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ABSTRACT

The coastal plain of study area covered by sea water rich in fines derived from the clay lenses of
the continental shelf by erosion process comprises three zones; eastern, middle and western. So, the
high content of fines varies from 0.72 % to 74.08 with an average of 18%. The apparent specific
gravity of topmost part of the sands one meter thick varies from 1.29 g/cm? to 1.74 g/cm? with an
average of 1.59 g/cm?’. The studied sediments are derived from river environment, due to the high
content of clay and organic matter in the raw sands. The average percentage of sand fraction finer
than 125 micron has an average value of 19.51 %, in which the total heavy fractions constitutes 92.78
% in average of its total amounts.

The calculated total reserve of the economic heavy minerals reaches up to 578,760 tons separated
from 2893.800 tons bulk sands. Its mineral constituents are;, 182,850 tons magnetite, 329,130 tons
ilmenite, 23,850 tons garnet, 14,310 tons leucoxene, 20,670 tons zircon, 6,996 tons rutile and 954 tons
monazite.

The radiometric measurements of the study area revealed that the western zone which occupies
four square kilometers have high values of specific activity, absorbed and effective doses because of its
high contents of monazite and radioactive zircon, while the eastern and middle zones each occupy
three square kilometers posses a moderate to low values of these activities respectively. Therefore, the
the western zone is not recommended as building materials because of its relatively high radioactivity.
Meanwhile, sands of the middle and eastern zones are recommended for the same target, after

separation the economic and strategic minerals of strategic importance.

1. INTRODUCTION

The Egyptian black sand placer deposits are
discontinuously distributed along the northern
coastal plain of the Nile Delta and Sinai
Peninsula, i.e. in the coastal zone between Abu
Qir to the west and Rafah to the east (about
300Km long). These deposits contain strategic
and economic heavy minerals, which are needed
either for nuclear industry or other metallurgical
and engineering industries.

The mineralogy of the Egyptian black
sands was studied previously by many workers.
The most recent of which are Dabbour
(1994,1997), Dewedar (1997), Moustafa (1999),
El-Nahas (2002), Barakat (2004), Abu Halawa
(2005), Abdel Fattah (2008), Abu Diab (2008),
Moustafa (2007, 2009, 2010) and El-Shafey
(2011).

The Egyptian black sands along the
Mediterranean Sea Coast are known for their
enhanced natural radiation environment, due to
the presence of the radiogenic heavy minerals as
monazite, radioactive zircon, thorite and
uranothorite. The radioactive measurements
serve as a tracer in exploration for the heavy
radioactive and other economic minerals. The
radioactivity of the Egyptian black sands was
recently studied by Sadek et al. (1990), El-
Gamal et al. (2004), Saleh et al. (2004), Ammar
et al.(2005), Naser et al. (2006), El-Gamal and
Saleh (2012).

The grade and reserves of the economic
heavy minerals in the Egyptian black sands are
appreciably high compared to other similar
major world occurrences (Hammoud, 1966).
Early pre the year 1952, the Egyptian black
sands at Abu Khashaba area were subjected to
extensive exploration. Later, several evaluation
attempts of the total economic minerals or with
one or more of the six heavy economic
minerals. by different authorities and
organizations, of these El-Shazly (1965),
Dabbour (1973,1980), Hammoud (1985),
Robertson Research International (RRI) limited
company (1985), Dabbour (1994), El-Hadary
(1998), Abdel-Fattah (2008), El-Shafey (2011)

Recently, Nuclear Materials Authority
(NMA) constructed a pilot industrial plant for
the exploitation of the black sands at Rosetta
town and Abu-Khashabah village to the east of
Rosetta. For the completion and continuation of
this plant to extract the economic heavy
minerals on industrial scale, near and accessible
area of high potentiality far from marine erosion
and human activity is required for further
expansion of this production line. So, the
present study deals with results of the evaluation
studies of the topmost meter of the black sands
accumulations north east of Motobas industrial
sector, Kafr Al- Sheikh Governorate, Egypt.

The study area covers an area of about
10Km?, with 10Km long parallel to the
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shoreline and one kilometer width nearly
perpendicular to the shoreline (Fig. 1). The
study area bounded by the international
highway to the south, Abu-Khashabah
lighthouse asphalted road to the west and El-
Sahel (coastal) drain to the north. So, it can be
reached by cars along a suitable asphaltic roads
which connected it by the main towns and sea
ports for export.
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Fig. 1: Location and accessibility of the study
area.
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II. GEOMORPHOLOGY OF THE

STUDY AREA.

The study area is a wide coastal plain
characterized by the absence of wind ripple
marks due to the coherent of the surface sand by
salts, clay and organic matter. In winter season,
with drop out of fresh water, the south-eastern
sector of the study area characterized by
flourishing of bushes, reeds, and grasses in
slightly elevated areas, Fig. (2), with death and
disintegration of these plants in summer season,
the organic matter increased annually in the top
meter of the beach sediments. Also in winter
season and during stormy condition the sea
water carried clay and dissolved materials as a
result of marine erosion of clay lenses of the
continental shelf covered the low areas of Abu-
Khashabah coastal plain especially the study
area until the international coastal highway, Fig.
(3). In summer season, with the evaporation of
sea water and the formation of salt crusts, some
pockets of study area was utilized in non
domestic salt production.

Fig. (2): Photographs showing flourishing of bushes, reeds, and grasses in the south-eastern sector of

the study area.

Also, the southern sector of coastal plain of
the study area is characterized by the
distribution of seepage of clay and organic
matter in some low elevated areas, Fig. (4).

III. SAMPLING AND TECHNIQUES
II1.1. Sampling

The size of samples to be collected in any
case depends mainly upon two considerations;
the coarseness of the sediments and the uses to
which the sample is to be used, Krumbein and
Pettijohn (1938).

The sampling of the topmost meter of the
sands depends on the moisture of the sand
which aids in hosting the sand in the sampler
holder. Each wetted sample was collected till
the entire sample holder goes one meter thick in
the sediment and repeated. The coastal plain
area was covered by 306 samples to a depth of

one meter due to a grid pattern 200m*200m
(Fig. 5).

I11.2. Radiometric Measurements.

In the study area, spectral gamma-ray
measurements have been conducted using a
portable gamma-ray multi-channels
spectrometer, manufactured by Geofyzika Brno,
Czech Republic, model GS-512. According to
sampling grid pattern of the study area (200m X
200m), 306 measured sites were obtained along
the profiles (A, B, C, D, E &F). The radiometric
measurements for K (%), U (ppm) and Th
(ppm) were obtained at each of the measured
stations. The measuring time was set at 30
seconds to permit the accumulation of the
gamma-ray emission. The data were directly
stored in the field and entered daily to a
personal computer as a text file for additional
processing.
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Fig. (3): (a&b) Satellite images and photographs photo (c, d, e and f) showing southern coastal
plain area covered by sea water during winter season.

Fig. (4): a) Photographs showing mud cracks, and b) organic matter distributed in low land.
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Fig. (5): location map showing the field distribution of the collected samples.

I11.3. Sample Preparation.

Each collected sample, weighing about
11Kg, was subjected to sun drying and
disaggregation process. Each dry sample was
splitted repeatedly using John's Splitter till a
representative sample weighing about 200 gram
was obtained while the rest returned to the
stored sample. Each representative sample was

weighed and put in a two liter size beaker filled
with water and subjected to electric stirring for
about 5 minutes to liberate the different particles
composing the sample. Then, the sample was
left to rest for a time suitable to settle all sizes
larger than fine silt size. The upper two-thirds of
the water depth with its suspended materials
were decanted using a siphon to avoid the
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escape of any sand particle during decantation.
The process was repeated several times till the
decanted water becomes clear. The organic
mater content in each washed sample was
leached by adding hot hydrogen peroxide (3 %).
Each clean sample after drying was weighed.
The difference between the first weight of each
sample and its weight after cleaning represents
the weight of the fines (the weight of the size
fraction, the coarse silt size and the organic
matters).

II1.4. Calculation of the apparent specific

gravity

Actually, the apparent specific gravity
reflects the heavy minerals content as well as
the grain size of the deposit (Dabbour 1991).
Each field sample was dried carefully and a
representative sample (1-2 Kg.) was taken by
using of John’s splitter. Each representative
sample was weighted and slowly poured inside
a calibrated cylinder and compacted very well
by shaking to be analogous to the field deposit.
The weight of the sand was divided by its
volume to obtain the apparent specific gravity.

IIL.5. Grain size analysis

A representative sample weighing 50 grams
was screened using an automatic vibratory
shaker for about 30 minutes. The retained
material on each sieve and in the pan was taken
and weighed and the frequency for each size
was calculated.

II1.6. Mineralogical investigations.

Representative samples weighing about 40
grams from the 306 previously prepared
samples were subjected to heavy minerals
separation using Bromoform (2.8 gm/cm’) and
Clerici’s solution (3.7 gm/cm3). The obtained
heavy fractions from the Bromoform separation
(the total heavy minerals) were subjected to
Clerici’s solution separation in order to separate
the heavy economic minerals (magnetite,
ilmenite, leucoxene, zircon, rutile, garnet,
monazite and other trace economic heavy
minerals in the sink layer or heavy sub-fraction
and the coloured silicates in the float sub-
fractions.

Each of the economic minerals exhibits its
own magnetic susceptibility, which varies from
ferromagnetic to non-magnetic minerals. The
magnetic fractionation can help in the
differentiation between some heavy minerals
during the microscopic examination.

Magnetite grains (ferromagnetic mineral)
must be firstly removed from each heavy sub-
fraction with a hand magnet or by the using of
Frantz, Ferro-filter Magnetic Separator. The
magnetite free heavy sub-fractions were
subjected to magnetic fractionation using the
Frantz Isodynamic Separator modal, (L-1). The
selected electric current for the separation are

0.2, 0.5, 1.0 and 1.5 ampere. These magnetic
field strengths were chosen to separate the
opaque particles into three sub-fractions;
ilmenite particles in the highly magnetic sub-
fraction, altered ilmenite in the next magnetic
sub-fraction and the rest opaque particles
represent opaque rutile (Dabbour, 1995). Also,
the magnetic fractionation used to separate
monazite from zircon particles into two
different magnetic sub-fractions. So, five
magnetic sub-fractions from each heavy part
were obtained which are the magnetic sub-
fraction at 0.2 ampere, the magnetic sub-
fraction at 0.5 ampere, the magnetic sub-
fraction at 1.0 ampere, the magnetic sub-
fraction at 1.5 ampere and the non-magnetic
sub-fraction at 1.5 ampere.

Each free magnetite sub-fraction was
subjected to microscopic examination to
identify and count the different heavy economic
minerals using the binocular stereomicroscope
and transmitted polarizing light microscope. A
representative sufficient amount of minerals
particles was taken by quartering from each
magnetic sub-fraction and sprinkled on a glass
slide, to be ready for the microscopic
investigation. About 1000 mineral particles
were identified and counted, from different
microscopic fields covering the entire prepared
slide and the frequency of each mineral present
in the slide was calculated.

IV. RESULTS

IV.1. Apparent specific gravity

Minimum, maximum and average values of
apparent specific gravity along six profiles
parallel to the shoreline in the study area was
calculated. The average values of apparent
specific gravity of field samples along ten
square kilometers and three zones arranged
from west to east as well as in the western and
eastern halves of the study arca was estimated
and tabulated in Table (1).

IV.2. Grain size distribution
The grain size analysis of detritus composing
sediment is a useful tool in the nomenclature of
the sediments, recognizing the environment of
deposition and the prevailing hydrodynamic
conditions during and after deposition (Passega,
1964; Passega and Byramjee, 1964 and
Pettijohn, 1975). It is also used in the
recognition of the three fundamental modes of
sediment transportation, which are surface
creep, saltation and suspension, (Inman, 1949;
Mason and Folk, 1958; Friedman, 1961&1967;
Shepard and Young, 1961; Sahu, 1964; Martin,
1965; Sevon, 1966; Moiola and Weiser, 1968;
Visher, 1969; Nordstrom, 1977; Rajamanickam
and Gujar, 1984, 1997). Pettijohn (1975)
concluded that, the coarser grains being a
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product of traction transport whereas the finer
grains being the result of saltation or suspension
transport.

Table (1): The average values of apparent
specific gravity of field samples along ten
square kilometers and three zones arranged
from west to east as well as in the western and
eastern halves of the study area.

Average apparent specific
Area Zone gravity
Av.Sp.Gr | zone Average
1% 1.60
2md 1.62
3 | Western 1.62 1.62
4™ 1.62
5t 1.61
6" Middle 1.58 1.58
i 155 1.59
g™ 1.57
9™ | Eastern 1.59 1.59
10" 1.60

The traction mode of transportation is
greatly affected on the size, shape and surface
texture of the transported sediments whereas
suspension mode has less effect. The coarse
grains apparently become better rounded and
more spherical as a result of abrasion during
transportation than the finer grains.

Grain size analysis and screening process
can be considered a physical dressing tool in the
concentration of the economic heavy minerals
in a defined size grade, (Barakat, 2004), because
the economic minerals of placer deposits are
mostly more heavier and more fine than the
associated gangue minerals. Grain size is an
important factor in concentration and separation
of economic heavy minerals using wet gravity,
electrostatic and magnetic processes during
exploitation of black sand, (Lawver et al., 1986;
Burt, 1984; Kelly and Spattiswood, 1989 and
Moustafa, 1999). Also, the grain size of mineral
grains is important in metallurgy, chemical
treatments and manufacture of paints, pigments
and abrasives.

During exploitation of the black sand
deposits, the presence and distribution of fines
(sizes finer than the coarse silt and organic
materials) is  an important parameter, where

these materials cause many problems during
mining processes of the beach placers.

The average values of fines percentage of
field samples along ten square kilometers and
three zones arranged from west to east as well
as in the western and eastern halves of the study
area was estimated and tabulated in Table (2).

Table (2): The average values of fines
percentage of field samples along ten square
kilometers and three zones arranged from west
to east as well as in the western and eastern
halves of the study area.

Area Zone Average values of fines
Av. (Wt %) zone Average

1t 21.04

2™ 16.25

3 | Western 19.34 | 1837

4™ 16.85

th

5(h ' 19.03 18.00
6 Middle 13.68 15.21

7% 12.92

g™ 19.25

9™ | Eastern 21.14 20.11

10" 19.93

The eastern zone contains the highest fines
percentage (20.11%) compared with the middle
(15.21%) or the western one (18.37%). The
highest fines percentage (21.14%) located at the
ninth kilometer sediment whereas the lowest
value (12.92%) located at the seventh kilometer
sediment.

The average values of the grain size
distribution of the field samples along the six
profiles parallel to the shoreline (A, B, C, D, E
and F profiles) are shown in Table (3) and
graphically represented by histograms, Fig. (6).

The histograms representing the grain size
distribution of the field samples along the six
profiles parallel to the shoreline (A, B, C, D, E
and F profiles) indicate that, the modal class
lying in the fine sand size (250 p -125 p) .The
weight percent of the modal class (fine sand
fraction) ranges from 54.80% to 61.02% with an
average 58.42%. The profiles, A and B show
unimodal distribution, whereas profiles C, D, E
and F show bimodal distribution.
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Table (3): The average values of the grain size distribution of the field samples along six profiles
parallel to the shoreline (A, B, C, D, E and F).

Grain size analysis of field samples
Fines Grain size analysis, (Wt %)
profile (%) +500pn +250n +125n +63n <63un
A 12.23 0.64 7.57 61.02 17.89 0.64
B 15.41 0.32 7.01 59.94 16.85 0.47
C 16.37 0.45 7.62 60.37 14.71 0.49
D 23.15 0.39 6.4 55.63 14.08 0.34
E 17.36 0.37 7.23 58.75 15.91 0.38
F 23.49 0.34 7.04 54.80 13.87 0.46
Average 18.00 0.42 7.15 58.42 15.55 0.46
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Fig. (6): Histograms showing the grain size
distribution of field samples along six profiles
parallel to the shoreline.

The different grain size parameters were
classified into different classes and the results
are shown in Table (4). The mean size (Mz) of
the raw sand sediments concentrated in two
classes, the fine sand size class (50.98 %) and
the very fine sand size class (49.02 %). The
Inclusive graphic standard deviation, sorting
(c1), showed that most of the studied field
samples located in the moderately sorted class

(94.12%) whereas 5.88% located in the
moderately well sorted class. The Inclusive
graphic Skewness, (Sk1), showed that most of
the studied field samples located in the
Extremely Fine Skewed (88.24%) whereas11.76
% located in the Strongly Fine Skewed class.
The graphic kurtosis, (Kg) of the studied field
samples distributed in four classes with a modal
class located in the leptokurtic class (56.86%),
whereas 23.53% located in the mesokurtic class
and 11.76% located in the very leptokurtic class.

Some bivariant relations between grain size
parameters are graphically represented in Fig.
(7), these relations indicate that, the studied
sediments fall in the river environment, due to
the high content of clay and organic matter in
the raw sands.

The average values of the grain size
distribution of the sand fractions along six
profiles parallel to the shoreline (A, B, C, D, E
and F profiles) are shown in Table (5) and
graphically represented by histograms and
frequency curves (Fig. 8).

The histograms and frequency curves
representing the grain size distribution of sand
fractions along the six profiles parallel to the
shoreline (A, B, C, D, E and F profiles) indicate
unimodal distribution, where the modal class
lying in the fine sand size (250 p -125 p) .The
weight percent of the modal classes ranges from
69.55% to 72.17% with an average 71.31%.
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Table (4): Distribution of different calculated grain size parameters among different classes.
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Fig. (7): Bivariant relations between grain size parameters to determine sedimentary environments
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Table (5): The average values of the grain size distribution of sand fractions along six profiles parallel

to the shoreline (A, B, C, D, E and F).

Fig. (8): Histograms and frequency curves
showing the grain size distribution of sand
fractions along six profiles parallel to the
shoreline.

The different grain size parameters were
classified into different classes and the results
are shown in Table (6). The mean size (Mz) of
the sand fractions have average 2.60 ® and the
modal class located in the fine sand size class
(100 %). The Inclusive graphic standard
deviation, sorting (cl) has an average 0.49 @,
and the modal class located in the well sorted
class (51%) whereas 47% located in the
moderately well sorted class and 2% located in

Grain size distribution of sand fraction,(wt %)
Profiles
+500 p +250 pn +125p +63 n 63 n

A 0.73 8.63 69.55 20.37 0.72

B 0.38 8.26 70.97 19.84 0.56

C 0.53 9.05 7217 17.68 0.58

D 0.51 8.30 72.50 18.24 0.44

E 0.44 8.72 71.13 19.26 0.45

F 0.45 9.07 71.56 18.30 0.62

Av. 0.46 8.67 71.31 18.95 0.56
the very well sorted class. The Inclusive graphic
B - Skewness, (Sk1), ranging has an average 0.05 @,
= s Profile,A 2 601 Profile, D and the modal class located in the nearly

5l £ symmetrical Skewed (67%) whereas 29 %

Ll g located in the Fine Skewed class and 4% located
¥ . in the coarse skewed class.

e Grain size analysis and screening process

. x brofile, B o can be considered a physical dressing tool in the

‘3% 3453 concentration of the economic heavy minerals

g5 E 30 in a defined size grade, (Barakat, 2004). The

20 4 . . . . .
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za Profie. ¢ £ (Proile,r in Table (7).
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=2 s s in fine sand size with average value 71.31 %,
"o 9 3% o S e R whereas the modal class of total heavy fractions

nooo n o~ w3 . . . .
gl ot o O B9 ¢ 3 ¥ is located in very fine sand size with an average
Grain size (micron) Grain size (micron) value 89.38 %.

IV.3. Mineralogical investigations

The average percentages of Bromoform
(H.B.) and Clerici's solution (H.C.) heavy
fractions along 51 profiles nearly perpendicular
to the shoreline are shown in Table (8) and
graphically represented in Fig. (9).

Also, the average percentages of
Bromoform and Clerici's solution heavy
fractions along ten square kilometers arranged
from west to east parallel to the shoreline as
well as the western and eastern halves of the
southern sector of study area are shown in Table

©9).
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Table (6): Distribution of calculated grain size parameters of sand fractions among different classes.

Mean size Sorting Skewness
(Mz) (c1) (Sk1
class % class % Class %
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Table (7): The average percentage of grain size distribution of sand fractions and total heavy fractions
along six profiles parallel to the shoreline.

Grain size distribution, (%)

-1000 p -500 p -250 p -125p
Profiles Fraction +500 pn +250 n +125n +63 1 -63pn
sand F. 0.73 8.63 69.55 20.37 0.72
A T.H.F. 0 0.05 9.49 87.39 3.07
sand F. 0.38 8.26 70.97 19.84 0.56
B T.H.F. 0 0.08 9.53 87.00 3.40
sand F. 0.53 9.05 72.17 17.68 0.58
¢ T.H.F. 0 0.15 6.76 89.98 3.10
sand F. 0.51 8.30 72.50 18.24 0.44
P T.H.F. 0 0.23 6.63 90.38 2.76
sand F. 0.44 8.72 71.13 19.26 0.45
B T.H.F. 0 0.28 3.95 91.61 4.17
sand F. 0.45 9.07 71.56 18.30 0.62
F T.H.F. 0 0.39 5.80 89.95 3.86
sand F. 0.51 8.67 71.31 18.95 0.56
Average T.H.F. 0 0.20 7.03 89.38 3.39
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Table (8): The average percentages of
Bromoform (H.B.) and Clerici's solution (H.C.)
heavy fractions along 51 profiles nearly

perpendicular to the shoreline.
Prof. H.B. H.C. | Prof. | H.B. | H.C.

no %) | (%) | Neo %) | (%)
1 1557 | 432 | 27 | 1659 | 3.07
2 18.63 | 494 | 28 | 1697 | 2.65
3 1538 | 2.87 | 29 | 1640 | 2.48
4 1977 | 571 | 30 | 11.07 | 1.13
5 1879 | 497 | 31 | 10.31 | 0.89
6 18.10 | 447 | 32 | 12.07 | 1.78
7 23.02 | 655 | 33 | 934 | 1.10
8 2057 | 539 | 34 | 12.01 | 1.53
9 20.60 | 545 | 35 | 11.36 | 1.60

10 22.36 5.92 36 11.29 | 1.73
11 21.13 5.20 37 9.96 | 1.46
12 21.01 5.35 38 11.78 | 2.06
13 20.51 5.04 39 8.76 | 1.81
14 20.40 4.74 40 11.69 | 1.95
15 22.14 5.27 41 17.01 | 4.16
16 18.82 4.67 42 14.50 | 3.52
17 18.78 4.98 43 14.08 | 3.14
18 20.82 5.02 44 13.27 | 3.04
19 19.64 4.47 45 15.13 | 3.20
20 20.66 4.95 46 14.43 | 3.35
21 18.97 4.24 47 15.02 | 3.43
22 20.22 5.20 48 16.82 | 3.90
23 18.50 3.92 49 17.74 | 4.69
24 18.07 3.77 50 17.35 | 4.22
25 17.78 3.50 51 18.07 | 4.49
26 14.45 290 | Av. 16.60 | 3.70

IV.3.1 Magnetic fractionation.

Before using the electromagnetic separator,
magnetite grains (ferromagnetic mineral) must
be removed from each heavy sub-fraction with a
hand magnet or by the using of Frantz, Ferro-
filter Magnetic Separator (permanent magnet).
The magnetite free heavy sub-fractions were
subjected to magnetic fractionation using the
Frantz Isodynamic Separator modal, (L-1). The
average values of magnetic sub-fractions along
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the six profiles parallel to the shoreline are
shown in Table (10).
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Fig. (9): Graphic representation of the average
percentages of Bromoform (H.B.) and Clerici's
solution (H.C.) heavy fractions along 51 profiles
nearly perpendicular to the shoreline.

Each free magnetite sub-fraction was
subjected to microscopic examination to
identify and count the different heavy economic
minerals. The microscopic investigation of the
studied samples was carried out under the
binocular stereomicroscope and transmitted
polarizing light microscope.

The average values of magnetic sub-
fractions along ten square kilometers and three
zones arranged from west to east are shown in
Table (11).

Table (9): The average percentages of Bromoform and Clerici's solution heavy fractions along ten
square kilometers arranged from west to east parallel to the shoreline as well as the western
and eastern halves of the southern sector of study area.

Area Average HBr (wt %) Average HCI (wt %)
West 15; 17.71 | 19.34 455 | 5.03
2" 20.96 5.50
3 | 2067 | 2012 | 1*° 504 | 488 | 475
4" 19.61 4.72
5 18.00 | 16.15 16.60 | 392 | 3.05
6" 14.30 2.18 3.70
70 11.06 | 11.41 144 | 1.82
g™ 11.75 13.68 2.19
th
East 9 14.74 340 2.64
10" | 1657 | 1366 a0 | 371
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Table (10): The average values of magnetic sub-fractions along the six profiles parallel to the shoreline.

Profile Magn Mag. 0.2 | Mag.0.5 | Mag. 1.0 | Mag. 1.5 N.Mag. 1.5

(Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %)

A 1.699 2.711 0.558 0.042 0.028 0.261

B 1.186 2.021 0.378 0.032 0.021 0.165

C 1.095 1.791 0.282 0.025 0.019 0.131

D 1.018 1.877 0.311 0.014 0.009 0.124

E 1.087 1.924 0.401 0.020 0.017 0.135

F 0.874 1.660 0.304 0.017 0.010 0.131

Av. 1.160 1.997 0.372 0.025 0.017 0.158

The average values of economic minerals
along 51 profiles nearly perpendicular to the
shoreline were calculated and tabulated in Table
(12) and graphically represented in Fig. (10).

The average values of economic minerals
content along ten square kilometers and three

zones arranged from west to east are shown in
Table (13).

Minimum, maximum and average values of
economic minerals content relative to raw sand
were calculated and tabulated in Table (14).

Table (11): The average values of magnetic sub-fractions along ten kilometers and three zones
arranged from west to east in the study area.

Area Zones Magnetite, % Mag. 0.2, % Mag. 0.5, %
1 1.26 2.53 0.48
2m 1.69 2.99 0.55
3 Western | 1.70 | 1561 261 | 2.645 | 048 0.489
4™ 1.59 2.45 0.44
5t 1.31 2.04 0.38
6" Middle 0.72 0.830 1.14 1307 | 023 0.256
7" 0.47 0.74 0.16
g™ 0.64 1.20 0.23
9" Eastern | 101 | 0936 | 185 | 1752 | 034 | 323
10" 115 221 0.40
Area Zones Mag.1.0, % Mag.1.5, % N.Mag. 1.5, %
1 0.03 0.023 0.22
2m 0.03 0.021 0.21
3 Western | 0.03 0.030 0.021 | 0.021 | 0.20 0.206
4" 0.03 0.021 0.19
5t 0.03 0.019 0.15
[ Middle 0.02 0.017 0.012 | 0.013 | 0.08 0.092
7h 0.01 0.008 0.05
g™ 0.01 0.009 0.10
9" Eastern | 002 | 0023 | 0.015 | 9014 | 0.16 | ¢.155
10 0.03 0.019 0.20

Table (12): The average values of economic minerals content along 51 profiles nearly perpendicular to

the shoreline in the study area.

Profile Magt. | Ilm. | Gar.

%

Leu. | Zir. Rut. | Mon.
%o % % %

1 1.20 | 2.53 | 0.16

0.11 | 0.16 | 0.053 | 0.006

1.24 299 | 0.21

0.13 | 0.21 | 0.070 | 0.010

0.79 1.69 | 0.11

0.07 | 0.10 | 0.034 | 0.006

1.68 | 3.25 | 0.22

0.15 | 0.23 | 0.078 | 0.010

0.12 | 0.20 | 0.065 | 0.009

1.22 2.59 | 0.19

0.11 | 0.18 | 0.060 | 0.007

2.00 | 3.76 | 0.23

0.16 | 0.19 | 0.062 | 0.010

2
3
4
5 1.45 2.81 | 0.23
6
7
8

1.48 | 3.17 | 0.26

0.12 | 0.19 | 0.065 | 0.009

9 1.77 | 3.10 | 0.15 | 0.13 | 0.16 | 0.053 | 0.007
10 1.97 | 3.26 | 0.20 | 0.14 | 0.18 | 0.059 | 0.008
11 1.72 285 | 0.18 | 012 | 0.16 | 0.054 | 0.007
12 1.76 | 294 | 0.18 | 0.13 | 0.20 | 0.066 | 0.009
13 1.69 | 2.78 | 0.14 | 0.12 | 0.14 | 0.048 | 0.007
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14 1.59 252 | 0.23 | 012 | 0.15 | 0.051 | 0.009
15 1.83 2.78 | 0.23 | 0.13 | 0.17 | 0.056 | 0.008
16 1.59 253 | 013 | 0.11 | 0.16 | 0.054 | 0.007
17 1.76 2.61 | 018 | 0.12 | 0.17 | 0.058 | 0.007
18 1.59 281 | 019 | 0.12 | 0.17 | 0.057 | 0.008
19 1.49 238 | 0.21 | 0.11 | 0.15 | 0.051 | 0.007
20 1.69 2.60 | 0.23 | 0.12 | 0.16 | 0.054 | 0.008
21 1.43 225 | 0.21 | 0.10 | 0.14 | 0.046 | 0.006
22 1.66 2.84 | 0.24 | 0.13 | 0.18 | 0.059 | 0.009
23 1.32 212 | 015 | 0.09 | 0.13 | 0.042 | 0.006
24 1.24 2.04 | 0.16 | 0.09 | 0.12 | 0.040 | 0.007
25 1.26 1.81 | 0.13 | 0.08 | 0.11 | 0.037 | 0.005
26 0.92 1.60 | 0.12 | 0.07 | 0.09 | 0.028 | 0.005
27 1.02 1.64 | 0.12 | 0.08 | 0.11 | 0.035 | 0.006
28 0.93 142 | 0.08 | 0.06 | 0.07 | 0.022 | 0.004
29 0.83 133 | 0.09 | 0.06 | 0.08 | 0.027 | 0.005
30 0.31 0.63 | 0.05 | 0.03 | 0.04 | 0.012 | 0.002
31 0.29 0.44 | 0.04 | 0.02 | 0.02 | 0.008 | 0.002
32 0.47 1.02 | 0.06 | 0.05 | 0.07 | 0.022 | 0.004
33 0.37 0.56 | 0.05 | 0.03 | 0.04 | 0.012 | 0.002
34 0.55 0.77 | 0.06 | 0.04 | 0.04 | 0.014 | 0.002
35 0.56 0.82 | 0.05 | 0.04 | 0.05 | 0.017 | 0.003
36 0.56 0.92 | 0.07 | 0.04 | 0.05 | 0.017 | 0.003
37 0.44 0.81 | 0.06 | 0.04 | 0.04 | 0.012 | 0.003
38 0.63 1.13 | 0.08 | 0.05 | 0.07 | 0.024 | 0.003
39 0.46 1.05 | 0.07 | 0.04 | 0.08 | 0.027 | 0.003
40 0.45 1.16 | 0.09 | 0.05 | 0.08 | 0.027 | 0.005
41 1.32 230 | 0.16 | 0.09 | 0.17 | 0.055 | 0.004
42 0.99 2.01 | 0.16 | 0.08 | 0.15 | 0.050 | 0.006
43 0.89 1.81 | 0.11 | 0.09 | 0.10 | 0.035 | 0.007
44 0.86 1.75 | 0.13 | 0.07 | 0.12 | 0.041 | 0.005
45 0.94 1.81 | 0.14 | 0.08 | 0.11 | 0.038 | 0.005
46 1.05 1.83 | 0.13 | 0.08 | 0.14 | 0.046 | 0.007
47 1.03 1.93 | 0.13 | 0.09 | 0.13 | 0.043 | 0.007
48 1.03 231 | 015 | 0.09 | 0.16 | 0.054 | 0.007
49 1.43 259 | 0.22 | 012 | 0.19 | 0.065 | 0.009
50 1.21 241 | 018 | 0.10 | 0.18 | 0.059 | 0.007
51 1.17 2.60 | 0.23 | 0.12 | 0.20 | 0.067 | 0.008
Average 1.15 2.07 | 015 | 0.09 | 0.13 | 0.044 | 0.006
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Fig. (10): Graphic representation showing the average values of economic minerals content along 51
profiles nearly perpendicular to the shoreline in the study area.
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Table (13): The average values of economic heavy minerals content along ten square kilometers and
three zones arranged from west to east in the study area.

Area Zones HCl1% Magnetite, % Ilmenite, % Garnet, %

1 4.55 1.26 2.64 0.19

2 Western |_5:50 495 169 | 156 | 312 | 276 0.20 0.19
3" 5.04 1.70 2.73 0.18

4™ 4.72 1.59 2.53 0.19

5t 3.92 1.31 2.11 0.17

6" Middle 2.18 2.51 0.72 0.83 1.18 1.35 0.08 0.10
7™ 1.44 0.47 0.76 0.05

gh 2.19 0.64 1.23 0.09

th
9 Eastern 3.40 3.20 1.01 0.94 1.92 1.81 0.14 0.13
10" 4.01 1.15 2.28 0.17
Average 3.70 1.15 2.07 0.15

Area Zones Leucoxene, % Zircon, % Rutile,% Monazite, %

1t 0.114 0.180 0.060 0.0079

nd

2 Western | 0131 | gq29 | 0177 | o179 | 0059 | 057 | 00080 | ¢q977
31 0.122 0.165 0.055 0.0077

4t 0.112 0.160 0.053 0.0071

st 0.095 0.126 0.042 0.0064

6" Middle 0.054 0.062 0.067 | 0.079 [ 0.022 | 0,026 [ 0.0040 | 0.0044

7 0.036 0.045 0.015 0.0027

gh 0.053 0.081 0.027 0.0035

9" Eastern 0.083 0.078 0.132 0.127 0.044 0.042 0.0057 0.0056
10™ 0.100 0.167 0.056 0.0075

Average 0.090 0.130 0.043 0.0061

Table (14): Minimum, maximum and average
values of economic heavy minerals.

Table (15): Volume and tonnage of raw sand of
studied area.

Mineral Minimum | Maximum | Average
Magnetite 0.0608 4.3400 1.1500
Ilmenite 0.3306 7.3937 2.0714
Garnet 0.0147 0.7611 0.1481
Leucoxene 0.0110 0.3917 0.0910
Zircon 0.0020 0.6082 0.1312
Rutile 0.0010 0.2027 0.0437
Monazite 0.0002 0.0224 0.0061

IV. Evaluation of study area.

The study coastal plain area is more or less
plained surface so that, the volume of raw sand
is roughly calculated as length (m) x width (m)
x depth (m) in m’. The tonnage of the raw sand
was calculated by multiplying the volume (m’)
by the calculated average apparent density of
the raw sand, the results are shown in Table
(15).

The tonnage of total economic minerals
was calculated by multiplying the tonnage of the
raw sands by the calculated average weight
percentage of total economic mineral, Table
(16).

The tonnage of each individual economic
mineral was calculated by multiplying the
tonnage of the raw sand of the studied area by
the calculated weight percentage of each
economic mineral, Table (17).

Average apparent Tonnage Of
Volume (m®) Density Of raw raw sand
of raw sand sand (ton/m°) (tons)
10000 x1000 1.59 15,900000
x1=
10,000000

Table (16): Reserve of total economic minerals
in the studied area.

Tonnage Of Av. Reserve of total
raw Economic economic minerals,
sand,(tons) Minerals (tons)
Content,
wt.%
15,900000 3.64 578,760

Table (17): The average content (Av. cont., Wt.
%) and reserve tonnage for each economic
mineral in the study area.

Economic Av .cont. Reserve
mineral wt.% (tons)
Magnetite 1.15 182,850
Ilmenite 2.07 329,130
Garnet 0.15 23,850
Leucoxene 0.09 14,310

Zircon 0.13 20,670

Rutile 0.044 6,996
Monazite 0.006 954
Total 3.64 578,760
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V. RADIOMETRIC SURVEY

The average values of radiometric
measurements along various square kilometers
parallel to the shoreline from the first kilometer
in the west to the tenth kilometer in the east
which divided into three zones are shown in the
Table (18) and graphically represented in Fig.

(11).
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From Fig. (11), it is clearly observed that
the area can be divided into three zones
according to their contents of total counts
(CPS), eTh (ppm) and eU (ppm). The western
zone characterized by relatively  high
radiometric contents, then the eastern zone and
the finally the middle zone which have low
radiometric contents.

Table (18): Distribution of the radioelements along various square kilometers parallel to the shoreline
arranged from west to east and the corresponding three zones.

Area Zone Total count eTh eU K
(cps) (ppm) (ppm) (%)
1 25.9 33.1 71 0.5
nd -
2 2 24.1 | 20.45 | 304 | 2495 | 63 | 5775 | 0.5 | 0.50
T 0.1 5.6 0.5
4" 13.0 14.2 4.0 0.5
5" 8.4 8.6 2.6 0.4
1 3 6.10 5.03 1.80 0.53
6 E 53 4.0 1.7 0.5
7" 4.6 25 11 0.7
8" 7.2 6.2 1.9 0.7
m 9 - 8.37 - 7.70 — 243 — 0.60
9 g 9.2 8.7 2.7 0.6
10" 8.7 8.1 27 0.6
z‘; | Vestern zone Middle zone Eastern zone
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Fig. (11): Histograms showing the distribution of the radioelements along various kilometers parallel to
the shoreline arranged from west to east and the corresponding three zones.

Specific activity (activity per unit mass)
is the number of atomic decays per unit time
per unit mass. It is used to describe the
radionuclide contents of rocks and building
materials. It is expressed in Becquerel per
kilogram, (Bq/kg). The values of eU and eTh in
(ppm) as well as K in (percent) were converted

to activity concentrations, (Bg/kg), using the
conversion factors given by the International
Atomic Energy Agency (1979).The activity
concentration of a sample containing 1(ppm) by
weight of 2**U is 12.35 (Bg/kg), 1(ppm) of ***Th
is 4.06 (Bq/kg) and 1(%) of **K is 313 (Bg/kg).
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The specific activity concentrations of
natural radioelements along various square
kilometers which arranged from west to east
parallel to the shoreline and the corresponding

three zones are shown in Table (19) and
graphically represented in Fig. (12).

Table (19): The specific activity (Bq/Kg) of natural radioelements along various square kilometers
which arranged from west to east parallel to the shoreline and the corresponding three zones.

K U, Th, Total,
Area | Zone activity activity activity activity
(Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg)
1 170.41 87.38 134.24 392.03
™ | g 15302 \is324 | 7784 | 7087 | 12359 | qo122 | 35445 | 325325
| 2 146.07 68.58 89.59 304.23
2 143.46 49.67 57.46 250.59
o 126.07 32.52 35.11 193.70
< 164.04 2232 20.61 206.96
o | = 155.63 21.30 16.42 193.35
| 210.41 13.14 10.30 233.84
s 208.67 23.19 24.99 256.85
o | 3 19910 \g6a9 | 3297 | 2970 | 3530 13100 | 26737 | 25730
o™ 18171 32.93 33.02 247.67
Average 170.51 43.89 56.22 270.62
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Fig. (12): Histograms showing the specific activity (Bq/Kg) of natural radioelements along various
square kilometers which arranged from west to east parallel to the shoreline and the corresponding

three zones.

From Table (19) and Fig. (12), we can
conclude that the specific activity
concentrations of natural radioelements (***Th
&***U) of the western zone has a relatively high
activity concentration, followed by the eastern
zone then the the middle zone which has the
lowest activity concentration. The activity
concentration of the western zone is higher than
the worldwide average of 40 (Bq/kg) compared
with the middle and eastern zones which have
low values.

V.1 Radioactive doses rate from sands

The radiation dose is expressed in terms of
energy received per unit weight and described in
three ways: absorbed, equivalent, and effective.
Radiation doses depend on, the intensity and
energy of radiation, exposure time, the area
exposed and the depth of energy deposition.

V.1.1. Absorbed dose.

The amount of energy deposited in a
substance (e.g., human tissue), is called the
absorbed dose. The absorbed dose is measured
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in a unit called the gray (Gy). A dose of one
gray is equivalent to a unit of energy (joule)
deposited in a kilogram of a substance (1 Gy = 1
joule/kg = 100 rad).

The conversion factor used to calculate the
absorbed dose rate is given as: Ab.Dose,
(nGy/h) = 0.429U + 0.666Th + 0.042K, where
U, Th and K are the specific activity
concentration of (**U), *2Th) and (*K) in
(Bg/kg), respectively, (United Nations Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR), 1988).

The total absorbed dose rate along various
square kilometers which arranged from west to
east parallel to the shoreline and the
corresponding three zones are shown in Table
(20).

Table (20): The total absorbed dose rate along
various kilometers which arranged from west to
east parallel to the shoreline and the
corresponding three zones.

Total
Area Zone Ab.Dose
(nGy/h)
1 134.05
wd Western
2 122.13
3rd 95.22 104.25
4" 65.60
5" 42.63
p Middle
26.61 30.19
7" 21.33
8" 35.36
o Eastern
46.01 a7
10" 43.75
Av. 63.37

From Table (28), and according to the total
absorbed dose rate of natural radioelements
(4°K, 28U and mTh), the western zone has a
relatively high total absorbed dose rate (104.25,
nGy/h), followed by the eastern zone (41.71,
nGy/h) and then the middle zone which has the
lowest total absorbed dose rate (30.19, nGy/h).
The total absorbed dose rate of the western zone
is higher than the Worldwide average of 60
(nGy/h) compared with the middle and eastern
zones which have low values.

Effective dose.

Effective dose is expressed in (sievert) and
usually reported per annum. Dose assessment,
therefore, requires knowledge of the type and
amount of radiation and the biological
sensitivity of the body part exposed. Because
doses to workers and the public are so low, most
reporting and dose measurements use the
terms millisievert (mSv) and microsievert (uSv)
which are 1/1000 and 1/1000000 of a sievert
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respectively. These smaller units of the sievert
are more convenient to use in occupational and
public settings.

Outdoor effective dose.
The annual effective doses are determined
as follows according to, (UNSCEAR, 2000).

{Eex, out (mSv/y) =Ab.Dose (nGyh™) x 8760
(h/y) x 0.2x 0.7 x 10}

Time in hours for a year, [8760 (h/y)].

Occupancy factor for outdoor and indoor was
0.2(5/24) and 0.8(19/24) respectively implying
that 80 of time is spent indoors on average
around the world, (Veiga et al., 2006).

The conversion coefficient from absorbed dose
in air to effective dose, (adults: 0.7, children:
0.8 and infants: 0.9), (UNSCEAR, 2000).

Indoor effective dose.
{Eex, indoor (mSv/y) =Ab.Dose (nGyh'l) x 1.4
x 8760 (h/y) x 0.8 x 0.7 x 108}

Most building materials of terrestrial origin
contain small amounts of NORM, mainly
radionuclides from the Uranium-238 (***U) and
Thorium-232 (**Th) decay chains and the
radioactive isotope of Potassium-40 (*’K).

Past research efforts indicate that building
materials represent an important natural source
of radioactivity, because they come into closest
contact with humans (UNSCEAR, 1993).

The ratios of indoor to outdoor exposures are
ranged from 0.6 to 2.3, with a population
weighted value of 1.4, (UNSCEAR, 2000). The
indoor exposures are 40% greater than the
outdoor exposures.

The average effective dose from the
radiation emitted from the soil (and the
construction materials that come from the
ground) is approximately 0.5 mSv a year.
(UNSCEAR, 2000).

Total external effective dose.
The total annual effective external dose
Eex’ total (mSV/y) is the sum of Eex’ out

(mSv/y) and Eex, indoor (mSv/y).

The average values of outdoor, indoor and
total effective doses in (mSv/y) in study area
along various square kilometers which arranged
from west to east parallel to the shoreline and
the corresponding zones are shown in Table

@21).
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Table (21): The average values of outdoor,
indoor and total effective doses in (mSv/y) in
study area along various kilometers which
arranged from west to east parallel to the
shoreline and the corresponding zones.

Area % Eex,out Eex,ind Eex,total
N (mSv/y) (mSv/y) (mSv/y)

1 0.16 0.92 1.08

2 | %[ 015 0.84 0.99

37 |2 012 | 013 [ 065 | 0.75 [ 077 | 0.90

4™ 0.08 0.45 0.53

5t o | 0:05 0.29 0.35

6™ S 003 |0.04 | 018 [ 021 | 022 | 0.25

7" 0.03 0.15 0.17

8™ | _| 0.04 0.24 0.29

9" | &| 0.06 | 0.05 [ 032 | 030 | 0.37 | 0.35

10" | = 0.0s 0.30 0.35

Av. 0.08 0.43 0.51

The average values of Eex, out; Eex, ind
and Eex, total in the study area are 0.08, 0.43
and 0.51 (mSv/y) respectively. The average
effective dose from the radiation emitted from
the beach sands (and the construction materials
that come from it) is approximately 0.51 mSv a
year. It is obvious that our findings are in
general agreement with the worldwide measured
value (0.5) mSv/year, UNSCEAR (2000). So,
the total effective dose rate remains in the safe
side and within the maximum permissible
safe radiation dose rate, without harm to the
individual, except at the western zone (0.90
mSv/y). It is important to assess the radiation
hazards arising due to the use of soil or sand
samples in the construction of dwellings
because the naturally occurring radionuclides
decay to yield radon as one of their progenies.
So the beach sands of the western zone (4 Km?)
are not recommended for use in building
constructions because the inhabitants will
receive relatively high radioactive doses,
generated by monazite and radioactive zircon
incorporated in the building materials. On the
other hand, the average values of total effective
dose in the middle and eastern zones are 0.25
(mSv/y) and 0.35 (mSv/y) respectively.
Although the average values of total effective
dose in the beach sands of the middle and
eastern zones are lower than that in the western
zone, it is not recommended for use in building
constructions before extraction of the economic
and strategic minerals from the beach sands
especially the radioactive ones.

SUMMARY AND CONCLUSIONS

The study area located east of Abu-
Khashabah Village, Motobas Center, Kafr Al-
Sheikh Governorate. It covers an area of about
10Km?, with 10Km long parallel to the
shoreline and one kilometer width nearly

perpendicular to the shoreline. The study area is
bounded by the international highway to the
south, Abu-Khashabah lighthouse asphaltic road
to the west and El-Sahel (coastal) drain to the
north.

The study area was covered by 306 samples
to a depth of one meter at the intersection of a
grid pattern 200mx200m nearly parallel and
perpendicular to the shoreline. The collected
samples in the study area were distributed along
six profiles parallel to the shoreline. Every
profile comprises 51 samples taken the symbol
of the profile and numbered from 1 to 51 from
west to east.

The apparent specific gravity of top meter
sands varies from a minimum value of 1.29
gm/cm® to a maximum value of 1.74 gm/cm?
with an average value equal to 1.59 gm/cm’.
The study area is divided to three zones
according to apparent specific gravity; the
western zone, 4km’ (1.62 gm/cm?); the middle
zone, 3 km? (1.58 gm/cm?) and the eastern zone,
3 km? (1.59 gm/cn’).

The fines grain size (sizes finer than the
coarse silt and organic materials) percentages
vary from a minimum value of 0.72 % to a
maximum value of 74.08 with an average
percent equal to 18.00%.The eastern zone of
study area contains the highest fines percentage
(20.11%) compared with the middle zone
(15.21%) or the western zone (18.37%).

The grain size distribution of the field
samples indicates that, the modal class lying in
the fine sand size (250 p -125 p) .The weight
percent of the modal class (fine sand fraction)
ranges from 54.80% to 61.02% with an average
58.42%.

The mean size (Mz) of the raw sand
sediments concentrated in two classes, the fine
sand size class (50.98 %) and the very fine sand
size class (49.02 %). The Inclusive graphic
standard deviation, sorting (cl), showed that
most of the studied field samples located in the
moderately sorted class (94.12%) whereas
5.88% located in the moderately well sorted
class. The Inclusive graphic Skewness, (Sk1),
showed that most of the studied field samples
located in the Extremely Fine Skewed (88.24%)
whereas11.76 % located in the Strongly Fine
Skewed class. The Graphic kurtosis, (Kg) of the
studied field samples distributed in four classes
with a modal class located in the leptokurtic
class (56.86%), whereas 23.53% located in the
mesokurtic class and 11.76% located in the very
leptokurtic class.

The grain size parameters of, the studied
sediments clear the source of these sediments
from river environment, due to the high content
of clay and organic matter in the raw sands.
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In the study area, the average values of
economic minerals content along ten square
kilometers and three zones arranged from west
to east are 3.63%. The tonnage of total
economic minerals in the study area is 578760
ton. The tonnage of each individual economic
mineral in the study area was calculated and
tabulated as follows:

Economic
mineral Av .cont. Tonnage Reserve
wt.% Of raw sand (tons)
(tons)
Magnetite 1.15 182,850
Ilmenite 2.07 329,130
Garnet 0.15 23,850
Leucoxene 0.09 14,310
Zircon 0.13 15,900000 20,670
Rutile 0.044 6,996
Monazite 0.006 954
Total 3.64 578,760
The average values of radiometric

measurements along various square kilometers
parallel to the shoreline from the first kilometer
in the west to the tenth kilometer in the east
which divided into three zones are calculated
and tabulated as follows:

maximum permissible safe radiation dose rate,
without harm to the individual, except at the
western zone (0.90 mSv/y).

So the beach sands of the western zone (4
Km?) are not recommended for use in building
constructions because the inhabitants will
receive relatively high radioactive doses,
generated by monazite and radioactive zircon
incorporated in the building materials.

On the other hand, the average values of
total effective dose in the middle and eastern
zones are 0.25 (mSv/y) and 0.35 (mSvly)
respectively. Although the average values of
total effective dose in the beach sands of the
middle and eastern zones are lower than that in
the western zone, it is not recommended for use
in building constructions before extraction of
the economic and strategic minerals from the
beach sands especially the radioactive ones.
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