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Variations in radioactivity of phosphate rocks抒olll

diffel。ent sites in Central Eastern Desert of Upper Egyp七
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Abstract Natural radionllclidcs in thc pll08pllate rock samples collecte(1 frmIl

矾hdi BatllrⅥhdi Hcgaza and Gabal Abu Had at Eastern Desert wcrc dc№I Illil川(1

using a high resolutio“7-ray 8pectrom毗cr Thc cxpcriIncntal re8ults concerninE 226RjL

232T}l aIl(1¨lcir dmtglltcr8 are preseIlted．Analyses of t11e me豁llrcd 8pectrd sllow tll÷、t

226Ra is disti“guished with renlarkablc activities with aver89e values ra“ging fIoⅢ22 4

to 558 Bq／kg}whik 232Th dctivity conc蛐tration is in the ra“胛0f 9 7¨92．8 Bq／虹．
Tht。re虬Ilt8 of the analyses were f011nd to bc iIl a good agreeInent wi如thP出Lf“

ohtained hv others
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1 INTRoDUCTION

A

The Egyptian phosphates are widely djstributed between latitudes 23。10 and 29。

30 N They are exposed along the escarpment Abu Tartllr plateau，along the Nile VaUcy

(1dfu and El sjbaiya)and the western coast of the Red sea between saf89a and Q1卜
seir The rugged relief of the Red Sea region is one of its characteristic features and is

mainly attributed to faulting．The phosphate deposits aTe widely distributed and extelld

as a be】t along the western coast of the Red Sea between Safaga and QuseiT These

deposits were the subject of several authors【1一。]They dealt with the topography，stnLc—

ture，stratigraphy and petrology of the phospha土e deposits These deposits are poor in

th8 ph08phate content as compared with those of the Western Desert The latter have

P205 contents r卸ging fTom 19 5％to 30．5％with an aⅣerage of 28％，while the phospllate

deposits of the Red Sea haⅣe P205 contents ranging fI哪20％to 22％【2 J

Phosphate ores contain an iⅡlportant aIrlount of na“Iral radioactive elements，8pe—

fiaUy 238U and descendaIlts，which depend on its geographical and ge0109ical origin

There are two major types 0f phosphate rocks：(1)sedimentary phosphate，which repre—

scnt about 85％。f th8 phosphate roc】【，were forrned mainly from orgallic residues；they

cont越n loo 200 pg／g uranium and 2 20肛g／g thorium，11 J and(2)igneous ph。sphates，

ManuscripL received date：200l 11 0。
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which supply the remainjng part of the phosphate rock，are of volcanic origin；妇ey coll_

t ajn less than 10 ppm uraIli恤but contain an appreciabk amount of tho“uH】and l aT。

earth elenlents n】

Sechmentary and igneous phosphate ores are used as raw mate工ial for the productiull

of phosphoric acid，and，cons8quently，fertiⅡzers fbr agrjcultural purposes Over 70％of

th。phosphate rocks are used ln making phosphoric acid by a wet process The resLllLs of

this process are pllosphoric acid and gypsum residue．On8 part of the uranium originaUy

present in th。phosphate rock is transf色rred to the phosphoric acid I讧oreover，dltring

the calcinations st印an impoTtant part of the uIanillln(about 30％)bec。mes ilIsolubl℃

m sulflⅡic acid aTld wiⅡbe remoVed with gypsum residue．11】Large—scal。producti。Il。f

ph05phoric acid results in the redistrjbution of huge aInounts of natuTal radioactlvlty

Depending oⅡthe technology used to produce fertilizer o‘phosphoric acid，the distrihLL

tion of radjoactive eleInents aInong the various products wilI be di艉rent．㈠Sometimes

fertilizers a弧d a coH吼on by—product，phosphogypsum，cont缸n such high activjties of

natural fadioactiVe eleInents that the resulted radiological i土npact should be collsidered

carefully”J Generauy there is a positive correlation between uranium and P205 co工lterlt

ln the sedimentary phosphate．恤，7l The area under investigation，which is located to the

east of Qena and Idfu cities in the western Centr出Eastern Desert of Egypt and covers

more than 8000 km。，hes principany between latitudes 25。10 N一26。30 N and between

longitudeB 32。50 E一33。30 E as shawn in Fig 1．

The purpose of thjs study is to inVestigate the neld relationship between Egyptiall

phosphate d印osns and radioactive nlinerals and to con】pare the mode of occurrence of

uT缸Iium rnjn盯aliz牡ion in the Egyptian phosphate with that found in the other countries

This study would also report the types of radioactive minerals found in the Egyptlan

phosphate from central Eastern Desert area at、Vadi Batur，Wadi Hegaza and at Gahal

Abu Had．

2 EXPERIMENT PRoCEDURE

Environment al radiation measurements aTe usuaUy made to identifV the radionu．

clide sources in n博environment，qua“ti{，Uleir concennations，and estimate their dose

contributions This is most readily done by spectrometric technique，but sinlplcr nlea—

surements can often yield relevant infornlation hl each case，an essential part。f t11e

system is method。logy associated with detector c“bration，measurement proceduTc、

and data analysis and interpretation

226Ra，232Th and 4。K activity concentration(Bq／kg)in th。phosphate rock salnples

were measIlred using an HPG8 7 spectrometer．Uranium is calculated from the c。uIlI s

received by the 7-ray detector jn the energy willdow correspondjng to 214Bj T“5
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Fjg．1 L。ca￡ion m印of thc studjf，d ar吼

technjqlle assumes that maIlium and its de。ay products are in secular equilibriuIn T11c

same technique is used t。estimate 40K and eqllivalent 2。2Th．The appUed low level 1一rav

spectrometer consists basicaUy of a hjgh purity germaIIium detector and its electr。11ic

clrcujts Th detec￡0r js coaxjaI cIosed e11d，cIosed facing window geometfy w“h a vertlcaI

dipstick(500一800弘m)． The detector is located血a shielded chamber of four l洲eI s
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st耵ting with P1exi口as’s(10mm thi矗)，coppeT(30mm thick)，lead(100mm thick)and

矗ndⅡy cadHdum(3 mm thick)fTom outside to inside．In the pTesent woTk，the spectTa

of standard sources with known 7一ray eInjssion rates，usuaUy with few 7 Unes，were

rrLeasured as a fhnction of two pararneters，emciency—energy dependence and emciency—

sample Volume dependence．

S泣ty s醐呻ks of phosphorite孤d phosphatic rocks were couected丘om Duwi№rIua

tion(Maestrichtion age)13J at central Bastern Desert area inⅥhdi Batur，wadi IIegaza

a皿d at Gabal Abu Had(see Fig．1)．The rock saⅡIples were crushed to smau piece5 an c1

dried at 105。C The dried s帅ples were ground to a grain-size of about 100 mesh EVery

powdered s唧le was then mked m舭W times using an electric shaker to be sure tlmt thc

s锄ple is homogeneous．After preparing the phosphate saInples，each sample was put iIl

a cont“ner of 40 I玎_L voIume The smDks were sealed alld the measurements were lIlade

one month later to assure seclllaT equmbri啪between the 226Ra and its daughters Then

the s锄pk was put face to face aver the detector fbr at k鹅t 10 h．The spectra were eitheT

evaluated with the c。mputer 50ftware progr黝e Maestro(EG＆G ORTIc)，or lnamlauy

by using a spread sheet(Microsoft Bxcel)to calculate the natural radioactiVity ln the

238U dl出n，the 226Ra activity of the saInples was determined through the intensity of

the 351．9 keV and 609．3 keV 7 1ine．Thorium activity was monitored tllro”gh the州Tl，
and 228Ac eIIlissions at 583．1 keV and 911 1 keV，respectivelH Samples were chosen r8p—

resent血g the lIigh radloactivity ro矗s．These sa皿lples were analysed che工Ilically to蛀ll(1

the relation between the elements contained in phosphate rocks． Several reviews have

been published covering both the 8pplications and the constructions of se“conductor

detectots，the nece5s艄y analytical ac叫acy is obtained through a叩ecial experimental

teclmiaue．rnethodical scheme【8—1叫

3 RESUI丹S AND DISCUSSIoNS

Althou曲the radium content is quite small，it stiU represents a poⅡutjon hazard

because gypsum is in the form of a矗ne powder aIld may result in dust blowing wlleTl

stocl【piled in the exterior． Radium is the most dangerous decay prodllct of uraniuIll

because it dismtegrates into the radioactive g硒radon，whose half_Hfe is 3．8 d The re—

s111ts obta近ed from the，spectronletric aIIalysis indicate that the 1nain radioisot01)es

in the rock phosphate and phosphate concentrate(ground rock phosphate)saI“ples

were 226Ra and a sm“amount of 232Th in some s锄ples． 137Cs could notbe de—

tected The distribution of the activity concentrations iII the difrerent 1ayers nuctllates

between ma】【iIImm and miniIImm values．In Wadi Batur fbr 226Ra the maxi硼【um value

is 538士27 Bq／kg and the Inini工叫m value is 60．7士13 Bq／kg with an aver89e Value of

278土94Bq／kg，whjlethe correspondingv缸ues ofthe 232Thwerefb恤dtobe 9．7士6Bq／kg
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to 92 8士12 Bq／kg with an average value of 39．9土23 Bq／kg．h wadi Hegaza the maxi—

mum value of 226Ra is 558土29 Bq／kg and the mjniIImm value is 22．4土9 Bq／kg with an

average value 257 5士88 Bq／kg，whne the c。rre8ponding values of 232Th weTe found in

the range of 9．7土6 Bq／kg t。74土14 Bq／kg with an average value of 44 4土28 Bq／kg 011

the onler lland，the actiVity concentrations in Gabal Abu Had ranged from a maxiⅡmm

value of 485士25 Bq／kg to a血血mum value of 61．3士14 Bq／kg with an average value of

200 9士84 Bq／kg for 226Ra，whde the correspondiIIg、柚ues of 232Th were found in tlle

range ofl6 8士9Bq／kg to 78．4土16Bq／kg with an aVerage Value of44．6士27Bq／kg Table

1 smmnames the calculated values of the activity concentration(Bq／kg)of 226Ra an(1

232Th for aU measured phosphate rocl【sa曲1ples in the缸ea under investigations

The、raTiable Valueg in the reslllts are related to the di艉rent components and regions

of these samples．Some s唧les contain high concentration of uraIlim，whicll is due to

the higher phosphate oxide，and calcite content，but phosphatic rock gamples(1imestone，

sandstone)have a smaⅡamaunt 0f uranjum An extensive use of the ground rocl【phos—

phate and phosphate fer“bgers was assessed jn relation to￡heir radjojogjcal nnplicatjons

to the fm-mers．

Figs．2 and 3 show the relation between the 226Ra，232Th activity concentrations

Table 1 Natural radioactiv“y i“ph08Phate rock saInpks fronl the studied area(Bq／kg)

sampk!竺尘!!!!!!垫尘里!!竺! !!!!!垒!!!：兰竺!——
232Th 226Ih 232Th 226Ra 232Th 2。6R“
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(Bq／kg)aIld the layers in the area under i11vestigati。n，a皿d Fig 4 mustTates thp propnl‘

‘ional relation between 226Ra and 232Th，the correlatjon factor was found 0 7M，0 87

and 0．735，respectively． Since the distfibution of the isotopes iIl the difrerent regi(川^

and layers is exenlpted from regulatory control，the Values of thejr actiVity concenlI atl()11

spTead ill a wide range fbr aⅡregjons under inVestigation． The recorded high；1ctlVlfV

concentrations aTe considered to be indications of the existence of phosphatc bea儿119

sediments of increased 1lranium content It deserves to be mentioned that the pllosl)J州c

outcr。ps strjking NW—SE representing the hard cⅦd resistant Varieties，possess a 1此her

radinactivitv 1evel of uranium content，whereas the NE—SW strjl【ing exposures龃e a rPl

ative】V 1。wer radi。activity level，which represent the norInal type of ph08phatc—bea“ng

sediments．The 10wer activity level coIlIlected with the lower phosphate_beaTi“g melll}】e1

could be easily related to the alternation of gray quartz s瓶dstone wjth the pooI 110T Tl】al

phosphate and fragments of silici疗ed wood．MeaIlwhile，the hjghef actiVity leVel Telate(1∞

the叫ddle／upp盱phosphate_be酊ing member could be attributed to the c。arse—glailled

hard and resistant phosphate beds and in some places t。intercalations by clay beds 111

The natural radioactivity血phosphate rocks depends on its origin and it5学c)l(’g

ical pToper“es．In sedimentary rocks it is much higher than i11 V01canic rocks I¨J Smllc

typicaI concentration values are given i11 Table 2 besides the results of the prese】1t w01k，

indicatlIlg the presence of a fair agreemeIIt between them

An increase in the quantities of 226Ra can be attributed to tlle increase iI L t11p

concentration of natural uranium in samDles under test The increase of t11e naLllr^l

uranjum concentration may be due to the leaching e艉ct

10

Lavco

Fig．2 226Ra aftjvity coIlcentration i11 tllc areas under studics
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Fig．3 232Th activity conccntmti。n in幽e are嬲u11der studics

Table 2 Some typical valllcs of activioy conccHtrations in p110sphate rock(B(1／kg

Thorium is aIso usuallv more abunda“t in the susDended 10ad than in the bottonl

sediments This is illterest血卫because the che咖cal behavior of thorium in natural waLeI'#

is qujte difFerent from that of 11ra工Lium．Thorium is essentiaUy insolubk in norIn“sLLrfacc

waters，and so thorium transport is withjn particulate matter rather than iII solutloIls．110J

Unlike uranium缸1d thorium，potassium is a major elerrlent in rock forTnjng Tnjnerals

occurring mailLly in aluIllino sihcates such as feldspars and 111icas UraIlium does 1Int

constitute Tock for血ng IIIinerals but it occurs as a trace element in accessory rnjnerals，

as U02 precipjtates，and as a cllemjcal absorptjon element．Ur枷啪forms cheHⅡc}“j。儿

complex bonding with some oxides e g．Ik203，A1203，K20 and Si02 and 8 Posi LiVe

correlation with them is often fbund．Absolute va“ations in the amo衄t of U t11eI efbre

re丑ect the rock ty” Like llranim，thoriuIn is a c0蛐on trace element i11 most geoiogic；Ⅱ
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environrnent Heavy accessory Irdnerds are generaUy rich in thorium．【卅Tlle increase oI

uTanium with Fe203，A1203，K20 and Si02 may be due t。the hct that these c。llsti“LeIl c 8

aTe acting as effectiVe adBorbing 89ents foT Ilranium．

^甜v计yn蝴tfa“on of“1m(uqkf‘)

舢tn竹㈣t丽帆of档rh(Bq岵1)

^cnw耳coⅡcen恤^i⋯fⅢ仙(Hcl№’)

Fig．4 Thc rel乩ion between恤c activity conceIltrations(Bq／蚝1。f 226R．^ml(1

232Th in the area 1lnder inve8tigation

4 CoNCLUSIoN

The radioche武c“measmement of theⅢanium content of the phoBphatc rock is

very important with fespect to the pIotection of enviranment，s血ce the phosphate rock
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is a口otential source of poUution．Thjs study of tlle phosphorite deposit at wadi Htlll，

wadi IIegaza and Gab a】Abu—Had jn upper Egypt reVe出s the following resu Jts． (1)

A11 publications about uraniferou5 phosphorite deposits indicate that U ions are de8I)ly

lnv01ved iTl the cheI血stoy of the phosphate peUets alone amd are the resmt of t11cir rP

placement of ca ions． (2)The disseI“nation of u血phosphate p ellets and ca工bonatc

fragluents shows that tIlere is no preferenti出曲1ity between the phosphate aTl(1 Ij in tIIe

upper Egyp‘Phosphorite deposit．(3)The present result fbr the u—bearing Ph08pllorite

in UPper Egypt are in a fair a酗eement with the other inVestigations
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