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Neutron activation analysis (NAA) is an specific analytical technique for the 

quantitative and qualitative measurement of chemical elements. The method is 

based on the conversion of stable atomic nuclei into the radioactive nuclei by 

irradiation with neutrons and the subsequent detection of the radiation emitted 

during the decay of these radioactive nuclei. NAA is today rather rapidly 

progressing from a stage of extensive exploration and development in relatively 

specialized laboratories to a stage of increasingly common application to a wide 

variety of research activities in many laboratories. Due to their high accuracy and 

reproducibility, different types of NAA are being used in various studies and in 

application for the determination of concentration of elements down to the trace 

and ultra-trace level. The review mainly focused on various application of NAA 

like Human sample analysis, in Medicine, in Radiotraces and Geological samples 
are briefly characterized in order to depict the information. 
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INTRODUCTION 

Analytical science to develop the 

methodology for the investigation of 

properties and structure of matter at level of 

single nucleus, atom and molecule, and 

scientific analysis to figure out either 

chemical composition or elemental contents 

in a sample are indispensable in basic 

research and development, as well as in 

industrial applications [1]The discovery of the 

artificial radioactivity by Irene Curie and 

Frederic Joliot in 1934 motivated many 

physicists and chemists to perform 

experiments where stable nuclides convert 

into radioactive after irradiation with alpha 

particles, protons and therefore the recent 

discovered neutron (1932). 

In (1936) Hilde Levi andGeorge de Hevesy 

used for thefirst-time nuclear reactions after 

irradiation with neutrons for elemental 

analysis. They worked at that time in the 

Niels Bohr headed Institute for Theoretical 

Physics at the University of Copenhagen. The 

idea of George de Hevesy was  very simple: 

he used the correlation between the stable 

initial nuclides and the produced number of 

radioactive nuclides in order to obtain 

qualitative and quantitative chemical analysis 

of the chemical elements which belong to the 

initial products. The available neutron fluxes 

were small at that point and therefore the 

identification of the obtained radionuclides 

was possible because of their different half- 

life times only. In spite of this the primary 

example showed successful analysis of 1% 

Chronicles Dysprosium in Yttrium sample 

after bombardment with neutrons. After 

World War IInuclear reactors with neutron 

flux densities in order of magnitude of 1012 

cm−2 s−1 became available which allowed for 
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achieving a detection limit for certain 

elements below 1 µg. This opened new 

research fields in solid state physics where the 

properties of the materials as a function of 

their impurity were investigated. The 

development of the methodological 

procedures and high-resolution gamma- 

spectrometry detectors enable nowadays to 

research simultaneously up to 50–60 elements 

during a single sample.[2]In spite of the 

developments in other chemical techniques, 

the simplicity and selectivity, the speed of 

operation, the sensitivity and accuracy of 

NAA became and maintained its role as a 

powerful analytical technique. 

Currently, there are many elemental analysis 

methods that use physical, chemical and 

nuclear characteristics. However, a selected 

method could also be favoured for a specific 

task, counting on the aim. Neutron activation 

analysis (NAA) is extremely useful as 

sensitive analytical technique for performing 

both qualitative and quantitative 

multielemental analysis of major, minor and 

traces components in sort of terrestrial 

samples and extra-terrestrial materials. In 

addition, thanks to its accuracy and reliability, 

NAA is typically recognized because the 

"referee method" of choice when new 

procedures are being developed or when other 

methods yield results that do not agree.It is 

usually used as a crucial reference for other 

analysis methods. Worldwide application of 

NAA is so widespread it's estimated that 

approximately 100,000 samples undergo 

analysis annually. [3] 

NAA can also be used to detect trace element 

in water, biological, material and minerals. In 

archaeology, NAA can give useful 

information about the origin of the findings 

consistent with the so-called “fingerprint” of 

the individual element composition in their 

raw materials. It is usually used as a crucial 

reference for other analysis methods. NAA 

can detect up to 74 elements depending on the 

experimental procedure, with minimum 

detection limits ranging from 10-7 to 10-15 g/g, 

depending on the elements and matrix 

materials. Some nuclei can capture variety of 

neutrons and remain relatively stable, not 

undergoing transmutation or decay for several 

months or maybe years. Different various 

nuclei have different cross sections and half- 

lives, and thus the intensities of the emitted 

gamma-rays can also vary therefore the 

detection limits are quite variable. Rare earth 

elements (REE) have very high thermal 

neutron cross sections and NAA is typically 

the primary choice for the determination of 

REEs during a trace elements analysis. By 

using the automated sample handling (e.g., 

element using rabbit system), gamma-ray 

measurement with solid-state detectors, and 

computerized processing is generally possible 

to simultaneously measure more than thirty 

elements in most sample types without 

chemical processing. The application of 

purely instrumental procedures is commonly 

called instrumental neutron activation  

analysis (INAA) and is one of NAA's most 

important advantages over other analytical 

techniques, especially in the multi- analysis.  

If chemical separations are done to samples 

after irradiation to get rid of interferences or 

to concentrate the radioisotope of interest, the 

technique is named radiochemical neutron 

activation analysis (RNAA). The latter 

technique is performed infrequently thanks to 

its high labour cost. 

The Major Advance in the NAA method in 

the year 1936-1944, the development of the 

great potential of the NAA method was 

limited and relatively slow, owing to lack of 

high-flux neutron sources and lack of gamma- 

ray spectrometry equipment. With the arrival 

of charged-particle accelerators (cyclotrons, 

Cockcroft-Walton accelerators, and Van de 

Graaff accelerators) within the 1930s, charged 

particle activation analysis (CPAA) became 

possible, but the absence of gamma-ray 

spectrometry equipment was still a severe 

limitation. In this early period, the NAA of 

multielement samples had to be conducted via 

tedious, though elegant, post irradiation 

radiochemical separations with carriers. 

In the year 1970, During this period, no 

spectacular new advances in the capabilities 

of the NAA method have occurred. The 

competition from nonnuclear methods of trace 

element determinations that have advanced 

rapidly during this period: particularly 

methods such as atomic absorption 

spectrophotometry (AAS) and inductively- 

coupled plasma (ICP) atomic emission 
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spectroscopy. The NAA method (utilizing 

reactor fluxes of thermal neutrons) was 

essentially the sole sensitive, quantitative, 

multielement analytical method available up 

to the mid-1960s, but it now must compete 

increasingly with methods such as AAS and 

ICP. The NAA method, and particularly its 

INAA form, still has advantages over these 

other methods for several specific analytical 

problems, but its need to be used of an 

upscale device--a nuclear reactor may be a 

barrier to several analytical chemists 

preferring to be ready to do their analyses in 

their own laboratory, using less costly 

equipment. Many NAA groups, make 

effective use of nearby nuclear reactors that 

they do not own [4] 

PRINCIPLE OF NAA: 
 

 
Fig 1: Principle of Neutron Activation 

Analysis (NAA) 

The activation of samples will end in a mix of 

activities, which may be analysed for 

individual contributions by two approaches: 

i. Destructive or Radiochemical Neutron 

Activation Analysis: The resulting radioactive 

sample is decomposed, and through chemical 

separations it's divided into fractions with a 

few of elements each. 

ii. Non-destructive or Instrumental Neutron 

Activation Analysis: The resulting radioactive 

sample is kept intact, and therefore the 

elements are determined by taking advantage 

of the differences in decay rates via 

measurements at different decay intervals 

utilizing a equipment with a high energy 

resolution.[1] 
Activation 

The activation with neutrons is, upon 

preparation of the test portion, the primary 

stage in an INAA procedure. Each atomic 

nucleus can capture a neutron during 

irradiation, resulting in a nuclear reaction in 

which often the nuclear mass changes; 

immediately (typically 10−14s) after the 

capture (‘promptly’) excess energy within the 

sort of photons and/or particles are going to 

be emitted. The newly formed nucleus if 

remains unstable, then it starts already during 

the activation decaying to a stable state by the 

emission of radiation through one or more of 

the following processes: α-decay, β–decay, 

electron capture, β+-decay, or internal 

transition decay. In most cases γ- and X- 

radiation. 

Neutrons are produced in: – 

Isotopic neutron sources, like 226Ra (Be), 

124Sb (Be), 241Am (Be), 252Cf. 

• Particle accelerators or neutron 

generators. The most common types 

are supported the acceleration of 

deuterium ions towards a target 

containing either deuterium or tritium, 

leading to the reactions 2H (2H, 

n)3He and 3H (2H, n)4He, 

respectively. 

• Nuclear research reactors. These are 
the strongest sources of neutrons. The 
neutron output of research reactors is 
usually quoted as flux in an irradiation 
facility and varies, counting on reactor 
design and reactor power, between 

1011 and 1014 cm−2 s −1. 

In the majority of INAA procedures reactor 

neutrons are used for the activation. Materials 

are often activated in any physical state, viz. 

solid, liquid or gaseous. There is no 

fundamental necessity to convert solid 

material into a solution before activation; 

INAA is actually considered to be a non- 

destructive method although under certain 

conditions some material damage may occur 

thanks to thermal heating, radiolysis and 

radiation tracks by e.g., fission fragments and 

α-radiation emitting nuclei. 

Decay 

Radioactive decay may be a statistically 

random process; the probability that a given 

nucleus will decay during a certain interval 

depends only of the time of observation. It is 

impossible to predict when a given nucleus 

will decay, but the decay characteristics are 
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often described by the physical laws of decay 

whereas documented decay schemes provide 

the small print of the decay of radionuclides, 

such as, e.g., half-lives involved, sorts of 

radiation emitted and relative intensities. 

Measurement 

In NAA, nearly exclusively the (energy of 

the) gamma-radiation is measured due to the 

penetrating power of this sort of radiation, 

and therefore the selectivity which will be 

obtained from the distinct energies of the 

photons. The produced gamma-spectrum is 

analysed to identify the radionuclides and 

their amounts of induced activity in order to 

derive the target elements from which they 

have been produced. The masses of the 

weather are derived from internet peak areas 

by comparison with the induced activity of an 

equivalent neutron activation produced 

radionuclides from known amounts of the 

element of interest in the calibrator. The 

relative intensities if photons of various 

energies are emitted, the combination of 

energy of emitted radiation and therefore the 

half-life of the radionuclide is exclusive for 

every radionuclide, and forms the idea of the 

qualitative information in NAA.[2] 

In principle, with reference to the time of 

measurement, NAA falls into two categories: 

1) prompt gamma-ray neutron activation 

analysis (PGNAA), where measurements take 

place during irradiation. 

2) delayed gamma-ray neutron activation 

analysis (DGNAA), where the measurements 

follow decay. 

The PGAA technique is usually performed by 

employing a beam of neutrons extracted 

through a reactor beam port. Fluxes on 

samples irradiated in beams are within the 

order of 1 million times less than on samples 

inside a reactor but detectors are often placed 

very on the brink of the sample compensating 

for much of the loss in sensitivity. This 

technique is most applicable to elements with 

extremely high neutron capture cross-sections 

(B, Cd, Sm, and Gd); elements which decay 

too rapidly to be measured by DGAA; 

elements that produce only stable isotopes 

(e.g., light elements); or elements with weak 

decay gamma-ray intensities. 2D, 3D analysis 

of (main) elements distribution within the 

samples is often performed by PGAA. 

DGNAA (sometimes also called as 

conventional NAA) is useful for the vast 

majority of elements that produce radioactive 

nuclides. The technique is flexible with regard 

to time such the sensitivity for a long-lived 

radionuclide that suffers from interference by 

a shorter-lived radionuclide are often 

improved by expecting the short-lived 

radionuclide to decay or quite the contrary, 

the sensitivity for short-lived isotopes is often 

improved by reducing the time irradiation to 

attenuate the interference of long-lived 

isotopes. This selectivity may be a key 

advantage of DGNAA over other analytical 

methods. [3] 

PROCEDURE: 

In the most of INAA procedures reactor 

neutrons are used forthe activation: neutrons 

in equilibrium with their environment. 

Sometimes activation with epithermal reactor 

neutrons (neutrons within the method of 

slowing down after their formation from 

fission of 235U) is preferred to strengthen the 

activation of elements with a high ratio of 

resonance neutron cross section over thermal 

neutron cross section relatively to the 

activation of elements with a lower such a 

ratio. in theory materials are often activated in 

any physical state, viz. solid, liquid or 

gaseous. there's no fundamental necessity to 

convert solid material into a solution before 

activation; INAA is really considered to be a 

non-destructive method although under 

certain conditions some material damage may 

occur due to thermal heating, radiolysis and 

radiation tracks by e.g., fission fragments and 

α-radiation emitting nuclei. it's essential to 

possess quite two or three qualified full-time 

members of the staff with responsibility for 

the NAA facilities. they ought to be able to 

control the counting equipment and  have 

good knowledge of basic principles of the 

technique. additionally, the facility users and 

thus the operators must establish an honest 

channel of communication. Other support 

staff are getting to be required to require care 

of and improve the equipment and facility. It 

seems; therefore, a multi-disciplinary team 

could run the NAA system well. [3] 

The analytical procedure is based on four 

steps: 
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Step 1: sample preparation (figure 1) means 

in most cases only heating or freeze drying, 

crushing or pulverization, fractionating or 

pelletizing, evaporation or pre-concentration, 

put through a sieve, homogenising, weighing, 

washing, check of impurities (blank test), 

encapsulation and sealing irradiation vial, also 

because the choice of the only analytical 

process and thus the preparation of the 

standards. The laboratory ambiance is 

additionally important for preservation and 

storage of the samples. Standardization is that 

the idea permanently accuracy of analytical 

tools and sometimes depends on particular 

technology, facility and personnel. For 

production of accurate data, careful attention 

to all or any or any possible errorin preparing 

single or multi-element standards is 

significant, and standards must be chosen 

relying on the character of the samples 

Step 2: Irradiation of samples are often taken 

from the varied sorts of neutron sources 

consistent with need and availability. For the 

INAA, one pneumatic transfer system 

installed within the horizontal channel at Es- 

Salam research reactor for brief irradiation of 

samples. Additionally, two vertical channels 

located in several sites of the deuterium oxide 

moderator and therefore the graphite reflector 

are used for long irradiations. The neutron 

spectrum parameters at different irradiation 

channels like α, f, Tn, etc are experimentally 

determined using cadmium ratio, cadmium 

cover, bare triple monitor and bi-isotopic 

methods using HΦgdhal convention and 

Westcott formalism. (Table1 and Table 2) 

The calibration of the irradiation positions has 

been achieved to implement the k0 -NAA in 

our laboratory. 

 

Step 3: After the irradiation the measurement 

is performed after an appropriate cooling time 

(tc). In NAA, nearly exclusively the (energy 

of the) gamma ray is measured due to its 

higher penetrating power of this sort of 

radiation, and therefore the selectivity which 

will be obtained from distinct energies of the 

photons differently from β radiation which is 

a continuous energy distribution. The 

interaction of gamma- and X-radiation with 

matter results, among others, in ionization 

processes and subsequent generation of 

electrical signals (currents) which will be 

detected and recorded. The 

instrumentmeasures the gamma rays from 

radioactive samples generally consists of a 

semiconductor detector, associated 

electronics, and a computer-based multi- 

channel analyser (MCA/computer). 

Most NAA labs operate one or more hyper- 

pure germanium (HPGe) detectors, which 

operate at nitrogen temperature (77 K). 

Although HPGe detectors are available many 

various shapes   and sizes, the    foremost 

common shape is coaxial. These detectors are 

very useful for measurement of gamma rays 

with energies within the range from about 60 

keV to 3.0 MeV. The two most vital 

characteristics  a   HPGe  detector   are  its 

resolution   and  efficiency.      Other 

characteristics to think about are peak shape, 

peak-to-Compton   ratio, pulse  rise  time, 

crystal dimensions or shape, and price. The 

detector’s resolution may be a measure of its 

ability to separate closely spaced peaks within 

the spectrum, and, generally, the resolution is 

laid out in terms of the complete width at half 

maximum  (FWHM)  of     the   122   keV 

photopeak of 57Co and therefore the 1,332 

keV photopeak of 60Co. In most of the NAA 

applications,  a    detector    with    0.5   keV 

resolution or less at 122 keV and 1.8 keV or 

less at 1,332 keV is sufficient. Detector 

efficiency for a given detector depends on 

gamma-ray energy and therefore the sample 

and detector geometry, i.e., subtended angle. 

At Es-Salam NAA Lab, four gamma-ray 

spectrometers of Canberra that one among 

them consists of a HPGe detector 35% 

relative efficiency connected with Genie 2k 

Inspector  and   therefore   the  three  other 

spectrometers are composed of detectors (30, 

35 and 45 relative efficiency) connected with 

a 3 Lynx® Digital Signal Analyser, it's a 32K 

channel integrated signal analyser based on 

advanced digital signal processing (DSP) 

techniques. All spectrometers operate with 

Genie™2000 spectroscopy software. A 

radiation detector therefore consists of an 

absorbing material during which a minimum 

of a part of the radiation energy is converted 

into detectable products, and a system for the 

detection of these products. 
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Step 4: Measurement, evaluation and 

calculation involve taking the gamma spectra 

and therefore the calculating chemical 

element concentrations of the sample and 

preparation of the NAA report. In this part of 

work, Peter Bode describes clearly in his 

paper Greenberg, R.R., et al., the analysis 

procedure of gamma-spectrum to the 

determination of the amount of element in 

sample. The acquisition of gamma spectrum 

via the spectroscopy system is analysed to 

identify the radionuclides produced and their 

amounts of radioactivity in order to derive the 

target elements from which they need been 

produced and their masses within the 

activated sample. The spectroscopy starts 

with the determination of the situation of the 

(centroids of the) peaks. Secondly, the peaks 

are fitted to get their precise positions and net 

peak areas. The Analytical protocol adopted 

in our NAA laboratory. 

The positions often expressed as channel 

numbers of the memory of a multi-channel 

pulse height analyser are often converted into 

the energies of the radiation emitted; this is 

often the idea for the identification of the 

radioactive nuclei. On basis of data of 

possible nuclear reactions upon neutron 

activation, the (stable) element composition 

springs. The values of internet peak areas are 

often wont to calculate the amounts of 

radioactivity of the radionuclides using the 

complete energy photopeak efficiency of the 

detector. The amounts (mass) of the weather 

may then be determined if the neutron fluence 

rate and cross sections are known. In the 

practice, however, the masses of the weather 

are determined from internet peak areas by 

comparison with the induced radioactivity of 

an equivalent neutron activation produced 

radionuclides from known amounts of the 

element of interest. The relative intensities if 

photons of various energies are emitted, the 

combination of energy of emitted radiation 

and therefore the half-life of the radionuclide 

is exclusive for every radionuclide, and forms 

the idea of the qualitative information in 

NAA. The amount of the radiation is directly 

proportional to the number of radioactive 

nuclei produced (and decaying), and thus with 

the number of nuclei of the stable isotope that 

underwent the nuclear reaction. It provides 

the quantitative information in NAA. The 

measurement in NAA is the quantity intended 

to be measured is the total mass of a given 

element in a test portion of a sample of a 

given matrix in all physicochemical states. 

The quantity ‘subject to measurement’ is that 

the number of disintegrating nuclei of a 

radionuclide. The measurement leads to the 

number of counts during a given period of 

your time, from which the disintegration rate 

and therefore the number of disintegrating 

nuclei is calculated; the latter number is 

directly proportional to the number of nuclei 

of the stable isotope subject to the natural 

process, and thus to the number of nuclei of 

the element, which finally provides 

information on the mass and amount of 

substance of that element. 

ADVANTAGES: 

The method Neutron Activation Analysis has 

several important advantages as follows: - 

1. Nuclear technique which measures the 

intensity of gamma rays 

ofcharacteristicenergy using the gamma ray 

spectroscopy. 
2. This technique is MultielementalAnalysis. 

3. Rapid analyses of multiple samples. 

4. Sample size can be varied (typically 1 mg 

to 1 gm). 

5. The Neutron Activation Analysis is very 

useful for analysis of materials for the 

purpose of preparing the reference standards. 

6. It is Non-destructive, that is valuable and 

safe. 

7. In this process the chemical processing is 

not occurred, therefore, samples are not 

contaminated during sample preparation, no 

uncertainty about total dissolution of sample, 

no need of dilutions to the solutions and thus 

making the technique safe and valuable. 

8. No need for repeated blank measurements 

because of no memory effects. 

9. Gamma ray spectroscopy is completely free 

from matrix interferences. 

10. Elemental concentrations can be 

determined in parts per million (ppm), parts 

per billion (ppb) and parts per trillion (ppt) 

level, depending upon the sample matrix[5] 

DISADVANTAGES: 

Neutron activation analysis has its certain 

disadvantages, and it is divided into three 

classes: Chemical, physical and Nuclear.[6] 
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Chemical 

1. Samples may undergo structural changes as 

a result of high radiation intensities, and these 

changes may result in losses of radioactive 

material by volatilization. 

2. Some limitations arise in separating the 

desired activity from other radioactive 

elements in the samples, the magnitude of 

these limitations depending on the number of 

steps in the radiochemical procedure used. 

3. It is not always easy to treat the samples in 

such manner that the carrier element and the 

irradiated element will chemically behave the 

similar. 

Physical 

1. A sample must be of such character as to 

withstand temperatures of possibly 700◦C to 

900◦C. 

2. Containers must be constructed of such 

material that during irradiation, they must 

have very short half-lives. 

3. The size of the samples should be limited 

by the irradiation space in a reactor. 

Nuclear 

1. The samples must not have such a high 

neutron absorption as to affect the neutron 

flux throughout the samples. 

2. A major limitation is that the isotope 

formed may be the result of neutron reactions 

other than an (n, y) reaction. 

3. Of some importance is the formation of 

radioisotopes of the same element differing 

from the isotope under investigation as a 

result of the decay of other radioactive 

species. However, this limitation may be 

overcome by determining decay and energy  

of emission. 
 
 

 

 

Figure 2: Instruments and materials used for preparation of sample 

 

Table 1- The parameters α, f and r(α)√Tn/To obtained by different methods 
Method Α F r(α)√Tn /To 

Cd-ratio 0.026±0.012 28.4±1.6 0.038±0.004 

Cd-covered 0.024±0.010 28.7±2.1 - 

Bare triple monitor 0.030±0.008 28.6±1.8 - 

Bare bi-isotopic - 29.5±2.5 0.036±0.003 

Average 0.027±0.010 28.8±2.0 0.037±0.003 

Table 2- Neutron spectrum parameters in the irradiation site at Es salam research reactor 

Parameter Α F Tn(◦c) Rcd (Au) r(α)√Tn/To 

Measured 

Value 

0.027±0.010 28.8±2.0 34±1.8 2.93±0.32 0.037±0.003 

TYPES OF THE NEUTRON ACTIVATION ANALYSIS: 
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Figure- 3 Different Types of Neutron Activation Analysis 

1] Radiochemical neutron activation 

analysis (RNAA) 

RNAA is used within the case where the 

induced radionuclides of trace elements are 

masked by matrix activity. The resulting 

radioactive sample is chemically decomposed 

and therefore the radionuclides are isolated by 

chemical separations into one or several 

fractions freed  from  interfering  radio 

activities, each with one or relatively few 

radionuclides. the foremost frequently used 

separation   techniques  are:  liquid 

extraction,[7][8]ion      exchange, 

[9][10]precipitation,[11, 

12]Electrolysis[13]and chromatography[14]. 

Generally, a carrier is added during the 

chemical separation. consistent with IUPAC, 

a carrier is an inactive material deliberately 

added to a specified radioactive substance to 

make sure that the radioactivity will behave 

normally altogether subsequent chemical and 

physical processes.Before separation, samples 

need to  be chemically  decomposed. 

Usuallyvarious acids (HNO3, H2SO4, HF, 

HClO4) are used for digesting the sample or 

burnt in an oxygen atmosphere. Although 

RNAA has the advantage of high sensitivities 

to several elements and therefore the obtained 

data are accurate. Thistechnique has two 

disadvantages: it's rather time consuming and 

therefore the radiochemical procedures can 

often be very complicated.[10] 

2] Instrumental neutron activation analysis 

(INAA) 

When applying instrumental neutron 

activation analysis (INAA)[15,16,2,17,18]the 

decomposition of the radioactive sample isn't 

necessary. The radionuclides are determined 

on the thought of the differences in decay 

rates via measurements at different decay 

intervals using high-resolution detectors, the 

method is non-destructive. It doesn't require 

complicated handling.All problems associated 

with the decomposition of the sample and 

separation (dissolution, contamination and 

losses) are avoided. This aspect is extremely 

important when unique or valuable materials 

must be analyzed, e.g., archaeological and art 

objects or within the case of materials that are 

difficult to dissolve, e.g., silicon-based 

samples or ceramics. It's multielemental, 

suitable for sample sizes from µg to kg, which 

allows one to get low detections limits (at 

µg/kg to mg/kg level) for up to fifty elements. 

Various amounts of elements from sub-ng/g 

up to a quarter level give linear responses. 

Better detection limits of desired elements are 

often achieved by optimizing irradiation 

parameters (energy, fluence rate of the 

neutrons, and irradiation, decay and counting 

times). The influence of the matrix is  

typically negligible. Most matrices appear to 

be transparent, because the atoms of which 

most of them are composed (H, C, O, N, P, 

and Si) hardly form any radioactive isotopes. 

This makes the method sensitive for 

measuring trace elements. The sensitivity 

obtained by neutron activation analysis could 

also be a function of nuclear parameters of the 

element in question (neutron cross section, 

isotope abundance, half-life, and gamma-ray 

abundance), available flux, length of 
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irradiation, detector efficiency, matrix 

composition, and therefore the total sample 

size. It's self-validating: two or more 

analytical lines could also be used for the 

determination of an equivalent element 

allowing a crosscheck of the method. Some 

environmentally important elements, e.g., Cd, 

Cu, Ni and Pb can't be determined, a 

minimum of not at low concentrations. The 

technique is quite time-consuming.It takes 

about 2-4 weeks to urge information about 

elements involving radionuclides with long 

half-lives. NAA only gives the knowledge on 

the whole element concentrations. 

Information on compound structure and 

physical state cannot be immediately 

acquired. Less widely applied than other 

analytical techniques thanks to necessity of 

getting access to a reactor. 

3] Thermal neutron activation analysis 

(TNAA) 

NAA is typically called thermal NAA 

(TNAA) to worry that thermal neutrons play 

the foremost role within the activation 

process. quite 70 natural elements can induce 

radionuclides by means of (n,) reactions. the 

most advantages of the TNAA are: high- 

activation cross sections and no interfering 

reactions exist. the most drawback is that the 

perturbation of thermal flux by highly 

absorbing samples.[19] 

4] Epithermal neutron activation analysis 

(ENAA) 

Mainly non-thermal neutrons are wont to 

improve detection limits and precision of 

element determination like U, Tl, In, Au, Ta, 

Ag, Br, Co, I and Sb. ENAA is mainly 

applied when elemental content can be 

determined via a nuclide with high ratio of 

resonance activation integral (I0) to thermal 

neutron cross section (0): I0/0. To decrease 

the activity of nuclides where the ratio of 

resonance activation integral to thermal 

neutron cross section is low, thermal neutron 

filters of cadmium or boron are used. 

Therefore, this method is particularly useful 

for geological samples because many 

interfering nuclides (i.e., 24Na, 38Cl 42K, 

46Sc, 51Cr, 59Fe) have low I0/0 ratios.[20, 

21]ENAA is also very often to determine Br 

and I in biological samples.[22, 23] 

5] Fast neutron activation analysis (FNAA) 

Also called 14 MeV neutron activation 

analysis, it utilizes not only nuclear research 

reactor fast neutrons, but also fast neutrons 

produced by a neutron generator or by an 

isotopic neutron source.[2, 24]The 14 MeV 

neutrons are  produced  by  the   reaction 

between deuterium and tritium nuclei in the 

neutron Generators. They are produced by 

creating deuterium ions and accelerating these 

ions into adeuterium or tritium target.The D- 

D reaction is employed only in special 

circumstances because the neutron yield from 

the D-T reaction is 100 times higher.[25]In 

isotopic neutron  sources   the   foremost 

common source of neutrons is that the 

spontaneous  fission  of   californium-252 

(252Cf). The average energy of neutrons from 

252Cf is 2.3 MeV.[26]Neutrons may also be 

produced by a reaction between α particles 

and low Z elements (the most common 

element is Be). The α particle is emitted 

during radioactive decay of 238Pu, 226Ra or 

241Am. Isotopic neutron sources although 

having an extended useful life and producing 

a comparatively constant flux of neutrons, 

have several disadvantages including the very 

fact they can't be close up when not in use. 

Isotopic neutron sources can't be added and 

therefore the energy spectrum of the emitted 

neutrons is broad and peaks at energies below 

the edge for a few important reactions.[27] 

One of the benefits of the FNAA lies within 

the incontrovertible fact that the utilization of 

fast neutrons  from a  neutron  generator 

enables to perform field measurements, e.g., 

detections   of   metal  contamination in 

soil.[28]The most important application of 

FNAA is that the analysis of oxygen content 

during an enormous sort of matrices including 

metals, geologic materials, coal, liquid fuels, 

ceramic materials, petroleum derivatives and 

fractions and chemical reaction products.[22, 

26, 29]The determination of nitrogen in 

biological materials, including nitrogen as a 

measure of protein content[30]as well as 

nitrogen  determination   in   explosives, 

fertilizers, and polymers are also important 

applications.FNAA are routinely analysed by 

other elements include Ag, Al, Au, Si, P, F, 

Cu, Mg, Mn, Fe, Zn, As, and Sn. [31] 

6] Other types of Neutron Activation 

Analysis 
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a) Cyclic neutron activation analysis 

(CNAA) 

Cyclic neutron activation analysis is based on 

repetitive short irradiation and measurement 

cycles, whereby the measurements are added. 

CNAA is used for the measurements of the 

concentrations of very short-lived isotopes of 

half-life <10sto improve their detection limits. 

However, it is limited by the transfer times of 

the sample from the irradiation unit to the 

counting place. These times should be shorter 

in time than the half-life of the radioisotope of 

interest. [32,33,34]The method has been 

applied for the determination of, e.g., Au, Ag, 

Cl, F, Hf, Sc, Se in biological samples. 

[13,2,35] 

b) In vivo neutron activation analysis 

(IVNAA) 

In vivo neutron activation analysis which is 

awell-established technique used for measure 

the main elements like C, Ca, K, N, O and P, 

or chemical element content within the human 

body.[36,37,38,39, 40]However, the 

elemental principles include that the body is 

exposed to neutron from either a neutron 

generator, isotopic neutron source, or a 

reactor. IVNAA allows reliable and 

reproducible reconstruction of molecular level 

components like total body fat, protein and 

minerals. 

c) Prompt gamma neutron activation 

analysis (PGNAA) 

Prompt gamma neutron activation analysis as 

mentioned in the first paragraph, is based on 

the measurement of rays emitted during 

nuclear reactions rather than gamma-rays 

emitted from radioactive decay. PGNAA is 

employed for the determination of low Z 

elements like B, H, N, P, S, and Si in various 

sorts of samples (geological samples, 

biological samples, and alloys).[41, 42, 43, 

44]These elements are unusually determined 

by typical neutron activation analysis or 

detected with low sensitivity. However, 

PGNAA has also been applied for heavier 

elements, e.g., 

uranium.[45]Additionally,PGAA  is also 

valuable for elements with large capture cross 

section and high gamma-ray yield, especially 

cadmium, samarium, and gadolinium.[46] 

APPLICATIONS OF NEUTRON 

ACTIVATION ANALYSIS: 

 

 
Fig4- Applications of neutron Activation 

Analysis 

1) Human sample analysis: 

Human samples analysed by neutron 

activation analysis are often divided into hard 

tissue, soft tissue and body fluids. In the case 

of bones usually Ca and P are determined to 

estimate the bone strength. (47, 48, 49, 50, 51, 

52)For example, Tzaphlidou et al. 70 took rib 

bones at post-mortem, cleaned them of soft 

tissue and blood and analysed them with the 

help of NAA. It was found that the Ca/P ratio 

is more reliable for diagnosis of bone 

disorders than the individual concentrations of 

Ca and P.[50, 51, 52]Hard tissue, which is 

widely analysed by means of NAA, is hair. 

For assessing human environmental and 

occupational exposure, the hair analysis is 

most frequently used.[53, 54, 55, 56] 

2) Environmental samples: 

Air samples play a dominant role in 

environmental studies. The analysis of 

elemental concentrations in samples like 

aerosols, ash and particulate are used for 

assessing pollution.[57, 58, 59, 60, 61, 62, 63, 

64, 65]In the case of aerosol analysis an 

interesting application is that the one 

proposed by Probst and associates.[60, 

61]They determined gold, calcium and 

platinum concentration in aerosol samples 

without application of sample digestion. NAA 

of Pt using the 199Au daughter of 199Pt was 

performed. This analysis was affected by Au 

and Ca concentrations, but both interferences 

on Pt determination were corrected by 

applying suitable calculations. Platinum 

concentrations in air were the very best ever 

published for environmental investigations. 

The estimation of potential toxicity of ashes 

emitted by various kinds of incinerators was 
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the aim of another study. Extractable organ 

halogens (EOXs) were determined after 

extraction with toluene during a Soxhlet 

apparatus. EOX analysis suggested that ash 

samples contained many of organochlorine 

compounds. additionally, medical waste 

incinerator ashes were considered to possess 

relatively higher amount of organ iodine 

compounds than other 

ashes.[63,64,65,66]There also are other plants 

used as environmental pollution bio monitors, 

like cotton, white beet, or species typical for a 

given country area (e.g., Solanum lycocarpum 

in Brazil).[67, 68] 
a. Soil Science: 

Many agricultural processes and their 

consequences, like fertilization and herbicidal 

and pesticidal control, are influenced by 

surface and sub-surface movement, 

percolation and infiltration of water. Stable 

activatable tracers, like bromide, analyzed by 

NAA, have allowed the soil scientist to 

quantify the distribution of agricultural 

chemicals under a good sort of environmental 

and land use influences. In soil science, the 

utilization of bromide ion (Br-) in various 

forms (e.g., KBr, NaBr, SrBr2) was 

introduced as a non-reactive stable tracer in 

solute transport studies normally moving 

freely with the flux of water without 

substantial chemical or physical interactions 

with the soil. Typically, Br- is extracted from 

soil and quantified using either a bromide 

selective electrode (sensitivity is ~10 mg/mL) 

or by high-performance liquid 

chromatography (sensitivity is ~0.010 

mg/mL). Where the sensitivity is adequate, 

the selective conductivity method, which is 

straightforward, affordable and fast, is 

preferred. More recently, workers have 

reported that 20% of Br- tracers, at low 

groundwater pH, could also be absorbed by 

iron oxides and kaolinite when present within 

the alluvial aquifer. We investigated the 

utilization of epithermal neutron activation 

analysis (ENAA) as a way of measuring Br- 

directly in soil samples without an extraction. 

ENAA was chosen due to its high theoretical 

advantage factor over aluminium (i.e.,20), the 

principal interfering soil constituent, 

calculated for the 79Br (n,g) 80Br reaction 

compared to 27Al (n, g)28Al. Br- was 

measured (sensitivity is ~0.050 mg/g) in one 

gram soil samples from a five-second 

irradiation (fth = 2.5 x 1012 n/cm2/sec) 

employing a BN capsule [69] 

b. Neutron Activation in Geology: 

NDNAA and Compton-suppressed NAA are 

efficiently used for analysis of geological 

samples (i)for uranium content measurement 

in phosphate rocks and surrounding geology 

and (ii) in trace elemental analysis of rock 

samples. Trace elemental analysis of rock 

samples is especially important because these 

rocks can find a completely unique use as the 

coarse aggregate in sorts of concrete which 

will be developed for shielding of accelerator 

and reactor facilities. [70] 

Precise determination of the basic content of 

the phosphate rocks is crucial within the 

understanding  of   geochemistry of the 

formation.  INAA   and    delayed  neutron 

activation analysis (DNAA) were employed 

to work out the concentration of uranium in 

some  Egyptian environmental samples 

(Toshki soil, Aswan iron ore) and phosphate 

samples within the Red Sea coast area.[71] 

Instrumental  neutron  activation analysis 

wants to detect and determine the basic 

composition of some beach rock samples 

within the South East Coast of Tamil Nadu, 

India.   alongside    other constituents, 

concentrations  of  the   rare-earth element 

elements (REE) were measured. The authors 

used single comparator method during this 

study. They determined the fraction of 19 

elements within the 15 samples collected  

from the  world. High-resolution   gamma 

spectrometry was used for the aim. Irradiated 

Standard   Reference    Material    (SRM 

1646aEstuarine sediment) was measured for 

calibration. The geochemical behaviour of 

REE in beach rock was studied.[72, 73] 

The concentration of Se, V, As, Hg and Cd 

within the water from thermal springs were 

measured using NAA. The study was carried 

out to know the effect of thermal springs 

within the eastern Aegean in Greece, Ikaria, 

on beverage from sources near and much 

from the spring. The measured concentration 

of the weather didn't show statistically 

significant variation from that thanks to 

natural background.[74] 
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Quantification was done on the concentrations 

of selenium, arsenic and 13 other elements in 

soil samples rich in selenium from the state of 

Punjab, India. The samples were irradiated in 

research reactor, and therefore the activated 

samples were counted using high-resolution γ 

ray spectrometry. Quantification was done 

using the comparator method using soil 

samples collected from a non-seleniferous 

region.[75] 

3) Radio Traces Analysis: 

a.Study the Redistribution of Uranium and 

Thorium due to Ore Processing 

In the ten years between 1948 and 1958 ore 

mining within the us expanded from a 

cumulative total of 38,000 tons to 5.2 million 

tons involving more than 400 mines. Ores 

from these mines were chemically processed 

at an estimated 50 to 100 sites. These 

activities have resulted within the 

contamination of many square miles of 

surface and subsurface soils, and their 

corresponding ground waters, with uranium- 

238, thorium-232 and their radioactive 

daughters. In most cases these sites have 

various radioactive material materials like ore 

tailings, processing residues and leachates 

mixed with soil and usually covered with an 

uncontaminated soil layer several feet in 

thickness. In other cases, the tailings or 

wastes have remained exposed and hence are 

further distributed by wind and erosion. 

EBNAA has been developed as a strategy 

suitable for automation by which 

contaminated ore-processing sites are often 

characterized and their restoration monitored. 

[69] 

b. The Use of Radiotracers to review the 

Fate of Hazardous Elements in Waste 

Material/Coal-Char Admixtures under 

Gasification- an Emerging Waste 

Management Technology 

With an increasing emphasis being placed on 

the clean-up of hazardous waste sites from 

past technological operations, science has had 

to return up with ideas on the way to 

simultaneously decompose and stabilize a 

spread of mixed wastes which include 

radioactive materials. the foremost difficult of 

all wastes to clean-up is mixed waste. These 

may contain organic materials 

(dichlorobenzene, naphthalene, etc) alongside 

hazardous elements (cadmium, mercury, 

plutonium, thorium, uranium and other 

transuranic). Current waste destruction 

technology relies on oxidation of the waste 

(incineration); an alternate is that the storage 

of this waste. Both have drawbacks. 

Incineration requires high temperatures and 

therefore the resulting high fuel costs and 

volatilization of some hazardous components. 

Storage costs are proportional to the quantity 

of space haunted by the waste and therefore 

the regulations surrounding the waste, 

therefore, future storage of some existing 

radioactive material is unacceptable without 

volume reduction and stabilization. A process 

developed at MU, ChemChar gasification, 

helps minimize these problems. ChemChar 

gasification employing a coal char (a triple 

reverse burn coal product which is extremely 

porous) acts as both a surface for chemical 

reactions and a sequestering agent of 

hazardous elements. Initially the method uses 

the char as an absorber of the waste stream 

which is mixed on a 2:1 weight ratio (char: 

waste). A flame front is established which 

moves opposite the direction of oxygen flow 

and within the flame front organics are 

decomposed and other species tend to be 

chemically reduced. The volatile organics are 

carried off and trapped later while the 

immobile metals, metalloids and a few non- 

metals are sequestered on the char for final 

disposal or other disposition. The gasification 

process also leads to volume reduction, 

partitioning of probably usable organic 

solvents and therefore the production of a gas 

that would be used as an energy source. the 

target of the MURR component of this project 

is to develop a procedure by which 

radiotracers are often wont to determine Fates 

of hazardous elements during gasification in 

support of the utilization of gasification as a 

way of decomposing, stabilizing and reducing 

the quantity of hazardous mixed wastes 

including radioactive wastes resulting from 

the nuclear weapons program. so far Fates of 

arsenic, strontium, cadmium, cesium, 

mercury, uranium, thorium, neptunium and 

protactinium, chlorine (as an organochloride) 

and phosphorus (as organophosphorus 

surrogates for military wastes) are studied 
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during this reducing atmosphere using MURR 

produced radiotracers.[69] 

c.Selenium Distribution in Aquatic Species 

in Selenium-contaminated Fresh-water 

Impoundments 

This work is being done in collaboration with 

both federal and state agencies. Fresh-water 

ecosystems in California are grossly 

contaminated with selenium as a results of 

irrigation run-off from heavily used 

agricultural areas. The effect has been 

observed throughout most of the organic 

phenomenon. the target of those studies is to 

gauge the extent of the contamination and 

evaluate methodologies which may be 

efficacious within the reduction of selenium 

in these ecosystems.[69] 

d. In-situ Radiotracers for Dosage-Form 

Testing 

Over the last several years there has been a 

growing interest within the use of in-situ 

radiotracers to check new pharmaceuticals 

and dosage forms being developed for 

commercial distribution. This work has been 

done in collaboration with several 

pharmaceutical companies and university 

research centres. The in-situ radiotracers are 

produced through carefully designed 

irradiations done at the MURR and utilized in 

laboratory, animal, and during a few cases, 

human experiments. These methodologies 

offer significant advantages within the 

evaluation of encapsulations, time release, 

clearance and therefore the distribution of the 

pharmaceutical in animal and human models. 

[69] 

4) Cancer Epidemiology 

a.Nutritional Epidemiology-Nutritional 

and Biochemical/Genetic Markers of 

Cancer 

This project is being carried out in 

collaboration with the Harvard school of 

medicine stemming from the rather striking 

findings reported in JAMA (December, 1996) 

showing a big protective effect thanks to a 

200 microgram/day supplement of selenium 

against cancers of the colon, lung and 

prostate. One specific aim of the project is to 

gauge the connection between selenium status 

and cancer of the colon and prostate within 

the Physicians= Health Study. As proposed, 

this is often a five-year study using 

prospectively  collected blood samples 

because the biologic monitor of selenium 

status. If fully funded, this is able to be the 

most important prospective case-control study 

so far of selenium status and incidence of 

prostatic adenocarcinoma. Over the five years 

2470 prostatic adenocarcinoma cases and 850 

carcinoma cases are anticipated.[69] 

b.Nutritional Epidemiology --A  Cohort 

Study of the connection Between Diet, 

Molecular Markers, and Cancer Risk: the 

Canadian Study of Diet, Lifestyle and 

Health 

A pilot study to characterize the nail as a 

biologic monitor for the dietary intake for 

selenium in Canada has been undertaken to 

increase our work to the main Canadian 

provinces. Suspected selenium determinants 

like smoking, use of dietary supplements, age 

and gender are going to be statistically 

evaluated during a population of over 700 

subjects. Results are going to be compared 

with our earlier study of a female population 

drawn from 11 states within the U.S. the 

target of this work is to expand the 

collaborative MURR nutritional epidemiology 

program, that has enjoyed good success 

within the U.S., to Canada. This pilot will 

function a basis for 2 grant applications which 

will be submitted to the National Cancer 

Institute of Canada and therefore the 

Canadian Research Council. The work is 

being wiped out collaboration with the school 

of drugs, University of Toronto.[69] 

c. Nutritional Epidemiology --Thyroid 

Cancer Study 

This study is being carried out in 

collaboration with the Northern California 

Cancer Centre, Stanford University and 

therefore the University of California, San 

Francisco. Asian women who have 

immigrated to the U.S. West Coast experience 

a significantly increased incidence of thyroid 

cancer which is hypothesized to be a 

consequence of their substantial change in 

diet. Specifically, iodine intake is 

substantially increased and should stress a 

hypersensitive thyroid a condition observed in 

many of those subjects presumably thanks to 

chronically low iodine intakes before 

immigration. MURR is liable for two specific 

aims: characterizing the nail as a biologic 
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monitor for iodine; and to live iodine in nails 

obtained during a nested case-control study of 

thyroid cancer. In these subjects, the 

utilization of iodine-containing contrast 

agents can confound analytical interpretations 

of any biologic monitor. From our work we've 

found that biologic monitors from subjects 

exposed to iodine-containing contrast agents 

are going to be influenced by the exposure for 

over a year. Consequently, these subjects 

should be screened out of nested case-control 

studies having an iodine hypothesis. The case- 

control comparison is blinded to our 

laboratory and can be evaluated beginning in 

1999.[69] 

d. Nutritional Epidemiology --Non- 

Melanoma carcinoma Study 

This study was held in collaboration with 

Dartmouth school of medicine. there's some 

evidence that above normal intakes of arsenic 

may increase the danger of non-melanoma 

carcinoma. This hypothesis is being studied 

during a New Hampshire population routinely 

ingesting comparatively high levels of arsenic 

in their beverage supplies which are typically 

wells serving one residence or simply a 

couple of residences. we've shown that the 

arsenic concentration in nails is directly 

correlated with drinking-water arsenic levels. 

An NAA procedure to live arsenic in nails has 

been developed and applied during this nested 

pseudo-prospective case control study. Over 

1000 samples are analysed over the last 2 

years which is approximately the midpoint of 

the project. The case-control status will 

remain blind to our laboratory until the 

project is concluded. [69] 

e. Nutritional Epidemiology- 

Molecular Epidemiology of 

prostatic adenocarcinoma 

During this study, being conducted together 

with Johns Hopkins University, School of 

Hygiene and Public Health, we are 

investigating the connection of dietary and 

occupational exposures to selenium, cadmium 

and zinc and therefore the incidence of 

prostatic adenocarcinoma. this is often the 

foremost extensive study so far during which 

we've the chance to match two biologic 

monitors, nails and blood sera or plasma, 

during a nested case-control study having a 

selected disease outcome. Knock-Out Gene 

Mouse Model for CF Mineral characterization 

studies with the knockout gene (CF) mouse 

model are wiped out collaboration with the 

MU Department of Veterinary life science. 

Bone and tooth mineralization differences 

between CF and normal mice were studied 

using NAA to live Ca, Mg, P, Na, K, F, Cl, Br 

and Mn. NAA was also wont to measure 

mineralization differences within the whole- 

body of the CF and normal mouse.[69] 

5) NAA in Medicine: 

Trace elements have important pertaining to 

the physiological and biochemical processes, 

and relative abundance and balance of various 

elements in trace quantities strongly influence 

the occurrence and advancement of the many 

diseases. Estimation of chemical element 

concentration in carcinoma, colorectal cancer, 

dysfunction and malignancy of thyroid has 

been done using neutron activation followed 

by high-resolution gamma spectrometric 

studies. NAA is one among the well-liked 

choices for trace-and ultra-trace-level 

quantitative estimation because it may be a 

highly accurate, precise and reproducible 

method even for measurements to the ppm 

and ppb level.Concentration of Ca, Cu, Co, I, 

Mg, Se, Fe, Zn, Hg, Ba and Cr at the trace 

level within the malignant tissues of 

colorectal cancer decided through NAA. The 

study was carried out for patients from 

Mexican population. The results were 

compared with those obtained for normal 

tissues within the same population. it had 

been observed that the quantity of Co, Fe, I 

and Ba changes due to incidence of colorectal 

cancer.[76]INAA want to detect and measure 

the arsenic content within the toenail of the 

carcinoma patients. Tissues from both basal 

skin carcinoma (BCS) and epithelial cell 

carcinoma (SCC) were examined from the 

patients of non-melanoma 

carcinoma.[77]Studies on the changes in 

chemical element concentration within the 

cancerous human prostate. they need used 

INAA to live the concentration of 43 trace 

elements and compared the results for 

malignant, benign hypertrophic and normal 

prostate. Of the 43 elements measured, 

concentration of 33 elements within the 

malignant prostate is above that within the 

benign hypertrophic tissue. For the weather 
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Co, Hg, Rb, Sc, Se and Zn, a reverse trend 

was observed. in comparison with the 

traditional tissue, lower contents of Sc, Se, 

Zn, Rb and Cd were detected within the 

malignant prostate.[78] 

Neutron activation analysis through 

monitoring of the delayed gamma ray 

(DGNA) together with dual-energy X-ray 

absorption was employed by to estimate the 

entire body calcium.[79]Gamma ray imaging 

plays a big role within the pharmaceutical 

industry in development and progress of a 

drug delivery system. the quality sort of 

radiolabelling of the drug molecules is 

completed using a number of the foremost 

commonly used medically important 

radioisotopes, like 99mTc or111In. except for 

complex drug molecules, radiolabel is 

produced through in place neutron 

activation.[80]NSECT or neutron-stimulated 

emission computerized tomography is one 

among the foremost advanced imaging 

techniques employed to review the isotope 

distribution in biological tissue. the tactic 

depends on irradiation of the sample by fast 

neutrons. The gamma rays emitted within the 

natural process induced within the isotopes 

within the tissue under study are monitored to 

construct tomographic images of every 

section of the sample. Though the 

instrumentation is dear, high sensitivity of the 

technique has rendered it suitable to be used 

for cancer staging, detection of 

carcinoma.[81,82,83] 

6) Other applications: 

a. Calcium Metabolism Study 

In support of the MU Department of kid 

Health, the study of calcium absorption in pig 

and lamb models using Ca-47 produced and 

processed at the MURR from an enriched Ca- 

46 target was administered. In support of 

human studies with low birth-weight infants, 

juvenile atrophic arthritis and cystic fibroticsa 

dual-enriched-isotope methodology, 

supported stable isotopes measured via NAA, 

has been developed to live true absorption of 

calcium from experimental diets.[69] 

 

b. Semiconductor materials and other 

high-purity materials 

Neutron Activation Analysis (NAA) is 

employed to live trace and ultra trace-element 

concentrations of impurities and/or dopants in 

semiconductors and other high-purity 

materials. The behaviour of semiconductor 

devices is strongly influenced by the presence 

of impurity elements either added 

intentionally (doping with B, P, As, Au, etc.) 

or contaminants remained during incomplete 

purification of the semiconductor material 

during the manufacture of devices. Small 

quantities of impurities of concentrations 

below 1 ppb can show a big effect on the 

standard of semiconductor devices. the target 

of the client is to demonstrate that a chemical 

or material meets or exceeds purity 

requirements required by the top user. In 

some instances, the MURR Nuclear Analysis 

Group conducts a multi-element qualitative 

and quantitative chemical analysis which then 

is employed because the certificate of study 

for that substance. In other cases, the NAA 

staff work with clients to determine 

purification factors at various stages within 

the production process of high-purity 

materials like silicon or, the efficacy of 

cleaning and leaching procedures. In still 

other cases we are ask to demonstrate that a 

selected impurity or set of impurities is below 

the extent of technical or regulatory concern. 

NAA is that the elemental analysis method of 

choice for these projects due to the limited 

sample handling required and therefore the 

high sensitivity for several elements of 

interest.[69] 

c. Sedimentation Technique of 

powder: 

The determination of particle sizes by 

sedimentation techniques has been facilitated 

by activation. The powder to be measured is 

rendered radioactive, then dispersed during a 

viscous liquid and allowed to settle. the 

number of fabrics during a particular layer 

after settling is rapidly determined by 

measurement of the radioactivity within the 

layer.[84, 85,86] 
d. Application in Mines: 

Remote analysis by activation is that the 

direct logging of oil wells and other 

geological drillings. it's been found practically 

to lower small radioisotope neutron sources or 

neutron generating tubes into such holes. the 

discharge of either prompt or delayed photons 

from the irradiated surrounding media 
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provides considerable information concerning 

the stratigraphy encountered within the 

drilling. Of course, drill cores delivered to the 

surface can also be analysed by activation 

techniques.[87,88, 89] 

e. Identification in crime suspect: 

Residues from the primer can often be found 

on the hands of an individual who has 

recently fired a gun. Activation analysis want 

to detect minute traces of antimony and 

barium. during this later work the hand is 

wiped with paper, moistened with 1% aqua 

fortis and therefore the paper is irradiated for 

one hour during a reactor. The activated 

antimony and barium are isolated by a 

radiochemical separation and quantitatively 

determined by gamma spectrometry. The 

technique is capable of giving a solution 

during a few hours.[90, 91] 

f. NAA application to detect 

criminality: 

High speed photographic technique was 

studied insuch a way where residues are 

deposited on the hand. Furthermore, an 

activation method was developed for the 

determination of the distribution of residues 

on the hand. A collodion film was applied to 

the rear of the thumb, web and fore- finger of 

the firing hand. After allowing the film to dry 

it had been stripped off then irradiated for 24 

hours during a flux of 2 x 1012 

neutrons/sec/sq. cm. The activity, mainly 

Na24, was allowed to decay for four days then 

the collodion was placed in touch with X-ray 

film and an autoradiograph produced. The 

black spots indicate the position of 

radioactive spots on the collodion cast, these 

were cut out for identification and 

measurement by gamma spectrometry. this 

system detected residues on the hand after a 

gun had been fired in about 90%of the 

tests.[92] 

g. Growth of mosses was determined 

by NAA: 

Mosses have a comparatively long history of 

use as biomonitors, research on the uptake 

and localization of elements and on their 

sources they're recently neglected. Utility of 

mosses as biomonitoring tools to work out the 

basic pollution levels within the air of MAVT 

as measured by INAA. In remote and barren 

areas, the basic composition of unwashed 

moss is suffering from entrapped crustal 

materials. the very best pollution levels were 

found in samples from Tollocan, Alameda, 

Reforma, and Santın (UR) and San Miguel 

(TR), which are all located in urban regions. 

The presence of high pollution levels in 

samples are often attributed to proximity of 

commercial areas that include an outsized 

number of vehicles, wind dynamics, and 

anthropogenic activities that contribute to the 

degradation of air quality.[93] 

CONCLUSION: 

The Neutron activation analysis is one of the 

preferred method for quantitative analysis of 

various types of samples and has thus found 

wide variety of application. It is a highly 

accurate method and can reliably be applied 

for the measurement of concentration of 

elements at the trace and ultra trace level. The 

examples illustrated in applications can be a 

useful tool in the scientific studies. Hence, 

NAA is emphasised as an only a tool and vital 

to use the technique for gathering background 

information to allow a meaningful 

interpretation of analytical data. 
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