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Abstract

The work presented in this thesis covers two mpjunts.
One algorithm concerns with establishment of anumte
standardization method with multi-elemental capaéd and low
workload suitable for NAA standardization at ETRRThe second
one deals with constructing and developing an @ffecnon-
destructive technique for analysis of liquid sampgbased on NAA
using (very) short-lived radionuclides.

To achieve the first goal, attention has beenctiigk toward
implementation of the&,-method for calculation of the elements
concentrations in the samples. Thie-method of NAA-
standardization has a considerable success ashadrietr accurate
multi-elemental analysis with comparable low woddo Theky-
method is based on the fact that the unknown sampleadiated
with only one standard element as comparator. TeesaC the
implementation of this method at ETRR-2, carefull amomplete
characterization of the neutron flux parametergh@ irradiation
positions as well as the efficiency calibration tife y-ray
spectrometer must be carried out. The required roreutlux
parameters are: the ratio of the thermal to epitaéneutron fluxes
() and the deviation facton) of the epithermal neutron flux from
the ideal 1/E law. The work presented in Chapteshdws the
efficiency calibration curve of thgray spectrometer system which
was obtained using standard radioactive point ssurMoreover,
thef anda parameters were determined in some selected iti@dia
sites using sets of Zr-Au as neutron flux monit@ae to different
locations relative to the reactor core, the avéglaigutron fluxes in
the selected irradiation positions differ substhytj so that



Abstract

different irradiation demands can be satisfied. Tieéerence
materials coal NIST 1632c and IAEA-Soil 7 were gmel for data
validation and good agreement between the expetahealues
and the certified values was obtained. The obtamesdlts have
revealed that thi&-NAA procedure established at the ETRR-2 can
be regarded as a reliable standardization methodA& and as
available analytical method for elemental analysfs samples
especially those for which are difficult to findpaoper reference
material. The analysis of reference materials gugis that under
our experimental conditions, results may have maxinbiases of
less than 5% from the true values for elementsyaedl using the
so-called 1/v nuclei.

To solve the problems of liquid samplddpwing Sample
Neutron Activation Analysis (FSNAS@gt-up was constructed in this
work. The developed set-up involves a continuod@ishying of the
liquid sample between the irradiation site and tlsector in a
polyethylene tube line by the aid of mechanical purDue to
unavailability of irradiation facility in ETRR-2 #able for
accommodation of the developed set-uf“@f neutron source was
used to carry out the irradiation process. Thiargement aims to
achieve several objects. Firstly, the complicate@trpatment
(preconcentration) steps of liquid samples can batted via
analysis of large volume of the sample. Secondlyjng time and
irradiation containers since the preparing of giks is not
required. Finally, the effect of dead time can beimized, since
flowing sample continuously feeds the detector willesh
radioactive material, keeping the radioactivitydegonstant during
the whole period of measurement.
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Modeling calculations using MCNP, version 5 were
performed to optimize theray counting configurations and derive
the required correction factors. An MCNP simulativas used to
define the best thickness of paraffin fixed betwé#en source and
helical irradiation hose to get the highest intgnof thermal
neutrons.

The repeatability of FSNAA was investigated. Ldsant 3%
standard deviation between the results of seveealsorements was
achieved. The detection limits, accuracy and abild remove
spectral interference of the new system were tesyednalysis of
synthetic single and multi-elements standards ®wwist The
obtained detection limits compare favorably witbdé obtained by
conventional INAA methods and other analytical noethBesides,
the developed method seems to have many advaniagens
compared with conventional INAA methods. Theseudel

* Ability to analyze liquid samples without precontration
steps

* Low detection limits
» Simplicity and no need for blank correction

* Ability to analyze inhomogeneous solutions (likalaidal
or suspended solutions) with pretreatment procegstxal
elemental content is required

In addition, the developed FSNAA procedure wasetesor
determination of trace and ultra-trace elementsiufitional and
toxicological significance in water sample collettérom the
Mediterranean Sea in some areas of Alexandria, EEJyperefore,
it is necessary to determine its elemental contanbrder to

iv
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evaluate its effect on food chains and hence oméadth of human
being. Due to low intensity of the neutron souraely Na and ClI
were determined in the examined sample. It wasa&ddhat more
elements could be measured if high neutron fluxre®ulike

nuclear reactor) is used.

The obtained results indicate that the FSNAA isiraple
procedures which is promising analytical method doalysis of
liquid samples with low detection limits. It care lused for
monitoring the elements levels in environmental gas (water or
compressed air), industrial wastewater and otlyerdi samples. It
can also be utilized for analysis of urine and otlaaimals’
effluents for health-related studies.
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