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Abstract:Thirtysamplesof phosphate rocks were chosen to achieve this work.Sampleswereobtained
fromQuseir,Hamrawein,SafagaalongCoast of the Red Sea, Egypt.Distributions of natural radionuclides of 28U
®Ra, #*Th and”K in these samples were determined usinga high- purity germanium detector (HPGe)
withaspecially designed shield.The content of uranium andradiumis higher than permissible level in all samples
, butthe content of thoriumand potassium is low.The activity ratios betweenThorium to Uranium concentration
for all phosphate samples were calculated (**2Th/?8U) (Clark value).The activity ratios 2*U/?®U, Z°Th/?8U,
BOTh/3%y,2Ra/®U, U0 and  P'U”PU were  calculated to  estimate the radioactive
equilibrium/disequilibrium in the area under study.In order to evaluate the radiological hazard from phosphate
rocksin this area the radium equivalentactivity (Ra.,), absorbed gamma dose rate (D), annual effectivedose
equivalent (AEDE), external hazard index (He,) andexcess lifetime cancer risk (ELCR) were calculated.In this
work , the activity concentrations of Radon “’Rn, radon emanation factor ,radon mass exhalation rate and
annual effective dose from radon in these locations of the phosphate samples were calculated. This study reveals
in general that all samples are exceeding the worldpermissible safe criteria and consider a risk source for
human environment.
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. Introduction

Studiesofnatural environmental radiation and radioactivity are of great importance and interest for the
environmentas well as many other disciplines.Environmental radiation originates from a number of naturally
occurring and human-made sources .The estimation of exposure to ionizing radiation is an important goal of
regulatory authorities and radiation protection scientists. Thus knowledge of the background radiation level isof
paramount importance( Dreketal .,2010).The distribution of radionuclides varies from area to another due to
many reasons like the geological localities and natural chemical reactions as well as man activities.Study of
natural radioactivity is usually done in order to gaininformation about the present levels of harmful pollutants
dischargedto the environment itself or in the living creatures .Phosphateoresof sedimentaryorigin have higher
concentrations of radionuclides of the uranium family,the uranium concentration in the sampling region is more
dependent upon the climatic effects , seasonal variability and the effects of evapotranspiration.Phosphate ores
are present in thechemical form of calcium phosphates Cas(PO,4), which are very oldmarine deposits associated
with fossils. This form represents 85% of theworldwide production. The second type of phosphate materials
isapatite that is igneous origin(El- Bahiet al ., 2017) .Phosphates are used extensively, as a source of
phosphorous for fertilizers and for manufacturing phosphoric acid and gypsum.The use of phosphate fertilizers
in agricultureand of gypsum in building materials is a further sourceof possible exposure to the public (Gaafar
.,et al2016 ). Elevated radon exposure to the public can further be expectedin sites being developed for housing
(Vandenhove, 2000).The relative activities or abundance of a parent and daughter radioactive nuclei provide
basic information about the type of equilibria and enrichment/ depletion processes like the measured ratios
of*U/P8U, #°Ra/”PU, Z°Th/?8U, 2°Th/*U and °Ra/”Th. Thephosphatedeposits in Egypt are exposed in
three major areas named : the Western Desert , the Nile Valley and along the Red Sea between Safaga and
Quesir (Fig. 1). These deposits yield ore containing 90% phosphate and from 25 to 100 ppm uranium. Lesser
importance are phosphate deposits in the Sinai Peninsula, which are of lower grade and considered to be
commercially insignificant. The total phosphate reserves in Egypt are estimated to exceed 3 billion tons
(Notholt, 1985).In this work, theactivity concentration of “°K, ?°U , *Raand #*2Th in some phosphate rock
samples collected along the Red Sea between Quseir and Safaga are measured. Three locations of phosphate
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mines have been selected for this study and they are fromSafaga -Quseir. The results were used to assess the
radiological hazard associated with the absorbed gamma dose rate D, the annual effective dose rate, radium
equivalent activities (Ra.q) and external hazard index (H.y),also excessive lifetime cancer risk was calculated.

Geology of the study area

Quseir-Safaga area is located in the Central Eastern Desert of Egypt, between latitudes 25° 58 * and 26°
22 ' N and longitudes 34° 03 * and 34° 22 * E (Fig 1).In the region of the Eastern Desert (Red SeaCoast) the
phosphorite-bearing strata are knownas the DuwiFormation.These beds rest withconformity on the Quseir
variegated shaleand areoverlain by the deeper water marls and chalks ofthe DakhlaFormation (Fig. 2).The
mainphosphorite mineral is carbonate-fluorapatite (francolite). The non-phosphaticminerals are represented by
dolomite, calcite,quartz, pyrite, goethite, gypsum, smectite, andkaolinite (Dabous,2003).The clay minerals
associated with Egyptianphosphorites occur mainly as a matrix or as a fillingof the intergranular pores. Some
clay mineralsare also present as parts of the phosphaticpellets,or as fillings of the cavity-like microstructuresin
the bone and teeth fragments(Gaafaret al ., 2016).The iron minerals goethite, hematite, and pyritehave been
found as coatings on the outer surfacesof phosphate pellets and as parts of the cementingmaterial .

£ . ¥

MEDITERRANEAN SEA

30° 30°
=
=]
<
o= ®

1Z .

Z.
~
=]
72
-
~

26 ™ 26°

—
Quseir-Safaga
area

Y P —) 100 km 360
— _ oa—— =
Fig( 1) Location map of Quseir-Safaga areaalong Red Sea, Egypt.
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phosphoritedeposits. A, B, and C are the major phosphoriteseams of the Duwi Formation in the Quesir-
Safaga area(DABOUS,2003).
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( Fig 3 )Geologic map of Quseir-Safaga area, Central Eastern Desert, Egypt (Gaafaret al., 2016).

Experimental Procedures

Sampling and sample preparation

Three locations of open-pit phosphate mines have been selected for this study. Thesamples were collected by
services partner,El-Quseir (34° 17'E 26° 05' N) ,El-Hamrawein (34° 10’ E 26° 12’ N) and Safaga (34°06' E 26°18’
N)locations. Thirty samples from ten mines were collected , three samples fromeach mine, locations as in fig
(3)samples fromEI-Quseir( Q1-Q4) ,El-Hamrawein (Q5-Q6), Safaga (Q7-Q10).The collected samples were
transferred to labeled polyethylene bags, closed and transferred to the laboratory for preparation and
measurements .The collected samples were dried at room temperature for aweek , crushed and sieved through
200 mesh size. The quartering technique was used to get arepresentativesamplefor eachhorizon. Weighted
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samples were placed in polyethylene bottles of 250 cm® volume. The bottles were completely sealed for more
than 4 weeks to allow radioactive equilibrium to be reached before measured by the gamma spectrometer. This
step was necessary to prevent the escape of the radiogenic gas*’Rn.After that the samples were subjected to
gamma-ray spectrometric analysis.

Procedure for gamma spectrometry

In the presentwork , a high — resolution gamma spectrometric system is used for the measurement of
the energy spectrum of emitted gamma ray.The system consists of a high purity germanium (HPGe) detector
coupled to a signal- processing units including a spectroscopy pulse amplifier and advanced multi-channel
analyzer . The(HPGe) detector has resolution(FWHM) of 1.85KeV for the 1332.5KeV y- ray line of ®°Co . The
y- ray spectrometer energy calibration was performed using®Co, ?°Ra and ***Am point sources. The detector
wassurrounded by a special heavy lead shield of about 10 cmthickness with inside dimension 28 cm diameter
40.5 cmheight. The absolute detection efficiency of the HPGe detectorwas determined by using three well-
known reference materialsobtained from the International Atomic Energy Agency for U, Th and K activity
measurements: RGU-1, RGTh-1 and RGK-1(Abd El-Halim ,.et al 2017) . The sample container wasplaced on
top of the detector for counting. The same geometryand size were used for both the samples and the
referencematerials ( Pekalaet al., 2010).2*®U wasdetermined from the gamma rays emitted by its daughter
products®*Th and ***™Pa activities determined from the 63.3 and 1001 keV photo peaks, respectively, “**Bi
(609.3, 1120.3, 1238.1, 1377.7 and 1764.5 keV), ***Pb (295.1 and 352.0 keV). The specific activity of *°Ra was
measured using the186.1 keV from its own gamma-ray (after the subtraction of the 185.7 keVof **U). The
specific activity of 2?Th was measured using the 338.4, 911.2 and 968.9 keV lines from **Ac and 583 keV
peak from 2®Tl,and**K was measured using 1460.8 keVpeak.The measurementduration was up to 70000
sec.The obtained spectra were analyzed, in order to determine the background distribution due to naturally
occurring radionuclides in the environment around the detector, an empty polyethelene container was counted in
the same manner as the samples. The activity concentrations were calculated after measurement and subtraction
of the background. The activities were determined from measuring their respective decay daughters. The
activity concentrations were calculated from the intensity of each line taking into account the mass of the
sample, the branching ratios of the vy-decay, the time of counting and the efficiencies of the
detector(Papaefthymiouand Psichoudaki,2008) .

Il. Results and discussion

Activity Concentration

Activity concentration of ?*Ra, %®U, ?*U,**Thand “°K for phosphate rocksamples were calculatedas
illustratedin(Table 1).The activity concentrations of U range from 341.39 t01571.55Bq/kg, **Th from 9.63 to
16Bq/kg, **Ra from 643.98to 2147Bq/kg,2°Ufrom16.08to 73.3Bg/kg and*’K from 75.84 to 138.38Bq/kg.The
radioelements worldwide average (W.A.) values are33 Bg/kg for U, 32 Bg/kg for ?°Ra, 45 Bq/kg for %*?Th,
412 Bq/kg for “K and 33Bq/kg for®**U(UNSCEAR,2010)as shown in fig ( 4).The activity concentrations of all
studied samples for radium,uraniumare higher than the permissible level, but the activity concentrations of all
studied samples for thorium and potassiumare lowerthan the permissible levelthe activity concentrations of
most studied samples for®**Uarehigher than the permissible level except samples (Q1, Q2)arelower than the
permissible level . Radium is the most dangerous decay product of uranium due to gaseous nature of its daughter
radon , whose half-life is 3.8 days .During inhalation of phosphate dust , the alpha particles emanating from
radon induce radiation damages to lungs. These results indicate an increase in radium activity
concentration.Actual  radionuclide concentrations will vary in location because of varying geological
characteristics of phosphate ores in different regions.

(Tablel )The activity concentration of °Ra,**U, **°U ,***Thand 40K (|n Bq/kg) of the phosphate samples.

Locality Sample Ra =8y #2Th K

Q1 726.72 341.39 * 16.08* 16 116.41

Quseir Q2 643.98* 495.26 23.52 10.66 138.38**
Q3 1080 840.37 38.78 13.02 97.36
Q4 1776 1320.04 61.34 14.29 75.84*
Q5 2147** 1569.91 1EEF== 9.63 * 131.5
Hamrawein Q6 1364 980.41 45.61 14.36 109.5
Q7 964.81 804.62 37.63 14.51 112.6
Q8 1885 1374.22 65.03 13.3 87.25
Safaga Q9 2076 1121.97 51.39 16** 89.92
Q10 1843 1571.55 ** 725 16 88.73

P.L 32 Ba/kg 33Ba’kg 33Ba/kg 45Bqg/kg 412Bqg/kg

* The lower value.** The higher value
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(Fig4) The activity concentrations for 28U, 2*U,**Ra, ?Th, “°K in the phosphate samples in comparison
with the permissible level (p.1.).

In this worktheconcentration of 2®U and %2Th in phosphate samples (in ppm) and activity
ratio”®?Th/*®*Uwere calculated and illustrated in (table 2).The concentrations of *U range between 27.53 and
126.6 ppm, and **Th between 2.37 and 3.94 ppm, while the **Th/?®U ratios range between 0.01 and 0.14
which is lower than the Clark’s value (3.5) .

(Table 2)The U and ®**Thconcentrationinphosphate samples (in ppm) and **Th/**®U ratio.

Q1 27.53* 3.94%* 0.14**

Q2 39.94 2.62 0.06

Quseir Q3 67.77 3.2 0.04
Q4 106.45 3.51 0.03

Q5 126.6%* 2.37* 0.01*

Hamrawein Q6 79.06 3.53 0.04
Q7 64.88 3.57 0.05

Q8 110.82 3.27 0.02

Safaga Q9 90.48 3.94 0.04
Q10 126.73 3.94 0.03

* The lower value.** The higher value.
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Activity Ratios

The basic rule of U-disequilibrium study is that after a period of time of about 5-6 half-lives of
daughter, the parent and the daughter will have similar activitiesifthere is no disturbance in the system (secular
equilibrium) . If there is a disturbance by any process resulting in a net removal or addition of either of the two,
the activity ratio is no longer unity but departs from the equilibrium value to an extent that depends on the
characteristics of the disturbanceprocess. This is the state of disequilibrium.Disequilibrium between **®U and
24 in natural waters and sediments isacommon phenomenon. Mechanisms responsible for such disequilibrium
include a- particle recoil ejection of ?*Th (a precursor of #*U) (fig.5) into solution.This process led
tofacilitating the solubility of thisisotope. Therefore, the **U/?*®U activity ratios of surface or groundwaters are
usually greater than unity(Dawood,2010).Physical processes involve a-recoil while chemical processes involve
leaching through either acidic or alkalinesolutions.Although ?**U and #*®U are chemically of the samebehavior,
they also exhibit fractionation due to physical process. As a result of alpha particle emission from the parent
381, the recoiled **U is added to the water.

Accumulation of
oxygen atoms

0, — PUS = T

Recoil
(Fig 5) A conceptual model of physical and chemical events when?®U decays to 2*U( El-Aassyet al .,
2015 ).

The activity ratios **Ra/**®U were calculated for all rockphosphate samples (see Table 3) which show
disequilibrium between **Ra and **®U( 1.2 -2.12 ) . The activity ratios”**U/*®Uforallsamplesshow
equilibriumaround unity exceptQ8greaterthan unity and deviating from secular equilibrium.High value of
2*Uisotope than *®*U may be due to alpha recoil phenomenon(physical model) as shown in fig 5, Another is
related to the chemically unstable state(chemical model). Theactivity ratios of 2°Th/?*U and **Th/?8U(Table 3)
formost samples areshowed equilibriumaround unity,except( Q8,Q9,Q10) lower than unity. Where theactivity
ratios (**Ra/”*U >1), (*°Th/**®U and #°Th/**U<1) for sample Q8 show in (Table 3) which indicating
preferential migration in/ or accumulation ofuranium.The ?*®U/**U activity ratio for all phosphatesamples vary
between 21.05 and 21.83(Table 3)which reflect little deviation from the normal ratio (21.7)as shown in figure
(6).The value of ratio 2*U/**U in Table (3) is varied between 19.18 and 29 which mean uranium leaching out
from sample due to alteration processes showedin figure (7).

(Table 3)Activity ratios of Phosphate samples at Quseir-Hamrawein-Safagaarea ,Eygpt.

Locality Sample 238U /235U 234U /235U 234U /238U 230Th /238U 230Th /234U ZZGRa/238U
Q1 21.22 20.27 0.95 1.03 1.07 2.12
Q2 21.05 19.18 0.91 0.81 0.89 1.3
) Q3 21.66 23.62 1.09 1 0.92 1.3
Quseir Q4 21.52 21.79 1.01 1.04 1.03 13
Average 21.36 21.21 0.99 0.97 0.97 15
Q5 21.41 24 1.12 0.86 0.76 1.4
Q6 21.49 20.74 0.96 0.93 0.96 14
Hamrawein Average 21.45 22.37 1.04 0.89 0.86 14
Q7 21.38 19.32 0.9 0.81 0.9 1.2
Q8 21.13 29 1.4 0.78 0.56 1.4
Q9 21.83 21.61 0.98 0.48 0.49 1.9
Safaga Q10 21.66 22.11 1.02 0.53 0.52 1.2
Average 215 23.01 1.07 0.65 0.61 1.42
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(Fig 8)Schematic diagram showing the evalution of “*U/*®U versus 2°Th/**®U activity ratios for
allphosphate samplesat Quseir- Hamrawein-Safaga area.

In a plot of **U/**U versus Z°Th/?8U (Fig. 8), thepathways of return to equilibrium for solid phases
areshown for two cases: accumulation of U (*°Th/”®Udecrease)and leaching of U (*°Th/?®U increase)as
samples(Q2,Q5,Q7,08,Q9 and Q10).The presence of data points in the forbidden zones maybe explained as a
result of continuous and contrasting Umobilization processes.Depending on the relative rates of U gains and
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losses and on the intensity of the Ufractionation, it is possible to explain the data points presentin the forbidden
Zone.

According to judging standards, activity ratios between0.90 and 1.10 are referred as secular
equilibrium within theconservative (10 %) analytical error for the samples. Itis supported by the Thiel diagram
(Fig. 8), in which thesamples that plot into the boxed-in area(Q1,Q3,Q4, Q6 )areconsidered near or at secular
radioactive equilibrium. Plots of the samples deviating from secular equilibrium,i.e., larger than 1.10 or less than
0.90 for 24U/?8U,2°Th/?%8U, 2°Th/***U and *?°Ra/**°Th, fall into the forbiddenregion in the Thiel diagram (Fig.
8), a complexgeochemical region where the systems can be identified ashavingsufferedcomplicatedUmigration.
A complex leaching and accumulation of uranium might take place(Abdel Gawadand Ibrahim,2015) .

Radiologicalhazardindices
Radium Equivalent (Ra.g):

Radium equivalent (Ra.g) index in Ba/kg is a widely used radiological hazard index. It is a convenient
index to compare the specific activities of samples containing different concentrations of ?°Ra, Z?Th and*’K. It
was defined on the assumption that 10Bg/kg of ***Ra, 7Bq/kg of *Th and 130Bq/kg of °K produce the same
gamma dose rate. It was calculated as follows.

Raeq=Crat1.43 C1p+0.077Ck...conevnennen D)

Where Cgr., Crn and Cy are the activity concentrations of **Ra, *’Th and “°K in Bg/kg,
respectively.Rag, was estimated for the collected samples and are given in Table(4 ). The values of Racgfor all
phosphate samples varied (from 669.88to 2170.9)Bq kg®, were estimated higher thantherecommended
maximum value of 370 Bq kg™ (Ababneh et al ., 2010).

External Hazard Index (Hex) :

The external hazard index (Hey) represents the external radiation exposure associated with gamma
irradiation from radionuclides of concern. The value of H,, should not exceed the maximum acceptable value of
one in order to keep the hazard insignificant. The external hazard index (He) is defined by equation (Jankovicet
al.,2008):

Hex=(Cra/370+Cr/259+C/4810)<1 ....ooeviininene.. 2)

Where Cgs, Crn and Cg are the concentration in(Bq Kg™) of radlum thorium and potassium
respectively. The values of H,for all phosphate samples varied from (1.81-5.86 ) , were found to be more than
1given in Table (4).

Radiation Level Index (1,):

This index can be used to estimate the level of y-radiation hazard associated with the natural
radionuclides in the samples; it is given by the equation
I, = Cra/150 + C71/100 + C/1500  .........coceeneenne. ?3)
WhereCRa, Cr and Ci are the activity concentration of **Ra, **Th, °K in Bq/kg, respectively.The value of
these indexes must be less than unity in order to keep the radiation hazard insignificant ,the values of
Representative Level
Index (1,) from ( 4.49 -14.49 ) for all samples are found to be more than 1 given in Table (4).

Absorbed Dose Rate D:

The absorbed gamma dose rates in air at 1 m above the ground surface for the uniform distribution of
radionuclides (**®U, 22Th and *°K) were calculated by equation :
D =0.427.Cy + 0.662+Cy, + 0.043.C (NGy/h) .......ceeininnns
where Cy, Cr, and Ci are the activity concentration of 22U, 2*Th and “°K in Bq/kg, respectively.The range of
absorbed dose rate in the samples due to natural radionuclidesis(161.34-685.42) nGy h *given in Table( 4). The
values of the Dose rate calculated during present study are found higher than the permissible level of 59
nGy/h(Abd El-Halim et al ., 2017).
The annual outdoor effective dose (E,,) is estimated from the outdoor external dose rate (Do), time of stay in
the outdoor or occupancy factor (OF = 20 % of 8760 h in a year) and the conversion factor (CF = 0.7 Sv.Gy™) to
convert the absorbed dose in air to effective dose. During the present study, the E,; was calculated using the
following equations from(UNSCEAR, 2010):
Eout = Dout (NGy h™) « 0.2« 8760 h 0.7 (Sv« Gy (5)
the outdoor effective dose rate E, range from (0.19 to 0.84mSv/y) , thevalues of the all studied samples listed (
in table 4)are found higher than the world’s average 0.07 mSv/y
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Excess lifetime cancer risk (ELCR) :

The value of annual effective dose excess lifetime cancer risk (ELCR) was calculated by using the
equation :
ELCRo=Eqw LE-RF 6)
WhereE,, is the annual effective dose, LE life expectancy (66 years) and RF (Sv™) is risk factor per Sievert,
which is 0.05 .The values of ELCR,, range between ( 652.75 x10°%and 2773.11 x107®)in the phosphate
samplesTable (4).All values are higher than the permissible level0.29 « 10°3(Qureshiet al ., 2014).

(Table4 ) The values of radium equivalent (Bg/kg), radioactivity level index , external hazard, the outdoor
absorbed rate (nGy/h), outdoor annual effective dose (mSv/y)and outdoor Excess lifetime cancer risk
atQuseir-Hamrawein - Safaga,Egypt .

Raeg 1, Hex Diouy Eeftioun ELCR@u
Locality Sample (Ba/kg) (Ba/kg) (Ba/kg) (nGy/h) (mSvly) *107-3
Q1 758.56 5.08 2.05 161.34* 0.19* 652.75*
Q2 669.88* 4.49 * 1.81* 224.46 0.27 908.13
Quseir Q3 1106.12 7.39 2.98 371.62 0.45 1503.51
Q4 1802.27 12.03 4.87 576.35 0.706 2331.79
Q5 2170.9*%* 14.49** 5.86** 682.36 0.83 2760.71
Hamrawein Q6 1392.97 9.31 3.76
432.82 0.53 1751.13
Q7 994.22 6.65 2.68 357.99 0.43 1448.36
Q8 1910.73 12.75 5.16 599.32 0.73 2424.74
Safaga
Q9 2105.8 14.05 5.69 493.51 0.60 1996.65
Q10 1872.71 12.5 5.06
685.42** 0.84** 2773.11 **
P.L 370 Bg/kg unity unity 59 nGyh-1 0.07 mSvy* 0.29*%107-3
*The lowest value **The highest value

(Table 5) The values of the activity concentration of radon ’Rn (Bg/m?) ,radon emanation factor, radon
mass exhalation rate and the annualeffective dose from radon (AEDg,) in the Phosphate samples
atQuseir-Hamrawein - Safaga , Egypt .

Locality Sample Ra-226 Pb-214 Frn 22Rn Ern AEDk,
Bag/kg Bag/kg (Bg/m®) (mBg/kg.s) (msvly)
Q1 726.72 515.37 0.29 2056.43 0.44 14.12
Q2 643.97* 453.82* 0.29 1850.21* 0.39* 12.7*
) Q3 1080 791.88 0.26 * 2803.4 0.6 19.25
Quseir Q4 1776 1240 0.3 5215.28 1.12 35.81
Q5 2147 1366** 0.36 7599.13 1.64 52.19
Hamrawein Q6 1364 913.17 0.33 4386.57 0.94 30.12
Q7 964.81 682.75 0.29 2744.44 0.59 18.84
Q8 1885 971.8 0.48 8885.43 1.91 61.02
Safaga Q9 2076 968.43 0.53** 10776.65** 2.32%* 74.01 **
Q10 1843 1234 0.33 5925.57 1.27 40.69
The lowest value **The highest value

Radon Exhalation Rates

The Radon mass exhalation rates the emanation rate coefficient and the fraction of **’Rn that can
diffuse through the raw and building materials is known as the emanation coefficient. The emanation coefficient
(Crn) is a very important radiological index that can be used to evaluate the amount of the ??Rn emanated
fraction released from the building raw materials and products containing, naturally occurring radionuclides
such as °Ra in radioactivity equilibrium with its parents. The emanation rate is estimated by measuring gamma
rays from the radon decay daughter products, ?*Pb or®*Bi. Assuming an equilibrium state :Cg,= C p+ Cgy

Where C g, is the measured activity of ?°Ra, C p is the measured activity of the daughter elements **Pb (or
1Bj) and Crais the estimated activity of “’Rn, which escapes into the surrounding environment.Cgqcan be
expressed through the introduction of the radon emanation factor F, which is defined as (loannides et al.,
1997).

CRn = (CRa_ CD) XD it (8)

Where p is the density of radon ( 9.73 kg.m™®), The introduction of the radon factor F, which is defined as :
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Cs CRa - CD

F = =
CRa CRa

.. (9)

The mass exhalation rate or radon mass exhalation rate is the product of the emanation factor and **’Rn
production rate (Seref and Lufullah., 2008) , the mass exhalation rate (Eg, in Bg/Kg.S) was determined by the
following equation:

Ern = FRru-ARa:ARn wor ver eoe eor vee ene one (10)

Where: Ag.is the specific activity of “°Ra (Bq/Kg) and Agyis the decay constant of 2?Rn (2.1x10° ™).
Radon concentration was converted in to an effective dose, because the long standing exposure to high
concentration of radon and its progenies may lead to pathological effects like lung cancer. The effective dose
received by workers due to inhalation of radon gas and its decay products, where calculated by relation [ICRP,
1993] :

CRn x0.4 XK xH
AEDp, = —————————— ... . 11
Rn ™ 3700 Bq.m—3 x170h (1

Where AEDg, is the annual effective dose (mSv.y™), Cr, is the emanation coefficient of radon (Bg.m"
%), K is the ICRP dose conversion factor (5 mSv WL.M™ for occupational worker and 3.88 mSv WLM™ for
general public), H is the annual occupancy at the location 2160 h for workers and 7000 h for residents (80 % of
total time) and 170 is exposure hours taken for WLM™ (Work Limit in Month)(Nikl and vegvari,1992).
Table (5) representsthe activity concentration of 2Rn, radon emanation factor F, radon mass exhalation rate and
the annual effective dose from radon (AEDg,).The activity concentrations of ?Rn were varied between
(1850.21- 10776.65) Bg/m® the highest value of activity concentration of**?Rn appear in thesample Q9, but the
lowest value?”?Rn appear in the sample Q2 .The values of the radon emanation factor and the radon mass
exhalation rate of the samples are ranged from (0.26 to 0.53)and (0.39 to 2.32) mBq/Kg.s, respectively.The
lowest value of the radon mass exhalation rate represent in Q2 while the highest value in the sample Q9 . The
annual effective dose from radon AEDg, in thesamples ranged between (12.7 — 74.01) mSv/y, the highest value
appearsin the sample Q9, but the lowest value appears in the sample Q2.The results indicate high levels of
annual effectivedose from radon inSafaga locality. All the samples in this locality were higherthan the
maximum permissible dose limits (10 mSv) recommended by(ICRP, 1993).

I11. Conclusions

The activity concentrations of >®U, #*Ra for all phosphate samples atQuseirHamrawein-Safaga area are
higher than the world's average , while The activity concentrations of ?*?Th and “°K are low . All the
phosphatesamples have the *?Th/?*®U ratio less than the Clark's value (3.5) .The activity ratios *Ra/?**U
showeda state ofdisequilibrium betweenthe most of samples. While the activity ratios between #*U/*®U forthe
most ofsamplesareinthe trend of U migration out equilibriumstate.Activity ratios **Th/2*U and *°Th/?8U
foundgreater than unity, which is consistent with the preferential mobilization of uranium from the phosphate
by leaching process.The radium equivalent and external hazard index , dose rate have high values. The ELCR
factor assessed during this work on the basis of outdoor effective dose (E.) was found to be higher than the
permissible level. The activity concentrations of Radon??Rn, radon emanation factor and radon massexhalation
rate of the samples were calculated.The obtained measurements indicate high levels of annual effective dose
from radon in theselocations. All the studiedsamples are higher than the maximum permissible dose limits (10
mSv).This may indicate that the workers in the mines of phosphate receive higher total effective doses due to
high radioactivity, and the workers in these locations must be taken possible precautions and protection against
the high radioactivity to reduce the risk. The results of measurements will serve as base line data and background
reference level for Egyptian coastlines.
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