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ABSTRACT

Environmental radiation measurements are useful to identify areas of potential natural radiation hazard and assess
the human population dose due to terrestrial radiation, particularly in areas of mining activities where enhanced
radiation levels are expected to be present. Measurements have been carried out of the concentrations of primordial
radionuclides in samples of phosphate layers collected from Gafsa City and its surrounding region in central of
Tunisia, Moularaes and Kef Schfayer. The chemical composition in the phosphate samples was also analysed by X-
ray diffraction technique (XRD). Measurements of radon concentration levels, indoors and outdoors, were
performed in some workplaces situated within the phosphate deposit area using solid state nuclear track detectors.
The results show that concentration ranges (minimum to maximum, inBq .kg?) of the naturally occurring
radionuclides, comprising “K, ?*Ra, %8U and %**Th from Moularaes are 21.6-149.4, 360.9-580.2, 20.3-85.8 and
12.5-70.6 respectively. The corresponding concentrations ranges (Bg.kg™) from Kef Schfayer are 15.2-28.8, 285.7-
447.9, 6.9-24.9 and 26.9-76.4, respectively. The calculated absorbed doses are higher than the global population
weighted average. The chemical analysis shows that the phosphate layers are composed of CaO, P,Os, SO,, Al,0s,
05 and Fe, O3, The concentrations and chemical distributions of heavy metals (Cd, Cr, Zn, Ni, Cu, Cd and U) in
Moularaes and Kef schfayer phosphate ores were investigated. The margin of concentrations in ppm of Cd, Cr, Zn,
Ni, Cu, Cd, U in Moularayes are 116-209, 74-241, 47-60, 0.66-10.23, 18-54, 112-206.3 respectively, the variation
of this heavy metal in ppm in Kef Schfayer are 102-237, 106-176, 33-56, 4.21-13.96, 29-64, 132-168.4,
respectively. The radon concentration levels as measured in some wor kplaces in kef Eddour lounder within the area
were found to be within the range of of 5 to 130 Bq.m* and an average value of 23.8 Bq .m, which are below the
ICRP action levels. The results may be useful in the assessment of the exposures and the radiation doses due to
naturally radioactive element contents in the phosphate sampl es.

Keywords. Phosphate rocks, radon measurements, radionuefféetive dose, dose assessment.
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INTRODUCTION

Phosphate rock (PR), in general term, describesiralbt occurring mineral assemblages containinghhig
concentrations of phosphate minerals [1]. Mostmamly of the apatite group {G4¢PQ,); [F, OH or CIJ}[2]. PR

can be commercially exploited; either as raw maten after some processing is performed. Phosphdtrind as
sedimentary, igneous and metamorphic rocks in #mgh's crust. Eighty percent of the world phosphiaiek
production is derived from igneous rocks and thedathering derivatives and the remainder come fresidual
sedimentary and guano-type deposits. Phosphatesittepoe used as raw material for manufacturinghafsphate
fertilizer [3], the remainder being used for anirfe#d additions and industrial applications inchgldetergents and
metal treatmer{#], and, also as a minor constituent, phosphatelited to many products of daily use such as: soft
drinks, vitamins, toothpastes, light bulbs, flaresistant fabrics, optical glass, safety match headsmetics,
shaving crearjb].

Environmental radiation measurements are usefiddntify areas of potential natural radiation hazand assess
the human population dose due to terrestrial rexiiaparticularly in areas of mining activities wheenhanced
radiation levels are expected to be present.

PR processing is one of the non-nuclear sourceschhologically enhanced natural radiation (TENRj tresults in
the increase of exposure to man from natural radilises such a&®U and®®Ra in the particulates emitted from
plants [6, 7, 8]. It is known that the main raditvaty of phosphate rock deposit is due’U and its decay
products [9]. Emanation of radof*Rn) is associated with the presence of radium &mdiltimate precursor
uranium in the ground [8]. Also, phosphate miniatpase toxic metals in the environment such asAGCo, Cr,
Fe, Pb, Ni, etc. These metals when present in mioirmilling dust are washed out from air throught Weposition
but then enter the surface waters through run aff pollute the environment by accumulation in saild
contaminate the food chain [5].

Tunisia is one of the large phosphate producetisérworld with a production capacity of more th&nniillion tons
per year (since the early nineties). Phosphatesinglin Tunisia is considered a very developedmse&hosphorite
deposits in Tunisia are located in the north-sdsts and in the Gafsa-Metlaoui region. Gafsa basiane of the
most geologically investigated areas in southemisia [5].

The exposure to workers in the phosphate mine laganot been controlled or monitored. In view & tarmful
effects on human health due to the mining and @sing of phosphate ore for the manufacturing ofcafjural

fertilizers, and other chemical products, it is orant to analyze phosphate ores for radioelementeat and
elemental composition, because these productstramsported around the world and because of tissilple
migration of elements from the fertilizers to saild plants, and via the food chain, to human beghere this may
results in health effects [10].

Also detailed chemical characterization of rock akpis required to check and account for heavyamebntent
because quantification of these pollutants relativautrient value of rock can help in designingl @mprovement
of the chemical process used for production in stigu5].

In the present study, an investigation was cardatto study the chemical and radiological charésties of
phosphate layers from two phosphate deposits of3¢afayer and Moularaes located in Gafsa in sontfianisia
in order to estimate the radiation dose receivedplysphate workers, two parameters were considdiethe
external radiation exposure from gamma radiatiod, @) the dose received due to the inhalatiorirbbane radon.

MATERIALSAND METHODS

|- Sampling

Phosphate Samples (la, Ib, II, lll, 1V, V, VI, Vidnd VIII) from Moularaes deposit and (I, Il 1IV] V and VI) from

Kef Schfayer deposit were randomly collected adogrdo the position of workable phosphate layecsrfibottom
to top (Figure 1 and Figure 2). The location maphef phosphate deposits and the places of phosgaiatgling are
presented in Figure 3 [11].

The samples were crushed with a jow crusher BB(R&sch, Haan, Germany) and dried at room tempreraiud
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then further crushed with a Mastersizer 2000 (Malvimstruments, Orsay, France) to pass throughmar2test
sieves (Retsch, Haan, Germany) for homogenizafiba.samples were further dried at G5for 24 h in an oven
memmert ELU 800 (Memmert, Schwabach, Germany) saienthe complete removal of moisture.

Dry samples of weight 170+2 g were sealed in ggisttiadon-impermeable cylindrical polyethylene eamers (5.5

cm diameter and 5 cm height). These samples wene left for 30 days to allo”®Ra and progeny to reach
radioactive equilibrium.
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Figure 1: Lithological cut of Moular aes deposit scale (1/200)
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Figure2: Lithological cut of Kef schfayer deposit scale (1/200)
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Figure 3: Location map of phosphate deposit in Gafsa M etlaoui region [11].

I1- Structural and chemical analysis

The X-ray diffraction (XRD) analysis was carriedt dor the phosphate samples using a Rigaku D/MEX-K-ray
diffractometer (Rigaku, Tokyo, Japan) with CuK-itn over the range 3670 with a scan speed O.thin™" at
room temperature. EDXRF spectrometer (Epsilon5, 8gdical, Almelo, and the Netherlands) was used for
chemical analysis of the phosphate samples.

I11- Radionuclide measurements

Measurements were performed to deterniffiRa, 2*Th, “°K and?**U using a HPGe detector Canberra coaxial P-
Type (CANBERRA Industries, Meriden, USA) with ssotution of 2 keV and a relative efficiency of 3@#1.33
keV. The 609 keV energy line df“Bi was used to determine tH&°Ra activity concentration, whereas, the
concentration of*®U was determined frorfi’Pa gamma lines. For tH&Th activity concentration, 228Ac energy
line was used. Calibration of the detection systeas performed using a certified multi-gamma sowod was
controlled by reference materials of Internatioftdmic Energy Agency (AIEA)IAEA 327 and IAEA 375.

1-Radium Equivalent

The gamma radiation hazard due to the natural nadimes’*®Ra,?**Th and**K was assessed by different radiation
hazard indices. The distribution 8fRa,?**Th and*’K in samples is not uniform. In order to compare #ttivity
concentrations and the radiological effects of phase samples, which contain such primordial raditides, the
radium equivalent activity (Rg as a common index has been used. The index cesifize activities of materials
containing different amounts of radium, thorium guatassium. The index is based on the estimatiah3R0 Bq
kg™ of *Ra, 259 Bq kg of **Th and 4810 Bq kg of “)K produce the same gamma-ray désed therefore Ra
can be written as:

R = Ara+ 1.43 Ay, + 0.077 A (A1)
Where Ap, , Ara and A are the activity concentrations 6¥Th, ?Ra and*’K, respectively in Bq kg, The

maximum value of Rg must be less than 370 Bqkin order to keep the external dose to be less tHEmGy.y*
[12].
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2- Absorbed and Effective Dose Rate:

The total absorbed dose rate in air (nGy.at 1-m above the ground due to the activity cafregions of**’Ra,
%32Th and potassiuffK were calculated according to United Nations SifienCommittee on the Effects of Atomic
Radiation [13] as :

D = 0.0417A + 0.462/, + 0.604A;, (A.2)
Where A, A, and A are the activity concentrations in (Bq§of “*Ra,?**Th and’K respectively.

To estimate the annual effective dose rate, thearsion coefficient from absorbed dose in air fe&fve dose (0.7
Sv Gy') and outdoor occupancy factor (0.2) are used #]3,1

AED=DxTxF (A.3)

where D is the calculated dose rate (nGY.IT is the outdoor occupancy time (0.2x24 hx36%12%753.2 h ),
and F is the conversion factor (0.7%18v.Gy") [13].

Another radiation hazard index called the represem level indexly, is defined from the following formula
according to [14, 15] .

Iy =1/50% Agg + 1/100% Ay+1/1500% A (A.4)
Where A, Ar and A are the activity concentrations fRa, *Th and*K in Bgkg?, respectively.

3- The external hazard index
The external health hazard indey ldrising from the use of this mineral was determibg employing the formula
[16].

Hox= Ard370 + Ar/259+ AJ4810< 1 (A.5)
Where A, Am and A are the activity concentrations BfRa, 2*Th and*K in Bq.kg?, respectively.

In addition to external hazard index, radon andtisrt-lived products are also hazardous to theinasry organs.
The internal exposure to radon and its daughtedywmts is quantified by the internal hazard indegx Which is
given by the equation:

Hin= ARa/185 + ATh/259+ AK/481& 1 (A.6)

Where A, Am and A are the activity concentrations BfRa, *?Th and*K in Bq.kg?, respectively. The values of
the indices (i, He,) must be less than unity for the radiation hatarde negligibl€®.

V- Radon measurements

The LR-115 type Il radon dosimeters were used is shrvey where 14 workplace locations (officebplatories)
were covered for indoor radon measurement in tree&eh Center of phosphate in the Metlaoui redioaddition,

another 72 locations in a phosphate mine of Kefudegion were considered for indoor and outdooasueements
of radon concentrations.

The dosimeters were left in each location aboveflttie away from walls (at least 10 cm) to providéegrated
measurements over a period ranged from 85 to 194 idathree different periods of 2013 (February-Mayril-
July and July-November).

1- Radon effective dose

In order to investigate the annual mean effectiveedH (mSv.¥) due to radon and its progeny to the persons
working in mines and warehouses, the concentratioadon was converted to effective dose by udiegfdllowing
relation [13] :

95
Pelagia Research Library



Mounira Khelifi et al Adv. Appl. Sci. Res., 2016, 7(1):90-104

H=CxFxDxTxO (A7)

where C is radon concentration in B for equilibrium equivalent concentration (EEfjtor, D for dose
conversion factor (9 x 10mSv.H" per Bg.n?), T for time (8760 h.y), and O for occupancy factor. The value of F
as mentioned in the UNSCEAR report is 0.4 for tiaobr environment and O was assumed to be 0.3qubedhe

workers spend about 8 hours per day at work [17].

RESULTS

|- Chemical analysis

The chemical composition of PR from Moularaes amd 8chfayer are listed in Table 1. The chemicalyesms of
phosphate samples revealed that the major elerfremisthe Moularaes phosphate deposit are CaOs, F5i02,
MgO, Al,O; SO; and FgOs with percentage ranges of (30.9-35.8 %), (17.54-24), (5.6-21,3%), (0.56-2.8 %),
(0.62-4.03 %), (1.22-6.11 %), and (0.01-0.93 %peetively.

The major elements from Kef Schfayer contained CQg, Si0, MgO, AlLOs;, SG;, and NaO FeO; with a
percentage ranges of (28.61-39.60 %), (22.46-2%),9(0.53-6.15%), (0.63-1.04%), (0.76-0.90%), (24332%)

and (0.21-0.25%) respectively.

Table 1: Chemical analysis of phosphate sample from Moularaes and Kef Schfayer deposits

Phosphate deposnL Layers COZO Pfgs S;/?z MgO % | AkOs % 805033 N(?/zo F%ZO3 (yFo
la 33.76| 24.46| 11.31 1.96 4.03 1.56 0.54 0.68 3.64
Ib 30.91| 17.53] 21.33 2.86 2.97 291 114 0.3 3.80
1l 35.87 | 23.01| 10.55 2.37 3.64 1.22 BLD 0.01 3/69
Moularaes H+1V 33.00 | 22.56| 15.04 1.48 2.37 5.1 1.30 0.74 .383
V 35.89 | 23.87| 5.66 0.56 0.62 344 0.01 BUD 3/78
VI 30.1¢ | 21.0f | 18.6¢ 1.5C 2.81 6.11 | 1.1t 0.8¢ | 3.9C
VII+VIII 35.2¢ | 23.5¢ | 13.67 2.0€ 2.4¢ 1.82 | 0.9C 0.5z | 3.6¢
| 34.66 | 2247 2.23 1.04 0.82 4.92 1.26 0.22 3.25
1l 39.60 | 26.33| 0.53 0.72 0.76 4.12 1.65 BLD 343
Kef Schfayer H+1V 34.16 | 22.93| 6.15 0.63 0.79 490 1.32 0.25 5&
V 28.61| 29.19 1.92 0.81 0.87 2.92 1.70 0.21 3.32
VI 38.52 | 26.6¢ | 2.5F 0.77 0.9 2,82 | 1.4z 0.2z | 3.4¢

BLD: undetectable
In Moularaes the | a, Il, llI+IV, VI and VII+Vlllsamples are considered as a rich layers withQg les between

23 and 23.8%, as a poor layer, we found I-b andvpes with a fOs ranges between 17.527 and 21.048%. The
CaO content in Moularaes layers ranges betweer83@8%.89%, in Kef Schfayar, the CaO ranged fron6 28.
39.6 %. The concentration of uranium in ppm ranffedh 112.3 to 206.5 in Moularaes phosphate layeid a
from132.2 to 168.4 in Kef Schfayer phosphate laybtgO content in Moularaes samples ranges betwegno0
2.8%, while in the Kef Schfayer samples the Mg® between 0.6 and 1%.

The elemental analysis of 12 layers of PR from Moags and Kef Schfayer (Table 2) showed that #eetmetal
contents of the PR analyzed varied greatly.

Two groups of trace metals may be easily identifiedording to their concentrations. The first gragnsists of
trace metals present in relatively high concerdrati Cr, U and Zn, the range of concentrations {gprivioularaes
deposit were: Cr (116-209), U (112-206), Zn (743244 Kef Schfayer, the margin of concentrationgppm was:
Cr (102-237), U (132-168.40) and Zn (106-168.40).

The second group consists of trace metals presembdderate concentrations: Cd and Ni. The rangésesa
expressed in ppm were: Cd (18-54), Ni (47-62) inuMoaes, wheras the concentrations ranges in ppKefn
schafyer were: Cd (29-64), Ni (42-56).
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Table 2: The elemental analysis of phosphate samplesfrom Moularaes and Kef Schfayer deposits

Phosphate deposit Layerg cr Zn Ni cu cd cl U
ppm | ppm | ppm | ppm | ppm | ppm ppm
la 202 | 241 52 9.68 18 99¢ 150.91
b 191 23¢ 47 10.2% 45 922 145.1¢
Il 204 | 15¢ 56 9.3¢€ 25 94% | 156.7:
Moularaes HI+1V 192 93 62 8.25 37 56 112.34
\% 209 | 123 49 5.37 54 950 206.53
VI 186 75 60 1.84 23 510 125.30
VI+VIIE | 116 74 56 0.66 34 918| 158.87
| 16€ | 13t 38 | 13.2: | 60 | 143¢ | 161.1¢
Il 172 | 14z 42 | 12.5¢ | 64 | 1512 | 139.0¢
Kef Schfayer HI+1V 102 | 106 26 4.43 29 356| 132.28
\% 237 | 176 33| 13.96 35| 1455 160.30
CVI 195 108 56 4.21 50 148y 168.40

The corresponding values of the third group, whimmmnsisted of trace metals present in relatively lsma
concentrations, were Cu concentrations varied 0086 to 10.26 ppm in Moularaes deposit and froni 40213.96
ppm in Kef scfayer deposit. The concentrations ahB Cl in Kef Schfayer and Moularaes phosphatepissrhave

a certain similarity.

I1- Radioelement analysis
The results of radioelement components of the giatepsamples layers collected from Moularaes aridSKkefayer

deposit are presented in Table 4.

The activity concentration of the naturally occogf?®Ra, ?**Th, “% and#*®U from Moularaes are with the ranges
of 360.9-580.2 Bq.k§ 12.5-70.6 Bq.kg, 21.6-149.4 Bg.kdand 20.3-85.8 Bq.kyespectively.

Table 4: Activity concentration in (Bg/Kg) of #°Ra, ZTh, °K, #& and radiation hazar d par ametersin phosphate samplesfrom
Moularaes and K ef Schfayer deposit

40K 232Th 238U Req D HE

Phosphate depos|t  Layers gqrgy | 220 E*Y | Giken) | @akes) | @akes) | meyna) (MSv.y-1) ro| Hin ] e
la 149 539 69 21 644 297 0.4 44 25 1.7
Ib 36 492 13 19 512 236 0.3 34 224 14
1l 26 574 71 26 671 309 0.4 46 2|13 1.8
Moularaes H+1V 35 361 49 15 429 198 0.2 2D 30 1j2
\Y 24 526 30 19 568 262 0.3 38 27 15
VI 23 580 31 29 625 288 0.4 42 313 1.7
VII+VIHI 22 562 13 29 580 268 0.3 39 34 16
| 86 457 76 18 566 261 0.3 39 32 15
1l 57 286 28 7 327 151 0.2 22 3[1 09
Kef Schfayer H+1V 36 448 27 25 487 225 0.3 3.8 22 13
\Y 41 400 31 16 445 205 0.3 30 17 1.2
VI 20 381 34 16 428 197 0.2 29 2|5 1.2

The results from Kef Schfayer 6%°Ra, 2*?Th, “°K and %*®U are with the ranges of 285.6-447.9 Bq-kg6.9-76.4
Bag.kg', 15.2-28.8 Bq.kdand 6.9-24.9 Bq.kf respectively. The Rafrom Moularaes and Kef Schfayer samples
ranged from 428.6 to 670.7 Bg:kand from 327.1 to 565.6 Bq.kespectively.

In order to calculate the dose rate in air forghesphate samples collected from Moularaes andSkkfayer area,
equation (2) was used. The results are shown iteTabthe dose rate ranged from 197 to 308.5 (Gywith a
mean average of 265.4 (nGy)tin Moularaes areas and from 151 to 260.7 (n®wtith a mean average of 207.8
(nGy.h") in kef Schfayer areas. The annual effective dasges were calculated with equation (3), the values
obtained (Table 4) varied from 0.2 to 0.4 mSwyith an average of 0.2 mSv-yn the samples from Moularaes and
arange of 0.2 to 0.3 mSVyn Kef Schfayer samples with an average of 0.¥.S

The external radiation hazarHd4) and the internal radiation hazatd,j was calculated with the equation (5) and
(6). The values in Table 4 &f,in Moularaes and Kef Schfayer samples ranged fr@td3.4 and from 1.7 to 3.2,
respectively. Also in Moularaes and kef Schfayenglas the values dfi,, ranged from 1.2 to 1.8 and from 0.9 to
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1.5, respectively. Thk, in Moularaes and Kef Schfayer ranged from 2.9.60ahd from 2.2 to 3.9, respectively.

Taking the indoor occupancy factor of 0.8 and aveosion factor of 0.7 Sv.GY¥o convert the-ray absorbed dose
to effective equivalent for workers (that is, fowarking period of 2937 h in a year) [18], the abawentioned dose
rate (Table 5) corresponds to an annual effectogedf 0.3-0.5 mSvyin Moularaes deposit and 0.2-0.4 mSv.y

in kef Echfayer. The calculated extergaradiation dose received by the workers of thesphate mines are ranged

between 1.9 -2.5 % in Moularaes, and varied fra2td 2.1 % in Kef Echfayer.

Table5: Annual effective dose (mSv y™) received by workersin phosphate mine deposits of Moularaesand Kef Echfayer

Phosphate deposit Layers (mS|-\|/Ey-1) Dos€ (%)
la 0,5 2,4
Ib 0,4 1,9
I 0,5 25
Moularaes HI+1V 0,3 1,6
\Y 0,4 2,2
VI 0.5 2.4
VII+VIII 0.4 2.2
| 0.4 2.1
Il 0.2 1.2
Kef Schfayer HI+IV 0.4 1.9
\ 0.3 17
CVI 0.3 1.6

& Calculated external g-radiation dose received by the worker s of the phosphate mines, the world
allowed dose of 20 mSv/y (ICRP-60, 1990) for workers.

TABLE A.6: Mean value of radon Concentration and annual effective dosesin Kef Eddour workplaces (Continued)

. . - Duration of Average radon Annual effective doseg
site| ~ Site descriptiop  worke Sexposure (da concentra?ion (Bag/P)? mSv/y
12 10€ 6+2 0.07
18 106 10+3 0.11
51 121 23+7 0.25
52 121 2246 0.24
54 121 1244 0.13
Handling area (Conveyors) 55 | opened 2-6 121 1244 0.1
56 121 17+E 0.1¢
57 121 1816 0.20
58 121 118+4 1.30
60 121 1745 0.19
79 85 5+3 0.06
13 106 1545 0.17
14 10€ <8 -
15 106 <8 -
33 106 542 0.06
34 106 6+2 0.07
Size reduction area 35 106 9+4 0.10
(dryin, grinding,screening) 37 opened 36 106 1144 0.12
38 106 6+2 0.07
39 106 <8 -
40 106 9+3 0.10
41 106 9+3 0.10
53 121 11+4 0.12
42 106 8+3 0.09
59 85 1146 0.12
. 66 119 <8 -
Washing area 67 opened 3 119 843 0.09
68 119 <8 -
69 119 4+2 0.04

I11- Radon

The measurement was effected in the beneficiatimhcancentration plant of phosphate in Kef Edogiiae. The
places are handling area, size reduction area,imgsghea, filtration area, flotation area, watesihascreening and
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dewatering area, drying area, storage area of ihgidd Places in cited for the data of indoor antloor radon
measurement in Tables.6 and Table 7 are more ltihea significant places justified.

TABLE A.6: Radon Concentration (Bg/m®) and annual effective dosesin K ef Eddour wor kplaces (Continued)

. . Site Duration of exposure Average radon Annual effective
location site description workers (day) i concentragtion (Bg/fy® Dose mSv/ly
32 106 <8 -
43 106 <8 -
Filtration area 44 | Opened 9 106 9+4 0.10
45 106 <8 -
20 106 <8 -
21 106 <8 -
24 106 <8 -
. 25 106 <8 -
flotation area 6 Opened 6 106 3148 0324
27 106 6+2 0.07
29 106 7+3 0.08
Water basin 19| Opened 3 106 <8 -
11 106 <8 -
16 106 <8 -
17 106 <8 -
28 10€ 6+2 0.07
46 106 <8 -
47 106 6+2 0.07
screening and dewatering area 48 106 2246 0.24
49 | Opened 6 106 10+£3 0.11
50 10€ 1044 0.11
64 11¢ 17+E 0.1¢
65 119 1846 0.20
70 119 9+3 0.10
71 119 104 0.11
72 119 11+4 0.12
73 11¢ 7+3 0.0¢
. 74 11¢ 1344 0.14
Drying area 75 Opened 3 119 813 0.09
76 119 5+2 0.06
77 119 7+3 0.08
Storage area 74 opened 10 85 23+10 0.25
61 11¢ 14+F 0.1F
Room of under Electric station 62 | closed 3 11¢ 22+€ 0.2¢
63 119 349 0.38
22 85 <8 -
Pumps room >3 closed 30 106 5149 023
workshop 1 Closed 6 106 42410 0.46

Table 7: Radon concentration and annual effective dosesin wor kplaces of Resear ch Center in M etlaoui

. Duration of | Average radon .
location site d S|t_e i workers | exposure | Concentration Aannual effSecgve
escription (day) (Ba.m®)® ose (mSv.y)
81 91 1246 0.13
Crushing room 84 closed 4 102 11+4 0.12
9C 10z 8+3 0.0¢
office 82 1 91 112+33 1.24
Mineralogy room 83 9 7825 0.86
87 11 102 38+11 0.42
92 102 58+15 0.64
Drying oven room 85 19 102 2719 0.30
Transformation rool 86 3 10z 70+1€ 0.77
Rock roon 88 08 102 59+1% 0.6%
Balance room 89 19 102 52+14 0.57
Diffraction-X laboratory| 91 3 102 330463 3.64

& Mean results from three experiments.
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The values of the outdoors radon in Kef Edour whfiem 5 to 118 Bq i, with an average of 13.80 Bginwe
found in site (14-15-39-66-68-32-43-4520-25-19-B11T7-46) that the concentration of Ra was less thag.m*
The corresponding annual effective dose in thimopesite varied from 0.04 to 1.31 mSv.\Whereas, the indoor
radon concentration determined in same closed viackp in kef Edour such as control Room of electtétion,
pump room and in the workshop of maintenance levetied from 14+5 to 42+10 Bq:fh The annual effective
dose was found between 0.15 and 0.46 mSvlhne indoor levels of radon in research centepludsphate in
Metlaoui were determined in Table 7. The sites weushing room, office, Mineralogy room, Drying eveoom,
Transformation room, Rock room, Balance room, diffion X laboratory, where the concentration vaffedh 8+3
to 33063 Bq.rit. The annual effective dose calculated in the mesegenter ranged from 0.09 to 3.64 mSV..y

The radon concentrations in the present study wbtained in three different periods February-Magril-July
and July-November 2013, and the mean radon cortmtrlevel values are 37.4, 29.9 and 17.9 B m
respectively.

DISCUSSION

|- Chemical analysis

The phosphate samples were chemically analyzedidatify the major and trace elements, in orderdfing the
potential damage that such wastes can cause entlinment. Phosphate ores are divided into threaps based
on their BOs content: low-grade ores (12— 16%0E), intermediate-grade ores (17-25%0F) and high-grade ores
(26—35% BRO:s) [3]. Deposits that are mined and processed te ghout 28—-38% s are considered economically
commercial phosphate deposits [19].

The RBOs content in Moularaes samples ranges from 17.516 % and in Kef Schfayer the® ranges from 22.5
to 29.2%. This wide range 0f®s content, in the studied samples, is mainly dud¢oatdmixture of non-phosphatic
minerals such as quartz, calcite and dolomite [7].

Heavy elements was one of the deciding factorgHerquality of phosphate resources, which doeshagé any
standard permissible limit because the maximumaallde content depends on soil characteristicgation water
quality, crop type, etc [5].

The data shows that Ni and Cr concentration aggively higher in Kef Schfayer phosphate ore, wherecd, Cu,
Zn and U are higher in Moularaes phosphate ore.c€umations of F and Cl in Kef Schfayer and Moutara
phosphate have a certain similarity. The amounthede hazardous elements vary widely not only gmamious
phosphate rock sources but also even in the sapusid¢22]. F has beneficial effects on teeth at tmncentrations
in drinking water, but excessive exposure to flderin drinking water and/or from other sources, adwuersely
affect human health [23]. Exposure to dust conagi fluoride may make a contribution to the indoistof sister-
chromatid exchange [24]. Much attention has beeergio Cd, probably because it represents the hershful
heavy metal to human health. In general, the @ee€d contents of PRs range from 5 to 100 mty.kgwever, for
specific PR deposits, the ranges vary from 4 torb@%kgin Australian PR, from 3 to 15 mg.Rin Florida PR, and
up to 130 mg.kg in western United States PR [25].

According to the United States Environmental PricveacAgency (USEPA) [20], phosphate rock contaiesa®en
30 and 200 ppm of Uranium where a support of osults.

Therefore, knowledge of the concentration of traed non-trace elements in PRs is essential foiestudvolving
soil fertility trials and fertilizer-use efficiency

The concentration of the element in phosphate noely be safe from an agricultural point of view, ISoi
contaminated with heavy metals are a threat to huaral ecosystem health [20], as far as human beings
concerned they are exposed to heavy metals fromugpathways: inhalation and ingestion of heavyatserom
phosphate rock dust, drinking of heavy metal cointated water as a result of mining, milling, mamtfging and
disposal processes and eating of heavy metal afféobd etc [5].

Dust is generated and dispersed into phosphate aiirterough different production processes, frphosphate
rocks, the heavy metals get transported to the@mvient as an integral part of the suspended sed$ni26]. Such
dust may play very important role in the atmosphereing significant influence on human health, glolvarming,
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climate change, radiative forcing, visibility, anlbud formation [27]. In order to highlight thdagon between the
phosphate rocks and the dust in the Metlaoui regiee reported in the Table 8, the comparisoneaivly metals of
phosphate rocks and dust, we conclude that attlaédyzed metals were found enriched in the dustpeoed to the
elements in phosphate rocks, if we consider dudtsail having the same origin, it must have the satemental
composition but the observed difference suggestatdchemical characteristics of suspended soil wigir@ficantly
modified in the atmosphere as the dust particlesacted with atmospheric pollution [28].

TABLE 8: Heavy metalsin phosphaterocks and phosphate dust from kef Echfayer and Metlaoui

Heavy metals Phosphate rock: Phosphate_dust
Kef Echfayer Metlaoui

Cd (ppm) 29-64 49-67

Ni (ppm) 42-56 57-60

Cu (ppm) 4.21-13.96 47-170

Zn (ppm) 106-176 300-367

Cr (ppm) 102-237 183-277

The phosphate dust, has the greatest probabilityntefraction with the human beings, several cliniaad
epidemiological studies have shown an increaseitiéence of impairment of respiratory and a prevateot
respiratory symptoms among miners in a phosphatesite[29].

Phosphate rocks are sources of heavy metal transpaglobal scale and should be considered in ntetakport
assessments, ecosystem studies, land-use evaluattbenvironmental assessments [25].

I1- Radioelement analysis

The radiological impacts of technologically enhaheetural radiation sources, especially phosphatenm and
processing, are of great interest [9]. Phosphatesits throughout the world contain uranium anditho as natural
constituents of the ore. When these naturally agugiradionuclide and their radioactive daughteesumderground
and covered by overburden, they present no impomapact on the biosphere except for that whichhhigrise
from leaching into ground waters. However, minimgl @rocessing of the phosphate deposits removetbisctive
overburden and offer the opportunity for redisttibg the radioactivity [30]. Dispersal of these eréls throughout
the environment could increase radiation exposarghé public [30]. The radioactivity of phosphatek varies
regionally, and within the same region the radiv@tytof the material varies widely from depositdeposit [20].

The concentration df*Th is found to be higher than those published ffata Egypt (16 Bq kg), Morocco (5
Bag.kg"), Syria (14 Bq.kd) and Turkey (18 Bq.ky, the levels of°K are found to be higher than the concentration
measured on phosphate rock samples from some pdacksas Morocco (5 Bq.Ry and Syria (14 Bg.k§ [2].
However the concentration 6fU is found lower than the results published for sptmte rocks from Sudan, USA,
Tanzania and Egypt. A typical concentratiorf8f) in sedimentary phosphate deposits as reported foorldwide

is 121 mg/kg (1500 Bq.kY with a range of 30—260 mg/kg (372-3224 BEXEB1].

The composition of?Ra, #*Th and“*°K in PR samples is not homogeneous, and thus theiloetion of these
radionuclides in terms of exposure to radiationuadequivalent activity has been defined by theatign (1). All

the Raq values of the samples except for the Sample rpnfkef Schafayer are higher than the referencaevaf
370 Bq kg [15]. Most phosphate is mined in an open-pit oipstnining process, in order to reach the phosphate
rock; the overburden and a second layer (calledeiheh zone) have to be removed. The leach zongdresally a
higher concentration ot*°Ra, than the overburden and it after wards fredyesiaced at or near the surface,
resulting in increaset®®Ra concentrations. The subsequent radon exhalegtenfrom phosphate regions depends
on land reclamation practices.

In the case of occupational exposure, it is regottiat the annual effective dose to workers whadlephosphate
rocks during industrial operation is 2Q8v y* [31]. It is well known that the most significantposure pathways
for those workers are the internal dose due torrashal dust inhalation during mining activities [9].

The major source of the total air absorbed doseantl the annual effective dose in the study ard¢iaei Ra versus
Th originating from the mine site and tffi that is naturally found in regional rocks [32f%U and its progenies
contribute mainly to the radioactivity of Kef Schéa deposit. Thé*®U and #°Th have relatively low activity
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concentrations; their contribution to external esype during mining processing is generally low [33he
calculated externgtradiation doses received by the workers of thesphate mine are far below the world allowed
dose of 20mSvl/y for radiations workers [32].

The contribution of dose due to inhalation of raditve air-borne dust particles and Rn-daughtetiérmine along
with the externaly -radiation may not exceed the allowed prescribadtd because all mines in areas under
investigation are opencast mines [34].

The ICRP-60 (1990) recommends that any exposureeati® natural background radiation should be lkspbow
as reasonably achievable -ALARA- but below thevidlial dose limits, which for radiation workers eaged over
5 years is 100 mSviyand for members of the general public is 1 m$y3p).

The above results may indicate that the phospluatiesrfrom Moularaes and kef Echfayer have low radlioity
content in phosphate rock of sedimentary origirultesy in minor radiation dose and environmentalpauts
through processing. Also, we can conclude thatrdkétion dose to a member of the public resulfiogn the use
of Moularaes and kef Schfayer's phosphate rockseggigible compared to the average annual effedinse from
natural sources (2.4 mSV)y even under a worst case scenario assuming theplete accumulation of
radionuclides in soil over many years [34].

However, because of the presence of small amodntsdinuclides, such #°Ra, USEPA has imposed severe
restrictions on the use of phosphogypsum [20].

[11- Radon
It is well known that the most significant expospaghways of phosphate mine workers are the intelose due to
radon and dust inhalation during mining activifig4].

Exploitation of the Gafsa phosphate mine is donefsn-cast mining. Workers at the mine are likelp¢ affected
by direct external radiation from the rock phosghatd through inhalation of dust from the mikkeasurements of
concentration levels of indoor and outdoor radomeweerformed in different sites of exploitation thie Gafsa
phosphate mine.

From our results, it seems that Kef Edour depdsitge the low activity levels of exploited phospheteks and
relatively the minimum radiological dose and enmit@ental impacts through processing. Also, the pulgsulting
from the use of kef Edour Beneficiation plant negligible compared to the average annual effedivge from
natural sources (2.4 mS¥#)y even when assuming the complete accumulatioradibnuclide in soil over many
years [9]. The number of workers engaged in the operatiocootentration and beneficiation of phosphate rocks
are normally conducted 24 hours per day, 7 daysveek, and three 8-hour shifts facility, and theydr generally
not been working in “restricted areas” and theseentered were much less than those noted ab@&Je [this
will require a detailed survey to identify the ptation at highest risk and situations with the pptigd to give high
radiation exposures and doses [36]. In the reseeeater of Metlaoui, rooms are utilized mostly &iores the
samples of phosphate and to prepare them to th&iquthemical analysis in the laboratory like thirdction X
laboratory where we measure a high concentratiomaén 330 Bq i, and most of the time that remains closed.
The difference of the measured concentration betwee seasons could be due to different ventilatmmdition of
the dwellings, the geochemistry of the soil bendhth dwellings [18] and also could due to the fiat non-
residential buildings remains closed after the Baworking and have poor ventilation [37].The 199%pBrt of the
National Academy of Sciences’ Committee on the ®&jadal Effects of lonizing Radiations (BEIR) IV, &te is
considerable evidence to show that excessive rdelgls in some mines cause lung cancer in mindphaa
particles from the decay of radon progeny thatdeposited in the lungs cannot reach any other srgsmit is
likely that lung cancer is the only potential imf@mt cancer hazard posed by radon in indoor air. [88alation of
radon and its short-lived decay products conssttite most important occupational exposure of warke mines
[39]. The radon daughters are solid particles ahdnithey are inhaled they release radiation (alpét) into the
lungs, which can potentially cause cancerous eelivth (in the lungs, epidemiological results froase-controlled
extrapolation of radon-exposed underground mingribated a considerable amount of lung cancemation gas
[38]. Different reference levels have been recontieerby different countries for indoRn concentrations.

ICRP recommends a maximum limit of 600 Bg,nmowever the measured values are lower than thendevels
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recommended by the ICRP (200- 600 Bd)fi8].

One of the main concerns of PG is the enriched amoiithe radionuclidé®Ra, the parent isotope BfRn, which
further decays to produce Radon g&&Rn).**Rn has a short half-life of 3.8 days and intenskateon capacity.
Upon decay of the radon gas, alpha particles aigezinwhich are known to cause significant damigimternal
organs [40]. The USEPA, therefore, classified P@ &6echnologically Enhanced Naturally OccurringdiRective
Material” (TENORM) [40].

EPA has determined that PG can be used in unlingjteshtities in agriculture as long as#t&a content does not
exceed 10 PicoCuries per gram (pCi4g)].

CONCLUSION

An environmental assessment has been carried dbeinegion of Gafsa where phosphate mines exist. Study
involves chemical and radionuclide analysis for gkas collected from the region and radon measur&smien
indoors and outdoors within the open area anduitglings.

The results of the chemical characterizations efghosphate layer samples revealed that major cemagofrom
the Moularaes and kef Schfayer phosphate depasitad, FOs, Si0,, MgO, AlLO;, SO;, N&O and FgOs.

Natural radioactivity levels in phosphate samplesmf the Moularaes and Kef Schfayer gisement hawn be
measured using gamma-spectrometry system. Obsanvgttiows that the layer number | from Moularaes leafd
Schfayer presents the highest activities?®5Ra, 2?Th and“°K. The mean value of Req,,| Hint and Hy in
Moularaes and Kef Schfayer phosphate samples @e3%nd 450.5 Bq K, (3.88 and 3.05), (2.78 and 2.5), (1.55
and 1.2) respectively. The absorbed dose ratesadtf ,**Ra and®**Th, in phosphate samples from Moularaes
and Kef Schfayer areas varied in the range 197893051.0-260.7 nGy hrespectively. These values are higher
than the global population weighted average inédtsorbed dose rates.

The radon measurement in kef Edour and Metlaoukplaces show that values vary from 5 to 118 B and
from 3 to 330 Bq i respectively, majority of which are below the ICR&ion levels .The results may be useful in
the assessment of the exposures and the radiatisesddue to naturally radioactive element contemtthe
phosphate samples.
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