Chern., 82,2,385-

452.

Morrisson, G. H., and Potter N. M. (1972)'. Multielement neutron activation

analysis of biolog'cal using chemical group separations and high resolution

gamma spectroffict..ry. An3.1. Chern., 44, 4, 839-842.

~uramatsu, Y., C ~~s Toro, E., and Parr, R. M. (1989). Nuclear related

analytical techniques: Li"erature retrieval from INrS database. 1. Radioanal. Nucl.

Chern., 133,2,249-257.

Nisle, R. G, (1963). A Unified formulation for the specification of neutron tllLX

spectra in reactors. Neutron Dosimetry, Proceedings of A Symposium, II i -121.

Nyarko B. 1. B., Serfor-Armah, Y., Akaho, E. H. K., Anim-Sampong, S., and

EpI'boron Instrumental Neutron Activation Analysis of
~aakuu, B. T. (2002).

.., I J Radioanal. Nucl. Chem., 251, 2, 253-257.
Iodme m vanous salt samp es. .

us

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Ohashi, T., Yarnaki },K p
,!vI., andav C

, . S., Karrnark
Simple Microplate Meth d ~ ar. M. G., and Minon!, 1. (2000).

o lor Det . .
errnInahon of Uri .

4, 529-536. nary IodIne. Clin. Chern., 46,

Ohno, S. (1971). Determination of iod'

Ine and bromo . b'
. r.· . lne In Iological materials byneutron actIvatton allalYsis A

·naIYst, 96, 423-426.
Olsun. E. C. (961). Ampl'fj ..

I lCatlon methods' lId'
" . 0 JOe. Page 13 in Treatise onanalytical chemistry" the hal

. (ogens Part II S .
, ,cctlOn B-1, Inorganic analysis:

Chlorine, bromine and Iodine. Kolthoff I M . .
,. ., and Elvmg, P. J., eds. Interscience,

New York, N. Y.

Osae, E. K., Nyarko, B. J. B., Ser[or-Annah, Y, and Darko, E. O. (1999). An

empirical expression for the full energy peak efficiency of an i i-type high purity

germanium detector. 1. Radioanal. Nuc!. Chern., 242, 3, 617-622.

Oskarsson, A., and :21:..:s: ~rm, B. (1995). A Nordic project-risk evaluation of

trace elements: eS5~n '.J ';-r5US toxic levels of intake. Analyst, 120,3,9! 1-912.

P 'k M (19~ A) llhe iodine content of Indian foodstuffs. Ind. 1. ~/led. Res.,antnaI, . ..)-r.

22, 2, 249-262.

f t· g a neutron activation analysis laboratory, (1990).Practical aspect 0 opera In

IAEA-TECDOC, 564.

. I d Toxic Elements in Human Health andPrasad, S. A. (1993). (Ed.), EssenlIa an

'1 Liss Inc., New York,Disease: An update, WI ey !- .

I . al Measurement. (1995). EUR..AC.rEM.. . Ana ytlCQuantifying Uncertainty In

CITAC, 1sl edition.

139

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Quantifying Un .certaInty'
In Nuclear An

TECDOC-1401 IAE alytical Me, A Vienna. asurements. (2004). lAEA

Rao, R. R., and ChaU. A. (1993)
. c: . Determinaf
111 loods by radioche . Ion of nanogrammlcal neutron a f . amounts of iodine
, . c Ivahon anal .
h..ao. R. R., Holebt:chl:r J. YSIS. Analyst, 118, 1247-1251

, " and Chatt A .
. . ' . (1995) E 'th

ActJ 'allon Analysis f" . pi ermal Instrumental Neutr
o Biological R.fi on

e ercnce Mate . I
Journal of analytical Ch . na S for Iodine, Fresenisus'

. emlstry 352, 1-2,53-57.

Rao, R. R., Zhano W 1-1,:" ...., Holebech Jer, ., and Chatt A (1999)
Iodine in food b . " . Determination of

Y Instrumental, preconcentration and d. ra iochemica1 neutron

activation analysis. Trans. Am. Nuc!. Soc, 81,21-22.

Riviere, R., Com Dar, ., and Kellersjohn, C. (1965'). Current topics in thyroid

research. Proc. 5th 1m Thvroid C nf R. -.- o. ome, 112-121.

Sandell E aua' l' ,. .:0: I,., i""\... f'l.lJ M (19"'7) M'• _, • _. .J. lcrodetermination of iodine by a

catalystic method, :-'L'1' him. Acta, 1,9-25.

Saxby, M. 1. (198'+). in: King, R. D., (Ed.), Developments in Food Analysis

Techniques. Vol.3, Elsevier, London.

Saxby, M. 1. (1986). Survey of Analytical Methods for the determination of total

Iodine in Foods. Scientific and Technical Surveys - British Food Manufacturing

Industries Research Association 156,9. Iodine in Foods: Chemical methodology

and Sources of Iodine in Human diet, 1974 NTIS, U.S.N.T.l.S; PB Rep. 1974.

101, From Govt. Rep announce U.S. 7418, .45.

S

c: y N k B J B Holzbecher, 1., Akaho, E. H. K.. Osa . E. K..
erlor-Armah, ., yar 0, . . "

E
. I al rNAA with Compton suppression sp.:ctr )D1ctry

and Chatt, A. (2003). Pit lerm

t4(J

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



for the determination of iod' .
Ine In food s I

amp es, J. Radioanal. Nucl Chern 2562,259-262. . ., ,

Shi, Y, Sullivan, E. E. Bolzb h
' ec er J and Ch

' ., att, A. (1999). Determination of
se.1enium in Canadian foods items b '.

Y cychc Instrumental neutron activation
analysis. BioI. Trace Ekment Research, 71-72, 377-386.

Sirno its. A.. De Corte F and Haste J (1975) S' .
' ., , . . mgle-comparator method In

reactor neutron activation analysis. J. Radioanal. Nucl. Chern., 24, 1,31-46.

Simonits, A., Moens, L., De Corte, F., De Wispelaere, A., Elek A., and Hoste, J.

(1980). ko-Measurements and related nuclear data compilation for (n, y) reactor

neutron activation analysis. Part 1., 1. Radioanal. Chern., 6fJ, 2, 461- 516.

Spyrou, N. M., Ingle, K., and Ozek, F. (1974). Proc. 2nd Intern. Conf. On Nuelear

U' fMethods in Environmenw Research. Vogt, 1. R. and Meyer, W., (Eds)., my. 0

Missouri, Collli"11b·a,. . .51.

Stewart, K. K., (1981). i.n: Stewart (Ed.), Nutrients Analysis of Foods: The state

. f f Offic.ial Analvtical Chemist.of the Art for Rou:·. e Analysis, ASSOCla IOn 0 •

Washington D.C. 1.

Instrumental neutron activationB J and Zeisler, R. (1990).Stone S. F., Koster, . ., . " t

' . I 1841 Organic in manne semmen,s.
d d Reference Matena ,

analysis of Stan ar -79-"87
BioI. Trace element research 26-27, ). ~ .d homogeneity.

Element content an elide cross-sections of
. J (1959). Heavy nuWand Halpenn, .

Stoughton, R. ., '. entions, measurements and

al reactor operatIOns. conv
. t to thennparticulate mteres

ue! Sci. Eng. 6, 100.
prefened values, N .

141

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



p.4.

Sullivan E. E. (I 998).
Studies of t

. race element .
Neutron Activation Ph D s In Canadian Dr.

. '. thesis D lh . up lcate dIets by
, a OUSle U .

Suzuki, S., and H . IlJ.v. Halifax.
aral, S. (1990). D .

. etermmation of
standard reference tn"t . I trace elements in NIES

u eTla s b .
YInstrumental ne .

K . D . utron actIvation an' .. ogyo aJgaku Gerlst ' k aYSIS. Musashl
. llryo u Kenk h

yus 0 Kenkyu Sh h
"I'.~ . 0 o. 16 62-96

;:muon, H. L. S. (1995) M·. ' .
. IcrOnutnents in soils

, crops and fertilizers, New Delhi,

Underwood, E. J. (I 977). Iodine In'T I
' . race e ements in human and animal

nutrition, 4
th

edition, Academic P
ress, New York, chapter 11.

Underwood, E. J. (1986) T El "
. race . ements In Human and Animal Nutrition, Vol. 1,

Academic Press, New Yark, I.

Valcovic, V. (1975). Ira e Elements Analysis. Taylor and Francies Ltd, London,

35.

Westcott, C. H. ( 961 ). E:'fective cross section values for well-moderated thermal

reaction spectra. ChaL River Laboratory, Atomic Energy of Canada Limited,

Technical Report CRRP-960 (3fd Edition corrected).

Wolf, J. (1967). Iodide goiter and the pharmacologic effects of excess iodide.

Am. J. Med., 47, 101-124.

Wolf, W. R., and Harnly, LM. (1984). in: Chralambous (Ed.), Instrumental

. M dem Techniques, Academic Press, New
Analysis of Foods and Beverages. 0

York, 451.
. of a WHO/FAOIIAEA Expert Consultation on

World Health OrganizatIOn Report
. . d I-I I t' WHO. Geneva. (19l)~). T0~ic

N trItlOn an ea I " .
Trace Elements in Human u

142

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



method for the determination of iodine in foodstuffs, Food Chern. 67, 311-316.

Yonczawa, C. MatsuI::, 1., and Yukawa, M. (2003). Non-destructive

Heavy Metals and other Trace EI .

ements In Foodstuffs from 12 Different
Countries, Schrauzer, G.N (Ed) Humane P I

. . , ress nco 1994, 415.

Yao S. Z., Chen, P., and Wei W Z (1999) A Q .
' , .. , uartz crystal mIcrobalance

do::tl'fmination of trace amounts of iodine in biological samples by epithermal

neutron activation and Compton suppression gamma-ray spectrometry, 1.

Radioanal. "t\ucl.Chem" 255, 1, 105-109.

Zak, B., Willard, H. H., Myers, G. B., and Boyle A. 1. (1952). CWonc acid

. b d' d' A'I Chern 24 1345-1348.method for determination of protem- oun 10 me, na . ."

. . 'd r r ray spectrometry inW (1997). Studies of antlcomcl ence gamma- _Zhang, "

" .• ', p' D Thesis Dalhouise University, Halifax, Canada,neutron actlvatlOn ana :- ~b. n. . ,

229-232.

143

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



APENDIXA

PUBLICATIONS
AND PRESENTATIONS

Publications

1. Simultaneous detenninat'
C"h' '.' . Ion of short-to- d" '.

J ana!c\l1 lo()d~ uSing Co t me lOrn lIved nuclIdes III

J . mp on suppressio
.oumal of Radioanalytical & N I ,n ~amma-ray spectrometry,
248 lie ear ChemIstry, 270,1 (2006) 243-

2. Neutron Activation analysis of Dy !-If Rb S . .
cereals and veoetabl . ." , c and Se III GhanaIan

"'. es usmg Compton suppression gamma-ray
spectrometry, Applied Radiation and Isotopes (2006) Accepted.

Conference Presentatiolls

3.

4.

5.

1.

2.

3.

Simultaneous determination of major, minor and trace elements in
Ghanaian foods using INAA and anticoincidence counting, Poster
presentation at the 8L~ International Conference on Nuclear Analytical
Methods in the Life Sciences, Rio de Janeiro, Brazil, 17-22 April, 2005

Activation 3J13..ysis of Dy, Hf, Rb, Sc and Se in Ghanaian cereals and
vegetables s:T!_ Compton suppression gamma-ray spectrometry,
Po~ter resen:::.::~n at MARC-VIl conference, Hawaii, USA, Feb. 8-

12,2006

. . d Strontium Content of some Staple Foodstuffs
Iodme, BromlTIe, an· . EINAA and Compton Suppression
from Southern Ghana USIll~ I esentation at the 89th Canadian
Gamma Ray Spectrometry, ~7:; 2006 Halifax Nova Scotia.
chemistry Conference, May -, , ,

Canada

Manuscripts under preparation

. ( g for detennination of trace
uppress lOn coun III B J B NyarkoEINAA and Compt~n s c ds (in preparation), .., ,

. Ghanaian sea 100
elements til J Fletcher, A. Chart
E.H.K. Akaho, J. . I tion for ko-NAA

.fled forml! a h
.' of Nisle unl 1 H K Akaho, J.J. Flett er,

The AppltcatlOn d B J B. Nyarko, E. . .
. . Metho, .'

standardization
A. Chait c rldcnnil1aiion of Iodin

I ds tor ' h. ('halt
. . n analysis ll1el_

10 Akaho. .1..1. Fide ef,
Nuclear actlvatlO B J B. Nyar!zo, EJ!.l(· .
contents in foods, .'

1-14

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



4.

s.

6.

7.

Toxic and potentially toxic elements in cassava and cocoyam from
some communities around a gold mining town in Ghana, BJ.B.
Nyarko, E.H.K. Akaho, U. Fletcher, A. Chatt

INAA of long-lived nuclides in Ghanaian staple foodstuffs using
conventional and Compton suppression counting, BJ.B. Nyarko,
E.H.K. Abho, J,J. Fletcher, A. Chatt

Trace ckl11cnts in Ghanaian foods by nuclear methods, BJ.B. Nyarko,
E.I-I.K. Abha, J.J. Fletcher, A. Chatt

Estimation af combined uncertainties associated with the
d t ~rmination of iodine in foods by the relative and ko INAA
standardization methods, BJ.B. Nyarko, J.J. Fletcher, E.H.K. Akaho,

A. Chatt

145

------------

University of Cape Coast       https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library




