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Abstract

In this study, ¢ rock samples were collected from different sites in Yemen
(Marib, Al Jawf, Sanaia, Dhamar, Amran, Ibb, Al Bayda and Al Dalea). The samples
were prepared for two gamma-ray techniques (passive and active techniques), natural
radioactivity and neutron activation analysis.

For natural radioactivity, samples were prepared to be measured by HPGe.
Samples were crushed. A Y+ + cc of each sample was put in a plastic container and
sealed well. Seded containers were kept for at least one month for secular
equilibrium. HPGe detector with efficiency of Yo7 and .4 keV resolution was used.
Each sample was counted over night (Y¢ hrs). Spectra were collected and analyzed
using GenieYk software. Counting repeated three times for each sample and the
average was taken. Activity concentrations were calculated for "'Ra, ' Th series,
and 'K isotope. Results show that samples ‘¥ and ¢ (Gneissose Granite-highly
weathered) have the highest activity concentrations, whereas sample vV (Albitite) has
the lowest.

AR YYA

In general, results show that activity concentration of  Ra (' "U) ranges from
V,4++,Y Bag/kg [sampleY (Albitite)] to AVAY,Y£Y),A Bg/kg [sample) ¢ (Gneissose
Granite-highly wesathered)] with an average of ::A%1 Bg/kg. Also, activity
concentration of " 'Th ranges from +.,A + .Y Bgkg [sample ¥ (Albitite)] to
YeaAE, +E.,) Bog/kg [sample Y¢ (Gneissose Granite-highly weathered)] with an
average of YVY+,¢ Bg/kg. In addition, activity concentration of 'K ranges from ¥,Y +

«,) Bog/kg [sample vV (Albitite)] to Y«1¢,) + Y4,¢ Bg/kg [sample )¢ (Gnheissose

Granite-highly weathered)] with an average of )Y Bg/kg.



Classifying samples to main groups according to their geological origin, the

AR YYy

average activity concentrations of '''Ra, ' Th, and 'K, were Y&, 4),+ 14,)4),7,
and £€%+,7+%,A Bg/kg in volcanic rocks; Y¢,«+Y,4, 1V,4£Y,) and YYeY,vEIY,e in
sedimentary rocks; Y¢TA ALY, A AYAA VLYY, A and 904,39 £Y¢,A Bg/kg in igneous
rocks.

Consequently, the absorbed dose rate, radium equivalent activity, external
hazard index and interna hazard index, are the highest for samples 'Y and V¢
(Gneissose Granite-highly weathered) and the lowest for sample ¥ (Albitite).

Estimated absorbed dose rate ranges from Y, ¢ ¢ nGy/hr [sample V (Albitite)] to
Yeouu, Ve nGy/hr [sample Y ¢ (Gneissose Granite-highly weathered)] with an average
of YYAY,A¢ nGy/hr. Radium equivalent activity ranges from ¥,Y Bg/kg [sample Y
(Albitite)] to £€£71AY, ¢ Bg/kg [sample ) ¢ (Gneissose Granite-highly weathered)] with
an average of £€419,)Y Bg/kg. Internal hazard ranges from +,+Y[sample ¥ (Albitite)]
to Y&, te[sample V¢ (Gneissose Granite-highly weathered)] with an average of
V1,Ve, External hazard ranges from .+ )[sample ¥ (Albitite)] to YY+,1Y [sample )¢
(Gneissose Granite-highly weathered)] with an average of 'Y, ¢Y.

For neutron activation analyses which was carried out in Dubna Nuclear
Research Reactor, Moscow, Russia, samples of about +,Y g were packed in seded
polyethylene packs for short-lived elements which were irradiated for ¥ min and
cooled for Y-Y min. Spectra of induced gactivity then measured for ¢ and )+ min,
respectively. Long-lived radionuclides were determined using activation with the
epithermal neutrons. Primarily packed in aluminum cups, rock samples were repacked

after irradiation for ¢ days, and then were measured for the first time for £© min since

¢ days of cooling and for the second time for 4+ minutessince ¥ + days of cooling.



The elements Sc, Cr, Fe, Co, Ni , Zn, As, Se, Br, Rb, Ag, Sb, Cs, Ba, La, Ce, Sm,
Tb, Yb, Hf, Ta, W, Au, Th and U, were determined. Samples were irradiated for ¢ d.
After ¢-© days of decay the samples were repacked and then measured twice for
medium and long-lived isotopes twice respectively.
Measuring time varied from ) to ¥ hrs. To determine the short-lived isotopes of Mg,
Al, Cl, V, Mn, Cu, Al, In, and |. Samples were irradiated for ¥+ s and measured twice
after Y- minand Y+ min of decay for ¢-A and Y+ min, respectively. To determine Cu,
K, Na the same samples were re-irradiated for additional Y+ min, and after YY-)° hrs
of decay measured for ¥+ min.

Gamma spectra were measured using Ge-(Li) detectors with a resolution of
Y,o keV for the "Co YY¥Y,o keV line, with an efficiency of about 17 relative to a
XYY" Nal detector for the same line. Data processing and element concentration
determinations were performed. For long-term irradiation, single comparators of
Au () ng) and Zr ()« ng) were used. For short-term irradiation a comparator of
Au () + ng) was used.

Results show that the highest elemental concentrations are Zr (YY1Y,) ppm),
then Mn (VY YY ppm) in trace elements group. For marine origin elements group Mg
(¢++++ ppm) is the highest, then Na (1A« ppm). For oil origin elements group V
(YYY,e ppm) is the highest, then Ni (A ppm). And, for mgor elements group, Ca

(*+4)+« ppm) isthe highest, then Al (1A« ppm), and Fe (Y 1Y+ ppm).



Contents
Acknowledgment
Abstract
Table of contents
List of Tables
List of Figures

Chapter |: Introduction and Literaturereview

Y- Introduction

V,) Natural radioactivity and Natural Radiation sources.

YV,),) Cosmic rays:

Y,Y,Y Cosmogenic radionuclides

Y,),Y Primordia radionuclides

Y,),Y-a Series Radionuclides

Y,Y,Y-b Non-Series Radionuclides

},Y Man made Radiation Sources

V,¥ External hazards of radiation

V,¥,) Concept of detriment

V,¥,Y Deterministic effects

V,¥,Y Stochastic effects in the exposed individuals
V,Y, ¢ Dose limitsin occupational exposure
V,Y,e Dose limitsin public exposure

V.£ Gamma spectroscopy

V,£,) Passive method

V,£,Y Active method

V,&,Y Theoretical bases of neutron activation analysis
V.¢.¢ Qualitative Analysis

V.£.2 Quantitative analysis

V,£,2,) Absolute Method

V,¢,0,Y Comparator method

V,¢,0,Y Single comparator method

V. Radioactivity levelsin soil and rock samples

Y, Trace elements in the environmental samples

)¢
1
1
AR
YA
AR
YY
YY
Yo
v
v

Yv



V.V Literature review

Aim of the work

Chapter |1: Materialsand methods
Y,) Composite and individual samples

Y,Y Common Sampling Design

Y.¥,) Judgmental sampling Design

Y,Y,Y Random Sampling Design

Y,Y,Y Systematic Design

Y,¥,¢ Cluster Design

Y, Genera Aspects of Sampling and Sample Preparation
Y.¢ Sample Collection and Storage

Y.© Samples Preparation and Measurements
Y.V Identification of Samples under Study:
Y.V General Properties of Radiation Detector
Y.A Gammaray Spectroscopy

Y.4 Gamma Ray Spectrometer Set Up

Y, Background Reduction of the Used Gamma Ray Spectrometer

v

Y,V Energy and Efficiency Calibration of Gamma Spectrometers

Y.\Y Energy Calibration and Peak Identification
Y,V ¥ Efficiency Calibration of HPGe Detector
Y,Y ¢ Normalization Factors

Y,Ye Quality control of measurements

Y,)7 Neutron Activation Analysis

Chapter 111: Resultsand Discussion
¥, Calculation of elemental concentrations
¥,Y Results of GammaAnaysis

.Y Dose assessment

Y.¥.) Sources of radiation exposure

Y.¥.},) Natural sources of exposure
Y.¥.V,Y-a Exposure from terrestrial radiation
¥.¥.),)-b Exposure from cosmic rays

¥.¥,).Y Man-made sources of exposure

Vi

vy

oy

oA
oA
oA
oA
o9
o9
o9

1)
1y
¢
N

1y

TA

\A
Yo
A%

A%

AN
ay
ay
q¢
q¢
q¢

q0



¥.Y.Y Units of the radiation dose

¥.Y.Y¥ National and International level of dose rate

¥.Y.¢ Absorbed dose rate

¥.Y.e Derivation of the gammadose rate in air outdoors
¥.¥.1 Radium Equivalent activity (Ragq)

Y.Y.V External Hazard index (He)

V.Y A Internal Hazard index (Hipn)

¥.¢ Neutron Activation Analysis results

¥,¢.) Evaluation of Enrichment Factor

¥.£,Y Marine origin elements

¥.¢,Y Oil origin elements

Y. Comparison of U and Th concentrations determined by NAA and GS

Conclusion

References

Vii

q0
1
11

v



Table (V-))

Table ()-Y)
Table ()-Y)
Table (¥-))
Table (¥-Y)

Table (¥-Y)

Table (Y-£)
Table (™)
Table (™)

Table (™-¥)

Table (™)

Table (™-°)

Table (™-%)

Table (™-Y)

Table (7-A)
Table (7-A)
Table (7-A)
Table (7-A)

Table (™-A)

List of Tables

Recommended dose limits Yo
Therelative elemental abundance in magnetic rocks. YA
Uranium values in the environmental materials AR
Samples and Sites descriptions 1y
Relative Intensities of Gamma-ray from Ra-Y Y1 radionuclide
with its Short-Lived Daughters. 14
Calculation of Normalization factors of desired energy
lines. Vo
Characteristics of theirradiation channels VA
Activity concentration of some Y emeni rocks samples .

Average activity concentration in each group of rockstypein
Y emeni rock samples. ay
Average activity dose and effective dose rates assessment for

U seriesand F'K Yo

the "' Th and
Conversion factors for different radionuclides Vo
Radium Equivalent Activity and External Hazard, Internal
Hazard, and absorbed dose rate of Y emeni rock samples. ) +V
Average Ragq , External and Internal Hazards, and Absorbed

Dose rate from Some Y emeni Rock Samples. AR

Extracted, absorbed dose rate in air, and effective doseratein

Y emeni rocks V)Y
Trace Elements in Some Y emeni Rocks AR
Trace Elements in Some Y emeni Rocks (continued) AR
Trace Elements in Some Y emeni Rocks (continued) yYY
Trace Elements in Some Y emeni Rocks (continued) ‘YY
Trace Elements in Some Y emeni Rocks (continued) (AR

viii



Table (*-4)
Table (*-)+)
Table (*-Y)

Table (Y-Y)

Marine Origin Elements in Some Y emeni Rocks

Oil Origin Elementsin Some Y emeni Rocks

Major Elementsin Some Y emeni Rocks

Comparison of U and Th concentrations in Y emeni rocks

determined by NAA and GS

\Yoe

YY1

YYY

VY



Figure (Y-))
Figure (Y-Y)
Figure (Y-Y)
Figure (Y-¢)
Figure (Y-°)

Figue (Y-1)

Figure (¥-))

Figure (¥-Y)

Figure (¥-¥)

Figure (¥-¢)

Figure (¥-°)

Figure (¥-1)

Figure (¥-V)

Figure (¥-A)

Figure (¥-9)

List of Figures

Map shows the samples sitesin Y emen 1y
Definition of detector resolution in terms of FWHM 10
The configuration of the gamma ray spectrometer 1y
Detector background reduction shield TA

Relative efficiency of ' "Raand its daughters gamma energy
lines. vY
The scheme of the REGATA (Dubna Nuclear Research
Reactor, Moscow, Russia) experimental setup va
Sample of gamma spectra A4
Activity concentrations of K- ¢+ (Bg/kg) in some Y emeni
rocks samples. A
Activity concentrations of Ra-Y Y (Bg/kg) in some Y emeni
rocks samples. "
Activity concentrations of Ra-YY" (Bg/kg) in some Y emeni
rocks samples "
Activity concentrations on Th-YYY(Bg/kg) in some Y emeni
rocks samples. "
Activity concentrations of Th-YYY (Bg/kg) in some Y emeni
rocks samples "
Average activity concentration in Igneous rocks (Y emeni
Samples) ay
Average activity concentration in Y emeni rocks ay

Average activity concentration of K-¢+ in Yemeni rocks  4Y



Figure (¥-)+)

Figure (Y-)))

Figure (¥-Y)

Figure (¥-\Y)
Figure (¥-)€)
Figure (Y-)°)
Figure (¥-)7)
Figure (¥-\V)
Figure (Y-YA)

Figure (¥-)1)

Figure (Y-Y+)

Figure (¥-Y))

Figure (¥-YY)

Figure (Y-YY)

Figure (¥-Y¢)

Figure (¥-Y°)

Figure (¥-Y1)

Figure (¥-YV)

Radiation sources of exposure ay
Radium Equivalent Activity (Bg/kg) from some Y emeni rock
samples VoA

Radium Equivalent Activity (Bg/kg) from some Y emeni rock

samples YA
External Hazard (He) from some Y emeni rock samples VoA
External Hazard (He) from some Y emeni rock samples VoA
Internal Hazard (Hi,) from some Y emeni rock samples Y4
Internal Hazard (Hi,) from some Y emeni rock samples Y4

Absorbed Dose rate (nGy/hr) from Y emeni rock samples )+ 1
Absorbed Dose rate (nGy/hr) from Y emeni rock samples )+ 1
Average Radium Equivalent Activity (Bg/kg) in Igneous rocks
(Yemeni rock samples) VY.
Average Radium Equivalent Activity (Bg/kg) in some Y emeni
rock samples VY.
Average internal and External Hazards in Igneous rocks
(Yemeni Rock Samples) V)
Average internal and External Hazards from Y emeni rock
samples YY)
Average absorbed Dose rate (nGy/h) from Igneous rocks

(Y emeni rocks) RN
Absorbed Dose rate (nGy/h) from Yemeni rock samples )
Contribution to total Dose rate of volcanic origin rocks Ny
Contribution to total Dose rate of Sedimentary origin rocks )Y

Contribution to total Dose rate of igneous origin rocks VY

Xi



Figure (Y-YA a) Gamma-ray spectrum of a neutron activated sample of Y emeni

Vyo

Figure (¥-YA b) g)grzsm&ray spectrum of a neutron activated sample of Y emeni
rocks Yyo
Figure (Y¥-Y4) Trace elementsin some Y emeni rocks ‘Y.
Figure (Y-Y+) Trace elementsin some Y emeni rocks (continued) AR
Figure (Y-Y)) Trace elementsin some Y emeni rocks (continued) ‘YY
Figure (Y-YY) Trace elementsin some Y emeni rocks (continued) YYY
Figure (Y-YY) Trace elementsin some Y emeni rocks (continued) (AR
Figure (Y-Y¢) Marine origin elementsin some Y emeni rocks VYo
Figure (Y-Y°) Marine origin elements in some Y emeni rocks (continued) YYe
Figure (Y-Y7) Oil origin elementsin some Y emeni rocks YY1
Figure (Y-YV) Some magjor elementsin some Y emeni rocks ‘YY
Figure (¥-YA) relative distribution of U, Th, and K YYY

Xii



- Introduction

The main purpose of environmental sampling and analysis is to obtain data
which describe a particular site at a specific point at time from which an evaluation
can be made as basis of possible action. In this direction, the collection of valid
samples is the vital first step [ ]. To get precise information, the samples should be
representative and accurately selected and analyzed. In order to obtain meaningful
data, sampling must be carried out with clear purpose and with understanding of the
problem and the physical condition that exist. The concentration and distribution of a
radionuclide in the environment are changeable with time and location. In sampling
program, especially two items should be carefully considered. These two items are the
location of sampling sites and the number of samples. They depend on the spatial
homogeneity of the system under study. The sample sizes are depending on the
analytical technique, the transportation system and the need for replicating
measurements. The frequency and duration of sampling depend on the temporal
homogeneity of the system [ ].

The steps in designing and conducting a sampling program can be summarized
as follows:

Defining the objective problem,

Determination of the sample designs,

. Selection of the collection method,

. Samples collection and samples analysis,

. Selection of the parameters to be determined,
. Selection of the measurements technique, and

Data analysis and interpretation.



Environmental radiation monitoring measurements may need to satisfy at least
one of the following objectives:-

) To assess pollution effects on man and his environment.

) To obtain a historical record of environmental quality and provide a data base for
future use in, for example, epidemiological studies.

) To study and evaluate pollutant interactions and patterns.

) To follow long-term trends.

) To provide public assurance.

) To demonstrate compliance with statutory limits and practice

) To establish and active the emergency procedure.
Natural radioactivity and Natural Radiation sources

All materials contain at least some traces of natural radioactivity. The relative
abundance of the natural radioisotopes in the terrestrial reservoirs is directly derived,
though modified during geological time, from the isotopic composition at the time of
formation of solar system.

Natural radiation sources are classified into three components [ , |:

- Cosmic rays,
- Cosmogenic radionuclides,

- Primordial radionuclides.



