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Abstract

A comprehensive study was conducted to determine the radioactivity concentrations of beach sand sam-
ples from different sites along the coast of Tripoli, northwest Libya, using high resolution ~-ray spectroscopy.
Collection of samples was carried out during low tide, where it was possible to collect sediments from the
wet region that was covered by sea water during high tide. From the measured v-ray spectra, elemental
concentrations were determined for ?2°Ra, 2*2Th, °K, and 2!°Pb at depths 5-10 and 50-70 cm from the
surface. The activity concentration ratios of 2!°Pb/?*Ra for some samples were calculated to show the
disequilibrium between the 2!°Pb and its parent nuclei ?°Ra in the coastal marine sediments. The mean
value of the absorbed dose rates in air obtained in the studied area was 4.4 4+ 1.3 nGy h™*, which is lower

than the world average (55 nGy h™).
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Introduction

Radionuclides have been an essential constituent of
the Earth since its creation. The Earth contains
many radioactive elements; the origin for part of
them goes back to the formation of our world, while
the others are continuously produced through nu-
clear reactions in the universe.

Measurements of natural radioactivity in soil
have been performed in many parts of the world,
mostly for assessment of the dose and risk resulting
from them (Beck, 1972a, 1972b; Sheppard and Even-
den, 1988; Nellis, 1990; Rudge et al., 1993; Clou-
vas et al., 2001; Copplestone et al., 2001; Dowdall
et al., 2004; El-Bahi et al., 2005). It was observed
that most of natural radioactive elements present in
soil are primordial radionuclides from the uranium

series, thorium series, and °K. The minimum ra-
dioactivity was found in sand soil by Lauria and
Godoy (2002) and Saleh (2002). Several radionu-
clides in the radioactive decay chains starting from
238U and 232Th are highly radiotoxic, in particular
226Ra and ??®Ra. The radioactive gas (radon) that
arises from the disintegration of 23U and 23?Th in
the Earth’s crust is considered the main source of ex-
posure to ionizing radiation for humans, representing
40% of the annual accumulated dose (UNSCEAR,
1993). Measurements of 2!°Pb in air and in sur-
face soils will afford quantitative information about
the flux of radon gas (**?Rn) and its daughters in
the atmosphere (Harley et al., 2000; Winkler and
Rosne, 2000; Meliéres et al., 2003; Paatero et al.,
2003; Gaffney et al., 2004; Ioannidou et al., 2005).
It can help in uranium exploration and monitoring
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transfers of radionuclides of uranium series in soils
and aquatic systems. In the context of luminescence
dating, the 210Pb/?26Ra activity ratio can give the
proportion of 222Rn that can escape from given sedi-
ment, such data being important in the calculation of
annual radiation dose rate. Furthermore, 21°Pb and
its grand-daughter radionuclide 2!°Po are included
in the group of most highly toxic radioisotopes and
provide the major internal natural radiation dose to
humans. It is approximately 18% of the average dose
to the population from internal irradiation due to in-
gested radionuclides. For some members of the pub-
lic the dose due to ingestion of 21°Pb and 2'°Po may
be far higher due to high intakes of specific foodstuffs
such as shellfish (Clayton and Bradley, 1995; Pilleyre
et al., 2006). The high quantities of the radioactive
nuclides require the use of appropriate methods of
elimination to minimize their health hazards(Sorg,
1991; Herranz, 1999).

There is no previous work to give a complete
database about the distribution of radioactive nu-
clides and their concentrations in the coastal region
of Tripoli, northwest Libya. Therefore, the present
study aimed to measure the concentrations of natural
and artificial radionuclides in the surface soil samples
from the coastal part along the Tripoli region to as-
sess the level of background radiation arising from
them. In addition, these data will be useful for sub-
sequent evaluations of possible future environmental
contamination due to non-nuclear industries or any
future activities.

Experimental Procedure

Soil samples were collected along the shore of the
Mediterranean Sea a few meters (10-15 m) from the
water. Forty soil samples were collected randomly
from different locations alongside the coast of Tripoli,
northwest Libya, during low tide over a distance 3
km for each location, where 4 samples were collected
using a template 25 x 25 cm? area and thoroughly
mixed together (USDOE, 1992). The samples were
taken at depths 5-10 and 50-70 cm from the surface.
The collected samples were prepared for radiation
counting by sieving through 2 mm mesh size. Af-
ter that, samples were homogenized and dried in a
vacuum drier at 110 °C for 48 h and then weighed
and transferred to 1-1 Marinelli beakers and stored
for more than 1 month to ensure that secular equilib-
rium between the nuclear chain members had been
attained.
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Before determining of the radioactivity concen-
tration in samples, an empty 1-1 Marinelli beaker was
counted for 24 h under identical geometry to measure
the background spectrum in the laboratory of mea-
surement. This spectrum is necessary to establish a
high confident background level to be used for de-
termination of the specific activities of the analyzed
samples.

The experimental arrangement consisted of an
HPGe detector with relative efficiency =~ 10% rel-
ative to a 3”7 x 3” NaL(Tl) detector, active volume
62.3 cm?® and resolution 1.8 keV at 1.33 MeV ~-line.
The detector was coupled through an amplifier to
the computer with an MCA plug-in card. Because
of the sensitivity of the HPGe detector, it is usual to
shield them from the environment. Therefore, a lead
shield of thickness 5 cm was used in this work.

The energy calibration of the spectrometer was
performed using the 1-1 Marinelli calibration sources,
which contained well-known standard sources (*?Na,
60Co, 57Co, and 2*!Am). The absolute efficiency
of the detector was determined accurately to eval-
uate the radionuclide concentrations precisely. This
was undertaken using multinuclide standard sources
distributed in a sand matrix to be homoconditioned
with the investigated soil samples.

To determine the radioactivity concentration in
the soil samples, each sample was placed on the
HPGe detector and counted for the same counting
time (24 h). It was found that the detected gamma
lines belong to the naturally occurring series radionu-
clides and a non-series natural radionuclide °K.

The specific activity concentration of 22Ra was
determined indirectly by using the ~-lines 351.90
keV from 2'Pb, and 609.32 keV, 1120.28 keV, and
1764.49 keV from 2!'*Bi. For 232Th, the specific ac-
tivity concentration was determined by using the
gamma lines 338.40 keV from 2?®Ac, 583.14 keV from
20871, and 911.07 keV, 964.60 keV, and 968.90 keV
from 228Ac. In the case of “°K, the specific activity
concentration was estimated directly by its gamma
line of 1460.75 keV. The gamma line with energy
46.50 keV was used to determine the activity con-
centration of 219Pb.

The activities of the radionuclides were calcu-
lated from the net area of the peak, accumulation
time, absolute peak efficiency at close geometry, ab-
solute y-ray emission probability, and the sample vol-
ume. Triplicate analyses were conducted on all the
samples to check the reproducibility of the results
and the stability of the counting technique.
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The minimum detection limit (MDL) for each
activity was calculated using the following equation
(Palmer and McInerney 1994):

A
MDL = - % 3.3VB (1)

where NC is the net count for a sample of activity
A in Bq/kg, and B is the background count below
the peak of interest. The MDL for 2?°Ra, 228Ra, and
40K was 0.35, 0.20, and 1.2 Bq/kg, respectively.

Results and Discussion

The activity concentrations of radionuclides ??Ra,
232Th, and 4°K in the 40 soil samples considered are
presented in Table 1. The corresponding results for
210P} in some soil samples are presented in Table 2.
The values are given in Bq/kg on a dry weight basis.

The samples were ordered so that they follow the
location along the coast from west to east. It is
clear that, in general, the 226Ra and 232Th concen-
trations at depth 5-10 cm are nearly equal or greater
than those at depth 50-70 cm with the exception of
some locations (2, 16-20 for 226Ra; and 8, 17-20 for
Z32Th). The activity concentrations of 22°Ra in sam-
ples taken at depth 5-10 cm ranged from 4.1 Bq/kg to
13.5 Bq/kg with an average 7.5 + 2.5 Bq/kg, 232Th
ranged from 2.8 Bq/kg to 6.7 Bq/kg with an aver-
age 4.5 + 1.3 Bq/kg, 4°K ranged from 19.3 Bq/kg to
39.6 Bq/kg with an average 28.5 + 6.7 Bq/kg, and
210Ph ranged from 6.1 Bq/kg to 15.7 Bq/kg with an
average 10.3 + 2.7 Bq/kg.

The corresponding results at depths 50-70 cm are
within the range from 4 Bq/kg to 11.6 Bq/kg with an
average 6.7 + 1.9 Bq/kg for 22°Ra, from 2.9 Bq/kg
to 6.5 Bq/kg with an average 4.2 + 1.1 Bq/kg for
Z32Th, from 19 Bq/kg to 37.5 Bq/kg with an aver-
age 26.6 + 5.9 Bq/kg for *°K, and from 5.2 Bq/kg
to 18.6 Bq/kg with an average 9.2 + 3.9 Bq/kg for
210Pb_

Most of the northwest Libyan coast at Tripoli is
composed of continuous beach sand flat of limestone
bedrock with large sand particles size. Therefore,
the region under investigation is pervious to the flow
of water, since the soil samples were collected from
sites mostly in the reach of rapidly spreading water
due to the breakage of wave fronts at the shore. Con-
sequently, radionuclides deposited from those trans-

ported with sea water during high tide are likely to
travel downward through this porous sandy soil sur-
face. The present results shown in Tables 1 and 2
confirm this transport mechanism. The relatively
high radioactivity concentrations of both ??Ra and
232Th at depths 5-10 cm (locations 1, 3, 5, and 13)
are attributed to the existence of dark colored heavy
minerals that contain 2 orders of magnitude more of
226Ra and 232Th, compared to those at depths 50-70
cm.

In the investigated area, the Tajura formation in
the west makes steep cliffs along the shore of the
Mediterranean, and is made of calcareous rock, in-
cluding shell fragments and minor sandy grains, in-
terbred with occasional salty lenses. The salty inter-
breeds, which are often lenticular, are not commonly
persistent within the succession. Consequently, the
radioactivity concentrations of both 226Ra and 232Th
at depths 50-70 cm (locations from 17 to 20) are
higher than those at depths 5-10 cm.

The average activity ratio of 21°Pb/?26Ra is 1.5
for depth 5-10 cm and 1.4 for depth 50-70 cm. The
variation in these ratios could be due to the pres-
ence of varying degrees of disequilibrium between the
members of 233U decay series in the coastal marine
sediments or some amounts of different pollutants
in the sea water. In addition, the 21°Pb (?2?Rn de-
cay product) fallout flux from the atmosphere and/or
geochemical behavior of both Pb and Ra in the en-
vironment could explain uranium series (U-Ra-Pb)
disequilibrium in the environment. Radium forms a
complex with chloride and in this form is quite mo-
bile. Conversely, even moderate amounts of sulfate
ion inhibit transport because of the co-precipitation
of radium sulfate along with barium sulfate. Almost
all lead salts are insoluble or sparingly soluble in wa-
ter.

The radioactivity concentrations of 22Ra, 232Th,
and 49K at Tripoli beach are to a great extent iden-
tical to the results of Meijer et al. (2001) con-
cerning North Sea studies (light mineral fraction)
at the Western Australia Coast and those of Saad
and Al-Azmi (2002) concerning the southern areas
of Kuwait, as well as the results of El-Mamoney
and Khater (2004) concerning the Red Sea coast
and those of El-Kameesy (2007) concerning the Gulf
coast northeast of KSA.
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Table 1. Activity concentrations in Bq/kg of **Ra series, *Th series, and “°K for soil samples collected along the
northwest coast of Libya.

226Ra 232Th 4OK

Loc. No- 5 =510y em [ D=(50-70) em | D=(5-10) cm | D=(50-70) cm | D=(5-10) cm | D=(50-70) cm
i TAT 13 1107 5AT 1.0 51 % 0.8 306534 | 317%54
P 106+ 1.1 | 116+ 13 6.4+ 09 12+ 12 304153 | 285+ 48
3 3514 6.6 1.1 6.7 = 1.1 65+ 1.1 306185 | 375 %61
1 75109 6.4+ 09 I7T T 12 38 = 1.0 219 %35 19+ 43
5 R8T 1.1 16+ 12 RN 11+ 08 B8 +t42 | 317 L48
6 80 L 0.7 71+ 14 61+ 1.2 51+ 1.1 5151 | 269 %41
7 6.0 £ 0.8 5.7+ 1.2 3.0+ 1.3 3.7+ 1.3 38 T 3.4 20.9 £ 3.9
8 83+ 14 75+ 09 33+ 0.9 WS 198t 43 | 222+ 42
9 11T 05 10+ 1.0 31+ 1.0 2.0+ 0.9 371 E32 36 T 6.1
10 6.2+ 04 55+ 1.1 19+ 1.1 19+ 13 222139 19 & 328
11 551 0.8 13+ 08 32+ 0.8 51+ 1.1 2214146 | 202 %51
2 84T 1.0 6.7 = 1.2 52+ 1.3 32+ 1.1 218152 | 243 %46
i3 07+ 14 19+ 1.1 63+ 0.9 5.0+ 14 75161 | 206+52
14 73113 62+ 13 ) 52107 BRE56 | 268+ 46
B 6.9+ 07 6.1+ 0.9 31+ 038 31+ 0.9 353183 | 27538
16 51+ 05 79 L 038 12 %06 38 = 1.0 20952 | 216 %41
17 65+ 0.7 83+ 1.3 28 1 0.7 3.0+ 1.0 37149 | 218 %52
i 521 04 T3 L 11 5.0 % 1.0 3.0+ 1.1 295161 | 334L36
19 821038 103+ 15 38 T 1.2 61+ 15 %68 t82 | 343+4d2
20 51L 09 SR 5.0+ 1.1 I8+ 11 334536 | 204%29

Average

+%SD | 7.5+ 25 6.7+ 1.9 45+ 1.3 424 1.1 285467 | 26.6+59

*SD: Standard deviation

Table 2. Activity concentrations of 2'°Pb (Bq/kg) in some soil samples and the activity ratio of '°Pb/??*°Ra.

210Pb 210Pb 2101:)}3/2261%a 210Pb/226Ra
Loc. No.
(D=5-10cm) | (D =50-70 cm) | (D = 5-10 ¢cm) | (D = 50-70 cm)
1 8.1+1.2 7.8 £ 1.8 1.1 £0.1 1.9+ 0.3
2 15.7 £ 2.3 18.6 £ 2.1 1.5+ 0.1 1.6 £ 0.1
7 9.8 £ 2.5 8.6+ 1.9 1.6 £ 0.2 1.5+ 0.2
8 12.3 £ 2.9 7.5+ 1.6 1.4+0.2 1.0 £ 0.1
9 6.1 £1.6 5.3+ 1.1 1.5+ 0.2 1.3 +0.2
10 9.9 £+ 2.3 77+ 1.9 1.6 £ 0.2 1.44+0.2
13 8.8+ 1.3 52+ 0.9 0.9 +£0.1 1.1 £0.1
14 12.6 £ 1.8 11.9+ 1.1 1.7+ 0.2 1.9 +£0.2
17 9.7 £ 1.3 9.3+ 1.3 1.5+ 0.1 1.1 4+0.1
20 10.6 £ 1.2 10 + 1.8 1.9+ 0.2 1.2 4+ 0.1
Average + *SD 10.3 + 2.7 9.2+ 3.9 1.5+ 0.3 1.4+ 0.3

*SD: Standard deviation

The activity concentrations of 2?°Ra, 7.5 + 2.5 Bq/kg), respectively. In contrast to these results,
Bq/kg, and %°K, 28.5 + 6.7 Bq/kg, in our study the activity concentration of 232Th in the northeast
are comparable to those of Omar (1997) concerning beaches of Libya (2.0 Bq/kg) is less than those in
the northeast beaches of Libya (6.6 Bq/kg and 27.8 northwest beaches of Libya (4.5 + 1.3 Bq/kg).
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Table 3. The mean and range activity concentrations in Bq/kg of primordial radionuclides for different countries (soil

samples).

No. 212\2[%2;1 activity corzlgze;l‘t}fatlon Bq/kg (rionée) Country

1 - 4.7 (1.1-1.6) (17-960) Australia (Meijer et al., 2001).

2 36 (8-72) 6 (2-17) 227(41-492) Kuwait (Saad and Al-Azmi, 2002).

3 24.6 (5.2-105.6) | 31.4(2.3-221.9) | 427.5 (97.6-1011.3) | Red Sea, Egypt (El Mamoney and
Ashraf, 2004).

4 - (1.2-68.4) (35.8-1315) Alps-Apennines, Italy (Buttaglia and
Bramati, 1988).

5 - 18 (2-96) 316(26-653) The Nile Delta, Egypt (Ibrahiem et al.,
1993).

6 - 2 (1.2-2.8) 23.1 (19.7-33.4) Northeast Libya (Omar, 1997).

7 (5-130) (5-185) (75-1400) Japan (Megumi et al., 1988).

8 38 (9-62) 38 (16-55) 599 (120-1026) France (Lambrechts et al., 1992).

9 (9-77) (5-110) (11-760) Bulgaria (Strezov et al., 1998).

10 (27-133) - (184-632) Algeria (Noureddine et al., 1998).

11 - (4.1-40.2) (255.9-486) Cyprus (Tzortzis and Tsertos, 2004).

12 - 25 (7-50) 370(100-700) | World (UNSCEAR, 1088).

13 5.0 (3.0-10.8) 2.1 (0.6-7.8) 46 (10.0-86.1) Mediterranean Sea (Higgy, 2000).

14 212 (24-764) 43 (18-66) 1130 (258-2464) | Greece (Travidon et al., 1996).

15 - (60-85) (42-51) Portugal (Carreira and Sequeira, 1998).

16 45 (13-165) 19 (7-204) 650 (48-1586) | Spain (Baeza et al., 1992).

17 - 24 (5-63) (220-3202) Turkey (Kemru, 1997).

Present
work 7.5 (4-13.5) 4.2 (2.8-6.7) 27.5 (19-39.6) Northwest Libya.

The absorbed dose rate in air 1 m above the be calculated using the following formula:
ground surface for the radionuclides (23?Th, 226Ra,
and %°K) was computed on the basis of guidelines
provided by UNSCEAR (1988, 2000). The conver-
sion factors used to compute absorbed dose rate (D)
in air per unit activity concentration in 1 Bq/kg sand
correspond to 0.604 nGy h~! for 232Th, 0.462 nGy
h~! for 226Ra, and 0.042 nGy h~! for 4°K. Therefore,

D could be obtained from the relation:

Effective dose rate =
D(nGyh™1) x 8760h x 0.2 x 0.7SvGy~* x 1076
(3)
where the 0.7 Sv Gy~! and 0.2 factors are the con-
version factor from absorbed dose in air to effective
dose, and the outdoor occupancy factor, respectively
(UNSCEAR, 1988).

In Table 3, a summary of results on elemental
concentrations is given, derived from similar investi-
gations conducted in other countries worldwide with
emphasis on regions.

D = (0.604C7,+0.462C ro+0.042C).nGyh™' (2)

where Crpp, Cr, and Ck are the average activity
concentrations of 232Th, ?26Ra, and “°K in Bq/kg,
respectively.

Conclusion

In this study the radioactivity concentrations for

The range of the absorbed dose rate that ob-
tained for the soil samples is from 2.7 nGy h=! to 6.1
n Gy h™! with an average 4.4 £ 1.3 n Gy h™!, while
the average effective dose rate is 0.0054 + 0.0016 m
Sv y~! with the range 0.0033-0.0075 m Sv y~!.

The effective dose rate in units of m Sv y~! can

226Ra, 232Th, 9K, and 2'°Pb were measured in 40
soil samples from the northwest Libyan coast in the
Tripoli region using gamma spectroscopy. It was
observed that the activity concentrations of 2?°Ra,
2327, 49K, and 2!Pb in samples taken at depth
5-10 cm have an average 7.5 + 2.5 Bq/kg, 4.5 +
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1.3 Bq/kg, 28.5 + 6.7 Bq/kg, and 10.3+ 2.7 Bq/kg,
respectively. The corresponding results at depths
50-70 cm are 6.7 & 1.9 Bq/kg for ?2Ra, 4.2 4+ 1.1
Bq/kg for 232Th, 26.6 + 5.9 Bq/kg for 4°K, and 9.2
+ 3.9 Bq/kg for 21°Pb. In contrast to these results,
the activity concentration of 232Th in the northeast
beaches of Libya (2.0 Bq/kg) is less than that in the
northwest beaches of Libya (4.5 + 1.3 Bq/kg) (Omar,
1997). Furthermore, the average activity ratio of
210pp /226Ra, which is greater than 1, implies that

there is a possibility that some pollutants come with
the sea water, which needs more detailed investiga-
tion on the pollution sources and the environment
distribution pattern of different pollutants.

The range of the absorbed dose rate obtained for
the soil samples is from 2.7 n Gy h™! to 6.1 n Gy
h~! with an average 4.4 & 1.3 n Gy h™!, while the
average effective dose rate is 0.0054 £+ 0.0016 m Sv
y~! with the range 0.0033-0.0075 m Sv y—'.
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