ISSN : 0974 - 7451 Volume 8 I ssue 7

Snviconmental Science

A Jndian Joaraal

—  Qurrent Research Peaper

ESAIJ, 8(7), 2013 [268-273]

Measurement of natural radioactivity in beach sediments from
Aden coast on gulf of Aden, south of Yemen

S.Harb?, A.H.ElI-Kamel?, A.M.Zahran?, A.Abbady?, F.A.As-Subaihi**
!Physics Department, Faculty of Science, Qena 83523, South Valley University, (EYGPT)
2Physics Department, Faculty of ScienceAssiut University, (EY GPT)

*Physics Depar tment, Faculty of Scienceand Education-Sabir, Aden Univer sity, (YEMEN)

ABSTRACT

Thedistribution of natural gammaemitting 22U, 2*Th and “K radionuclides
in beach sediments along Aden coast on Gulf of Aden, South of Yemen has
been carried out using aNal (Tl) gammaray spectrometric technique. The
mean activity concentrations of measured radionuclides were compared
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with other literature values. The absorbed dose rate, annual effective dose
equivalent, external hazard index and representative level index were
calculated and compared with internationally recommended val ues.
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INTRODUCTION

Thenaturdly occurring radionuclidesarerdlatively
and uniformly distributed in the seas and the oceans.
Humean activitieslikeminingand milling of minerd ores,
oreprocessing and enrichment, nuclear fud fabrication
and handling of thefuel cycletail end products cause
release of additiona amountsof natural radionuclides
into theenvironment. Also, thedischargeinto the seaof
low level waste from nuclear industry has becomea
source of contamination inthemarine coastal environ-
ment of countries possessing nuclear power plantsand
nuclear reprocessing plantsy.

Most of theradioactivity deposited on surface sedi-
mentsiswashed by rainsand drained through riversto
the oceans. Part of the ground deposited activity isab-
sorbed inthe soilsand percolateswith theunderground
watersto the oceans. Radionuclidesreaching the ocean

become part of themarine ecosystem (water, sediments,
and biota) and may transfer through seawater-sediment-
biotainterfaceto human beings?. Accumulation of such
ubgtancesinthemarinecostd environment railsesmany
problems concerning safety of bioticlife, food chain
and ultimately humans. To addresstheseproblems, as-
sessment of radioactivity concentration inthe marine
environment isessentid. It isnecessary to quantify the
distribution of radionuclidesin the main marine con-
stituents (seawater, seasediments and marine organ-
isms) and to assessradiol ogica impactsof the detected
radionuclides on human health. Beach sedimentsare
minera depositsformed through weathering and ero-
sion of elther igneous or metamorphic rocks. Among
therock congtituent mineralsare somenaturd radionu-
clidesthat contributetoionizing radiation exposureon
Earth. Natural radioactivity in soilscomesfrom U and
Thseriesand natural K.
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Thestudy of thedistribution of primordid radionu-
clidesalowsthe understanding of theradiological im-
plication of these e ements dueto the gamma-ray ex-
posure of thebody and irradiation of lung tissuefrom
inhalation of radon and itsdaughterg™. During thelast
few decades, the coastal environment of Aden coast
Gulf of Aden, South of Yemen hasexperienced intense
developmentsinindustry, tourism, transport, urbani za-
tion and aguaculture.

This paper reportsthe activity concentrations of
natural radionuclides 28U, 2?Th and “°K, for beach
sediments of Aden coast on Gulf of Aden, South of
Yemen. The objective of thispaper isto evaluatethe
radiologica hazardsdueto natura radioactivity associ-
ated with beach sedimentsby cal cul ating the absorbed
doserate, annud effectivedoserate, representativelevel
index and external hazard index.

MATERIALSAND METHODS

This study took place in Aden coast, South of
Yemenison Gulf of Aden (figure 1). Thetotal study
areaspread over fromKawa(Lat: 12°44° 472"N; Long
44°28°367"E) to Alalam beach (Lat: 12° 50’ 759"N;
Long 45°04°452"E), which covers an area about
150km. Thetidal rangeis 1.2-1.5m for spring tides
and 0.3-0.6mfor neaptides

Figurel: Geographiclocation of Aden coast gulf of Aden,
south of Yemen wher ethe beach sediment sampleswerecol-
lected

Samplecollection and preparation

Beach sediment samples were collected during
January 2012. The total study area covers about
150km, fromwhich at thedistance of 2-3kminterva,

269

—== Qurrent Research Peper

44 samplinglocations[S -S| are selected. The exact
position of each sampling Stewasrecorded usngHand
held GARMIN GPS(Globd Postioning System, Modd
no 12).The sampleswere collected from 10-20m away
from the high tide, when it makes towards the road
side. Five sampleswere collected from each site cov-
ering an areaof one meter square, at adepth of 5cm
and packed in plastic pouches.

Thecollected samplesweredriedinanovena 100-
110°C for about 24h and sieved through a 2-mm mesh-
sizesieveto remove stone, pebblesand other macro-
impurities. Thehomogenized sasmplewasplacedina
400g airtight PV C container. Theinner lid wasplaced
inand closedtightly with outer cap. The container was
sedled hermetically and externdly using cellophanetape
and kept asidefor about amonth to ensure equilibrium
between Ra and its daughter products before being
taken for gagmmaray spectrometric analysis®.

Gamma spectroscopicanalysis

Toedimatetheactivity levelsof theU, Z’Thand
K inthe samples, agammaray spectrometer in Envi-
ronmental Radioactivity Measurements Laboratory
(ERML), physicsdepartment, Faculty of Science, Uni-
versity of south valley, Qena. was used in the present
investigations. Nal (Tl) crystal detector of sze3" X 3"
dongwitha8K multi channd andyzer wasusedtorecord
thegammaspectra.

Theenergy cdlibration of the spectrometer wasper-
formedusingthe 1-| Marindli calibration sources, which
contai ned well-known standard sources (**'Cs, ©°Co,
>Co, and 21Am).

Theabsolute efficiency of the detector was deter-
mined accurately to eval uate theradionuclide concen-
trations precisely. This was undertaken using
multinuclide standard sources distributed in asand
matrix to be homoconditioned with theinvestigated
soil samples. These standards were obtained from
Radioactivity Measurements Laboratory (ERML),
physicsdepartment, Faculty of Science, University of
south valley, Qena. With the counting time of 10,000
seconds for each sampl e, the below detectable limit
(BDL) limitswere 21.2Bgkg™ for “°K, 5.5 Bgkg*for
238U and 232Th'

To determinetheradioactivity concentrationinthe
soil sampl es, each samplewas placed on the Nal (TI)
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detector and counted for the same counting time (12
h). It wasfound that the detected gammalinesbelong
tothenaturaly occurring seriesradionuclidesand anon-
seriesnatura radionuclide®K.

Calculation of e emental concentr ation

Count ratesfor each detected photo peak and ac-
tivity for each of the detected nuclidesare calcul ated.
The specific activity (inBg.kg-1), A of anuclidei.
and for apeak at energy E, isgiven by:

NP
A = t.1,(E,)<(E,)M @

Where NP isthe number of count inagiven peak area
corrected for background peaks of apeak at energy
E, a(Ey) the detection efficiency at energy E, t_isthe
countinglifetime, IY(EY) thenumber of gammeasper dis-
integration of thisnuclidefor atransition at energy E,
and M themassin kg of themeasured sample.

Under theassumption that secular equilibriumwas
reached between 2Th and 28U and their decay prod-
ucts, they-ray transitionsto measure the concentration
of theassigned nuclidesinthe seriesareasfollows:

(@ 2“Bi (609.31, 1120.3 and 1764.49 keV), 2“Pb
(295.22 and 351.93 keV) for uranium-238.

(b) 28Tl (583.19 and 2614.53 keV), #?Pb
(238.63Kev), 22Ac (911.20keV) for thethorium
series

(c) K (1460.83keV) for potassium.

Calculation of radiological effects

Doseratecalculation

The absorbed dose rate was cal culated from the
measured activities of 22U, 2?Th and “°K in the sur-
face sediment samplesusing thebel ow formuld®l.

D (nGy h) =0.462 C,+0.604C_, +0.042C, @)
Where D isthe absorbed doserate (nGy h). C ,and
C, are the activity concentrations (Bgkg™) of **U,
Z2Thand “K respectively.

To edtimatetheannual effective doserates, thecon-
vers on coefficient from absorbed doseto effectivedose,
0.7SvGy* and outdoor occupancy factor of 0.2 pro-
posed by UNSCEAR, 2000 were used. The effective
doserateinunitsof mSv y* wascal culated by thefol-

lowingformula
Effectivedoserate(m Svy?) =D (nGy h) x8760h x 0.2x 0.7
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SvGy1x 10° (3
Calculation of hazard indexes

Theexternal hazard index, H_,, isdefined as.
H_ =(C,/370+C_/259+C,/4810)< 1 (4
Anadditiona hazardindex so cdled representativeleve
index iscal culated by using theformula®.
I, =(C,/150 + C., /100 + C,/1500) (5)
WhereC , C. and C, arethespecificactivities(Bgkg
1 of 28U, 22Th and “°K, respectively. The value of
theseindexesmust belessthan unity inorder to keep
theradiation hazard inggnificant.

RESULTSAND DISCUSSION

Theresultsof analysisof activity concentration of
238, 22Th and K radionuclidesin beach sediment
samplesfor different |ocations of thestudy areaarepre-
sentedin TABLE 1. Activity isreportedin Bgkg on
the basisof the sediment’s dry weight. The measured
activity concentrations range from 9.41+0.365 to
120.11+4.6 Bqgkg? for 238U, 5.12+0.3 to
109.59+6.6Bgkg™ for 2Thand 179.66+15.4 Bgkg*
t0 1183.05+102 Bgkg™ for K.

The maximum activity concentration of 23U
(120.113+4.6 Bgkg) and #2Th (109.59+6.6 Bgkg?)
wereobservedinAmran andAl-Akil station beach (S
4) and (S-38), whichistwo of thefamous historical
and tourism places. Thehighest activity concentration
of “K (1183.05+102Bqkg™) was found in Amran
beach (S-4) nearer tolittleAden city. Thelowest con-
centration of al radionuclideswasfound at Roadsea
Bridgebeach (S-31) (TABLE 1), which may bedueto
highcompositionof S.

TABLE 3 presentsthe absorbed doserate, annual
effectivedoseequivaent, externd hazard index and rep-
resentativelevel index values. Theca cul ated absorbed
gamma dose rate varied from 142.29 nGy h* (S-4,
Amranbeach) to 14.98 nGy h! (S- 31, RoadseaBridge
beach) with amean of 78.01 nGy h' . The mean ab-
sorbed doserate isfound to be 1.53 timesthe world
averagevaue (51 nGy h:119), Thecd culated values of
annual effective doserateranging from 0.073t00.69
mSv, with amean vaue of 0.38 mSv, whichislower
thantheworld average value of 0.48mSvi%, Thecal-
culated valueof externa hazard index rangesfrom 0.08
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TABLE 1: Geographical location and activity concentration of 28U, 22Th and “°K in thebeach sediment samplesof Aden coast
on gulf of Aden, south of Yemen.
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L atitude Activity concentration (Bg/ kg)

S.no Name of the site

Longitude

238U 232-|—h 4OK
1 Kawa 12°44° 472 44°28°.367 69.74+2.68 77.56+4.7 1137.7+97.8
2 Mashhor 12°48°.395 44°33° 239 104.78+4.1 69.82+4.2 1076.44£92.6
3 Al-mansa 12°48°.302 44°40°.451 85.66+3.29 56.35+3.4 984.24+84.7
4 Amran 12°45°.273 44°43’.665 57.18+2.20 109.59+6.6 1183.1+102
5 Amran* 12°45° 277 44°44°.100 13.3375 14.32+0.87 291.45+25.1
6 Ras-Amran 12°44°.863 44°43°162 18.33+0.71 36.89+2.25 542.64+46.7
7 Fakam 12°46°.351 44°47°.882 67.43+2.61 69.35+4.2 1063.1+91.4
8 Fakam* 12°44°.939 44°49° 648 15.1+0.58 4751+2.9 444.17+38.2
9 Nasser houses 12°44°.163 44°52°.558 10.4+0.40 24.52+1.49 336.73+28.9
10 Al-adeer 12°44°.109 44°50°.055 34.1+1.31 31.63+1.93 451.38+38.8
11 Al-adeer Rest. 12°43° 988 44°53°.091 34.5+1.33 38.35+2.33 283.02+24.3
12 Koad-Anamer 12°44°.966 44°53°.468 20.7+0.81 29.1+1.77 236.69+20.4
13 Koad-Anamer* 12°45°.091 44°53° 957 14.98+0.58 17.13+1.04 390.54+33.6
14 Al-hisa 12°44°.789 44°54° 372 61.78+2.38 22.844+1.39 326.20+28.1
15 Br-Bra 12°44’ 814 44°54° 839 22.57+0.87 49.11+2.99 354.67+30.5
16 Bridge 12°46°.459 44°53° 450 95.9+3.69 63.37+3.86 592.71+50.9
17 Al-fars 12°47°.170 44°53°.698 37.26+1.10 35.39+2.15 616.56+53.1
18 Al-farsi* 12°46°.811 44°53°.679 22.66+0.68 35.99+2.19 794.46+68.3
19 Army comb 12°47°.901 44°53°.963 53.4+1.53 50.443+3.07 270.09+23.2
20 Gas station 12°48°.210 44°54°.154 47.097+1.8 48.6854+2.9 564.77+48.6
21 Iron factory 12°48°.474 44°54° 341 53.788+2.1 49.3226+3.0 478.8%+41.2
22 Radio-station 12°48° 911 44°54° 744 60.66+2.3 42.291+2.58 689.23+59.3
23 Radio-station* 12°49°.105 44°54° 946 32.82+1.6 53.288+3.2 614.73+52.9
24 Power station 12°49°.458 44°55° 951 71.20+2.75 58.593+3.56 804.07+£69.2
25 Ashaab city 12°49°.532 44°56°.243 47.66+1.8 65.27+3.98 751.15+69.6
26 Al-haswa Bridge 12°53°.955 44°58°.726 46.81+1.8 52.8038+3.2 688.55+59.2
27 Al-kasir Hotel 12°49°.642 44°57°.085 58.9+2.2 78.35+4.78 794.27+68.3
28 Anma City 12°49°.980 45°02°.914 69.94+2.6 43.96+2.60 739.21+63.6
29 haswa Mahmyia 12°49°.599 44°58°.058 54.44+2 1 60.86+3.70 664.10+57.1
30 haswa Mahmyia* 12°49°.469 44°58°.588 56.85+2.2 44.501+2.70 679.06+58.4
31 Roadsea Bridge 12°50°.564 45°00°.233 9.41+0.363 5.120+0.30 179.66+15.4
32 Labor Idand 12°48°.656 45°01°.419 28.02+1.0 49.303+3.0 341.17+£29.3
33 Al-arosa Rest. 12°46°.646 44°58°.764 26.16+1.0 9.598+0.58 226.09+19.4
34 Al-fed Gulf 12°46°.527 44°59°.076 29.17+1.1 36.124+2.21 474.04+40.8
35 Goldmor 12°49°.640 44°57°.084 51.87+2.0 28.3202+1.7 527.44+45 4
36 Golden club 12°46°.054 44°59°.374 50.5+1.9 30.39+1.8 781.46+67.2
37 Seara 12°46°.601 45°02°.758 93.32+3.59 50.37+3.1 721.89+62.1
38 Al-Akil station 12°47°.643 45°02°.383 120.11+4.6 49.27+3.01 931.32+80.1
39 Mercureo Hotel 12°48°.206 45°02°.478 51.57+1.98 102.91+6.28 1006.9+86.1
40 Aden University 12°48°.854 45°02°.619 26.92+1.03 20.21+1.23 922.65+79.4
41 Kornish Kahtan 12°49° 431 45°02°.747 21.80+0.8 82.56+5.03 796.48+68.5
42 Aden airport 12°49° 979 45°02°.914 25.93+1.0 41.17£2.5 775.36£66.7
43 Al-areish 12°50°.854 45°03°.216 41.90+1.6 80.056+4.88 1135.1+97.6
44 Al-alim 12°50°.759 45°04°.452 21.80+0.6 82.56+5.03 796.48+68.5
Mean 46.32817 48.755 646.8159

Aden Beach Minimum 9.41+0.36 5.12+0.30 179.66+15.4
Maximum 120.11+4.6 109.59+6.6 1183.1+102
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TABLE 2: Comparison of activity concentrationsof 28U, 22Th and “°K in beach sediment samples of Aden coast on gulf of
Aden, south of Yemen and other studiesin different beachesof theworld

M ean activity concentration

(Ba/kg)

Sl.no L ocation e Zry, a0 Reference
1 World 25 25 370 UNSCEAR2000
2 India 28.67 63.83 327.6 UNSCEAR2000
3 BeachsandEgypt e 177 815 Uosif et al (2008)
4 Beach sand Read sea coast Egypt 23.1 7.2 338 Harb (2008)
5 Hungary 28.67 27.96 302.4 UNSCEAR2000
6 Kuwait 36 6 227 Al-Azmi (2002)
7 Nigeria 16 24 35 Arogunjo et al (2004)
8 Kalpakkam in Tamiln adu India 112 1455.8 351 Kannan et al (2002)
9 Ullal in Karnataka, India 374 158 158 Radhakrishna et al (1993)
10 North east coast of Tamiln adu, India 7.82 24.52 274.87 Ramasamy et al (2009)
11 Aden coast on Gulf of Aden, south yemen 46.32817 48.755 646.8159  Present study
TABLE3: Theqbsorbeddgserate, annual effectivedoserate Site Absor bed Annual Hazard indices
and hazard indicesof all sites number ‘(’:;/ fﬁﬁ‘; dose F;Igc(:qv; - e It
Ste ~ Absorbed Annual Hazard indices 30 8166686 0.400625 0466662 1.276762
doserate Effective
number (nGyh')  doserate(m Svy?) Hex Iyr 31 14.98583 0.073514 0.082553 0.233711
1 126.8561 0.622305 0724514  1.9991 32 57.05694 0.279899 0.337039  0.907329
2 135.7909 0.666136 0.776562  2.11437 33 24.67547 0.121048 0.137483 0.376346
3 114.9546 0.563921 0.653743  1.790827 34 55.20959 0.270836 0.316892 0.871798
4 142.2989 0.698061 0.823632  2.265818 35 63.2227 0.310145 0.359194  0.980641
5 25.23639 0.1238 0.141306  0.400214 36 74.48744 0.365406 0416169 1.161246
6 53.54431 0.262667 0.304809  0.852915 37 103.859 0.509491 059679  1.60713
7 117.6911 0577345 0671031 1.85178 38 124.3679 0.610099 070849 1914352
8 54.31315 0.266439 0.316507 0.871674 39 128.2731 0.629256 0.746051 2.044165
9 33.76149 0.16562 0192811 0.539084 40 63.40239 0.311027 0.342652 0.996783
10 53.7837 0.263841 0307934  0.844074 4 93.39749 0.458171 0543318 1.502039
1 51.0126 0.250247 0.300292  0.802525 42 69.41608 0.340528 0390265 1.101548
12 37.07291 0.181865 0217455  0.58665 43 115.3858 0.566037 0658329 1.836624
13 33.67471 0.165195 0.187848  0.531601 44 23.07392 0.113191 0133421 0.370737
14 56.04537 0.274936 0323019 0.857844 Average  78.0179 0.382725 0447928 1.227615
15 54.98382 0.269729 0.324336  0.877978 Minimum  14.98583 0.073514 0.082553 0.233711
16 107.4817 0527262 0627124  1.668268 Maximum 1422989 0.698061 0823632 2.265818
1 64.48495 0316337 0365525 1013337 t00.82. The repre&mtetive levd index valuebe ng 0.23
18 65.5799 0.321709 0.365405 1.040698 . .
19 66.48999 0206173 020582 1oaoss  [02:26, withtheaverageof 1.22, higher thantheworld
20 7488584 0.36736 04363 1177353 average(0.66 Bokgh).
21 74.75433 0.366715 0435369 1.171073 Largevariation among theradioactivity concentra-
2 8251668 0.404794 0470524 1286802  tion for different sites has been observed. It may be
23 73.16886 0.358937 0422259 1161521 duetogeologicd conditionand drainage pattern of the
24 1020573 0.500652 0585837 1.596669  study area. According to Harb, large variation of ra-
2 9299306 0456187 0536999 147124 dfionuclidesin beach sedimentsmay be dueto the con-
26 saa01 0404423 0478552 1299171 i jouswave action, asthewavesreachesup to about
2 1078615 0529125 0626636 1.705209 1 om from thewaterline duri ng hightideand resultsin
28 89.91965 044111 0512493  1.398812 . .
5o 8980041 0440569 osoon 14143, thefreshdeposition of heavy mineralsalong the sea-

shore. Thehighvaluescould beexplained asduetothe
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presenceof black sands, which areenrichedinthemin-
eral monazite containing asignificant amount of 22Th.,
Theenrichment occurs because of the specific gravity
of monazite allowsits concentration along beaches
wherelighter materials are swept away!*y. Themean
activity concentrations of 28U, 2?Th and “K is 1.8,
1.9and 1.7 timestheworld averagevaues®. TABLE
2 showsthe comparison of observed activity concen-
tration of 2%U, 2?Th and “K in the present samples
with literature valuesof different beaches.

CONCLUSION

Thedataobtainedinthe present work cover awide
areaintheAden coast on Gulf of Aden south of Yemen,
which can be considered asthe base-lineof theregion.
Thelowest concentration of uranium (9.41+0.36 Bq K g-
1) was observed in Roadsea Bridge beach sediment,
andthehighest (120.11+4.6 Bq Kg-1) in Al-Akil station
sediment. Smilarly, thelowest (5.12+0.30 BgKg-1) and
highest (109.59+6.6 Bq Kg-1) levels of *Thwerefound
in RoadseaBridge sediment and Amran sediment. This
indicatesthat the radioactive mineralsare distributed
erraticaly. Thelowest (179.66+15.4 Bq Kg-1) and high-
est (1183.1+£102 Bq Kg-1) levels of “K werefoundin
RoadseaBridge sediment and Amran sediment, respec-
tively. Smilarly, Thetota absorbed radionuclidesfrom
ambient air rangesfrom 14.98 nGy h-1t0 142.29 nGy
h-1with anaverageof 78.01nGy h-1. Thehighest dose
rateswerefoundin Amran, which werehigher than the
internationa recommended limit. Vauesof annud effec-
tivedoserangefrom 0.073 mSv/year to 0.69 mSv/year
with an average of 0.38 mSv/year which were higher
than theinternationa recommended limit. Vauesof Iyr
rangefrom 0.23 Bg/kgto 2.26 Bg/kg with an average of
1.22 Bg/kgwhichwerehigher thantheinternationd rec-
ommended limit. Whilethe Hazard index va uesrange
from 0.082to 0.82 which werelower than theinterna-
tiona recommended limit. Thereforethe present study
haspointed out theareaunder study need further studies
inorder to better understand theoriginand distribution
of naturdly ocurring radionudlide.
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