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O ABSTRACT 0O

Large quantities of produced water are disposed of in the earthen basins of crude oil tanks
in Banias city. The random disposal of this water has been going on for decades. As a
result, the deposits of naturally occurring radioactive elements (NORM) increase in the
environment, which involves environmental and health risks as a result of the possibility of
soil and water contamination with these elements in the region. The work aims to study the
vertical and cumulative diffusion of radium in the soil affected by the produced water and
to estimate the volume of soil contamination with this radioactive element. The sampling
sites were selected after a radioactive survey of the area. the radioactivity concentrations of
radium in soil samples were determined by gamma spectroscopy using high purity
germanium (HPGe) detector. The study concluded that there is a rise in the concentration
of radium radioactivity in the surface and sub-surface layers of the soil affected by the
produced water in the study area, the cumulative values of radioactivity concentration and
the radium depth profile in the soil indicate a vertical migration of radium from the surface
to the depth. The volume of soil contamination that needs to be treated on-site has reached
25 cm, with relatively high values was recorded at 50 cm depth.

Keywords: NORM, Radium depth profile, Produced Water, Soil contamination.

"Associate professor, Department of Environmental Chemistry, Higher Institution for Environmental
Researches, Tishreen University, Latakia, Syria. moghafar@gmail.com

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
27



Tishreen University Journal. Bas. Sciences Series © 2022 (5) a2l (44) alaall Zulul) aglall .y dasls dlas

ALY Lkl A adsa B oy silly Aglal) Al B agual s agaall £ 58 Al
ol ddhia b

(2022/ 10 / 23 A L&l 4d 2022/ 7 / 20 g)ay) gb)

O gaalad

Hsdiall paliill (il 8 L) Laall il 4yl ol & okt baaill 488l oLl (e 58 LS
oy Al Ala A (psdll) Landa Zalad) Aadial) paliall cilely) 2ok ladiigg ge dia 3l sluall 028 (1
gy LAl & maliall o3 olially L5l gl Cigan AlSk) Aah dmaay A Dbl e gshi
Gl aas padiy 488 Hal) oLl B)'Sij.d\ Ll Gl e apabll Sl gaseall LY Auln ) Jeal)
Lo ladY) Adladll 5805 Gaas cddhiall e lad) e Aglae 2y OlieY) aBlge Cpfal Ll juatell 1agy 45l
sl clia g (HPGe) Sl e agilojn allS aladinly Lle ddble Gab e LA Glie 4 asll
LAl b — Gad Glhally Andand) Gkl 4 sl elaly) Ll 585 8 leli) clla o |
Bend dalall 3)geally duliall 4eSI Al de lall) Alledl) 3815 a8 pudng Ayl dihaie 8 488l oLl e)stml\
Cu;.} gﬂb A.Uﬂ\ Qjﬁ o d...a_g d.‘ud\ alA.ah C_Lul\ (e eﬁabﬂ :\:1:}49 ST kil_gd; ‘;;\ :Lj)ﬂ\ LA e}mbl\

50 eM Geall e Lot dadije o Jonidi g 25 €M ) adgall 8 3adlae )

Al gl (Al slaall casal el Aalal) 5ypeall ¢aysil A palidal) cilalgl

moghafar@gmail.com. &y sw — ABBU = (i daala —Alal) Eigad el sgaall — L) sLasl) aud — 3ole Jiad

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
28



e bl At HlAd) Lol A pdiga b apsil Eslall Al 3 aspabll (53 5eall sl Ao

- -

14adla
b el Llaall e sa0ae il Jiadt @l (e pady Al UK 8 Lpnplal) dadiall Uail) aa g
Th™2, U, 1) g5l apdall clill e ge 4aill ol o sl o2 el o 591 dapas Sl alsall S
LV ALY LAl we Jalatn ) ddbiad) dad) clalaall Jexs (K® o gulisl) el Ayl UPP
Natural Occurring 1 slaial 585 NORM aysill mllias feca canail el sda 385 auat e
O e Sy bl delia i a8y ek AW dadd) dsall ey o3 Radioactive Materials
Ayl olaall axiy clgie Aanlil culaiially culladl) & IS dabiaall Lgdilye 8 aysill ae Jalati ) cileliall
Al il o3 8] oy [1] i) Jadil) il syde ) gineS doal of Sy ) Lena il &l L]
sl gin U1 sdtid) HLEY) 6 e aud gis Bpha e plall e el bl e Al slad) (g
e i) adlly siall o3 o deany (2) upputl) of Ll iy Aplp s (A ey JAY) audll
e olaal) 538 ailiad sdyay oluall oder Cuglill Cilan) I (g5 Aidl b olaall 038 (e Slsiall Salail] SU
IS et illy sl e Wlsine s Shaal¥ly sy cAlaiall ZgSe el sl e lgilsens dlle 35l
121 Al b Sl e e oy ) 5S35 ey o S ) RAPP, R, Ra™ asaal ildasy sy
Lot (e Dadas 34 llays Lo sl aliall jeaiall s (Al Al il 4681 yoaliall de pana () a5l ol
Ra?® (T12=1600 y) : a5 imhall die a2y GISEl Judls (he 5pania L 35n50 i day)f llia IS
Ra??(T1,=5.76 5Ra*!(T1,=3.66 d) ; U?*® aluls e Ra??® (T1p=11.43d) ; U8 elsa dluls o
Gub o S (g AY) DA LY L B by Slawe olaals RAP dltay . Th? dlts Ll o y)
o8 s WSl 4ty hail opee Jshal bl Lty e Ayl SV RE® il seyg e W cilapesn ylana)
Lid 2+ sauSl dayn A5) 8 sani cicgene pualic U el @il bl 0S8 agall) el L35)
k) Jdlaall 85 cane Ss) il Caial b ol s Ba ps)lll el 5aS S0 aSsle 4y
5 (Ra,Ba)SO4 Jsi e papaiall (alfie cam st diamy ag)lll ae iy Slls Qlabdl 2gms0s 2 sall oLl
o35 casalyll Syany A€ b Leaiay Ll so SleYly sV Jolall dlee (el 4450 3 .(R,Ba)CO3
3sag chuaseall day3 gl L&Al Agdal) alaad) ailiad (RN Ll £ 55 Leia Jalse 32a) daald Cilileal)
Akl Dl Ny b sadly dndand) oliall ) Adlils asaal ) AS s aSa3 (Al algall (0 Wiyt s Aygaaall 3oLl
oSl gl die adll Glblajus alaedl GUaps s 4 aslll e Cagpray A8 Al ) daay
Cuald allall Jea Al cluhall (e aaell @llia L[3e4] as0uallSIl dall dglgall Zaial 1y alaal) e 33l
ey e Angiall gl BV Cuapag ¢ Sladly Jadall Z85al) oLl oy Aain sl All) Eugli Al Cpglie aad
Lol oluall N Apntan) olaally 4yl 8 daiall Cilad€oull 3815 £ liils e bl (mpill deja salS
& sl Canag Gl dege clulyy b oyl i Glaly ladill Aaiall Joall gaal Ayse el J[12-5]
dgsal) Gl )l b Aadiad) ool e lady) Aladl) Jon il culaefy A8l g Uy 5lally Jaiill delia
Liill Jgin b dadieall dejall Haieg Ll gl aanS clgie Aaslill Al eyl dahad) sladly JagYls
olaall oyl i) LA Gopa Gam YD b en deadl 138 gl ([20-13] 50 ciliie sy

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
29



Tishreen University Journal. Bas. Sciences Series @ 2022 (5) 22l (44) alaall Galul) alall 0355 dasls dlae

5 o asbll olug Cglill 13 amas asaabll Al Cusli e (ulaly 8 alad) Ll s dilaie b 43l
O 8l i) el cleUad aal aed Al Ayl Akl

sadlaafy o) Laal
slaall 028 (gead el (o Al sluall it Aglee sa Alal) Laill U dilaie b 3G Gudyl) Bl )
G Al 8 L5 dle) oday [14] 0.002-1200 B o ool ste eled) Ll S5 Ra e
Gipin 53 L ambll lely) iy L5l e e liall 038 i laYy ola S Al (alaY)
idee o) [7] dndand) LS Dsall olaall aliaal g JSis (BacY) cliadall ) Joay 8 25l o lad) gl
lede asih oAl Cangll AuaaYl dany 1345 dgie die AaiE e & A 8yseally dalall oluall (o (alil
by adl Cua sl sladly sE A Gl e aslll SEls sasendl LIV Auhy say Al
sl jalian (Aslall adlgall 25 2pa3 (8 Lisn Laga Dsd aaliy aspablly ddkaiall Sislh Joa daga Cilaslae
e LS Al (8 Jualall sl Gae want ye Jyshall (saall o Custill jlalies gailly Caghil) Cagan gl
dahic of Lagad [22,21] dahidl s o oSey Al Al 4l coluall clesbeally cbld) dudal

cOsapa e Jledll dga e gy Guall Bss g8 il olal g Haas e AL a8 Al

0dlgay Ciadl bk
ashll e bty Aladll 5805 et DA e @iy Tl 3 aguhl gaseall SLEYT Ly o i) asi
Ayl Zikie 8 gl i gianas 3pm A pre dulad) b iy @l alilly o5l Bl L clie b aad) ANy

Ayl dakie
sy skl plla o dadlgl) sl i ) sudl 4S50 Al aladl Laill A Adkie g Al adse
N35°13'30" — (amll hay oune ha @a E35958'30" — E35957'18" Jshll s e
Col sed oy L Jlaey Ailaiall (gsinll (gplall Jhalgll Coasiy (1) JSEN ol5i¥) baa Jloi N35012'54"
eaally Cuegdsally QS e ()5S s Ayl ddhaie 8 Ayl )@ W Lald) 8 800 — 2000 mm g

23] Jladdl e lhlgal all oslll (st05 10 M g WiSbew 35 days SIS (a5 Al saall

dsgaal) Adlaill b dadiedll LeledY) dejall Jane af ¢35 Aflan) Ay sy [20] Gl Jee b L
& Th, U, Ra el dxdial) oyl oill G i) ddladll (s DA (e iy el olad)) jladll o
dse OISl daiad) e ledy) dejall Giied el M Legie QU1 adlse DG e dysll dadand) dal
281 (ally 224 (hAY alse t s e 5liad) LN adlsall (ui HLEal & Jenll 138 5 (B 2aLd) 4 )lka
WSy syad Auhg Agpll b Cuglill aaa gl Gllyg (2) JSa B Adlaial) slassal) (aalll) 5)laal) dilaiall
Al il Baxie BUT (e cidal Agli e 8 a gyl Aue ledY ] Adladll Gl Gyl e ) 8 sl

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
30



e bl At HlAd) Lol A pdiga b apsil Eslall Al 3 aspabll (53 5eall sl Ao

L) Akt (1) g

ciliml) judaad
(@ b, & GUT day) (e cilimll Lgia Canan 2 X2 M7 2l Akie Zall) LD gdlsall (o pise JS 3 Cidaa
Ll i)l gea 5Ll e (0-10,10 - 25,25 -50 ,80 -110) cm 4t slee S 4adlsalic, €)
Ay (S Jiiay i & Al Bha Aagn Ll aatl Sy (Aglally Jemall plaiuly (ae JSI Abiadl)
RN? o sl il Lage 30 5add (DY) deae A0 ey leliiny lgiuilae i sy 2 MM
Ra?® e ailiys
Ao lady) dlladl) (uld
Llhe Haaiuly (%3.51) 186.2 KeV e sanadl 4l ciliml) 3 RA™® 1 delesy) 4llaill i
(N- type model GCD — 60 230 «ailS aladiuly (den dypudl 43 Al L a3 Ll
s 2keV 5122 keV xie 0.89 keV : o (FWHM) Jdads % 60 i 501 BRUKER) HPGe
e 3353 (CRM — QCY48 — QCYB40) dpmaje e aladinly 506 sylae ciiasl .1332.4 keV
.AEA Technology, UK Js#

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
31



Tishreen University Journal. Bas. Sciences Series @ 2022 (5) 22l (44) alaall Galul) alall 0355 dasls dlae

I*STHE WBEB0E IEBINE

FBEIIUN

B R POCTERE
B T sy . RN

m SAP Ll Aalis

FEHFON

SN

IEETIE WIIE I5LEI0E

Tl lial) is) glisa (2) Jed

psadbll o lady) Bliill gagand) jLAITY)
Gandl Ay o gl Talial) Ay s e gpaall Ailaial) 3 el Caghill Bae s ddjee ADA (e (Say
alledl) Clusy Radium depth profile 2l (8 a sl Sasd dale ypea (5S35 daaadll olaey) Ll
(217 At ABall Sadaiy N Band) (520 e Agcoy psabll 2paS)ll

Acumn= 100 x T2 Af / XEZ1 Ak (1)
k G 3 Ra% asoahll eladty) Talill Jici Ay s
h Gasdl e Kk dadall Jici Ky,

ARl il
aslll Lo ledy) Ll (g aganl) LELY)

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
32



ool Aakaia 3 LAl il A aBge b a5l kel Al 3 assalll (s3seadl g5l A

s2salal) il il 8 asaalll e les) Ll Guat &5 A5l 8 sl sasenl) 350 e Bypea (Sl
ol e lady) il 585 s (3) JSal eday (lie V) ailse (e gise IS (e Aulliiall Akl 3V (e
el dilaiall e s3galdl) cilial) 3 S 138 e Gl L s DA lieY) ailse b Garll AN

J

cm

15

30 B

45

75

90 e

105

120

Bo.kg?l eleiy) bl

0 25 50 75 100 125 150 175 200 225 250

el aa R 3 dge ey Aladl) 585 45 (3) Js

gl dsag aty B S 35 B
Gl e @Y Cal
aill CulS 388 281 5 224 (i sal)
b Al el 2L Aadije
Gasgyndl 3BV 28, B dslidll
a, b cpaladl @) 8 dalk
L oVl 35 Al opll
Ombsall (& AV s |ulie 1Sl
Ml el sl 2815 224
psbll 58l Lad Do a8 (a8 sl
Jaall e S S gginad) 3
e 2aaall 0.15 — 5.2 Bg.g*
S A Gl el el
[13] sl b dadlae ks
pslll Lalis 5855 dad adal )
224 (ladsally B dilaidl Gy

o3l Agmls Alla o)lie |y 281
s Cipmia Jlaial ga 455l (sS
Ll B ddlaiall od 5l

Lpll ilias ol L) Alee () (ghay DAY 1 Gl Al dilaie dabus yruay AV (i sall
2815224 (yasall b 5l mhae e LSuial) 4385 olial) ayras
st A Aalllly g (8 Assall @l (e ef (a asehll e ladY) Bl 585 Lede Ulas ) o)
asbll blis 35 ded b gyl o) [24] 32 B.Kg™ dsadlal) dangidl) dedll ae U, 20 Bg.kg™ -
lie daipe a Aubll o2 & Culais A ol 8 D e ale JSE Slally Jadal) delia A5y (e Caglla

[27-25] 3l Jasil) Ae by ddagipall collaliil) (Jady aysilly 4l sl gl daise sl gilas 1 el o
Ll ady & el oluall 530 iy Baad) ANV e ledy) Alled)l 385 sl gl (3) JSE )
Can Cpa e (anl) 2Ll po daliie L35liie Caniyy saandl) 3V 48S 3 Gl g Al 8 asahl) 31 el
B 2Ll dahidl ae dlaally Lailay Jau) slaily mhandl (o 52 olaall 038 aiae 0

journal.tishreen.edu.sy

33

Print ISSN: 2079-3057 , Online ISSN:2663-4252



Tishreen University Journal. Bas. Sciences Series @ 2022 (5) 22l (44) alaall Galul) alall 0355 dasls dlae

[28] (rakal) (Japll ¢¢phall (pa Walgiaal i Agil) A (Kd) agaall) £33 Jalaa (1) Jgaad)

Al g8 % Jodl | % Gkl | Ra (Kd) sl g5 Jalas
Jol > 65 <18 3.1x10°
okl 65-82 | 18-35 1.1x10°
Skl >35 3.8x10*

JEN) Jara 3 Ll Do qanly 361 dotal) o an calse Bany LosSae Alee L) 8 asnl)ll A5a ()
Dolaall Db e 50S IS0 iy 3 [28,4] Ky gisill dalae Lefiay (Allg A5l AS)anall Alal) (g
Calias 5,aY) sday (Al (plae) bl mladl (ailad e Sy pH alall daja o4l olull)
Al Gy abally Joll ¢l (g Al il Clial) (gsinal Zyghall Zpnll a3 Gy A (il g sl UL
O Y Aan o i CBERY) Taay gl il (8 A ol b ol (4)JSaN el L el
(Cation Exchange Capacity- CEC) s\l Jalall dass [ailiad (e ushy Cus 45l liag o sl
sl Cs Lot Ky g53) Jalaal Adlidall adlly jeday (sl

5L (b S st s 385 Alal) alaal) g )il AL Calias Al alaally asll o A 523 )
Dbie) (Say @iy [29] poed Q) Ay dysuanll Balally PH A Al il ol Adadine AN (A a sl
Ll b asnbll cledy) Ll 385 ded 8 1ise Sl dusgynd) adlsall G 4l b€ & Cdlaay)
Oo Dbl 3 alally Jloyll dp) Gaifiye Ao 2aal (4) SN dralyay doaadl 31 (e 38 JS0 Aliadl)
oS s 0 oY de e = b, 0o 8 ool s 3 el ¢ 281 224 Gudsdll 3 a G
8 Al Ade e g cal) 8 cplall 13 o) o 224 add) e b agde s Lee 281 adgd) cilie
O pe ol Cappatl) sle e Al e Ayl e Bee) lidall ) asaalll Bpaa o 05l 4l 13y cadlsal)
&) Al il e (Leaching) Jusailly gyl dulesy leale Fiaall — gphall — dac il Lgalua ol 2530
alg ) ALRYL Glisall sy gy Aill el GlCal ody JS& 3l Sl (BaeY) ikl
211 Lpad) (bl dhaglls LS

gy Cltine IS5 Y sed (gysall Jsaall 3 dicgane jualial 44lie aShs 24 5aush Aoy asbll (45
Sle Lasndl Ra®, RaOH", RaCl*, RaCO3’, RaSOs il ailla Lo adiat 45lall 4l b 438 5as
4] ity g SN palas JSE e asagi of Fe/MN dand)l 2S5 ¢dg gl salal) cdgidall calaall

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
34



e bl At HlAd) Lol A pdiga b apsil Eslall Al 3 aspabll (53 5eall sl Ao

ok Bk Bdo
100%
90%
80%
70% ;
60% i
50% o 24
30%
20% :'._:_ :'._:_ ::.:- :E
10% | £t !
B/a 224/a 281/a Bfb 224/b 281/b Bjc 224/c 281jc Ble 224/e 28l/e
i alie

L alsh ciliglal Aygiall qanddl) (4) JS)

abis o oSa PH I a8 iy gLy dagpd dons of Dl cidasmall Jag pll iy 3yicie G il Aal) o2a
Ahall oliall (A Gansoued) AS dsay g pmall e Ll DU SI Galea e aaae agalll ))ad B
Oe 3 13l SO @ligySI ) HpS sausl cililee daans (Alsn Cagpk) CpmaSV) agas DAy cdaiill
b Al Gyl Tas gl Gl 8 Geel JEYL oS cclile K8 e 4 e apall) cuds
Sl ¢ gpaial) Cap€ll 1) il Lyl it g€l Lalaall Jagy culiludl g la ) cililee Gaaas (il
oAl G e A SN eVl Aale Jlall dada sda g lagY) ddee daugll 8 laasa aglll e
Doad Lad ey Lo say clisyS AB o i Lo sas Aad (e i ) aY) Jansl) ) i
[30] Lavisll 3 a sl

& (1) Aslaal) Gadatl dagi€ DN adloall 8 L) lida e a0l Al Al (5) ISl sy
ety Blal adaae of JSEN jeday h Geall e A asaabll dlaal Gl Ay gia) Lanail) Gl Lgalatiiud
disdl @, Domsindl 8 asabl) Balil LaS)all dgiall Ll S Cun gl e Llall ikl 8 S5
Onsiaall uit 8224 adsall b a5 il e % 28.25, 81.14 4t adl ) Ayl 281
Oxdsad)l 8 % 90.97 , 92.11 waly 2 C ssiall 3 Wil s e % 45.47 , 77.85 il
(sl (i vie B Adkil & % 78.78 dall cilaws s 8.l e 224, 281

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
35



Tishreen University Journal. Bas. Sciences Series © 2022 (5) a2l (44) alaall Zulul) aglall .y dasls dlas

(3) 5 (4) ol Pla
gl 4 Gl Gee o L
0 10 20 30 40 50 60 70 80 90 100 110 Ct‘i’ L,,s:‘j\ Lﬂ\ﬁdmbéagsﬂb
| el Gy il i Aalled
25 em Geadl il 8 A4l
Jsas ge 224, 281 (ymisdll
eisadl (850 CmM Gee ) Soshill
eyl bl caly s 224
1 & 60 Bo.kg” dedll asall
Gl waly Ay (i
o v ade A Le %225.09
dadl Ny B ikl o (g5l
S Al Jaall (e % 300.5
124] dgysadl A5l o sl
Al bl Adeall ULl o)

%  aaaS) il A il danal)

CM (3aall

Ala Gl ) el Al oda b
O psndlll s L gee Y L)
e Gl ) W) claidal
S Bl Jedy e sy 45l

B (b sl el Bl (5) g
O of oS el il LY alils Al Jslaa b aslll ASa 3 salll s3a cadal) dshia
sl Eillsn n 55m U 51 [10,7] Aagally ppill abial) 3 dnlandly Ggadl slaall jladd lyags
Reledy) Jball cihise plily Ll plad) (mpmilly dunplall dxdall Clalol dalally Gl (g
[31:20]

tlluagilly claliiiuy)
— cad Glghlly Ll Glidall 8 agolll eled) bl 385 3 el @l o ) Al clags
July syaa llia ofs cAilaiall dgpdall Alad) G Alasadl 2l ce A3l Ayl dilie 45 3 dpadas
O psbll Dpunall ZpeSll Apil) il adiy (Apill aeY) Sl Y mlad) g asabll s gages
Ganll e Lyt Aadipe o Jonati 00 25 CM ) s sl (3 Andlea ) by lly Al (3 gl s
Axdid) Slsall ABL Bl Lagd Lops Vs capl) J daill A8l oluall Aalleay duhll ag Gllily 50 €M

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
36



e ool dilaie 3 AlAl Ll il alge 8 sl kel Aull 3 agualll (53gead) g5l A

gl BV A B gl g el Adliadl A5 el il lall sl Ay alally caplall
Byslaal) dilaiall 8 eladY) it e daalil

References:

[1] AL-Masri, M.S. Spatial and Monthly Variation of Radium Isotopes in Produced Water
during Oil Production. Applied Radiation and Isotopes, Vol. 64, No.5, 2006, 615 — 623.
[2] INTERNATIONAL ATOMIC ENERGY AGENCY. Radiation Protection and the
Management of Radioactive Waste in the Oil and Gas Industry, Training Course Series
No0.40, Austria. 2010, IAEA. pp: 1, 105 — 110, 128.

[3] United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).
Sources and Effects of lonizing Radiation, Report to the General Assembly. New York,
Vol. 11 2011.

[4] INTENATIONAL ATOMIC ENERGY AGENCY. The Environmental Behaviour of
Radium: Revised Edition, Technical Reports Series No. 476. Vienna 2014.

[5] LAUER, N. E, WARNER, N. R, VENGOSH, A. Sources of Radium Accumulation in
Stream Sediments near Disposal Sites in Pennsylvania: Implications for Disposal of
Conventional Oil and Gas Wastewater. Environ. Sci, Technol, Vol.52, No.3, 2018, 955-962.

[6] MCDEVITT, B, MCLAUGHLIN, M, CRAVOTTA, C. A, AJEMIGBITSE, M. A,
VAN SICE, K. J, BLOTEVOGEL, J, BORCH, T, WARNER, N. R. Emerging
investigator series: radium accumulation in carbonate river sediments at oil and gas
produced water discharges: implications for beneficial use as disposal management.
Envion. Sci: Processes Impacts, Vol. 21, No.2, 2019, 324-338.

[7] MCMAHON, P. B, VENGOSH, A, DAVIS, T. A, LANDON, M. K, TYNE, R. L,
WRIGHT, M. T, KULONGOSKI, J. T, HUNT, A. G, BARRY, P. H, KONDASH, A. J,
WANG, Z, BALLENTINE, C. J. Occurrence and Sources of Radium in Groundwater
Associated with Oil Fields in the Southern San Joaquin Valley, California. Environ. Sci,
Technol, Vol.53, No.16, 2019, 9398-9406.

[8] ATOUFI, H. D, LAMPERT, D. J. Impacts of Qil and Gas Production on Contaminant
Levels in Sediments. Current Pollution Reports, Vol. 6, No. 2, 2020, 43-53.

[91 MICHALIK, B, WYSCOCKA, M, BONCzZYK, M, SAMOLEJ, K,
CHAMIELEWSKA, I. long term behavior of radium rich deposits in a lake ecosystem.
Journal of Environmental Radioactivity, Vol. 222, Article 106349.

[10] ALI, M. M, ZHAO, H. LI, Z, AHMED, O. M. H, ALFASATLEH, I, MAGLAS, N. N.
M. The impact of the oil and gas industry on NORMs of groundwater and their annual
effective dose in Ma rib, central Yemen. Acta Geophysica, Vol. 68, No. 5, 2020, 1421-1431.

[11] BEGUM, M, KHAN, R, HOSSAIN, S. M, AL MAMUN, S. M. M. Redistributions of
NORM s in and around a gas-field (Shabazpur, Bangladesh): radiological risks assessment.
Journal of Radioanalytical and Nuclear Chemistry, Vol. 331, No. 1, 2022, 317-330.

[12] EBAID, Y. Y, HASSAN, Y, ELSHEMEY, W. M. Radioecological Impact and the
Associated Hazards due to NORM from Qil and Gas Production Facility in the Western
Desert of Egypt. Radiation Protection Dosimetry, Vol. 190, No. 2, 2020, 165-175.

[13] AL- MASRI, M. S, SUMAN, H. NORM Waste in the Qil and Gas Industry: the
Syrian Experience. Journal of Radioanalytical and Nuclear Chemistry. Vol. 256, No. 1,
2003,159-162.

[14] AL- MASRI, M.S. Spatial and Monthly Variation of Radium Isotopes in Produced
Water during Oil Production. Applied Radiation and Isotopes. VVol. 64, No.5, 2006, 615-623.

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
37



Tishreen University Journal. Bas. Sciences Series © 2022 (5) a2l (44) alaall Zulul) aglall .y dasls dlas

[15] AL- MASRI, M. S. ; SHWIEKANI, R. Radon Gas Distribution in Natural Gas
Processing Facilities and Work Place Air Environment. Journal of Environmental
Radioactivity. Vol. 99, No. 4, 2008, 563-772.

[16] AL-MASRI, M. S. ; ABA, A. Distribution of Scales Containig NORM in Different
Oilfield Equipment. Applied Radiation and Isotopes. VVol.63, No.4, 2005, 457-463.

[17] AL- MASRI, M.S. ; HADDAD, KH. NORM Emissions from Heavy Oil and Natural
Gas Fired Power Plants in Syria. Journal of Environmental Radioactivity. VVol.104, 2012, 71-74.
[18] AL-MASRI, M. S, HADDAD, KH, DOUBAL, W.A, AWAD, |, AL-KHATIB, Y.
Assessment of Soil Contamination by Po?® and Pb*° around Heavy Oil and Gas Fired
Power Plants. Journal of Environmental Radioactivity. Vol.132, 2014, 89-93.

[19] ABDELLAH, M. W, AL-MASRI, M.S. Treatment of NORM Contaminated Soil from
the Qilfields. Journal of Environmental Radioactivity. VVol. 129, 2014, 63-67.

[20] Ghafir, Muhammad, Marrushiya, Faisal, Diop, Rami. Evaluation of the radioactivity
and potential radiological hazard of Norm waste due to the discharge of associated water in
the area of crude oil reservoirs in Banias. Tishreen University Journal of Research and
Scientific Studies - Basic Sciences Series, 2017, 39(3), 195-210.

GHAFAR, M, MARROSHIAH, F, DAYOUB, R. Evaluation of Radioactivity and
Potential Radiation Hazard of NORM waste due to Produced Water Draining in Crude Oil
Tanks Area in Banyas. Tishreen University Journal-Basic Sciences Series, 2017, Vol. 39,
No. 3, 195-210.

[21] Haddad, Kh, Al-Masri, M. S, Doubal, A. W. Determination of ?°Ra Contamination
Depth in Soil Using the Multiple Photopeaks Method, Journal of Environmental
Radioactivity, Vol. 128, 2014, 33 — 37.

[22] Michalik, B. NORM Contaminated Area ldentification Using Radionuclides Activity
Concentration Pattern in a Soil Profile. Journal of Environmental Radioactivity, Vol. 173,
2017, 102 — 111.

[23] The Syrian geological map of the Qadmus and Banias patches. Explanatory note.
Directorate of Geological Survey and Studies, General Organization for Geology and
Mineral Resources, Ministry of Oil and Mineral Resources, Damascus, 1980.

[24] UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC
RADIATIO (UNSCEAR), Sources and Effects of lonizing Radiation, Report to the
General Assembly. New York. USA, 2000, IAEA. pp: 86, 90, 93 - 97, 111, 116, 374 — 377.

[25] SALAH EL DIN, KH, RASHED, W. ASSESSMENT OF NORM LEVELS AND
RADIOLOGICAL HAZARDS FROM PETROLEUM EXTRACTION IN THE ONSHORE
OIL FIELDS, EGYPT. Radiation Protection Dosimetry, 2021, VVol. 194, No. 4, 223-232.
[26] LLORI, O. A, AHETTY, N. Activity concentrations and radiological hazard
assessments of Ra226, Th232, and K40 in soil samples producing areas of South Africa.
(Abstract), International Journal of Environmental Health Research, Published online: 03
Oct 2021.

[27] Shams, H. M, Bradley, D. A, Regan, P. H. Determination of Levels of Naturally
Occurring Radioactive Materials in Lagoon Samples Containing Produced Water from the
Minagish Oil Field in the State of KUWAIT. Radiation Physics and Chemistry, Author’s
Accepted Manuscript, 2016, https://doi.org/10.1016/j.radphyschem.2016.03.006

[28] INTERNATIONAL ATOMIC ENERGY AGENCY. Quantification of Radionuclide
Transfer in Terrestrial and Freshwater Environments for Radiological Assessments, IAEA-
TECDOC-1616, Austria, 20009.

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
38


https://doi.org/10.1016/j.radphyschem.2016.03.006

e bl At HlAd) Lol A pdiga b apsil Eslall Al 3 aspabll (53 5eall sl Ao

[29] Al-Abdullah, J, Al-Masri, M.S, Amin, Y, Awad, I, Sheaib, Z. Chemical Fractionation
of Radium-226 in NORM Contaminated Soil from Qilfields, Journal of Environmental
Radioactivity. 2016, Vol. 165, 47 — 53.

[30] MCDEVITT, B, MCLAUGHLIN, M. C, BLOTEVOGEL, J, BROCH, T, WARNER,
R. N. Oil & gas produced water retention ponds as potential passive treatment for radium
removal and beneficial reuse. Environ. Sci: Processes Impacts, Vol. 23, No. 3, 501-518.
[31] INTERNATIONAL ATOMIC ENERGY AGENCY. Environmental and Source
Monitoring for Purposes of Radiation protection. IAEA safety standards series, No. RS-
G1.8, VIENNA, 2005.

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
39



